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Abstract

This paper is an exercise in applied macroeconomic forecasting. We examine the forecasting power of a vector error correction model (VECM) that is anchored by long-run equilibrium relationship between Greek national income and productive public expenditure suggested by economic theory. We compare the estimated forecasting values of the endogenous variables to the real-historical values using stochastic simulation analysis. The simulation results provide new evidence supporting the ability of the model to forecast not only one-period ahead but also many periods into the future.
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1. INTRODUCTION

Vector-error-correction models (VECMs) are pure statistical models with their advantage being their ability to make effective short-term forecasts usually of no longer than a one-year period. Their questionable disadvantage is their weakness in producing long-term forecasts, mainly because they lack any economic structure in their specification so they cannot be used for policy analysis. The ability or not of long-term forecasts from the VECMs constitutes a field of intense scientific contradiction. Lastrapes (2002), Hoffman and Rasche (1996), Christofferson and Diebold (1996), Lin and Tsay (1996), Clements and Hendry (1993,1995) examined the marginal improvement in the forecasting precision that was due to the introduction of error-correction terms in a VECM and concluded that the forecasting ability of a VECM cannot enjoy general acceptance but is rather dependent on the period and the size of the sample, the time horizon of the forecast, the number of variables included in the system and finally  the number of lags. On the other hand, Anderson, Hoffman and Rasche (2002) answer positively in the question of whether a simple and small VECM can attribute forecasts better compared to other alternative “random walk” models which lack of error-correction terms. Swanson (2002) argues that a VECM mainly provide better forecasts in comparison to other stochastic models of random walk, particularly in those cases where the variables are integrated I(1) and restrictions of cointegration would have to be included in the model.

The main purpose of this paper is to empirically investigate and assess the forecasting power of a VECM following, in general terms, the technique of a “two-stage approach” as proposed by Anderson et al (2002). In other words, to estimate an economic relation using the technique of a VECM and, on a second stage assessing the quality of forecast outcome. To this end, the existence and nature of likely long-run relationship between public expenses and economic growth in the Greek economy was chosen for investigation. The forecasts resulting through a process of static and dynamic stochastic simulations are being assessed.

Nevertheless, it is worth mentioning that the use of the stochastic simulation technique proposed by this paper, differentiates this study compared to previous work performed in this field, such as the one of Hoffman and Rasche (1996) and Anderson et al (2002) in which the assessment of forecasts is undertaken engaging the classic criteria of root mean – square forecast error (RMSFE) and generalised forecast error sample-moment statistic (GFESM) proposed by Clements and Hendry (1993, 1995).

The rest of the paper is organised as follows: Section 2, outlines the theoretical background and methodological issues on which our empirical analysis is based and discusses the estimated results. In section 3, a number of static and dynamic stochastic simulations are performed with the help of the well-known algorithm Gauss-Seidel, in terms of the forecasting efficiency of a VECM. Finally, section 4 summarizes the findings and presents the conclusions.

2. THEORETICAL FRAMEWORK

Regarding the relationship of interaction between public expenses and economic growth two main and counterbalancing approaches exist in terms of economic causality: The first approach, known as “The Keynesian Doctrine”, supports that governmental expenses constitute an important economic tool so as to ensure a desirable level of economic activity, rectify short-term cyclical fluctuations and ensure a rate of increase of public investments that would lead to the optimal level of   growth and development (Singh and Sahni (1984), Ram (1986)). The second approach supports that an overwhelming governmental intervention in economic life negatively affects economic growth through two main channels: First, it decreases the total productivity of economic system due to the lower effectiveness observed in the public sector. Second, it decreases the investment motives and does not lead to the optimal economic decisions due to high tax rates (Barro (1991) and King and Rebelo (1990)).

The efficiency of public expenditures to influence effectively the level of national income is disputed in two fields: First, in terms of the nature of causality: According to the Wagner’s hypothesis, national income is what influences public expenditures mainly through the increase of demand for public services (Ram, 1987). Second, in terms of the effectiveness of public expenditures on the level of national income: According to the neo-classical theory, in the long-term, public expenditures do not have an important effect on the increase of national product. 

Nelson and Singh (1994), Lin (1994), Rebelo (1993), Ram (1986a, 1989), concluded that public expenditures have a positive effect on national income while on the contrary, Engen and Skinner (1991), Barro (1990,1991), Barth and Brady (1987), Grier and Tullock (1987), and  Landrau (1986) support the negative effect of public expenditures in national income. Regarding the direction of causal relationship Courakis et al. (1993), Georgakopoulos (1992), Abizadeh and Gray (1985), Ram (1986b, 1987) consider that public expenditures are those influencing gross domestic product (GDP), while Arghyrou (2000) supports that causality runs both ways.

In the case of the Greek economy, Arghyrou (1998, 2000), Ghletsos (1997), Ghletsos and Kollias (1997), Georgakopoulos and Loizides (1994), support that public expenditures helped in the increase of national income. However, Dalamagas (1995), Economou (1992) and Provopoulos (1982) have a different viewpoint. Regarding the direction of the causal relationship, Georgakopoulos and Loizides (1994) and Ghletsos and Kollias (1997), consider that public expenditure causes GDP, while Provopoulos (1981), Bacon and Karayiannis (1980) support that changes in GDP are actually those leading public expenditure.

2.1. Econometric Methodology and Data 

As productive public expenditure (GCP) we consider the sum of consumer expenditure (GC) and gross investments of fixed capital (GI), that is to say             GCP = GC + GI. We calculated the real prices of GDP and productive public expenditure by dividing their nominal values with the consumer price index (CPI). The sample covers the period 1960-1999 and the data are annual time series that come from the long-term statistical data base of the Greek Ministry of National Economy.

The econometric methodology used includes the following steps: First, we examine the rank of integration for the series log (GDP), log (GCP) using the Augmented Dickey-Fuller (1981) unit root tests. Second, an unrestricted VAR is estimated using the Johansen’s cointegration technique (1988, 1991, and 1992), which is known to be “sensitive” to the number of time lags (Banerjee et.al., 1993). For determining the appropriate number of time lags of VAR the following criteria were employed: Akaike Information Criterion (AIC), Schwartz Bayesian Criterion (SBC), Hannan-Quinn Information Criterion (HQ) and a likelihood ratio criterion known as Sim’s Test. 

Third, we follow the Pantula principle (1989) in order to decide whether or not, deterministic components (time trend and constant term) will be included in the short and long-run model. Fourth, the existence of a long-run relationship between GDP and GCP is examined via a VECM. If such a relation indeed is in effect, the model is augmented with the proper number of time lags of the endogenous variables GDP and GCP in first differences as well as with other variables proposed by the economic theory so as to capture the short-term dynamic of the variables in the system. Finally, a test for weak exogeneity is executed with an intention to investigate the direction of causality as proposed by Granger (1988, 1995).

2.1 Empirical Results

The hypothesis of a unit root in the logarithmic levels of GDP and GCP cannot be rejected .By contrast, the hypothesis of a unit root in the first differences is rejected in all cases in favour of the alternative of stationarity. These results suggest that both series are I(1) (Table 1).

TABLE 1

Augmented Dickey –Fuller Test Results

	1ADF

Statistics
	Levels

Log(GDP)
	First  

Differences 

ΔLog(GDP)
	Level

Log(GCP)
	First 

Differences 

ΔLog(GCP)

	Φ2
	0.13(0)
	7.38*(0)
	0.35(0)
	7.32*(0)

	ta
	-2.26(0)
	-5.47*(0)
	-1.43(0)
	-5.96*(0)

	t*a
	-1.53(0)
	-4.46*(0)
	-0.85(0)
	-5.00*(0)


1. Φ2 is the ADF test for (α, δ, γ) = (μ, 0, 0) in the regression Δxt = α + γt + δxt-1 +
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, and the critical values being given in Dickey and Fuller (1981) (p. 1062). tα is the ADF unit root rest for δ=0 its critical values being provided by MacKinnon (1991). t*α is the ADF test for δ=0 when the trend is omitted from the regression. Figures in parentheses denote the number of lagged dependent variables in the regression. The selection of lags is based on the LM tests for first and fourth order autocorrelation of the residuals and on the significance of
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The criteria AIC, SBC, HQ, and Sim’s Test indicates that the optimal number of lag included in the VAR is k=1 (Table2).The determination of proper restrictions for the constant term and time trend in the short and long-run model is performed by following Pantula principle (1989) ((see Johansen (1992) and Harris (1997)). We estimate three alternative models and moving through from the most restrictive to the least restrictive model comparing each time the trace and maximal eigenvalue test statistic to its critical values and stop by choosing the most appropriate model, only when the null hypothesis is not rejected for the first time.

TABLE 2

Test Statistics and Choice Criteria for Selecting the Order of the VAR

	Lag
	LogL
	LR
	AIC
	SC
	HQ

	0
	27.325
	NA
	-1.368
	-1.281
	-1.338

	1
	130.415
	189.463*
	-6.725*
	-6.463*
	-6.633*

	2
	132.586
	3.75548
	-6.626
	-6.190
	-6.472

	3
	135.558
	4.81989
	-6.570
	-5.961
	-6.355


*Indicates the appropriate lag length.

LR: sequential modified LR test statistic (each test at 5% level) [Sims’ Test]. AIC: Akaike information criterion (1973).SC: Schwarz information criterion (1978).HQ: Hannan-Quinn information criterion (1978).

The results indicate that the most appropriate model is model 2, which allow only for constant term in the cointegration relationship but not for linear trends in the logarithmic levels of the variables. We conclude that a positive long-run cointegration relation exists between public expenditures and the gross domestic product          (Table 3). 

TABLE 3

Joint Tests for Deterministic Components and Cointegrating Rank
	
	Ho
	H1
	r
	n-r
	95% CV Model -2
	Model -2

	Model -3
 
	Model -4


	LR Stat.
λ max test
	r=0 r(1
	r=1 r=2
	0
1
	2
1
	15.67

9.24
	20.02**

7.18*
	12.38
7.14
	13.36
7.19

	Trace Stat.
λ trace test
	r=0 r(1
	r=1 r=2
	0
1
	2
1
	19.96

9.24
	27.20**

7.18*
	19.47
7.14
	20.56
7.19

	Standardized beta eigenvectors


	Log(GDP)
	Log(GCP)
	Constant

	
	1
	-0.94
	-1.84

	
	-1.05
	1
	1.94


*Indicates the first time where the null hypothesis is not rejected. Model-2, allows only for intercept in the cointegrating relations and not for trends. Model-3, allows for linear trends in the logarithmic levels of the variables. Model-4, allows for linear trends in the cointegrating relations. The critical values are from Osterwald –Lenum (1992).
**Denote rejection of the null hypothesis for the 5% significance level. 

Having verified that the variables are cointegrated, VECM can be applied. The results and the diagnostic tests of the VECM are presented in Table 4. The equations of the system reveal good fitness and the system passes all diagnostic  χ2 tests for  the hypotheses that there is no serial correlation ;that the residual follow the normal distribution; that there is no Heteroscedasticity; and finally that there is no autoregressive conditional Heteroscedasticity . In both equations of the VECM it is indicated that the residuals are Gaussian as the Johansen method presupposes. 

The dummy variable D74, refers to 1974, during which, on the one hand the Greek economy returned to a state of democratic governance, and, on the other, the effects of petroleum crisis influenced it intensely. This dummy introduction as unrestricted variable helped the improvement of the system getting well-normalized residuals.

TABLE 4

Results from the VECM and Diagnostic Tests

	Cointegrating Relation
	
	

	Log(GCP(-1))
	     1.00
	

	Log(GDP(-1))
	-1.053     [-16.629]*
	

	C
	1.948      [ 5.433]*
	

	Error Correction Terms :
	Δ(Log(GCP))
	Δ(Log(GDP))

	
	-0.306     [-5.128]*
	-0.180   [-4.486]*

	Δ(Log(GCP(-1)))
	0.001      [ 0.010]
	0.181  [ 1.672]

	Δ(Log(GDP(-1)))
	-0.100     [-0.450]
	0.068    [ 0.453]

	D74
	-0.087     [-1.626]
	-0.191    [-5.275]*

	
	
	

	Adj. R-squared
	0.311
	0.568

	S.E. equation
	0.049
	0.033

	F-statistic
	6.577
	17.270

	Diagnostic Test for System Misspecification

	χ2Autocorrelation(4)
	1.654
	

	χ2Normality(2)
	1.724
	

	χ2Heteroscedasticity(1)
	1.243
	

	χ2Arch(4)
	1.44
	

	
	
	


* Denote rejection of the null hypothesis for the 5% significance level. t- Statistics in brackets.
Further to the above, for the pair of Log (GDP) and Log (GCP) variables we examine the existence of long-run weak exogeneity by performing the LR tests (Johansen and Juselious (1992)). That is, to evaluate whether the terms of the speed of adjustment to the long-run equilibrium included in the VECM is statistically insignificant (Table 5).

 TABLE 5 

Weak Exogeneity Test

	Ho: a1 =0 (Log(GDP) Weakly exogenous
	Ho: a2 =0 (Log(GCP) Weakly exogenous

	x2(1)=12.8 *
	x2(1)=16.21*


* Denote rejection of the null hypothesis for the 5% significance level.
The LR statistical test indicates that none of the two variables is weakly exogenous in the system. That is, two-direction causality exists between gross domestic product and productive public expenditure. The standardized cointegrating beta eigenvectors of the system χ1t′ = [Log(GDP) Log(GCP) C ] and                         χ2t′  = [ Log(GDP) Log(GCP) C ] have been estimated  as a1 ′ = [ - 1.05 1 1.94 ] and   a2 ′ = [ 1 -0.94 1.94 ] respectively, implying that a percentage increase of 1% of gross domestic product causes , in the long-run, an increase of productive public expenditure of 1.05%, while an increase of 1% of public expenditures results to an increase of gross domestic product of 0.94%.

3.  STOCHASTIC SIMULATION ANALYSIS

In the analysis of stochastic simulation we use the estimated coefficients of the VECM, applying static and dynamic forecasts for the values of the logarithmic endogenous variables GCP and GDP, within the time bound of the observations of the sample.  Then we assess how far the estimated model has approximated the real-historical values. The closer the forecasts are to the real values the better the forecasting power of the VECM is considered. The stochastic process implies the introduction of uncertainty in the model that is the forecasting of a values distribution for each observation of endogenous variables. The simulation of distributions is performed using the Eviews programme, in which an approximation of the Monte Carlo method is used, according to which the model is solved under a large number of iterations. At every turn, dummy-random values substitute the unknown value of residuals. The algorithm used for the implementation of iterations is the well-known Gauss-Seidel, which mainly solves systems of non-linear equations. Despite the fact that the method only produces approximate results, as the number of iterations is increasing, the results are expected to approach their real values. 

The estimated VEC model can be rewritten as 

Log(GCP) = Log(GCP)t-1 - 0.306(Log(GCP)t-1-1.053Log(GDP)t-1+1.948) +          0.001 Δ(Log(GCP)) t-1- 0.100 Δ(Log(GDP)) t-1- 0.087 D74

(1)

Log(GDP) = Log(GDP)t-1 - 0.180(Log(GCP)t-1-1.053Log(GDP)t-1 + 1.948)  + 0.181Δ(Log(GCP))t-1 + 0.068 Δ((Log(GDP)) t-1  - 0.191 D74

(2)

where equations (1) and (2) are the basis for the simulation exercises.

The static forecast indicates the ability of the VECM to produce a one-period ahead forecast in the endogenous variables GCP and GDP. The dynamic forecast constitutes an alternative way for the assessment of the forecasting efficiency examining how well the VECM performs in the forecasting of a large number of periods into the future. In dynamic forecast we use the values of previous forecasting periods on the endogenous terms with a time lag of the VECM and not the real historical values. 

For the stochastic simulation with static solution of the system, 1000 iterations by the algorithm Gauss-Seidel were required, the results of which are depicted in     Figure-1. 

FIGURE- 1 Stochastic Simulation 


Static Solution of Model (one- period ahead forecasts)
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The interval of errors (Mean ± 2 Standard Deviations) for the mean value that results from the forecast is very narrow and the real values of endogenous variables GCP and GDP is lay in the interval, for the whole period of the sample. Consequently, the forecasting efficiency of the VECM to forecast one year ahead is assessed satisfactory.

The results of dynamic solution for the forecasting of many periods ahead are depicted in Figure-2. A considerably large period of 9 years forward (1990-1999) intensively selected in order to examine how the VECM reacts in such a condition and 1000 iterations by the algorithm Gauss-Seidel were required.

FIGURE- 2 Stochastic Simulations

Dynamic Solution of Model (many periods into the future)
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As expected, when we move away from the starting point of the forecasting, the spread of variance around the mean value of forecasting for the endogenous variables increases. The spread is broader for the forecasting concerning GDP, implying a higher weakness of the VECM to produce forecasts of many periods ahead for the GDP as compared to the GCP variable, a result which is consistent with the economic theory. Nevertheless, on the one hand we observe that the real values of the endogenous variables move within the interval of variance of the mean value of forecasts for the whole period of the sample, and on the other, the forecasts follow closely the path of real values. Accordingly, we conclude that even in the case of forecasts for a large number of periods ahead, the VECM behaves smoothly and efficiently achieving to forecast at least, the historical path of the endogenous variables.

4. SUMMARY and CONCLUSION

In this paper an assessment of the forecasting efficiency of a VECM is attempted following partly the analytic thought of Anderson et al (2002) but using a completely different methodology in the procedure of forecasting. The econometric results provide evidence for the twofold: a) the existence of a positive long-run relationship between gross domestic income and productive public expenditure in Greek economy b) evidence that the two variables are not weakly exogenous in the system. Consequently, it is supported that a causality of two-directions exists supporting previous results of Arghyrou (2000). 

On the basis of the estimated parameters of the VECM, forecasts using the method of stochastic simulation were executed on the endogenous variables of the system and it was ascertained that the ability of the model to forecast not only one but many periods ahead is adequate. The paper supports the aspect of Anderson et al (2002) that the usefulness of a well-specified VECM should not only be limited in the construction of short-term forecasts. Moreover, it provides new evidence for the forecasting power of a VECM, using an alternative procedure analysis of stochastic simulation, instead of classic forecasting criteria such as root mean – square forecast error (RMSFE) and generalised forecast error sample-moment statistic (GFESM).
REFERENCES

 Abizadeh, S., Gray, J (1985): Wagner’s law: A pooled time-series, cross-section comparison .National Tax Journal, and 38,209-218. 

Akaike, H., (1973): Information Theory and an Extension of the Maximum Likelihood Principle in B. Petrou and F. Csake.2nd International Symposium of Information Theory, Budapest, Academia Kiado.

Anderson, R.G., Hoffman, D.L., Rasche, R.H., (2002): A vector error-correction forecasting model of the US economy. Journal of Macroeconomics 24, 569-598.

Arghyrou, M., (2000): Public expenditure and national income: Time series evidence from Greece .Ekonomia, 4, 173-191.

Arghyrou, M., (2000): Causal relationships between public expenditure, public receipts and gross domestic product: Greece1965-95.Applied Economics Letters, 5,727-731Βarro, R, (1990): Government spending in a simple model of endogenous growth. Journal of Political Economy 98, 103-105. 

Bacon, R., Karayiannis, (1980): The growth of the non-marketed sector in a newly industrialized country .The case of Greece .Greek Economic Review, 2, 44-64.

Banerjee, A., Dolado, J., Galbraith, J., Hendry, D., (1993): Cointegration, Error-Correction and the Econometric Analysis of Non-Stationary Data, Oxford University Press, Oxford.

Βarro, R, (1991): Economic growth in a cross-section of countries .Quarterly Journal of Economics, 104,407-444.

Barth, J., Brady, M., (1987): The impact of government spending on economic activity. George Washington University, Washington, D.C.

Christofferson, P.F., Diebold, F.X, (1996): Cointegration and long-horizon forecasting, Mimeo, Department of Economics, University of Pennsylvania, June.
Clements, M.P., Hendry, D.F., (1993): On the limitations of comparing mean square forecast errors. Journal of Forecasting, 617-637.

Clements, M.P., Hendry, D.F., (1995): Forecasting in cointegration systems. Journal of      Applied Econometrics, 127-146.

Courakis, A.S., Moura Roque, F., Tridimas, G. (1993): Public expenditure growth in Greece and Portugal: Wagner’s law and beyond.Applied Economics, 25,125-134.

Dalamagas, B., (1995): A reconsideration of the public sector contribution to growth. Empirical Economics, 20, 385-414.

Dickey, D.A, Fuller, W.A.  (1981): Likelihood Ratio Statistics for Autoregressive Time Series with a unit root. Econometrica 49, pp. 1057-1072.

Economou, E.G., (1992): The Greek economy in the perspective of 1992.Institute of Economic and Industrial Research, Athens.

Engen, E., Skinner J. (1991): Fiscal policy and economic growth, paper presented at NBER conference on taxation, Cambridge, M.A.

Georgakopoulos, T., Loizides, (1994): The growth of the public sector: tests of alternative hypothesis with data from Greece. Cyprus Journal of Economics, 27, 12-29.

Ghletsos, M., (1997): Government spending and growth in Greece 1958-1993: some preliminary empirical results .Centre of Planning and Economic Research, 1997.

Ghletsos, M., Kollias, C. (1997): Testing Wagner’s law using disaggregates public expenditure in the case of Greece: 1958-1993.Applied Economics, 27,883-890.

Granger, C.W.J. (1988): Some Recent Development in the Concept of Causality. Journal of Econometrics, 39, 199-211.

Granger, C.W.J., Lin, J., (1995): Causality in the Long-run .Economic Theory, 11,530-536.

Grier, K.B., Tullock, G. (1987): An empirical analysis of cross-national economic growth 1950-1980, California Institute of Technology, Pasadena, CA.

Hannan, E.J., Quinn, B.G. (1979): The Determinations of the Order of an Autoregression, Journal of the Royal statistical society 1341, 1990-95.

Harris, R., (1997): Using Cointegration Analysis in Econometric Modeling, Prentice Hall.
Hoffman, D.L., Rasche, R.H., (1996): Assessing forecast performance in a cointegrated system. Journal of Applied Econometrics 11, 495-517.

Johansen, S. (1988): Statistical Analysis of Cointegrating Vectors .Journal of Economic Dynamics and Control, Vol. 12.

Johansen, S. (1991): Estimation and Hypothesis Testing of Cointegration Vectors in Gaussian Vector Autoregressive Models. Econometrica, Vol. 59, No 6.

Johansen, S. (1992): Determination of Cointegration Rank in the Presence of a Linear Trend .Oxford Bulletin of Economics and Statistics, 54, 383-397.

Johansen, S., Juselious, K., (1992): Testing structural hypotheses in a multivariate cointegration analysis of the PPP and the UIP for the UK. Journal of Econometrics 53, 211-244.

King R.G., Rebelo, S., (1990): Public policy and economic growth: developing neoclassical implications. Journal of Political Economy 98, 126-150.
Landrau, D., (1986): Government spending and economic growth: A cross-country study. Southern Economic Journal, 49, 783-792.

Lastrapes, W.D., (2002): Comments on “A vector error-correction forecasting model of the US economy”. Journal of Macroeconomics 24, 607-611.

Lin, A., (1994): Government spending and economic growth .Applied Economics, 26, 83-94. 

Lin, J.H., Tsay, R.S., (1996): Cointegration constraint and forecasting: An empirical examination. Journal of Applied Econometrics 11, 519-538.
Nelson, A.M., Singh, D.R, (1994): The deficit –growth connection: some recent evidence from developing countries .Economic Development and Cultural Change, 43,167-191.

Osterwald - Lenum, M. (1992): A Note with Quintiles of the Asymptotic Distribution of the Maximum Likelihood Cointegration Rank Test Statistics. Oxford Bulletin of Economics and Statistics, 54, 3, No 461-471.

Pantula S.G. (1989): Testing for Unit Roots in Time Series Data. Econometrics Theory, 5, 256-271.

Phillips, B., Perron, P., (1988): Testing of a Unit Root in Time Series Regression. Biometrica, 75, 335-346.

Provopoulos, (1981): The pattern of public expenditure and economic activity .The Greek experience .Institute of Economic and Industrial Research, Athens.

Provopoulos, (1982): Public spending and Deficits: the Greek experience .Public Finances/Finances Publiques, 37,422-427.

Ram, R, (1986a): Government size and economic growth: a new framework and some evidence from cross-section and time series data .American Economic Review 79,191-203.

Ram, R, (1986b): Causality between income and government expenditure: a broad international perspective. Public Finances 41,393-413.

Ram, R, (1987): Wagner’s hypothesis in time series and cross section perspectives: evidences from real data for 115 countries. The Review of Economics and Statistics, 69, 194-204.
Ram, R, (1989): Government size and economic growth: a new framework and some evidence from cross-section and time series data .American Economic Review (reply) 79,281-284.

Rebelo, S., (1993): Long-run policy analysis and Long-run growth. Journal of Political Economy, 99, 500-521.

Schwarz G. (1978): Estimating the Dimension of a Model, Annals of Statistics, 6, 
461-464.

Singh, B., Sahni B, (1984): Causality between public expenditure and national income. The Review of Economics and Statistics 66, 630-644.
Swanson, N.R., (2002): Comments on “A vector error-correction forecasting model of the US economy”. Journal of Macroeconomics 24, 599-606.


































































































































































( I would like to thank Fotios Christoforatos and George Donatos for their constructive comments and suggestions. The paper has also benefited from the comments of the participants of the 16th Pan-Hellenic Statistical Conference organized by the Greek Statistical Institute and the University of Macedonia in Kavala, 30 April- 3 May, 2003. Responsibility for errors, however, lies with the author.





1
14

_1097572271.unknown

_1097572301.unknown

