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While views range widely about whether it is appropriate to use monetary policy to try to curb an asset
price boom, there appears to be less disagreement about the prescription of easing monetary policy in
the aftermath of a sharp break in an equity price bubble. This paper considers the monetary policy
tradeoffs in a multivariate bubble setting, where such conventional wisdom could lead policymakers
astray. The tradeoffs appear particularly complex when the collapse of the equity price bubble
coincides with expansion of a housing price bubble. Technically, the optimal monetary policy model
in this paper is an extension of the earlier work of Filardo (2003d) into endogenous univariate bubbles
in the context of a fully dynamic model. This approach contrasts with the existing literature which has
emphasised the question of whether monetary authorities should simply respond to univariate asset
price movements using an exogenous bubble approach or the one-shot endogenous bubble approach.
The model is sufficiently flexible to allow for uncertainty about the nature of the bubble as well as
other relevant policy issues.

The views expressed are those of the author and not necessarily the views of the Bank for International
Settlements.



L. Introduction

The debate about whether central banks should respond to asset price bubbles has evolved
considerably over the past decade. Initially, there was general scepticism about the efficacy of policy
reactions and even considerable doubt about the putative existence of bubbles. While doubts still
abound, there is much more acceptance of the fact that central banks should seriously consider the
possible ramifications of asset price booms and busts and how central banks might optimally calibrate

their policy settings. Prudence advises hoping for the best but preparing for the worst.

Views about the relevance of asset price bubbles have been greatly influenced by the movement
in equity prices over the past decade. These views have become more complicated in recent years as
housing prices have taken a more prominent role in monetary policy discussions. In part, the
simultaneous collapse of equity prices and strong boost in housing prices deepened our understanding
of the possible forces affecting disparate financial markets. Indeed, the steady rise in real estate prices
may have reinforced the notion that even if some asset prices might appear to be priced “correctly”
cross-sectionally, they might nonetheless show persistent intertemporal mispricing and even apparent

and persistent disconnects across markets.

Concerns about linkages between boom-bust behaviour in equity prices and housing prices
naturally arose during the period (eg see Borio and McGuire 2004). Were bubbles in different markets
linked? Did the peaks have a temporal ordering and did the collapse of the equity price bubble
increase, or decrease, the likelihood of a housing price collapse? Of particular importance was the
question of whether the monetary policy response to the collapse of the equity price bubble could have
unexpectedly led to the subsequent size and longevity of the housing price bubble. Some progress has
been made in understanding the nature of the relationship but our understanding remains fairly
rudimentary. This gap in our understanding leaves plenty of room for more speculative “what if”
modelling exercises to explore some of the monetary policy tradeoffs, under various plausible
assumptions. In particular, such exercises can shed light on the conjecture that central banks might
prefer to respond to the collapse of an asset price bubble in an ex post fashion, rather than “leaning”
against it in an ex ante fashion during the boom phase so as to prevent the build up of risk of a

downward economic and financial cascade.

The paper addresses these important monetary policy questions with a model that explicitly
incorporates multivariate asset price bubbles and a channel by which a monetary authority can
influence the evolution of asset price bubbles. In the model, high output and low interest rates produce
a fertile environment for multivariate asset price bubbles to expand simultaneously. This of course
leaves open the possibility that central banks may optimally prefer to affect the longevity and size of
asset price bubbles by taking actions. The advantage of the modelling approach over previous efforts
is that the question of the optimality of pricking asset price bubbles can be addressed directly. To

anticipate the conclusions of the paper, the possibility of multiple bubbles reduces the attractiveness of



ex post versus ex ante monetary policy strategies to address asset price bubbles. In particular, the delay
in reacting to the expansion of one bubble may extend its longevity, size and ultimately the
disorderliness of its collapse, which might require a much more aggressive ex post monetary policy
reaction; in turn, this response could perpetuate cycles of boom-bust behaviour in other bubbles. This
conclusion from the model has implications for recent history. It would suggest that the aggressive and
persistent easing of monetary conditions in the wake of the stock market collapse in the past decade

might have helped pump up, unwittingly for central banks around the globe, a real estate price boom.

Technically, the model in this paper is an extension of earlier work into endogenous univariate
bubbles by Filardo (2003d)." This contrasts with the existing literature which places emphasis on the
question of whether monetary authorities should simply respond to univariate asset price movements,
as explored by Bernanke and Gertler (1999, 2001), Cecchetti, Genberg, Lipsky and Wadhwani (2000),
Filardo (2001), Dupor (2001) and others using an exogenous bubble approach.” The monetary policy
model of the economy is adapted from Rudebusch and Svensson (1999) and optimal monetary policy
is calculated. In addition, the model allows for uncertainty about the nature of the bubble process—in
the limit, whether there is a bubble or not. Implications of uncertainty about the bubble for monetary

policy are explicitly explored, along with broad monetary and regulatory policy implications.

This paper begins with some stylised facts about multivariate bubbles and raises some general
modelling issues related to asset price bubbles and monetary policy. Section III then lays out the
particular specifications of interest and characterises the inherent nonlinearities, first using a simpler
univariate asset price bubble to illustrate some of the complex dynamics and then focusing on a
multivariate extension of the model. Section IV discusses policy implications and draws conclusions

for future research.

I1. Thinking about bubbles

Writing down a monetary policy model with asset price bubbles in it is not an uncontroversial
exercise. One first must assume that bubbles exist and that one can characterise the evolution of the
bubbles. The existence of bubbles is still quite controversial, owing in large part to the lack of
consensus about their definition and the inability to observe them with certainty. Various definitions
have been suggested, which are reviewed in Filardo (2003c). The notion closest to the spirit of the

exercise in this paper is that of an irrational bubble (Meltzer (2003), Allen and Gale (1999)). The

' Earlier research efforts into endogenous bubbles include Bordo and Jeanne (2002), Kent and Lowe (1997) and
Gruen, Plumb and Stone (2003). These models tended to examine one-shot bubbles instead of a fully dynamic
solution.

% Other efforts to explore the trade-offs include Akram et al (2006), Christiano and Rostango (2005), Disyatat
(2005), Roubini (2006), Berger, Kissmer and Wagner (2005) and Zampoli (2006).



irrational bubble largely reflects the statistical properties of boom-bust behaviour that can be seen in
asset prices from time to time across a wide range of countries.” In many respects, the definition of an
irrational bubble sweeps under the rug many intriguing questions about how bubbles arise, what
sustains them and what triggers a collapse. From a macroeconomic point of view, these questions may
be of second order importance at this point in time, relative to the questions about what policymakers

might want to do about them.

A starting point of reference for this study is the empirical behaviour of various asset prices
over the past few decades. While there is considerable latitude to disagree with any particular
characterisation of the swings in key asset prices, there is a set of reasonable economists, both inside
and outside the central banking community, who have labelled these wide swings as being
symptomatic of asset price bubbles. For practical purposes, this paper will focus on equity price and
housing price developments. Graph 1 shows that equity prices and housing prices have exhibited
behaviour that is arguably consistent with bubble behaviour, ie persistent expansion in prices and
subsequent sharp declines. Also noteworthy is the co-movement of housing and equity prices as well

as a tendency for equity price peaks to precede housing price peaks.”

Various modelling challenges follow from these observations. In a nutshell, the key challenge is
to write down a representation of multivariate bubbles that replicates the time-series behaviour of what
is evident in the historical records. To this end, hypothetical bubbles should exhibit gradual expansions
followed by sharp contractions. The trigger of the collapse should not be deterministic but rather
stochastic in nature. Moreover, in contrast to many existing models of endogenous bubbles, the
bubbles should not be static one-shot games but rather dynamic, recurring processes. This dynamic
aspect enriches the types of tradeoffs central bankers face because strategies to fight a given bubble
may have implications for the evolution (eg likelihood, longevity and size) of subsequent bubbles. The
stochastic processes on the bubbles are necessary but not sufficient for a complete analysis. Of critical
importance is the assumed influence on key macroeconomic variables. At this point in time, this
aspect of the problem is the most speculative because of considerable uncertainty about how

consumers, investors and workers factor asset price bubbles into their behaviour. In some episodes

> The label “irrational” may be somewhat unfortunate because this type of boom-bust behaviour might be quite

consistent with a weaker form of rationality than is generally the case when assuming rational expectations. For
example, see models of De Grauwe and Grimaldi (2006) and Kurz (1998).

* For a more detailed analysis of these booms and busts, see for example, Case and Shiller (2003), Detken and
Smets (2004) and ECB (2006). For a less favourable bubble interpretation, see for example Himmelberg et al
(2005), McCarthy and Peach (2004) and Smith and Smith (2006).



Graph 1 — Cross-country equity, housing and composite asset prices
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Graph 1 — Cross-country equity, housing and composite asset prices (con’t)
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there is evidence that economic agents can “look through” the asset price booms; in such a situation
the excesses in one market need not spillover into other markets, thereby muting the nonlinearities, or

contagion, that might arise in the aftermath of a collapse.

The model in this paper does take a stand on these key features, to varying degrees of
satisfaction. As will be seen, the model does address the possibility of complex nonlinearities. Further
exploration of these types of nonlinearities might shed important light, but at this stage they should be
seen as being more stylised than a convincing replication of reality. Another important departure from
much of this literature is that this paper focuses on optimal monetary policy strategies in the presence
of information constraints. In this way, the results in this paper provide some guidance about how to
think about the policy tradeoffs in a more disciplined way, ie one that provides a positive analysis
rather than the mixture of both positive and normative elements as has been the case in many papers
on this subject of late. Finally, the paper attempts to understand how the optimal monetary policy
strategies might change when there is uncertainty associated with the identification of asset price

bubbles in real time and clarifies what type of uncertainties are of prime importance.

II1. Modelling multivariate asset price bubbles

There are many ways to model multivariate asset price dynamics. This paper extends the basic
framework of Filardo (2003d), which admittedly is based on a fairly stylised model of the policy
trade-offs faced by a monetary authority. The model economy can be described by three blocks of
equations: a macroeconomic block, an asset price block and a monetary policy block. In many
respects, this is a stripped down version of a much larger-scale model but nonetheless highlights the

key policy tradeoffs arising from the possibility of multivariate asset price bubbles.

Macroeconomic block

The macroeconomic block is an extension of the Rudebusch and Svensson (1997) model
incorporating a vector of asset prices. The demand side of the model is assumed to have a standard IS
curve specification. Inflation fluctuations are modelled as a standard backward-looking Phillips curve

with an additional source of inflation coming from asset prices.” As specified, it is only the non-

> This can be generalized to be forward-looking but there are a few good reasons in this paper to suppress this
dimension of the policy problem. First, it helps to focus on the set of information variables relevant to
policymakers. In a forward-looking specification, variables such as the fundamental and non-fundamental
components of asset prices might be thought of as instrumental variables; hence, from a practical point of view
such variables would be important but their practical importance might be obscured by focusing on the valid
claim that asset prices only matter to the extent that they help to predict future inflation and output. Second, as
long as the relevant policy experiments in the paper are roughly immune from the Lucas critique, a backward-
looking representation might be deemed a reasonable approximation. Third, the backward-looking assumption



fundamental, or bubble, component of asset prices that contributes to inflation, above and beyond
what is already captured in the output gap or past inflation rate. Algebraically, the first block of the

system is represented compactly as follows:

Macro block

(D IS) vy, =-yr, +0y,, +(P(7TAP,;—1 _nt—l)+€t
(PC) m, =7 +ay_  +Pmy,  +7,

where @ =(¢e,¢h) and f z( ﬂe,ﬂh); y is the output gap, r is the interest rate controlled by the
monetary authority, m is the inflation rate, 7 ,, is a vector of the rates of asset price appreciation,
which in turn is a function of 7, (the rate of change in asset prices attributable to fundamentals) and

7, (the rate of change in asset prices attributable to the bubble component of asset prices). Without

loss of generality, it is assumed for simplicity that the bubble is bivariate.

To be more specific, the real return on asset prices in the IS equation captures the potential
channels of asset prices, eg equity and housing price inflation, on consumption (via a real or perceived
wealth effect), investment (via a cost of capital effect) and government spending (via a tax revenue
effect). The linkages are kept fairly simple and linear in order to keep this block of equations relatively
easy to manipulate and interpret. The error terms in the IS and PC equations are assumed to be

normally distributed with mean zero and a fixed variance.

Asset price block

The simplicity of the first two equations has the additional benefit of allowing us to focus
closely on the implications of the nonlinear asset price dynamics and hence the monetary policy
tradeoffs, in the overall system of equations. To investigate the nature of the macroeconomic dynamics
in this system it is useful to spell out the details of how asset prices evolve in this hypothetical
economy. Without loss of generality, we assume a bivariate asset price specification; clearly this can
be easily extended to a greater number of asset prices. In light of recent history, it is natural to think in
terms of equity price and housing price developments. The components of the asset price block have

the following specification:

simplifies the model sufficiently to use the solution algorithm proposed in the paper, which admits a very
flexible specification of multivariate asset price bubbles.



Asset price block
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where i is a unit vector, (1°,4") are coefficients and (v*,v") ~ N(O, of), j={e,h}.

The fundamental components of asset prices (F) are assumed to have a simple structure. The
real growth rate of housing and equity prices is proportional to output, y. More complicated functions

can be constructed but this is suppressed for simplicity. The nonfundamental, or bubble, components
are modelled as nonlinear random functions of output and interest rates. The details of the {(y, ,,7_,)
are described in more detail below. As will be seen, the nonlinearity implied by this assumption will

introduce interesting nonlinear dynamics of the model and enrich the types of trade-offs that the

hypothetical monetary authority face in such an environment.

Monetary policy block

Given this structure of the macroeconomy and asset price dynamics, the monetary authority’s
challenge is to choose a policy interest rate in order to minimize the weighted average of the variance

of output, inflation and the change in interest rates, that is, the monetary authority’s loss function,’

4) L =var(y)+ u, var(zr) + p, var(r —r_)).

The theory of stochastic optimal control problems states that the optimal monetary policy can be
characterized as a function of the state space. In this paper, we will limit the search of the function to

the class of linear feedback rules of the form’

% The variance of the change in the interest rate is included to reflect the general desire of central banks to
smooth interest rate fluctuations.
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This full mathematical statement of the model can be summarized in the state-space

representation to highlight the simple dynamic structure:
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In the paper, it is not only interesting to examine the results corresponding to the optimal policy
rule (equation 5) but also to look at rules that do not require the ability of the central bank to identify

the fundamental and non-fundamental components. In particular, rules will be calculated that assume

7 See, eg, Chow (1978).



that the monetary authority responds to observable asset price growth (y,7,m,,) and to the more
conventional rule based on (),7 ). In this way, we can evaluate the marginal benefits, if any, of

reacting to asset price developments above and beyond the conventional case.

Benchmark model

This paper also explores various specifications of the non-fundamental, or bubble, process. The
benchmark case is that of a two-sided, exogenous multivariate bubble with Markov probabilities
governing the transitions across states. The process is considered two-sided because there is a
possibility of positive as well as negative bubbles. A positive bubble represents geometric growth in
an asset price, where the rate of expansion is taken to be constant, without loss of generality. It is
multivariate owing to the bivariate asset price assumption. These two features will not vary across the
alternative specifications. The exogeneity assumption, however, will be relaxed in the alternatives.
The assumption of exogeneity implies the transition probabilities are independent of the evolution of
the other state variables in the model, ie the transition probabilities are fixed. From the point of the
hypothetical monetary authority, the evolution of the bubbles is independent of what happens in the

economy and its own actions in setting the interest rate.

In this case the fixed transition probabilities (FTP) can be written as

(9) P_l’()’] — _:L:|____

where the diagonal elements of the partitioned transition probability matrix are

pil,—l pil,O 0
(10) Pl =PU 1 )=| oy Poo P, |-forie {e,h}'
0 pll,O pll,l

In this case, the stochastic process for the asset price bubble can be written as a multinomial
distribution that is dependent on the previous realisation of the state of the bubble but independent of

all other variables in the system:
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9; with probability pf’l, givens, =1
—0,7,, with probability 1- p,, givens, | =1
6, with probability p,,, givens, , =0
(11) Ty, = = 0  with probability pé,o, givens, =0 ,forie {e,h} .
0. with probability p(")’_l, givens =0
0. with probability Pi1,f1a givens!  =-1

_0;1';_1 with probablllty l_pil’_la given Sti—l =-1

In a positive bubble state, the bubble grows by an increment 0; . In a negative bubble state, the

bubble grows by an increment 6’; . Otherwise the bubble collapses to zero.

Alternative transition probability specifications

Two other specifications are considered. Each represents a different perspective to which the

multivariate bubble processes are interrelated.

The first alternative allows the time-varying transition probabilities (TVTP) for the two asset
price bubbles to depend on common state variables contained in X. In a sense, the interrelationships
between the bubbles are indirect, and hence the alternative is labelled the weakly interacting

multivariate bubble specification.

P (X )b o
(13) P1,0,1(Xz1)=(“’95‘%“‘2’:“})7,‘—()—(-—)—]
|

(14) Pil,ﬂ,l (Xt—l):Pi(It 11, X, )= p(i),—l(Xt—l) pé,o (Xt—l) p;,l (Xt—l) forie {eah}-
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—0,7,_, with probability 1- p; (X,_,), givens, , =1

prt-1
6, with probability p, (X t_l), givens, | =0
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where 6’; and (9,; represents the rate at which the bubble grows in the positive and negative bubble

states, and T:_l tracks the duration of the bubble phase. The bubble is parameterized so that

e __ e __ h i h j—
(6;,=0.3,6,=03,0,=03, 0/ =03)
The general specification of the time-varying transition probabilities is
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These functional forms are chosen more for their analytical tractability than for any other

reason. The general shapes of these are illustrated in Graph 2.
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Graph 2: Functional forms for the no-bubble (left) and bubble (right) transition probabilities
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A comment on the economic and policy significance of these equations is warranted. As noted
above, the key difference between the benchmark and this alternative is the endogeneity of the asset
price bubbles. There are no direct linkages between the size, longevity or collapse of one bubble on
the other. This characteristic is consistent with the fact that despite the boom, collapse and subsequent
expansion of equity prices, the path of housing prices appears to have been little affected across a wide
range of countries. This putative behaviour, however, does not necessarily mean that the equity and
housing price dynamics do not share common factors. In this specification, the common factors are the
behaviour of output and interest rates on the transition probabilities. Given the parameterisation,
strong economic activity would tend to raise the transition probability of an asset price boom for both
housing and equity prices. Similarly, an increase in interest rates would have a negative impact on the
transition probabilities. By design, the magnitudes of the impacts of output and interest rates on the

transition probabilities for the negative bubble transition probabilities are opposite.

In addition, these transition probabilities are subject to negative duration dependence, namely,
as an asset price boom of one type or another continues the probability of exiting such a boom rises.
For technical reasons, this helps to simplify the solution algorithm (ie produces a large number of
bubble configurations that guarantees a well-defined likelihood function). This also helps to match the
fact that asset price bubble sequences do not go on forever — they might collapse of their own weight,
or policy actions (or mistakes) may end them. Policy interpretations of duration dependence are left

until later in the paper.

The no-bubble transition probabilities are only functions of output; the steady state transition
probabilities are highest when output deviations are zero. This means that, in the absence of shocks,
the state of the system tends to settle down to the no-bubble state. Note, however, that the no-bubble
steady state transition probability does not reach 1. So, even in the best case scenario, this system is

not immune from bubbles arising sporadically.

The second alternative specification of the transition probabilities for the asset price bubbles

allows for a more direct interaction. This alternative is motivated by the apparent lagging relationship
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between equity price bubbles and housing price bubbles, where on average peaks in equity prices
precede peaks in housing prices by a few years (Borio and McGuire (2003)). Far from being a
mechanical linkage, the distribution of peaks suggests that there is considerable uncertainty associated
with the lags. To address the general tendency for housing price peaks to lag (in a stochastic sense),
this alternative strongly interacting multivariate bubble specification allows the duration of the equity

price bubble to influence the transition probabilities of the housing price bubble but not vice versa.

In this alternative, equations (20) and (21) are replaced with the following for the time-varying

transition probabilities influencing the housing price bubble:

R (%) exp(2.5+1.1y,, =047, —0.1/, +0.1z/, )
20) P, (X._)= | )
U Leexp(25+ 1.1y, — 047, — 0.1z, +0.17/, )

PlfO (Xt—l) :1_])1f1 (Xt—l)

@1 P—il,—l (5(;71) _ 1j);1))((2.5—1.1y[_1 +0.4r,_, —E).lr,_li+0.lrj_lj) , I)—il,o (5(;_1) :l_P—il,—l ()?;_1) ‘
p(2.5-1.1y, ,+0.4r_,—-0.17,  +0.17/ )

The asymmetry implied by these equations reflects not only the general patterns of peaks in the
data but also the possibility of an asymmetric economic link between equity price booms and housing
prices via a collateral effect. A rise in equity prices would tend to increase the availability of collateral
for households who need to raise a down payment for a house purchase. The relaxation of the
collateral constraint would generally raise demand for existing houses and hence the price. In contrast,
an increase in housing prices would not generally have the same type of influence on equity prices. In
this way, the positive influence of equity price bubbles on the transition probabilities of the housing

price bubble would generate the tendency for housing price peaks to follow equity price peaks.

However, this is not the whole story in this model. The output response and, more importantly
from the point of this paper, the monetary policy response to the subsequent decline in equity prices
following a peak would affect the overall impact. The output effect would reinforce the impact. But
the monetary policy response would generally moderate the impact, owing to the fact that the interest
rate would decline; a decline in interest rates, all else the same, would tend to increase the housing
bubble transition probability. The net effect is summarised below in the expected duration

calculations.

Results

To better understand the marginal contribution of the multivariate nature of asset price bubbles, we
first review the dynamics of a simpler model, ie one with a univariate version of the Markovian bubble

described above. Then, we turn to the bivariate specification. As noted in the introduction, the model

14



is purposefully stylized and meant to highlight the monetary policy tradeoffs that a central bank might

face in the presence of such asset prices.

Univariate bubble model results

Table 1 presents the results for loss function parameters of (u, =2,u, = 0.1).® The first three

columns are generated from a time-varying transition probability version of the model, assuming
different functional forms for the monetary authority’s policy reaction function. The first column
assumes that the monetary authority does not respond to asset price movements. The second column
assumes that the monetary authority does not respond differentially to the fundamental and bubble
components of asset prices. One can also think of this as an economic environment where the
monetary authority cannot distinguish between the two asset price components; the comparison of the
first two columns addresses the question about whether the monetary authority can do better by
responding to asset prices even if the monetary authority cannot identify separately the asset price
bubble. In general, the monetary authority achieves a lower loss when it responds to asset price

bubbles.

Table 1: Estimates of the Optimal Policy Parameters (x, =2, 1, =0.1)

TVTP specification
. Constrained response Differential response _FTP .
No asset price . to fundamental and specification*
to asset price
response non-fundamental
components .
asset prices
a 1.80 1.71 1.70 1.76
7 (.03) (.04) (.06) (.001)
a 2.64 1.86 1.11 2.12
i (.07) (.12) (.12) (.01
u 3 .63 1.18 91
F (.07 (.06) (.001)
a B .63 .10 .09
NE (.07) (.006) (.002)

Note: The standard error (ie the numerical precision) of the estimate is in parentheses. The coefficients
correspond to the following policy rules: (col. 2) ¥, = a Jyota,m

(colL.3)r,=a,y, ta,m, +a,7,,, ;and(col.4) 1, =a,y, +a,m, +apmp  +apny . The fixed

transition probability (FTP) version of the model sets Py, = exp(.154)/(1+exp(.154)), Py ; = Py_=0.5*%(1-
P0,0)a P]J :P_]’_]: exp(25)/(l+exp(25))

¥ For a monetary authority that does not put weight on the variability of interest rate changes in its loss function
(ie i = 0 in equation 4), the value of being able to respond to asset prices is higher. Since asset prices are quite
variable, responding to them will generally increase variability in the monetary authority’s policy rate. As a
consequence, adding a penalty for interest rate fluctuations in the monetary authority’s loss function will provide
an incentive to reduce the weight on the information in asset price movements.
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The second and third columns highlight the marginal contribution of being able to distinguish
the fundamental and non-fundamental movements in asset prices. As might be expected from the
difference in the parameter values, the value of being able to distinguish the bubble component may be
high. This benefit, of course, has to be weighed against the ability to identify asset price bubbles,

which may be exceedingly difficult in practice.

Reading across the first three rows indicates that the response coefficient for inflation is affected
most by the differential responses to asset prices. Without a response to asset prices, the monetary
authority would react more aggressively than when it can respond. The degree of aggressiveness
declines when a monetary authority does distinguish between asset price movements due to
fundamentals and those due to bubbles. When unable to distinguish, the reaction parameter is 0.63.
When the monetary authority can distinguish, the coefficient on the fundamental component rises but
that for the bubble falls. This suggests that if a monetary authority cannot distinguish fundamentals
from bubbles, the weight on asset price movements is greater, on average, than if it could identify the
bubble alone. This is somewhat at odds with the conventional intuition that the inability to distinguish
fundamentals and bubbles would generally suggest that little, if any, weight be placed on asset price

movements.

Graph 2 summarizes monetary policy tradeoffs resulting from the model using various values of

M, the weight that the monetary authority places on the variance of inflation in its preferences. The

curves have their standard bowed shape. The location of the curves also provides useful information
about the tradeoffs. The closer the curves are to the origin, the lower the value of the monetary
authority’s loss function because, all else the same, the point represents a smaller variance of output
and inflation. The graph illustrates the benefits of changing the policy rate in reaction to asset price
developments. The curve to the right represents the locus of points generated from a monetary
authority that does not respond to asset prices. The curve to the immediate left is the one that
represents the tradeoff for a monetary authority that is constrained to respond to overall asset price
movements without being able (or willing) to discriminate between the fundamental component and
the bubble component. The left-most curve represents the locus of points associated with a monetary

authority that discriminates between the fundamentals and the bubbles.
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Graph 2: Optimal policy frontiers
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Responding to different types of asset price bubbles

The last two columns in Table 1 compare the monetary policy response across economies
characterized by two different types of asset price bubbles—one governed by time-varying transition
probabilities where the state of economic activity influences the bubble, and the other by fixed
transition probabilities where the probabilities are independent of the state of the economy. The
comparison provides insights into the marginal value of being able to prick asset prices relative to
simply being able to respond. Even though some of the coefficients are fairly close, there are some

important differences that will affect the time-series behaviour of the two different economies.

There is a tendency for the optimal reaction function parameters in the TVTP case to be smaller
than those in the FTP case. Part of the reason is that the interest rate has an important role in affecting
the TVTPs. From a policy vantage point, it beneficial to have the interest rate fall in the immediate
aftermath of the collapse of a positive bubble and rise in the immediate aftermath of a negative bubble.
Consider the case where output and inflation are close to the steady state. Then the monetary
authority’s behaviour helps to keep the economy from overshooting the no-bubble state after a bubble
collapses and therefore lowers the probability of persistent oscillations between positive and negative
bubbles. By responding in such a way, the monetary authority is less likely to incite bubbles or create

overshooting conditions.
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Impulse responses and nonlinear dynamics

It is sometimes argued that one of the complications in calibrating monetary policy responses to asset
price booms and busts is the nonlinear behaviour of the economy. Clearly, conventional linear models
provide poor guidance. But, one attractive feature of the above model along this dimension is that
complicated cycles are possible. Indeed, the model can generate long, drawn-out cycles as well as

behaviour consistent with limit cycles and chaotic cycles.

To gain some insight into the rich dynamic properties of this model, it is useful first to review
the statistical assumptions behind the Markovian process. In contrast to a linear model with normally
distributed random error terms, the Markov process is somewhat more complicated. The appendix
explains how simulating the bubble requires drawing from the inverse cumulative distribution function
of the transition probability function using a z random variable defined over the unit interval. Graph 3
provides a graphical description of the link between z and the transition probabilities. This graph
shows how, for a given draw of z, there is an assigned state of the bubble. The assignment function
will change with changes in the transition probabilities due to either changes in y or ». The key point to
observe is that the draw of z will determine the state of the bubble, given the transition probability

functions defined above.

Graph 3: Changes in the inverse cumulative distribution function to changes in y

Initial conditions: no-bubble state, y=1 Initial conditions: no-bubble state, y=2

1 B —— 1

State of the bubble
State of the bubble

Note: The z is the random variable that determines the probabilistic draws from the Markov process for the
states. As y changes, the length of the line segments change, which then determines the likelihood that a
particular state will be realised. See the technical appendix for more details.
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The relationships among z, the transition probabilities and the state of the bubble make it more
difficult to summarise the nature of the impulse responses than in the case of a linear system of
equations with i.i.d. errors. In the model, for example, a one-standard error shock to output not only
feeds through the IS-PC-AP equations in the conventional way but also affects the transition
probabilities and hence the path of the bubble. One way to analyse the consequences is to hold the
value of z fixed and graph the results. Graph 4 does just this and displays the nonlinear impulse

responses, assuming a fixed value of the stochastic variable, z.’

Graph 4 illustrates three types of nonlinear behaviour that are possible in this model. These
impulse responses are associated with three different values of z =3, .8 and .89, and with a 1-standard
deviation output shock and the economy initially in the no-bubble state. In Panel A, z is assumed to be
0.3 and corresponds to an economy that remains in the no-bubble state. As might be expected, in the
no-bubble state the impulse responses look like those from a linear model. Panels B and C, however,
indicate just how nonlinear the system is. Panel B shows that the TVTP model can generate
complicated dynamics because the state of the bubble oscillates between positive-bubble and negative-
bubble states. Panel C offers an intermediate case for the TVTP model where the output shock causes

the bubble state to oscillate for a while before settling back to the no-bubble state fairly quickly.

As for the monetary policy implications, these types of dynamics suggest additional tradeoffs
for central banks. Given the variance possibilities arising from the nonlinearities, the optimal policy
parameters are likely to produce rules that try to prevent the extremes. Evidence supports this
conclusion but these consequences are explored in more depth through the lens of the expected

duration calculations.

? Technically, the impulse responses assume z, = z . They are consistent with the approach of Gallant, Rossi
and Tauchen (GRT, 1993); that 1is, that the impulse response function is defined as
oX,,.,(2) oX, . (z,,=2,.,2=2) 4 0X,,.(2)

i,t+s an
aej’t 8ej,, 8ej,,

is shorthand notation for the effect on the i-th

component of the state variable, X, to an innovation of one of the error terms (&,77,V) . This type of response
does not display shock linearity, symmetry, or path independence. A second type of impulse response is explored
in Filardo (2003), which can provide additional insight into the dynamics of the model. This impulse response is
consistent with the alternative approach in Koop, Pesaran and Potter (KPP, 1996). Instead of holding fixed a
particular value of 1z, the influence of 2z is integrated out of the impulse responses,

a‘Xri t+s aXz t+s (Zt+s 7"'21)
£ - : dz .
Oe -[ Oe J(2)dz

it z€[0,1] it

ie
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Graph 4: Nonlinear impulse responses, fixed z
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Graph 4—con’t: Nonlinear impulse responses, fixed z

Panel C: z=0.89
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Effect of monetary policy on the expected duration of the bubble

Monetary policy in this environment can also be used opportunistically to influence bubble formation.
With policy actions being able to influence the bubble, a monetary authority might be interested in
using this ability to pursue its goals of output and inflation stabilization. To be sure, such an approach
would have its potential downsides. The link between monetary policy actions and economic
outcomes might be much less predictable than is assumed in the model, hence opening up the

possibility of such actions backfiring.

In a broad sense, such pro-active policies can be thought of as operating through animal spirits.
As Blanchard (2000) argued, if non-fundamentals are generally thought to be driven by animal spirits,
monetary policy can be used to excite or dampen such spirits. Arguably, a monetary authority can
occasionally take actions that by themselves are not considered sufficient to have a large impact on
aggregate demand, but nonetheless are expected to provide a catalyst to private sector expectations
and confidence. In the model, such behaviour would correspond to situations in which the monetary
authority exploits its influence on the non-fundamentals to smooth output and inflation. For example,
in an economy where economic activity appears subpar relative to fundamentals, the monetary
authority might take actions to generate a positive bubble, ie try to boost confidence. Conversely,
when economic times are somewhat frothy, upward moves in the policy rate may dampen attitudes
sufficiently and contribute to the slowing of economic activity toward trend. In either case, the
monetary authority might find it advantageous to boost the likelihood of positive and negative bubbles
in an opportunistic manner when the bubbles reinforce other channels of monetary policy to stabilize

economic activity.

One way to measure the importance of pro-active policies is to evaluate why monetary policy
makers may want to affect the expected duration and, as a consequence, the expected amplitude of an
asset price bubble. This question can be answered using methods described in the technical appendix.
In the case of asset p