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Abstract

The objective of this paper is to evaluate the effects of monetary policy shocks
on stock market indices in the G-7 countries and Spain using the methodology of
structural VARs. A model is estimated for each country and the effects of monetary
policy shocks are evaluated by means of impulse responses. A contractionary shock
has a negative and temporary effect on stock market indices. There is evidence of a
significant cross-country heterogeneity in the persistence, magnitude and timing of
the responses. A limited participation model with households trading in stocks is
set up and the responses of stock prices to a monetary policy shock under different
rules are evaluated. The model is able to account for the empirical response of stock
prices to monetary policy shocks under different policy rules.
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1. Introduction’

From 1995 to 2000 financial markets experienced a sustained increase in stock prices in
many countries. Stock market indices increased by 270 per cent in Spain, 200 per cent in
France, Italy, Germany, and the US, more than 100 per cent in the UK and Canada and
only 10 per cent in Japan. A sudden inversion of the trend was recorded in March 2000.
After the March peak, at the end of February 2001 indices had dropped by roughly 25
per cent in Spain, 20 per cent in Germany, France, Italy and the US and by almost 30
per cent in Canada and Japan. Stock market indices continued to decrease throughout

2001 and 2002.

Against this background, it is not be surprising that the relationship between monetary
policy and asset prices, in general, has recently known renewed interest among researchers
and policy-makers. Both academics and policy-makers have debated whether monetary
policy should respond to developments in financial markets (Bernanke and Gertler, 2000
and Rigobon and Sack, 2001), the extent to which they might have been caused by
monetary policy (Rapach, 2001) and, particularly during the last two years, the role of
stock market wealth in the transmission mechanism of monetary policy. For example,
in life cycle/permanent income models, changes in stock prices can affect households’
consumption choices because these assets are an important component of households’
wealth. Movements in interest rates can affect stock prices and consequently households’
wealth: this effect can provide an additional channel, besides the traditional interest rate

and credit ones, through which monetary policy can affect output and inflation. ? The

T would like to thank Fabio Canova, my supervisor at the University “Pompeu Fabra”, Paolo Angelini
and Luca Dedola for their helpful comments and suggestions. I also thank all the participants in the
Money, Macro and Finance Research Group Annual Conference held at Queen’s University, Belfast, the
CREI Macroeconomic seminar at the University “Pompeu Fabra” and the CEPR/Bank of Finland “Asset
markets and monetary policy” held in Helsinki. Finally, I am particularly grateful to @istein Rgsland, the
discussant at the CEPR/Bank of Finland conference. This paper builds on a research project undertaken
with Enrico Gisolo at the Economic Research Department of the Bank of Italy in autumn 2000. The
opinions expressed in this paper are those of the author and do not necessarily reflect those of the Bank

of Italy. Any errors or omissions are my sole responsibility.
2There is little evidence on the contribution of the wealth channel to the monetary transmission



effects of changes in stock prices on households’ financial wealth are likely to be larger
in those countries where stock ownership is greater among households. With respect
to the relationship between financial wealth and consumption, empirical analyses have
shown that the effects of changes in stock prices on consumption are not large. Boone,
Giorno and Richardson (1998) estimate that a 10 per cent fall in stock market prices
reduces consumption by 0.45 to 0.75 per cent in the US after one year. Similar results are
obtained for Canada and the UK (0.45), while for the other G-7 countries the estimated
elasticities are smaller on average (less than 0.2).3 These findings suggest that the effects
of changes in stock prices on aggregate demand and output should be small. However,
they may well be far from negligible in the light of the tremendous decline in stock prices
in the last two years. By focusing on the effects of monetary policy on stock market
indices, this paper may help to give a rough assessment of the relevance of the “stock
market” channel for the monetary transmission mechanism. For a given amount of stock
holdings in households’ portfolios, the finding of a small effect of monetary policy on
stock prices would imply that the “stock market” channel is not a dominant source of

transmission of monetary policy shocks in the economy.

For all these reasons it is important, especially for central banks, to understand
whether and how monetary policy can influence stock market prices. In this paper we rely
on structural VARs to identify monetary shocks and evaluate their effects on stock market
indices in the G-7 countries and Spain. Structural VARs have been used extensively in
the literature to analyze of the effects of monetary policy in many countries. A recent
example is Kim (1999), who proposes a common specification to identify monetary policy
shocks in the G-7 countries. Although the monetary authorities of these countries have

different operating procedures, the proposed model fits well and does not present any

mechanism. The analysis of Lettau, Ludvigson and Steindel (2001) for the US is the only exception,
although the authors focus on the effects of changes in total wealth on consumption. The main finding is
that the wealth channel is not a dominant source of monetary policy transmission to consumption. The
reason for this result is that monetary policy shocks, measured by innovations in the federal funds rate,

have transitory effects on asset prices.
3The authors assume that consumers in the G-7 countries other than the US have the same marginal

propensity to consume out of wealth as consumers in the US



puzzling responses of monetary aggregates and prices (the “liquidity” and “price” puzzles

sometimes found in the literature).

The main results of this paper are the following. First, contractionary monetary policy
shocks, measured by exogenous increases in short-term interest rates, have small, negative
and transitory effects on stock market indices. The persistence, the magnitude and the
timing of these effects differ significantly from country to country. These results are in
line with previous analyses that have relied on an alternative identification of monetary
policy shocks. Second, the proposed model is able to replicate, at least from a qualitative
point of view, the empirical responses of stock price indices to monetary policy shocks
under a variety of monetary policy rules followed by the central bank and calibration of

parameters.

The remainder of the paper is organized as follows: section 2 briefly presents some
of the existing literature, section 3 describes the structural VAR methodology, section
4 presents the empirical results, section 5 sets up a limited participation model that
explicitly takes into account trading in stock markets and section 6 qualitatively validates

the model. Section 7 concludes.
2. The existing literature

Surprisingly, notwithstanding the importance of the relationship between stock markets
and monetary policy, to the best of our knowledge little empirical or theoretical research
has focused on the effects of monetary policy on stock prices. Sellin (2001) provides an
extensive survey of the interaction between monetary policy and stock prices by focusing

particularly on the literature that analyzes the effects of monetary policy on stock markets.

Chami, Cosimano and Fullerkamp (1999) suggest the existence of a stock market
channel of monetary policy besides the traditional interest rate and credit ones. In their
view, the inflation induced by a monetary expansion reduces the real value of firms’ assets,
thus acting as a tax on the capital stock. This effect differentiates bonds and stocks and
gives rise to the “stock market” channel of the monetary transmission mechanism. An

expansionary monetary policy generates a decrease in real stock returns and stock prices.
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Cooley and Quadrini (1999a) develop a dynamic stochastic general equilibrium model
in which financial factors play an important role in the decisions of firms and the trans-
mission mechanism of monetary policy. Given that firms are heterogeneous with respect
to the size of their equity, the authors are able to construct a value-weighted stock market
index and evaluate its response to monetary policy shocks. A contractionary one per cent

monetary shock reduces the stock market index by nearly 0.2 per cent on impact.

Lucas (1982) and Svensson (1985) analyze cash-in-advance models in which households
hold money and stocks. The pricing condition of these assets is the standard formula a la
Lucas (1978), according to which the price of a stock is given by the discounted sum of
future dividend payments. The model considered in this paper delivers a similar pricing
condition. However, as will be stressed in section 5, a basic cash-in-advance model is not
capable of generating a liquidity effect, that is a decrease in the short-term interest rate

following an increase in the supply of money.

As far as concerns the empirical analysis, few works have tried try to evaluate the ef-
fects of monetary policy on stock markets. All these analyses share the same methodology

of structural VARs.

Thorbecke (1997) analyzes how stock returns respond to monetary policy shocks in
the U.S. The author finds that an expansionary monetary policy increases ex-post stock
returns. 4 This result can be explained by the positive effect on economic activity and
hence on future cash flows and by the reduction in the discount factor at which those

flows are discounted.

Rapach (2001) provides another analysis, based on US data, of the effects of money
supply shocks and other shocks on real stock prices. These shocks are identified by
means of long-run restrictions. The main result is that each identified shock affects real

stock prices. Expansionary monetary policy shocks have a positive effect on real stock

4In the VAR analysis monetary policy shocks are identified alternatively as innovations in the federal
funds rate and nonborrowed reserves. Identification of structural shocks is achieved by means of a

Cholesky decomposition as in Christiano, Eichenbaum and Evans (1996a, 1998).
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prices, the response of which can be rationalized according to the standard present-value
evaluation principle. The positive effect on output increases expected real dividends
while the decrease in the interest rate reduces the discount factor at which future dividend
payments are evaluated. Another interesting result is that aggregate supply and monetary
policy shocks contributed significantly to the surge in stock prices in the second half of

the 1990s.

The paper which is closest to our is Lastrapes’s (1998). The author analyzes the
response of asset prices - long-term bond yields and real stock price indices - to monetary
policy shocks in eight industrialized countries. The identification of monetary policy
shocks is achieved by means of long-run restrictions under the assumption that money
supply shocks do not permanently affect interest rates, real output, real stock prices and
real money. The main finding is that real stock prices respond positively and significantly

to unexpected increases in the supply of money.
3. The structural VAR analysis

In this section we present our proposed identification of the structural VARs. These
models, which have been extensively used in the analysis of monetary policy, are useful for
many reasons: they have the advantage of imposing a minimal set of restrictions, usually
coming from economic theory, so that it is possible to simulate the dynamic responses of
the variables of interest to policy shocks and to evaluate the relative importance of the

different shocks.

We will assume that the economy we analyze can be described by a structural dynamic

vector equation:

AL)y: +c =, (1)

where 3, is a vector of N economic variables, v; is a vector of structural shocks that can
be given, at least in some cases, an economic interpretation, ¢ is a vector of constants and
A(L) is an autoregressive polinomial of order p. The variables in y; are in order: a world

commodity price index, the nominal exchange rate, industrial production, the consumer
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price index, a short-term interest rate, a monetary aggregate and the stock market index.?

All the variables, with only exception of the interest rate, are expressed in logarithms.

The structural shocks are assumed to be serially uncorrelated and mutually indepen-

dent. The reduced form of the VAR is given by the following system of equations:

Y =c+ B(L)y +wy (2)

where u; is the vector of residuals. These are related to the structural shocks by the

following relationship:

V¢ = Aout (3)

We are interested in recovering the coefficients that contemporaneously link the vari-
ables of the y; vector, that is the non-zero elements of the Ay matrix in (3). There are
several ways of identifying these coefficients; all the different strategies need to impose
enough restrictions to do so. A simple way of achieving this is to orthogonalize the
reduced form variance covariance matrix of the VAR residuals, X, using a Cholesky de-
composition: this is equivalent to assuming a recursive structure of the model (1). More
complex strategies use both short-run and long-run restrictions as in Gali (1992) and re-
strictions on the signs of impulse responses as in Uhlig (1999), or restrictions on the signs
and cross-correlations of impulse responses as in Canova and De Nicol (2002). In this
paper we rely on a non-recursive structure of the Ay matrix, thus imposing restrictions
only on the contemporaneous relationship among the VAR variables. As a result, the
long-run behaviour of the models is left completely unrestricted. Given an estimate of

3], the coefficients of the matrix Ay can be estimated by maximum likelihood. Since ¥

5We used the nominal exchange rate with the US dollar for Japan, Germany, U.K and Canada and
the nominal exchange rate with the Deutsche mark for France, Italy and Spain. With respect to the
choice of the monetary aggregate, M2 was used for all the countries with the exception of Germany, for
which M3 was used. Stock market indices are: Standard and & Poor 500 (US), Tokyo NSE (Japan),
FAZ general (Germany), FTSE all share (UK), CAC 40 (France), MIB (Italy), Toronto Composite index
(Canada) and IBEX (Spain). All the data come from the International Financial Statistics (IMF), Main
Economic Indicators (OECD), BIS (Bank for International Settlements) and Datastream.
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has n(n + 1)/2 different elements, a maximum number of n(n — 1)/2 coefficients can be
estimated, after having normalized the diagonal coefficients of Ay to 1. The proposed

identification scheme is the following:

v, | [ 1 0 0 0 0 0 0]] ugp |
Vexc 921 1 0 0 0 0 0 Uere
Uy as] Q32 1 0 0 0 0 Uy
Up = 41 Q42 Q43 1 0 0 0 Uyp
Ums as1 as2 as3 Gz 1 asg 0 (O
Urnd 0 0O ags aegs ags 1 0O U,

| Us | | d71 Qr2 Qrz Q74 Q75 Q7g 1 1L Us |

where the vector on the left-hand side contains the structual shocks and the vector on the
right-hand side the reduced-form innovations. It is important to underline that among
structural shocks, only money supply v,,s; and, to a smaller extent, money demand shocks
Umq have a clear economic interpretation: the others are loosely identified. The VARs are
over-identified by one restriction, with the only exception of the US model in which the
exchange rate is not introduced. The money supply and the money demand equations
have the following representation in terms of contemporaneous relationships among the

residuals of the VAR equations:

Uy + A51Ucp + A52Uege + A53Uy + 54Uy + Aselm = U (4)

Um + A3y + Aeallp + Ae5Ur = Vpg (5)

We expect to find respectively a positively-sloped money supply (4) and negatively-sloped

money demand relationship (5) in the (m,r) space.

Equation (4) can be interpreted as a monetary policy rule that specifies the supply
of money as a function of the monetary aggregate, the nominal exchange rate, indus-
trial production, the consumer price index and the commodity price index. Equation
(6) represents a money demand equation in which the monetary aggregate depends on

the interest rate, the assumed opportunity cost, industrial production, the measure of
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economic activity, and the price level. This modelling of the policy block allows us to
disentangle monetary policy shocks from money demand shocks and it can be regarded
as a general scheme that is applicable to different countries where different operating pro-
cedures have been implemented. The commodity price index and the exchange rate in
the monetary policy rule (4) are used to capture external shocks that may generate infla-
tionary pressures. These variables help to solve the so-called “price puzzle”, after Sims
(1992): the finding that a contractionary monetary policy shock generates an increase in
the price level. The assumption that the central bank observes industrial production and
the price index is not present in Kim (1999), who justifies it in terms of availability of the
information at the time when decisions are taken. Given the monthly frequency of the
data we use, we prefer not to make this assumption since we think it is not possible to
rule out a priori that contemporaneous information on these variables may be available

to policy-makers for setting monetary policy.

The exchange rate index is usually introduced in small open economies’ VARs since it
is useful for their monetary authorities to target the exchange rate as well (the countries
participating in the EMS are an example). Moreover, for these economies the exchange
rate plays an important role in the transmission mechanism of monetary policy. Smets
(1997) finds that for Germany, France and Italy monetary policy is better modelled when
the exchange rate is taken into account. The introduction of the exchange rate is partic-
ularly justified for the European economies and Canada (which depends strongly on the
US economy). However, we prefer to adopt the same model for all the countries, with the
exception of the US, where the exchange rate is not introduced because the economy is

usually considered to be relatively closed.

We have assumed a Cholesky identification of the block containing the commodity price
index, the nominal exchange rate, the consumer price index and industrial production.
This assumption is commonly made in the VAR literature on monetary policy (see e.g.
Christiano, Eichenbaum and Evans (1998) and Bernanke and Mihov (1998)). We differ

from Kim and Roubini (2000) in that we do not allow the exchange rate to react to
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monetary policy shocks.® With respect to the stock price equation we have chosen to leave
it completely unrestricted, by assuming that all variables can have a contemporaneous
impact on this variable. The minimum identifying restrictions we have imposed represent
a very general framework that is able to explain the dynamics of nominal and real variables

in a relative large number of industrial economies.

Our analysis differs substantially from the one used by Lastrapes (1998). First, with
respect to the identification scheme, we used restrictions on the short-run relationships
among the variables and left their long-run behaviour completely unrestricted. We think
that monetary policy shocks are not the only shocks that have transitory effects on real
variables: aggregate demand and money demand shocks are other examples. Therefore,
the long-run monetary neutrality assumption could not be sufficient to identify monetary
policy shocks. Moreover, it is well recognized in the literature on VARs that monetary
policy shocks are usually identified as innovations in short-term interest rates, while mon-
etary aggregates are usually driven by money demand shocks (see for example Sims, 1992
and Strongin, 1995). Second, contrary to Lastrapes (1998), in order to correctly iden-
tify monetary shocks we introduce the nominal exchange rate since, for some countries,
especially small open economies, monetary policy shocks are better identified when the
exchange rate is taken into account (see Smets, 1997). Finally, we differ with respect
to the choice of the sample period used in estimating the VARs: Lastrapes (1998) used
monthly data from 1960 to 1994 while we used more recent data from 1985 to 2000.

4. Estimation results and impulse responses

In this section we present the estimates of the free coefficients of the Ay matrices and
we comment the results from the impulse response analyses. The reduced form VAR in

(2) is estimated consistently in levels by means of OLS.” The concentrated log-likelihood

SWe have experimented alternative identifications in which the exchange rate responded to these
shocks without substantial differences in the behaviour of stock prices. Given that we are not interested in
accounting for the “exchange rate” puzzle, we have assumed that it does not respond contemporaneously

to monetary shocks.
"Data are monthly and the sample periods goes from 1985:1 to 2000:12. The selection of the lag

number was made by looking at the autocorrelation function of the reduced-form residuals, in order to
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is maximized with respect to the free coefficients of the Ay matrix. The following table

reports the over-identifying restriction tests.

TABLE 1
Over-identifying restriction test
Canada Germany France Italy Spain UK Japan US
OIR test | 0.297 3.645 0.023 2618 0.012 1.273 0.665 -*
p-value | 0.585 0.056 0.878  0.105 0.909 0.259 0414 -*

& The model for the US is exactly identified. See section 3.

Our restrictions are not rejected at conventional 5 per cent significance level for all the

countries. The following table reports the (negative) estimated coefficients of the policy

block (equations (4) and (5) in section 3) of the Ay matrix.

TABLE 2
Estimated coefficients of the monetary block of the A; matrix
Canada Germany France Italy Spain UK  Japan US
interest rate equation
cp  -0.058 -0.032 -0.117  0.044  0.034 -0.110 0.023 0.010
exc 0.172 0.020 0.114  0.047 -0.009 -0.000 0.013 -2
y  0.100 0.007 -0.085 -0.012 -0.014 -0.189 0.041 0.077
p -0.099 -0.039 0.136  0.228 -0.050 0.414 0.083 0.257
m  0.580 0.256 0.213  0.089  0.101 0.598 0.286 0.252
money equation
y -0.033 0.114 -0.090 0.043  0.114 0.064 -0.072 -0.014
p  0.212 -0.914 -0.348  0.121 0.934 0.780 -0.127 -0.000"
r -0.204 -7.340 -0.348  -0.052° -0.614 -1.314 -2.478 -0.211

& This coefficient is not present since the exchange rate is not included in the model.

See section 3.

b Not significant at 5 per cent confidence level.

The coefficient that measures the endogenous response of the short-term interest rate to

the monetary aggregate has the correct sign in all VARs: following an unexpected increase

in money, which may generate inflationary pressures, the monetary authority increases

have them as uncorrelated as possible. This strategy led us to choose a different number of lags for the

eight VARs.
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the interest rate. The commodity price index enters with the correct positive sign in the
monetary policy rule of Italy, Spain, Japan and the US. The coefficient on the nominal
exchange rate has the correct sign in the policy rule equations of Canada, Germany,
France, Italy and Japan: an unexpected depreciation, measured by an increase in the
nominal exchange rate, induces the monetary authority to raise interest rates. The price
level enters significantly and with the expected positive sign in the interest rate equations
of France, Italy, UK, Japan and the US while industrial production has the correct sign
in the US, Japan, Germany and Canada. Overall, the signs of these coefficients indicate
that monetary authorities move to a contractionary stance when faced with inflationary
pressures. In the estimated money demand equations, the interest rate semi-elasticity has
the expected sign for all the countries, while this is not the case for output and the price

level.

We now analyze the responses of the VAR variables to a contractionary monetary pol-
icy shock, measured by an exogenous one per cent increase in the short-term interest rate.
Figure 1 reports the first principal component of the estimated responses of interest rates,
monetary aggregates and stock market indices to a contractionary one per cent monetary
policy shock for the countries considered.” In all the countries, the initial increase in the
interest rate is followed by a contraction of the monetary aggregate. The persistence of
this liquidity effect differs from country to country. Almost every model in which policy
shocks are identified with innovation in the interest rate shows a liquidity effect in the
short run: an expansionary monetary policy shock, for example, is characterized by a de-
crease in a short-term interest rate and an increase in monetary aggregates (see Gordon

and Leeper, 1994).1% Industrial production and the consumer price index (these responses

8Error bands (68 and 95 per cent probability intervals) for the first and second principal components
of the impulse responses are computed by means of Monte Carlo integration following Sims and Zha

(1999). In this paper the authors show how to compute error bands for over-identified structural VARs.
9The figure with the second component of the impulse responses is reported in the appendix.
0The effect of a monetary policy shock on the short-term interest rate is the result of two opposite

forces: the liquidity effect, which after a monetary expansion drives down interest rates, and the expected
inflation effect, which moves interest rates in the opposite direction. It is widely recognized that, at least

in the short run, the liquidity effect of a monetary shock is stronger than the anticipated inflation effect.
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are not shown) decrease in all countries, with the responses differing, again, in persistence
and magnitude. The price level responds smoothly in all VARs suggesting that prices
may be sticky.
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Fig. 1 Contractionary monetary policy shock: first principal component (68 and 95 per
cent probability bands)

A contractionary monetary shock produces a decrease in stock market indices in all
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the countries. As the figure shows, the responses differ in terms of magnitude, timing
and persistence. With respect to the latter, we find a short-lived response in the US and
Germany and a more persistent one in Italy, Canada, the UK, Japan and Spain. Monetary
shocks have no significant effects on the stock market in France. Lastrapes (1998) also
finds no effects of monetary policy in France and small effects in the U.K. However, our
results cannot easily be compared with those of Lastrapes (1998) since his models contain
a long-term interest rate instead of a short-term one as in this paper. Rapach (2001)
reports for the US a decrease on impact of about 6 per cent in response to a money
supply shock that raises the short-term interest rate by one per cent. The following table
reports the responses of stock price indices to a one per cent contractionary monetary
shock. As far as concerns the maximum (significant) response of stock prices, in the US it
reaches nearly 4 per cent (in the fourth month), 1.0 per cent in Canada (twelfth month),
3.1 per cent in the UK (fourth month), 6.3 per cent in Germany (fourth month), 0.1 per
cent in France (second month), 2.7 per cent in Italy (second month), Japan 4.6 per cent

(twelfth month) and 3.6 per cent in Spain (fourth month).!!

TABLE 3
Response of stock price indices to a one per cent contractionary

monetary shock

months | Canada Germany France Italy Spain UK Japan US
2 0.1 -3.9 -0.1* -2.7 22 -14 -1.1 -3.2
4 -0.2 -6.3 0.2* -1.7 3.6 -3.1 -2.00 -3.6
8 -0.7 -3.6% -0.1 -0.8 22 -1.5 -4.6 -1.2%
12 -1.0 -1.3% 0.0 0.1 -04* -1.8 -6.0*  -0.4*
16 -1.2% 0.7* 0.0 0.1* 0.8 -1.3* -6.00 -04*
20 -1.0* 2.1% -0.1*  0.0* 1.4 -04* -5.3* -0.6*
24 -0.97 3.0* -0.1*  0.1* 1.5 0.3 -44* -1.1*

* Not significant at 5 per cent confidence level. Significance is tested using the first
component of the variance of the impulse responses.

1 As for the impulse responses, there is a significant cross-country heterogeneity account in the con-
tributions of monetary shocks to fluctuations in stock markets. It is important to underline that in the
very short-run (up to 4 months) more than 70 per cent of the variability of stock market indices is due

to shocks originating within these markets. This percentage is still around 50 per cent after 2 years.
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Overall, these figures show that the effects of monetary policy shocks on stock prices are
not large. It is possible to evaluate the effect of monetary policy shocks on consumption
due to changes in stock prices using the elasticities estimated by Boone, Giorno and
Richardson (1998) and reported in section 1. With respect to the US and UK, a one
per cent increase in the short-term interest rate decreases consumption by around 0.14
per cent after one year. The effects are significatively smaller in Canada, France, Italy,
Japan and Germany (around 0.05). It must be noted that the effects of changes in policy
interest rates on stock market indices are usually short-lived: they become statistically

not significant after 8 to 12 months.

On the basis of the VAR analysis, the following conclusions can be drawn. First,
a contractionary monetary policy has a negative and transitory effect on stock market
indices, which return to baseline values in the short to medium-run. There is a significant
cross-country heterogeneity in the persistence, magnitude and timing of the responses of
stock market indices to monetary policy shocks. Second, the effects are, on average, small.
With respect to the contributions of monetary policy shocks, a similar heterogeneity is

found.
5. A limited participation DSGE model

In this section we present a limited participation model based on Christiano, Eichenbaum
and Evans (1997), Christiano and Gust (1999) and Christiano and Eichenbaum (1992),
which we modify to include trading in the stock market. The model will be used to
interpret the empirical findings of the previous section on the effects of monetary shocks
on stock prices under different policy rules. The model will be validated using the data

in section 6.

The choice of the limited participation model is motivated by the need to replicate the
main aspects of the monetary transmission mechanism: a contractionary monetary policy
shock generating an increase in the short-term interest rate and a decrease in money,
output, inflation and profits. In this class of models an expansionary monetary shock,

measured by an exogenous increase in the growth rate of money, generates a liquidity
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effect by decreasing the interest rate. By contrast, cash-in-advance models of the type
described in Lucas (1982) and Svensson (1985) are not able to generate a liquidity effect
after a serially correlated shock to the growth rate of money. The reason is that in
this class of models, monetary policy is able to affect interest rates only through expected
inflation. Sticky price models of the type considered in Christiano, Eichenbaum and Evans
(1997) fail to account for the negative response of profits to a contractionary monetary
policy shock. Therefore, this class of models cannot be used to analyze the implications

of monetary policy for stock prices, which depends crucially on the behaviour of profits.

We now briefly describe the model. A representative household maximizes the ex-

pected discounted flow of instantaneous utilities which are given by:

C._Ch 1—y 144
U(Ct,Cf,Nt,Ht):( tl_i) —@DD(Nt:_—fI?;)

(6)

where 1/1) is the elasticity of labour supply N, and C; is consumption. The parameters
o, ¥ and v are all positive. We allow for habit formation in consumption as in Boldrin,
Christiano and Fisher (2001): C' summarizes past choices of consumption goods pur-
chases. This feature is introduced in order to replicate the hump-shaped response of
consumption to monetary shocks that is found in empirical VAR analyses. According to
Boldrin, Christiano and Fisher (2001), allowing for habits in consumption in a standard
real business cycle model helps to account for a high equity premium without having to
rely on highly risk averse households. We use the following specifications of habits in
consumption: C" = yC | 4+ bC;_;. '? The parameter b determines the degree to which
consumption is intertemporally substitutable. In solving the model we will assume for

simplicity that x is equal to zero as in Christiano, Eichenbaum and Evans (2001).

A monetary friction is introduced, according to which households only gradually adjust

their holdings of cash and deposits. This friction helps to generate an excess of liquidity

12Boldrin, Christiano and Fisher (2001) have experimented with more general specifications of the

habits function C without any significant effect on the behaviour of asset prices.
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in the economy after a monetary policy shock that drives the interest rate down. We
introduce a cost for adjusting the cash that is used by the representative household to
purchase consumption goods: this cost is modelled in terms of hours, H;, spent organizing
funds and withdrawing money from bank accounts. We will model H; as a function of

cash holdings @, as in Christiano and Eichenbaum (1992):

Hy,=d {exp [c (Qi?tl — ,LLQ) +exp [—c (Q?tl — MQ) — 2} (7)

where pg is the steady state gross growth rate of cash holdings. '* Both the function H,

and its first derivative, H], equal zero in the steady state. The marginal cost of adjusting
cash is an increasing function of the two parameters ¢ and d: the larger the value of these
parameters, the larger will be the response of the interest rate to a change in the growth

rate of money.

Households face a cash-in-advance constraint on the purchases of consumption goods:

P,Cy < WiNy + Qy (8)

where P, is the price of consumption goods, W; is the wage paid by firms and ); is cash
holdings. An amount D,, which is given by M, — @)y, is transferred to a representative
financial intermediary. This receives a money injection X; (X; = My — M;) from the
central bank and lends the available funds D; + X; to firms charging the interest rate R;.
Firms need to borrow in order to pay the workers before the products are sold. The loan

market clearing condition requires the supply of loans to equal the demand

WtNt — Dt —|— Xt (9)

We assume the existence of a financial market where stocks are traded. A stock

is defined as the right for the holder to receive a dividend payment. In this market a

13Cooley and Quadrini (1999b) use quadratic adjustment costs for deposits.
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representative mutual fund (mf) buys and sells stocks of a continuum of firms j (which
are presented later on). Its objective is to maximize the sum of expected discounted

profits:

o0 i Mwinr (Y o A A .
S 52t [ (G 4 2R - 2P 0] (10)
=0

where Z/ is the holding of stocks of firm j, P/ is their price and I is the dividend. The
profits of the mutual fund are paid as dividends to the households. The time index of the

)‘“”“ reflects the fact that time ¢ dividends of the mutual fund at time

discount factor 3=
t can be used by households to purchase consumption goods only at t + 1.1* Taking the
first order condition of this maximization problem with respect to Z; ;.1 and substituting

forward we obtain the price for a stock of firm j

ZE [ﬂ’“ “lezW] Vj € (0,1) (11)

The mutual fund is meant to be only a descriptive device to model participation by
households in stock markets and it does not play any role in the transmission of monetary

policy shocks.

In a symmetric equilibrium, where the profits of all monopolistic firms are equal, the
prices of the stocks of these firms are identical and the mutual fund holds one stock for

each firm.!®
Z] =1 Vje(0,1) (12)
The dividends paid by the mutual fund to the households are given by:

mf—/ T = 11, (13)

14We rule out speculative bubbles in the stock market: this implies that prices in these markets are

equal to the fundamental values of the stocks.
15We assume, for simplicity, a fixed supply of stocks normalized to one.
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where I/ are the profits made by each monopolistic firm. Since all firms are equal, as will

be discusses later, they achieve the same level of profits II,.

The households’ budget constraint is given by:

My = [WiN, + Q, — PG + K + R, [M, — Q] + R X, — P I+ (14)

+ 2T+ 2 P -z P

where the term in the first bracket is the cash not spent in the goods market, r, K,
represents the payment received by the household for renting capital K; to the firm sector
at the rental price r;, P.I; is the value of investment goods purchased, R;X; are the
profits of the financial intermediary, Z;" ! and Ptmf are respectively the beginning of period
holding of stocks of the mutual fund and their price, and H;nf the dividends paid by the
mutual fund. ¢ These are paid proportionally to the holding of stocks at the beginning of
period t. Investment is subject to an adjustment cost, which we model as in Christiano,
Eichenbaum and Evans (2001): this implies that one extra unit of investment does not

transform into one extra unit of capital. The law of motion of the stock of capital is given

by

Kt+1 - (1 - 5)Kt + F (It7 [t—l) (15)

where ¢ is the depreciation rate, I; is the amount of investment goods and F' is a technology
that transforms past and current investment into productive capital K;,;. The properties
of the F' function are crucial in determining the shape of the response of investment to
monetary shocks. This modelling of adjustment costs produces a hump-shaped response
of investment to a monetary shock, a result that is well documented in the VAR literature

on the macroeconomic effects of monetary policy. This function is given by:

F(I,I,_1) = l1 ~ 3 (IH)] I, (16)

16We assume for simplicity that the stock of capital is owned by the household.
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Both the function S and its first derivative are equal to zero in the non-stochastic steady
state, while the second derivative is equal to s (s > 0). The inverse of s measures the
elasticity of investment to a one per cent increase in the current price of installed capital

Py

In the asset market, M1, Zﬁ{ and @), are chosen, while in the goods market C;, I,
K1 and N; are chosen. We now briefly present and discuss the first order conditions
of the representative household’s maximization problem. The first order condition for

money holding is given by:

At = BE (A1 Rer) = 0 (17)

where R; is the interest rate on deposits and \; is the multiplier of the representative
household’s budget constraint, which measures the marginal utility of one extra dollar in

the asset market. The first order condition for cash holdings is given by:

1
Ut,Hth,QtQi — BE; (Ut+1,Ht+1 Hi10, Qg;) +vi+ M — MR =0 (18)
t—1 t

The term v; + A; measures the benefit of increasing (); by one dollar, which is given by
the marginal utility of 1/P, extra units of consumption goods while \;R; gives the cost
in terms of utility of reducing deposits. The multiplier 1, measures the value for the
household of an extra dollar to be spent in the goods market, that is the value of the
liquidity services of real money. The remaining terms represent the cost of adjusting cash
holdings, respectively at time ¢ and ¢ 4+ 1. The term H, ¢, denotes the derivative of H,
with respect to @; and U, p, the derivative of period ¢ utility with respect to H;.

The first order condition for stock holdings is given by:

~ MNP+ BE, ()\t+1P£{ + )\t+1DﬁJ;) =0 (19)

where Ptmf is the price of a stock and H:”f is the dividend paid by the mutual fund.
Substituting forward equation (19) we obtain the usual pricing equation for an asset

paying dividends:
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By ! = ZEt (ﬂ )t;r Ht+];> (20)
=1

A similar asset pricing condition is derived by Lucas (1982) and Svensson (1985) who
analyze cash-in-advance models. The price of a stock at time ¢ is given by the sum of
the discounted (by the marginal utility of wealth) flow of future dividends. The discount
factor is given by 6”;—;” The price of a stock of the mutual fund can be seen as a stock

market index in which individual firms’ prices are averaged with equal weights.

The first order condition for consumption and hours worked together implies the fol-

lowing labour supply equation:

Uic, + BEUi 10, | Ui,
: : N 21
P, + W, (21)
The first order condition for the choice of capital is
—MPxit + BEL [My1ree1 + M1 P (1 —0)] =0 (22)

where P, is the shadow price at time ¢ of an extra unit of installed capital and r,41 +
P11 (1 — 9) is the corresponding benefit. It is an arbitrage condition according to which
the cost of giving up one unit of consumption must be equal, in terms of utility, to the
benefit that can be obtained from the extra unit of capital in the following period. If
there were no adjustment costs for investment, the shadow price of new capital would be

equal to the price of consumption goods. The first order condition for investment implies

P+ MPri i Fip + BE: (A1 Prorir1Fopi1) =0 (23)

The term in brackets is the value, in terms of utility, of an extra unit of investment: this
unit produces F, units of installed capital at time ¢ and F5;;; units at time ¢ + 1. The

cost of one extra unit of investment is equal to the price of consumption goods.
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We now describe the firm sector. We assume the existence of a continuum of monop-
olists on the (0, 1) interval that produce an intermediate good j using a constant return
to scale technology with capital and labour as inputs. We rule out entry and exit into the
intermediate firm sector and we assume that these firms are owned by the mutual fund.
All these firms face the same problem, which consists in maximizing period t profits which

are defined as

1 = PY{ = C (ry, RW:, Y7 (24)

where Y/ is the demand by households for goods sold by firm j at price P/, given by

. P\ 1
Y () (25)

and —£= is the constant elasticity of demand. The first order condition of the problem

(n—1)
of choosing the price P/ that maximizes time ¢ profits is given by the standard pricing

formula:
P} = pMCy (26)
where in equilibrium the marginal costs MCY are equal for all firms since they have

access to the same production technology and they face the same factor prices W, and r;.

Marginal costs are given by:

MCy = Ar® (W,R,) ™ (27)

where A is a constant.!” The production technology is a standard Cobb-Douglas function

with capital share a and fixed cost of production ¢. Since we focus on a symmetric

1"The expression for marginal costs can be derived from minimization of total costs wy Ry Ny + ri K.



28

equilibrium, we set Ptj = P,, where P, is the price of the consumption good (produced by

the competitive firm described below).

Finally, intermediate goods are combined into a final good by a competitive firm with

the following CES technology:

v [ 07)" 0] 29

where goods are indexed by j € (0, 1), Y; is the output of the competitive firm and Y{ is
the output of the j** monopolistic firm. Finally, the resource constraint of the economy,

18

Y, =Cy + I, (29)

5.1 Specification of monetary policy

In this section we specify how monetary policy is conducted in order to close the model.
Rules that set the level of a short-term interest rate have become very popular in the
literature on monetary policy: the most famous is the so-called “Taylor rule”, according
to which the interest rate responds to contemporaneous inflation and output gap. We will
specify a general class of interest rate feedback rules of the type analyzed in Clarida, Gali
and Gertler (1998). A target for the short-term interest rate is set by the central bank.

The target is given by:

Ri =R+ py (Y =Y) + pr (m = 7) + pim (my — ) (30)

where R, Y, ® and T are respectively the steady state values of the short-term nominal
interest rate, output, inflation and real balances. Potential output is assumed to be
constant since shocks, such as technology, that can produce fluctuations in this variable

are not considered. The Taylor rule is obtained by setting o to 0.5, 5 to 1.5 and v to
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0. The rule is referred to as partial accommodation if ~ is different from zero: a positive
value identifies an upward sloping supply of real money. The actual short-term interest

rate is adjusted according to the following partial adjustment mechanism:

Ry =(1—pr) B} + prBt1 + & (31)

where p, measuring the speed of adjustment, belongs to the [0, 1] interval and ¢; is the
monetary policy shock. Under these rules, the central bank provides, through money
injections X; to the financial intermediary, whatever amount of money is demanded by

households.

Alternatively monetary policy can be defined in terms of a money growth rule, accord-

ing to which the gross growth rate of the money supply ¢; = MA}—T is adjusted in response

to the monetary policy shock. Therefore, the rule is given by:

A(L)g:=B(L)¢ (32)

where A (L) and B (L) are two lag operators and ¢, is the monetary policy shock. For

simplicity we will assume an autoregressive process of order one for g; with coefficient p,.
5.2 Calibration of parameters and impulse responses

The first order conditions for the households, the cash-in advance constraint (assumed
to be binding due to local non-satiation), the intermediate firms pricing condition, the
loan market clearing conditions and the resource constraint are linearized around the
steady state after having normalized all nominal variables by P,_; to achieve stationarity.
The system consisting of the linearized equilibrium conditions is solved with the method

described in Christiano (1998).

The following table reports the calibrated parameters of the benchmark model.
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TABLE 4

Calibrated parameters: benchmark model

utility function I} ~y v Yt b c d
0.9975 2.0 0.57 094 0.6 1000  0.00005

others o L 0] s o T

0.36 1.25 0.51 5.0 0.0087 2.5

& The parameter is chosen so that N is equal to 1 in steady state.

The calibration of the parameters is based on different sources. The value of the house-
holds’ discount factor, (3, is chosen so that the steady state value of the real interest rate
is equal to 3 per cent per year. The values of b, which measures the degree of habits in
consumption, is close to the estimate in the benchmark model in Christiano, Eichenbaum
and Evans (2001). The parameter ¢, measuring the inverse of the elasticity of the labour
supply, is taken from Christiano, Eichenbaum and Evans (1996b): it implies an elasticity
of the labour supply of 1.75. The parameters ¢ and d, which affect the marginal cost of
adjusting cash holdings, are taken from Christiano and Eichenbaum (1992). This param-
eter is crucial in determining the persistence of the liquidity effect when a money growth
rule for monetary policy is assumed. On the other hand, they have a smaller effect when
an interest rate rule is assumed. With respect to the capital share in the production
function, «, we have chosen the standard value of 0.36 used in the literature on business
cycle models. The parameter s of the investment adjustment cost function is set close to
the average of the values estimated in Christiano, Eichenbaum and Evans (2001). The
parameter p, measuring the mark-up of prices over marginal costs, is set to 1.25, close
to the benchmark value used in Christiano, Eichenbaum and Evans (1997). The value of
the fixed cost ¢ is calibrated assuming that the ratio of real profits to output is equal to 6
per cent as found in US data for the period 1985-2000.*® Finally, the steady state annual

inflation rate is set at 2.5 per cent.

The following table reports the responses on impact and after two years of stock prices

to a contractionary one per cent monetary policy shock.

_ nl=s ) K"—K"

18The fixed cost is given by ¢ (i=s0)

where s, is the share of profits, in real terms, relative

to output. We have set N equal to 1. The steady state level of capital is denoted with K.
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TABLE 5

Monetary policy rules and response of stock prices®

monetary policy rule coefficients response”

Py Px Pm PR Pg k=1 k=24

1. Taylor 0.5 1.5 0 0 0 -4.9  -0.0

2. Taylor 05 1.5 0 07 0 -6.6 -0.3

3. partial accommodation 0.5 1.5 0.3 0.75 0 -6.4 0.1

4. inflation targeting 0 15 0 07 0 -11.0 -7.7

5. money growth 0 0 0 0 0.3 -94  -6.5

& Responses, in nominal terms, to a contractionary one per cent policy shock.
b Percentage deviation from unshocked path after k periods.

Under all these rules, a contractionary monetary shock determines an increase in the
short-term interest rate and a decrease in nominal stock prices and money. Inflation
targeting and money growth rules produce persistent effects on stock prices, while this
is not the case for those rules in which the coefficient of the output gap is different from
zero. The reason is that the latter have a stabilizing effect on the economy: when the
output gap becomes negative, the central bank reduces the target and the actual short-
term interest rate and this has a positive effect on production, inflation and profits. In
these cases, the level of nominal variables is not permanently affected by monetary policy:
nominal profits, which are a determinant of stock prices, return to the baseline value after
a monetary policy shock and this produces a transitory effect on nominal stock prices.
The same results are obtained if a positive coefficient is assumed for real money and the

coefficient for the output gap is set at zero.

The following figure reports the responses of the interest rate, money and stock prices
to a contractionary monetary policy shock under the different rules specified in section

5.1.
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Fig. 2 Response of stock prices to a contractionary monetary policy shock under

different rules
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The interpretation of the response of stock prices to a monetary policy shock can
be based on the pricing condition (20), according to which the price of a stock is equal
to the sum of future discounted dividends, given the information available at time t.

Atti
7)\15 or

Monetary policy shocks influence stock prices either through the discount factor 3
future dividends Dﬁ{ . In our model a contractionary monetary shock, measured either
by an exogenous decrease in the growth rate of money or an increase in the short-term
interest rate, produces an increase in firms’ marginal costs and a decrease in production
and profits. As a consequence of the decrease in labour and capital income, households
decrease deposits, investment and stock holdings in order to smooth consumption. The
returns to these assets are linked by no-arbitrage conditions (as can be seen from equations

(17), (18), (19), (22) and (23)). Therefore, the decrease in stock prices is the consequence

of lower future dividends and a lower demand for stocks for a given supply.

A sensitivity analysis of the response of stock prices to a contractionary monetary shock
(see Figure 3) shows that, in the benchmark calibration and under a partial adjustment
Taylor rule, the value of the mark-up g and of the fixed cost ¢ play an important role
in shaping the response. These parameters affect both the steady state of the model and

the dynamics of dividends, as can be seen from the following equation:

. 1/ — 7Y T 7Y 1\ ~
Ht:<wy—”—¢”>ﬁt+”<1—>n (33)

where a hat denotes the percentage deviation from steady state of real dividends II,
output, Y, and inflation, 7. The fixed cost ¢, when different from zero, and the mark-up
1 determine the dynamics of profits and consequently stock prices. This is not the case

9

when ¢ is equal to zero'?, in which case the above equation becomes:

19This can be seen by noting that II =7 ( — l).
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As can be seen from Figure 3, setting the fixed cost equal to zero determines a smaller
and less persistent response of nominal stock prices than the benchmark calibration. The
reason is that, as it can be seen from (33), the presence of fixed costs implies a higher
dependence of real profits on output (the coefficient on Y, is equal to 3.3 compared with
a coefficient of 1). The choice of the mark-up p is not relevant when the fixed cost is
calibrated as it is described in footnote 7. On the other hand, it becomes relevant when
the fixed cost is set at zero by affecting the steady state of the economy. A smaller
mark-up (1.05) implies a larger response of stock prices, mainly reflecting a larger impact
of monetary policy on inflation, partially compensated by a smaller effect on output.
The opposite happens for a larger mark-up (1.8). The higher the degree of monopolistic
competition in the intermediate firm sector, the smaller is the response of dividends and

nominal stock prices.

The parameter ¢ that determines the magnitude of adjustment costs for changing cash
holdings is also important in determining the behaviour of stock prices. A low value of ¢
(200) implies a quicker adjustment of cash and deposits and consequently, by an arbitrage
condition, stock holdings. For a given supply of stocks, this implies larger movements in
stock prices. A larger ¢ (2000) does not yield significatively different responses from
the benchmark calibration. Changing the degree of risk aversion () (from 1.01 to 4),
the degree of habits in consumption (setting b equal to zero) and the elasticty of labour
supply (i) (from 0.057 to 10.57) has a smaller impact on the response of stock prices
to monetary policy shocks. The following figure reports the responses of nominal stock

prices under different calibration of parameters.
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Fig. 3 Sensitivity analysis of the response of stock prices

6. Validating the model

In this section we will proceed in validating the proposed model against actual data.

We will apply the methodology described in Canova (2001) to US and German data
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(since these are the only results available for the moment). This approach takes seriously
the objection that the proposed model represents an approximation to the true data
generating process (DGP) and the idea that economic theory should be used in validating
DSGE models. The proposed approach to validation combines calibration of theoretical

models and VAR analysis.

We now briefly describe the approach. The first step consists in finding robust implica-
tions of the model. These are implications that are robust to different sets of parameters,
different functional forms of the primitives and different monetary policy rules. In the
second step, these implications, in the form, for example, of the signs of the impulse re-
sponses or their cross-correlations, are used to identify shocks in the data. An argument
in favour of this identification strategy for VARs can be found in Canova and Pina (1999).
The authors find that the zero restrictions generally used in the VAR literature can be

inconsistent with the dynamic relationships among variables predicted by DSGE models.

In the third step, a qualitative comparison is made of the responses of variables to
identified shocks, in order to examine whether and to what extent the dynamics of the
model and the data are similar. In the last step the validation process uses the quantitative
implications (impulse responses and variance decompositions) of the model and the data
and tests the significance of their equality. Canova (2001), for example, compares the
value of the half-life of output predicted by sticky price and limited participation models
to see whether they are able to generate sufficient persistence in the response of output

to monetary shocks.

The responses of money, stock price, output and prices to a monetary shock are used
as a robust implication of the limited participation model we have set up. To evaluate
the robustness of the signs of the responses we have used different sets of calibrated
parameters and different monetary policy rules (see Figures 2 and 3). A contractionary
monetary shock always increases the short-term interest rate and decreases nominal stock

prices and money. Also output and prices always decline.

The signs of the responses are used as restrictions to be imposed on US and German



37

data following Canova and De Nicol6 (2002). The covariance matrix of the reduced-form
VAR residuals, ¥, is decomposed into PD P’ where D is the matrix of eigenvalues and
P the matrix of corresponding eigenvectors. An algorithm searches along all possible
rotation matrices Q),, and angles w that satisfy the sign restrictions we have imposed
using the following decomposition: ¥ = PD%Qm,nQ;n’nD%P’ . The matrices @,,, are
orthonormal (such that QQ’" = I).2° The algorithm found three identifications that satisfy
the sign restriction. Two identifications were discarded because they implied implausible
magnitudes for the responses of stock prices and output. The following figure reports
the responses of the short-term interest rate, money and stock prices to a contractionary
monetary policy shock. For comparison we also report the responses obtained in section
4 and those obtained with the theoretical model under a partial adjustment Taylor rule

(rule 2 in Table 6).
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Fig. 4 Responses to a contractionary monetary policy shock (US)

The responses are qualitatively similar although the magnitudes are slightly different. It

is important to underline that the responses obtained with the structural identification

20For the definition of matrices Qm.n see Canova (2001).
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are very close to those obtained with the sign restriction identification: the reason is that
in the identification scheme we proposed, money and the stock price index can respond
contemporaneously to changes in the short-term interest rate. The model and the data
responses can also be compared using the cross-correlations of the impulse responses of

interest rate, money and stock prices. Figure 5 reports these correlations.

STOCK PRICES - INTEREST RATE (K)
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0.00 = =
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050 o >~ —
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Fig. 5 Cross-correlations of responses to a contractionary monetary policy shock (US)

The figure shows that the cross-correlations of the responses are very similar in the model
and in the data for the US: the model performs well in accounting, at least qualitativelt,
for the responses of interest rate, money and stock prices.?! The results for Germany are

reported in the appendix (Figures 7 and 8).
7. Conclusions

In this paper we have analyzed the relationship between monetary policy and stock market
indices in the G-7 countries and Spain using the methodology of structural VARs. We

have found that contractionary monetary policy shocks, measured by exogenous increases

21Similar results are obtained using a forward-looking Taylor rule in the theoretical model.
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in the short-term interest rate have, on average, small, negative and transitory effects on
stock market indices. The persistence, the magnitudes and the timing of these effects
differ significantly across countries. The results are in line with previous works that have

relied on an alternative identification of monetary policy shocks.

The limited participation model, modified to allow households trading in stocks, which
we have set up is able to replicate, at least from a qualitative point of view, the empirical
responses of stock price indices to monetary policy shocks under a variety of monetary

policy rules and calibration of parameters.
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Appendix I. Figures
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Fig. 7 Responses to a contractionary monetary policy shock (Germany)
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