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Editorial

In this paper the authors analyse the role of M3 as an indicator for future
inflation and correspondingly for current monetary policy in the euro area. Short
and long run interrelationship between inflation and money growth are analysed
in an error correction framework taking into account the output gap and short
and long term interest rates. A robust cointegration is found between money
growth and inflation. In the long run, shocks in M3-growth account for 33
percent to 40 percent of the inflation forecast error variance. The effects of
output gap and interest rate shocks on inflation are mainly transitory and there
forecasting variance shares are negligible for medium term horizons. There is
evidence for a second regime prevailing at the end of the seventies and
beginning of the eighties which relates to periods of high interest rate and
inflation rate levels and decreasing rates in real money growth. Overall, the
authors present firm evidence for a stable dynamic relationship between money
growth and inflation which implies that the deviation of the real money growth
from its long run average is a good indicator of future inflation acceleration or
deceleration. Of course, this finding provides evidence in favour of the recently
de-emphasised first pillar of the ECB strategy. According to the results,
however, an M3-growth rate of slightly above 5% is compatible with a non-

accelerating average rate of inflation of 2%.

September 19, 2005
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Abstract

This paper analyses the role of M3 as an indicator for future inflation and correspondingly for
current monetary policy in the euro area. We analyse the short and long run interrelationship
between inflation and money growth in an error correction framework taking into account the
output gap and short and long term interest rates. We find robust cointegration between
money growth and inflation. In the long run, shocks in M3-growth account for 33 percent to
40 percent of the inflation forecast error variance. The effects of output gap and interest rate
shocks on inflation are mainly transitory and there forecasting variance shares are negligible
for medium term horizons. There is evidence for a second regime prevailing at the end of the
seventies and beginning of the eighties which relates to periods of high interest rate and
inflation rate levels and decreasing rates in real money growth. Overall, we present firm
evidence for a stable dynamic relationship between money growth and inflation which implies
that the deviation of the real money growth from its long run average is a good indicator of
future inflation acceleration or deceleration. Of course, this finding provides evidence in
favour of the recently de-emphasised first pillar of the ECB strategy. According to our results,
however, an M3-growth rate of slightly above 5% is compatible with a non-accelerating
average rate of inflation of 2%.
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1. Introduction

There is mixed recent empirical evidence concerning the role of the money stock M3 as an
indicator for future inflation and correspondingly current monetary policy. On the one hand,
the data since 2001 raise a substantial doubt about the existence of a stable long run money
demand function, which seemed to be firmly established with data of the 1980s and 1990s
(see for instance Bruggeman, Donati and Warne, 2003, Carstensen, 2003). Moreover, there
are some studies concluding that the predictive power of money growth for inflation is only
minor, and higher for other variables like the output gap or the real money gap (Gerlach and
Svensson, 2003; Nicolletti Altimari, 2001). On the other hand, this negative evidence for the
relevance of M3 in the euro area is questioned by recent papers concentrating on the
relationship between trend inflation and money growth, both either approximated by HP-
filtered values (Neumann, 2003; Neumann and Greiber, 2004, von Hagen, 2004) or by

exponentially weighted moving averages (Gerlach, 2004).

This paper provides additional empirical evidence for the relevance of money growth for
inflation in the euro area. Instead of relying on constructed variables, such as core money
growth, trend inflation or real money and price gaps, and designing a specific structural model
of inflation dynamics based on the assumption of a stable long run money demand (as for
instance Neumann, 2003; Gerlach and Svensson, 2003 and von Hagen, 2004), we analyse the
short and long run relationship between inflation and money growth in an error correction
framework, also including the output gap (or GDP growth) and short and long term interest
rates. This procedure is motivated by unit root and cointegration tests, which indicate that the
order of integration differs between the variables included in the analysis: prices and money
appear to be 1(2) and cointegrated in their growth rates, the short term and the long term
interest rate are indicated to be 1(1) and cointegrated, and the output gap enters the analysis, of

course, as a stationary series.

Coenen and Vega (1999) and more recently Holtemoller (2004), with data up to 2001, also
make a case for second order integrated money and prices. The extension of the sample to
2003 destroys the stable long run money demand function found by these authors, as also
found in Gerlach and Svensson (2003) and von Hagen (2004). With the analysis of quarterly
series which date back to the mid-seventies, we instead find a strong cointegrating
relationship between euro area inflation and money growth with error correction in both

variables. Moreover, the impulse response analysis and the variance decomposition yield



evidence for a highly significant effect of shocks in M3 growth on inflation, accounting in the
long run for approximately 40 percent of the inflation’s forecast error variance. On the other
hand, effects of shocks in the output gap and in both interest rates on inflation are only

transitory and vanish in the medium term.

Finally, the estimation of a Markov switching variant of our error correction vector
autoregression (EC-VAR) model yields the identification of a second regime which was
relevant at the end of the seventies and beginning of the eighties, reflecting the change in US
monetary policy leading to very volatile interest rates which were transmitted internationally
in a period of rising inflation rates and decreasing money growth rates. However, the
“normal” regime, which prevails otherwise most of the time, displays similar long-run and
transitional patterns as the linear model, in particular during the recent past. In sum, we
present firm evidence for a reasonably stable dynamic relationship between money growth
and inflation supporting the “old* first pillar of the ECB monetary policy strategies which was
recently de-emphasised. According to our results, however, an M3-growth rate of slightly

above 5% is compatible with a non-accelerating average rate of inflation of 2%.

The content of this paper is organized as follows: section 2 contains the results of unit root
and stationarity tests which form the basis for the specification of the EC-VAR used
afterwards. The result of the EC-VAR analysis is presented in section 3. The findings of the

Markov switching EC-VAR are discussed in section 4. Section 5 concludes.

2. Unit Root and Stationarity Tests

In this section we present the results of unit root and stationarity tests for six quarterly euro
area time series, namely inflation measured by the harmonized CPI (Ap), GDP growth (Ay),
the output gap (x, defined as the log of the ratio of output to potential output), M3 growth
(Am), the long term nominal interest rate (10 years  government
bond rate, R) and the short term interest rate (3 months rate, r) using data from the mid-
seventies to 2003°. All level variables are defined in natural logarithms except the two interest
rates. This data set covers more or less the post Bretton Woods flexible exchange rate period.
The data of the seventies are included as they provide a lot of variation in money growth and

inflation which should not be neglected in the analysis. However, the results do not essentially

? The data are from the area wide model data base provided by the ECB except M3 which was kindly provided
by Boris Hofmann. All series are seasonally adjusted except for the interest rates.
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change when we restrict the sample period to begin in 1980, the estimates are only a bit less

precise.

Table 1 contains the results of the Augmented Dickey-Fuller (ADF) unit root tests and the
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) stationarity tests for the time series and, if
appropriate, for their first differences. Moreover, we consider a couple of linear combinations,
namely real money (m-p), velocity (m-p-y), the term spread (R-r) and the real interest rates (r-
Ap, R-Ap). For the level series except for the interest rates a deterministic trend is included.
For the ADF tests the lag length is selected according to the Schwarz information criterion,
but the results are robust with respect to this choice. The autocorrelation correction for the
variance estimate in the KPSS test is done according to the Newey-West procedure using the
Bartlett window with sample size dependent width. The results are robust with respect to

reasonable variations in the window size.

We obtain very clear cut results for all variables except for the real interest rates in the sense
that both the unit root test and the stationarity test lead to the same result. The price level and
M3 appear to be 1(2), and inflation and money growth are, therefore, I(1) but cointegrated, as
real money is indicated to be I(1). Interest rates clearly appear to be I(1) but are cointegrated,
which yields a stationary term spread. The tests point to an I(1) process for GDP and velocity
against the alternative of a trend stationary series and the output gap is, as expected,
stationary. The results are mixed, however, for the real interest rates, as we cannot reject both

hypotheses for the short as well as the long rate.

In sum, our results suggest that we have six I(1) variables (Am, Ap, m-p, y, r, R) with two
cointegrating relationships (Am-Ap, R-r). In order to check whether there is a third
cointegrating relationship representing a long run money demand function, we carried out
some multivariate cointegration tests using Johansen’s approach. To this end, we considered
first a trivariate system (m-p, y, R), where the short term interest rate is excluded, because of
the cointegration between the short and the long rate (see table 1). The trace test clearly points
to no cointegration in this trivariate system: the corresponding trace test statistics are 33.62
(with deterministic trend in the cointegrating relationship)3 and 25.98 (without deterministic

trend), which are lower than the 5 percent critical values of 42.44 and 29.68, respectively.

? The test statistic is calculated using the small sample correction replacing the sample size T by T-kp (p is the
number of variables and k is the lag length) suggested by Reinsel and Ahn (1992) in the expression for the LR
statistic.



These test results are confirmed when the short rate is included. The trace statistics for the
hypothesis of no cointegration in this four variable system with and without deterministic
trend are 69.32 (5 percent value is 62.99) and 49.60 (5 percent value is 47.21), respectively.
However, the hypothesis of at most one cointegrating relation cannot be rejected in both
cases, even at the 10 percent level. Given the stationarity result found for the term spread in
table 1, these results clearly are at odds with an additional cointegrating relation representing

a long run money demand function in the four variable system.

The cointegration analysis reported above is based on the assumption that, given the unit price
elasticity of money demand we can reduce the system to an I(1) model. If this were not
warranted, we would have to use the so-called multicointegration methodology allowing for
I(2) and I(1) variables in a cointegrating relationship. The application of the extension of the
Engle-Granger test suggested by Haldrup (1994) and Engsted, Gonzalo and Haldrup (1997)
clearly points against a stable long run money demand: The corresponding Engle-Granger t-
statistic for the null of no cointegration with log price level, log GDP and the long term
interest rate as right hand side variables is -1.85 (without trend, 5% critical value —4.25) and -

2.25 (with trend, 5% critical value —4.58), respectively4.

This finding is usually attributed to permanent changes in money demand caused by structural
changes arising in the European unification process during the last two decades and by
increased uncertainty and/or low interest rates in the last three years. The latter problem can
be accounted for by including (non stationary) measures of uncertainty in the cointegrating
relationship (e.g. Carstensen, 2003) or using a nonlinear specification for the money demand
function. However, we will not consider this issue here and proceed with two cointegrating
relationships. This means that the money demand function produces (after taking first
differences) a cointegrating relation between money growth and inflation with cointegrating
vector (1,-1), and that income, interest rates and velocity changes will have only a transitory

effects on money growth and inflation.

* This finding is robust with respect to the specification of the cointegrating relationship (inclusion of inflation
rate and/or short rate). However, shortening the sample to 2001 leads to a considerably larger t-statistics in
absolute value. This result is in line with that of Holtemoller (2004) who found evidence in favour of a long run
money demand function using Johansen’s I(2) approach and data from 1984 — 2001.
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Table 1: Results of Unit Roots and Stationarity Tests, 1975-2003

Series ADF KPSS
Am -2.46 0.998%**
A(Am) -15.67%%* 0.141
Ap -1.90 0.992%*
A(Ap) -7.00%*%* 0.130

r -1.32 0.795%*
Ar -6.88%** 0.118

R -1.06 0.799%*
AR -6.16%*%* 0.171

X -2.94% 0.095
Ay -8.47%** 0.124
m-p(test with trend) -1.22 0.146*
A(m-p) -6.98%** 0.135
m-p-Yy(test with trend) -1.17 0.219%*
r-Ap -2.73 0.310
R-Ap -2.86 0.351
R-r -4.03%* 0.317

* %% and *** indicates statistical significance at the 5%, 1% and 0.1% level

3. An EC-VAR Analysis of the Inflation-Money Growth Dynamics

In order to analyze the dynamic interrelationship between money growth and inflation we
include five variables, a short term and a long term interest rate, money growth, the output
gap and inflation. According to the results of the unit root and the cointegration tests reported
above we consider an error correction model for Ar, AR, A(Am), Ax and A(Ap) with three
cointegrating relations R-r, Am-Ap and x. For computational convenience in the impulse
response and variance decomposition analysis, the stationary output gap (x) enters the EC-
VAR model in first differences, which has to be corrected by a third “degenerate”

cointegration relationship Xx.

The lag length in the level-VAR was selected as 4, which implies 3 lagged difference terms in
the EC model. This choice is optimal according to the Final Prediction Error criterion. The
Hannan-Quinn and Schwarz criteria suggest a lag length of 1, which leads clearly to

autocorrelation in the model’s residuals. On the other extreme, the Akaike criterion (AIC),
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which has a bimodal shape, shows a slightly lower value at lag 8 than at lag 4. However, lag 8
seems to take up some extreme observations at the beginning of the sample and AIC leads to
an optimal lag length of 4 when we use the sample from 1980 to 2003. The estimation of the
model is performed in a Bayesian setup, using Markov chain Monte Carlo simulation methods
to obtain the posterior inference on the model parameters. We use conjugate prior
distributions for all model parameters. They are non-informative for the constant, the error
correction parameters and the covariance matrix of the residuals. For the parameters on
lagged variables, we implement a Minnesota type prior with overall tightness 0.3 and weight
for off-diagonal elements equal to 0.5 (Litterman, 1986, and Hamilton, 1994, pp. 360-362).
The details on the Gibbs sampler used to obtain draws from the posterior distributions are
found in Kaufmann and Valderrama (2004).> Before turning to the empirical results, it is
worthwhile to mention that we get essentially the same pattern of results when the output gap

is replaced by the GDP growth rate.

The error correction coefficient estimates are reported in table 2. We clearly see statistically
and economically significant reactions with EC coefficients of —0.22, 0.18 and 0.31 on money
growth acceleration, inflation acceleration and the output gap change, respectively, to lagged
real money growth. Accordingly, real money growth is adjusted to its long run value by
changes in nominal money growth and inflation acceleration of similar absolute sizes. Of
course, this means that money is not weakly exogenous in our EC-VAR. This finding reflects
a symmetric lagged partial adjustment of nominal money growth and inflation to changes in
real money growth, which can be interpreted in two ways.The lagged adjustment of inflation
to changes in real money growth may be caused by short run price rigidities, whereas the
negative lagged adjustment of nominal money growth could be the result of a reaction of
monetary policy, which is tightened (loosened) when real money growth was unusually high
(low) in the past. On the other hand, under rational expectations, expectation effects may
render current inflation dependent on expected future money growth. Therefore, we may get
a “wrong” dynamic picture that money growth lags inflation although causality runs the

opposite way’. Note that, in addition, lagged real money growth has a strongly positive

> Specifically, the lagged error correction terms enter the system as given variables. At each iteration of the
sampler, the simulated VAR parameters are retained if they define a system which is stable (non-explosive) in
the long-run, i.e. a system in the level variables (taking into account the cointegrating relationships) which has
eigenvalues not greater than one.

% Consider the model with flexible prices and assume that the money demand is given by

m—=p = dt +ay, _b(ErpH-l - pt)
where d is an exogenous variable reflecting the influence of real interest rates as well as other shifts and shocks
in money demand and E sub t means conditional expectations given information at time ¢. Forward iteration of
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influence on the change in the output gap which in turn affects changes in inflation through
lagged differences in the EC-VAR. How important all these effects are for the variability of
inflation and money growth, can only be analysed in a variance decomposition exercise. As
we will be see below in Figure 2, such an analysis shows that money growth shocks are very

important for long run inflation variability whereas the opposite is not true.

The size of the reaction of the variables to the term spread is weaker and less statistically
significant. However, we clearly can reject the joint hypothesis that the EC coefficients in the
interest rates and the output gap equations are zero. Finally, note that according to the
adjusted R-squared measures, the fit of the EC model is remarkable for a differenced model,
in particular for the inflation rate acceleration where nearly half of the variation is explained

by the model.

In order to prevent economically unreasonable effects like a permanent effect of the stationary
output gap on interest rates, inflation and money growth, all EC coefficients on the lagged x
are set to zero except in the equation for Ax. In addition, the statistically insignificant term
spread is excluded from the money growth acceleration and the inflation acceleration
equations. These restrictions concerning the error correction structure are jointly tested with
the restrictions on the cointegrating space, i.e. a stationary term spread, real money growth
and a stationary output gap. The LR test statistic of this restricted model against the
unrestricted I(1) VAR, which is asymptotically chi-squared distributed with 13 degrees of
freedom under the null hypothesis, is 16.95", Therefore, these restrictions cannot be rejected

at usual significance levels (10 percent critical value is 19.81).

this equation under the assumption of exogenous money supply and rational expectations provides the following
solution for the price level

1 & b oy
=— > (—)E(d,, +m, —ay,,).
pl‘ 1+bl:0(1+b) t( t+i mH—l ayH—l)

Therefore , inflation leads money growth although prices are fully flexible and adjust instantaneously to changes
in the money stock.

7 The test statistic is calculated using the same small sample correction replacing T by T-pk as in the
cointegration tests.
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Table 2: Error correction coefficients estimates and adj. R-squared in an EC-VAR(3)
for the short rate, long rate, money growth, output gap and inflation in the euro area,

1975-2003

Ar AR A(Am) Ax A(Ap)

R-r 0.11 -0.09 0.04 0.10 0.04
(0.07) (0.05) (0.05) (0.06) (0.04)

Am-Ap 0.02 -0.02 -0.22 0.32 0.18
(0.01) (0.08) (0.09) (0.10) (0.07)

X 0.16 0.04 0.09 -0.18 0.04
(0.07) (0.05) (0.05) (0.06) (0.04)

Adj. R-sq 0.32 0.28 0.25 0.18 0.46

Equations are in columns and cointegrating linear combinations in rows. Standard errors
are given in parentheses.

The error correction coefficients give some important insights on the adjustment process.
However, this is only part of the story in the sense that there are indirect channels operating
through the lagged endogenous variables. For instance, lagged real money growth has strong
effects on the change in the output gap which in turn may influence the change in the inflation
rate with a lag. This indirect influence can be seen in the impulse response function which
show the dynamic effect of a shock in one variable on all variables of the system. To this end,
we orthogonalize the residuals using a Cholesky decomposition of the residuals’ covariance
matrix, given the ordering of the variables as in table 2 . Instead of using a structural VAR
approach, we select this procedure because we are mainly interested in the effects of shocks in
M3 growth in general, rather than in the effects of identified monetary policy or money
demand shocks. Therefore, the reader should be aware that it does not make sense to give a
structural interpretation to the impulse responses reported below. In particular, the shock in
the short rate cannot be interpreted as a monetary policy shock, rather, it seems to be
dominated by changes in inflation expectations. Of course, our approach may suffer from the
arbitrary ordering of the variables. In our context, however, this is not a major problem as
the residuals of the money growth equation are only weakly correlated with the four other
residuals series. In fact we get essentially the same results for the impulse responses to money
growth shocks for all other orderings. The impulse responses for 24 quarters and the
corresponding forecast error variance decompositions are displayed in figure 1 and 2,

respectively.
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Figure 1: Accumulated impulse responses along with the 95 % confidence interval, EC-

VARQ@3), 1975-2003.
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Now let us discuss some results of the impulse response and variance decomposition analysis,
concentrating on the dynamic relationship between money growth and inflation. Figure 1
shows that a permanent shock in money growth (third column) leads to a transitory and
insignificant increase in the short rate (first row) and in the long rate (second row) after a
minor negative reaction at the beginning in the latter case. There is a long lasting but
transitory significant positive effect on the output gap (fourth row) and a permanent effect on
the inflation rate (fifth row). Shocks in the short term interest rate (first column) have a
transitory positive effect on the output gap and on the inflation rate. In the first case, the effect
is reversed after two years, and becomes insignificant in the second case. Shocks in the long
term interest rate and the output gap have mostly transitory influences on inflation and

decrease finally to zero in the long run.

This pattern of results is reflected by the forecast error variance decomposition displayed in
figure 2: For short horizons up to four quarters, inflation variability is dominated by shocks
(in decreasing order of magnitude) in the short rate, the output gap, the long rate and money
growth. In the medium to long run (at a horizon longer than 15 quarters), however, money

growth shocks account for at least 30 percent of inflation variability and only own inflation
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shocks are of greater importance. If we increase the horizon of the variance decomposition to
40 or 50 quarters, we end up with approximately the same share of variance explained by own
shocks and money growth shocks, and with only negligible contributions of interest rates and
output gap shocks. Finally, note that money exhibits a high degree of exogeneity in the sense
that its forecast error variability is dominated by own shocks (over 80 percent up to 16

quarters and remaining over 70 percent at further increasing horizon) .

Figure 2: Variance decomposition, EC-VAR(3), 1975-2003, mean estimate with 95%

confidence interval
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All the findings reported above suggest considering shocks to nominal M3 growth as leading
indicators for inflation. Of course such an indicator of inflation is unusual and a directly
observable variable is preferable. Fortunately, the one period lagged real money (M3) growth
rate is not only conditionally but even unconditionally correlated with inflation acceleration.
This can nicely be seen from the scatter plot displayed in figure 3 and from the fact that we
calculate a simple correlation coefficient of 0.46 for these two variables, which is rather high
given the very volatile quarterly inflation and money growth data. Of course, this indicator
differs from the ECB reference value for nominal M3 growth in two respects: First, it is real
money and not nominal money growth which is relevant. Even in times of relatively low and

stable inflation this may make a difference as these two measures are strongly but not
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perfectly correlated (the correlation coefficient is 0.86 for 1999-2003). Second, and more
importantly, real money growth is an important indicator for the change in future inflation.
Thus, a real money growth at its long run level (3.2 percent per annum for the period 1975-
2003) would be consistent with a constant inflation rate at its current level, whereas a value of
real money growth below (above) this value would indicate disinflation (acceleration of
inflation). This implies that an annual growth rate of nominal money of slightly above 5
percent would be appropriate to keep inflation at a current value around 2 percent according

to our model.

Figure 3: Scatter Plot of Inflation Acceleration against Lagged Real Money Growth,
Quarterly data 1975-2004
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4. A Markov Switching EC-VAR Model

To further assess the robustness of the long-run relationship between money growth and the
inflation rate over the sample period, we estimate the EC-VAR model with parameters subject
to regime switches. Basically, we assume that all parameters switch between two states except
for the covariance matrix of the residuals. From the previous analysis, we take as given the
cointegrating relationships and we estimate the model again with the use of Markov chain
Monte Carlo simulation methods. A preliminary analysis revealed that in the switching
specification the coefficients on the second and third lag of the variables were insignificant.

Therefore, the estimation includes only one lag of the endogenous variables.
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Table 3 reports the adjustment coefficients of the error terms in both states. In state 1, the
adjustments to the error terms have the expected sign. In particular, the lagged term spread
mainly affects the short term interest rate, while all other variables do not react significantly
to it. All variables, except for the money growth acceleration, react positively to lagged
changes in real money growth. In particular, inflation accelerates more strongly than in the
linear case, 0.3 versus 0.18 in table 2. The adjustment of money growth is about the same as
in the linear case, -0.26 versus -0.22 in table 2. Real money growth has also quite a strong
effect on the short term (0.18) and the long term (0.11) interest rate, and on the output gap as
well (0.18). Finally, the lagged output gap has a positive effect on the short term interest rate.

State 2 is characterized by very rapid adjustments of interest rates to the spread and to real
money growth. The short term and the long term interest rate adjust positively (0.77) and
negatively (-0.29) to the lagged spread, while the other variables do not react significantly to
it. Very interestingly, nominal money growth and inflation accelerate by about the same
amount (-0.23 and 0.26, respectively) as in state 1 to lagged real money growth.® This
confirms the robustness of the long-run relationship between money growth and inflation over
the entire sample period found in the linear specification of the previous section. Both interest
rates, on the other hand, adjust negatively to lagged real money growth in state 2, the short
term interest rate nearly five times larger in absolute value and the long-term interest rate

twice as much as in state 1. The lagged output gap does not affect other variables in this state.

Given that the adjustment of money growth and inflation to lagged changes in real money
growth are nearly equal in the two states, we restrict these coefficients to be equal across
regimes and re-estimate the Markov switching EC-VAR model. Figure 4 depicts the marginal
posterior distributions of the adjustment coefficients obtained with this restriction. The figure
confirms that state 2 (dotted lines) is mainly characterized by an almost immediate adjustment
in interest rates to the lagged spread and also strong reactions of interest rates to lagged

changes in real money growth.

¥ The standard deviations of both coefficients suggest marginal significance, which is confirmed by the
confidence intervals (-0.58 0.03) and (-0.07 0.56), respectively.
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Table 3: State-dependent error correction coefficients estimates of an EC-VAR(1) for
the short rate, long rate, money growth, output gap and inflation in the euro area, 1975-

2003. Standard errors are in parentheses.

R-r Am-Ap X

Ar state 1 0.13 0.18 0.14
0.5) (0.08) (0.06)

state 2 0.77 -0.89 0.10
0.17) (0.18) 0.17)

AR state 1 -0.01 0.11 0.03
(0.04) (0.06) (0.04)

state 2 -0.29 -0.21 -0.12
(0.11) (0.13) (0.13)

A(Am) state 1 0.03 -0.26 0.07
(0.04) (0.07) (0.05)

state 2 0.21 -0.23 -0.15
(0.13) (0.15) 0.17)

AX state 1 0.07 0.18 -0.18
(0.05) (0.08) (0.05)

state 2 0.05 0.15 -0.06
(0.14) (0.16) (0.13)

A(Ap) state 1 0.02 0.30 0.02
(0.04) 0.07) (0.05)

state 2 -0.13 0.26 0.20
0.14) (0.16) 0.14)

Figure 4: Marginal posterior distributions of the adjustment coefficients. Coefficient

specific to state 1 (dashed) and coefficient specific to state 2 (dotted).

X A(Am) AR AT

A(Ap)

R-r AM-Ap
10 5 f
. ﬂ\ o
0 J,,’! \\\, 0 \,j,K
-1 0 1 2 2 1 0 1
20 10
A\
10 A 5
0 //7\_\)\\ 0 _ -~ j\\&
-1 0.5 0 0.5 -1 0.5 0 0.
10 10
5 f\ 5 e
0 ,jf’/\, Tae 0 / \\
-0. 0 0.5 1 -1 0.5
10 10
A
5 j/R 5 ?\
N IS A NN ) I/ N
-0. 0 0.5 1 -0.5 0 0.5 1
10 10
5 /\ 5 a
LT LN
-1 0.5 0 0.5 0 0.5 1

18

10

; A
N
-1 0

10
; J
R A
-1 -0.5 0

10
. A
N R
-1 -0.5 0

10
5 N
oL L
-1 -0.5 0

10

i

5
Lo
0.5 0 0.5




Figure 5: Posterior state probabilities along with both interest rates and the money
growth and the inflation rate (in annualized values).
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The relevance of the two states is confirmed in figure 5 which plots the posterior probabilities
of state 2. This state prevailed from the first quarter of 1978 through the first quarter of 1980
and for another year from the last quarter of 1980 through the third quarter of 1981. Sharp and
persistent increases in both interest rates along with accelerating rates of inflation and
decreasing rates of money growth, hence decreasing real money growth, are characterizing
this state (see also table 4). It is also interesting to note that changes in the short term interest

rate are twice as volatile as in state 1.

The impulse responses for state 1 (prevailing most of the time during the observation sample)
are plotted in figure 6. We report a permanent increase, which is only marginally significant
in the long-term, in both interest rates after a shock in nominal money growth. Inflation reacts
significantly positively to a shock in nominal money growth, and likewise, money growth
increases permanently after a shock in inflation.” The output gap reacts transitorily to shocks
in money growth and to shocks in inflation, positively (without significance) in the first case

and negatively in the second case. Finally shocks in the output gap have a transitory positive

? See footnote 5.
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effect on the short-term interest rate and shocks in both interest rates affect the output gap

transitorily positively.

Table 4: Mean and standard deviation (in parentheses) of the variables in the two
regimes (annualized figures).

Levels | Regime 1 Regime 2 First Regime 1 Regime 2
1978Q1-1980Q1 | Differences 1978Q1-1980Q1
1980Q4-1981Q3 19800Q4-1981Q3

r 7.81 11.18 Ar -0.14 0.58

(3.25) (2.87) (0.56) (1.09)

R 8.58 11.34 AR -0.11 0.51

(2.80) (2.08) (0.39) (0.42)
Am 7.52 10.93 A(Am) (0.01) (-0.57)
(2.93) (2.49) (1.76) (2.25)
Ap 4.09 9.39 A(Ap) -0.12 0.60
(2.89) (2.21) (1.71) (1.84)
Am-Ap 3.43 1.55 A(Am-Ap) 0.12 -1.17
(2.27) (4.49) (2.66) (3.65)

Note that except for real money growth the variables in levels are non-stationary. Thus,
means and standard deviations in these cases should be considered as purely descriptive
measures and not as estimates of the corresponding (non-existing) population moments.

Figure 6: Accumulated impulse responses in state 1 along with the 95% confidence
interval.
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Figure 7: Accumulated impulse responses in state 2 along with the 95% confidence

interval.

responsein ...

Figure 7 plots the impulse responses for the second state. Both interest rates react negatively
to shocks in nominal money growth and positively to shocks in inflation. These patterns
reflect the characteristics of the second state. Sharply rising and volatile interest rates
combined with increasing levels of inflation. The negative reaction to changes in nominal
money growth comes from the decrease in real money growth, reflecting tight monetary
policy, while interest rates and inflation were still rising. All other impulse responses are
mainly insignificant. Worth mentioning are the negative reaction of the output gap to a shock
in inflation and the positive reaction of inflation to a shock in money growth. Although both

reactions are nearly insignificant also in the short turn, they have the correct sign.

The variance decompositions obtained in state 1 are plotted in figure 8. Basically, the results
of the linear model are confirmed. In the short run, for both interest rates the forecast error
variance is dominated by own shocks, while in the long run, shocks to the long-term interest
rate dominate the error variance in both interest rates. Shocks to the long-term interest rate
also explain a remarkable fraction (nearly 20 percent) of the forecast error variance in the
output gap. The main share of the forecast error variance of nominal money growth is

attributable to own shocks (50 percent), while shocks to inflation explain about 28 percent in
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the long run. Shocks to money growth explain 16 percent of the forecast error in inflation
after one year and 25 percent after two years. In the long run, the share increases to one third,

which confirms the monetary phenomenon of inflation.

In state 2, the impulse responses revealed that shocks are mainly absorbed by interest rates
changes. This is also reflected in the variance decompositions (see figure 9). A sizeable share
of the forecast error variance in both interest rates is explained by shocks to nominal money
growth, to the output gap and to inflation, rapidly increasing to the long run level.
Interestingly, a major share of the forecast error variance of the other two financial variables
in the system, money growth and inflation, is also attributable to shocks in the output gap.
Both shares increase from, respectively, 14 percent and 16 percent after one year to 33 percent
in the long run. Still, shocks in money growth explain about 33 percent of the error variance

in the inflation rate in the long run.

Figure 8: Variance decomposition in state 1, EC-VAR(1), 1975-2003, mean estimate with
95% confidence interval.
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Figure 9: Variance decomposition in state 2, EC-VAR(1), 1975-2003, mean estimate with
95% confidence interval.
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S. Summary and Conclusions

There is mixed recent empirical evidence concerning the role of the money stock M3 as an
indicator for future inflation and correspondingly current monetary policy. On the one hand,
the data since 2001 raise a substantial doubt about the existence of a stable long run money
demand function, and the predictive power of money growth or money growth corrected for
inflation (real money growth?) seemed to be only minor. On the other hand, this negative
evidence for the relevance of M3 in the euro area is questioned by recent papers concentrating
on the relationship between trend inflation and money growth, both approximated by HP-
filtered values. This paper confirms the results of those recent studies using a different
econometric methodology. Instead of relying on constructed variables, such as core money
growth, trend inflation, or real money and price gaps, and on a specific structural model for
inflation dynamics, relying on a stable long run money demand function, we analyse the short
and long run interrelationship between inflation and money growth in an error correction
framework, also including the output gap (or GDP growth) and short and long term interest

rates.

23



In this context, different degrees of integration of the variables are taken into account: unit
root and stationarity tests indicate that prices and money are I(2), that both interest rates, a
short term and a long term interest rate, are I(1) variables. The output gap enters the analysis,
of course, as a stationary series. In addition, a stable long run money demand function does
not seem to be present when data of the most recent years are included in the analysis. We
consider the short and long run interrelationship between inflation and nominal money
growth, which are indicated to be cointegrated, in a five variable error correction model with
and without Markov regime switches. The results of the linear model and the first regime
prevailing most of the sample period in the nonlinear model are essentially equal. We find
robust cointegration between nominal money growth and inflation with strong error correction
in both variables. In the long run, shocks in M3-growth account for 33 percent to 40 percent
of the inflation forecast error variance. The effects of output gap and interest rate shocks on
inflation are mainly transitory and their forecast error variance shares are negligible at

medium term horizons.

There is evidence for a second regime prevailing at the end of the seventies and beginning of
the eighties which relates to periods of high interest rate and inflation rate levels and
decreasing, even contracting, rates in real money growth. Overall, we present firm evidence
for a stable dynamic relationship between money growth and inflation which implies that the
deviation of real money growth from its long run average is a good indicator of future
inflation acceleration or deceleration. This finding, of course provides evidence in favour of
the recently de-emphasised first pillar of the ECB strategy. Nevertheless, according to our
results and given a historical average real money growth rate of 3,2%, an M3-growth rate of

slightly above 5% is compatible with a non-accelerating average rate of inflation of 2%.
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