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Introduction

When time series data is used to analyze economic behaviors it is very likely that serially correlated errors will appear in regression analysis. If this type of error structure is identified, it must be corrected, simply because serious statistical problems will arise in the regression analysis, if it is ignored. Thus, the typical question asked in this case is whether or not this problem is indeed a problem of autocorrelated errors so that it can be cured by using any standard procedure, such as the Cochrane-Orcutt. Otherwise, the analyst must search for other sources causing the presence of such behavior in the errors.

In the literature, the presence of autocorrelated errors is highly related to the spurious regressions phenomenon, introduced by [START_REF] Granger | Spurious regressions in econometrics[END_REF] and well-documented mathematically by [START_REF] Phillips | Understanding spurious regressions in econometrics[END_REF]. By spurious regressions we refer to the issue of getting evidence of a linear relationship between two variables when they are not linearly related. [START_REF] Granger | Spurious regressions in econometrics[END_REF], using a Monte Carlo analysis, examined the behavior of this phenomenon and they found that when ordinary least squares is applied to two independent time series generated by integrated processes it is very likely that an analyst will get misleading statistical results, a phenomenon that it is also investigated by [START_REF] Granger | Spurious regressions with stationary series[END_REF] for two independent stationary AR(1) processes. Moreover, [START_REF] Granger | Spurious regressions in econometrics[END_REF] pointed out that a low value of a Durbin-Watson statistic will appear in regression analysis as an indication of a false relationship between the two variables and standard procedures, such as the Cochrane-Orcutt, will fail to correct this problem.

The presence of serially correlated errors, in the context of spurious regressions, is The problem of serially correlated errors is also related to the Autoregressive Conditionally Heteroscedastic (ARCH) models, presented by Engle (1982). In this case, the problem of heteroscedasticy, in which the variance of the error term is determined by an autoregressive scheme, will appear in regression analysis as a problem of autocorrelation.

This study, using a Monte Carlo analysis, finds that the spurious regression phenomenon is also related to ARCH(1) errors. In fact, strong evidence of ARCH(1) errors will appear not only in the case of two independent variables, generated by stationary or non-stationary processes, but also in the multivariate case. Therefore, regression analysis that involves time series should carefully examine the issue of serially correlated errors since autocorrelation can appear not only in the context of first moments but also in the context of second moments and thus the classical assumptions of constant variance and independent errors are both violated.

Simulation results for the bivariate case

To investigate whether or not a linear relationship exists between any two variables an analyst will estimate, using OLS, the following equation:

t t t Y X α β ε = + + (1)
where the error term is assumed to be iid normally distributed with mean zero and constant variance σ ε 2 , i.e., ε t ~ iidN(0, σ ε 2 ). If there is a linear relationship between these two variables, estimation of equation (1) should produce "good" statistical results and the null hypothesis of β being zero should be rejected. However, as [START_REF] Granger | Spurious regressions in econometrics[END_REF] have pointed out, estimation of equation (1) using two independent random walk processes without drift will produce evidence of serially correlated errors and the null hypothesis of β being zero will be rejected surprising very frequently for moderate sample sizes. Thus, the classical assumption of independent error structure will be violated.

To illustrate, consider two independent processes Y t and X t generated from the following DGP:

1 t y t yt Y Y ϕ ε - = + (2) 1 t x t xt X X ϕ ε - = + (3)
where the errors ε yt and ε xt are white noise processes independent of each other and the autoregressive parameter is allowed to take values of 0.0, 0.2, 0.5, 0.8, 0.9 and 1.0.

For all values of the autoregressive parameters that are less than one both processes are stationary, i.e., first-order autoregressive processes, whereas for φ y = φ x = 1 both processes are non-stationary, i.e., random walk processes without drift. In the case of φ y = φ x = 0 both processes are white noise.

Table 1 reports the proportions of rejections of the null hypothesis that β = 0 at the 5% nominal level, using the exact critical values of the t distribution, and Table 2 reports mean values of the Durbin-Watson statistic obtained from the residuals of the estimation of model ( 1) for series generated from equations ( 2) and (3) for sample sizes of 50 and 100 observations using 1,000 replications. As can be seen from these tables, the problem of serially correlated errors will appear in regression analysis along with spurious results including the case of stationary processes. However, autocorrelation does not appear only where the null hypothesis of β = 0 is frequently rejected. It appears also in cases where the null hypothesis is accepted. For example, the analyst will get the same proportions of rejections of the null hypothesis that β = 0 regardless if he is regressing a random walk process against a white noise process or a white noise process against a random walk process, as Table 1 reports. In fact, spurious behavior does not depend on the type of the dependent variable used in regression and it treats both variables symmetrically. However, in the first case, the mean value of the Durbin-Watson statistic is close to zero, whereas in the second case the mean value of this statistic is close to two. Hence, strong evidence of serially correlated errors will appear only in the case of regressing a random walk process against a white noise process, as Table 2 reports. That means that the degree of evidence of autocorrelated errors depends on the true generating behavior of the dependent variable and not on the independent variable used in regression analysis, a statement that does not exist in the case of spurious regressions.

In addition, evidence of ARCH(1) errors will also appear in regression analysis. To investigate this behavior using the residuals of this simulation process the following equation is estimated:

2 2 0 1 1 ˆt t t u ε α α ε - = + + (4)
where the error term u satisfies all standard regression assumptions. The test of ARCH(1) errors is based on the value of α 1 coefficient. If α 1 ≠ 0, the errors are generated by an ARCH(1) model, whereas if α 1 = 0, the variance of the errors will be considered as constant. The test of the null hypothesis that α 1 = 0 is curried out as a Lagrange Multiplier test, i.e., LM = nR 2 , where R 2 is the coefficient of determination of equation ( 4) and n is the sample size. 1 The LM statistic is compared with the critical value obtained from the X 2 distribution with one degree of freedom and the 1 For our simulation process n is considered as of 49 and 99 observations. 3.

Perhaps, the most astonishing feature of Table 3 is that evidence of ARCH(1) errors will also appear in regression analysis in the context of spurious regressions and in the same way as autocorrelation. Indeed, the null hypothesis that α 1 = 0 will be rejected with certainty, i.e., 100%, when the independent variable is a random walk process even for moderate sample sizes of 100 observations. Similar behavior exists and for stationary processes. For example, for two independent AR(1) processes with an autoregressive parameter of 0.8 with 100 observations, the null hypothesis of β = 0 will be rejected 33.6%, the mean value of the Durbin-Watson statistic will be very close to zero, i.e., 0.4966, indicating strong evidence of first-order serially correlated errors and the null hypothesis of ARCH(1) errors will be accepted almost with certainty, i.e., at 99.1% level. As a general remark, the degree of evidence of ARCH(1) errors depends, as in the case of autocorrelated errors, on the structure pf the dependent variable.

Simulation results for the multivariate case

To determine whether k independent variables explain the behavior of the dependent variable Y t an analyst must estimate, using OLS, the following regression model:

0 1 1 2 2 ... t t t k kt t Y X X X β β β β ε = + + + + + (5)
where the error term is assumed to be iid normally distributed with mean zero and constant variance σ ε 2 , i.e., ε t iidN(0, σ ε 2 ), and it is not correlated with the independent variables. The test to investigate whether the k independent variables simultaneously explain the behavior of the dependent variable is based on the following null hypothesis:

H 0 : β 1 = β 2 = ... = β k = 0 (6)
i.e., that all coefficients of model ( 5) are zero, against the alternative that at least one coefficient is not zero and it implemented using the conventional F statistic or the t statistic for the special case of k = 1.

This phenomenon is initially investigated by [START_REF] Newbold | Error mis-specification and spurious regressions[END_REF] for non-stationary moving average processes and for values of k = 1 and 4 for sample sizes of 50 observations. [START_REF] Newbold | Error mis-specification and spurious regressions[END_REF] showed that inference in regressions involving time series can be strongly affected by the error structure. In this paper the spurious regression phenomenon is investigated along with the error structure for stationary as well as for non-stationary processes as the number of independent variables increases from one to four. 2 Thus, model ( 5) is estimated using one through four independent variables generated by the same DGP as in the bivariate case, for sample sizes of 50 and 100 observations and the null hypothesis that all coefficients of model ( 5) are zero, given by equation ( 6), is tested using the usual t statistic for k = 1 and the conventional F statistic for values of k = 2, 3, and 4. The results of this simulation process based on 1,000 replications are reported on Table 4.

Perhaps, the most interesting feature of Table 4 is the fact that for all values of the autoregressive parameter greater than zero the proportion of rejections of the null hypothesis that all coefficients of model ( 5) are zero increases as more independent variables are added to the regression analysis. This result suggests that the analyst will get more spurious results as k increases, regardless of the structure of the 2 Note that for k = 1 the simulation process is already examined. processes used in the regression analysis. For the random walk case, for example, the null hypothesis ( 6) is rejected 98.8% for k = 4 instead of 77.4% for k = 1 at the 5% nominal level for sample sizes of 100 observations, whereas using stationary AR(1)

processes with φ = 0.8 these numbers are 68.8% and 33.6% respectively. Only for the white noise case the analyst will not find spurious results.

The next step is to investigate the error structure of this simulation process based on the residuals ˆt ε obtained from the estimation of model ( 5) for all values of k.

For this purpose, the Durbin-Watson statistic is calculated to examine the presence of first-order serially correlated errors and the mean value of this statistic using 1,000 replications are reported on Table 5. Furthermore, the residuals of this simulation process are also used to calculate the LM statistic for testing for ARCH(1) errors and the proportions of rejections of the null hypothesis that α 1 = 0 are reported on Table 6.

As can be seen from these tables, strong evidence of autocorrelated errors in the first and in the second moments will also appear in regression analysis for stationary AR(1) process with moderate and large values of the autoregressive parameter, as well as for non-stationary processes, regardless of the number of independent variables used in the regression analysis. Only in the white noise case the errors are not serially correlated, since the mean value of the Durbin-Watson statistic is 2 and the proportions of rejections of the null hypothesis are close to the nominal levels.

Conclusions

This study examined the spurious regression phenomenon for stationary and nonstationary independent processes for the bivariate and the multivariate case in the 

  [START_REF] Newbold | Error mis-specification and spurious regressions[END_REF] using a multivariate model in which all variables were generated by non-stationary moving average processes.
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Table 1

 1 Proportions of rejections of the null hypothesis that β = 0 at the 5% nominal level based on 1,000 replications

	φ x

Table 3

 3 Proportions of rejections of the null hypothesis that α 1 = 0 at the 5% nominal level obtained from estimation of model (1) based on 1,000 replications

	φ x

Table 4

 4 Proportion of rejections of the null hypothesis that all coefficients of (5) are zero for values of k = 1, 2, 3 and 4 at the 5% nominal level based on 1,000 replications

	k

Table 5

 5 Mean values of the Durbin-Watson Statistic obtained from estimation of model (5) based on 1,000 replications In each cell numbers are corresponding for sample sizes of 50 and 100 observations respectively.

	k

Table 6

 6 Proportion of rejections of the null hypothesis that α 1 = 0 at the 5% nominal level obtained from estimation of model (5) based on 1,000 replications In each cell numbers are corresponding for sample sizes of 50 and 100 observations respectively.

	k
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