Bank of Canada Banque du Canada

Working Paper 95-5 / Document de travail 95-5

CHANGES IN THE INFLATION PROCESS IN CANADA:

Evidence and Implications by Doug Hostland

The views expr essed in this r eport ar e solely those of the author . No responsibility for them should be attributed to the Bank of Canada.

May 1995

CHANGES IN THE INFLA TION PROCESS IN CANADA:

Evidence and Implications

by Doug Hostland

Resear ch Department Bank of Canada Ottawa, Ontario K1A 0G9

E-mail: dhostland@bank-banque-canada.ca

ISSN 1192-5434 ISBN 0-662-23492-8

Printed in Canada on recycled paper

ACKNOWLEDGMENTS

I would like to thank Leo Butler , Tiff Macklem, Steve Poloz and David Rose for helpful comments, and acknowledge the support of Nick Ricketts, who provided estimates of the r egime switching model.

CONTENTS

ABSTRACT/RÉSUMÉ ..........................................................................................v

1 INTRODUCTION ............................................................................................1

2 IDENTIFYING INFLATION REGIMES ........................................................3 2.1 Descriptive analysis .................................................................................3 2.2 An autoregressive model .........................................................................4 2.2.1 Shifts in the conditional mean of inflation ..................................4 2.2.2 Shifts in the conditional variance of the error term .....................8 2.2.3 Shifts in inflation dynamics .........................................................8 2.3 A regime-switching model ....................................................................10

3 PARAMETER INSTABILITY ......................................................................13 3.1 Long-run analysis ..................................................................................13 3.2 Testing for parameter instability ...........................................................15 3.2.1 Statistical tests ...........................................................................15 3.2.2 Forecasting performance ...........................................................18

4 IMPLICATIONS ............................................................................................19

APPENDIX: Description of the data................................................................22

TABLES ..............................................................................................................23

FIGURES ..............................................................................................................32

BIBLIOGRAPHY .................................................................................................39

v ABSTRACT

The Canadian economy is curr ently in transition fr om a period of disinflation to one with a very low and r elatively stable inflation rate. Against this backgr ound, the author asks whether r educed-form parameters should be expected to be invariant to changes in the inflation pr ocess.

This raises two empirical issues. The first r elates to whether shifts in the Canadian inflation pr ocess can be identified over time. It appears so, since casual observation as well as various statistical pr ocedur es indicate that ther e was a unique period fr om the mid-1950s to the early 1970s when inflation was low and r elatively stable.

The second issue r elates to whether ther e is evidence that parameter instability corr esponds to shifts in the inflation r egime. Statistical tests indicate that parameter instability is an important concern in r educed-form models of the inflation pr ocess, particularly for the early 1970s.

The evidence for Canada suggests that inflation for ecasts fr om reduced-form models may be unr eliable in the pr esence of important changes in the inflation pr ocess.

RÉSUMÉ

L'économie canadienne est en transition entr e une phase de désinflation et une période caractérisée par un taux d'inflation très bas et r elativement stable. Dans ce contexte, l'auteur se demande s'il faut s'attendr e à ce que les paramètr es d'une équation de forme réduite soient insensibles aux changements qui s'opèr ent dans le pr ocessus d'inflation.

Deux questions empiriques se posent à cet égar d. En pr emier lieu, il faut déterminer si des modifications peuvent êtr e décelées au fil du temps dans le pr ocessus d'inflation au Canada. Il semble qu'il en soit ainsi, puisqu'une analyse des données, même superficielle, de même que diverses méthodes statistiques révèlent que le Canada a vécu une période unique de taux d'inflation bas et r elativement stables, soit du milieu des années 50 au début des années 70.

En deuxième lieu, il faut établir s'il y a des pr euves que l'instabilité des paramètr es corr espond à des changements du régime d'inflation. Les tests statistiques indiquent qu'il faut pr endr e en considération l'instabilité des paramètr es dans les modèles de forme réduite r elatifs au pr ocessus d'inflation, particulièr ement pour le début des années 70.

Les résultats obtenus pour le Canada donnent à penser que les prévisions d'inflation faites à l'aide de modèles de forme réduite peuvent ne pas êtr e fiables quand d'importants changements s'opèr ent dans le processus d'inflation.

1 INTRODUCTION

In January 1988, Bank of Canada Governor John Cr ow announced that the central objective of monetary policy in Canada would be the pursuit of price stability .1 At that time the inflation rate was in the 4 to 5 per cent range. In Febr uary 1991, the federal government and the Bank of Canada jointly announced inflation r eduction guidelines. These guidelines set the goal of monetary policy to r educe inflation, as measur ed by the consumer price index (CPI), to a 1 to 3 per cent range by the end of 1995. In December 1993, the 1 to 3 per cent tar get range was extended to 1998.

A central concern of monetary policy in this setting is to for esee inflationary pr essur es and r eact in a timely manner befor e inflation becomes entr enched in expectations. The outlook for inflation in the economy is gauged using various sour ces of information, including empirical models of the inflation pr ocess. Str uctural stability is often an important concern in interpr eting for ecasts and policy implications of empirical models in general. This is of particular concern now for empirical models of inflation in Canada, given the r ecent disinflation and the emer gence of a new low-inflation envir onment.

In light of the Lucas (1976) critique, one must question whether reduced-form parameters ar e invariant to the kind of changes in the inflation envir onment that ar e curr ently under way in Canada. Ther e is a risk that the transition to a low-inflation envir onment will be accompanied by parameter instability in r educed-form models. This paper investigates whether ther e is empirical evidence of parameter instability associated with shifts in the inflation pr ocess.

Because the low-inflation envir onment is only just emer ging in Canada, ther e are too few observations to test for parameter instability in the curr ent transition period. The analysis ther efore examines the historical period, focussing on the following two principal issues: 1) Can one

1. This announcement was made in the Eric J. Hanson Memorial Lecture; see Crow (1988).

identify distinct inflation regimes over the historical period? If so, then 2) is ther e evidence of str uctural instability corr esponding to shifts between the r egimes? My analysis seeks to determine whether we can expect parameter instability pr oblems in models of the inflation pr ocess during the transition to a low-inflation envir onment. It is also hoped that my historical analysis can pr ovide some insights into possible dif ferences in the inflation pr ocess between high- and low-inflation envir onments, which could be of inter est in evaluating what is likely to emer ge for Canada in the 1990s.

The second section of the paper discusses how I identify inflation regimes over the historical period. The thir d section examines some tests for parameter instability using r educed-form models of inflation. The final section discusses some implications of the r esults.

2 IDENTIFYING INFLA TION REGIMES

This section investigates the Canadian inflation envir onment over time in an attempt to isolate distinct inflation r egimes. For the purposes of this paper , a shift in an inflation r egime is equated with a change in the timeseries pr operties of the measur ed inflation rate. The Canadian inflation experience is first described in an informal manner . A number of statistical procedur es are then used in an ef fort to detect discr ete shifts in the inflation process. This is implemented using an autor egressive model. These issues are then examined using a r egime-switching model.

2.1 Descriptive analysis

The Canadian inflation experience is illustrated in Figur e 1 (p. 32) by means of annual changes in the total CPI beginning in 1915, as well as annual changes in the gr oss domestic pr oduct (GDP) price deflator beginning in 1948. A number of extraor dinary events corr espond to the lar ge fluctuations in inflation observed over the pr e-1950 period. The suspension of the gold standar d during the first world war led to a rapid incr ease in inflation. This was followed by a period of deflation, r esulting fr om an attempt to r einstate the gold standar d. Ther e was another deflationary period a decade later corr esponding to the Gr eat Depr ession. The Second World War was followed by a sharp incr ease in inflation as price contr ols were lifted. This was quickly br ought to a halt by a sever e recession in 1949-50, which was followed by a brief incr ease in inflation in 1951 corr esponding to the Kor ean War. The inflation envir onment thr oughout these years was determined primarily by international events rather than domestic economic developments per se. It is important to note that these events did not lead to higher rates of inflation on average over this period relative to later periods. Inflation over this period is better characterized in terms of its high variability .

The highly variable inflation rates observed in the pr e-1954 period were followed by a period of low and stable inflation fr om the mid-1950s to the early 1970s. Inflation incr eased gradually thr oughout this period, exhibiting only minor fluctuations ar ound its tr end. It is inter esting to note that this tranquil-inflation period corr esponded to a vigor ous pace of economic expansion. This period was followed by inflationary episodes that roughly corr espond to two oil-price shocks in the early and late 1970s. 2 Inflation then declined sharply in two steps, during the r ecession of the early 1980s and that of the early 1990s.

2.2 An autoregressive model

In order to pr ovide a mor e formal analysis of the inflation pr ocess over the historical period, I examine the time-series pr operties of the inflation rate using an autor egressive model given by (1) wher e Δpt is the inflation rate and ut is a random err or term with zer o mean and variance σ 2. A(L) represents a polynomial lag operator (normalized so that A(0) = 1); A(1) represents the sum of the autor egressive parameters. 3 I incorporate the possibility of shifts in the inflation pr ocess by letting the parameters { μ, σ 2, A(L)} vary over time at discr ete intervals. For the case of one br eak point, the parameters ar e allowed to have dif ferent values in the subperiods ar ound the br eak point. The timing of possible br eak points is treated as unknown. A number of statistical pr ocedur es are used to detect time variation in the parameters. This will help identify the number and timing of possible br eak points.

2.2.1 Shifts in the conditional mean of inflation On the basis of casual observation of Figur e 1, it is dif ficult to pick out one or two discr ete shifts in the mean inflation rate. Ther e is no period during which the inflation rate incr eased or decr eased sharply and then stabilized at the new level for any considerable length of time. The inflationary

2. It should be mentioned that during the 1970s, Canada had in place energy policies that effectively delayed the adjustment of domestic oil prices to world levels. Thus, the two oil price shocks in the 1970s did not have a full immediate effect on inflation in Canada, as was the case in other countries. 3. Unless otherwise stated, the inflation rate is assumed to be stationary around its mean, so that all roots of the polynomial A(L) lie outside the unit circle.

A L( ) Δp_t μA 1( ) u_t+ = episodes following the two world wars wer e relatively brief and highly volatile. The changes in the inflation rate during the 1970s wer e mor e persistent but not well-characterized as a shift in the mean. Perr on (1994) examines this question using various formal statistical tests and finds some evidence that the mean inflation rate shifted up ar ound 1973 and then shifted down in 1981-82. His infer ences ar e, however , quite sensitive to a variety of factors, including the measur ement of inflation, the fr equency of the data and the specification of the tests.

I examine the possibility of discr ete shifts in the mean inflation rate in the context of the autor egressive model given by (1). A second-or der autor egressive model of inflation, measur ed as quarterly per centage changes in the total CPI, is estimated r ecursively over the period 1923Q2 - 1994Q1.4 The recursive estimation pr ocedur e entails estimating the parameters using data up to period t and then for ecasting inflation one period ahead (that is, over period t+1). One then r eestimates the parameters using data up to period t+1 and again for ecasts one period ahead (that is, over period t+2). This r ecursive pr ocedur e results in a series of parameter estimates and r esiduals that dif fer from the usual or dinary least squar es (OLS) parameter estimates and r esiduals obtained using the entir e sample period. The r ecursive estimates ar e useful for determining the timing of possible shifts in the parameters.

Recursive estimates of the conditional mean of inflation μare shown in Figur e 2 (p. 32). The sample period begins with an estimated conditional mean of about 4 per cent over the period 1915-23. This period is dominated by the burst of inflation that began towar ds the end of the first world war . The recursive estimates of the conditional mean decline to about 1 per cent by the early 1930s because of the deflationary periods in the early 1920s and early 1930s. The conditional mean then gradually increases to about 2 per cent by the late 1940s. Thr oughout the 1950s and

4. The CPI measures used in the empirical work are adjusted for the introduction of the Goods and Service Tax (GST) in January 1991. Reduced-form regressions indicate that the GST resulted in a 5.25 per cent level increase in the total CPI and a 6.33 per cent level increase in the CPI excluding food and energy.

1960s the conditional mean is stable at the 2 per cent level. It then rises to the 3 to 4 per cent range beginning at about the same time as the first oil price shock in 1973. If one interpr ets these r ecursive estimates of the conditional mean in terms of the steady-state inflation rate, one would conclude from Figur e 2 that the steady-state inflation rate fluctuated somewhat prior to the early 1950s, was stable thr oughout the 1950s and 1960s and then gradually incr eased thr oughout the early 1970s. On the whole, ther e is little variation in this measur e of the steady-state inflation rate.

One can test for shifts in the conditional mean of inflation by examining the cumulated sums of r ecursive r esiduals (CUSUM) obtained fr om the autor egressive model. This is illustrated in Figur e 3 (p. 33).5 The cumulated sums of r ecursive r esiduals indicate that the conditional mean drifted downwar d from the mid-1920s to the early 1930s and then subsequently drifted upwar d in the late 1940s and again in the early 1970s. This suggests that the steady-state inflation rate shifted at various times throughout the historical period, each time in a gradual fashion. This is in contrast to Perr on’s (1994) finding that the mean inflation rate shifted upwar d in the early 1970s and downwar d in the early 1980s, each time in a discr ete manner . This appar ent conflict is due, in part, to the fact that Perron’s analysis is designed specifically to isolate discr ete br eaks in the conditional mean, wher eas the analysis of r ecursive r esiduals enables one to detect either discr ete or gradual shifts in the conditional mean.

Two r esults fr om the above analysis ar e worth noting. First, the conditional mean appears to have been quite stable fr om the mid-1950s to the early 1970s. Second, the lar gest shift in the conditional mean occurr ed in the early 1970s. These r esults suggest two br eak points r oughly corr esponding to 1954Q1 and 1971Q1. These two br eak points ar e incorporated into the analysis thr ough estimation of the autor egressive model over the following thr ee subperiods: (1) 1915Q2-1953Q4, (2) 1954Q1-1970Q4 and (3)

5. Figure 3 corresponds to the cumulated sums (CUSUM) test proposed by Brown, Durbin and Evans (1975). Kramer et al. (1988) show that the CUSUM procedure is essentially a test for instability in the conditional mean. Deviations in the cumulated sums of recursive residuals from the horizontal line indicate a shift in the conditional mean.

1971Q1-1994Q1. The r esults (r eported in T able 2, p. 24) indicate that the mean CPI inflation rate incr eased fr om about 2.25 per cent in subperiods (1) and (2) to 5.87 per cent in subperiod (3). Similar r esults hold for inflation measur ed using the GDP price deflator .6

There is some question as to whether the thir d subperiod 1971Q1- 1994Q1 constitutes a stable inflation r egime. Figur es 2 and 3 suggest that the conditional mean incr eased thr oughout the 1970s and then stabilized following the disinflationary period during 1983. This suggests that the subperiod 1984-93 can be viewed as another distinct inflation r egime. Characterizing the historical period in this manner would be pr oblematic in my analysis, because such short subperiods would leave too few degr ees of freedom for specifying r easonable models of inflation. I characterize the entir e subperiod 1971Q1-1994Q1 as a stable inflation r egime to avoid this practical pr oblem. This may have implications for some of the results, however , as discussed below .

A Chow test pr ovides evidence of parameter instability in the autor egressive models acr oss all thr ee subperiods (see T able 2).7 Further analysis indicates that the parameter instability detected by the Chow test does not arise solely fr om a shift in the conditional mean. Hansen’s (1992) test for parameter instability is applied to pr ovide further insights into the natur e of the appar ent parameter instability . Hansen’s test is designed to detect gradual time variation in the parameters rather than discr ete shifts as is the case for the Chow test. Hansen’s joint test (r eported in the bottom line of Table 3, p. 25) pr ovides evidence of time-varying parameters in the autor egressive model of CPI inflation over the period 1915Q2-1970Q4 as well as in the autor egressive model based on the GDP deflator over the period 1954Q1-1994Q1. However , in neither case is ther e much evidence of time variation in the conditional mean.

6. The GDP price deflator is available beginning in 1947, so I cannot examine the GDP deflator measure of inflation over subperiod (1). 7. Given our concern about possible heteroscedasticity, I perform the Chow tests using White’s (1980) heteroscedastic-consistent estimate of covariance matrix.

2.2.2 Shifts in the conditional variance of the error term As shown in Figur e 1, inflation was quite volatile prior to the 1950s and quite stable during the 1950s and 1960s. This suggests that the conditional variance of the err or term in the autor egressive model (σ 2) may be timevarying. The r ecursive r esiduals obtained fr om the autor egressive model (shown in Figur e 4, p. 33) indicate that the conditional variance was much higher prior to the 1950s than during the 1950s and 1960s. Subsample estimates (r eported in T able 2) indicate that ^σ declined fr om 4.17 per cent in subperiod (1) to 1.55 per cent in subperiod (2). This is supported by Hansen’s test, which detects evidence of time variation in ^σ over subperiods (1) and (2) (see T able 3, p. 25). Note that the volatility of inflation increased considerably beginning in the early 1970s. This corr esponds to an incr ease in uncertainty as measur ed by ^σ , which incr eased fr om 1.55 per cent in subperiod (2) to 2.00 per cent in subperiod (3) (see T able 2). In this case, Hansen’s test detects little evidence of time variation in σ (see Table 3). Similar r esults ar e obtained using an autor egressive model of inflation measur ed using the GDP deflator .

2.2.3 Shifts in inflation dynamics The time-series pr operties of the inflation rate can be summarized by its autocorr elation and partial autocorr elation functions, which ar e shown in Figur e 6 (p. 35) for the thr ee subperiods consider ed above. Figur e 6 shows that the time-series pr operties of inflation ar e considerably dif ferent in each of the thr ee subperiods. Note, in particular , that the autocorr elations decline mor e gradually in the thir d subperiod r elative to the first two subperiods. This indicates that innovations in inflation became mor e persistent after the early 1970s. Prior to the mid-1950s, ther e wer e many lar ge innovations in inflation, but they tended to be r eversed fairly quickly . After the early 1970s, innovations in inflation tended to persist beyond a few years.

This notion of persistence can be measur ed by the lar gest autor egressive r oot in the inflation pr ocess. This corr esponds to the sum of the autor egressive parameters A(1) in (1). Recursive estimates of A(1) (shown in Figur e 5, p. 34) indicate that the lar gest autor egressive r oot in the CPI inflation series incr eased considerably thr oughout the 1970s, beginning at about the time of the first oil price shock in 1973.

It is important to note that the above analysis implicitly assumes that the inflation rate is stationary around its mean. If this assumption does not hold (in which case the inflation rate would be nonstationary ), most of the above statistical analysis would be invalid. In particular , the confidence intervals corr esponding to the lar gest autor egressive r oot (shown in Figur e 5) would not be valid for testing the hypothesis that the inflation rate is nonstationary , which corresponds to the unit-r oot hypothesis: A(1) = 1. Formal unit-r oot tests ar e requir ed for this hypothesis.

I consider two unit-r oot tests that have become widely used in applied work – the augmented Dickey-Fuller (ADF) t-test and the Phillips- Perron (PP) parameter bias test. 8 Unit-r oot tests examine the null hypothesis of non-stationarity against the alternative hypothesis of stationarity . I also “reverse the bur den of pr oof” by considering the stationarity test pr oposed by Kwiatkowski et al. (1992) (henceforth KPSS). The KPSS test examines the null hypothesis of stationarity against the alternative hypothesis of nonstationarity .9

The results fr om the ADF and PP unit-r oot tests and the KPSS stationarity test ar e reported in T able 4 (p. 26). The tests indicate that CPI inflation is stationary over the full sample period as well as over the first subperiod – the ADF and PP tests r eject the unit-r oot hypothesis, while the KPSS test is unable to r eject the stationarity hypothesis. The r esults over the other two subperiods ar e mixed. The PP test r ejects the unit-r oot hypothesis in each case (at the 0.10 level or higher), indicating that inflation

8. The ADF t-test was developed by Dickey and Fuller (1979) and Said and Dickey (1984), while the PP parameter bias test was developed by Phillips (1987) and Phillips and Perron (1988). Simulation experiments indicate that the PP parameter bias test is more powerful than the ADF t-test but tends to suffer from size distortion problems in certain situations. See Schwert (1989) and Stock (1994). 9. For the PP and KPSS tests, a non-parametric estimate of long-run covariance is obtained using the VAR prewhitened quadratic spectral kernel estimator proposed by Andrews and Monahan (1992). This was implemented using a RATS procedure provided by Robert Amano and Simon van Norden.

is stationary in each subperiod. This infer ence, however , is not supported by the ADF and KPSS tests. The r esults ar e sensitive to other factors not shown in T able 4 (p. 26), including the fr equency of the data and the specification of the tests (see Perr on 1994). On the basis of these statistical tests, it is unclear whether inflation is best characterized as a stationary or nonstationary pr ocess in subperiods (2) and (3).

We should emphasize that it may be inappr opriate to consider subperiod (3) as a stable inflation r egime, for the r easons given earlier . It may be mor e accurate to characterize inflation as being nonstationary over the early part of this subperiod and stationary over the latter part. This characterization is supported by the regime-switching results obtained by Laxton, Ricketts and Rose (1994). The stationarity tests consider ed above are not designed to addr ess issues of this natur e. The question is, hence, deemed to be beyond the scope of this paper .

To summarize, the above analysis of an autor egressive model indicates that the time-series pr operties of inflation changed substantially in the early 1950s and again in the early 1970s. The statistical tests suggest that one can br oadly characterize the changes as follows. The volatility of inflation declined substantially in the mid-1950s, accompanied by a decrease in the estimated conditional variance. The persistence of movements in inflation incr eased considerably in the early 1970s. After the first oil price shock in 1973, inflation tended to conver ge mor e slowly to its mean (if at all). Ther e is little evidence of a significant (discr ete or gradual) shift in the mean inflation rate in the early 1970s or at other points in the sample.

2.3 A regime-switching model

With the exception of Hansen’s parameter instability tests, the statistical procedur es consider ed above ar e designed to detect a few shifts in the inflation pr ocess. I now consider the possibility that ther e might have been numer ous shifts in the inflation pr ocess. This is implemented using a twostate Markov switching model given by

(2a)

(2b)

wher e u1t ~ N(0, σ 12) and u2t ~ N(0, σ 22). The inflation rate follows a firstorder autor egressive pr ocess in each of the two states. 10 Each state is characterized by its own conditional mean ( μi), autor egressive parameter ( ρ i) and standar d err or (σ i). Using the methodology followed by Hamilton (1989), one can estimate the conditional pr obabilities of switching between the two states. 11 The parameters defining the two states { μi, ρ i, σ i} as well as the transition pr obabilities ar e estimated simultaneously using annual CPI data over the period 1917-93.12 The results ar e shown in T able 1 (p. 23).

Relative to state 2, state 1 is characterized by a lower mean ( μ1 = 3.15 vs. μ2 = 4.59), higher persistence ( ρ 1 = 0.718 vs. ρ 2 = 0.489) and a lower standar d err or (σ 1 = 1.6 vs. σ 2 = 7.6). Note that ther e is a positive corr espondence between the level of inflation and its uncertainty in the two states, as measur ed by the estimated standar d err or. Shifts between the states identified by the Markov switching model ar e shown in Figur e 7 (p. 36). The solid line r epresents the estimated ex ante probability of being in state 1, the low inflation – low uncertainty state. 13 There are numer ous shifts between the two states prior to the mid-1950s. Inflation then settles into the low level – low uncertainty state (state 1) fr om the mid-1950s to the early 1970s. Ther e is evidence of shifts out of the low level – low uncer-

10. First-order autoregressive dynamics are found to adequately explain the annual data. The results were found to be unchanged using second-order autoregressive dynamics. 11. See Laxton, Ricketts and Rose (1994) for a further description of the Markov switching model. 12. I gratefully acknowledge the support of Nick Ricketts, who provided me with estimates of the regime-switching model. 13. This refers to the estimated probability of being in state 1 in the current period before inflation is observed in the current period.

Δp_t μ_1 1 ρ_1−( ) ρ_1Δp_{t 1−} u_{1t} + + =

Δp_t μ_2 1 ρ_2−( ) ρ_2Δp_{t 1−} u_{2t} + + = tainty state corr esponding to each of the inflationary episodes in the 1970s as well as in the disinflationary period at the end of the sample.

The estimates of the Markov switching model indicate that shifts in the inflation pr ocess ar e not well-characterized solely in terms of the conditional mean. The dif ference in the estimated standar d err or of the disturbance term appears to be particularly important for distinguishing between the two states. This corr oborates our pr evious r esults. Note that the estimated persistence parameter ρ is higher in state 1, the low-inflation state. This is contrary to our earlier characterization of the thir d subperiod in terms of high inflation – high persistence. This dif ference can be explained as follows. In the autor egressive model, inflation incr eases beginning in the early 1970s and displays little tendency to r evert to its historical mean. In the r egime-switching model, inflation is characterized as being in state 1 thoughout most of the post-1970 period. Inflation is high throughout this subperiod r elative to the conditional mean in state 1, which r esults in a low estimate of persistence. This counterintuitive r esult suggests that a thr ee-state r egime-switching model may be mor e appr opriate, for it would allow inflation to be characterized by a high mean with low persistence over most of the post-1970 period (see Laxton, Ricketts and Rose 1994).

The above analysis indicates that Canada has had some experience with a low and stable inflation r egime in place fr om the mid-1950s to the early 1970s. Inflation incr eased very gradually over this period but fluctuated very little ar ound its tr end. The Canadian inflation envir onment appears to have changed in an important way when this r egime began in the early 1950s and when it ended in the early 1970s. The next section of the paper examines whether ther e is evidence of parameter instability in reduced-form equations corr esponding to these shifts in the inflation regime.

3 PARAMETER INST ABILITY

Ideally one would want to test for parameter instability acr oss the thr ee subperiods consider ed above. However , owing to data limitations, it is difficult to specify inflation equations prior to the 1950s. For this r eason, the analysis is limited to the period 1954-93, with a focus on a possible br eak point in the early 1970s. Befor e presenting the parameter instability tests, I will first discuss the specification of the r educed-form equations.

3.1 Long-run analysis

For the purposes of this paper , I consider r educed-form equations similar to those specified in the existing empirical literatur e for Canada. 14 In this literatur e, inflation is typically determined by its autor egressive lags, a measur e of excess supply or demand and various r elative prices. I include relative-price movements arising fr om commodity prices, ener gy prices and import prices as well as two leading indicators – money gr owth and nominal wage gr owth. This is summarized by the following equation: 15

+ (3)

wher e (yt – ypt) represents the log deviation of r eal output ( y) from its potential level ( yp) and

Δmt represents the gr owth rate of nominal money , Δrpmt represents the r elative price of imports, Δrpcnet represents the r elative price of (non-ener gy) commodities, Δrpengt represents the r elative price of ener gy, Δwt represents the gr owth rate of nominal wages, and ut is a random err or term.

14. See Poloz and Wilkinson (1992) and the references therein. 15. See the appendix for a detailed description of the data.

Δp_t β_0 β_{1i}Δp_{t i−}

i 1= m1 ∑^β2^yt 1−^{yp}t 1−^{−( ) β}3i^{Δm}t i−_{i 1=}^{m3}∑^β4i^{Δrpm}t i−_{i 1=}^{m4}∑ + + + + =

β_{5i}Δrpcne_{t i−}

i 1= m5 ∑^β6i^{Δrpeng}t i−

i 1= m6 ∑^β7i^{Δw}t i−

i 1= m7 ∑^ut + + +

Equation (3) is intended to r epresent the r educed-form appr oach to modelling the inflation pr ocess. This equation blends together empirical work on Phillips curves (see Poloz and W ilkinson 1992), the information content of monetary aggr egates (see Hostland, Poloz and Stor er 1988, and Caramazza and Slawner 1991), and wage-price dynamics (see Cozier 1991). Note that ther e is no explicit separation made between expectational and intrinsic dynamics, so that one cannot interpr et the estimated linkages with r eference to the ef fects of anticipated versus unanticipated shocks. Furthermor e, it is unclear how the steady-state inflation rate is determined within this r educed-form framework. Inflation is generally viewed as being determined by the monetary authority in the long r un; but the r ole of the monetary authority is unclear in the above equation. Monetary policy can be thought of as operating thr ough its ef fects on the level of excess demand or supply (which is pr oxied by the output gap: yt – ypt). Monetary policy can also be characterized in terms of setting the pace of monetary expansion, which may be captur ed in part by the gr owth rate of a monetary aggr eate (M2 in this case). Mor eover, the per ceptions of monetary policy no doubt play an important r ole in the formation of inflation expectations, which underlies the price-setting and wage-bar gaining pr ocess. From this perspective, the r educed-form parameters implicitly involve an interaction between monetary policy , inflationary expectations and the determination of wages and prices. Hence, it is dif ficult to give the reduced-form equation a str uctural interpr etation. Given these shortcomings, the r educed-form equation should be thought of in the spirit of documenting “stylized facts” associated with the data.

Three measur es of inflation ar e examined – quarterly per centage changes in the total CPI, the CPI excluding food and ener gy, and the GDP price deflator . The dynamics of the equations ar e specified as follows. In order to focus on leading information, only lags of the explanatory variables ar e consider ed. I apply a general-to-specific model specification pr ocedur e to specify lag lengths, using Akaike’s (1969) information criterion. Preliminary r egressions over the period 1954Q1-1994Q1 r evealed that the lagged level of the output gap is significant, while its lagged gr owth rate is not significant in all thr ee equations. 16 Moreover, significant leading information was found in nominal wage gr owth and nominal money growth in all of the equations examined. Given that parsimony is an important concern for stability tests, r estrictions wer e imposed acr oss the distributed lag str uctur es to attain mor e parsimonious specifications. These r estrictions summarize the distributed lag str uctur es on each of the variables by means of moving averages. The moving-average r estrictions could not be r ejected by the data on the basis of likelihood ratio (LR) tests.

3.2 Testing for parameter instability

3.2.1 Statistical tests Estimates of the r educed-form parameters over the subperiods (2) and (3) are reported in T able 5 (p. 27). Note that the fit of the r egressions, as measured by the R2, is much higher in subperiod (3) than in subperiod (2). This is particularly the case for the GDP deflator equation. Although the volatility of inflation incr eased substantially in subperiod (3), the estimated standar d err or of the r egression ( ^σ ) increases only slightly for the two CPI inflation equations and in fact declines for the GDP deflator equation.

Many of the above infer ences made with r eference to the full sample period ar e not r obust acr oss the two subperiods. In particular , the estimated r esponse of inflation with r espect to r elative import prices, r elative commodity prices and nominal wage gr owth is much str onger in subperiod (2) r elative to subperiod (3) (see the estimates of parameters β4, β5 and β7, respectively , reported in T able 5). Each of these variables is statistically significant over the full-sample period and subperiod (3), but ar e not statistically significant over subperiod (2). The estimates indicate that the reduced-form linkages ar e not well specified for the low-and-stable inflation period – subperiod (2).

16. For the purposes of this paper, potential output is proxied as a 13-quarter weighted, centred, moving average of actual output. This measure is very similar to that obtained by applying the Hodrick-Prescott filter to real output with the “smoothness parameter” set to 500 (see Côté and Hostland 1994).

The diagnostic tests r eported in T able 6 (p. 28) ar e intended to pr ovide insights into the statistical pr operties of the r educed-form equations for the two subperiods. The diagnostic tests detect evidence of secondorder serial corr elation and second-or der ARCH ef fects in the r educedform r esiduals obtained fr om subperiod (2). Ther e is also evidence of skewness and kurtosis in the r educed-form r esiduals obtained fr om subperiod (3). The diagnostic tests indicate that the statistical pr operties of the reduced-form equations ar e quite dif ferent over the two subperiods.

A Chow test is performed on the r educed-form equations using 1971Q1 as the hypothesized br eak point. Ther e is str ong evidence of parameter instability in the total CPI and GDP deflator equations but not in the equation for the CPI excluding food and ener gy (see Table 5). This suggests that parameter instability depends upon the measur ement of inflation. Mor e specifically , excluding the volatile food and ener gy component fr om the CPI appears to alleviate the parameter instability pr oblem.

It is important to note that the above Chow tests assume that the 1971Q1 break point is known a priori. This assumption may not be appr opriate given the pr etest bias involved in examining the data to isolate the break point. Hansen’s (1992) test for parameter instability can be used to avoid any pr etest bias, since it assumes that the br eak point is unknown. Hansen’s test detects evidence of parameter instability in the GDP deflator equation but not in the two CPI equations (see T able 7, p. 29). The instability arises fr om time variation in the autor egressive parameter ( β1) and the standar d err or (σ ). When Hansen’s test is applied over the two subperiods, parameter instability is detected over subperiod (2) but not over subperiod (3) for all thr ee equations (see T able 8, p. 30). In these cases, the instability arises fr om time variation in other parameters besides the autor egressive parameter ( β1) and the standar d err or (σ ). These r esults suggest that the reduced-form equations exhibit parameter instability prior to the early 1970s.

To provide insights into the timing of alleged br eak points, I examine both the cumulated sums of r ecursive r esiduals and the cumulated sums of squar ed recursive r esiduals obtained fr om the r educed-form equations. 17 The cumulative sums of r ecursive r esiduals, shown in Figur e 8 (p. 36), indicate that the conditional mean underlying the r educedform equations shifted upwar d in the early 1970s. 18 Note that the shift in the conditional mean appears to be mor e pronounced in the r educed-form equations corr esponding to the GDP deflator and the total CPI. The cumulated sums of squar ed recursive r esiduals, shown in Figur e 9 (p. 37), indicate an incr ease in the conditional variance of the err or term ( σ 2), beginning at about the same time as the first oil price shock in 1973. 19 Once again, the shift appears mor e pronounced in the r educed-form equations corr esponding to the GDP deflator and the total CPI.

The timing of possible br eak points is also examined using r olling Chow tests, 20 the r esults of which ar e illustrated by Figur e 10 (p. 37). Critical values ar e shown for the case wher e the br eak point is known a priori , which corr esponds to the conventional Chow test, and also for the case wher e the br eak point is unknown, which corr esponds to the Sup test pr oposed by Andr ews (1993). 21 The rolling Chow test pr ovides str ong evidence of parameter instability in the GDP deflator equation. Ther e is evidence of parameter instability at virtually all the br eak points examined, with the most pr obable br eak point occurring in about 1971. Parameter instability appears to be somewhat less of a pr oblem in the CPI equations. There is evidence of parameter instability in the total CPI equation prior to the mid-1970s, with the most pr obable br eak point occurring in about 1970. The equation based on the CPI excluding food and ener gy exhibits

17. This entails using the recursive estimation procedure described earlier. The 1954Q1- 1957Q4 period is used to obtain initial estimates of the parameters; recursive residuals are then generated over the 1958Q1-1994Q1 period. 18. See footnote 4. 19. Figure 10 corresponds to the cumulated sums of squares (CUSUMSQ) procedure proposed by Brown, Durbin and Evans (1975). Ploberger and Kramer (1990) show that the CUSUMSQ procedure is essentially a test for instability in the conditional variance of the error term. Deviations in the cumulated sums of squared recursive residuals from the dotted line indicate a shift in the conditional variance. 20. Given the concern about possible heteroscedasticity, the Chow tests are performed using White’s (1980) heteroscedastic-consistent estimate of covariance matrix. 21. See Hansen (1992) and the references therein on this distinction.

parameter instability pr oblems over the period 1974-80. In this last case, the Chow test is, in general, only significant when the br eak point is tr eated as known (using the conventional critical values for the Chow test). This suggests that excluding the volatile food and ener gy components fr om the CPI tends to alleviate parameter instability pr oblems.

3.2.2 Forecasting performance The for ecasting performance of the r educed-form equations ar e examined to gauge their r eliability over the two subperiods of inter est. The autor egressive models consider ed in the pr evious section of the paper ar e used as a benchmark. One- and four -quarter -ahead for ecasts ar e generated fr om the r educed-form and autor egressive equations. The for ecasts ar e based on recursive estimates of the parameters so that they involve only information known at the time that they ar e made. The for ecast err ors, hence, involve uncertainty arising fr om parameter estimation as well as uncertainty arising from the err or term in the models. The for ecasting performance of the models ar e compar ed in Table 9 (p. 31) using the r oot-mean-squar e-error (RMSE) criterion.

The reduced-form equations for ecast quite poorly r elative to the autor egressive models over subperiod (2) (1958Q1-1970Q4). Note in particular that at the one-quarter -ahead for ecasting horizon, the autor egressive models for the two CPI measur es of inflation r esult in lower RMSEs relative to the r educed-form equations. This is also the case for the GDP deflator equations at the four -quarter -ahead for ecasting horizon. The reduced-form equations for ecast uniformly better than the autor egressive models over subperiod (3). These for ecast comparisons indicate that the estimated linkages underlying the r educed-form models ar e informative during the volatile inflation period (subperiod 3) but ar e not very informative during the low-and-stable inflation period (subperiod 2). This suggests that for ecasts of inflation fr om the r educed-form equations may be unr eliable in a low-and-stable inflation envir onment.

4 IMPLICA TIONS

To summarize, the analysis indicates that Canada experienced a unique period of low and stable inflation fr om the mid-1950s to the early 1970s. The time-series pr operties of inflation over this period ar e quite dif ferent from those befor e and after . Prior to the mid-1950s, inflation was highly volatile and undoubtedly dif ficult to for ecast fr om year to year . Beginning in the early 1970s, movements in inflation became much mor e persistent and mor e volatile. The steady-state inflation rate appears to have shifted in a gradual, rather than discr ete, manner acr oss these periods.

The Canadian inflation experience does not pr ovide the basis for a “clean experiment” corr esponding to a discr ete shift in the steady-state inflation rate, with everything else unchanged. Hence, one cannot infer how changes in the steady-state inflation rate have af fected the str uctur e of the economy . There is, however , a period of low and stable inflation followed by a period of high persistence and high uncertainty . We have examined whether changes of this natur e have led to parameter instability problems in r educed-form equations.

The analysis indicates that it is dif ficult to specify r educed-form equations that can captur e the inflation pr ocess during the low-and-stable inflation period. The economic and statistical pr operties of the r educedform equations ar e found to be quite dif ferent when estimated over subperiods that corr espond to a shift in the inflation r egime. Mor eover, ther e is evidence of parameter instability corr esponding to the r egime shift. The reduced-form equations pr ovide leading information about inflation during the volatile-inflation r egime but tend to generate unr eliable for ecasts during the low-and-stable inflation r egime. These findings support the view that r educed-form parameters ar e dependent on the particular inflation r egime in place over the sample period. This implies that one should be extr emely cautious when for ecasting and performing policy analysis with r educed-form models of the inflation pr ocess.

To understand why this might be the case, consider what underlies the estimated linkages between r elative-price movements and inflation. It is useful to make a distinction her e between factors that have an impulse effect on inflation and those that pr opagate the impulse ef fects. Relative energy and commodity prices wer e relatively stable during the 1950s and 1960s, but fluctuated widely during the 1970s and 1980s (see Figur e 11, p. 38). Ther e is little doubt that the lar ge movements in r elative ener gy and commodity prices in the 1970s had a substantial impulse ef fect on the inflation rate. If one believes that inflation is a monetary phenomenon in the long r un, then the pr opagation of r elative-price shocks would ultimately depend on the stance of monetary policy . One can then interpr et the corr elation between r elative-price shocks and inflation observed over the historical period along the following lines.

The lar ge relative-price movements in the 1970s wer e, to a lar ge extent, accommodated by the pace of monetary expansion at the time. This resulted in a sustained incr ease in inflation thr oughout the 1970s. Reduced-form equations estimated over this period captur e the impact effect of the r elative-price shocks combined with the stance of monetary policy. Previous to this period, the monetary authority was not faced with such lar ge relative price shocks. The comparatively small movements in relative ener gy and commodity prices in the 1950s and 1960s had little effect on the setting of monetary policy and hence had neglible ef fects on the inflation rate on a sustained basis.

The above interpr etation suggests that the r educed-form estimates of the linkages between r elative prices and inflation obtained over the period 1971Q1-1994Q1 ar e probably higher than what one should expect in the near futur e. Given that the objective of monetary policy is curr ently defined with r eference to inflation-rate tar get bands, agents may not perceive relative price movements as af fecting the rate of monetary expansion to the extent that they might have in the early 1970s. Estimates of the reduced-form linkages obtained over the low-inflation – low-uncertainty period 1955-70 ar e probably mor e reliable in this r espect.

Our interpr etation of the r esults echoes the critique of r educed-form modelling put forth by Lucas and Sar gent (1979) among others. This view advocates that macr oeconomists develop a deeper understanding of the interaction between inflation expectations, monetary policy , and wage and price determination. This entails specifying models of the inflation pr ocess that make an explicit separation between intrinsic and expectational dynamics, and also developing micr ofoundations for nominal rigidities. This view also emphasizes the need to model explicitly the behaviour of the monetary authority so that monetary policy plays an integral r ole in the inflation pr ocess.22 Credibility and learning ar e both important elements in modelling how inflationary expectations adjust to shifts in inflation regimes in the pr esence of uncertainty (see Laxton, Ricketts and Rose 1994, and Ricketts and Rose 1994). It is hoped that further r esear ch along these lines will lead to a better understanding of the inflation pr ocess in dif ferent regimes as well as during the transition state between r egimes.

22. These arguments were key to the decision to support development of a new structural model of the economy for forecasting and policy analysis at the Bank of Canada. See Poloz, Rose and Tetlow (1994).

APPENDIX Description of the data

p = the log of the price level, alternatively defined using

the total CPI (P484549) 23 the CPI excluding food and ener gy (P484571) the GDP price deflator at market prices (D2001 1 / D20463) m = the log of the monetary aggr egate M2 (B1630) rpcne = the r elative price of non-ener gy commodities defined using the Bank of Canada non-ener gy commodity price index in U.S. dollars / the U.S. pr oducer price index rpeng = the r elative price of ener gy defined using the Bank of Canada energy price index in U.S. dollars / the U.S. pr oducer price index rpm = the log of the r eal effective exchange rate defined using a tradeweighted index of GDP/GNP price deflators for six of Canada’s major trading partners 24 w = the log of the nominal wage rate defined using total labour income or the number of total employed persons excluding the armed services y = the log of r eal GDP (D20463) yp = the log of potential output defined using a 13-quarter , centr ed, weighted moving average of r eal GDP

23. The mnemonics in parentheses refer to CANSIM data series. All data series are available upon request.

24. Weights for the six countries are as follows: United States: 0.831, Japan: 0.078, United Kingdom: 0.038, Germany: 0.025, France: 0.015, Italy: 0.013

TABLES

Table 1 Estimates of the Markov switching model

μ ρ σ P(Si | Sj)a

State 1: 3.146 0.718 (0.074)b

1.608 (0.238)

0.103

State 2: 4.590 0.489 (0.241)

7.608 (1.374)

0.277

a. P(S_i | S_j) represents the estimated transition probabilities. That is, the conditional probability of switching from state 1 to state 2: P(S_2 | S_1) and the conditional probability of switching from state 2 to state 1: P(S_1 | S_2).

b. Standard errors are reported in parentheses.

Table 2

Estimates of the autoregressive model over subperiods

whereΔp represents quarterly percentage changes in the total CPI and GDP deflator

Inflation measure

Total CPI (3 autoregressive lags)^a

GDP deflator (4 autoregressive lags)

Subperiod b (1) (2) (3) (2) (3)

μ 2.247 (1.169)

2.264 (0.581)

5.870 (1.948)

3.040 (0.723)

5.187 (2.077)

A(1) 0.761 (0.048)

0.675 (.133)

0.893 (0.064)

0.587 (0.197)

0.880 (0.072)

Summary statistics c

s.d.(Δp) 6.595 1.806 3.564 2.635 3.911

σ 4.170 1.552 1.998 2.310 2.356

R2 0.605 0.295 0.696 0.277 0.653

Chow tests for parameter instability d

χ2-statistic 12.50 ~ χ2(4) [0.02]

χ2-statistic 10.29 ~ χ2(4) [0.03] 15.23 ~ χ2(5) [0.01]

a. The number of autoregressive lags was chosen using Akaike’s information criterion.

b. Subperiods: (1) 1915Q2-1953Q4; (2) 1954Q1-1970Q4; (3) 1971Q1-1994Q1.

c. The abbreviation s.d.( Δp) represents the standard deviation of inflation; σ represents the estimated standard error of the regression.

d. The Chow test examines whether the parameters are stable across subperiods. A rejection of the null hypothesis is evidence that the parameters are jointly unstable. The test is applied using White’s (1980) consistent estimate of the covariance matrix, in which case the Chow test statistic has a χ^2 distribution. Probability values are reported in square brackets.

A L( ) Δp_t μA 1( ) u_t+ =

Table 3

Hansen’ s test for parameter instability: autoregressive model

(Hansen’s LC test statistics r eported below.)a

Inflation measure Total CPI GDP deflator

Subperiods (1) and (2) 1915Q2-1970Q4

(2) and (3) 1954Q1-1994Q1

(2) and (3) 1954Q1-1994Q1

α 0 0.091 0.145 0.163

α 1 0.022 0.100 0.240

α 2 0.038 0.083 0.100

α 3 0.034 0.065 0.090

α 4 -- -- 0.177

σ 1.827 [0.01]

0.099 0.341

Joint test 2.543[0.01] 0.719 1.772[0.05]

a. Hansen’s (1992) instability test examines whether the individual parameters are timevarying over the indicated sample periods. The bottom line examines whether all the parameters together are time-varying. A rejection of the null hypothesis is evidence of parameter instability. Probability values in the 0.01 to 0.10 range are reported in square brackets, obtained from the asymptotic critical values reported in Hansen (1992, Table 1).

Δp_t α_0 α_iΔp_{t 1−}

i 1=

4 ∑^ut + + =

Table 4

Unit-root and stationarity tests

Sample period a

Inflation measure

Unit-root tests b Stationarity test c

ADF: ^τμ PP: Z( ^α) KPSS: ^ημ

Full sample: 1917Q1-1994Q1

Total CPI -3.89 (8)d [0.002]

-65.84 [<0.001]

0.388

Subperiod (1): 1917Q1-1953Q4

Total CPI -3.07 (8) [0.028]

-37.70 [<0.001]

0.127

Subperiod (2): 1954Q1-1970Q4

Total CPI -4.25 (1) [0.004]

-48.61 [0.004]

0.105

GDP deflator -2.16 (7) [0.48]

-75.11 [< 0.001]

0.219 [0.01]

Subperiod (3): 1971Q1-1994Q1

Total CPI -1.95 (6) [0.31]

-16.34 [0.03]

0.228

GDP deflator -1.94 (1) [0.31]

-11.51 [0.09]

0.715 [0.01]

a. Estimates of the standardized trend measure proposed by Schmidt (1990) indicate the presence of drift only for subperiod (2). A time trend was included only for this subperiod.

b. The ADF and PP statistics test the null hypothesis of nonstationarity against the alternative hypothesis of stationarity. Probability values (reported in square brackets) are obtained from the asymptotic critical values calculated by MacKinnon (1991, Tables 3 to 6).

c. The KPSS test statistics test the null hypothesis of stationarity against the alternative hypothesis of nonstationarity. Probability values (reported in square brackets) are obtained from the critical values reported by KPSS (1992, Table 1).

d. The number of autoregressive lags in the ADF regression is reported in parentheses. This was determined using the sequential testing procedure advocated by Ng and Perron (1994).

Table 5

Estimates of reduced-form equations across subperiods

Inflation measure Total CPI

CPI excluding food and energy GDP deflator

Subperiod a (2) (3) (2) (3) (2) (3)

β_0 0.869 [0.05]^b

-0.474 [0.343]

0.506 [0.150]

-0.077 [0.880]

1.712 [0.042]

-0.788 [0.213]

β_1 0.261 [0.102]

0.635 [0.001]

0.660 [0.001]

0.733 [0.001]

-0.237 [0.345]

0.601 [0.001]

β_2 0.219 [0.162]

0.196 [0.203]

0.100 [0.384]

0.365 [0.014]

0.615 [0.036]

0.247 [0.186]

β_3 0.105 [0.069]

0.123 [0.011]

0.058 [0.186]

0.082 [0.072]

0.143 [0.119]

0.083 [0.173]

β_4 -0.040 [0.322]

0.067 [0.006]

0.008 [0.795]

0.026 [0.277]

-0.049 [0.624]

0.107 [0.002]

β_5 0.000 [0.998]

0.045 [0.007]

0.004 [0.920]

0.028 [0.106]

-0.063 [0.416]

0.083 [0.001]

β6 0.051 [0.075]

0.010 [0.087]

0.034 [0.113]

0.005 [0.335]

-0.002 [0.967]

0.005 [0.429]

β_7 0.073 [0.212]

0.180 [0.001]

0.023 [0.590]

0.088 [0.068]

0.177 [0.395]

0.288 [0.007]

Summary statistics c

s.d.(Δp) 1.807 3.564 1.597 3.020 2.635 3.911

σ 1.543 1.648 1.160 1.570 2.448 1.998

R^2 0.347 0.802 0.527 0.750 0.227 0.759

Chow test for parameter instability over subperiods^d

χ^2-statistic 24.26 ~ χ^2(8) [0.002] 9.25 ~ χ^2(8) [0.32] 47.25 ~ χ^2(8) [0.001]

a. Subperiods: (2) 1954Q1-1970Q4; (3) 1971Q1-1994Q1.

b. Probability values corresponding to hypothesis: β_i = 0 given in square brackets.

c. The abbreviation s.d.( Δp) represents the standard deviation of inflation; σ represents the estimated standard error of the regression.

d. The Chow test examines whether the parameters are stable across subperiods. A rejection of the null hypothesis is evidence that the parameters are jointly unstable. The test is applied using White’s (1980) consistent estimate of the covariance matrix, in which case the Chow test statistic has a χ^2 distribution. Probability values are reported in square brackets.

Table 6 Diagnostic tests on residuals from reduced-form equations

Inflation measure Total CPI

CPI excluding food and energy GDP deflator Subperiod a (2) (3) (2) (3) (2) (3) LM test for serial correlation b

1st order [0.41]c [0.216] [0.093] [0.585] [0.018] [0.214] 2nd or der [0.040] [0.123] [0.014] [0.030] [0.006] [0.350] LM test for ARCH

1st order [0.121] [0.822] [0.709] [0.602] [0.013] [0.900] 2nd or der [0.050] [0.401] [0.885] [0.857] [0.041] [0.798] RESET test

2nd or der: [0.548] [0.837] [0.980] [0.867] [0.765] [0.997] 3rd or der: [0.369] [0.492] [0.861] [0.472] [0.873] [0.986] LM test for normality

Skewness [0.693] [0.001] [0.041] [0.001] [0.111] [0.453] Kurtosis [0.468] [0.001] [0.501] [0.001] [0.560] [0.025] a. Subperiods: (2) 1954Q1-1970Q4; (3) 1971Q1-1994Q1. b. See Pagan and Hall (1983) for a descriptive of the above diagnostic tests. c. Probability values are reported in square brackets.

Table 7 Hansen’ s test for parameter instability: reduced-form equations

(Hansen’s LC test statistics r eported below.)a

(Sample: 1954Q1-1994Q1)

Inflation measure

Parameter Total CPI CPI excluding food and energy GDP deflator

β0 0.098 0.057 0.088

β1 0.173 0.091 0.387 [0.10]

β2 0.030 0.194 0.098

β3 0.125 0.057 0.175

β4 0.221 0.211 0.066

β5 0.055 0.053 0.240

β6 0.062 0.116 0.239

β7 0.210 0.110 0.195

σ 0.190 0.204 0.778 [0.01]

Joint test 1.519 1.167 2.292 [0.05]

a. Hansen’s test examines whether the individual parameters are unstable over the indicated sample periods. The joint test examines whether all the parameters together are unstable. A rejection of the null hypothesis is evidence of parameter instability. Probability values in the 0.01 to 0.10 range are reported in square brackets, obtained from the asymptotic critical values reported in Hansen (1992, Table 1).

Table 8 Hansen’ s test for parameter instability: reduced-form equations

(Hansen’s LC test statistics r eported below.)a

Inflation measure

Total CPI CPI excluding food and energy GDP deflator

Subperiod: b (2) (3) (2) (3) (2) (3)

β0 0.242 0.097 0.199 0.091 0.465 [0.05]

0.065

β1 0.387 [0.10]

0.153 0.101 0.117 0.565 [0.05]

0.071

β2 0.083 0.040 0.063 0.042 0.069 0.066

β3 0.562 [0.05]

0.049 0.309 0.049 0.576 [0.05]

0.053

β4 0.105 0.055 0.541 [0.05]

0.340 0.155 0.084

β5 0.204 0.111 0.153 0.088 0.110 0.175

β6 0.045 0.304 0.160 0.115 0.149 0.073

β7 0.597 [0.05]

0.080 0.303 0.046 0.580 [0.025]

0.050

σ 0.477 [0.05]

0.395 [0.075]

0.390 [0.10]

0.170 0.705

[0.025]

0.184

Joint test: 2.133[0.10] 1.928 2.442[0.05] 1.537 2.306[0.05] 0.971

a. See notes to Table 6.

b. Sample periods: (2) 1954Q1-1970Q4; (3) 1971Q1-1994Q1

Table 9 Forecasting performance of the reduced-form and autoregressive models

RMSE of one-quarter-ahead for ecasts a

Inflation measure Model

Subperiod b 1958Q1-1970Q4 1971Q1-1994Q1 GDP deflator Autor egressive 2.331 2.693 Reduced form 2.280 2.522 Total CPI Autor egressive 1.665 2.142 Reduced form 1.820 1.856 CPI excluding food and ener gy

Autor egressive 1.191 1.868 Reduced form 1.306 1.666

RMSE of four-quarter-ahead for ecasts

Inflation measure Model

Subperiod 1958Q1-1970Q4 1971Q1-1994Q1 GDP deflator Autor egressive 1.404 2.891 Reduced form 1.776 2.424 Total CPI Autor egressive 1.156 2.496 Reduced form 0.991 1.445 CPI excluding food and ener gy

Autor egressive 0.951 2.003 Reduced form 0.713 0.979

a. The root-mean-squared errors (RMSE) are calculated as follows:

For the one-quarter-ahead forecasts:

For the four-quarter-ahead forecasts: .

b. The period 1954Q1-1957Q4 is used to provide initial estimates of the parameters; the recursive estimation procedure begins in 1958Q1.

RMSE T^{1−} p_t p_{t 1−}−

p_{t 1−}

E_{t 1−} pt pt 1−− p_{t 1−} − 2

i 1=

T ∑ { } 1 2⁄ =

RMSE T^{1−} p_t p_{t 4−}− p_{t 4−}

E_{t 4−} pt pt 4−− p_{t 4−} − 2

i 1=

T ∑ { } 1 2⁄ =

FIGURES

Figure 1 Annual inflation rates in Canada

(year-to-year percentage changes)

Figure 2 Recursive estimates of the mean inflation rate

(based on an autoregressive model of quarterly changes in the CPI)

1920 1930 1940 1950 1960 1970 1980 1990 -10 -5 0 5 10 15 Total CPI GDP deflator

0% 3%

1920 1930 1940 1950 1960 1970 1980 1990 -4 -2 0 2 4 6 8 10 12

95% confidence interval

0% 3%

Figure 3 Cumulated sums of recursive residuals

(based on an autoregressive model of quarterly changes in the CPI)

Figure 4 Recursive residuals

(based on an autoregressive model of quarterly changes in the CPI)

1920 1930 1940 1950 1960 1970 1980 1990 -60 -40 -20 0 20 40 60

95% confidence interval

1920 1930 1940 1950 1960 1970 1980 1990

-5

0

5

10

Figure 5 Recursive estimates of the largest autoregressive root

(based on an autoregressive model of quarterly changes in the CPI)

95% confidence interval

1955 1960 1965 1970 1975 1980 1985 1990 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 6 Time-series properties of inflation over subperiods

(based on quarterly changes in the total CPI)

autoregressive lag

Subperiod (1): 1915Q2-1953Q4

Subperiod (3): 1971Q1-1994Q1

1 2 3 4 5 6 7 8

-1.0

-0.5 0.0 0.5 1.0

1 2 3 4 5 6 7 8

-1.0

-0.5 0.0 0.5 1.0

1 2 3 4 5 6 7 8

-1.0

-0.5 0.0 0.5 1.0

autocorrelation function partial autocorrelation function

Subperiod (2): 1954Q1-1970Q4

Figure 7 Ex ante probability of being in state 1

(estimates obtained from the Markov switching model)

Figure 8 Cumulated sums of recursive residuals

(obtained from the reduced-form equations)

1920 1930 1940 1950 1960 1970 1980 1990 0.0

0.2

0.4

0.6

0.8 1.0

CPI excluding food and energy

GDP deflator

Total CPI

1955 1960 1965 1970 1975 1980 1985 1990 0 20 40 60 80 100 120

Figure 9 Cumulated sums of squared recursive residuals

(obtained from the reduced-form equations)

Figure 10 χ^2 statistics from rolling Chow tests

(based on reduced-form equations)

CPI excluding food and energy

GDP deflator

total CPI

1955 1960 1965 1970 1975 1980 1985 1990 0.0

0.2

0.4

0.6

0.8 1.0

CPI excluding food and energy

GDP deflator

total CPI

5% critical values

Chow test

1955 1960 1965 1970 1975 1980 1985 1990 0 10 20 30 40 50 60

Sup test

Figure 1 1 Relative commodity and energy prices

(1971 = 1.00)

1955 1960 1965 1970 1975 1980 1985 1990

0.8 1.0 1.2 1.4 1.6

1955 1960 1965 1970 1975 1980 1985 1990 1 2 3 4 5 1971Q1

1971Q1 relative price of (non-energy) commodities (rpcne)

relative price of energy (rpeng)

BIBLIOGRAPHY

Akaike, H. 1969. “Statistical Pr edictor Identification.” Annals of the Institute of Statistical Mathematics 21:203-7.

Andr ews, D. W. K. 1993. “Tests for Parameter Instability and Str uctural Change with Unknown Change Point.” Econometrica 61 (July): 821-56.

Andr ews, D. W. K. and J. C. Monahan. 1992. “An Impr oved Heter oskedasticity and Autocorr elation Consistent Covariance Matrix Estimator .” Econometrica 60:953-66.

Brown, R. L., J. Durbin, and J. M. Evans. 1975. “T echniques for T esting the Constancy of Regr ession Relationships over T ime.” Journal of the Royal Statistical Society, series B, 37:149-92.

Caramazza, F . and C. Slawner . 1991. “The Relationship Between Money , Output and Prices.” W orking Paper No. 91-4. Bank of Canada, Ottawa.

Côté, D. and D. Hostland. 1994. “Measuring Potential Output and the NAIRU as Unobserved V ariables in a Systems Framework.” In Economic Behaviour and Policy Choice Under Price Stability, proceedings of a confer ence held at the Bank of Canada, October 1993, 357-411. Ottawa: Bank of Canada.

Cozier, B. 1991. Wage and Price Dynamics in Canada . Technical Report No. 56. Ottawa: Bank of Canada.

Crow, J. W. 1988. “The Work of Monetary Policy .” Eric J. Hanson Memorial Lectur e, Bank of Canada Review(February): 3-17.

Dickey, D. A. and W . A. Fuller . 1979. “Distribution of the Estimators for Autor egressive Time Series with a Unit Root.” Journal of the American Statistical Association 74:427-31.

Hamilton, J. D. 1989. “A New Appr oach to the Economic Analysis of Nonstationary T ime Series and the Business Cycle.” Econometrica 57 (March): 357-84.

Hansen, B. E. 1992. “T esting for Parameter Instability in Linear Models.”

Journal of Policy Modeling 14:517-33.

Hostland, D., S. Poloz and P . Storer. 1988. “An Analysis of the Information Content of Alternative Monetary Aggr egates.” Technical Report No. 48 . Ottawa: Bank of Canada . (Also published in Money Affairs: Centre for Latin American Monetary Studies 1 (January/June): 93-129).

Kramer , W., W. Plober ger and R. Alt. 1988. “T esting for Str uctural Change in Dynamic Models.” Econometrica 56:1355-69.

Kwiatkowski, D., P . C. B. Phillips, P . Schmidt and Y . Sin. 1992. “Testing the Null Hypothesis of Stationarity against the Alternative of a Unit Root: How Sur e Are We That Economic T ime Series Have a Unit Root?” Journal of Econometrics 54:159-78.

Laxton D., N. Ricketts and D. Rose. 1994. “Uncertainty , Learning and Policy Cr edibility .” In Economic Behaviour and Policy Choice Under Price Stability, proceedings of a confer ence held at the Bank of Canada, October 1993, 173-226. Ottawa: Bank of Canada.

Lucas, R. E. 1976. “Econometric Policy Evaluation: A Critique.” In The Phillips Curve and Labour Markets, Carnegie-Rochester Confer ence Series 1, edited by Br unner and Meltzer , 19-46. Amster dam: North Holland.

Lucas, R. E. and T . J. Sargent. 1979. “After Keynesian Macr oeconomics.”

In After the Phillips Curve: Persistence of High Inflation and Unemployment. Confer ence Series No. 19. Boston: Federal Resear ch Bank of Boston.

MacKinnon, J. G. 1991. “Critical V alues for Cointegration T ests.” In Long- Run Economic Relationships: Readings in Cointegration, edited by R. F. Engle and C. W . Granger , 267-76. Oxford: Oxfor d University Press.

Ng, S. and P . Perron. 1994. “Unit Root T ests in ARMA Models with Data Dependent Methods for the Selection of the T runcation Lag.” Forthcoming in Journal of the American Statistical Association.

Pagan, A. and A. D. Hall. 1983. “Diagnostic T ests as Residual Analysis.”

Econometric Reviews 2:159-218.

Perron, P. 1994. “Nonstationarities and Nonlinearities in Canadian Inflation.” In Economic Behaviour and Policy Choice Under Price Stability, proceedings of a confer ence held at the Bank of Canada, October 1993, 235-91. Ottawa: Bank of Canada.

Phillips, P . C. B. 1987. “Time Series Regr ession with a Unit Root.”

Econometrica55:277-302.

Phillips, P . C. B. and P. Perron. 1988. “Testing for a Unit Root in T ime Series Regr ession.” Biometrica 75:335-46.

Plober ger, W., and W . Kramer . 1990. “The Local Power of the CUSUM and CUSUM of Squar es Tests.” Econometric Theory6:335-47.

Poloz, S. and G. W ilkinson. 1992. “Is Hyster esis a Characteristic of the Canadian Labour Market? A T ale of Two Studies.” W orking Paper No. 92-3. Bank of Canada, Ottawa.

Poloz, S., D. Rose and R. T etlow. 1994. “The Bank of Canada’s New Quarterly Pr ojection Model (QPM): An Intr oduction.” Bank of Canada Review (Autumn): 23-38.

Ricketts, N. and D. Rose. 1994. “Inflation, Learning and Monetary Policy Regimes in the G-7 Countries.” Paper pr esented at the Canadian Economics Association Meetings, 10-13 June, Calgary .

Said, S. E. and D. A. Dickey . 1984. “Testing for Unit Roots in ARMA(p,q) Models with Unknown p and q.” Biometrica 71:599-607.

Schmidt, P . 1990. “Dickey-Fuller T ests with Drift.” In Advances in Econometrics (Vol. 8): Co-Integration, Spurious Regressions and Unit Roots, edited by T . B. Fomby and G. F . Rhodes, 161-200. Gr eenwich (CT): JAI Press.

Schwert, G. W . 1989. “Tests for Unit Roots: A Monte Carlo Investigation.”

Journal of Business and Economic Statistics 7 (April): 147-59.

Stock, J. H. 1994. “Unit Roots and T rend Br eaks.” Forthcoming in Handbook of Econometrics,vol. 4.

White, H. 1980. “A Heter oskedasticity-Consistent Covariance Matrix Estimator and Dir ect Test for Heter oskedasticity .” Econometrica 48: 817-38.

Bank of Canada W orking Papers 1995

95-1 Deriving Agents’ Inflation Forecasts from the Term Structure of Interest Rates C. Ragan 95-2 Estimating and Projecting Potential Output Using Structural VAR A. DeSerres, A. Guay Methodology: The Case of the Mexican Economy and P. St-Amant 95-3 Empirical Evidence on the Cost of Adjustment and Dynamic Labour Demand R. A. Amano 95-4 Government Debt and Deficits in Canada: A Macro Simulation Analysis T. Macklem, D. Rose and R. Tetlow 95-5 Changes in the Inflation Process in Canada: Evidence and Implications D. Hostland

1994

94-2 A Further Analysis of Exchange Rate Targeting in Canada R. A. Amano and T. S. Wirjanto 94-3 The Term Structure and Real Activity in Canada B. Cozier and G. Tkacz 94-4 An Up-to-Date and Improved BVAR Model D. Racette, J. Raynauld of the Canadian Economy and C. Sigouin 94-5 Exchange Rate Volatility and Trade: A Survey A. Côté 94-6 The Dynamic Behaviour of Canadian Imports and the Linear- R. A. Amano Quadratic Model: Evidence Based on the Euler Equation and T. S. Wirjanto 94-7 L’endettement du secteur privé au Canada : un examen macroéconomique J.-F. Fillion 94-8 An Empirical Investigation into Government Spending R. A. Amano and Private Sector Behaviour and T. S. Wirjanto 94-9 Symétrie des chocs touchant les régions canadiennes A. DeSerres et choix d’un régime de change and R. Lalonde 94-10 Les provinces canadiennes et la convergence : une évaluation empirique M. Lefebvre 94-11 The Causes of Unemployment in Canada: A Review of the Evidence S. S. Poloz 94-12 Searching for the Liquidity Effect in Canada B. Fung and R. Gupta

Single copies of Bank of Canada papers may be obtained from Publications Distribution Bank of Canada 234 Wellington Street Ottawa, Ontario K1A 0G9 The papers are also available by anonymous FTP to the following address, in the subdirectory /pub/publications: ftp.bank-banque-canada.ca