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■ How does the inflation target affect the economy? BY MALIN ADOLFSON AND ULF SÖDERSTRÖM Research Department.



We analyse three economic relationships: the persistence in inflation, the relation between inflation and the output gap, and the exchange rate pass-through to inflation. The introduction of an inflation target in Sweden in the mid 1990s is likely to have led to a weakening of all three relationships. It turns out to be difficult to verify such changes with staThe authors are grateful for comments from Anders Vredin, Staffan Viotti, Kerstin Mitlid and many other colleagues at the Riksbank.



tistical methods, using either actual data or a simulated theoretical model. Our results also have implications for the discussion about the new economy.



The inflation target and economic relationships The introduction of an inflation target affects not just inflation but has consequences for other variables, too, and their co-variation with inflation.



During the first half of the 1990s the direction of monetary policy changed dramatically in Sweden, from a regime with a fixed exchange rate (and recurrent devaluations) to a regime with the overriding objective of stabilizing the general price level. How is the economy likely to be affected by such a shift in monetary policy? The change in monetary policy and the introduction of an inflation target presumably affect not just inflation but other variables, too, and their co-variation with inflation. A central bank with primary emphasis on price stability will try to counter inflationary shocks in order to bring inflation back to the target. A monetary policy regime that attaches greater weight to price stability could therefore be expected to lead to inflation becoming less persistent and co-varying less with, for example, the output gap and the exchange



We analyse three economic relationships: the persistence in inflation, the relation between inflation and the output gap, and the exchange rate passthrough to inflation.



50



rate. The purpose of this article is to provide a closer analysis of three economic relationships: the persistence in inflation, the relation between inflation and the output gap, and the exchange rate pass-through to inflation. All these relationships have been discussed in popular terms as well as in the academic literature. Many contributors have noted that the
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relationships appear to have weakened in recent years, both in Sweden and elsewhere.1 In the analysis we systematically study whether these relationships have in fact changed after the monetary policy shift in Sweden. We begin with a detailed analysis of statistical evidence that the three relationships have changed. This is done in the form of simple correlations as well as regression analysis. We find that the signs of changes in all three relationships are weak and that any changes are typically not statistically significant. A difficulty with the empirical analysis is the relatively short time interval since the inflation target was introduced. This may mean that shocks of various kinds and structural changes prevent us from obtaining reliable measurements of effects of the policy realignment. In order to clarify the analysis, in a second step we therefore use a theoretical model of



A difficulty with the empirical analysis is the relatively short time interval since the inflation target was introduced.



a small open economy. This model shows us exactly how a realignment of monetary policy, towards greater emphasis on price stability, affects the relationships in which we are interested when other structural relationships are held constant. Simulations of the model show that the introduction of an inflation target is followed by a weakening of all three relationships. However, these changes are difficult to capture empirically because shocks of various kinds introduce noise in the statistical measurements. Our analysis accordingly shows that the economic effects of the monetary policy realignment are difficult to demonstrate empirically. Presumably it is even harder with statistical methods to identify changes in other structural relationships, for instance the “new economy” – that increased competition has reduced the economy’s inflation propensity. We



Our analysis shows that it is difficult to demonstrate the economic effects of the monetary policy realignment.



show that such a diminished inflation propensity may well be due to the new monetary policy (i.e., the adoption of an inflation target).



Empirical analysis: Have the economic relationships changed? We begin with investigating whether changes in our three economic relationships can be identified with statistical methods. Figure 1 shows infla-



1



Siklos (1999) shows that the persistence in inflation has decreased in Canada, Finland, New Zealand, Spain, Sweden and the United Kingdom. Beaudry & Doyle (2001) argue that the Phillips curve has become flatter in Canada and the United States. Gagnon & Ihrig (2001) and Campa & Goldberg (2002) find a reduced pass-through from exchange rate movements to inflation in a number of countries, including Sweden. The relations and their relevance for monetary policy have also been analysed in the Riksbank’s Inflation Reports; see Inflation Report 1999:3 “Has the relationship between the output gap and inflation changed?”, Inflation Report 2001:4 “The relationship between growth and inflation”, and Inflation Report 2001:3 “Exchange rate pass-through”. However, in all these studies it has proved difficult to find statistically significant changes over time.
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tion, the output gap (the deviation of real GDP from trend), and quarterly changes in the nominal exchange rate from 1970 to 2001.2 Figure 1. Inflation, output gap and nominal exchange rate changes,1970–2001 Per cent (b) Inflation and output gap
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There are certain signs in the figures that the introduction of the inflation target in the first half of the 1990s has been followed by a weakening of the persistence in inflation, of the relation between inflation and the output gap, and of the exchange rate pass-through to inflation. Inflation was



2
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Inflation is measured as the percentage annual change in UND1X (CPI excluding interest expenditure, taxes and subsidies), the output gap as the percentage deviation of real GDP from a trend calculated with a Hodrick-Prescott filter, and the exchange rate as the percentage quarterly change in the nominal tradeweighted exchange rate. All the statistical series are quarterly data.
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high and volatile in both the 1970s and the 1980s, with persistent deviations from the long-run mean. Since 1993, on the other hand, inflation has been low and stable, with deviations from the mean that have been smaller and more short-lived. Thus, inflation seems to have become less persistent. A positive but somewhat lagged relation between the output gap and inflation is discernible prior to 1990. A positive output gap has generally been followed by increased inflation one to two years later. This relation seems to have weakened in the 1990s. Neither the deep recession in the early 1990s nor the strong economic upswing at the end of the decade appears to have had any greater effect on inflation. Finally, the effect on inflation from nominal exchange rate movements seems to have decreased after 1992. In the period with a fixed exchange rate (up to November 1992), a few large devaluations dominated the exchange rate movements; otherwise the exchange rate was relatively stable, while inflation was more volatile. Since 1992 the exchange rate has fluctuated considerably but the effects on inflation seem to have been small. These simple observations need to be studied more closely before we can conclude that the economic relationships have in fact changed. One problem is, of course, that the period since the changeover to a flexible exchange rate at the end of 1993 or the introduction of the inflation target in 1995 is still relatively short. Until additional data become available it may therefore be hard to establish whether or not these changes have actually occurred. In order to analyse our issue, we consider each relation separately, comparing the period before the inflation target (1970–1994) to the period with the inflation target (1995–2001).3 In each case the analysis begins with simple correlations in our data, followed by regression analysis. In this way we aim for a more methodical replication of our earlier analysis of the diagrams. Finally we adopt a comprehensive approach by



In order to analyse our issue, we consider each relation separately, comparing the period before the inflation target to the period with the inflation target.



including all three relationships in one and the same regression, based on economic theory. This approach serves to control for interactions between the different variables and to take the entire price setting behaviour of firms into account. We also try to avoid the statistical problems associated with the simple regressions. The resulting model is therefore better specified in a statistical sense.



3



In January 1993 the Governing Board of the Riksbank decided that the target for monetary policy is to limit the change in the consumer price index as of 1995 to 2 per cent, with a tolerance interval of ±1 percentage point.
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THE RELATION BETWEEN INFLATION AND THE OUTPUT GAP It is hard to find support for a weakening of the relation between inflation and the output gap since the mid 1990s.



Figure 2 shows how the correlation between inflation and the output gap in previous quarters has changed between the periods 1970–1994 and 1995–2001. In the former period there is a clear positive co-variation: all else equal, a positive output gap generally signals increased inflation both in the same quarter and during the next seven quarters. In the latter period it seems that a time shift has occurred in the relationship: the co-variation is now very weak (or even negative) in the short run but strongly positive in the somewhat longer term (two to twelve quarters). It is hard to find support in Figure 2 for the hypothesis that the relation has weakened; rather it seems to be the case that the co-variation has become slower and more prolonged. Figure 2. Correlation between inflation and output gap 0.6 0.5 0.4 0.3 0.2 0.1 0 – 0.1 – 0.2 0
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Note: Correlation ( π t, y t– j ) for j = 0, 1, …, 12 quarters.



An alternative measure of the co-variation between inflation and the output gap is presented in Figure 3a, in terms of the estimated coefficients βj in the regression (1)



πt = α + βj yt–j + εt , j = 0, 1, …, 12,



where πt is the annual rate of inflation in quarter t and yt–j is the output gap in quarter t – j. This gives a different picture from Figure 2, with a marked reduction of the estimated coefficients between the two periods. A conceivable interpretation is that the relationship has indeed weakened. Figure 3b shows the 95 per cent confidence interval around the estimated regression coefficients (the solid lines represent the period 1970–1994 and the dashed lines the period 1995–2001). While the point
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Figure 3. Estimated regression coefficients between inflation and output gap (a) Estimated coefficients
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Note: OLS estimation of β j in equation (1), for j = 0, 1, …12 quarters.



estimates of the coefficients in Figure 3a decreased between these two periods, the fact that the confidence intervals overlap indicates that the changes are not statistically significant. From this simple analysis, the notion that a weakening of the relation between inflation and the output gap has been observed is understandable but it is hard to obtain statistically significant evidence that this has actually happened. Part of the explanation could be that important variables have not been included in our simple regression. We shall, therefore, be returning to this issue in a more complete analysis. The correlations in Figure 2 and the estimated coefficients in Figure 3 give very different pictures of the relation between inflation and the output gap. Why is this so? These two measures are closely related in that both are based on the co-variance between inflation and the output gap. There is, however, a crucial difference, namely that the correlations take the variability in both inflation and the output gap into account, whereas the regression coefficients consider only the variability in the output gap.4 The observations of inflation and the output gap four quarters earlier are



4



The correlation between the two variables π and y is calculated as



ρ=



cov(π, y)



√var(π) var(y)



,



where cov(π, y) is the co-variance between the variables and var(π) is the variance of π. The estimated coefficient from the regression



π=α+βy+ε



is given by



^



β=



cov(π, y) , var(y)



and R2 from the regression equals the square of the correlation coefficient.
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presented, together with estimates of the regression (1), in Figure 4, which illustrates why the changes in the correlation differ from those in the regression coefficient.5 Inflation in the period 1995–2001 is less variable than before 1995, while the variability of the output gap is much the same in the two periods. This is accompanied by a decreased co-variance between the two variables. As inflation’s reduced variability is not taken into account in the regression coefficient, this has decreased to the same extent as the co-variance (the lower regression line is flatter than the upper). The decreased variability of inflation has, on the other hand, affected the correlation between inflation and the output gap and this has therefore not decreased but actually risen between the two periods (from 0.25 to 0.50). Figure 4. Estimated Phillips curves Per cent 14
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Note: Observations of inflation and output gap together with estimated regression lines for the periods 1970 –1994 (solid line) and 1995 –2001 (dashed line).



THE PERSISTENCE IN INFLATION



The change in the persistence in inflation between the periods 1970–1994 and 1995–2001 is presented in Figure 5 in terms of the autocorrelation in inflation, that is, the correlation between inflation in a particular quarter and its rate in earlier quarters. The figure suggests that inflation has become less persistent; the correlation between inflation in a par-



5



The two estimated regressions in Figure 4 are



πt = 7.18 + 0.341 yt–4 + εt



for 1970–1994 and



πt = 1.77 + 0.0524 yt–4 + εt



for 1995–2001.
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Figure 5. Inflation persistence (autocorrelation) 1.0 0.8 0.6 0.4 0.2 0 – 0.2 – 0.4 1
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Note: Correlation (π t, π t–j ) for j = 1, 2, …, 12 quarters.



Figure 6. Estimated regression coefficients between current and earlier inflation (a) Estimated coefficients



(b) Confidence intervals
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ticular quarter and its rate four quarters earlier is 0.6 for the period 1970–1994 but only 0.15 for 1995–2001. That inflation seems to have become less persistent is also evident in Figure 6a, which presents estimates of the coefficients βj – in the regression (2)



πt = α + βj π t–j + εt , j = 1, 2, …, 12.



However, neither are these changes statistically significant; the 95 per cent confidence intervals around the parameter estimates for the two
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The indications that inflation has become less persistent are too weak for us to be certain that this is actually the case.



periods overlap for all horizons (see Figure 6b). Here, too, the indications that inflation has become less persistent are too weak for us to be certain that this is actually the case.



EXCHANGE RATE PASS-THROUGH TO INFLATION



Figure 7 shows how the correlation between inflation and exchange rate changes in earlier quarters has changed between the periods 1970–1994 and 1995–2001. Figure 8 presents the estimated coefficients from the regression



πt = α + βj ∆st–j + ε t , j = 0, 1, …, 12,



(3)



where ∆st is the quarterly change in the nominal exchange rate. It is hard to detect any pattern at all in the figures. Both these measures of the exchange rate pass-through are frequently negative, even in the long run, which does not seem plausible.6 Studies of the exchange rate pass-through to inflation often include the price of foreign goods, which is a major component of importers’ costs (see, e.g., Gagnon & Ihrig (2001)). Figure 9 therefore presents estimates of the regression f ) + ε , j = 0, 1, …, 12, πt = α + βj (∆st–j + ∆p t–j t



(4)



where ∆ptf is the change in the foreign (trade-weighted) price level. Figure 7. Correlation between inflation and exchange rate changes 0.5 0.4 0.3 0.2 0.1 0 – 0.1 – 0.2 0
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Note that this is the effect on consumer prices, which are also influenced by a variety of components that are not modelled here. A better estimate of the exchange rate pass-through is therefore obtained by measuring the direct effect on the import prices. For a discussion, see Adolfson (2003).
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Figure 8. Estimated regression coefficients between inflation and exchange rate changes (a) Estimated coefficients



(b) Confidence intervals
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Note: OLS estimation of β j in equation (3) for j = 0, 1, …12 quarters.



Figure 9. Estimated regression coefficients between inflation and exchange rate changes adjusted for foreign inflation (a) Estimated coefficients



(b) Confidence intervals 0.6
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Note: OLS estimation of β j in equation (4) for j = 0, 1, …12 quarters.



Measured in this way, the pass-through from exchange rate changes to inflation seems to have decreased and as the confidence intervals do not overlap, the change is statistically significant. A strong positive passthrough in the earlier period has turned into an effect in the later period



Measured in this way, the pass-through from exchange rate changes to inflation seems to have decreased.



that is very weak and may even be zero.
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A MORE COMPLETE SPECIFICATION The regressions presented above are very simple and not a good description of reality.



The regressions presented above are very simple and not a good description of reality. In theoretical models of open economies (as well as in the model we use below), firms’ price setting (and thereby the rate of inflation) is influenced by the output gap as well as by the exchange rate, and often also by the rate of inflation in the preceding period. Our simple relations do not take these economic interactions into account; the exclusion of many potentially important variables means that our results are not entirely reliable. The extent to which a regression is a reasonable description of reality can be studied by analysing the model’s error terms. A systematic pattern in the error term – for example that it is correlated over time, not normally distributed or does not show the same variance over the entire period – may indicate that important variables have not been included in the analysis. This means that the assumptions underlying the regression analysis have not been fulfilled, and reliable conclusions cannot be drawn from the econometric results.



As our simple models frequently show signs of being incorrectly specified, we estimate a more complete model.



Our simple models frequently show signs of being incorrectly specified. In order to construct a better description of the real relationships we therefore estimate a more complete model that is closer to theoretical models of the price setting behaviour of firms. In a first step, the three variables that interest us are included in one and the same regression and we estimate (5)



When the other variables are included, the relation between inflation and the output gap has not weakened at all.



πt = α + β π πt–1 + β yyt–1 + β s ∆st + εt.



The results of this regression are presented in Table 1 for the two periods combined as well as for each period separately. There are signs that the persistence of inflation (the coefficient β π ) and the exchange rate passthrough (β s) have decreased but these changes do not appear to be significant. When the other variables are included there is no weakening of the relation between inflation and the output gap (β y); if anything it has strengthened, though not significantly. The lower section of the table shows the results of two specification tests and a so-called Chow test for a structural break in the first quarter of 1995. The specification tests suggest that we still have problems with
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TABLE 1. ESTIMATION WITH ALL VARIABLES



1970:1–2001:3



α βπ βy βs – R2 Number of observations Durbin-Watson Jarque-Bera Chow-test 1995:1



1970:1–1994:4



0.002 (0.002) 0.967** (0.023) 0.053 (0.042) 0.056˚ (0.029) 0.934 126 1.446 14.808 [0.001] 0.596 [0.666]



1995:1–2001:3



0.004 (0.003) 0.941** (0.036) 0.064 (0.050) 0.070˚ (0.036) 0.881 99 1.393 4.199 [0.123]



0.002 (0.002) 0.887** (0.117) 0.107 (0.068) 0.002 (0.029) 0.685 27 1.823 8.006 [0.018]



Note: OLS estimation of equation (5). Standard errors in parentheses, p-values in square brackets. **/*/˚ denote that the coefficient differs significantly from 0 at the 1, 5 and 10 per cent level, respectively.



autocorrelation and (to some extent) non-normality. The Chow test does not provide any support for the existence of a structural break in 1995.7 We try to deal with these specification problems by estimating a model that is somewhat more general and allows several types of time lags. To determine which variables to include in this model we begin with a version that includes many lags and then successively exclude the variables that are not significant. This leads to the specification (6)



πt = α + β π1 πt–1 + β π2 πt–2 + β yyt–1 + β s∆st + εt.



The estimation results from equation (6) are presented in Table 2. Once again we see that the persistence of inflation (measured as the sum of the coefficients β π1 and β π2 ) and the exchange rate pass-through seem to have decreased, though not significantly. However, it again seems as though the relation between the output gap and inflation is somewhat stronger in the second period, though not significantly so. Finally, we choose to estimate a model that includes the change in the foreign price level, since this most likely affects firms’ costs. Thus, we estimate the regression (7) 7



πt = α + β1π πt–1 + β2π πt–2 + β yyt–1 + β s (∆st + ∆ptf) + εt .



To detect signs of non-normality in the error term we use the Jarque-Bera statistic, which measures the deviation of the error term series from the bell-shaped normal distribution in terms of skewness (deviation from the mean) and kurtosis (whether too few or too many observations are close to the mean). The Durbin-Watson statistic detects if there is any first order autocorrelation in the error term, that is, whether there is a linear relationship between the error terms of the present and the previous period, respectively. If the autocorrelation is negligible, the statistic will be close to 2. The Chow statistic tests for a structural break in a given equation, that is, for the regression coefficients not being constant over the entire period. The model is estimated for the two periods combined as well as separately for the periods before and after the potential break. A sufficiently large deviation in the model’s error terms between the two periods indicates that the relation between the variables has in fact changed.
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TABLE 2. A MORE GENERAL ESTIMATION WITH ALL VARIABLES



1970:1–2001:3



α β 1π β 2π β 1π + β 2π βy βs – R2 Number of observations Durbin-Watson Jarque-Bera Chow-test 1995:1



0.002 (0.002) 1.238** (0.087) –0.280** (0.087) 0.958** (0.022) 0.039 (0.041) 0.056* (0.028) 0.940 125 1.981 9.938 [0.007] 0.803 [0.550]



1970:1–1994:4 0.005˚ (0.003) 1.234** (0.098) –0.310** (0.097) 0.924** (0.035) 0.054 (0.048) 0.072* (0.035) 0.892 98 1.978 2.039 [0.361]



1995:1–2001:3 0.002 (0.002) 0.966** (0.210) –0.100 (0.221) 0.866** (0.129) 0.095 (0.074) –0.001 (0.030) 0.673 27 1.983 8.102 [0.017]



Note: OLS estimation of equation (6). Standard errors in parentheses. p-values in square brackets. **/*/˚ denote that the coefficient differs significantly from 0 at the 1, 5 and 10 per cent level, respectively.



TABLE 3. A MORE GENERAL ESTIMATION WITH ALL VARIABLES , INCLUDING FOREIGN INFLATION



1970:1–2001:3



α β 1π β 2π β 1π + β 2π βy βs – R2 Number of observations Durbin-Watson Jarque-Bera Chow-test 1995:1



0.001 (0.001) 1.160** (0.084) –0.276** (0.082) 0.884** (0.027) 0.042 (0.038) 0.093** (0.022) 0.946 125 2.055 5.615 [0.060] 1.412 [0.225]



1970:1–1994:4 0.004˚ (0.003) 1.137** (0.093) –0.306** (0.091) 0.831** (0.039) 0.059 (0.043) 0.113** (0.026) 0.906 98 2.074 1.161 [0.560]



1995:1–2001:3 0.002 (0.003) 0.963** (0.210) –0.095 (0.219) 0.868** (0.127) 0.095 (0.074) 0.003 (0.028) 0.674 27 1.994 7.377 [0.025]



Note: OLS estimation of equation (7). Standard errors in parentheses, p-values in square brackets. **/*/˚ denote that the coefficient differs significantly from 0 at the 1, 5 and 10 per cent level, respectively.



It is hard to find strong evidence that the persistence of inflation, the relation between inflation and the output gap, and the exchange rate pass-through to inflation have weakened in recent years.
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The results of this regression, presented in Table 3, resemble the earlier results. Here, however, there are no indications that inflation has become less persistent. To sum up, it is hard to find strong evidence that the persistence of inflation, the relation between inflation and the output gap, and the exchange rate pass-through to inflation have weakened in recent years. Certain regressions provide weak support for some of these hypotheses



ECONOMIC REVIEW 1/2003



but the changes are typically not significant and there are even results that point in the opposite direction. The difficulty in finding significant changes in the period after the adoption of the inflation target may of course have to do with this period still being relatively short (there are only 27 quarterly observations from the first quarter of 1995 to the third quarter of 2001). This leads, for example, to the standard errors of the estimated coefficients in column three in Tables 1–3 often being larger than those in columns one and two.



We refine the analysis by using a theoretical model that enables us to introduce a monetary policy realignment while keeping other structural relationships constant.



Moreover, structural changes other than the shift in monetary policy may introduce noise into our estimates. In the next step we therefore refine the analysis by using a theoretical model that enables us to introduce a monetary policy realignment while keeping other structural relationships constant. In that way the realignment’s effects on the economic relationships can be identified with greater certainty.



Theoretical analysis: How ought the economic relationships to change? A MODEL OF AN OPEN ECONOMY



To analyse how the introduction of the inflation target ought to affect observed economic relationships we use a relatively simple model of a small open economy.8 The model consists of expressions for domestic inflation, domestic output gap, nominal and real exchange rates, inflation for imported goods and aggregate CPI inflation. For simplicity we disregard international influences other than those transmitted through movements in the exchange rate. The nominal interest rate is determined by a



The changeover to an inflation targeting regime can be modelled as a shift in the central bank’s preferences from a strong emphasis on real stability to a strong emphasis on price stability.



central bank that has an explicit inflation target but also attaches some importance to both real economic stability and stability on the financial markets. Thus, the changeover to an inflation targeting regime can be modelled as a shift in the central bank’s preferences from a strong emphasis on real economic stability to a strong emphasis on price stability. Here the model is described only verbally; all equations and parameter values are presented in an appendix. Inflation for domestic products is determined by a Phillips curve relation for an open economy. The domestic firms operate in a market with imperfect competition and set prices as a mark-up on their marginal costs, which in turn depend on the rate of resource utilisation in the economy as



Inflation for domestic products is determined by a Phillips curve relation for an open economy.



measured by an output gap.9 However, prices are assumed to be sticky, so that firms are unable to adjust them in every period. When firms do have 8 9



The model is a simplified version of the one that is analysed in Leitemo & Söderström (2001). An increase in the rate of resource utilisation is assumed to increase firms’ input costs.
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an opportunity to adjust prices they therefore take their expectations about future inflation into account. These expectations are assumed to be based to a certain degree on earlier inflation. As domestic firms use imported inputs, domestic inflation is also affected by the real exchange rate via the price of imported inputs. Finally, domestic inflation is influenced by supply shocks that mirror changes in costs which do not stem from changes in the resource utilisation. The domestic output gap is determined by the households’ consumption plans.



The domestic output gap is determined by the households’ consumption plans. Households consume a basket of domestic and imported goods, and determine their consumption and saving based on the level of interest rates; a higher (real) interest rate induces households to save more and postpone a larger share of their consumption. Current consumption decisions are accordingly based to some extent on expectations about future consumption. However, as households become accustomed to a particular level of consumption, they want to avoid making sizeable adjustments. This leads to rigidities in the pattern of consumption and implies that current consumption also depends on consumption in previous periods. The real exchange rate determines the price of domestic relative to imported consumer goods and therefore affects the output gap. The output gap is also affected by random shocks that may have to do with changes in potential output.



The nominal exchange rate is determined by a parity condition in the currency market, modified to allow for the risk aversion of investors.



The nominal exchange rate is determined by a parity condition in the currency market (so-called uncovered interest parity), modified to allow for the risk aversion of investors. A domestic interest rate level that is higher than the rate abroad must mirror expectations of a future depreciation of the domestic exchange rate; otherwise it would be profitable for an investor to borrow abroad and invest in the domestic economy. The uncertainty about future exchange rate movements leads to a risk premium in the currency market that reflects the risk aversion of investors. This risk premium is assumed to be zero on average but may be either positive or negative for considerable periods.



Inflation for imported goods depends on the rate of foreign inflation adjusted for the change in the nominal exchange rate.



Inflation for imported goods depends on the rate of foreign inflation adjusted for the change in the nominal exchange rate. In line with empirical research, the adjustment of imported inflation to exchange rate movements is assumed to be slow, so that the exchange-rate pass-though is gradual.10 Aggregate CPI inflation is determined as a weighted average of domestic and imported inflation. The real exchange rate is given by the ratio of the foreign price level, measured in domestic currency, to the domestic price level.



10
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The consequences for monetary policy of an incomplete exchange rate pass-through are analysed in detail in Adolfson (2001).
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MONETARY POLICY



The domestic nominal interest rate is determined by a central bank that aims to minimise fluctuations in both inflation and the output gap but also wants to avoid large changes in the level of interest rates. As prices are sticky, the central bank can influence the real interest rate via changes in the nominal interest rate. Real interest rate movements affect the consumption choices of domestic agents as well as the nominal (and real) exchange rate, both of which affect inflation. It is, however, necessary to strike a balance between the different monetary policy objectives. A cen-



The domestic nominal interest rate is determined by a central bank that minimises fluctuations in both inflation and the output gap but also wants to avoid large changes in the level of interest rates.



tral bank that attaches greater weight to the inflation target will react more aggressively to inflationary impulses, which leads to more stable inflation but greater volatility in the real economy (and the interest rate). A central bank that attaches greater weight to real economic (or financial) stability, on the other hand, will be less aggressive when responding to inflationary shocks. In formal terms the central bank determines the level of the nominal interest rate by minimising a loss function based on the variance in inflation, the output gap and interest rate changes: (8)



min it



α var (π–t) + (1 – α) var (yt) + v var (it – it–1),



where π–t is annual CPI inflation, yt is the output gap and it is the shortterm nominal interest rate. The parameters α and v determine the relative importance the central bank attaches to price stability compared with the stability on the money market. Throughout our analysis interest rate stability carries a weight of one-sixth. The introduction of the inflation target is modelled by increasing the inflation target’s weight in the central bank loss function from one-third to two-thirds. In other words, instead of previously attaching twice as much weight to real stability as to price stability, the central bank moves to the opposite and attaches twice as much weight to price stability as to



The introduction of the inflation target is modelled as a doubling of the target’s weight in the central bank loss function.



real stability.11 This interpretation of the monetary policy realignment is based on the tendency in the early 1990s for economic policy to tone



11



It might be thought that an inflation targeting regime would be modelled so that the central bank attaches importance only to price stability, that is, α = 1, v = 0. It is generally accepted, however, that to some extent inflation-targeting central banks are also concerned about real economic stability (see, e.g., Heikensten (1999)). It is more controversial to suggest that, in addition, central banks attach importance to stabilising interest rate changes. Nevertheless, empirical studies indicate that in order to recreate patterns in the data, theoretical models need a relatively large weight on interest rate stability (see Söderström et al. (2002)). The motivation for this can be that the central bank attaches some importance to financial market stability.
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down the employment objective. In the 1991 Budget Statement, for example, the Government wrote:12 “In order to safeguard employment and welfare, economic policy in the coming years will have to be focused with all its force on bringing inflation permanently down. This task must have precedence over other ambitions and demands.” Thus, we interpret the changeover to an inflation targeting policy as a shift in monetary policy’s primary objective from real economic stability to price stability. As the fundamental relations in the model are held constant, all observed changes will be due to the monetary policy realignment.



We then calculate how the relationships we analysed above are affected by this shift in monetary policy. As all other fundamental (or structural) relationships in the model are held constant, all observed changes (for instance in the relation between inflation and the output gap) will be due to the monetary policy realignment. As mentioned above, the weights in the central bank loss function determine the policy maker’s reactions to different economic shocks.13 A central bank that attaches little importance to price stability compared with real stability (a low value of α ) will not react vigorously to inflationary shocks but concentrate instead on reducing the real economic effects. Inflation will then return to the target gradually after a shock, while the output gap closes relatively quickly. In contrast, a central bank that is mainly concerned with stabilising inflation (a high value of α ) will react forcefully to all shocks in order to bring inflation quickly back to the target, while the output gap is left to vary more. Thus, we can expect that a monetary policy realignment to a larger weight on price stability will lead to lower variability in inflation but higher variability in the output gap. The correlations that interest us most are naturally also affected by these changes but it is difficult to say just how until the model has been analysed.



MODEL RESULTS



We simulate the model 1,000 times, using 100 observations each time. In each simulation we calculate correlations and estimate regressions in the same way as we presented earlier. The average correlations over all simulations are presented in Figures 10–12 and the regression coefficients estimated on simulated data are shown in Figures 13–15.



12 13
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Government Bill 1990/91:100, annex 1, p. 4. For a simple account of monetary policy in similar models, see Apel et al. (1999).
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Figure 10. Model correlation between inflation and output gap 1.0
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Note: Correlation ( π t, yt – j ) for j = 0, 1, …, 12 quarters. Average of 1,000 simulations with 100 observations.



Figure 11. Inflation persistence in the model 1.0
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Note: Correlation (π t, π t–j ) for j = 1, 2, …, 12 quarters. Average of 1,000 simulations with 100 observations.



It turns out that a realignment of monetary policy to a greater weight on price stability leads to a tendency for inflation to be less persistent, a weakening of the relation between inflation and the output gap and a decline in the exchange rate pass-through. However, the regressions on simulated data show that the changes in the persistence in inflation and the exchange rate pass-through are not statistically significant, though the



Although we have now tried to refine the analysis so that it is confined to the effects of a monetary policy realignment, the signs of changes are not strong.



weakening of the relationship between the output gap and inflation is significant. Although we have now tried to refine the analysis so that it is confined to the effects of a monetary policy realignment, the signs of
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Figure 12. Model correlation between inflation and exchange rate changes 0.25 0.20 0.15 0.10 0.05 0 – 0.05 – 0.10 – 0.15 0
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Note: Correlation ( π t, ∆ st– j ) for j = 0, 1, …, 12 quarters. Average of 1,000 simulations with 100 observations.



Figure 13. Estimated regression coefficients between inflation and output gap in the model (a) Estimated coefficients



(b) Confidence intervals
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Note: OLS estimation of β j in equation (1) for j = 0, 1, …12 quarters. Average of 1,000 simulations with 100 observations.



changes are not strong. Statistical methods do not provide grounds for concluding that the changes have actually occurred.



New economy or new monetary policy? We have tried to elucidate whether the realignment of Swedish monetary policy in the first half of the 1990s has had the effects we might expect on economic relationships. Our empirical analysis shows that it is hard to find
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Figure 14. Estimated regression coefficients between current and earlier inflation in the model (a) Estimated coefficients



(b) Confidence intervals
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Note: OLS estimation of β j in equation (2) for j = 1, 2, …12 quarters. Average of 1,000 simulations with 100 observations.



Figure 15. Estimated regression coefficients between inflation and exchange rate changes in the model (a) Estimated coefficients



(b) Confidence intervals
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Note: OLS estimation of β j in equation (3) for j = 0, 1, …12 quarters. Average of 1,000 simulations with 100 observations.



statistically significant evidence that any such changes in the observed economic relations have actually occurred. Weak signs are discernible in certain regressions but most of the changes are not statistically significant. However, the simulation results from the theoretical model do show that a monetary policy realignment to a regime that places greater emphasis on price stability will in fact affect economic relationships. A
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Our results suggest that the introduction of an inflation target in Sweden induced changes in observed relationships, although these changes may be hard to capture empirically.



central bank that attaches greater weight to stabilising inflation will be more active in countering inflationary shocks. These shocks then have less lasting effects on inflation, which becomes less persistent. At the same time, inflation is less affected by shocks to the output gap or the exchange rate. Thus, the relation between the output gap and inflation seems to weaken and the exchange rate pass-through to inflation appears to decrease. These three changes can be demonstrated even though the structure of the economy has not changed; in our model simulations we consistently held constant the structural relationships between inflation on the one hand and, on the other, earlier inflation, the output gap and the exchange rate. Our results from the theoretical model are, of course, only numerical examples but they do suggest that the introduction of an inflation target in Sweden entails changes in observed economic relationships, though these changes may be hard to capture empirically.



Our results demonstrate that simple economic relationships should be interpreted with caution.



It is, of course, conceivable that there have also been other types of structural change in the economy that may affect the correlations we studied in the empirical analysis. In order to identify such changes, however, we need a more sophisticated empirical study. The present results merely demonstrate that simple economic relationships should be interpreted with caution. We show that it is hard to find statistical evidence of changes in the relationships even though monetary policy has actually been realigned. It is therefore probably even more difficult to demonstrate from statistical data and simple economic relations that the way the economy functions has changed in a fundamental way. A possible approach would be to estimate a structural model and make a formal test of whether some of its parameters have changed. It could then be shown whether there have been any changes in the fundamental workings of the economy apart from the introduction of an inflation target. Such an analysis, however, is beyond the scope of this article. Finally we note that our results have further consequences for the debate about the “new economy”; the notion that increased competition has reduced the economy’s inflation propensity and that a given output gap would therefore have less effect on inflation than before. Our simulations show that just the monetary policy realignment is likely to weaken the independent relation between the output gap and inflation. Thus, the decreased inflation propensity may very well be a consequence of the new monetary policy rather than the “new economy”.
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Appendix: the model We use a simplified New Keynesian model of an open economy where a period is assumed to correspond to a quarter. For simplicity we entirely disregard foreign influences.14 Domestic inflation π dt is given by a simple Phillips curve relation for an open economy: (9)



π dt = ϕπ Ε tπ td+1 + (1 – ϕπ )π td–1 + αy yt + αqqt + ε πt ,



where yt is the output gap, qt is the real exchange rate (in logarithmic form), and ε πt is a supply shock that is assumed to be white noise with variance σ 2π . Aggregate demand is modelled in terms of the output gap yt: (10)



yt = ϕy Ε t yt +1 + (1 – ϕy )yt–1 – βr (it – 4 Et π dt+1) + βq qt + ε ty,



where it is the nominal interest rate, and the demand shock ε ty is white noise with variance σ y2 . The nominal exchange rate st (in logarithmic form) is determined by an interest rate parity condition: (11)



st = Et st +1 – –41 it + u st ,



with a risk premium u st that follows (12)



ust = ρsu ts–1 + ε ts ,



where ε ts is white noise with variance σ s2. The real exchange rate qt is defined as (13)



qt = st – p td ,



where p td is the domestic price level (in logarithmic form). Inflation for imported goods π mt is affected by exchange rate movements but only gradually: (14)



14



π mt = (1 – κ) π mt–1 + κ (st – st –1),



For a theoretical derivation of a similar model, see, for example, Svensson (2000).
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where κ determines the degree of exchange rate pass-through. A value of



κ < 1 implies that the impact of exchange rate movements on imported inflation is limited. CPI inflation πt is a weighted average of domestic and imported inflation:



πt = (1 – η) π dt + ηπ mt,



(15)



where η measures the share of imported goods in the CPI basket. Finally, monetary policy is assumed to be determined by a central bank with the objective function min α var (π–t ) + (1 – α) var (yt ) + v var (it – it–1), it



(16)



where π–t is annual CPI inflation (over four quarters). The parameter α measures the weight the central bank attaches to price stability (relative to real stability) and v measures the weight on interest rate stability. TABLE 4. VALUES OF THE PARAMETERS IN THE MODEL



Exchange rate



Monetary policy



ϕπ



Inflation 0.3



ϕy



Output gap 0.1



ρs



0.5



α



{1/3, 2/3}



αy



0.05



βr



0.1



σ s2



0.85



v



1/6



αq



0.05



βq



0.02



κ



0.25



σ 2π



0.4



σ y2



0.65



η



0.35



Table 4 presents the values we use for the parameters in the model. Many of these values are uncontroversial but some may call for a justification. We have chosen to model both domestic inflation and the output gap as predominantly backward-looking processes: ϕπ = 0.3, ϕy = 0.1. It has frequently been noted that a high degree of backward-looking behaviour is needed if New Keynesian models are to recreate the patterns that are found in real-life economies (see, e.g., Estrella & Fuhrer (2002)). These parameter values resemble those used by, for example, Rudebusch (2002). The pass-through of exchange rate movements to imported inflation (κ) has been set to 25 per cent per quarter, which is close to the estimate presented by Naug & Nymoen (1996). In the central bank’s objective function we use two values for the weight on the inflation target. The period before the introduction of the inflation target is characterised by the weight for real economic stability being twice that for price stability (α = 1/3). In the period with the infla-
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tion target we assume that the central bank attaches twice as much weight to price stability as to real stability (α = 2/3). Moreover, we assume throughout that the central bank also has preferences for a smooth path for its interest rate, for instance because sizeable interest rate adjustments can generate financial market instability. Empirical studies suggest that the New Keynesian models need a relatively large weight on interest rate smoothing in order to recreate the patterns in data (see Söderström et al. (2002)) and we choose to set this weight to v = 1/6.
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