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Abstract

In this paper, we investigate the NAIRU in a framework where inflation and the unemployment rate can respond to each other. The NAIRU is defined as the component of the actual unemployment rate that is uncorrelated to inflation in the long run. By this definition, the NAIRU and core inflation can be estimated simultaneously. Our estimation results show that the NAIRU falls dramatically at the end of 1990s and the long run vertical Phillips Curve shifts back from 6.8 per cent before 1997 to 4 per cent afterwards. 
Introduction

At the end of 1990s, low inflation and low unemployment arising in the U.S. focused people’s attention to the time-varying NAIRU (Non Accelerating Inflation Rate of Unemployment) again. According to the Phillips Curve theory, inflation and unemployment cannot move towards the same direction. For this unusual economic phenomenon at the end of 1990s, a popular explanation is that the NAIRU has fallen with the lapse of time so that unemployment can stay at low without the danger of raising inflation (symposium on the NAIRU, JPE, 1997). Did the NAIRU really fall? This is the purpose of our paper – measure the NAIRU from a new point of view. If NAIRU does change as time goes on, we hope our method can give a more precise estimation to the NAIRU, thereby providing a more reliable reference index for the central banks to set the inflation target.

The definition of the NAIRU originates from the Phillips Curve theory. The meaning of NAIRU itself is the unemployment rate when inflation tends to be stable. Traditionally, the NAIRU is estimated from Phillips equation according to its definition (Gordon, 1997; Staiger, Stock, & Watson, 1997). But looking back the literature of NAIRU estimation, a perplexing problem is the existence of too wide standard error bands. To some extent, this implies the uncertainty of estimating the NAIRU. Laubach (1997) may shed some lights on the reason for it. In his paper, Laubach extends Phillips Curve model by two steps. The first step, he models the NAIRU as a random walk with drift. Then, extends the Phillips univariate model to the bivariate model. Besides inflation, endogenous variables in the bivariate model include the unemployment rate. The NAIRU estimated by this way can capture the relevant information from both inflation and unemployment. Consequently, the second extension provides a more accurate estimation than the first one. Therefore, it is not difficult to deduce that the uncertainty of the NAIRU may be because the single Phillips equation cannot describe correctly the joint movement of inflation and unemployment. This is why we have the idea to estimate the NAIRU by the VAR model. In the VAR model, inflation and unemployment can reflect and determine each other. The NAIRU can be separated in the course of their joint movement. 

The NAIRU we are going to estimate is defined as the component of the actual unemployment rate that is uncorrelated to inflation in the long run. Then it can be separated from a VAR model of inflation and unemployment by Blanchard & Quah (1989) decomposition. This definition looks very similar to the traditional one. The difference is, while inflation does not affect unemployment in the long run, unemployment cannot affect inflation. The traditional NAIRU is defined in the condition that unemployment does not affect inflation unilaterally in the long run. Our NAIRU is also different from the natural rate of unemployment. Natural rate is a microeconomic definition. It reflects the unemployment level under the situation that all the factors of labour market are in general equilibrium. Our study of the NAIRU emphasises on the relationship between inflation and unemployment. 

The estimation of the NAIRU is based on the following assumptions: there are two uncorrelated disturbances that can be distinguished by their effects on inflation in the long run. The first disturbance has no long run effect on inflation, while the second one may have. The estimated NAIRU is supposed to correspond to the first disturbance. Quah and Vahey (1995) adopted a similar procedure to separate core inflation from the joint movement of output and inflation. By our model, we can estimate both the NAIRU and core inflation, because inflation and unemployment are uncorrelated to each other in the long run (i.e. the NAIRU and core inflation are uncorrelated to each other). When the unemployment rate tends to its long run rate, inflation is also close to core inflation. So after the NAIRU is confirmed by one disturbance, core inflation can be derived by the other disturbance. 

With our new definition and the identifying restrictions, the following characteristics of the NAIRU are obtained by using the U.S. data: first, the NAIRU falls apparently in the latter part of the 1990s. The reason for this fall can be found in the fundamental changes of the labour market relating to the NAIRU disturbance; second, the long run Phillips Curve shifts back from 6.8 per cent before 1997 to 4 per cent after; and third, the change of the NAIRU has little impact on inflation. 

The rest of the paper is organised as follows. In Section 1, we specify the identification for estimating the NAIRU. In Section 2, we analyse the economic interpretation behind our identification and assumptions. We discuss the estimation procedure in Section 3; then present our results in Section 4. Section 5 is the conclusion remarks. 

1. Identification

Our structural model assumes that the unemployment rate is composed of two parts. One part is the NAIRU. The other one is the gap between the NAIRU and the actual unemployment rate. Accordingly, the shocks causing the fluctuations of the unemployment rate are separated into two kinds of disturbances. The kind of disturbances affecting the NAIRU is called NAIRU disturbance. The other kind of them only shifts the unemployment gap, namely, the gap disturbance. If making a further investigation, due to the reason that the NAIRU is determined by the characteristics of the labour market, such as market imperfections, the cost of gathering information about job vacancies, labour availabilities and so on, the NAIRU disturbance is approximately equal to the aggregate supply shock. Similarly, gap disturbance is actually the aggregate demand shock, such as monetary and fiscal policy shocks. These two disturbances were first used to identify trend output in a VAR model of output and unemployment by Blanchard & Quah (1989). In our paper, we put them in a framework of inflation and unemployment to measure the NAIRU. Although the purpose is different from Blanchard’s paper, the methods in both papers are same. After sorting out two disturbances, the estimated NAIRU is supposed to associate with the NAIRU disturbance. Mathematically, the NAIRU is obtained by setting the gap disturbance to be zero.  

NAIRU disturbance and gap disturbance are distinguished by their long run effect on inflation. The NAIRU disturbance has no long run effect on inflation.
 Gap disturbance may have significant long run effect on inflation. Both of them are assumed to be uncorrelated at all leads and lags. The invalidity of the NAIRU disturbance to inflation in the long run does not stop it affecting inflation in the short run. 

With the above assumptions as background, let 
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This equation expresses 
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and u as distributed lags of the two disturbances 
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. Coefficient C (j) is called impulse response function of disturbances. It gives the effect of shocks in period t on the variables in period t+j.  

There are three points we need to explain in this equation. First, due to the assumption that the NAIRU and gap disturbances are uncorrelated at all leads and lags, their variance-covariance matrix is diagonal; and for convenience, the disturbances are normalized so that var (
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)=1. Second, our structural model cannot be estimated directly, because there is no data for two disturbances. What we are going to do is recover model (1) from the VMA form of the VAR model. But a prerequisite for transforming VMA from VAR is that all the endogenous variables are stationary. That is why we use the first difference of 
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 tends to be I (1). Third, constant, time trend and other exogenous variables can be included into our model. Specially, we put some supply shock variables (import price and unit labour cost) into the model. The reason is that supply shocks work alone outside the system of inflation and unemployment. The intervention of them in the model would result in the unusual fluctuations of the estimated NAIRU. We control those supply shock variables so as to better understand the movement of the NAIRU. 

The key assumption – long run inflation neutrality condition is shown in our model as following:
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To see why this is the case, note in the long run, if inflation is to be unaffected by the NAIRU disturbance, inflation must return to its original value after shocks. In another word, the increase of inflation must be positive first and negative afterwards (or negative first, then positive). So the cumulated effects of the NAIRU disturbance on the change of inflation must equal to zero. 

Now let’s proceed to estimate and recover the model. The VAR model we are going to estimate is 
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where L is the polynomials in lag operator. By Wold Representation Theorem, we can invert VAR model (Vector Auto Regression) into VMA form (Vector Moving Average).
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Equation (1) is the model we need while equation (3) is the model we are able to estimate. So next we are going to recover disturbances
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from VAR residuals e. 

Now take one-step ahead forecast for the endogenous variables of (1) and (3): (
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, u). The forecast errors should be equal, because (1) and (3) have the same endogenous. By doing so, we can get a relationship between 
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These expressions relating the disturbances to the VAR residuals allow the recovery of 
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 if C (0) is unique. We construct variances for both 
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 and e in equation (4), then get three conditions imposed by 
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 for solving four unknown variables in matrix C (0). The fourth condition comes from the long run restriction to the NAIRU disturbance implied by equation (2). But the problem is how to transform this restriction into its VAR representation. We replace all the residuals e in the VMA form by the disturbances 
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, which is shown in equation (4). Then the coefficient of NAIRU disturbance 
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 should be equal to zero according to the restriction (2). The fourth condition has been found. With four conditions corresponding to four unknown variables, it is easy to find out the solution for C (0). The rest of the problems can be easily solved afterwards. Finally, the NAIRU can be obtained by setting 
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The formula to calculate core inflation should be: core inflation = 
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. This has been the case since we assumed that the NAIRU disturbance has no long run effect on inflation. Because the NAIRU disturbance does not affect inflation in the long run, long run inflation is only associated with the gap disturbance. The long run inflation rate is exactly core inflation. This is why we said that the NAIRU and core inflation could be estimated by the same model. 

2. Interpretation

The condition that the NAIRU disturbance has no effect on inflation in the long 

run is the key to implement the whole model. It reflects the definition of the NAIRU – the component of the actual unemployment rate that is uncorrelated to inflation in the long run. This definition of the NAIRU is different from those in other papers on the feedback between inflation and the unemployment rate. But this difference would only result in a variation of the econometric methods. The theoretical background for this definition is still the augmented Phillips Curve model, namely, the vertical long run Phillips Curve. Specifically speaking, the reason why there is a short-term trade off between inflation and the unemployment rate is the existence of nominal rigidities. Take nominal wage rigidity as example, when inflation goes up unexpectedly, nominal wage would still be set at the previous level. The real wage (w/p) in current period is driven down, thereby resulting the fall of the unemployment rate. However, nominal wage rigidity cannot last forever. Workers seek to maintain their living standards. Eventually, there must be some day that the expectation of the nominal wage keeps pace with the change of inflation. In that time, the unemployment rate will return to its long run rate – NAIRU regardless of the rate of inflation.

We do not restrict the permanent effects of gap disturbance on inflation. Furthermore, we say nothing about the permanent effects of both shocks on the unemployment rate. This is because inflation is usually considered as a non-stationary variable and the unemployment rate is treated as a stationary variable (we will do unit root test for them before we start the estimation). If the NAIRU disturbance has no long-run effect on inflation, the gap disturbance should have. Similarly, since the unemployment rate is stationary, none of the disturbance should have an effect on the unemployment rate in the long run. We do not impose those restrictions because we would like to let data reveal these properties. If data fails to show them, the validity of our identification would be dubious.
Nor do we restrict the short run effect of both disturbances on inflation and the unemployment rate. Allowing a shock, should inflation and the unemployment rate rise or fall? How long should it take them to return to their original level? We leave these questions to data analysis. Whether or not the analysis results are reasonable will be used to test the validity of our identification. 

After explaining the implications for the restrictions to the NAIRU and gap disturbance, some doubts would be raised regarding the assumption that two disturbances are uncorrelated. That both disturbances are uncorrelated at all leads and lags does not mean we restrict the channel through which NAIRU and gap disturbances affect inflation and the unemployment rate. The fluctuations of inflation and the unemployment rate can be caused either by the NAIRU disturbance or by the gap disturbance. But the disturbances are not allowed for correlation. 

The last question may relate to a limitation of this paper. Obviously, there are many real world shocks. We group them as the NAIRU and gap disturbance depending on whether or not they affect inflation permanently. However, the permanent effects of some shocks on inflation are not clear. For example, we usually consider the productivity shock as the NAIRU disturbance. But the part it played in the double decline of inflation and unemployment at the end of 1990s is still an open question. The long run effect of it on inflation becomes doubtful. Blanchard and Quah (1989) mentioned this ambiguous shock in their paper, and presented a sufficient and necessary condition to deal with it. However, that sufficient and necessary condition is hardly reached in the reality. In view of this, we only hope that the proportion of the uncertainty in each disturbance is relatively small so that our identification keeps correct as a whole. 

3. Estimation

We estimate the model using the U.S. annual data over the period of 1960 to 2000. But before the formal estimation is started, there are several preliminaries need to do. First of all, we test the unit root for inflation and the unemployment rate in order to guarantee the variables getting into the basic VAR model are all stationary. The Dickey Fuller test for the hypothesis that inflation and the unemployment rate are unit root shows that inflation tends to be a I (1) process significantly, the unemployment rate can be treated as a stationary variable at a 10 per cent significant level
. Therefore, we put the first difference of inflation and the unemployment rate itself in the basic VAR model. 

The second step is to choose the optimal lag length for the variables in the VAR model. This task can be performed by the likelihood ratio test. Assuming lag 5 is the maximum lag length, we test the hypothesis that lag 4 prefers to lag5. If the hypothesis is not rejected, we continue to test whether lag 3 prefers lag4 and so on until the optimal lag length is found. Here lag 4 is the optimal lag length
. 

Thirdly, we assumed that the NAIRU and gap disturbance are white noise processes in the structural model. The VAR residuals should have the same properties as the linear transformation of both disturbances. This assumption has been confirmed
. 

Finally, the basic VAR model includes some exogenous variables. They are constant, time trend, time trend square and supply shock variables (the change of import price and the change of unit labour cost). Controlling the supply shock variables should be helpful to rule out the external noise from the model so as to understand better the behaviour of the NAIRU. 

The detailed decomposition process has been described in section 1. Next we go to the results directly. 

4. Results

4.1. The NAIRU

As mentioned in the previous section, the NAIRU can be constructed as the time path of the unemployment rate that would exist in the absence of gap disturbance. The estimated NAIRU has been shown in figure 1. From the overall view of figure 1, the NAIRU rises and falls slightly following the fluctuations of the actual unemployment rate. The relative high-frequency movement of the NAIRU in the figure verifies the implication of the time-varying NAIRU. Moreover, the NAIRU values shift between 6 per cent and 8 per cent before 1995. It is not a particular wide range comparing with the literature. 

Within the limit of figure 1, the first business cycle of the U. S. starts from 1975 and ends in 1985. The NAIRUs in this period all have a high value, but they remain relatively stable. According to the identification, the fluctuations of the NAIRU curve can be regarded as the impact of the NAIRU disturbance on the market, while the expansion of the unemployment gap represents the movement pattern of the gap disturbance. As shown in the figure, the expansion and contraction of the unemployment gap are much bigger than the change of the NAIRU, which indicates that the economic boom in the end of 1970s and the following economic recession in the beginning of 1980s are attributed to the impacts of the gap disturbance. This result is consistent with most of studies on the NAIRU. It is well known that OPEC reduced the production of oil in the beginning of 1970s and 1980s. The dramatic rise of oil price, which should be captured by our supply shock variables, leads to a fall in aggregate demand, then the economic recession in each period. The economic boom happened between two oil price shocks is a short recovery of the U.S. economy. This result benefits a lot from the inclusion of supply shock variables into our model. By doing so, the NAIRUs in this period keep stable. 

The second business cycle takes place during the period of 1986 to 1993. The NAIRU falls by 0.7 per cent in the boom period and meanwhile the unemployment gap shows a decrease of the same amount. Similarly, during the recession period, both the NAIRU and the unemployment gap rise 0.7 per cent. This raises a problem in distinguishing the reason for the economic fluctuations from 1986 to 1993. Were the fluctuations caused by the NAIRU disturbance or the gap disturbance? Usually, people try to look for the answer from the aggregate demand side, especially considering the change of policies. For example, some people consider that the expansionary fiscal and monetary policies since the late of 1980s generated too much excess demand. So the Federal Reserve had to tighten money supply and reduce inflation in the beginning of the 1990s, thereby resulting in the recession. Other people think that the recession was due to the shock of Gulf War that induced consumers to delay spending. In a word, it seems that the economic fluctuations during this period were all because of the change of aggregate demand, which is related to the gap disturbance. However, we cannot ignore the obvious shift of the NAIRU shown in the figure. This implies that there might be some structural changes of the labour market in the late of 1980s. 

The economic boom at the late of 1990s has been world famous. Low unemployment co-existed with low inflation. This period is considered as the “golden age” of the U.S. economy. As shown in the figure, the NAIRU falls from 7 percent in 1993 to 3 per cent in 2000, whereas the unemployment gap changes slightly. The change in the unemployment gap is only 1/7 as much as the change in the NAIRU. Apparently, the structural change of the labour market related to the NAIRU disturbance occupies the dominant position in this economic boom. What structural change leads the NAIRU to fall at the end of 1990s could be an interesting topic for further research. 

The NAIRU with two standard error bands is shown in figure 2. The standard error bands in the figure are obtained by Monte Carlo study. To do Monte Carlo study, take the variance-covariance matrix of the error terms from the VAR model. Then select randomly 1,000 series of artificial error terms with the same distribution. Replace the true error terms in the VAR model by the artificial terms one by one, and apply the decomposition technique as described in the identification section. We will get 1,000 NAIRUs. The standard deviation calculated from these 1,000 NAIRUs is the standard error we want. 

The problem of uncertainty about the NAIRU still exists in our paper. The distance between the error bands ranges from 1.6 per cent to 2 per cent for most of the time within a 95 per cent confidence interval, then increases to 2.5 per cent in the last three estimation years. Comparing with the literature, univariate Phillips Curve model (Staiger et al, 1997) derived a pair of standard error bands for the NAIRU with the distance of 2.6 per cent. From the simple bivariate model (Laubach, 2001), the gap between two bands is about 2.3 per cent. The comparison of the standard error bands shows the NAIRU is estimated comparatively precisely by our model. 

4.2. The Phillips Curves

After derived the NAIRU by the NAIRU disturbance, we can use the gap disturbance to identify core inflation. The relationship between the NAIRU and core inflation forms a framework of the long run Phillips Curve. The rest of unemployment (i.e. unemployment gap) and inflation (i.e. non-core inflation) describe the movement of short run Phillips Curve. Both Phillips Curves are shown in figure 3. 

The trade-off between inflation and the unemployment rate is very obvious in the short run Phillips Curve diagram. But if looking at some particular years, the points after 1985 are all gathered within a limited space, by which the trade-off is hardly recognised. The long run Phillips Curve shows to be a vertical line during the period of 1975 to 1985. After tracing out a circle from 1986 to 1995, it shifts back to a low level in the last three years. The average value of the long run Phillips Curve before 1997 is 6.8 per cent, and then it falls to 4 per cent afterwards.  Overall, These two diagrams clearly outline the movement of inflation and the unemployment rate that is similar to the description about them in the textbook. 

4.3. Impulse Response Function (IRF)

Plotting the impulse response function is a practical way to visually represent the behaviour of inflation and the unemployment rate in response to the various shocks. The impulse response function is the coefficient of the disturbances of the structural model. All the impulse response functions in our paper are calculated from one per cent increase of the disturbance and the increase of the disturbance can be understood to have a good effect to the economy. Thus, no matter which disturbance rises by one per cent, the unemployment rate should be reduced initially
. Figure 4 shows our impulse response functions. The standard error bands are obtained by Monte Carlo study, the details of which has been described in the NAIRU sub-section. 

Inflation IRF to one per cent increase of the NAIRU disturbance:  inflation falls by 0.4 per cent in the beginning. It keeps growing afterwards until reaches to the maximum three years later. Then, it tends to its original level. The fall of inflation in the beginning can be considered as the evidence of nominal price rigidity. The increase of the actual inflation rate would be postponed in response to a shock due to the reason that agents fail to take into account the unexpected inflationary pressure when they make contracts. 

Inflation IRF to one per cent increase of the gap disturbance: gap disturbance has permanent effect on inflation. After an increase of the gap shock, inflation goes up by 0.8 per cent. This effect reaches the maximum in the first year. Then inflation eventually falls to a stable level three years later. We got a result in the unit root test that inflation is a non-stationary variable. Here the permanent effect of the gap disturbance on inflation provides an exact evidence for the test result. 

Unemployment rate IRF to one per cent increase of the NAIRU disturbance: The unemployment rate falls by 0.36 per cent at the beginning, and then returns to its original level after three years
. Comparing with the gap disturbance, the NAIRU disturbance has less effect on the unemployment rate. The NAIRU is more stable. 

Unemployment rate IRF to one per cent increase of the gap disturbance:  the unemployment rate falls by 0.7 per cent immediately. It takes the unemployment rate more than 4 years to recover itself. We can see clearly from the figure that the fluctuations of the unemployment rate caused by the gap disturbance are bigger than those caused by the NAIRU disturbance. This implies that the movement of the unemployment rate is mainly attributed to the noises other than the NAIRU disturbance. However, the fact that none of the disturbance affects the unemployment rate in the long run supports our unit root test that the unemployment rate is stationary. 

The Phillips Curve relationship is also shown in the impulse response functions. Inflation and the unemployment rate move towards the opposite direction after the shock. But in the long run, the unemployment rate returns to its original level regardless of the inflation rate. For convenience’s sake, we put inflation IRF and the unemployment rate IRF together. The trade-off between inflation and the unemployment rate is clear in figure 5. 

In summary, we imposed a restriction on the effect of the NAIRU disturbance on inflation. Although we did not restrict other effects of the NAIRU and gap disturbance, the properties that other effects should have, which have been explained in the interpretation section, are confirmed here. To some extent, this shows that our identification is approximately correct. 

4.4. Variance Decomposition

If we use our structural model to do inflation and unemployment forecast, the variances of forecast error are mainly decided by the NAIRU and gap disturbance. What variance decomposition does is separate the effects of two disturbances on the variation of inflation and the unemployment rate and demonstrate whose effect is bigger, whether or not the effect will be vanishing over time. Table 1 gives the result of variance decomposition. The total variation of inflation or the unemployment rate is assumed to be 100 per cent. The proportion of the variation that the NAIRU disturbance accounts for has been shown in the table. The rest of the percentage points belong to the gap disturbance (not reported). Again, the standard errors in the parentheses are obtained from 1,000 bootstrap replications.

The NAIRU disturbance has very little effect on the variation of inflation. The variations that it can explain are less than 10 per cent of the total. The contribution of it on the unemployment rate variation increases, but it is still in an unimportant position. Furthermore, this situation keeps unchanged over the whole investigation period. The reason for this would be related to the stability of the NAIRU. So most fluctuations of inflation and the unemployment rate are attribute to the gap disturbance. However, the large standard error bands on both NAIRU and gap disturbance implies that the effects of both disturbances on the variance of inflation and the unemployment rate would be imprecise. 

5. Conclusion

We proposed a structural VAR approach to estimate the NAIRU in this paper. The NAIRU is defined as the component of the actual unemployment rate that is uncorrelated to inflation in the long run. This definition is different from the traditional one on the feedback between inflation and the unemployment rate. Another advantage of this approach is that both the NAIRU and core inflation can be estimated simultaneously. Our estimate of the NAIRU is based on the following assumptions: there are two uncorrelated disturbances that can be distinguished by their effects on inflation in the long run. The first disturbance has no long run effect on inflation, while the second one may have. The estimated NAIRU is supposed to be related to the first disturbance and core inflation corresponds to the second one.

We conclude that, within the limit of our research data, the first business cycle of the U.S. from 1975 to 1985 is attribute to the impact of the gap disturbance. The sharp increase of oil price in that time is the source of this impact. The second business cycle during the period of 1986 to 1993 is caused by both NAIRU and gap disturbance. Policy shock and the structural change of the labour market play the equal role. The NAIRU disturbance occupies the dominant position in the economic boom at the end of 1990s. The NAIRU falls dramatically during this period. Our Phillips Curve result shows that the long run vertical Phillips Curve shifts back from 6.8 per cent before 1997 to 4 per cent afterwards. Impulse response function confirms the assumptions on the NAIRU and gap disturbance so that it gives support to our identification. 

This paper provides some insight into the movement of the NAIRU. But we think further work is needed, especially on exploring what structural change of the labour market caused the fall of the NAIRU at the end of the 1990s. We could put more variables, like job match and productivity, in the VAR model to understand the source of the fall of the NAIRU. 
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Table 1

Variance Decomposition of Inflation and The Unemployment Rate.

Percentage of Variance Due to The NAIRU Disturbance
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Figure 1. The Unemployment Rate and The NAIRU
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Figure 2. The NAIRU with Standard Error Bands
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Figure 3. Short Run and Long Run Phillips Curve
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Figure 4. Impulse Response Function
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Figure 5.  IRF to The NAIRU and Gap Disturbance
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� The economic interpretation behind of these restrictions will be discussed in section 2. 


� This can be easily done by repeatedly taking one lag for the left hand side variables and substituting them into the right hand side. 


� P-value of the test on inflation, the change of inflation and the unemployment rate is 0.86895, 0.01362 and 0.08836.


� P-value for the hypotheses that lag 4 prefers to lag 5 is 1 and for the hypotheses that lag 3 prefers lag4 is 0.00064.


� The covariance of two disturbances is –0.000019. 





� Since some restrictions contain squared terms, we get 4 sets of IRF totally. Each set includes the same numbers, but with different positive and negative signs. We suppose that the initial response of the unemployment rate to the shocks is negative in order to determine an appropriate set of IRF. Furthermore, the restriction to the unemployment IRF is sufficient to do this. Inflation IRF depends on the set of IRF we choose. 





� About the adjustment speed of the unemployment rate to the NAIRU disturbance and the following gap disturbance, a similar result appeared in Blanchard & Quah (1989). 
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