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I ntroducti on

Over the past twenty years the world' s major central banks have
been | argely successful at bringing inflation under control. VWhile it
is premature to suggest that inflation is no |longer an issue of great
concern, it is quite conceivable that the next battles facing centra
bankers will lie on a different front. One devel opnent that has already
concentrated the minds of policy-makers is an apparent increase in
financial instability, of which one inportant dinmension is increased
volatility of asset prices. Borio, Kennedy, and Prowse (1994), anobng
ot hers, docunent the energence of mmjor boom bust cycles in the prices
of equity and real estate in a nunmber of industrialized countries during
the 1980s. Notable exanples include the United States, Japan, the
Uni ted Ki ngdom the Netherl ands, Sweden, and Fi nl and.

Associated with the “bust” part of the asset price cycle in many
of these cases were significant contractions in real econom c activity.
For exanpl e, nmany econonists attribute at |east some part of the 1990
recession (and the slow recovery) in the United States to the precedi ng
decline in comercial real estate prices, which weakened the capita
positions of banks and the bal ance sheets of corporate borrowers
(Bernanke and Lown, 1991). Mre recently, of course, we have seen asset
price crashes in East Asia and Latin Anerica, along with continued

stagnation of stock and land prices in Japan, all of which have been

associated with poor econonic performance. Wth these experiences in



m nd, some observers have viewed the remarkable rise of the past few
years in U S. stock prices, and to a |l esser extent in real estate
prices, as an onmi nous devel opment. O course, as of this witing,
whet her the U S. stock market boomwi |l be sustained or will end in
tears i s anybody’s guess.

In this paper we address the question of how central bankers ought
to respond to asset price volatility, in the context of an overal
strategy for nonetary policy. To be clear, we agree that nonetary
policy is not by itself a sufficient tool to contain the potentially
damagi ng ef fects of boons and busts in asset prices. WlI-designed and
transparent |egal and accounting systens, a sound regulatory structure
that helps to linmt the risk exposure of banks and corporations, and
prudent fiscal policies that help instill public confidence in economc
fundamentals, are all vital conponents of an overall strategy to
i nsul ate the econony from financial disturbances. However, our reading
of history is that asset price crashes have done sustai ned danage to the
econony only in cases when nonetary policy renmained unresponsive or
actively reinforced deflationary pressures. This observation is our
justification for focusing on nonetary policy here.

The principal argunent of the paper is easily stated. Qur viewis
that, in the context of short-term nonetary policy managenent, centra
banks should view price stability and financial stability as highly
conpl ementary and nutual |y consi stent objectives, to be pursued within a
unified policy framework. |In particular, we believe that the best
policy framework for attaining both objectives is a reginme of flexible
inflation targeting, either of the inplicit formnow practiced in the

United States or of the nore explicit and transparent type that has been



adopted in many other countries. (W prefer the latter, for reasons
expl ained briefly at the conclusion of the paper.)

The inflation-targeting approach dictates that central banks
shoul d adj ust nonetary policy actively and preenptively to of fset
incipient inflationary or deflationary pressures. |Inportantly for
present purposes, it also inplies that policy should not respond to
changes in asset prices, except insofar as they signal changes in
expected inflation. Trying to stabilize asset prices per se is
probl ematic for a variety of reasons, not the |east of which is that it
is nearly inpossible to know for sure whether a given change in asset
val ues results from fundanental factors, non-fundanental factors, or
both. By focusing on the inflationary or deflationary pressures
generated by asset price novenents, a central bank effectively responds
to the toxic side effects of asset boons and busts wi thout getting into
t he busi ness of deciding what is a fundamental and what is not. It also
avoids the historically relevant risk that a bubble, once “pricked”, can
easily degenerate into a panic. Finally, because inflation targeting
both hel ps to provide stable macroecononic conditions and also inplies
that interest rates will tend to rise during (inflationary) asset price
boonms and fall during (deflationary) asset price busts, this approach
may reduce the potential for financial panics to arise in the first
pl ace.

The remai nder of the paper is organized as follows. W begin in
section | with an informal sunmmary of our views on how asset prices
interact with the real econony and of the associated inplications for
monetary policy. To address these issues nore formally, sections Il and

Il present some illustrative policy sinulations derived froma small -



scal e macroecononi ¢ nodel that features an explicit role for financia
conditions in determining real activity. W nove fromtheory to
practice in section |V, in which we briefly exam ne the recent
performance of nonetary policy in the United States and Japan, both of
whi ch have experienced asset price volatility. Section V concludes with
some di scussion of additional issues. An appendi x provides nore details

of the sinulation nodel enployed in sections Il and I11.

Section |. Asset Prices, the Econony, and Monetary Policy: An Overview

Asset prices, including in particular the prices of equities and
real estate, are remarkably variable; and, although we nust not |ose
sight of the fact that ultimtely asset prices are endogenous vari abl es,
there are periods when asset values seemall but disconnected fromthe
current state of the econony. As we noted in the introduction, over the
past two decades econom es across the gl obe have experienced | arge boom
and-bust cycles in the prices of various assets, including equities,
commercial real estate, residential housing, and others.

Shoul d fluctuations in asset prices be of concern to policy-
makers? | n the econonist’s usual benchmark case, a world of efficient
capital markets and without regulatory distortions, novenents in asset
prices sinply reflect changes in underlying econom ¢ fundanentals.
Under these circunstances, central bankers would have no reason to
concern thenselves with asset price volatility per se. Asset prices
woul d be of interest only to the extent that they provide usefu
i nformati on about the state of the econony.

Matters change, however if two conditions are net. The first is

that “non-fundanental” factors sonmetine underlie asset market



volatility. The second is that changes in asset prices unrelated to
fundamental factors have potentially significant inpacts on the rest of
the economy. |If these two conditions are satisfied, then asset price
volatility beconmes to sone degree an i ndependent source of econonic
instability, of which policy-mkers should take account.

That both of these conditions hold seens plausible to us, though
there is roomfor disagreenment on either count. W briefly discuss each
in turn.

As potential sources of “non-fundamental” fluctuations in asset
prices, at least two possibilities have been suggested: poor regul atory
practice and inperfect rationality on the part of investors (“nmarket
psychol ogy”). Regarding the forner, Borio et al. (1994) present
evi dence for the view that financial refornms which dramatically
i ncreased access to credit by firms and househol ds contributed to asset-
price boons in the 1980s in Scandi navia, Japan, the Netherlands, the
Uni ted Kingdom and el sewhere. Financial |iberalizations in devel oping
countries that have opened the gates for capital inflows from abroad
have al so been associated in sonme cases with sharply rising asset
val ues, along with boons in consunption and | endi ng.

But aren't |iberalizations a good thing? It depends. As Allen
and Gale (1998) and others have enphasi zed, probl ens arise when
financial |iberalizations are not well coordinated with the regul atory
safety net (e.g., deposit insurance and | ender-of-last resort
cormitnments). If liberalization gives additional powers to private
| enders and borrowers while retaining governnent guarantees of
liabilities, excessive risk-taking and speculation will follow, |eading

in many cases to asset-price boons. Utimtely, however, unsound



financial conditions are exposed and | endi ng and asset prices coll apse.
This scenario seens to characterize reasonably well the banking crises
recently experienced in a nunber of countries, including the United
States and Japan, as well as sonme of the recent crises in East Asia and
Latin America.

The ot her possible source of non-fundanmental novenents in asset
pri ces which has received nmuch attention is irrational behavior by
i nvestors, e.g., herd behavior, excessive optinism or short-term sm
There is of course a large literature in finance on bubbles, fads, and
the like. This literature has gained a neasure of credence because of
the great difficulty of explaining the observed | evel of financia
volatility by nodels based solely on econonm c fundanmentals (see for
exanpl e the recent survey by Canpbell, forthcoming). Advocates of
bubbl es woul d probably be forced to adnmit that it is difficult or
i mpossible to identify any particul ar episode conclusively as a bubble,
even after the fact.® Neverthel ess, episodes of “irrational exuberance”
in financial markets are certainly a logical possibility, and one about
whi ch at | east sone central bankers are evidently concerned. Wth this
concern as notivation, we present sinulations of the econom c effects of
bubbl es and of alternative policy responses to bubbles in section II1.

The second necessary condition for asset-price volatility to be of

concern to policy-makers is that boons and busts in asset markets have

! As we show in the context of our sinulation nodel below, even when a
bubble is present, the market price can still be expressed as a

di scount ed stream of cash flows, though with a discount rate that
differs fromthe fundanental rate. In particular, periods in which the
mar ket price is above the fundanental are also periods in which the

i mplied discount rate is below the true fundanental rate, and vice
versa. Because the “fundanental discount rate” is not directly
observable, it is in general inpossible to know whether there is a non-
fundament al conponent to the current stock price.



i mportant effects on the real econonmy. Although the two-way causality
bet ween the econony and asset prices nmakes it difficult to obtain sharp
estimates of the real effects of changes in asset prices, the historica
experience — fromthe Great Depression of the 1930s to the npst recent
epidenmic of crises —is supportive of the view that |arge asset-price
fluctuations can have inportant effects on the econony.

What are the nmechani sns? One nuch-cited possibility is that
changes in asset prices affect consunption spending via their effects on
household wealth. W are not inclined to place a heavy weight on this
channel, however. Enpirical studies (e.g., Ludvigson and Steindel
1999; Parker, forthconmi ng) have not found a strong or reliable
connection between stock market wealth and consunption for exanple.

This result is perhaps not too surprising, as nmuch of the stock owned by
househol ds is held in pension accounts, inplying that changes in stock
val ues have relatively little direct inpact on spendabl e cash.

Qur own viewis that the quantitatively nost inportant connections
bet ween asset prices and the real economy operate through aspects of
what in earlier work we have called the “bal ance sheet channel”.? The
world in which we live, as opposed to the one envisioned by the
benchmar k neocl assical nodel, is one in which credit markets are not
frictionless, i.e., problens of information, incentives, and enforcenent
are pervasive. Because of these problens, credit can be extended nore
freely and at | ower cost to borrowers who al ready have strong financia

positions (hence Anbrose Bierce's definition of a banker as soneone who

2 To be clear, for the analysis that follows it is only necessary that
non- f undanent al novenents in asset prices affect aggregate demand. In
ot her work we have found that, to explain the observed volatility of
output, it is necessary to have a bal ance-sheet channel suppl enenting
the traditional wealth effect.



| ends you an unbrella when the sun is shining and wants it back when it
starts to rain).

A key inplication of the existence of credit-market frictions is
that cash flows and the condition of bal ance sheets are inportant
deternminants of agents’ ability to borrow and |l end. Research suggests
that the effects of asset price changes on the econony are transnitted
to a very significant extent through their effects on the bal ance sheets
of households, firms, and financial internediaries (see for exanple
Ber nanke, Gertler, Glchrist, forthcom ng; Bernanke and Gertler, 1995).
For exanple, firms or househol ds nmay use assets they hold as collatera
when borrowing, in order to aneliorate information and incentive
probl ems that would otherwise interfere with credit extension. Under
such circunstances, a decline in asset values (for exanple, a fall in
home equity val ues) reduces avail able collateral, |eads to an unpl anned
increase in |leverage on the part of borrowers, and inpedes potentia
borrowers’ access to credit. Financial intermediaries, which nust
mai ntai n an adequate ratio of capital to assets, can be deterred from
| endi ng, or induced to shift the conposition of |oans away from bank-
dependent sectors such as small business, by declines in the val ues of
the assets they hold.

Deteriorating bal ance sheets and reduced credit flows operate
primarily on spending and aggregate demand in the short run, although in
the longer run they may al so affect aggregate supply by inhibiting
capital formation and reduci ng working capital. There are also likely
to be significant feedback and magnification effects: First, declining
sal es and enpl oynent inply continui ng weakeni ng of cash fl ows and hence

further declines in spending. Bernanke, Gertler, and G lchrist (1996)



refer to this magnification effect as the “financial accelerator” (see
Ber nanke and Gertler, 1989, for an early formalization). Second, there
may al so be feedback to asset prices, as declining spending and incone,
together with forced asset sales, lead to further decreases in asset
values. This “debt-deflation” nechanism first described by Irving

Fi sher (1933), has been nodel ed formally by Bernanke and Gertler (1989),
Ki yot aki and Moore (1997), and Bernanke, Certler, and G lchri st
(forthcom ng).

A large literature has studied the nacroecononic inplications of
credit-market frictions, both theoretically and enpirically.® W have
revi ewed that body of research on several occasions and will not attenpt
to do so here. W note, however, that in general this perspective has
proved quite useful for interpreting a nunmber of historical episodes,

i ncludi ng the Great Depression (Bernanke, 1983; Bernanke and Janes,
1991), the deep Scandi navi an recession of the 1980s, the “credit crunch”
epi sode of 1990-91 in the United States (Bernanke and Lown, 1991), and
the protracted weakness of the Japanese econony in the 1990s. A nunber
of observers (M shkin, 1997; Aghion, Bacchetta, and Banerjee, 1999;
Krumgan, 1999) have al so used this franework to make sense of the fact
that, contrary to conventional wi sdom exchange-rate deval uations have
appeared to be contractionary in a nunber of the devel oping countries

t hat experienced financial crises in recent years. The explanation is
tied to the fact that —beguiled by sonetines |arge interest
differentials between | oans nade in foreign and donmestic currencies —

banks and corporations in these countries nade |iberal use of unhedged,

3 For relevant surveys see Bernanke and Gertler (1995), Hubbard (1997),
G lchrist and H mrel berg (1998), and Bernanke, Gertler and G chri st
(forthcom ng).
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forei gn-currency-denom nated debt. The |arge deval uati ons that
subsequent|ly occurred raised the donestic-currency val ue of these debts,
wr eaki ng havoc with bank and corporate bal ance sheets and i nducing
financial distress and major dislocations in credit, enploynment, and
supplier relationships.

Beyond providi ng a nechani smvia whi ch non-fundanental novenents
in asset prices may disrupt the econony, a key inplication of the
credit-market-frictions perspective is that the magnitude of the effects
of asset-price fluctuations on the economy will depend strongly on
initial financial conditions. By the termwe nean primarily the initia
state of household, firm and intermediary bal ance sheets.* In
particular, the theory predicts a highly nonlinear effect of asset
prices on spendi ng (Bernanke and Gertler, 1989). Thus, if bal ance
sheets are initially strong, with |ow |l everage and strong cash fl ows,
then even rather large declines in asset prices are unlikely to push
househol ds and firns into the region of financial distress, in which
normal access to credit is jeopardized, or to lead to severe capita
probl enms for banks. Put another way, the extent to which an asset-price
contraction weakens private sector bal ance sheets depends on the degree
and sectoral distribution of initial risk exposure.

The current (1999) U.S. econony is, we conjecture, a case in

point. After many years of expansion, strong profits in both the

W inplicitly include in this definition any institutional and

regul atory structure that may affect private sector risk exposure. For
exanpl e, both U S. and Japanese banks hold real estate (or make | oans
with real estate as collateral), but by |law only Japanese banks are
allowed to hold equities. This apparently incidental difference has
strong inplications for the likely effects of a stock-price collapse on
bank capital and bank lending in the two countries, as indeed we have
seen in Japan in the past few years.

11



corporate and banki ng sectors, and enornmous increases in the val ues of
equities and other assets, U S. bal ance sheets are in excellent
condition. A correction in the stock market of, say, 25% would no doubt
sl ow the econony, but our guess is that the effects would be relatively
transitory, particularly if nonetary policy responds appropriately. In
contrast, a 25% decline in Japanese stock prices, given the parl ous
condition of its financial systemand its seeming inability to inplenent
a coherent stabilization policy, wuld (we expect) create grave and

| ong-1 asting problens for that econony.

If we believe that asset price swings can occur for non-
fundament al reasons, and that these swings — either through bal ance-
sheet effects or sonme other channel — have the potential to destabilize
the real econony, then what are the inplications for nonetary policy?

As suggested in the introduction, our viewis that central banks can and
shoul d treat price stability and financial stability as consistent and
nmutual Iy reinforcing objectives. In practice, we believe, this is best
acconpl i shed by adopting a strategy of flexible inflation targeting.?®

What is flexible inflation targeting? Although specific practices
differ, broadly speaking a reginme of inflation targeting has three
characteristics. First, as the nane suggests, under inflation targeting
nonetary policy is conmitted to achieving a specific level of inflation
in the long run, and long-run price stability is designated the

“overriding” or “primary” long-run goal of policy. Inportantly,

SInflation targeting has been adopted in recent years by a substanti al
nunber of industrialized and devel opi ng countries, including (anong many
others) the United Kingdom Sweden, Canada, New Zeal and, Chile, and nost
recently Brazil. An extensive literature has devel oped on the early
experience with this approach; see for exanpl e Goodhart and Vifals
(1994), Hal dane (1995), Leiderman and Svensson (1995), Bernanke and

M shkin (1997), and Bernanke et al. (1999) for conparative anal yses.
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inflation targeters are concerned that inflation not be too | ow as wel
as that it not be too high; avoidance of deflation is as inportant (or
perhaps even nore inportant) as avoi dance of high inflation. Second,
within the constraints inposed by the long-run inflation objective, the
central bank has some flexibility in the short run to pursue other

obj ectives, including output stabilization — hence the nonencl ature
“flexible inflation targeting”.® Third, inflation targeting is
generally characterized by substantial openness and transparency on the
part of monetary policynmakers, including for exanple the issuance of
regul ar reports on the inflation situation and open public discussion of
policy options and pl ans.

Qur characterization of Federal Reserve policy in recent years is
that it neets the first two parts of the definition of inflation
targeting (see section |V for econonetric support of this view) but not
the third, i.e., the Fed practices “inplicit” rather than “explicit”

inflation targeting. Bernanke et al. (1999) argue that the Fed ought to

5 Inflation targeting has been castigated in sone quarters as a policy
of “inflation nutters”, to use Mervyn King' s descriptive phrase. This
criticismis sinply incorrect, however. As Lars Svensson (1997, 1999)
has shown, inflation targeting is conpletely consistent with a
conventional quadratic central-bank | oss function that places arbitrary
wei ghts on the output gap and inflation; in other words, inflation
targeting in no way precludes significant attention to conventiona
stabilization objectives.

So what then is new? One inportant advantage is that an inflation-
targeting framework nakes explicit (for both policymakers and the
public) the sinple fact that nonetary-policy actions that expand out put
and enpl oynment, but which also leave the inflation rate higher than it
was initially, do not necessarily increase social welfare on net.

I nstead, account nust also be taken of the future |osses in output and
enpl oynment that will be necessary to bring inflation back to its initia
| evel; or, alternatively, of the various distortions and reductions in
| ong-term econonic growth associated with a permanent increase in
inflation. By enforcing the requirenent that any sequence of policy
actions be consistent with the long-run inflation target (a sort of

nom nal anchor requirenent), the inflation-targeting framework
elimnates the upward inflation ratchet that proved so costly in many

13



take the next step and adopt explicit inflation targeting. For nost of
the present paper, however, we nmake no distinction between inplicit and
explicit inflation targeting; we return to the issue briefly in the
concl usi on.

For our purposes here, the main advantage of flexible inflation
targeting is that it provides a unified framework both for meking
nmonetary policy in normal times, and for preventing and aneliorating the
effects of financial crises. |In particular, a key advantage of the
inflation-targeting framework is that it induces policymakers to
automatically adjust interest rates in a stabilizing direction in the
face of asset-price instability or other financial disturbances. The
logic is straightforward; since asset price increases stinulate

aggregat e demand and asset price declines reduce it, the strong focus of

inflation targeters on stabilizing aggregate demand will result in
“l eani ng against the wind"---raising interest rates as asset prices rise
and reducing themwhen they fall. This automatic response not only

stabilizes the econony but is likely to be stabilizing for financia
markets themsel ves, for several reasons: First, macroecononic
stability, particularly the absence of inflation or deflation, is itself
calnming to financial markets.’” Second, the central bank’s easing in the
face of asset price declines should help to insulate bal ance sheets to
sonme degree, reducing the econony’'s vulnerability to further adverse
shocks. And finally, if financial-mrket participants expect the

central bank to behave in this countercyclical nmanner, raising interest

countries in the 1960s, 1970s, and early 1980s.

" Note that even theories that stress the self-fulfilling nature of
crisis expectations (e.g. Obstfeld, 1994), usually inply that such
expectations can only arise if fundanentals are relatively weak

14



rates when asset price increases threaten to overheat the econony and
vice versa, it is possible that overreactions in asset prices arising
from mar ket psychol ogy and ot her non-fundanmental forces night be
noder at ed.

The logic of inflation targeting also inplies that central banks
shoul d i gnore novenents in stock prices that do not appear to be
generating inflationary or deflationary pressures. W concede that
forecasting the aggregate demand effects of asset-price novenents may
not al ways be an easy task. However it is certainly easier than, first,
attenpting to distinguish between fundanmental and non-fundanenta
fluctuations in asset prices and, second, attenpting to surgically
“prick” the bubble without doing collateral damage to financial nmarkets

or the econonmy. W explore the inplications of alternative policy

responses to asset-price fluctuations in greater detail in the next two
sections.
Section Il. Monetary Policy in the Presence of Asset Price Bubbles: A

Quantitative Mode

To make the discussion of section | nore concrete, we will present
some nodel - based sinul ati ons of the performance of alternative nonetary
rules in the presence of bubbles in asset prices. To do this, we extend
a small-scal e macroecononm ¢ nodel devel oped by Bernanke, Gertler, and
G lchrist (forthcom ng), henceforth BGG  For the npbst part, the BGG
nodel is a standard dynam ¢ new Keynesian nodel, modified to allow for
financial accelerator effects, as described in the previous section.
Qur principal extension of the BGG nodel here is to allow for exogenous

bubbl es in asset prices.
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In this section we first provide an informal overview of the BGG
nodel and then describe how we nodify the nodel to allow for bubbles in
asset prices. The equations of the conplete nodel are given in the
Appendi x.® Readers not interested in any of this background materi al

may Wi sh to skip directly to the simulation results in section I11.

The BGG Mode

As noted, the foundation of the BGG nodel is a standard dynam c
new Keynesi an franmework. The npbst inportant sectors are a household
sector and a business sector. Households are infinitely lived; they
wor k, consume, and save. Business firms are owned by entrepreneurs who
have finite expected life.® There is also a governnent that nanages
fiscal and nonetary policy.

Firms own the stock of physical capital, financing the acquisition
of capital through internally generated funds (primarily revenues from
production and capital gains on assets) and by borrowing fromthe
public. Wth their accurmul ated capital plus hired | abor, firns produce
out put, which may be used for consunption, investnent, or governnent
purchases. There is no foreign sector

Fol |l owi ng Taylor (1980), Calvo (1983), and others, BGG assune the
exi stence of staggered nomi nal price setting. The resulting
“stickiness” in prices allows nonetary policy to have real effects on

the economy. Optimization and forward-|ooking behavior are assuned

8 Interested readers are referred to Bernanke, Gertler, and G| christ
(forthcom ng) for additional detail

°® Finite lives are a netaphor for the entry and exit of firns and the
associated turnover in credit markets. The assunption of finite lives
al so prevents the business sector fromever reaching a steady state in
which it is entirely self-financing.

16



t hroughout; the single exception is the Phillips curve relationship, in
which inflation expectations are nodel ed as being fornmed by a
conbi nation of forward- and backward-| ooking behavior. This
nodi fication increases the persistence of the inflation process,
allowing a closer fit to the data.

The BGG nodel differs fromthis standard dynam ¢ new Keynesi an
framework primarily in assum ng the existence of credit-narket
frictions, i.e., problems of information, incentives, and enforcenent in
credit relationships. The presence of these frictions gives rise to a
“financial accelerator” that affects output dynamics. |In particular, in
the BGG nodel credit-market frictions nmake uncoll ateralized externa
finance nore expensive than internal finance; this prem umfor externa
finance affects the overall cost of capital and thus the real investnent
decisions of firms. The external finance prem um depends inversely on
the financial condition of potential borrowers; for exanple, a borrow ng
firmwith nore internal equity can offer nore collateral to | enders.
Thus, procyclical novenents in the financial condition of potentia
borrowers translate into countercyclical nmovenents in the prem um for
external finance, which in turn magnify investnment and out put
fluctuations in the BGG nodel (the financial accelerator).

Consi der, for exanple, a shock to the econony that inproves
fundamental s, such as a technol ogi cal breakthrough. This shock will
have direct effects on output, enploynent, and the like. 1In the BGG

nodel , however, there are also indirect effects of the shock, arising

10 gpecifically, we use a variant of Calvo's (1983) staggered price
setting nodel developed by Gali and Gertler (forthcom ng) that allows a
subset of firnms to use rule-of-thunmb pricing behavior. The resulting
aggregate supply equation is simlar in spirit to the “sticky inflation”
nodel of Fuhrer and Moore (1995).
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fromthe associated increase in asset prices. Higher asset prices

i nprove bal ance sheets, reducing the external finance prem um and
further stimulating investnment spending. The increase in investnent may
also lead to further increases in asset prices and cash flows, inducing
addi ti onal feedback effects on spending. Thus the financial accel erator
enhances the effects of primtive shocks to the econony.

The financial accel erator nmechani sm al so has potentially inportant
implications for the workings of nonetary policy. As in conventiona
framewor ks, the existence of nomnal rigidities gives the central bank
in the BGG nodel some control over the short-termreal interest rate.
However, beyond the usual neocl assical channels through which the rea
interest rate affects spending, in the BGG nodel there is an additiona

nterest rates on borrower bal ance

effect that arises fromthe inpact of
sheets. For exanple, a reduction in the real interest rate (a policy
easi ng) raises asset prices, inproving the financial condition of
borrowers and reducing the external finance premium The reduction in
the prem um provides additional stinulus for investment. BGG find the
extra “kick” provided by this nechanismto be inportant for explaining
the quantitative effects of nmonetary policy. Note also that, to the
extent that financial crises are associated with deteriorating private-
sector bal ance sheets, the BGG framework inplies that nonetary policy
has a direct neans of calnmng such crises.

The BGG npdel assunes that only fundanentals drive asset prices,
so that the financial accelerator serves to anplify only fundanenta
shocks, such as shocks to productivity or spending. Qur extension of

the BGG framework in this paper allows for the possibility that non-
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fundamental factors affect asset prices, which in turn affect the rea

econony via the financial accelerator

Addi ng Exogenous Asset Price Bubbl es
The fundanmental value of capital is the present value of the

di vidends the capital is expected to generate. Fornally, define the

fundament al val ue of depreciable capital in period t, C}, as:

; i X
Qt = Eta [(1’ d) Dt+l+i /O R(q+1+j]
(2.1) i=0 j=0

= E{[D., +(1- d)Q,]/R%;}

where E, indicates the expectation as of period t, d is the physica

depreciation rate of capital, D, are dividends, and R}, is the

rel evant stochastic gross discount rate at t for dividends received in
period t+1.

As noted, our principal nodification of the BGG nodel is to allow
for the possibility that observed equity prices differ persistently from
fundanment al val ues, e.g., because of “bubbles” or “fads”.!* W use the
term “bubbl e” here |l oosely to denote tenporary devi ati ons of asset
prices from fundanental values, due for exanple to liquidity trading or

to waves of optimismor pessimsm??

11 We al so nmake some smaller changes that are inportant for the
simul ati ons we want to do, such as calibrating a realistic effect of
changes in asset prices on consunption.

12 W do not attenpt to rationalize why investors do not arbitrage the

di fference between the market and fundamental returns. To our

know edge, any theory of bubbles based on narket psychology relies on
sonme arbitrary assunption along these lines. This point also applies to
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The key new assunption is that the market price of capital, S,
may differ fromcapital’s fundanental val ue, (}. A bubbl e exists

whenever §-Q 1 0. W assume that if a bubble exists at date t it

persists with probability p and grows as follows'%:

(2.2) S~ Qi :%@- Q)RY

with p<a<l. |If the bubble crashes, with probability 1- p, then

(2 3) St+1 - Qt+1 =0

Note that, since a/p>1, the bubble will grow until such time as it

bursts. For sinplicity, we assune that if a bubble crashes it is not
expected to re-energe. These assunptions inply that the expected part

of the bubble foll ows the process

(2. 4) £ (3 Qs g

q
+

the so-called rational bubbles of Blanchard and Watson (1982). W do
not use Bl anchard-Watson rational bubbles in this paper because their
non-stationarity creates technical problens in our framework.

13 By treating the probability that the bubble bursts as exogenous, we
rule out the possibility that nonetary policy can surgically prick the
bubble. Although it is certainly possible to endogenize this
probability, so little is known about the effects of policy actions on
mar ket psychol ogy that any nodification along these |ines would
necessarily be ad hoc. Note that it is nevertheless the case in our
framework that asset prices will be highly sensitive to nonetary policy,
since policy can affect the fundanental conponent. Thus the enpirica
observation that asset prices react strongly to nonetary policy actions
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Since the paranmeter @ is restricted to be less than unity, the
di scount ed val ue of the bubble converges to zero over tinme, with the
rate governed by the value of a.'* That is, bubbles are not expected to
| ast forever.

Using (2.1) and (2.4) we can derive an expression for the

evol ution of the stock price, inclusive of the bubble:
(2.5) St = Et{[Dt+l +(1' d)sl+1]/ Rts+1}

where the return on stocks, R, is related to the fundamental return

on capital, R, by

(2.6) Re, = Rilb+(1- b o

t

and b° a(l-d).
Equation (2.6) shows that, in the presence of bubbles, the

expected return on stocks will differ fromthe return inplied by
fundamentals. If there is a positive bubble, S/Q >1, the expected
return on stocks will be bel ow the fundanental return, and vice versa if

there is a negative bubble, S/Q <1. However, if the bubble persists

is not direct evidence against the exogeneity assunption made here.

4 Note that a=1 corresponds to the so-called rational bubble described
in Blanchard and Watson (1982). Hence our bubble specification can be
made arbitrarily close to a rational bubble by the assunption that a is
cl ose to one.
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(does not “pop”) a series of supranormal returns will be observed. This
process seens to us to provide a reasonable description of speculative
swings in the stock narket.

The bubble affects real activity in the extended nodel in two
ways. First, there is a wealth effect on consunption. Follow ng
estimates of the wealth effect presented in Ludvi gson and Steinde
(1999), we paraneterize the nodel so that these effects are relatively
nodest (about four cents of consunption spending for each extra dollar
of stock market wealth). Second, since the quality of firns’ bal ance
sheets depends on the market values of their assets rather than the
fundament al val ues, a bubble in asset prices affects firns’ financia
positions and thus the prem um for external finance.

Al t hough bubbles in the stock market affect bal ance sheets and
thus the cost of capital, we continue to assunme that - conditional on
the cost of capital - firms make investnents based on fundanenta
consi derations, such as net present value, rather than on val uations of
capital including the bubble. This assunption rules out the arbitrage
of building new capital and selling it at the market price cum bubble
(or, equivalently, issuing new shares to finance new capital). This
assunption is theoretically justifiable, for exanple by the | enons
prem um associated with new equity issues, and al so seens enpirically
realistic; see, e.g., Bond and Cummins (1999).

In sutmary, the main change effected by our extension of the BGG
framework is to all ow non-fundanental novements in asset prices to
i nfluence real activity. Though the source of the shock may differ
however, the main |link between changes in asset prices and the rea

econony remains the financial accelerator, as in the BGG nodel.
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Section II1l. The Inpact of Asset-Price Fluctuations Under Alternative
Monetary Policy Rules

In this section we use the extended BGG nodel to sinulate the
ef fects of asset-price bubbles and rel ated shocks, such as innovations
to the risk spread, on the economy. Qur goal is to explore what types
of policy rules are best at noderating the disruptive effects of asset-
mar ket di sturbances. To foreshadow the results, we find that a policy
rule that is actively focused on stabilizing inflation seenms to work
well, and that this result is reasonably robust across different
scenari os.

As a baseline, we assunme that the central bank follows a sinple

forward-1ooking policy rule of the form

(3.1) r"=r"+bEp,,

where r" is the nominal instrument interest rate controlled by the

central bank, " is the steady-state value of the noninal interest

rate, and Ep,, is the rate of inflation expected in the next node

“period”. We will always assune b >1, so that the central bank
responds to a one percentage point increase in expected inflation by

rai sing the nomnal interest rate by nore than one percentage point.
This ensures that the real interest rate increases in the face of rising

expected inflation, so that policy is stabilizing.
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The policy rule given by equation (3.1) differs fromthe
conventional Taylor rule in at |east two ways.'® First, policy is
assunmed to respond to anticipations of inflation rather than past val ues
of inflation. Carida, Gali, and Gertler (1998, forthcom ng) show that
forward-1 ooking reaction functions are enpirically descriptive of the
behavi or of the mmjor central banks since 1979; see also the estinmates
presented in the next section of this paper. The second difference from
the standard Taylor rule is that equation (3.1) omts the usual output
gap term W do this primarily for sinplicity and to reduce the nunber
of di nmensions al ong which the sinulations nmust be varied. There are a
nunber of rationales for this om ssion that are worth brief nention,
however: First, for shocks that primarily affect aggregate demand, such
as shocks to asset prices, rules of the form(3.1) and rules that
i nclude an output gap termw |l be essentially equivalent in their
effects. Second, as we will see in the next section, enpirica
estimates of the responsiveness of central banks to the output gap
conditional on expected inflation are often rather small. Finally,
assum ng for simulation purposes that the central bank can actually
observe the output gap with precision probably overstates the case in
reality; by leaving out this termwe avoid the issue of how accurately
the central bank can estimate the gap

Al t hough we do not include the output gap in the policy rule

(3.1), because of our focus on asset price fluctuations we do consider a

> Note also that the rule given by (3.1) abstracts froman interest-
rate snoot hing notive, which appears to be inportant enpirically; again
see Clarida, Gli, and Certler (1998) and the estimates in the next
section. Ignoring this aspect of policy nakes the simulation results
presented bel ow | ook sonewhat |ess realistic (because policy reacts “too
qui ckly” to changes in the econony) but does not affect the qualitative
nature of the results.
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variant of (3.1) that allows the central bank to respond to changes in
stock prices. Specifically, as an alternative to (3.1) we assune that
the instrunent rate responds to the once-Ilagged |og-1evel of the stock

price, relative to its steady-state val ue:

(3.2) r"=f"+bEp,,, +X Iog(%)

Alternative interpretations of policy rules like (3.2) are discussed in
t he next section.

We conducted a variety of sinulation experinments, of which we here
report an illustrative sanpling. W begin with sinulations of the
effects of a stock-market bubble that begins with an exogenous one
percentage point increase in stock prices (above fundanentals). W
paraneterize equation (2.4), which governs the bubble process, so that
t he non-fundanental conponent of the stock price roughly doubl es each
period, as long as the bubble persists.'® The bubble is assumed to | ast
for five periods and then burst.? Just before the collapse, the non-
fundament al conponent is worth about sixteen percent of the initia

st eady state fundanental val ue.

Asset bubbles with policy responding only to inflation. Figure 1
illustrates the sinulated responses of the econony!® to the bubbl e under

two policy rules of the form(3.1): an “inflation accommodati ng” policy

16 W assume p = 0.5 and a = 0.98

Y To be clear, agents in the nodel know only the ex ante stochastic
process for the bubble and not the tinme that it will burst.

8 Al sinulations are reported as deviations fromthe steady state.
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for which b =101 and a nore aggressive “inflation targeting” policy
for which b =20.%

As Figure 1 shows, under the acconmodati ng policy the bubble
stimul ates aggregate demand, | eading the econony to “overheat”.
Inflation and output rise sharply. The rise in stock prices stinulates
spendi ng and output both through the bal ance sheet effects described
earlier (notice the decline in the external finance premumin the
figure, which stinulates borrowi ng) and through wealth effects on
consunption (which are the relatively less inportant quantitatively).
When the bubble bursts there is a corresponding collapse in firns’ net
worth. The resulting deterioration in credit markets is reflected in a
sharp increase in the external finance prem um (the spread between
firms’ borrowing rates and the safe rate) and a rapid fall in output.
The decline in output after the bursting of the bubble is greater than
the initial expansion, although the “integral” of output over the
epi sode is positive. In the absence of further shocks, output does not
continue to spiral downwards but stabilizes at a | evel just below the
initial level of output. Below we consider scenarios in which the
col | apse of a bubble is followed by a financial panic (a negative
bubbl e), which causes the economy to deteriorate further.

In contrast to the accommodative policy, Figure 1 shows that the
nore aggressive “inflation targeting” policy greatly noderates the
effects of the bubble. Although policy is assuned not to respond
directly to the stock market per se, under the nore aggressive rule

interest rates are known by the public to be highly responsive to the

1 We consider the accommmodating policy not because it is a realistic
alternative, but rather to underscore the point that the inpact of a
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incipient inflationary pressures created by the bubble. The expectation
that interest rates will rise if output and inflation rise is sufficient
both to danmpen the response of overall asset prices to the bubble and to
stabilize output and inflation---even though, ex post, interest rates

are not required to nove by as nmuch as in the accommodative policy.

Asset bubbles with a policy response to stock prices. Figure 2
shows sinulation results anal ogous to those in Figure 1, except that now
the central bank is allowed to respond directly to stock prices as wel

as to expected inflation. W set the parameter X in equation (3.2)

equal to 0.1, inplying that (for constant expected inflation) a ten
percentage point rise in the stock market | eads to a one percentage
point rise in the instrument rate. O course the full response of the
short-termrate to a stock market appreciation is greater than that,
since policy also responds to the change in expected inflation induced
by a bubble. ?°

Figure 2 shows that the effect of allowing policy to respond to
stock prices depends greatly on whether policy is assuned to be
accommodat i ng or aggressive with respect to expected inflation. Under

the accommpdating policy (b =1.01), allowing a response to stock prices

produces a perverse outconme. The expectation by the public that rates
will rise in the wake of the bubble pushes down the fundanenta

conmponent of stock prices, even though overall stock prices (inclusive

bubble is highly sensitive to the response of nonetary policy.

20 Note that we assume that policy responds to the (observable) |evel of
stock prices, not the (unobservable) |evel of the bubble, which seens
realistic. That distinction is not inportant in the present exercise
but will becone inportant in scenarios in which the central bank is
uncertain about the source of the appreciation in stock prices.
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of the bubble conponent) rise. Sonewhat counter-intuitively, the rise
in rates and the decline in fundanmental values actually nore than offset
the stimulative effects of the bubble, |eading output and inflation to
decline - an exanple of the possible “collateral” damage to the econony
that may occur when the central bank responds to stock prices. The
result that the econony actually contracts, though a robust one in our
simul ations, may rely too heavily on sophisticated forward-Iooking
behavi or on the part of private-sector investors to be entirely

pl ausi ble as a realistic description of the actual econony. However,
the general point here is, we believe a valid one; nanely, that a
nmonetary policy reginme that focuses on asset prices rather than on

macr oeconomni ¢ fundanentals may well be actively destabilizing. The
problemis that the central bank is targeting the wong indicator

Under the aggressive policy (b =20), in contrast, allow ng

policy to respond to the stock price does little to alter the dynamc
responses of the econony. Evidently, the active conponent of the
monetary rule, which strongly adjusts the real rate to offset nmovenents
in expected inflation, conpensates for perverse effects generated by the
response of policy to stock prices.

To recapitul ate, the lesson that we take fromFigure 2 is that it
can be quite dangerous for policy sinultaneously to respond to stock
prices and to acconmmodate inflation. However, when policy acts
aggressively to stabilize expected inflation, whether policy also
responds independently to stock prices is not of great consequence.

As an alternative metric for evaluating policy responses to
bubbl es we al so conputed the unconditional variances of output and

inflation under the four different policy scenarios (accommdative
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versus non-accommodative on inflation, responding to stock prices versus
not responding). W considered bubbles l|asting one, two, and three

peri ods, weighting themin the popul ation according to their relative

i kelihood of being realized (conditional on a bubble starting.) The

| eft panel of Table 1 reports the results. The table shows that a
policy of focusing aggressively on inflation and ignoring stock prices
does best by a significant margin, achieving the | owest unconditiona

vari ance of both output and inflation.?

Asset bubble then asset bust. So far in the sinulations we have
assuned that, after the collapse of the bubble, asset prices are again
governed solely by fundanentals. Wth this assunption we tend to find
that a stock-price crash wi pes out the output gains fromthe bubble but
not much nore; there is only a slight overreaction in the decline in
out put . 2

An alternative scenario, which nay be of the greatest concern to
policymakers, is that the collapse of a bubble m ght damage investor
confidence sufficiently to set off a panic in financial markets. W
nodel this possibility in a sinple way by assunming that the crash of the
bubbl e sets off a negative bubble in stock prices (an underval uati on)
that is exactly synmetric with the positive bubble that preceded it.
This panic is unanticipated by investors before it happens. |If we

mai ntain the assunption that the initial, positive bubble |asts five

21 Under the usual assunption that social welfare depends on the out put
gap and inflation, we can therefore unanmbi guously concl ude that the
inflation-targeting rule maxinm zes wel fare.

22 The nodel does not include raw material or finished-goods

inventories. Inclusion of inventory stocks in the nodel would |ikely

i ncrease the downward reaction, by adding an endogenous inventory cycle.
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peri ods before popping, then this alternative scenario inplies a ten-
peri od “boom bust” scenari o.

Figure 3 shows sinulation results under the accommpdative

(b =1.01) and aggressive (b =2.0) policy rules, and assumi ng no direct

response of policy to stock price movenents (X =0). The positive

bubbl e fol |l owed by the negative bubble sets off an oscillation in both
financial markets and the general econony. However, the nmagnitude of
the oscillation depends critically on the type of nmonetary policy

enpl oyed. Under the accommodative policy the cycle is |arge, whereas
the nore aggressive policy significantly danpens the oscillation. By
strongly targeting expected inflation, nonetary policy stabilizes
aggregate demand and thus greatly reduces the econonic effects of the
volatility in stock prices.

Note that in the experinent we assume that the negative asset
bubbl e arises after the initial crash, regardl ess of the policy
environnent. However, if there is sone connection between market
psychol ogy and fundanentals (e.g., markets overreact to novenments in
fundamental s), and if financial market participants perceive policy has
been effective in stabilizing fundanentals, then perhaps the panic m ght
not arise in the first place. Put differently, an added benefit of the
aggressive policy, not accounted for in our sinmulations, nmght be to

reduce the overall I|ikelihood of the foll ow on panic.

I mplications of reduced | everage. As we nentioned earlier, in a
nodel with a financial accelerator the inpact of the bubble on rea
activity also depends on initial financial conditions, such as the

degree of |everage anong borrowers. Figure 4 explores the inpact of a
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| ower steady-state |everage ratio, 25% i nstead of 50% as in the baseline
scenario. The figure shows that a reduction in |everage significantly
noderates the cycle. Besides its reaffirmation of the superiority of

i nflati on-focused nonetary policy, this sinulation also suggests a
rationale for regulatory and tax policies that discourage excessive

| ever age.

Asset-price fluctuations arising froma m xture of fundanmental and
non- fundanental sources. W saw in Figure 2 that all ow ng nonetary
policy to respond to asset prices can be destabilizing, particularly if
policy is accommodative of inflation. The costs of targeting asset
prices are probably greater in practice than suggested by the bubble
scenario of Figure 2, because it is quite difficult or inpossible for
the central bank to discern whether changes in asset prices reflect
fundamental forces, non-fundanental forces, or a combination of both.

To the extent that asset price novenents reflect fundanental forces,
t hey shoul d be accommpdated rather than resisted; attenpts to
“stabilize” asset prices in that case are directly counterproductive.

To illustrate these issues, we consider a scenario in which
i nprovenents in productivity generate a rise in market fundanentals, as
wel | as increasing potential output. However, a euphoric response to
the fundanental boom al so sets off a bubble. Specifically, we suppose
that there is a one percent permanent increase in productivity which is
foll owed one period |ater by the inception of a stock-price bubble,
whi ch we again assune |lasts for five periods. Figure 5 shows the
results, conparing an aggressive inflation stabilization policy with one

that also allows for responses to stock prices. As the figure shows, in
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this scenario tightening policy in response to the increase in asset
prices prevents output fromrising by the amount of the increase in
potential output. In other words, responding to the rise in asset
prices has the undesirable effect of tenporarily stifling the beneficia
i mpact of the technol ogy boom

We explore the issue a bit further by calculating the
uncondi tional variability of the output gap (output minus potentia
out put) under the four different policy scenarios, assunming in this case
that only a productivity shock has buffeted the econony.? The right
panel of Table 1 reports the results. As with the case of bubble
shocks, the results indicate that the policy that responds aggressively

to inflation and does not target stock prices works best.

A shock to the external finance premium The |ast scenario we
consider is a disruption of financial markets that tenporarily tightens
credit conditions. A real-world exanple is the default on Russian bonds
in the fall of 1998 that induced significant capital |osses for key bank
creditors and drove up preniums on |long-term corporate bonds.? The
anal ogue in our nodel is a shock that drives up the prem umfor externa
fi nance, holding constant firm bal ance-sheet positions; formally this
can be nodeled as a decline in the efficiency of the financia
i nternmedi ati on process (see Bernanke, Gertler, and Gl christ,
forthcoming). Figure 6 shows the responses of output and inflation to

an exogenous fifty-basis-point rise in the external finance prem um

2 That is, for sinplicity here we do not include a confounding bubble
shock. The wel fare conpari sons would not be affected by including a

bubbl e shock.

24 For evidence that general credit conditions tightened at this tineg,
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under both the aggressive and accommodative policy rules (it is assuned
here that policy does not respond to asset prices). The figure shows
clearly that the aggressive policy response works best. W believe that
this experinment helps to provide a rationale for the Fed' s intervention
in the fall of 1998. Basically, because the rise in the spread observed
at that time had a potentially deflationary effect on the economy, it

was appropriate to ease policy in response.

Section |V. Estimated Reaction Functions for the Federal Reserve and
t he Bank of Japan

Section |1l considered the stabilizing properties of various
hypot hetical interest rate rules for central banks. These experinents
rai se the question of what rules (reaction functions) best describe the
actual practice of contenporary central banks. |In practice, do centra
banks react to forecasts of inflation and the output gap in a
stabilizing manner? And do they react to stock prices, over and above
the reaction to stock prices inplied by the pursuit of output and
inflation stabilization?

In this section we apply the nethods of Clarida, Gertler, and Gal
(1998, forthcom ng), henceforth CGG to estinmate forward-I ooking
reaction functions for the Federal Reserve and the Bank of Japan for the
period since 1979. To preview the results, we find that the Fed has
largely followed our advice over the past two decades, reacting in a
strongly stabilizing manner to changes in the inflation forecast and the
expected out put gap but, for the npst part, not reacting to changes in

stock prices (except to the extent that they contain information about

see Certler and Lown (1999).
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inflation and output). The record of the Bank of Japan is |ess
satisfactory, by our estimates: W find that easy nonetary policy in
Japan actively fueled the increase in stock prices during the 1987-89
period. After the stock market crashed in 1990, Japanese nonetary
policy appeared to nake sonme attenpt to support stock prices but failed
to react sufficiently aggressively to the declining rate of inflation.
Consequent |y, Japanese nonetary policy was too tight fromlate 1992 at
| east until the beginning of 1996. To sonme extent, it should be noted,
these problens reflected the very slow rate of adjustnment of nom na
interest rates in the face of changi ng macroeconom ¢ conditions.

CGG s approach, which we follow here, is to estinmate forward-

| ooki ng reaction functions of the form

(4.1) 1 ST+DE (P, - P +E(Y, - Vi) +XE, 2z,

wher e r[ is the targeted value of the nominal instrument rate (the
federal funds rate for the U.S., the call rate for Japan); I is the
l'ong-run equilibriumnom nal rate; Et¢h+m-p*) is the expected
deviation of inflation fromits target rate over the next twelve nonths;
E. (Y, - yt) i s the contenporaneous val ue of the output gap, conditional

on information available to the central bank at tinme t; and Z

represents other variables that may affect the target interest rate. W

expect the parameters b and g to be positive; CGG point out that

stabilization of inflation further requires b>1, i.e., for the rea

interest rate to rise when expected inflation rises, the nonm na
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interest rate nmust be raised by nore than the increase in expected
inflation. In practice, values of b for central banks with

significant enphasis on inflation stabilization are estimted to be

closer to 2.0. Values less than 1.3 or so indicate a weak commtnment to
inflation stabilization (at these values of Dthe real interest rate

noves relatively little in response to changes in expected inflation).
Because of unnopdel ed notives for interest-rate snoothing,
adj ustmrent of the actual nominal interest rate towards its target may be

gradual. CGG allow for this by assunm ng a partial adjustnent nmechani sm

e.g.,

(4.2) r,=@-r)r, +rr_, +u,

where I, is the actual nominal interest rate and r 1 [01) captures the

degree of interest-rate snobothing. Below we follow CGG in assunmng a
first-order partial adjustment nechanism as in equation (4.2), for
Japan and a second-order partial adjustnent mechanismfor the United
St at es.

To estimate the reaction function inplied by equations (4.1) and
(4.2), CGCG replace the expectations of variables in equation (4.1) with
actual realized values of the variables, then apply an instrunental
vari abl es net hodol ogy, using as instrunents only variables known at tine
t-1 or earlier. Under the assunption of rational expectations,

expectational errors will be uncorrelated with the instrunments, so that
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the IV procedure produces consistent estinmates of the reaction function
par aneters. 2

Estimation results are shown in Table 2 for the Federal Reserve
and Table 3 for the Bank of Japan. Followi ng CGG we begin the U'S
sanpl e period in 1979: 10, the date of the Volcker reginme shift, and the
Japanese sanple period in 1979:04, a period CGG refer to as one of
“significant financial deregulation”. The end date in each case is
1997:12 (our data end in 1998:12 but we nust allow for the fact that one
year of future price change is included on the right-hand side).? W
al so | ook at two sub-sanples for Japan, the periods before and after
1989:6. It was at the end of 1989 that increases in Bank of Japan
interest rates were followed by the collapse of stock prices and | and

val ues.

%5 More specifically, CGG apply a GW estimator with a correction
for the noving average error induced by overl apping forecasts (see their
footnote 11 for details). Qur estimation procedure follows the CGG
nmet hod very closely, with mnor differences described below. In
particular, we follow CGG in using as instrunents a constant, and | ags
1-6, 9, and 12 of log-differenced commodity price index, the |og-
differenced CPI, the |og-differenced output gap, and the instrunent
interest rate. For Japan, lags 1-6, 9 and 12 of the real yen-dollar
exchange rate are also included as instrunents. For the conmodity price
i ndex we use slightly different series from CGG specifically, an | MF
series for Japan and the Dow-Jones conmodity price index for the United
States. In auxiliary regressions, discussed below, we also use lags 1
to 6 of the |log-difference of the stock price index (TOPI X in Japan and
the S&P 500 for the United States).

Foll owi ng CGG, we construct the output gap for the United States
as the residuals of a regression of industrial production on a constant,
time, and tinme squared, for the sanple period 1960:1 through 1998: 12.
Because we believe that Japan has been well| bel ow potential output since
about 1990, the output gap variable we construct for Japan is based on a
quadratic trend for industrial production based on data beginning in
1968:1 and ending in 1989:6. Through 1989:6 the Japanese output gap is
measured as the residual fromthis regression, subsequently it is
equated to actual output |less the extrapolated quadratic trend val ue of
out put .

We thank Richard Clarida for providing the estimation prograns.

26 Estimates (not shown) from sanples ending in 1994:12, the end date
used by CGG closely replicated their results.
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For each country and sanple period the tables report two
specifications. As in CGG the baseline specification shows the
response of the target for the instrunment interest rate to the expected
out put gap and expected inflation. The second, alternative
specification adds to the reaction function the current value and five
| ags of the |og-difference of an index of the stock market (the S&P 500
for the United States and the TOPI X i ndex for Japan). To help contro
for sinmultaneity bias, we instrument for the contenporaneous | og-
difference in the stock market index; in particular, we add lags 1
through 6 of the log-difference of the stock nmarket index to our list of
instruments (see footnote 20). Note therefore that, in these estinmates,
the responses of policy to stock market returns arising fromthe
predi ctive power of stock returns for output and inflation are fully
accounted for; any estimated response of policy to stock returns mnust
therefore be over and above the part due to the predictive power of
stock returns.

There are two ways to think about the addition of stock narket
returns to the reaction function: The first is to interpret it
literally as saying that nmonetary policy is reacting directly to stock
prices, as well as to the output gap and expected inflation. The second
is to treat the addition of stock returns as a general specification
test that reveals whether nonetary policy is pursuing other objectives
besi des stabilization of output and expected inflation. To the extent
that policy has other objectives, and there is informtion about these
objectives in the stock narket, then we woul d expect to see stock
returns enter the central bank’s reaction function with a statistically

significant coefficient.
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For the United States, the estimtes of the baseline reaction
function (first line of Table 2) indicate that over the full sanple
period the Fed responded reasonably strongly to changes in forecasted

inflation (b =1.60). It also reacted in a stabilizing manner to
forecasts of the output gap (g =0.14). Both parameter estinates are

highly statistically significant. The CGG procedure also pernits
estimation of the inplied target rate of inflation (see their paper);
for the U S., the estinated target inflation rate for the full period is
2.88% per year. Figure 7 shows that the actual and fitted val ues of the
federal funds rate are very close for the full sanple period.?’

In the results reported in the second line of Table 2 we allow for
the possibility that the Fed responded to stock market returns
i nformati on contained in stock market returns), independently of their
implication for forecasts of inflation and the output gap. The
estimated response of the funds rate to stock returns, -0.08, is
relatively small, the “wong” sign (if we think of the Fed as being
tenpted to try to stabilize stock prices), and statistically
insignificant. Oher paranmeter estimtes are |argely unchanged fromthe
basel i ne specification. The force of these estimates is that,
consistent with the advice we give in this paper, the Fed has focused
its attention on expected inflation and the output gap and has neither
actively sought to stabilize stock prices nor reacted to information in
stock returns other than that useful for forecasting the output gap and

inflation.

27 The fitted val ues assume that expected inflation and the expected
output gap are the realized values. They are thus conparable to the
target values reported in Figure 8; see bel ow
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To help put the Fed' s behavior into its historical context, Figure
8 shows the actual value and the estimted target value of the federa
funds rate for the period January 1984 to the present. The target val ue
differs fromthe fitted value in that the latter incorporates the
interest-rate snoothing paraneters and the former inplicitly sets these
to zero, i.e., the target value is the interest rate given by equation
(4.1). For this figure the target value at each date is cal cul ated
assum ng that the Fed had perfect know edge of the current output gap
and inflation over the next year; we do this in order to concentrate on
i ntentional deviations of policy fromthe average reaction function, as
opposed to deviations driven primarily by forecast errors. Because the
target value abstracts fromthe interest-rate snoothing notive, there is
a tendency for the actual rate to | ag somewhat behind the target.
Neverthel ess, Figure 8 suggests that the Fed' s actual choice of short-
termrates followed target rates reasonably cl osely.

There are, however, three periods of deviation of the actual fed
funds rate fromthe target rate in Figure 8 that deserve coment.

First, as was nmuch remarked at the time, the Fed did not ease
policy in 1985-86, even though a sharp decline in oil prices reduced
inflation during those years.?® The view expressed by some contenporary
observers was that the Fed nmade a conscious decision in 1986 to enjoy
the beneficial supply shock in the formof a |lower inflation rate rather
than real econom ¢ expansion. However, it is also likely that nmuch of
the decline in inflation in 1986 was unanticipated, contrary to the

perfect foresight assunption made in constructing the figure. If true,

28 Kozicki (1999) observes however that this gap is greatly reduced if a
core inflation measure is used in the estination of the Fed' s reaction
function.

39



this would account for rmuch of the deviation of actual rates fromtarget
in 1985.

Second, the Fed kept rates sonmewhat below target in the aftermath
of the 1987 stock market crash. Again, forecasting errors nay account
for this deviation; the Fed was concerned at the time that the
depressing effects of the crash would be larger than in fact they turned
out to be.

Finally, and nost interesting to us, the Fed kept the funds rate
significantly below target fromlate 1991 until the begi nning of 1995.
This was a period of slow recovery fromthe 1990-91 recession, which Fed
of ficials argued was caused by financial “headw nds”, such as excessive
corporate | everage and bank capital problens. W interpret the 1991-95
easi ng as being consistent with our advice, in that the Fed was
concerned about financial conditions not for thenselves but primarily

29

for their inplications for the macroeconony. In the event, though, it

appears that the Fed eased by nore than necessary in this period. 33

2% Kozicki (1999) makes a simlar observation and provides support for
her contention with the foll owi ng revealing quote from Chairman
G eenspan:

“In the spring of 1989, we began to ease nonetary conditions as we
observed the consequence of bal ance-sheet strains resulting from
i ncreased debt, along with significant weakness in the collatera
underlying that debt. Households and busi nesses began nuch nore
reluctant to borrow and spend and | enders to extend credit — a
phenomenon often referred to as the ‘credit crunch’. |n an endeavor to
defuse these financial strains we noved short-termrates lower in a |long
series of steps that ended in the |late sunmer of 1992, and we held them
at unusually low |l evels through the end of 1993 — both absolutely and,
importantly, relative to inflation.” (Testinmony of June 22, 1994).
30 An alternative interpretation, which is consistent with our general
approach, is that financial conditions in certain key sectors and
regions were sufficiently bad—e.g., bank capital positions well bel ow
regul atory mnina—that the inpact of small interest-rate changes on the
econony was reduced. A reduction in the policy multiplier would justify
nor e aggressive Fed policies during this period.
31 Qur sanple period does not include the episode of Fall 1998, when the
Fed reacted to increased quality spreads in the bond market by easing.
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We turn now to the case of Japan. For the entire sanple period,
estimates of the Bank of Japan’s reaction function (Table 3) | ook
qualitatively simlar to those found for the Fed. For the whole 1979-
1997 period, we estimate that the Bank of Japan responded actively to

both expected inflation (b =221) and to the output gap (g =0.20). The

equation also fits the data quite well (Figure 9).3% However

i nspection of the data suggests two very different econom c and policy
regimes during this period: the so-called “bubble economy” of the
1980s, during which the economy and asset prices boomed, and the period
since 1990 during which asset prices have coll apsed and the econony has
been extrenely weak. Accordingly, and keeping in nmind the problens

i nherent in estimation based on small sanples, we re-estimted the Bank
of Japan’s reaction function for the period before and after 1989: 06.
The date was chosen to separate the periods before and after the
accession of Governor Meno, who instigated a significant policy
tightening at the end of 1989.

Table 3 shows that, for the first half of the sanple period, the

Bank of Japan renmmined conmitted to stabilization of inflation (b =2.00

in the baseline specification, b =185 in the specification including

stock returns). However, the specification including stock returns also
shows that, wittingly or unwittingly, the Bank of Japan was al so
strongly reinforcing the asset price explosion: The estinmted reaction

of the Japanese call rate to stock returns over the past six nonths is

Again, this action seens justifiable to us, in that the w dening spreads
could well have been interpreted as predicting a slowdown in the genera
econony.

32 The fitted val ues again assume perfect foresight by the central bank
for inflation and the output gap
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—-0.286 in the first half of the sanple, with a standard error of 0.111
This says that each 10% increase in stock prices was associated with a
286-basi s-point decline in the call rate - a nunber too large to be
taken seriously, but an indication that policy was destabilizing toward
the stock market prior to 1989. As noted, we do not necessarily
interpret these results as saying that the Bank was actively attenpting
to raise stock prices. But it does seemthat the Bank was pursuing
obj ectives other than output and inflation stabilization (exchange
rates?) which led it to ease excessively, and the stock market reflected
that ease. %

For the second half of the sanple, the results are nuch different.
As the bottomthird of Table 3 indicates, after 1989 the Bank of Japan
greatly weakened its conmmitment to inflation stabilization (b =112 in
the baseline stabilization). W interpret the |ow estimted val ue of

b, together with the negative estinmated values of the inflation

target, as indicating that the Bank was not actively resisting the
powerful deflationary forces of this period. However, our estinmates
suggest that the Bank may have been attenpting to stabilize the stock
mar ket, or sone other factor proxied by the stock market; the estinmated
reaction of the call rate to stock market returns switches fromthe

| arge negative value in the earlier subsanple to a large and highly

significant positive value (X =0.188). Fromthe perspective of the

argunent s advanced in this paper, the Bank of Japan woul d have done

3% Note that it would not be correct to argue that stock prices matter
because of their predictive power for the output gap and inflation. W
i nclude stock returns in the information sets for forecasting these
vari abl es, thereby controlling for the predictive power of stock
returns.
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better to focus instead on stabilizing the inflation rate (in this case,
preventing the plunge into deflation) than in responding to other
factors.

Again a picture helps to provide historical context. |In anal ogy
to Figure 8, Figure 10 shows the actual call noney rate and the
estimated target rate in Japan after 1984. |In this case, unlike in
Figure 8, we calculate the target rate using the reaction function
estimated for the pre-1989:07 sanple, without stock returns. This
reaction function seens the right one to use as a benchmark, since it
implies strongly stabilizing nonetary policy, as suggested by the
simul ations in the previous section. Thus the target rate for the post-
1989 period in Figure 10 indicates what policy would have been if the
earlier policies had been continued, with no attention paid to stock
returns (except as forecasters of the output gap and inflation).

The results are again quite interesting. The target rate in Japan
changed sharply during several episodes, and - possibly as a result of
an excessive attachment to interest-rate snmoothing - the actual cal
rate | agged far behind. Figure 10 suggests that policy was on the whole
rather tight in Japan during the 1985-87 period, despite the easing that
foll owed the Pl aza Agreenent of Septenber 1985. From 1987-89, however,
Japan faced strong inflationary pressures (including rocketing asset
prices and rapid real growh), to which the Bank of Japan responded

extrenely slowy.% No doubt it is this period that is responsible for

34 Figure 10 suggests that the Bank of Japan should have raised its key
interest rate as high as 8-10% during 1987-89, which sone comentators
at the conference thought would not have been politically feasible given
t hat contenporaneous inflation (possibly as a result of exchange rate
appreciation) remained |low. Qur specific nmeasure of the target rate is
sensitive to our estimates of the size of the output gap in Japan at the
time and is not to be treated as precise. Wat is striking about the
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our estimated result that nonetary policy actively destabilized the
stock market in the pre-1990 period.

Rat es began to rise sharply foll owi ng the appointnment of Governor
M eno in Decenber 1989, and continued to rise until the spring of 1991
The rate i ncrease was undertaken with the intention of curbing the stock
mar ket and - |ike many other attenpts to prick market bubbles, including
the U.S. boomin 1929 - the attenpt was too successful for the good of
the economy. Asset prices collapsed; and because Japan’s financia
arrangenents were particularly sensitive to asset values (we would
argue), the real econony coll apsed as wel |

Qur estimates of the Bank of Japan’s reaction function for the
second hal f of the sanple suggest two countervailing forces: On the one
hand, there was now sonme attenpt to stabilize the stock nmarket, or sone
factor proxied by the stock market, by cutting rates as the narket fell
On the other hand, the Bank of Japan’s commitnent to stabilizing
inflation (here, resisting deflation) seens to have become nuch weaker
The net effect was policy that was significantly too tight, at |east
until the beginning of 1996.3%

We do not want to overstate the conclusions that can be drawn from
this short conparison of U S. and Japanese nonetary policy since the
m d- 1980s. The conparative experience is at |east suggestive however

that focusing on the traditional goals of nonetary policy - the output

period is not that the BOJ failed to tighten radically, but that it
failed to tighten at all. In any case, for the record, we consider the
failure to respond to deflationary pressures during 1992-96 (see bel ow)
to be the nopst serious shortcom ng of Japanese monetary policy during

this period.
35 As can be seen in Figure 10, the target call rate went negative in
1993, out of the feasible range of the actual rate. Still, it was not

until 1995 that the actual call rate went below 2. 0%
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gap and expected inflation - is the nore effective neans of avoiding

extended swings in asset prices and the resulting damage to the econony.

Section V. Concl usi on

In order to explore the issue of how nmonetary policy should
respond to variability in asset prices, we incorporated non-fundanenta
novenents in asset prices into a dynamic macroeconom ¢ framework. To a
first approximation at |east, we believe that our framework captures the
mai n concerns that policy-makers have about possible bubbles in asset
prices. In particular, in our nodel a |large positive bubble exposes the
econony to the risk of a sharp market correction, with adverse effects
on aggregate demand and economic activity. |In the absence of an
appropriate policy response the resulting econonic contraction could be
quite large. A severe market drop in our nodel al so weakens bal ance
sheets, induces financial distress, |leads to further declines in asset
prices, and w dens spreads in bond markets. Although our franmework
omts sonme of the mcroecononic details of episodes of stress (e.g.
non-price credit rationing, reduced liquidity of financial nmarkets), and
hence is silent about certain types of |ender-of-last-resort
i nterventions that the central bank m ght undertake, we believe that
these omissions are unlikely to affect our central conclusions about
aggregate stabilization policy.3®

The principal conclusion of this paper has been stated severa
times: In brief, it is that flexible inflation-targeting provides an

effective, unified framework for achi eving both general macroeconom c

3¢ Further, to the extent that (say) collapse of the banking system
woul d be defl ationary, perhaps in a highly discontinuous way, it seens
to us that |ender-of-last resort interventions are consistent with the
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stability and financial stability. Gven a strong commitnent to
stabilizing expected inflation, it is neither necessary nor desirable
for nonetary policy to respond to changes in asset prices, except to the
extent that they help to forecast inflationary or deflationary
pressures.

A coupl e of additional issues deserve very brief coment. First,
our inplicit focus in this paper has been on |arge industrial economn es
like the United States and Japan. However, nany of the recent financia
crises around the world have occurred in snmall open econonmies, with
i nternational capital flows and attacks on the currency playing mjor
roles. What | essons does our analysis bear for these countries?

More work woul d need to be done to extend our nodel to the open-
econony case, and to include other sources of financial crisis such as
specul ative attacks on the currency and bank runs. Such an extension
woul d be worthwhile, we believe, because it seems to us that bal ance-
sheet effects of the type captured in the BGG nodel have played an
i mportant role in propagating the effects of financial crises through
the real econony. Although we have not yet done such an extension, one
i kely conclusion fromsuch an exerci se seens obvi ous enough and
i mportant enough to be worth stating now, viz.: The logic of our
approach suggests strongly that fixed exchange rates, as nmintained by
many of the countries recently hit by financial crises, are highly
undesirable in a financially fragile environnent.

The key problemwi th an exchange-rate peg is that its defense
generally requires nmovenents in interest rates that are perverse,

relative to the objective of containing a financial crisis. 1In

phi |l osophy of flexible inflation targeting.
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particular, the large increases in interest rates necessary to avert
deval uation during a currency crisis exacerbate financial crises both
directly, by depressing asset prices, reducing corporate profits, and
putting pressure on banks, and also indirectly, by slow ng current and
expected rates of economic activity. |In addition, fixed-exchange-rate
regi mes severely linmt the short-run discretion of the central bank
either to assist the financial system (for exanple, through | ender-of-
| ast-resort activities) or to correct short-terminbal ances in the

econony.
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I ndeed, the record of fixed-exchange regines in regard to the

i nci dence and severity of financial crises is notoriously bad.® During
the Great Depression currency crises (possible, of course, only if the
exchange rate is fixed), banking panics, and stock nmarket crashes
frequently occurred together. |Indeed, to the best of our know edge,
every one of the dozens of mmjor banking panics of that era occurred in
a country that was attenpting to defend a fixed rate (its gold parity).
For the postwar period, in a study spanning the 1970s through the 1990s,
Kam nsky and Rei nhart (1999) docunent that banking and currency crises
frequently occurred together and appeared to be rmutually reinforcing.
The strong observed associ ati on between fixed exchange rates and
financial crises appears to be weakened only under two conditions:
First, if international capital flows are highly regul ated and
restricted, as was the case for exanple during the Bretton Wods era; or
second, if the international nonetary systemis cooperatively nanaged by
the major central banks, as was arguably the case during the classica
gold standard of the |ate nineteenth century (Ei chengreen, 1992).
Nei t her of these conditions prevails today.

So what should smal|l open econom es do? Qur anal ysis suggests
that, if possible, they adopt flexible inflation targeting, as part of a
broad reform package that includes inproved financial regulation and
fiscal reform?3® (Brazil has recently proposed a plan along these
lines.) The last part of the recomendati on bears enphasis: Change in

the nonetary reginme alone, without support fromthe regulatory and

87 For an even broader indictment of fixed-exchange-rate regi nes see
bstfeld and Rogoff (1995).

%8 Dol larization or a currency union represent an alternative approach
for small open econonies that also avoids the instabilities of fixed
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fiscal arnms of government, is not likely to be sufficient. Mreover, we
recogni ze that successful inplementation of inflation targeting requires
both ample political support fromthe governnment and a certain amunt of
i nstitutional developnent, e.g., the existence of adequate price indexes
(see Eichengreen et al, 1999). Wth these caveats, we recommend that
smal | open econonies head in an inflation-targeting direction. Note
that, along with providing enhanced macroeconom ¢ and fi nanci a
stability, a coomitnment to an inflation-targeting approach by a small
open econony could well deliver greater long-run stability of the
nom nal exchange rate than a regine that attenpts to fix the exchange
rate but suffers frequent forced deval uations.

A second broad i ssue not yet addressed here concerns the
di fference between inplicit inflation targeting, of the type practiced
by the Greenspan Fed, and explicit inflation targeting, which involves
consi derabl e addi ti onal transparency and conmuni cation with the public.
It is evident fromrecent U S. experience that inplicit inflation
targeting can give good results, and indeed our sinulations help to show
why a strong focus on stabilizing expected inflation pronotes overal
macr oecononi ¢ and financial stability. W nevertheless do believe that
the U.S. would benefit froma nmove to explicit inflation targeting, for
at | east two reasons (see Bernanke et al, 1999, for further discussion).
First, making inflation targeting explicit would serve the inportant
goal of ensuring continuity in nonetary policy, or at |east of
i ncreasing the |ikelihood that future policy would take the same genera
approach as recent policy has taken. |In particular, if the inflation-

targeting regine were nmade explicit, the transition fromthe current

exchange rates. These approaches have their own probl ens, however.
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chairman to the next one would create | ess anxiety in financial markets
and for the economy than otherwi se. Second, transparency enhances the
stabilizing properties of forward-|ooking policies. |In particular, in
the sinmulations reported in this paper we inplicitly assuned
transparency of policy, in that private-sector actors were assuned to
know the policy rule. The results mght be very different if, for
exanpl e, we assunmed that private agents thought the central bank was
foll owing the acconmodative rule when in fact it was followi ng the nore
aggressive inflation-targeting policy. Likew se, rmuch of the
stabilizing effect of our recommended policy arises because investors
expect the central bank to raise interest rates when rising asset prices
threaten to overheat the economy, and vice versa if declining asset
prices threaten to i nduce an econom c contraction. Fromthe standpoint
of mai ntai ning both macroecononic and financial stability in the future,
the desirability of increased transparency in U S. nonetary policynaking

is a topic deserving of close attention in the Fed s planning.
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Appendi x. Equati ons of the sinulation node

The nodel used for sinmulations in section 3 is given and briefly
descri bed below. To conserve space we do not review the individual and
firmoptim zation problens that underlie the behavioral equations and
instead refer the reader to Bernanke, Certler, and Gl chri st
(forthcom ng) for details. Wat we present here is the log-linearized
versions of the nodel equations that were used in the sinulations.
Except for the addition of an exogenous bubble in the asset price, the
nodel is essentially the sanme as in BGG The only other significant
differences are that we use Gali and Certler’s (forthconing) variant of
the new Keynesian Phillips curve and that we calibrate the wealth
effects on consunption to nmatch the evidence presented by Ludvi gson and
St ei ndel (1999).

Throughout we follow the convention of witing steady-state |evels
of the variables in upper case and | og-devi ations fromthe steady state
in lower case. Geek letters and | ower-case Ronan letters without
subscripts denote fixed paraneters, and subscripts denote tine periods.

The expectation given information known as of period S of the val ue of

variable X in period I is witten EJX,.

Aggr egat e denmand

(A1) Yy :EC +C_ece+|_i +Eg
. t Yt Y t Yt v t

(A.2) ¢, =-sr,+Ec,,
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(A.3) ¢ =8 +k,

(A 4) B0y =) (g - Kuy)

Equation (A. 1) is the log-linearized version of the nationa

incone identity. We distinguish between consunption of households, C,

and consunption of entrepreneurs/firmowners, C°® otherw se the
notation is standard. (A 2) is the usual Euler condition for household
consunption. (A 3) enbodies the assunption that changes in
entrepreneurial consunption are proportional to changes in stock val ues;
in the sinmulations we normalize entrepreneurs’ net worth so that the
elasticity of entrepreneurial consunption to stock narket wealth is
about 0.04, as suggested by estimates in Ludvigson and Steindel (1999).
(A. 4) relates investnent to the fundanental value of capital, enbodying

a one-period delay for planning new investnent.

Returns to stocks and capital

_(-d)
bR

(A5 §-0 B (Sti1 = Ga)

(A6) r'=@Q-J)mc +y, - k)+Jq - g,
(A7) rP=@-J)mc, +y, - k)+Js - 5,
(A- 8) Et rtil = Et rtil - (1' b)(st - qt)

(A 9) Et I’til = rt - y (nt - St - k[+1)

Equation (A.5) describes the expected evolution of the bubble, cf.

(2.4) and recall a°b/(1-d). Note that the realized value of the
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bubbl e, conditional on not bursting, is defined by

q
S - qﬁl=-—z£i?§5(§ - Q,). Equation (A 6) defines the fundanmental return
p -

to capital as the sumof the current return to capital and the increase
i n fundamental value, where MC is the marginal cost of production

(equal to the inverse of the markup) and J =(1- d)/(%}-*l- d) where a is

capital’s share. (A. 7) defines the returns to stocks anal ogously.
(A.8) shows that the relationship between the stock return and the
fundanmental return depends on the presence of the bubble; cf. (2.6).
Equation (A.9) links the spread between safe returns and stock returns
to firmleverage, where N is the | og-deviation of firns’ interna

equity fromits steady-state val ue.

Aggregate supply
(A 10) Y, =2z +ak +(1- a)l,
(A11) Yy, -l,+mc -c =(c- Dl

(A12) E.p, =kme +qEpu; +qP .,

Equation (A.10) is a Cobb-Dougl as production function, where 2 is
the | og-deviation of total factor productivity fromits steady-state
value and | is labor input. (A 11) is the first-order condition for
househol ds’ | abor-1leisure decision, where C is a paranmeter of the
utility function (we assune log utility so that the coefficient on
consunption in (A 11) is one). (A 12) describes the evolution of

i nflati on when prices are changed stochastically as in Calvo (1983) and
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a subset of firms use rule-of-thunmb pricing as in Gali and Gertler
(forthcomng). If (; =1 and qb::O then (A.12) is the fully rational
forward-1 ooking version of the Phillips curve with exogenously sticky
prices. Allowing (,>1 introduces a backward-Iooking el enent and hence

additional inertia into the inflation process.

Evol uti on of state variables and shock processes

(A 13) k., =di, +(1- d)k,

yt + nt-l]

K, . . (1-tR¥
(A1) n =R - Ear) + S5

_ 9
(A.15) @, =140, t€

(A 16) z =1,z ,+€/

Equations (A 13) and (A 14) describe the evolution of the two
state variables of the nodel, capital and internal equity respectively.
t is the probability that a given firmsurvives into the next period.
Equations (A. 15) and (A 16) state that governnment spending and tota

factor productivity follow first-order autoregressive processes.

Monetary policy rule and interest-rate deternination
(A.17) 1" =T"+bEp,,,

(A18) r =r"-Ep.,

(A.17) is one exanple of an interest-rate rule for nonetary

policy; cf. equation (3.1). (A 18) defines the real interest rate.
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N ce

Key parameter val ues include %ZO.Z, —=0.5, 7=0.04, s =10,

K

d =0.025 per quarter, a=098, b =0.99, b=0.98(1- 0.025), a =0.33,
y =005, j =025, k=008, q;=05 q,=05 t =095 c =133

Any paraneters not reported are as in BCG
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TABLE 1. VARIABILITY OF OQUTPUT GAP AND | NFLATI ON UNDER DI FFERENT POLI CY
RULES
Bubbl e Shock Technol ogy Shock

Policy Rule: output gap inflation output gap inflation
rf =1.01Ep,, 2.221 9.676 1.409 17.975
rtn =20Ep,, 1.471 0.119 0.103 0.231
rtn =101Ep,,+01s,_, 5.908 120. 032 0.987 39. 855
1.518 1. 556 0.132 0.767

" =20Ep,, +0.1s.,

Not es:

inflation under different
shocks. A new bubble starts every period,
froma standard nor nal

Shown are the unconditiona

di stribution.

vari ances of the output gap and
policy rules, for bubble shocks and technol ogy
and its size is randomy drawn
The probability that a bubble will

| ast one, two or three periods is respectively 0.5/0.875, 0.25/0.875,
and 0.25/0.875, reflecting the relative probabilities of each duration
when p = 0.5. Technol ogy shocks are permanent and are randomy drawn

froma standard nor nal

di stribution.
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TABLE 2: FEDERAL RESERVE REACTI ON FUNCTI ONS

b g r rs X p*
Basel i net! 1.60 0.14 1.27 -0. 34 -- 2.88
(0.15) (0.04) (0.02) (0.02)
Addi ng stock 1.71 0.20 1.27 -0.33 -.082° 2.79
returns? (0.23) (0.07) (0.02) (0.02) (0.37)

Sanpl e period: 79:10 — 97:12

Notes: The dependent variable is the federal funds rate. The output
gap is neasured as the residuals froma regression of industria
production on tinme and tinme squared for the period 1960: 1-1998: 12.
Estimates are by GW with correction for MA(12) autocorrelation. The
optimal weighting matrix is obtained fromfirst-step 2SLS paraneter

estimates. CZtests for overidentifying restrictions are easily passed
(p > 0.95) in all specifications.

The instrument set includes a constant, plus lags 1-6, 9, and 12 of

| og-di fferenced comodity prices (Dow Jones), |og-differenced CPlI, |og-
di fferenced output gap, and the federal funds rate.

2The instrunent set is the sanme as above plus lags 1-6 of the Iog-

di fferenced change in stock prices.

3Sum of the coefficients on lags 0-5 inclusive of the |og-differenced
change in stock prices. The reported standard error is for the sum of
the coefficients. The p-value for the hypothesis that all six
coefficients are equal to zero is 0.021
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TABLE 3:

BANK OF JAPAN REACTI ON FUNCTI ONS

b g r X p*
Basel i net! 2.21 0. 20 0.95 -- 1.73
(0.23) (0.05) (0.006)
Addi ng stock 2.25 0.21 0. 95 -0. 006° 1.88
returns? (0.29) (0.05) (0.006) (0.099)
Sanpl e period: 79:04 — 97:12
Basel i net! 2.00 0.33 0.95 -- 2.12
(0.22) (0.11) (0.006)
Addi ng stock 1.85 0. 39 0. 96 -0. 286° 1.59
returns? (0.21) (0.11) (0.004) (0.111)
Sanpl e period: 79:04 — 89:06
Basel i ne! 1.12 0. 30 0.94 -- -3.39
(0.15) (0.02) (0.004)
Addi ng stock 1.24 0. 30 0. 95 0.188° -1.56
returns? (0.13) (0.02) (0.003) (0.035)
Sanpl e period: 89:07 — 97:12
Not es: The dependent variable is the call rate. The output gap is
nmeasured as the residuals (forecast errors, after 1989:6) froma
regression of industrial production on tinme and tinme squared for the
period 1968:1-1989:6. Estimates are by GMM with correction for MA(12)

aut ocorrel ation.
step 2SLS paraneter

are easily passed (p > 0.95)
The instrunment set

rate,

The optima

rate.

esti mat es.

the log-differenced rea

speci fications.

di fferenced change in stock prices.
3Sum of the coefficients on lags 0-5 inclusive of the |og-differenced

change in stock prices.

The reported standard error

plus lags 1-6, 9,
| og differenced CPI
yen-dol | ar

is for

is the sane as above plus lags 1-6 of the | og-

wei ghting matrix is obtained fromfirst-

c?tests for overidentifying restrictions
in all
i ncludes a constant,
| og-differenced conmmodity prices (IM),
di ff erenced out put gap,
and the cal

2The instrunment set

and 12 of

| 0g-
exchange

t he sum of
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the coefficients. The p-value for the hypothesis that all six
coefficients are equal to zero is 0.020 for the full sanple, 0.000 for
both the 79:04 — 89:06 and 89:07-97: 12 subsanpl es.

Figure 1. Effects of an asset bubble when nonetary policy responds only
to expected inflation

Not es: The panels of the figure show sinul ated responses of sel ected
variables to a positive innovation to the bubble process in period zero
equal to 1% of the steady-state fundanmental price. The ex ante
probability that the bubble will burst in any period is 0.5. W assune
a realization in which the bubble bursts in period 5. The solid Iines
show responses under an aggressive nonetary policy, rf =20 EJ)Ha- The
dashed |ines show responses under an accommodative policy,

r, =1.01Ep,,.
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Figure 2. Effects of an asset bubbl e when nonetary policy responds to
stock prices as well as to expected inflation

Notes: The panels of the figure show sinulated responses of sel ected
variables to a positive innovation to the bubble process, under the sane
assunptions as in Figure 1. Monetary policy responds to the |agged | og
stock price as well as to expected inflation. The solid |ines show

responses under an aggressive nonetary policy, r"=20Ep,, +01s_,.
The dashed |ines show responses under an acconmpdative policy,

r =1.01Ep,, +0.1s_,.
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output gap inflation

0.1 T T 0.01
0.05 0.005
0 0
-0.05 -0.005
-0.1 . . -0.01 . .
0 5 10 15 0 5 10 15
SOLID: high leverage DASHED: low leverage

Figure 4. The effects of |everage on responses to an asset-price boom
and bust

Not es: Same exercise as Figure 3, conparison of high steady-state

| everage (ratio of net worth to capital of 0.5, as in baseline
simul ati ons) and | ow steady-state | everage (net worth-capital ratio of
0.75). Monetary policy is assuned to target expected inflation
aggressively.
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Figure 5. Responses to stock-price increases based on a m xture of
fundanment al and non-fundanental forces

Notes: The figure shows the sinulated responses of selected variables
to a permanent one percent increase in productivity followed by a five-
period positive bubble. Monetary policy is aggressive in targeting
inflation. The solid line shows responses when policy responds to the

| agged stock prices as well as expected inflation, the dashed |line shows
responses when policy responds to expected inflation only.
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Figure 6. Effects of a rise in the externa

Not es: Shown are responses to an exogenous 50-basi s point

15

0.15

0.1
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-0.05
0

inflation
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DASHED: accomodative

15

finance prem um

rise in the

premi um for external finance, with autoregressive coefficient 0.9.
Monetary policy responds only to expected inflation. The dashed Iines
show vari abl e responses under accommodati ve nonetary policy, the solid
i nes show responses under aggressive nonetary policy.
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Figure 7. Actual and fitted values of the U S. federal funds rate

Notes: The figure shows actual and fitted values of the U S. federal
funds rate, with fitted values derived froma nodel that accommpdates

| agged adj ustnent of the actual rate to the target rate.
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Fi gure 8.

Not es:
f eder al

Act ual

The figure shows actual
funds rate.

and target values of the U S

federal funds rate

and estimated target values of the U S

Estimated target val ues make no all owance for the
| agged adj ustnent of the interest

rate.
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Figure 9. Actual and fitted val ues of the Japanese call nobney rate

Not es: Conpari son of the actual and fitted val ues of the Japanese call
noney rate, analogous to Figure 7.
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Figure 10.
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