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Editorial

This paper analyzes the recently documented instability of money demand in the euro
area in the framework of a Markov switching trend model. First, the authors consider a
standard flexible price model with stable money demand, rational expectations, and an
exogenous income-money ratio which follows a Markov trend. This framework, which
implies an influence of expected future money on prices, leads to a cointegrating
relationship between (log) prices and the (log of the) money-income ratio with a
switching intercept term. Of course, this likely leads to a rejection of cointegration by
standard tests and to the erroneous conclusion of an unstable money demand. Second,
a more general model allowing for endogeneity and more general dynamics is
estimated with Bayesian methods for euro area data from 1975-2003. This exercise

provides support for the model and a stable demand for M3 in the euro area.
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Abstract

This paper analyzes the recently documented instability of money demand in the
euro area in the framework of a Markov switching trend model. First, we consider a
standard flexible price model with stable money demand, rational expectations, and
an exogenous income-money ratio which follows a Markov trend. This framework,
which implies an influence of expected future money on prices, leads to a cointe-
grating relationship between (log) prices and the (log of the) money-income ratio
with a switching intercept term. Of course, this likely leads to a rejection of coin-
tegration by standard tests and to the erroneous conclusion of an unstable money
demand. Second, a more general model allowing for endogeneity and more general
dynamics is estimated with Bayesian methods for euro area data from 1975-2003.
This exercise provides support for our model and a stable demand for M3 in the
euro area.

JEL classification: C11,C32,E41

Key words: Bayesian cointegration analysis, Markov trend, Markov chain Monte
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1 Introduction

The data since 2001 raise a substantial doubt about the existence of a stable long run
money demand function for M3 in the euro area, which seemed to be firmly established
with data of the 1980s and 1990s (see for instance Bruggeman, Donati and Warne, 2003,
Carstensen, 2004, Kugler and Kaufmann, 2005). This finding is usually attributed to
permanent changes in money demand due to structural changes induced by the ongoing
European unification process during the last two decades and by the increased uncertainty
and/or low interest rates during 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, 2004) or using a nonlinear specification for the money demand function.
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This paper proposes an alternative explanation for the instability result of euro area
M3 demand based on Markov switching trends. Assuming rational expectation forma-
tion, we investigate the effects of introducing a Markov switching trend in the money-
income ratio (log of money minus log of income) on the cointegrating relationship be-
tween prices, money and income. This approach is based on the corresponding analysis
in Hall, Psaradakis and Sola (1997) who, within the framework of the permanent income
hypothesis, analyze the implications of a Markov switching trend in income for the coin-
tegrating relationship between consumption and income. We consider a standard flexible
price model with a stable money demand, rational expectations and an exogenous money-
income ratio which follows a Markov trend. This framework, which implies an influence of
expected future money on prices, leads to a cointegrating relationship between (log) prices
and the (log of the) money-income ratio with a switching intercept term. Of course, this
likely leads to rejections of cointegration by standard tests and to the erroneous conclusion
of an unstable money demand. Second, a more general model allowing for endogeneity
and more general dynamics is estimated for euro area data over the period 1975-2003,
applying Bayesian methods used by Paap and van Dijk (2003) for the permanent income
model. This exercise provides support for our model and the long-run stability of the
demand for M3 in the euro area.

The smooth transition equilibrium correction model in Sarno et al. (2003) is an-
other framework to estimate and test the presence of nonlinearities in the money demand
function. Their approach, however, is based on a stable linear cointegration relationship
in money, prices, income and interest rates. The non-linearity occurs in the adjustment
towards the long-run equilibrium. In our investigation, the non-linearity enters the cointe-
gration relationship while the dynamics are assumed to be linear. We think that this latter
specification is consistent with the evidence obtained so far for the euro area data, which
documents that changes concern mainly the long-run properties of the money demand.

The content of the paper is organized as follows: Some empirical facts concerning
the growth of money relative to real income in the euro area are presented in section 2.
Section 3 contains the analysis of the theoretical flexible price model assuming a Markov
trend for the money-income ratio. The econometric model is outlined in section 4 and
the Bayesian estimation is outlined in section 5. The empirical results for the euro area
are presented in section 6. Section 7 concludes.

2 Money and real income in the euro area

Figure 1 displays the growth rate of the money-real income ratio in the euro area from
1975 to 2003. We observe periods during which money has been growing on quarterly basis
at around 2% faster than real income (1979-83, 1993, 2001-03) and periods during which
money growth has been moderately higher than real income (1984-92, 1994-2000). These
different episodes reflect among other things the stance of monetary policy. In particular,
we have a relatively restrictive monetary policy on the way to monetary union in the years
1994-1998. By contrast, monetary policy had been very expansive during the 1970s and
the early 1980s in some EMU countries in trying to avoid high unemployment by tolerating
rather high inflation rates in the aftermath of the two oil crises. The monetary expansions
in 1993 and during 2001-2003 were supporting the attempt to avoid strong negative real
effects of the EMS crisis and the terrorist attack in September 2001, respectively. In



Figure 1: Growth rate of the money-income ratio in the euro area 1975-2003.

0.04

0.03 b

0.02

O0.01r b

—0.0
1]975 1980 1985 1990 1995 2000

the present context, the exact reason for these different regimes in the growth rate of
the money-real income ratio is not important. What is important is that the euro area
witnessed prolonged period of relatively slow or flat money growth. Ultimately, this may
influence the expectations concerning future money growth. For instance, in contrast to
the 1970s and 1980s, the high money growth rates after September 11, 2001 may have
been perceived as only transitory and therefore had no full effect on prices.

These different episodes may lead to breaks in the relation between inflation and
money growth or in the relation between the price level, real income and the money
stock. We explore this possibility theoretically and empirically in the present paper.
First, we consider a simple theoretical model with restrictive assumptions concerning the
real interest rate and the dynamics in the next section. In the subsequent section, we use
a more general empirical model based on less restrictive assumptions and estimate it with
euro area data to assess the empirical relevance of the theoretical predictions.

3 Expected money growth, Markov trends and prices

In this section we adopt the approach developed by Hall, Psaradakis and Sola (1997)
for the permanent income model to investigate the relationship between money, income
and prices under price flexibility and rational expectations. Consider the money demand
function

my — pr =Y — O(Epeyr — o) + & (1)

where my, p; and y; are the log money stock, log price level and log income (measured
by real GDP), respectively. & is a white noise random error and E; means conditional
expectations given information at time ¢. The expected inflation term reflects the influence
of the nominal interest rate and b is therefore the interest rate semi elasticity of money
demand. For the moment, we assume that the real interest rate is constant and we omit
the resulting constant term for the sake of simplicity. The empirical econometric model
will allow for a stationary real interest rate. Similarly, we omit a deterministic trend
in velocity of money in this section, but in our empirical work this possibility is taken
into account. Now let us assume that prices are fully flexible and money and output are



exogenous. Solving the money demand equation for p, yields

1

=T

b
{(mt — ) + 1—_|_bEtpt+1 + gt} (2)

Forward iteration under the assumption of rational expectations provides the following
solution for the price level

00 7

P = %—l—b {; (1L+b) Ei(miyi — Yers) + &} (3)
In analogy, to the permanent income hypothesis, the current price level depends on the
discounted expected future values of the money income ratio. In order to analyze the
implications of this equation for the price level, we have to make an assumption with
respect to the law of motion of the forcing variable m; —y;. Instead of assuming a standard
non-stationary linear time series process, we assume the following Markov switching trend
model for the money-income ratio (m; — y;):

my =Y = T+ 2 (4)
ne = M—1+% + NSt (5)
st = (L=p)+(p+q—1)si-1+m = a0+ a1s1 + (6)
2t = Z—1 Tt &t (7)

According to equation (4), the money-income ratio consists of two components: The
first one is a two-state, s; = 0,1, Markov trend with different growth rates and the
following transition probabilities:

Pr(s; =0|s;-1=0) = p (8)
Pr(s;=1|s;.1=1) = ¢ 9)

In our model, it is convenient to use the AR(1) representation of the state variable given in
equation (6) with 7, representing a martingale difference sequence. Moreover, we assume
that state 1 is characterized by a lower growth rate, i.e. 79 > 0 and +; < 0. The second
component of excess money is a random walk with innovation &;.

Using the AR(1) representation of s; and the random walk assumption for z, we get
the following expression for the expected future money-income ratio:

Ef(muvi = Yei) = et Z (Yo + 1 Eiseej) + Eizis (10)
j=1
= m+z+iv+tmn Z (ao (1 +a;+....+ a{_l) + a{st)
j=1

Inserting equation (10) in equation (3) provides, after some rearrangement, the following

expression for the price level:
1 N b Y ; i : -1 j
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In general, the state variable enters the solution for the price level. The corresponding
coefficient k4 is only zero if we have a value of zero for at least one of the three coefficients:
71 (no Markov trend), b (no expected future values are relevant) or a; (unpredictable state
variable). The comparison of equations (4) and (11) shows that the difference between
the price level and the money-income ratio, i.e. the velocity, is given by p, — (m; — y;) =
Ko + K1S¢ + ﬁb&, and thus, has a state dependent intercept term. Therefore, standard
cointegration tests are likely to reject the cointegration hypothesis when applied to data
generated by our model. However, the no-cointegration result between money, income
and prices is only brought about by expectation effects in the framework of a Markov
trend model, and not by an unstable money demand.! Moreover, note that the random
walk or stochastic trend component z; is common to both series, p, and m; — ¥, and
therefore, these components are cointegrated.

4 A generalized bivariate econometric model

For our empirical analysis we will use a more general model than that outlined in section
3. In particular, we will allow for autocorrelation in the error terms and lagged adjust-
ment in observable variables. Moreover, money and income are no longer assumed to be
exogenous and the real interest rate is no longer assumed to be constant. The general
short run dynamics of the variables allow for variation in the real interest rate. The only
(theoretically plausible) assumption is that the real rate is stationary and therefore, it
does not enter the long run relation between money, real income and prices.

We use the EC-VAR framework developed by Paap and van Dijk (2003) for consump-
tion and income. Let us define the two-dimensional vector Y; = [p;, my;]. According to
the model of section 3, we decompose this vector into three components:

Y, = N+ R, + Z, (12)

where N, follows a bivariate Markov trend process with two-dimensional parameter vectors
FQ and Pl
Nt = Nt—l + FO + PlSt. (13)

The component R; allows for a shift in the price level (see equation (11)) and is given by

n=[ 2] ”

LA similar explanation for the failure of the expectations hypothesis of the term structure of interest
rates was provided by Hamilton (1989) and Kugler (1996). In the former paper, Markov switching in the
level of the short rate is considered, whereas Markov switching in the VAR for the short and the long
rate is analyzed in the latter paper. In both cases, linear models lead to an erroneous rejection of the
expectations hypothesis of the term structure.



Equation (13) allows for different trends in the price level and the money-income
ratio, as we do not restrict Iy and I'y to obtain the same unconditional trend growth
rates (I'o+T'1(1 — p)/(2 — p — q)) in both series. Thus, our empirical model allows for a
different unconditional trend growth in prices and the money-income ratio which may be
caused by a deterministic trend in velocity. Backward iteration of equation (13) provides
the following expression for the bivariate Markov trend component:

t
Ny=Ni+ (=1 +T1) s (15)
=2
Note that a constant term in the level relationship (k¢ in equation (11)) is captured by
differences in the unobserved starting values for the trend component Nj.

Finally, we assume a VAR(k) model for Z;. As our theoretical framework of sec-
tion 3 implies cointegration between the two elements Z;, we adopt an error correction
formulation of the VAR model:

k—1
AZy=TZ_1+ Y UAZi+e, (16)
i=1
where ¢; is a vector of white noise error terms. The rank of the matrix II is a) full if
Z, is stationary, b) one if Z; is difference stationary but cointegrated and c) zero if Z; is
difference stationary without cointegration (Johansen 1991).

To perform cointegration analysis, it is very convenient to use the parametrization of I1
proposed by Kleibergen and Paap (2002), which is called the unrestricted error correction
model M,..:?

y 10 o
II'=pBa+ Bira, = (6 5¢)(0 )\>< )7 (17)

o]

where o = (ay, ), f = (1, —f32)" are the vectors of the adjustment and the cointegrating
coefficients, respectively. A is a scalar and measures the deviation from the cointegration
space. The orthogonal complements of the vectors o and (3 are denoted by a,and 5, . If
A is different from zero, the matrix II is unrestricted and additionally, has full rank (the
four coefficients of the matrix II are determined by «, B, and A). If A is zero, we have
cointegration and the corresponding reduced rank restriction holds. Finally, if all four
coefficients of Il are zero Z; is fully difference stationary.

The parametrization (17) of the matrix II is very convenient for estimation and testing
purposes as all the coefficients can be obtained by the singular value decomposition II" =
USV' with orthonormal matrices U and V' and diagonal matrix S containing the singular
values of II in decreasing order:

U:[Un U12]’V:[011 012]752{811 0] (18)
U1 U2 V21 V22 0 S22

From equation (17) we obtain the following expressions for the parameters of interest
(Kleibergen and Paap, 2002, pp. 226-227) where sig means the sign of the argument:

@ = U11811[U11 7121]
By = —ug/un (19)
A= 5i9(“22022)822

ZKleinberger and Paap (2005) show in a more recent paper that this parametrization is also useful in
a classical testing framework.



5 Bayesian estimation

The estimation of model (12)—(17) is cast into a Bayesian framework and based on the
sampler proposed in Paap and van Dijk (2003). To briefly outline the Bayesian setup, we
write for notational convenience Y' = (Y,,Y;_1,...Y}) which gathers all observations up
to time ¢. Conditional on initial conditions Ny, the state variable s” = (sr,...,sy) and
the model parameters 6, we can factorize the likelihood

T
LYT|s",0, M) = [[ Fvily'=.6,s', Ny), (20)

t=1
where the observation density f(Y;|Y*™!,0,s', Ny) is bivariate normal

1 1
=1 g ot _ -1
f(Y Y"1 0,8 Ny) = 2 Aot (212 exp {—5522 5t} . (21)

The density of sT depends on the transition distribution given by p and ¢:
m(s") =p"0 (1 —p)" g™ (1 = g)™m(s0), (22)

where NV;; equals the number of transitions from state i to state j and m(sg) represents
the initial state distribution.

For the model parameters, we closely follow the prior specification of Paap and van Dijk
(2003). Given the first observation in the sample, the prior distribution for the initial
condition of the Markov trend, Nj, is assumed to be normal N(Y7,Y). Further, we
assume diffuse priors for X, I, ¥ = (¥y,..., ¥;_4), and dy, i.e.

(%) o det(X) Y2, (1) < 1, w(¥) o 1, 7(6y) ox 1.

Regarding the state-specific parameters 'y and I'y, we choose a prior which uniquely
identifies the states and which restricts the unconditional growth rates I' = (y1, 7o)/,
where I' = T'g+T'1(1—p)/(1—p—q), of the Markov trends. To uniquely identify the states,
we define state 1 to be the state with a lower trend growth rate in both variables, i.e. I'y is
restricted to be negative, I'y < 0. In addition, the difference in the unconditional growth
rates of the Markov trends, dy = ~; — 79, should reflect the difference in the unconditional
growth rates observed in the data (see figure 3 below). Therefore, we restrict dvy to the
interval |dy — G| < dG, where G is the average growth difference between the series,
G = ﬁ Zthg dy;, with dy; = Ap; — A(my — y;), and dG is twice the standard deviation
of the average growth difference dG = 2(T — 1)~'/2std(dy;). Formally,

Ty Ty) o { 1 if (Fo,rl) e{loeR2T, e R Ty <0, |[dy — G| <dG} '
0 otherwise
Finally, we assume a uniform prior for p and ¢, m(p) = U(0,1) and 7 (q) = U(0, 1).
To obtain draws from the joint posterior distribution 7(#, sT, N1|Y7T) we iteratively
sample from the conditional posterior distributions 7(s” |0, Ny, Y7), and 7(0, Ny|s*,YT).
The first step is based on the single-move sampler derived in Albert and Chib (1993). To

Si.e. 0= (Fo,rl,H,\IJ,él,Z,p, q), with ¥ = (\Ill, .. .,\I/kfl).



sample from (6, Ny|sT, Y1), additional blocking is useful to derive conditional distribu-
tions from which sampling is standard. Basically, all parameters except X, p and ¢ can
be sampled from normal or matrix normal distributions. ¥ is sampled from an inverted
Wishart distribution, and p and ¢ are sampled from independent beta distributions (see
Paap and van Dijk, 2003).

The cointegration analysis is based on the decomposition given in (17). If the variables
are non-stationary but not cointegrated, then II = 0. If the variables are cointegrated, the
reduced rank restriction applies and A = 0. Thus, the Bayes factor to evaluate the model
of no cointegration, Mp—q against the unrestricted error correction model M. amounts
to evaluate the Bayes factor for IT = 0 in M... Correspondingly, the Bayes factor to
evaluate the model of cointegration, My—_y against the unrestricted model M., is in
fact the Bayes factor for A = 0 in M,... Both Bayes factors may be estimated using
the Savage-Dickey density ratio (Dickey, 1971), which equals the ratio of the marginal
posterior density to the marginal prior density of II and A, respectively, evaluated at
[T=0and A =0:

) =
_ T =0
BF(M/\ZO‘M’LLGC) - m (23)

The marginal posterior density of II can be inferred directly from the Gibbs output by
averaging over the full conditional posterior distributions evaluated at zero, while the
posterior distribution of A may be estimated using a kernel estimator. The prior height,
which are not defined given that we use diffuse priors, is approximated by the penalty
function (2r)"2@="? (see Kleibergen and Paap, 2002 for more details).

If evidence for cointegration is present, we can sample (3, and a adding a Metropolis-
Hastings step into the Gibbs sampler, where the acceptance rate at iteration (m) for the
values (a(™, ﬁém)) obtained by the transformation (19), depends on the value w(-) which
is given by the ratio of the posterior of the cointegration model and the posterior of the
unrestricted error correction model. Thus, at each iteration, (a(m), ﬁém ) are accepted

w(E0m alm) g5 Am) .
S D) gD D) 1), see Paap and van Dijk (2003)

with probability 7 = min
and Kleibergen and Paap (2002) for more details.

6 Results

6.1 The data

We use quarterly data covering the period from 1975 to 2003. They stem from the area
wide model database provided by the ECB, except for M3.# All series are seasonally
adjusted and taken in logs. The price level is measured by the log of the harmonized
index of consumer prices (p) and the money-income ratio is measured by the log ratio of
M3 over GDP, (m—y). The data cover most of the post Bretton-Woods period and include
valuable information about prices and money, in particular a period of high variation in
the data during the second half of the seventies.

4We kindly thank Boris Hofmann who provided us with the time series.



Table 1: Posterior distribution of IT and A. Logarithm of the Bayes factors and posterior
model probabilities.

Posterior distribution
—0.06 0.08
- | (=011 =0.00) (0.00 0.16) ) — { —0.004 ]
0.06 —0.09 (—0.01 0.00)
(—0.04 0.15)  (—0.20 0.04)
Cointegration analysis
model log BF (/| M yee) P(YT)
M=o -12.00 0.00
M=o 4.94 0.99
Moee 0.00 0.01

Figure 3 depicts the level series. The price level is the bold solid line and the money-
income ratio is the bold dashed line. For graphical convenience, the price level is nor-
malized to the initial level of the money-income ratio. We can observe that until the end
of 1986, both series grew at the same average rate, namely 1.9% on a quarterly basis.
Afterwards, the growth rate of the money-income ratio averaged 1% on a quarterly basis,
and exceeded the inflation rate which amounted to a quarterly average rate of 0.65% (see
also figure 4 for the decrease in both growth rates). The average difference in the quar-
terly growth rates over the whole observation period is 0.24%, which reflects the decline
in velocity over time. As already mentioned in section 5, this stylized fact is also used to
design the prior distribution of the Markov switching trend parameters.

6.2 Posterior distributions

The posterior estimates are obtained by iterating 30,000 times over the sampler. The first
18,000 draws are discarded to remove dependence from initial conditions. The posterior
inference is then based on every 4th draw of the remaining 12,000 draws. A preliminary
analysis revealed that the inclusion of 4 lagged values of AZ; is appropriate to remove
autocorrelation in the residuals.

The cointegration analysis is based on the estimate of the unrestricted error correc-
tion model. The posterior distribution of II and A, obtained from the decomposition
(17)-(19), are given in table 1. The logarithm of the Bayes factors BF (M—g| M e.) and
BF (M —o| Myec) are given in the bottom panel. While the Bayes factor BF (M—o| M)
clearly rejects a model of no-cointegration, the Bayes factor BF(M_q| M...) favors a
specification with reduced rank, i.e. cointegration. Alternatively, in terms of model av-
eraging, the model with one cointegration vector has the highest posterior probability.
Given this evidence, we estimate the model with one cointegration vector, sampling the
cointegration and the error correction parameters by Metropolis-Hastings. The accep-
tance rate proved to be relatively high (49%).

The posterior distribution of the parameters is displayed in table 2. We show the mean
and the shortest interval covering 95% of the posterior density. With some exceptions,



Table 2: Posterior distribution of parameters. The 95% interval is the shortest interval
covering 95% of the posterior density

price money-income ratio

mean 95% conf.int. mean 95% conf.int.
Ny 339.65 (339.19 340.14) -1116.60 (-1117.69 -1115.42)
Ty 1.48 (0.92 2.24) 1.92 (1.43 2.63)
r,| -0.21 (-0.41 -0.00) 0.75 (-1.06 -0.45)
5, 0.33 (-0.21 0.68) 0 ()
3 | () 1.34 (-1.76 -0.99)
a -0.06 (-0.11 0.01) 0.06 (-0.03 0.14)
T | 0.36 (0.03 0.72) 0.19 (0.30 0.78)
Uiy | -0.17 (-0.29 -0.07) 0.25 (0.02 0.47)
Uor | -0.05 (-0.37 0.20) 0.11 (-0.70 0.46)
Uy | -0.01 (0.12 0.11) 0.12 (-0.13 0.38)
Vs 1. 0.33 (0.09 0.60) 0.30 (-0.19 0.81)
Uy | -0.04 (-0.15 0.07) 0.09 (-0.16 0.32)
U, | 0.44 (0.15 0.74) 0.07 (-0.50 0.63)
Uy | -0.07 (-0.17 0.04) 0.06 (-0.16 0.28)

[ 0.06 —0.01 p= 0.84
o | (0040.08) (~0.040.03) (0.69 0.97)
—0.01 0.37 q= 0.82
| (—0.040.03) (0.24 0.48) (0.67 0.96)
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Figure 2: Marginal posterior distribution of ;.

the parameters of interest are significant. The presence of two states is significant, in
particular for the money-income ratio we estimate two significantly different growth states.
The 95% interval of the shift parameter d; includes zero. This is due to the fact that the
estimated posterior distribution is bimodal, whereby most of the posterior mass is clearly
concentrated around the positive mode at 0.41 (see figure 2). This estimate indicates that
the model specification potentially should allow for a third state to capture the shifting
relationship between prices and the money-income ratio. This will be explored in further
work. Concerning the dynamic part of the model, i.e. the coefficients Wy,...,¥,, the
inclusion of four lags is mainly due to the inflation dynamics. All coefficients on lags
higher than one are insignificant except for the own third and fourth lag of the inflation
rate. Given this over-parametrization, the significance of the Markov switching part of the
model additionally gains in strength.® Finally, the estimates of the transition probabilities
p and q reveal that the two states are persistent, both states on average last for around
six quarters.

6.3 Discussion

Given the state identifying restriction with which we truncate the prior distribution, the
posterior estimates of the Markov switching parameters relate state 0 to periods with
higher trend growth. The price level trend grows at a lower level than the trend in the
money-income ratio during state 0, 1.48% versus 1.92%, respectively. On the other hand,
during state 1, both trends grow at nearly the same rate, 1.27% and 1.17% for the price
level and the money-income ratio, respectively. If we compute the unconditional growth
rates of the Markov switching trends, I'g + Flgi%, the price level trend on average grows
at 1.38% and the money-income ratio at 1.57% over the observation period. This amounts
to a difference in the growth rates of 0.19% which lies within the 95% interval around

°It is known that dynamic (linear) features of data are spuriously captured by a Markov switching
specification if the number of included autoregressive lags is too small.
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Figure 3: (a) Price level (solid line) and money-income ratio (dashed line), (b) velocity
(pt — (my — y¢)). The posterior probabilities, P(S; = 1]YT) and the mean estimate of the
Markov switching trend components are estimated by averaging over the MCMC draws.
The initial values of the time series are normalized to the initial level of the money-income
ratio.
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the empirical mean growth difference of 0.24% (0.09%-0.39%). As already mentioned,
most of the posterior mass for d; is concentrated around the positive mode at 0.41. This
reflects the empirical fact that the price level trend grows at a lower rate than the trend
in the money-income ratio in state 0. If the series are not drifting apart unboundedly, i.e.
in order to “catch up” the trend in the money-income ratio, a positive shift in the price
level is needed when switching to state 1, in which both trends grow at equal rates. This
effect dominates the negative shift which would be observed if both series would follow
the same Markov trend (see equation 11).

The posterior estimate of the identified cointegration vector shows that the vector
[1— 1] marginally is contained in the cointegration space. Note that, although both series
display a symmetric mean adjustment to lagged errors, namely 0.06 in absolute values,
the money-income ratio seems to be nearly weakly exogenous.

Given the numerical results, we now turn to the estimate of the posterior state prob-
abilities. Figure 3, panel (a), depicts the price level and the money-income ratio in bold
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Figure 4: Posterior probabilities, P(S; = 1|Y7T), the inflation rate (solid line) and the
growth rate of the money-income ratio.
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solid and dashed lines, respectively, and the normal faced lines represent mean estimate of
the trend component of each series. We observe that the Markov trend basically captures
the average long run trend in both series. The graph also plots the posterior probability of
state 1, the state which is characterized by nearly equal growth rates in both series. This
is particularly observable in the second half of the 1990s, a period of disinflation in the
forerun to monetary union. Figure 3, panel(b) displays velocity (p; — (m; — vy¢)) against
the posterior state probabilities and gives another interpretation of the states. Periods of
trend growth differences (state 0) mean periods of decreasing velocity while equal trend
growth periods mean constant velocity. This is particularly the case since 1985.

It is worth mentioning, that state 1 does not capture the growth slowdown that has
taken place in both series after 1986. In figure 4, we display the inflation rate and the
money-income ratio growth rate along with the posterior probabilities of state 1. We can
observe that state 0 relates to periods where a higher growth in the money-income ratio
did not materialize in higher inflation.

7 Conclusion

This paper analyzes the recently documented instability of money demand in the euro
area in the framework of a Markov switching trend model. First, we consider a standard
flexible price model with stable money demand, rational expectations and exogenous out-
put and money. The difference of log money and log income (the money-income ratio) is
assumed to follow a Markov trend with two states, high and low growth, respectively. This
approach is based on the corresponding analysis of the implications of a Markov switching
income trend on the cointegrating relationship between consumption and income within
the framework of the permanent income hypothesis (Hall, Psaradakis and Sola, 1997).
This framework, which implies an influence of the “permanent” money-income ratio (cur-
rent and discounted expected future values) on prices, leads to a cointegrating relationship
between (log) prices and the (log of the) money-income ratio with a switching intercept
term. Of course, this likely leads to a rejection of cointegration by standard tests and to
the erroneous conclusion of an unstable money demand. However, the no-cointegration
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result between money, income and prices is only brought about by expectation effects in
the framework of a Markov trend model and not by an instability in the money demand.
Second, a more general model allowing for endogeneity and more general dynamics is
estimated for euro area data from 1975-2003 by applying Bayesian methods used in Paap
and van Dijk (2003) for the permanent income model. This exercise provides support for
our model and the stability of the demand for M3 in the euro area. T'wo rather persistent
states of different trend growth in the money-income ratio, lasting both on average for
6 quarters, are found, and evidence for cointegration between the stochastic trend com-
ponents of prices and the money-income is rather strong in this model. However, the
posterior distribution of the level shift parameter for prices indicates that a third state
could be relevant. A corresponding extension of our model will be considered in future
research.

14



References

Albert, J. H. and S. Chib (1993). Bayes inference via Gibbs sampling of autoregressive
time series subject to Markov mean and variance shifts. Journal of Business &
Economic Statistics 11, 1-15.

Bruggeman, A., P. Donati, and A. Warne (2003). Is the demand for euro area m3
stable? Working Paper 255, ECB.

Carstensen, K. (2004). Is European money demand still stable? Working Paper 1179,
University of Kiel.

Dickey, J. D. (1971). The weighted likelihood ratio, linear hypotheses on normal location
paramters. The Annals of Mathematical Statistics 42, 204-223.

Hall, S. G., Z. Psaradakis, and M. Sola (1997). Cointegration and change in regime:
the japanese consumption function. Journal of Applied Econometrics 12, 151-168.

Hamilton, J. D. (1988). Rational-expectations econometric analysis of changes in
regime: Investigation of the term structure of interest rates. Journal of Economic
Dynamics and Control 12, 385-423.

Johansen, S. (1991). Estimation and hypothesis testing of cointegration vectors in gaus-
sian vector autoregressive models. FEconometrica 59, 1551-1580.

Kleibergen, F. and R. Paap (2002). Priors, posteriors and Bayes factors for a Bayesian
analysis of cointegration. Journal of Econometrics 111, 223-249.

Kleibergen, F. and R. Paap (2005). Generalized reduced rank tests using the singular
value decomposition. Journal of Econometrics, forthcoming.

Kugler, P. (1996). The term structure of interest rates and regime shifts: Some empirical
results. Fconomics Letters 50, 121-126.

Kugler, P. and S. Kaufmann (2005). Does money matter for inflation in the euro area?
Working Paper 103, Oesterreichische Nationalbank.

Paap, R. and H. K. van Dijk (2003). Bayes estimates of Markov trends in possibly
cointegrated series: An application to US consumption and income. Journal of
Business & Economic Statistics 21, 547-563.

Sarno, L., M. P. Taylor, and D. A. Peel (2003). Nonlinear equilibrium correction in U.S.
real money balances, 1869-1997. Journal of Money Credit and Banking 35, 787-799.

15



16



Index of Working Papers:

July 11, 2005 Claudia Kwapil, Josef =~ 100 The Price-Setting Behavior of Austrian
Baumgartner, Johann Firms: Some Survey Evidence
Scharler

July 25, 2005 Josef Baumgartner, 101 How Frequently Do Consumer Prices

Ernst Glatzer, Fabio
Rumler, Alfred
Stiglbauer

Change in Austria?
Evidence from Micro CPI Data

August 8, 2005

Fabio Rumler

102

Estimates of the Open Economy New
Keynesian Phillips Curve for Euro Area
Countries

September 19,
2005

Peter Kugler,
Sylvia Kaufmann

103

Does Money Matter for Inflation in the Euro
Area?

September 28,
2005

Gerhard Fenz,
Martin Spitzer

104

AQM — The Austrian Quarterly Model of the
Oesterreichische Nationalbank

October 25, 2005

Matthieu Bussiére,
Jarko Fidrmuc,
Bernd Schnatz

105

Trade Integration of Central and Eastern
European Countries: Lessons from a Gravity
Model

November 15,
2005

Balazs Egert,
Laszl6 Halpern,
Ronald MacDonald

106

Equilibrium Exchange Rates in Transition
Economies: Taking Stock of the Issues

January 2, Michael D. Bordo, 107 Legal-Political Factors and the Historical
2006 Peter L. Rousseau Evolution of the Finance-Growth Link
(comments by
Thorvaldur Gylfason
and Pierre Siklos)
January 4, Ignacio Briones, 108 European Banks and their Impact on the
2006 André Villela Banking Industry in Chile and Brazil: 1862 -
(comments by Forrest 1913
Capie and Patrick
Honohan)
January 5, Jérébme Sgard 109 Bankruptcy Law, Creditors’ Rights and
2006 (comment by Yishay Contractual Exchange in Europe, 1808-1914
Yafeh)

17



January 9,

Evelyn Hayden,

110

Does Diversification Improve the

2006 Daniel Porath, Performance of German Banks? Evidence
Natalja von from Individual Bank Loan Portfolios
Westernhagen
January 13, Markus Baltzer 111 European Financial Market Integration in the
2006 (comments by Luis Griinderboom and Gruinderkrach: Evidence
Catéo and Isabel from European Cross-Listings
Schnabel)
January 18, Michele Fratianni, 112 Did Genoa and Venice Kick a Financial
2006 Franco Spinelli Revolution in the Quattrocento?
(comments by John
Driffill and Nathan
Sussman)
January 23, James Foreman-Peck 113 Lessons from Italian Monetary Unification
2006 (comment by Ivo Maes)
February 9, Stefano Battilossi 114 The Determinants of Multinational Banking
2006 (comments by Patrick during the First Globalization, 1870-1914
McGuire and Aurel
Schubert)
February 13, Larry Neal 115 The London Stock Exchange in the 19th

2006

Century: Ownership Structures, Growth and
Performance

March 14, 2006

Sylvia Kaufmann,
Johann Scharler

116

Financial Systems and the Cost Channel
Transmission of Monetary Policy Shocks

March 17, 2006

Johann Scharler

117

Do Bank-Based Financial Systems Reduce
Macroeconomic Volatility by Smoothing
Interest Rates?

March 20, 2006

Claudia Kwapil,
Johann Scharler

118

Interest Rate Pass-Through, Monetary
Policy Rules and Macroeconomic Stability

March 24, 2006

Gerhard Fenz,
Martin Spitzer

119

An Unobserved Components Model to
forecast Austrian GDP

April 28, 2006

Otmar Issing
(comments by Mario
Blejer and Leslie
Lipschitz)

120

Europe’s Hard Fix: The Euro Area

18



May 2, 2006 Sven Arndt 121 Regional Currency Arrangements in North
(comments by Steve America
Kamin and Pierre
Siklos)
May 5, 2006 Hans Genberg 122 Exchange-Rate Arrangements and Financial
(comments by Jim Dorn Integration in East Asia: On a Collision
and Eiji Ogawa) Course?
May 15, 2006 Petra Geraats 123 The Mystique of Central Bank Speak
May 17, 2006 Marek Jarocinski 124 Responses to Monetary Policy Shocks in the
East and the West of Europe: A Comparison
June 1, 2006 Josef Christl 125 Regional Currency Arrangements: Insights
(comment by Lars from Europe
Jonung and concluding
remarks by Eduard
Hochreiter and George
Tavlas)
June 5, 2006 Sebastian Edwards 126 Monetary Unions, External Shocks and
(comment by Enrique Economic Performance
Alberola)
June 9, 2006 Richard Cooper 127 Proposal for a Common Currency among

Michael Bordo and
Harold James

(comment on both
papers by Sergio
Schmukler)

Rich Democracies

One World Money, Then and Now

June 19, 2006 David Laidler

128

Three Lectures on Monetary Theory and
Policy: Speaking Notes and Background
Papers

July 9, 2006 Ansgar Belke,
Bernhard Herz,

Lukas Vogel

129

Are Monetary Rules and Reforms
Complements or Substitutes? A Panel
Analysis for the World versus OECD
Countries

August 31, 2006 John Williamson
(comment by Marc

Flandreau)

130

A Worldwide System of Reference Rates

19



September 15, Sylvia Kaufmann, 131 Expected Money Growth, Markov Trends
2006 Peter Kugler and the Instability of Money Demand in the
Euro Area

20





