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Abstract: This paper investigates the usefulness of the money demand relationship in
times of unconventional monetary policies by cointegration methods. In contrast to
the bulk of the literature, evidence in favour of a stable long run money demand func-
tion is presented both for the US and the euro area. Results are based on standard
monetary aggregates, i.e. MZM for the US and M3 in case of the euro area. The recent
monetary policy shifts towards unconventional measures did not introduce instability
in the relationships. The results suggest that money balances are still useful instru-
ments to conduct monetary policy especially in periods where the nominal interest
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1 Introduction

Prior to the financial crisis monetary policy was usually implemented by open market
operations to target nominal short term interest rates. Due to price rigidities, central
banks implicitly controlled not only the nominal, but also real interest rates over the
short and medium run. Real interest rates affect the decisions of enterprises to invest
and private households to consume. Central banks can also influence the term structure,
if long term interest rates reflect the expected compound yield of revolving short term
investments. However, the transmission of monetary policy became impaired since the
financial crisis. Due to increased uncertainty commercial banks restricted their credit to
firms. To ease monetary conditions and provide additional liquidity, central banks
quickly reduced their policy rates. In the following, short term interest rates approached
the zero lower bound. The main refinancing rate in the euro area fell from 4.25 in Octo-
ber 2008 to 1 percent in May 2009. The decline has been even more pronounced for the
US. The policy rate was reduced from 5.25 percent in July 2007 to 0.15 percent in De-

cember 2008.

With short term interest rates at the zero lower bound, central banks lost the conven-
tional instruments to steer the monetary stance and to provide further stimulus to the
real economy. Instead, they had to switch to unconventional policy measures, see Rude-
busch (2009) and Fawley and Neely (2013) for recent surveys. While the Federal Re-
serve raised liquidity mainly by pursuing outright asset purchases of debt and mortgage-
backed securities, the ECB responded with additional loans to the banking system and

extended the list of eligible collateral banks had to provide. These differences largely



reflect the institutional frameworks under which both the Fed and the ECB operate, i.e.
whether the financial and credit system is dominated by capital markets, as in the US or

by banks, as in the euro area.

The implementation of the unconventional measures constitutes a major shift in the
conduct of monetary policy. In general, changes in policy rules can have an immediate
impact on the decisions of forward looking agents as the latter adapt to the expected
effects of the shift in the policy regime. Since the respective equations might become
unstable, any policy analysis based on them might lead to biased conclusions. Previous
evidence suggests that the Lucas (1976) critique is particularly relevant for monetary
policy and financial markets (Clarida, Gali, and Gertler, 2000). However, several stud-
ies also found that its quantitative impact is only modest (Estrella and Fuhrer, 2003,
Rudebusch, 2005). One interpretation of this finding is that past policy changes are not
large enough to affect the behaviour of agents in a critical way (Leeper and Zha, 2003).
In addition, forward looking models appear to be less stable than their backward look-

ing counterparts.

The analysis of money balances can provide valuable information on the transmission
of monetary policy, especially in periods when interest rates are already at the zero low-
er bound. However, the usefulness of money as a valid policy instrument is conditional
to a robust link between the nominal and real side of the economy, as expressed by the
money demand function. The money demand relationship links the monetary develop-
ment to its fundamental determinants, such as the overall price level, real income and
the opportunity costs of holding money. By comparing the actual money stock with its
long run equilibrium according to money demand, measures of excess liquidity can be

extracted to forecast inflation.



Many authors argued that money demand has become unstable long before the financial
crisis. Such a finding does not necessarily imply a breakdown of the relationship, as
certain restrictions may not hold empirically; see Dreger and Wolters (2010, 2014). For
example, Hossfeld (2012) emphazied that interest rates should be allowed to enter in an
unrestricted way, not as the difference according to the term structure. In fact, we find
evidence in favour of a stable long run money demand function, both for the US and the
euro area. The equations are remarkable robust even in the most recent periods when
quantitative easing policies are applied by the Fed and the ECB. Thus, the empirical
relevance of the Lucas critique is minor for money demand even in times of unconven-
tional monetary policy measures. Overall, the results suggest that money stocks provide
useful information and should be considered by central banks to conduct monetary poli-
cy.

The rest of the paper is organized as follows: Previous findings on money demand are
reviewed in Section 2. While the theoretical money demand specification is presented in
Section 3, Section 4 is reserved for data issues and the empirical results, especially test-
ing for stability of the preferred equations. Section 5 concludes with some policy impli-

cations.

2 Previous studies on money demand

Especially at longer horizons, inflation is inherently a monetary phenomenon (Fried-
man, 1970). As money defines the unit of account, monetary developments are integral
to the determination of prices and inflation. Money and measures of excess liquidity can

provide signals for the emergence of speculative bubbles in asset markets with risks to



inflation and the real economy (Bussiere and Fratzscher, 2006). Thus, their evolution

should be monitored closely by the central banks.

The M2 aggregate in the US became a primary intermediate target of the Fed monetary
policy, as the corresponding money demand function as well as money velocity was
rather stable during the 1980s (Feldstein and Stock, 1994). Starting from the early
1990s, the reliability of money stocks as indicators for monetary policy has been in-
creasingly called into question, since M2 money demand became unstable. See Duca
and VanHoose (2004) for a review of the debate. Financial innovations including non-
monetary assets such as stock and bond mutual funds led to unpredictable changes in
money velocity. Estrella and Mishkin (1997) concluded that whatever their informa-
tional content was in earlier periods, monetary aggregates neither the monetary base nor
M2 do provide useful information, even not for the prediction of inflation. Woodford
(2008) concluded that monetary aggregates should not play a prominent role in the im-
plementation of monetary policy. Given these findings, the Fed downgraded the stock
of money in the implementation of monetary policy. Monetary aggregates are just
viewed as information variables, just like any other economic indicators, and are ana-
lyzed for their information content in assessing future economic conditions (Kahn and

Benolkin, 2007).

At the same time, strategies have been proposed to re-establish stability in money de-
mand, such as looking at different money aggregates or at further explanatory variables.
Carlson, Hoffman, Keen and Rasche (2000) presented evidence in favour of a stable

long run money demand function for MZM through the 1990s”. Households shifted

2 MZM is Money Zero Maturity. It is equal to M2, less certificates of deposit or other time deposits, plus
money market funds. MZM may better represent money readily available for spending and consumption.
Money held in time deposits is not immediately accessible at par value.



wealth from time deposits to mutual funds. While such reallocations have been largely
induced by depository restructuring, the substitution could be explained in terms of op-
portunity costs. Broad money holdings are part of the overall portfolio of investors and
influenced by asset markets. After augmenting money demand equations with stock and
bond market risk measures, Choi and Cook (2007) have been able to derive a rather
stable relationship in the periods prior to the financial crisis. In addition, Greiber and
Setzer (2007) detected a stable money demand equation for the MZM aggregate by in-

cluding housing wealth.

In the euro area, the breakdown of standard money demand relations occured after the
turn of the century, i.e. several years later than in the US’. Prior to this point, equations
for M3 can be firmly established, see Fagan and Henry (1998) and Brand and Cassola
(2004). In fact, the euro area monetary aggregate might be more stable than in the US,
as financial innovations have been less important and the money demand function re-
sults from an aggregation across countries. At the aggregated level idiosyncratic shocks
from individual countries might cancel each other (Calza and Sousa, 2003). However,
extending the sample to the more recent periods usually deteriorate the finding of a sta-
ble money demand; see Gerlach and Svensson (2003). As an alternative, researchers
focused on the relationships between the core components instead of the original varia-
bles (Neumann and Greiber, 2004) or extended the basic specification with measures of
financial uncertainty (Greiber and Lemke, 2005, Carstensen, 2006). By including infla-
tion as part of the opportunity costs, Dreger and Wolters (2010) obtained a stable long
run relationship in the period before the financial crisis. Furthermore, household wealth

has become more relevant to explain the development of real money balances, see

? Euro area series prior to 1999 are derived by aggregating national information. The standard data set has
been reported by Brandt and Cassola (2004).



Greiber and Setzer (2007) and Beyer (2009). To proxy wealth, house prices are better

suited than stock market indices, see Dreger and Wolters (2009).

In contrast to the Federal Reserve, monetary developments are still relevant in the two
pillar strategy of the ECB. One pillar is based on the economic analysis of price risks in
the short run, as emphasized in the macroeconomic projections exercise. The other pil-
lar, 1.e. the Quarterly Monetary Assessment is built on the monetary analysis of risks to
price stability in the medium and long run (Fischer, Lenza, Pill and Reichlin, 2009,
Hall, Swamy and Tavlas, 2012). Since the turn of the century, actual M3 growth has
continuously exceeded its corridor; the latter defined on grounds of potential GDP
growth, the inflation target and a secular decline in velocity. During this process, infla-
tion did not accelerate at all, thereby questioning whether a reference path is a reliable
tool to interpret the monetary evolution. Hence, the evolution of money lost importance

even in the monetary strategy of the ECB.

In a nutshell, money demand equations worked quite well in the US for the aggregate
M2 up to the 1990s and in the euro area for M3 up to the 2000s. Since then basic speci-
fications became increasingly unstable and led to several extensions of the relationship.
Although some of them have been able to capture the monetary development during the
pre-crisis period, monetary aggregates lost relevance in the monetary strategy of central

banks, most notably in the US.

3 Specification of money demand

According to Ericsson (1998), the conventional specification of money demand postu-

lates a long run relationship of the form



(1) (m—p), =0,+0,y, +0,w, + O, R, + 6,1, + d;own, + 5,7,

compare also Dreger and Wolters (2009). Here, m denotes nominal money balances
taken in logs, p is the log of the price level, y is log of real income and w is log of real
financial wealth. Opportunity costs of holding money are proxied by the nominal long
(R) and short (») term interest rates as well as the annualized inflation rate, i.e. =4Ap,
in case of quarterly data. In addition, the own yield of money holdings is included

(own).

Income is expected to exert a positive effect on nominal and real money balances, as it
approximates transaction and precautionary savings motives. Money holdings are also
related to a portfolio allocation decision. Surging asset prices may trigger a rise in de-
mand for liquidity due to an increase in household wealth. While the scale effect points
to a positive impact of wealth, the substitution effect works in the opposite direction, as
higher asset prices make assets more attractive compared to money holdings. As the
opportunity costs of money holdings refer to earnings on other financial assets, they
should have a negative sign. The inflation rate represents the opportunity costs of hold-
ing money instead of real assets. Its inclusion provides also a convenient way to gener-
alize the short run homogeneity restriction between money and prices that may not hold
on empirical grounds. Also, adjustment processes in nominal or real terms can be dis-

tinguished (Hwang, 1985).

The parameters 0,>0and o, denote the elasticities of money demand with respect to the
scale variables, income and wealth. The effects of the return of other financial assets,
the own yield and inflation are captured by the semielasticities 03<0, d4, 05>0 and Jg

respectively. Due to the ambuigity in the interpretation of wealth effects and inflation



their signs cannot be specified on theoretical grounds. The same holds for short term

interest rates, if the own rate is not included in the equation.

4 Empirical analysis
4.1 Data issues

Using standard specifications in the style of equation (1), the stability of money dem-
mand is examined for the US and the euro area for the 1988Q1-2013Q4 period. Quarter-
ly seasonally adjusted data are used. The selection of the period is motivated by the fact
that money demand has been largely stable in the period before, more or less, both in
the US and the euro area. Instability should be especially visible in the sample under
study. Furthermore, the observation period also includes potential distortions traced to
policy shifts in the recent financial crisis. In addition, Alan Greespan became the chair-

man of the Federal Reserve Board in August 1987.

-Figure 1 about here-

In line with the common practice, nominal money balances are MZM for the US and
M3 for the euro area. Income is nominal GDP and financial wealth is proxied by house
prices. To derive real money balances (m-p), real wealth (w) and real income (y), the
respective series are divided by the GDP deflator (2010=1). Long (R) and short (») term
interest rates are defined by 10-year government bonds and 3-month money market
rates, respectively. For the US, the own yield (own) refers to the own rate of the MZM

aggregate. As the own yield is not available for the euro area, the 3-month money mar-



ket rate may be taken as a proxy instead. Inflation (x) refers to the annualized quarter-
on-quarter change of the log of the GDP deflator. The variables used in the analysis are

displayed in Figure 1.

Series are from the FRED database of the Federal Reserve Bank of St. Louis for the US
and from the ECB monthly bulletin for the euro area®. House prices are reported by the
Federal Reserve Bank of Dallas (Mack and Martinez-Garcia, 2011). For the US, two
impulse dummies (2001Q1 and 2001Q4) are included to capture the burst of the new
economy bubble and the terrorist attack in September 11, 2001. They are equal to 1 in
the respective quarter and 0 otherwise. For the euro area, impulse dummies refer to
1990Q2 and 2001Q1. While the former is related to the German unification, the latter
reflects stock market turbulences. In addition, euro area house prices are not relevant for
money demand prior to 2002. However, they capture the permanent shift in velocity
since then (Dreger and Wolters, 2009). Hence, wealth is multiplied by a step dummy
equal to 1 from 2002Q1 onwards and 0 before. All variables are in logs, except of inter-

est rates, which are percentage points.

4.2  Cointegration analysis

Since the variables are nonstationary, a cointegration analysis is the appropriate strategy
to proceed’. Hence, if a stable money demand relationship can be derived, it should be
interpreted in terms of a long run attractor for the development of real money balances.

Thus the long run relationships of the relevant variables are examined for the respective

* Data refer to the actual composition of the euro area. Up to 2006, twelve countries formed the monetary
union. In the enlargement process afterwards, several countries have joined the common currency area,
but have a very small weight in the aggregate.

> Results of unit root tests are available from the authors upon request.



areas. For the US the set of variables comprises real money balances, real income, real
wealth, the short and long term interest rate as well as the own rate of holding money.
For the euro area no own rate is available, but inflation is added to this set. Dreger and
Wolters (2010) argued that the inclusion of this variable is crucial to obtain a stable
model, at least in the pre-crisis period®. The results on the cointegration ranks are shown

in Table 1.

-Table 1 about here-

Two cointegration vectors emerge for the US and three for the euro area. Besides a pos-
sible long run money demand relation, the other relationships may be related to mean-
reverting combinations of opportunity costs, like the spread of long and short term in-
terest rates or the Fisher effect, i.e. a stationary long term real interest rate. As the main
interest is on money demand, the focus is on the first vector. It corresponds to the larg-
est eigenvalue, i.e. it shows the largest canonical correlation with a stationary relation-

ship between the variables involved.

-Table 2 about here-

Reduced rank maximum likelihood estimates of the first cointegration vector without
any imposed restrictions are exhibited in Table 2 (Johansen, 1995). To improve reada-
bility, the parameters are normalized to the coefficient of real money balances. The

feedback coefficients in the lower part of Table 2 reveal the adjustment pattern, i.e. the

% The inflation rate was also included in the US model, but this extension does not alter the results. In fact,
the respective coefficient is largely insignificant in the cointegrating relationships.
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impact of deviations from the long run development on the short term fluctuations of all

variables of the system.

The long run income elasticity of money demand takes a value of about 2 in case of the
US. The wealth variable enters with a negative sign in the money demand equation, i.e.
its impact works mainly through portfolio reallocation. The combined elasticity of the
activity variables (y and w) is about 1.6. The own rate enters with the correct sign. The
long term interest rate clearly captures the opportunity costs of holding money, whereas
the short term rate is less important. The feedback coefficient of real money balances is
negative and strongly significant. It indicates that real money correctly adjusts to devia-
tions from the long run relations. Other variables appear to be weakly exogenous, more
or less. Therefore this long run relation can be interpreted in terms of a money demand

equation’.

For the euro area the income elasticity is about 1.1. In contrast to the US the impact of
real house prices, the proxy for wealth, is positive, i.e. substitution effects do not play a
dominant role. The combined elasticity of the activity variables (y and w) is about 2
which is quite comparable to the results for the US. The semielasticities of interest rates
tend to be smaller in absolute values than their US counterparts. The short term interest
rate approximates the effect of the missing own rate, whereas the long term interest rate
and the inflation rate capture the opportunity costs of holding money. According to the
feedback coefficients, only real money balances react significantly to deviations from

the long run, whereas all the other adjustment coefficients are insignificant, i.e. the cor-

7 The results for the US can be confirmed, if the M2 aggregate is used instead of MZM. Nonetheless, the
evidence is stronger for MZM. Results for M2 are not reported here, but are available from the authors
upon request.

11



responding variables are weakly exogenous. Thus a money demand function can be

firmly established for the euro area.

4.3 Conditional error correction and stability analysis

As the main interest is on money demand, the short run dynamics are efficiently inves-
tigated in a conditional single equation error correction model explaining the change in
the demand for real money balances. In general, this approach can lead to constant coef-
ficients even if a shift is present in the reduced form. Even more important, stability of
the relationship can be easier explored in this context. Furthermore, a VAR framework
might not be optimal to handle for policymakers, as they have to conduct monetary pol-

icy in real time.

According to Stock (1987) the conditional error correction model is estimated by ordi-
nary least squares in one step, where the long run parameters are revealed jointly with
the short run dynamics. We choose a specific to general approach: The change of real
money balances is explained by a constant the respective impulse dummies and the one
period lagged levels of all variables to control for the cointegration property. This speci-
fication could be improved by including the contemporaneous change of the inflation

rate. The final specifications are shown in Table 3.

-Tables 3 and 4 and Figure 2 about here-

The residuals are well behaved as they are normally distributed, homoscedastic and do

not show autocorrelation patterns (Table 4). The RESET test of the functional form

12



does not reveal any problems. The coefficients of the one period lagged real money bal-
ances are negative with #-values of -6.96 for the US and -10.59 for the euro area. Ac-
cording to Hassler and Wolters (2006, Table 1) the corresponding 0.01 critical value is -
4.89, meaning that there is overwhelming evidence for cointegration in both cases. The

implied long run money demand relationship reads:

United States: m— p =2.026y —0.389w—0.049R —0.1367 + 0.2480wn

Euro area: m—p=1.494y+0.612w—-0.0267 —0.021R +0.023r

These relations are similar to the findings from the cointegrated VAR approach given in
Table 2. The mean adjusted error correction terms derived from the above relations are
displayed in Figure 2. Both show some persistence, but neither deterministic nor sto-
chastic trends. Positive deviations indicate excess liquidity, i.e. liquidity above the fun-
damental value according to money demand. From about 2008 until the end of the sam-
ple excess liquidity in the US does not seem to be very pronounced in contrast to that of
the euro area. While the unconventional policy measures tremendously increased the
monetary base, the broader monetary aggregates did not respond in a similar manner, at

least for the US.

-Tables 4 and 5 and Figure 3 about here-

Finally it is explored whether the money demand relationships are stable or instability is
dominant, for example, due to the financial crises starting in 2007 and the quantitative

easing policies of the central banks beginning at the end of 2008. Chow forecast tests

13



given in Table 5 do not indicate any instabilities for the period 2007Q1 until 2013Q1.
The stability result is broadly confirmed by the Quandt-Andrews tests for an unknown
breakpoint. According to the maximum of the F-statistics, there is weak evidence for an
outlier related to the breakdown of the new economy bubble at the beginning of the cen-
tury, but it is not traced to the period of the financial crisis. Besides that, the cusum of

squares tests do not show signs of instability (Figure 2)®.

5 Conclusion

This paper investigates the usefulness of the money demand relationship in times of
unconventional monetary policies by cointegration methods. In contrast to the bulk of
the literature, evidence in favour of a stable long run money demand function is pre-
sented both for the US and the euro area. Results are based on standard monetary aggre-
gates, i.e. MZM for the US and M3 in case of the euro area. The recent monetary policy
shifts towards unconventional measures did not introduce instability in the relationship.
Although the dependency of the parameters on the policy regime might be convincing
from a theoretical point of view, the empirical relevance of the Lucas critique can be

doubted in case of money demand.

A single equation analysis provides reliable information for the conduct of monetary
policy. Despite the fact that this approach is efficient in this analysis, the cointegration
evidence is quite similar to the VAR findings. Overall, the results suggest that money
balances are still useful instruments to conduct monetary policy especially in periods

where the nominal interest rates are at the zero lower bounds.

¥ In addition, the recursive regression coefficients exhibit no deviations from the assumption of constant
parameters. Results are available upon request.
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Figure 1: Variables in the analysis
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Euro area
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Figure 2: Mean adjusted deviations from the long run
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Note: Sample period 1988Q1-2013Q4. Error correction terms correspond to cointegration vector in the
single equation approach.
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Figure 3: Cusums of squares of the error correction models
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Table 1 Cointegration rank

Trace test
Rank null hypothesis United States Euro area
0 111.01 (0.002) 110.27 (0.003)
1 65.59 (0.102) 70.25 (0.044)
2 35.31(0.437) 46.03 (0.072)
3 16.14 (0.709) 26.05 (0.131)
4 5.49 (0.775) 9.76 (0.305)
5 0.08 (0.778) 1.03 (0.310)

Note: Sample period 1988Q1-2013Q4. Model comprises real money balances, real income, real house
prices, long and short term interest rate and the own rate for the US. For the euro area, the same variables
are used. Inflation is added, and the own yield is not available. Trace statistic corrected for small sample
bias (Johansen, 2002). Models estimated with unrestricted constant. Specifications for the US include the
impulse dummies d011 and d014, and for the euro area d902 and d011. The lag order of the underlying
VAR model in levels is 2 (BIC) throughout the analysis, p-values in parantheses.
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Table 2 Long run money demand and adjustment parameters

United States Euro area

m-p 1.000 1.000
y -2.036 -1.105
w 0.394 -1.159
T 0.003
R 0.138 0.037
r 0.008 -0.013

own -0.152
-0.048 -0.099
A(m-p) (0.009) (0.014)
A 0.009 -0.003
Y (0.005) (0.010)
Aw 0.004 -0.005
(0.008) (0.010)
5.017
Az (2.805)
-0.310 -0.460
AR (0.321) (0.687)
Ar 0.824 -0.217
(0.291) (0.806)

-0.116

Aown (0.100)

Note: Sample period 1988Q1-2013Q4. Standard errors are in parentheses.



Table 3 Conditional error correction model for money demand

United States Euro area
Constant -1.226 -0.240
(0.231) (0.097)
d902 0.029
(0.005)
d0l11 0.023 0.027
(0.009) (0.005)
d014 0.023
(0.009)
ATy -0.004 -0.003
(0.001) (0.001)
(m-p)e1 -0.124 -0.094
(0.018) (0.009)
Vel 0.251 0.140
(0.036) (0.019)
Wi -0.048 0.057
(0.013) (0.007)
.1 -0.002
(0.001)
Ry -0.006 -0.002
(0.002) (0.001)
Fil -0.017 0.002
(0.002) (0.001)
OWH| 0.031
(0.003)
R2 0.633 0.725

Note: Sample period 1988Q1-2013Q4. R2 adjusted R-squared, standard errors in parentheses.



Table 4: Specification tests of error correction models

United States

Euro area

LM(1) 2.999 (0.087) 1.445 (0.232)
LM(4) 1.808 (0.134) 2.089 (0.089)
LM(8) 1.393 (0.211) 1.501 (0.169)
ARCH(1) 0.725 (0.396) 0.083 (0.774)
ARCH(4) 0.279 (0.880) 0.204 (0.936)
JB 0.176 (0.916) 0.925 (0.630)
RESET(1) 1.661 (0.201) 0.550 (0.460)
RESET(2) 0.918 (0.403) 1.022 (0.364)

Note: JB=Jarque-Bera test for normality of the residuals, LM=Lagrange multiplier test for no autocorrela-
tion in the residuals up to specified order, ARCH=ARCH test for no conditional heteroscedasticity up to

specified order, RESET=Ramsey specification test, p-values in parantheses.
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Table 5: Stability tests of error correction models

United States Euro area
CF(07Q1) 1.216 (0.254) 0.917 (0.589)
CF(08Q1) 1.126 (0.341) 0.650 (0.881)
CF(09Q1) 0.682 (0.831) 0.730 (0.783)
CF(10Q1) 0.835 (0.643) 0.636 (0.845)
CF(11Q1) 0.833 (0.616) 0.562 (0.866)
CF(12Q1) 0.227 (0.987) 0.525 (0.835)
CF(13Q1) 0.290 (0.884) 0.254 (0.907)
Max F 2.443 (0.126) 2.700 (0.057)
Exp F 0.606 (0.535) 0.675 (0.396)
Ave F 1.147 (0.265) 1.275 (0.156)

Note: CF=Chow forecast test for no structural break at specified period, Max F, Exp F, Ave F Quandt-
Andrews Test (LR) for no structural break with unknown break point, where a trimming parameter of 10

percent is applied. p-values in parantheses.

27



