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ABSTRACT

Central Bank Misperceptions and the Role of Money in Interest
Rate Rules*

Research with Keynesian-style models has emphasized the importance of the
output gap for policies aimed at controlling inflation while declaring monetary
aggregates largely irrelevant. Critics, however, have argued that these models
need to be modified to account for observed money growth and inflation
trends, and that monetary trends may serve as a useful cross-check for
monetary policy. We identify an important source of monetary trends in form of
persistent central bank misperceptions regarding potential output. Simulations
with historical output gap estimates indicate that such misperceptions may
induce persistent errors in monetary policy and sustained trends in money
growth and inflation. If interest rate prescriptions derived from Keynesian-style
models are augmented with a cross-check against money-based estimates of
trend inflation, inflation control is improved substantially.
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1 Introduction

John Taylor’s research on monetary policy rules changeddbeomics profession’s focus from
monetary aggregates to the interest rate as the approprstament for monetary policy.
Even the late Milton Friedman, in his last published writistudied Taylor’s rule for interest
rate policy, though he tried to reclaim a role for money orrigft-hand sidg Recent theo-
retical advances in New-Keynesian macroeconomics bugldim microeconomic foundations
with monopolistic competition and price rigidity have foer de-emphasized the role of money

in monetary policy. As shown Jy Kerr and KinL (1$9L5), Svem\séﬁaw) ancL Clarida et LI.

1999) optimal interest rate policy in models with priceidiges is conducted with reference

to inflation forecasts and output gaps but without directceon for monetary aggregates—

not unlike Taylor’s rulg Some macroeconomists, however, have expressed concarnthéo

disappearance of money from monetary theory and policya&{2007), for example, writes:

“New-Keynesian models define monetary policy in terms ofbéelof money mar-
ket rate and so make direct contact with central banking pcac Money supply
measures play no role in the estimation, testing or polioydation of these mod-
els. A role for money in the long run is sometimes verballynaekedged, but
the models themselves are formulated in terms of deviafrons trends that are

themselves determined somewhere off stage.

]{Tayloﬁ (MG) writes on his progression from money to ingerates: “TailorQ) showed that a fixed
money growth rule - a Friedman rule - would have led to betéefggmance than actual policy in the post World
War Il period ... (but) a money growth rule which respondeedonomic developments could do even better. Since
then | have found that policy rules in terms of interest rdi@ge worked better as practical guidelines for central
banks.”

%Friedmah’(ZﬂG) notes at first that he always preferred a tapnaggregate for a policy instrument but then
takes the perspective of Taylor’s rule with the federal furate as instrument: “The Taylor rule is an attempt to
specify the federal funds rate that will come closest to @dhg the theoretically appropriate rate of monetary
growth to achieve a constant price level or a constant ratelation. Suppose the federal funds target rate is equal
to a Taylor rule that gives 100 percent weight to inflationidgons. That may not be the right rate to achieve
the desired inflation target because other variables suohtpsit or monetary growth are not at their equilibrium
levels. On this view, additional terms in the Taylor rule Wwbreflect variables relevant to choosing the right target
funds rate to achieve the desired inflation target.”

3The New-Keynesian model as laid out by Rotemberg and Woddf#97) and Goodfriend and King (1997)
and developed in detail in Woodford (2003) and Walsh (20@8)duickly become the principal workhorse model
in monetary economics. The case against money is perhapsmast vigorously b& Woodforﬁ(%%).




It seems likely that these models could be reformulatedvte giunified account
of trends, including trends in monetary aggregates, andatiens about trend but
so far they have not been. This remains an unresolved issubeofrontier of

macroeconomic theory. Until it is resolved, monetary infation should continue

to be used as a kind of add-on enoss-check”

We address Lucas’s request for a unified account of trendd@ridtions, including mone-
tary aggregates, and provide a formal analysis of his pradgosise monetary information as a
cross-check for policy. The central bank’s beliefs regagdrends and deviations play a central
role in the analysis, specifically its estimates of the eowyis potential output and the implied
output gap that drives inflation forecasts in Keynesiamestyodels.

Research on optimal monetary policy design under unceytaisually has to rely on a-

priori modeling assumptions regarding unobservable klesasuch as potential output (cf.

Svensson and Woodford (2003) and Wieland (2006)). Thessrgesns are needed to de-

termine the optimal, model-based estimates of potentigdudpon which policy is then condi-

tioned.‘ Orphanidei (20%3) has provided an alternativeogmpr for evaluating policies under
uncertainty that avoids these particular a-priori assionptby using instead historical, real-
time estimates of potential output. The true value of paaoiutput at any point in time is
assumed to be equal to the central bank’s final estimate obasis of information available

many years later. We use historical series of central bamkgut gap estimates for the United

States and Germany fr(Jm Orphani(Jes (2003) and GerberdeQDO%) respectively. Both
series indicate very persistent misperceptions regagtential output.

Model simulations indicate that historical output gap reigeptions induce an inflation-
ary bias in interest rate policies that the central bank icemed optimal conditional on its
model and associated forecasts. As a result, the centrilibdnces trends in money growth
and inflation even though it pursues a constant inflatioretarghus, as requested by Lucas,
Keynesian-style models built to explain inflation deviasdrom trend are able to provide an ac-
count of money growth and inflation trends. This finding coenpénts recent empirical studies

that have identified proportional movements in money graaviti inflation at low frequencies



using a variety of filtegand provides a structural explanation.

Next, a general definition of a policy with cross-checkingttformalizes Lucas (2007)

proposal is presented. The cross-check is characterizeal fingt-order condition that in-
corporates expected trend inflation, which is estimatethfeosimple monetary model. The

cross-check is triggered in a nonlinear-fashion whenevaaastical test on the basis of the

monetary model signals a trend shift. An earlier note, Beuk\Wieland (2007), presented

an interest rate rule that incorporates such a@h’rﬁd simulated a counterfactual example in

the traditional Keynesian-style model with backward-limgkdynamics ol‘ SvenssLL (21997),

Orphanides and Wieland (2000) and Orphanides (2003). Témept paper shows how to de-

rive an interest rate rule with cross-checking from an opation problem and proceeds to
implement cross-checking in the benchmark New-Keynesi ;

The advantage of the Keynesian model with backward-lookymmamics is that it fits the
historical persistence in output and inflation and arguavhpbodies central bankers’ beliefs
on policy tradeoffs and monetary policy transmission in #9&0s and 1980s quite well. It

may be the better candidate for modeling central bank pgarepand describing historical

outcomes and was used for this purposel by Orpthides (200Bjle the New-Keynesian
model is an unlikely description of central bank percemionthe 1970s and 1980s, it has the
advantage of microeconomic foundations in optimal denisi@king of households and firms.
Thus, it accounts for forward-looking, optimizing decisimaking by market participants and
constitutes an important testing ground for policy stregegurrently recommended to central
banks. For this reason, the subsequent analysis is cauted both models in parallel.

The policy with cross-checking against money-based estisnaf trend inflation is found
to substantially improve inflation control in the event ofgistent policy mistakes due to his-

torical output gap misperceptions. Furthermore, monetergs-checking remains effective in

¢:48ee Gerlach (2004), Benati (2005), Pill and Rautananen6§2@@d Assenmacher-Wesche and Gerlach
2007).

Beck and Wieland (20@)7) point out that such an interest tdeeaaptures key elements of the ECB’s descrip-
tion of its two-pillar policy strategy. However, the ECB hasver published a formal, mathematical exposition of
its strategy.

50ur definition of monetary cross-checking is different framother interesting strategy proposed by
Christiano and Rostagno (2001) and Christiano et al. d2t]&&)combines monetary targeting with Taylor-style
interest rate rules.




the event of sustained velocity shifts—the Achilles heetratlitional monetary targeting—if
standard recursive money demand estimation is applied.n®hknear nature of interest-rate
adjustments due to cross-checking turns out to be essehiti@ar policies with money-based
estimates of trend inflation perform substantially worsantieross-checking, whether central
bank estimates of the output gap are correct, on averaget.drimally, cross-checking can also
be implemented successfully using inflation-based estisnafttrend inflation but money-based
estimates would dominate if money leads inflation as inditéty recent empirical studies.
The remainder of this paper is structured as follows. Se@ipresents the optimal interest
rate policy under uncertainty and explains how we introdois¢orical central bank misper-
ceptions into the analysis. Section 3 describes the relstip between trend money growth
and trend inflation and shows that central bank misperceptiepresent an important source
of such trends in Keynesian-style models. Section 4 inttedihe general definition of cross-
checking. Section 5 applies cross-checking in the evergmiral bank misperceptions. Section
6 subjects the policy with cross-checking to further saérigitanalysis and section 7 concludes.

An appendix provides further details on the models and g@ution under cross-checking.

2 Output gap misperceptions and optimal policy

Keynesian-style models of inflation determination assigararal role to the output gap, that is

the difference between actual output and the economy’sipateFor example, the model used

bySvenssoA (199}), Orphanides and WiJIgnd (2000% and @iﬂE‘Q(ZOOB) to study monetary
policy incorporates an accelerationist Phillips curve tieéates current inflatiorg, to the gap
between current and potential output (in logg);- z, lagged inflationyg_1, and a cost-push

shock,u:

TE=AVt—2%)+Te_1+U (1)

The slope paramet@rdetermines the trade-off between output and inflation.

Similarly, the New-Keynesian model of Rotemberg and Woatl{d 997) and Goodfriend

’Software for replicating the quantitative analysis in {héger is available from the authors upon request.



and King (1997) that was used by Clarida et al. (1999) to sthdydesign of monetary policy

assigns center stage to the output gap in determining dmvsafrom steady-state inflatiom,

next to expected future inflationg, ;, and cost-push shocks:

T —Tt=A(Yt —z) +B(T¢, 1 — ) + Uk, Whererg, ; = E[Tg1] ()

Since this Phillips curve is derived from microeconomicrfdations, the parameters have a
clear economic interpretation refers to the discount factor of optimizing households and
firms. A is a function of the probability that firms are allowed to adjprices according to
@) 1983). Furthermore, expectations regarding fuinflation are formed in a rational,
forward-looking manner. Potential outpat, which is an unobservable and model-dependent
variable, corresponds to the level of output that would lzized if prices were completely
flexible In the following, the Keynesian-style model associatedhweiquation[(1) is referred

to as theK-Modeland the New-Keynesian model associated with (2) ad\ltkdviodel

2.1 Optimal interest rate policy under uncertainty

Optimal policy in the above-mentioned models prescribes title central bank conditions its
policy decisions on its best estimate of potential outputisTTecommendation applies even
if the central bank’s objective focuses exclusively on #itahg inflation without any explicit
concern for output fluctuations. The objective function o€ls a strictly inflation targeting

central bank is given by:
E {i;Bi (T —70)?] } 3)

1T denotes the central bank’s inflation target. In the follayyihis normalized at zero along with

steady-state inflatiorr.. The rational expectatioB;|[.] of the objective function is conditional

8Traditional Keynesian models have typically related theasuee of potential in the accelerationist Phillips
curve, equation (1), more loosely to the output implied byaadard model of long-run growth.

%0Our analysis can be extended to an objective function thatides output deviations from potential and
has welfare-theoretic foundations in the New-KeynesiamnlehoHere, we focus on strict inflation targeting to
emphasize that our findings regarding the consequencesmit@ap misperceptions do not rely on including the
gap in the objective function. Thus, we are more likely toenstate than overstate their negative implications.



on the particular model of inflation determination prefdrby the central bank.
The optimal monetary policy that maximizes the above objechust satisfy the following

first-order condition?
E[re.i|t,K/NK]=1"=0 Vi={0,1,2,..,0}. 4
The output level that would achieve this optimum at tinie given by

K-Model: vt =z—A"1(Th_1+u) 5)

NK-Model: yi =z — A"t (6)

Thus, the central bank aims for an output level above (orvipefmtential to the extent nec-
essary to offset inflationary pressures from cost-pushkshand—in the K-Model—inherited
inflation.

In practice, however, the central bank cannot observe pat@utput or particular shocks
with any certainty and needs to rely on estimates. We useuperscript® to refer to the
central bank’s estimates or perceptions of such unobskervabiables. Thus:zf|t refers to the
central bank’s estimate of potential output in pertogiven the information available at that
point in time anduﬁt to the cental bank’s estimate of the cost-push shock. Weresshat
these perceptions represent the best available estimfates wnobservable variables from the
perspective of the central bank. Similarly, we use the st € as a short-hand for the
rational expectations of output and inflation. For exampﬁg,: E[mg|t] represents the central
bank’s best forecast of inflation at the point in periaghen it decides on its policy, i.e. before
it can observe the joint consequences of potential outpetcost-push shock and its policy
choice on inflation.

Fortunately, the optimal policy under uncertainty can bieeined quite easily if the fol-

105ee Svensson (1997) for the K-Model and Clarida et al. (1889)he NK-Model. In the NK model the
question arises whether to consider the optimal policy udderetion or commitment. Note, however, that for
strict inflation targeting the optimal policies under distwn and commitment are identical. If output were to be
included in the loss function we would analyze optimal ppliader discretion.



lowing conditions are fulfilled: the model is linear, the pareters are known and uncertainty

is additive. In this case, certainty-equivalence applies,the optimal policy must satisfy the

first-order condition, equation (4), in expectation (sex, éxample, Svensson and Woodford

2003) for the NK-Model and Wieland (2006) for the K-Mog})]'hen, the expected optimal

output level corresponds to:

K-Model:  yf = 7 — A1 (Te-1 4+ Uf)) (7)

NK-Model:  y§ =z —A~*uf, (8)

The conditions for certainty-equivalence—linearity, lwmparameters and additive uncertainty—

require making importard-priori assumptiongegarding the processes that determine unob-

servable variables. Svensson and Woodford (2003), for pbgrassume that potential output,

z, in the NK-model follows an auto-regressive process,

Z =Vz_1+¢€, (9)

with known persistence parameterand known varianceesz[2 Wieland (2006) makes a simi-
lar assumption regarding the natural rate in a version oKthModel. Under these assumptions

the central bank can solve the estimation problem sepgifateh the optimal policy problem.

Svensson and Woodforb (2003) And Wieund (2006) show hovetivedthe optimal estimate
of potential outputzﬁt, using the Kalman filter. Conditional on this estimate th&ropl policy
implies setting the nominal interest ratg,so as to achieve the expected output level defined

by equationg (7) or (8), respectively. This value of therneserate may be inferred from the IS

HCertainty-equivalence fails if multiplicative paramestsuch as are unknown. Then, the central bank faces a
complex control and estimation problem. Examples are stlidy Wieland (2000), Beck and Wieland (2002) and
Wieland WG).

2\We are referring to equation (43) in Svensson and Woonom?q)Z In addition, the authors assume the
central bank observes a signal regarding potential oulyati$ correct up to an i.i.d. normal noise term.




equations:

K-Model: vyt =¥-1—¢(it —Tk-1) + & (10)

NK-Model: v =y, 1 — & (it —TE,1) + 0 (11)

Thus, the optimal interest rate setting is given by:

K-Model: iy = 1% 1+ (dA) " H(1e_1+ Uy) + (@) Hyt-1— Z + ) (12)

NK-Model: it = (0X) H(U§) + (§) 2,y — %+ 6F) (13)

This characterization of optimal interest rate policiea b& simplified further by exploiting
modeling assumptions regarding the economic shocks. ticpkar, we assume thag;, u) are

i.i.d. normal with zero-mean and known varian¢eg, o,). With regard to the K-Model we

follow common practice (cf\ Svensstn (1947), Orphanideiswrelanii (2000)) and assume

that the central bank has no information on petiahocks when setting, i.e. gteIt k =0and

ute‘hK = 0. With regard to the NK-Model we follo$v Clarida et ah. (1$%)d assume that the
central bank has some information on current shocks. Spaityfiwe assume that the central
bank receives a signabf, uf) that is correct up to an additive noise tefsf, &) with zero
mean. Thusgf, \, = of, andug \, = uf L

Consequently, the optimal interest rate policies corredpo:

K-Model: ift = Te-1+ (0N) *(Te-1) + () “(-1— ) (14)

NK-Model: i< = () "1(u®) + (&) M(Zy, — £+ &) (15)

The optimal policy in the K-Model is a version of the famougy/[@a rule, yet its coefficients

on inflation and the output gap need not coincide with the aslof 05 that Taylor (1993)

used to match federal funds rate choices by the FOMC from 188893. As to the optimal

BMore specifically, we assume that the true value of the deraaddcost-push shocks, denoteddpyand u;
respectively, are given byt = gf + ¢ wheregf ~ i.i.d. N (0,0¢,) andu = uf + &' wheregt!' ~ i.i.d. N(0,0¢,).
Shocks to money demand are modeled in a similar fashion.



policy under the NK model, Clarida et al. (1999) already pedihout that it can be interpreted

as a forward-looking Taylor rule that responds to expeatéldtion and a measure of aggregate

demand disturbance.

It is important to note that we have followed Svensson anddimd (2003) in adopting

the assumption of symmetric information in the NK-Model. ushthe central bank, price-
setting firms and households share the same informatiomdiegapotential OUtiUt and eco-

nomic shocks and form identical expectations regardingréubutput and inflatiof?

2.2 The irrelevance of monetary aggregates

So far, we have not discussed monetary aggregates becaysa¢mnot needed to characterize
the transmission of interest rate changes to inflation imi€sian-style models. In these models
changes in the nominal interest rate influence the realasteate due to the presence of price
rigidities; the real interest rate determines the levelutpat; and the gap between actual and
potential output drives inflation. Of course, the models rbayextended to include a standard

money demand equatlg?]such as:
m — Pr = Yyt — Vilt + . (16)

whereyy denotes the income elasticity of money demapnthe semi-interest rate elasticity and
& ani.i.d. normal money demand shock. While the central bankrols interest rates via open-
market operations that also affect the money supply, thdilegqum level of money balances

is determined recursively from the money demand equation.thHis reason, money does not

14Svensson and Woodford (2004) also provide certainty-edemce results under the assumption of asymmet-
ric information. In this case, which arises under a constsé@plication of the representative agent assumption,
households and firms know the true value of potential outipubur view, however, the assumption of symmetric
information is more appropriate for the policy problem atthaln practice, individual private agents are unlikely
to know more about aggregate potential output than the aldmank. If some individuals are particularly good at
estimating aggregate potential output, central banksheileager to hire them or to buy their inflation forecasts.
One might even argue that it is more realistic to assumetiegtivate sector is less knowledgeable about macroe-
conomic aggregates. Interestingly, however, the Bunddgsbpotential output estimates that we use later on were
made public in the 1970s and 1980s consistent with our assomgf symmetry (cf. Bundesbank (1973, 1981)).

15This specification can be derived from the optimization peobof a household that values money holdings
according to a utility function that is separable in reabnales and consumption goods dsee Wmh(2003)).




appear in the optimal interest rate policies defined by égus{14) and (15). The quantity of
money adjusts so as to achieve the interest rate prescnbt#temptimal policy. Technically,
m is determined by equation (116) conditional on the desirést@st rate and the current values
of real income and the price level.

What about the information value of monetary aggregates@eSve treat actual output and

inflation as observable variables, monetary aggregates hawadditional information value.

The estimate of potential outputy, discussed by Svensson and Woodford (2003) and Wieland
2006) is obtained by means of the Kalman filter from past nlag®ns of output and inflation.
Monetary aggregates provide no relevant information ag &mmoney balances do not appear
directly in the Phillips curve or the IS equatié.In practice, initial values of GDP, the GDP
deflator and monetary aggregates are revised for a few gsial¢hile GDP is only available

on a quarterly basis, monetary aggregates are availablensonghly frequency and tend to
be revised less. Thus, monetary aggregates may providenafmn that helps improve initial

estimates of actual output. This information role of monetggregates is investigated by

Coenen et al. (2005). They show that initial GDP estimateshie euro area are revised more

substantially than monetary aggregates. Using an estinabelel of the euro area with rational
expectations they find that optimal estimates of current GB$gn some weight to monetary

aggregates, but this weight is very smélll.

2.3 Evaluating policy performance with historical central bank misper-
ceptions

We have already pointed out that the optimal policy depemgiortantly on the central bank’s

estimate of potential outputy;. A possible route for further analysis would be to follow

Svensson and Woodfor‘d (2&303) ind Wielind &006) in studyatigy performance using cal-

16|reland \(2004) and Andres et al. (2®06) investigate thectlirele of money balances in output and inflation
determination. They suggest that such direct effects angirmdr importance.

1Coenen et al. (20@5) assume that the central bank and tregsigctor have symmetric information and apply
the same filtering techniques as in Svensson and WoddifoﬁBIZAn interesting paper Id)y Dotsey and Hornstein
m) investigates this question in a calibrated modehefd.S. economy under the assumption of asymmetric
information as in Svensson and Woodford (2004). Their figdiregarding the information value of money are
even more negative.

10



culations that make use afpriori assumptions concerning the unobservable process determin

ing potential output, i.e. equatian (9). Instead, we chaodiferent research strategy following

the influential study of Orphanides (2003). Orphanides umsstrical output gap estimates to

argue that the Taylor rule would not have been able to prahieriGreat Inflation” of the 1970s.

OrphanideJ (2003) collected real-time data on U.S. inftedilod output including real-time
estimates of potential output obtained by the Council ofrieroic Advisers (1966-1980) and
the Federal Reserve (1980-19@)(% this basis, we denote the difference between the real-

time estimate of potential output and the final estimate d96# axy:

& = Zt — %1004 (17)

g provides a lower-bound on the extent of the central bank&pariception of potential output

since estimates may still have been revised after 1994. ,%u_manides (2003) proposed to

analyze policy treating the final estimate in 19%994, as the true value of potential output,
%:
Zﬁt =4+6 (18)

The resulting series of real-time U.S. output gap mispereeg,E;[yi — z] — (i — %), is shown
by the solid line in Figure]1.
Critics have argued that the potential GDP measures castriy the CEA were politi-

cized maximum measures not taken seriously by Federal Redecision makers. Therefore,

we contrast the U.S. CEA-FRB output gap misperceptionsigeaMy Orphanides (2003) with
a similar series frorJn Gerberding eJ gl. (ZT)OS) for Germaoynfrl974 to 1999. This series is
shown by the dashed line in Figure 1. In this case, the uniderfyroduction potentials are the

Bundesbank staff’s estimatesThe Bundesbank started to produce its own estimates of poten

18The output gap data for the 1980s and 1990s of Orphddidegxm constructed from the Greenbook, the
Federal Reserve document summarizing the Board stafflysiaaf economic developments distributed to the
FOMC members a few days before each FOMC meeting. For thesl&&D1970s Orphanides could not recover
a complete time series for potential output estimates fremleFal Reserve sources but notes that discussion of
output gap measures appeared in the FOMC Memorandum of $3iscuthroughout this period. Thus, he uses
real-time estimates of potential output that were produmethe Council of Economic Advisers (CEA) in those
years and available at FOMC meetings.

9The data were reconstructed from official Bundesbank patitins and from internal documents such as the

11



tial output in the early 1970s. Its methods are describecktaibin Bundesbank (1973). The
Bundesbank made clear that it aimed to construct a measnsestent with price stability—not
a maximum measure.

Both series of historical output gap revisions indicate/y@rsistent misperceptions by the
respective central bank. This persistence arises priynfadin the estimates of unobservable
potential output, since revisions to actual output deatimeh more rapidly than those to the
output gap. Both series indicate that the production p@teat these economies was over-
estimated through the 1970s and well into the 1980s. U.SGardhan policy makers taking
into account these estimates were led to believe that tbgractive economies suffered a very
deep recession from 1974 to 1976. In retrospect, howevsrp#riod appears as a mild reces-
sion in the United States and as a decline from excessivis|exgards potential in Germany.

To the extent the Federal Reserve or the Bundesbank basethflaion forecasts on the
output gap estimates available at the time, they must haveluwded that inflation would soon

decline. In retrospect, such a forecast would have beengyvrosing an estimated variant of

the K-Model for the United States Orphanides (2003) shoviedl if interest rates had been

set according to Taylor’s rule with historical output gapireates, inflation would have risen
dramatically. Thus, he concluded that Taylor’s rule woudtlmave helped the FOMC avoid the

“Great Inflation” of the 1970s, as long as it believed the outpap estimates.

3 Money and inflation trends due to historical output gap
misperceptions

In the following, Orphanides (2003)’ findings regarding tiéect of historical central bank
misperceptions on inflation under Taylor’s rule are showexiend to the optimal interest rate
policies in the K- and NK-Model. Furthermore, it is shownttibantral bank misperceptions
constitute an important source of common trends in monewtir@and inflation similar to
the low-frequency co-movements identified by recent eroglistudies. Thus, Keynesian-style

models with central bank misperceptions can provide a uh&eeount of short-run deviations

briefing material for the Council’s discussions on the manetarget for the year to come.
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from trend as well as long-run movements in money growth afidtion as requested by Lucas
(2007).

In a first step, the long-run equilibrium values of money gitowand inflation are derived.
To this end, the money demand equation (16) is re-arrangedimsi+differences are taken to

obtain a short-run relationship between money growth afiation:
Tg = Apy = Amy — WAY: + iy — As. (19)

Here, A denotes the first-difference operator. In the long run, mpatemand shocks will av-
erage to zero; the nominal interest rate will converge taadtsstant steady-state level and its
first-difference to zer@; and output growth will converge to the steady-state growatk of
potential Ay = Az Thus, long-run inflation is proportional to long-run morgrgwth adjusted

for trend output growth and trend velocity.
Ti=Am—yAy =L (20)

Recent empirical studies confirm the long-run proportigedtionship between inflation and
money growth (cf. Gerlach (2004), Benati (2005), Pill andifRaen (2006) and Assenmacher-
Wesche and Gerlach (2007). These studies use various typ#ters. Gerlach (2004), for

example, defines filtered money growth as
f f f
Amy :Am_1+w<Am —Amt_l). (21)
Accordingly, we obtain a filtered measure of adjusted momewth from equation (20):

W =am —yay . (22)

20The steady state level of the nominal interest rate corredpto the sum of the equilibrium real interest rate
and the inflation target.

21specifically, with velocity defined ag = —m + p; + yt and money demand determined by equation (16) the
long-run trend in velocity correspondsiv = (1—yy)Ay.
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Interestingly, the empirical studies cited above repaat fiitered measures of money growth
tend to lead filtered inflation by several quarters. This propwould rendep{f a particularly
useful forecast of impending movements in trend inflatioawlver, the timing assumptions of
the Keynesian-style models with money demand presentegtiios 2, preclude such a leading
indicator role of filtered money growth. This question isadissed further in section 6.

The next step is to introduce central bank misperceptiohas;lthe perceived potential out-
put,zﬁt, in the optimal interest rate policies (equations (14) dri))is replaced with the histor-
ical, real-time estimates for the U.S.A. and Germany, retpady. Similarly, the true valuez,
in the Phillips curves (equations (1) and (2)) is replaceith wie final estimates (U.S.A.: 1994,
Germany: 1999). The difference between real-time and fisi@inates constitutes the output
gap misperceptiorg. Then, the models are simulated by drawing from the shodkldigions
and parameter values posited in Table 1. Thus, a-priornagBans regarding the true structural
process driving unobservable potential (cf. equationd89)avoided and policy performance is
evaluated with data on historical misperceptions. It igightforward to show that inflation will

inherit the persistence properties of historical outpytt g@sperceptions:

K-Model: 1 =Ag +Ag + U (23)

NK-Model: 1§ =Ae +Aef +¢ (24)

Thus, actual inflation will persistently deviate from theaénflation target even though the
central bank aims to offset all forecasted deviations domthl on its preferred Keynesian-style
model and associated gap estimate.

Figure[ 2 reports simulations with U.S. and German output m&perceptions in the K-
model for a given draw of exogenous shocks and noise @rﬁ'ﬂle first row of two panels
shows the rate of inflatiorry, and the filtered measure of adjusted money gromfthwith U.S.
output gap misperceptions. From period 15 onwards tillqueti35 the difference between the

true and the perceived output gap corresponds to the differeetween real-time and 1994

2?The sequence of shocks is arbitrary but we obtain similartsgor many alternative draws and will discuss
averages later on in this section.
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estimates from Orphanides (2003). The persistent ovenats of potential output induces the

central bank to set interest rates too low to maintain priabikty. Thus, money growth and
inflation increase and inherit the serial correlation ofdaetral bank’s misperceptions regarding
potential output. Over time, also the filtered measure aistdd money growthutf , increases as
shown in the second panel of the first row. The lower two panfgfgure 2 report a simulation
with the Bundesbank misperceptions from Gerberding et@%2 Again, the misperceptions
startin period 15. From then on, policy is too accommodative (adjusted) money growth and
inflation increase up to a peak of around 5 percent in spiteetentral bank’s constant target
of zero inflation. This peak is somewhat smaller than in theeaaf the U.S. misperceptions
that trigger an increase up to an inflation rate of 6 percenboth cases, filtered money growth
provides a good mirror image of the trend movement in inflatio

Why does the central bank accept this sustained increasglation? The reason is that
it conducts a policy that is believed to be very effectivetabdlizing inflation. Its forecast of
inflation that is based on its preferred estimate of the dujap indicates a recession. Con-
sequently, the central bank continuously predicts an inemtimecline in the rate of inflation.
If it were to raise interest rates further its forecast wasilghal a worsening of the recession
and an undershooting of its inflation target. Ex-post, thieregion procedure that is employed
by the central bank to obtain its potential estimaﬁg, attributes the persistent forecast misses
to a sequence of unfavorable shocks. Such a reconciliafipetential output estimates and
observed inflation performance is not without historicaigtial. Many accounts of the 1970s
attribute the stagflation in the United States and Germamygpily to inflationary and reces-
sionary consequences of oil price shs.

We obtain similar results with the New-Keynesian model @tawn). Rather than report-
ing more individual simulations, we turn to a summary ovewin Figure 3 on the basis of
averages over 1000 simulations with U.S. and German ouggubtgsperceptions in the K- and

NK-Model, respectively. For each of the four possible camations, we show two panels that

230rphanides (2003) describes how potential output estsriatehe U.S.A. were eventually revised downwards
following the sustained increase of inflation. SimilaryetBundesbank learned from its mistakes. However, these
revisions occurred in several steps and after a substgetield of time.
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report the cross-simulation averages of inflatmnand the filtered measure of adjusted money
growth, ptf. A comparison of these panels indicates that filtered momeytp matches low-
frequency movements in inflation very well. Thus, the monetaodel derived from the quan-
tity theory explains trend inflation very well. Money and atfbn trends are due to the same
source, namely persistent central bank misperceptiors iegard to potential output. These
misperceptions provide a structural explanation of thedsadentified in recent empirical stud-
ies by Gerlach (2004), Benati (2005), Pill and Rautanen §2@@d Assenmacher-Wesche and
Gerlach (2007). In other words, the introduction of impetfienowledge and persistent cen-
tral bank misperceptions in Keynesian-style models is @sfit to provide a unified account
of trends and deviations, including monetary trends—theswived issue on the frontier of
macroeconomic theory emphasized by Lucas (2007). An altemexplanation of common
trends in money growth and inflation would be an on-goingtshithe central bank’s infla-
tion target, i.e. upwards in the 1970s and downwards in tl@849However, there exists no
direct evidence of such a change in central bank objecti@es. explanation with a constant
inflation target but persistent policy mistakes offers darahtive that is grounded in empirical

observation in terms of historical output gap revisions.

4 A general definition of cross-checking

In light of the empirical evidence on concurring trends innmap growth and inflation, Lucas
(2007) proposed to use monetary information as an add-ammss-«check in interest rate policy.
In this section, we provide a formal interpretation of hisgwsal. We start by reiterating the

first-order condition that describes the optimal policyieknt under certainty-equivalence:

It implies that trend inflation equals the inflation targe¢kpectation. Specificallf [Tk n|t] —
E[T] asN — o, and consequently:

E[f=1¢ (26)
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Thus, a policy maker who trusts that the Keynesian-style ehodrrectly describes the
economy, expects that trend inflation will turn out to matoh target as long as policy is set to
stabilize expected inflation in every perié.

However, such confidence in model-based forecasts andatesmaf unobservable variables
may be misplaced. The simulations of historical output gagperceptions conducted in the
preceding section provide an example that sustained tremigttbns from target may occur
even under policies that aim to stabilize inflation as claséatget as seems feasible on the
basis of model forecasts. Following Lucas’s recommendatiosceptical policy maker may
instead prefer a simpler model of trend inflation based onetayg information. In fact, the

preceding section offers a simple candidate model derigad the quantity equation:
E[m = E[u] (27)

This relationship holds in the Keynesian-style models ofiea 2, but would also remain valid

if the true structure of the economy were to correspond t@blnasiness cycle model without

any price rigidities. Thus, a policy maker in the monetairatlition, who distrusts short-run

inflation forecasts, may instead focus on controlling trerftation. Such a monetarist policy

maker would conduct open-market operations in perisalthat trend inflation as estimated by
the most recent observation on filtered adjusted money grsngxpected to equal the inflation
target:

E[fu] =1 =0 (28)

Sinceutf is constructed from money growth and actual output growseolations, it may be

monitored without relying on model-based estimates of iedeoutput. As a result, the mon-

etary strategy can succeed in stabilizing trend inflatiospite of output gap mispercepti(l%.
Clearly, such a monetarist approach may appeal to a cerardielo who gives priority to

managing first-order risks. In our view, however, it goesferoin abandoning any attempt at

24similarly, a flexibly inflation targeting central bank thate to stabilize inflation and output gap would expect
that trend inflation equals the target since the trend ogpptequals zero in expectation.

250f course, a natural question concerns the implicationssthéned velocity shifts for this strategy of stabiliz-
ing trend inflation. We return to this question in section 6.
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short-run inflation stabilization. After all, Keynesiaty® models may not be that far off the
mark and potential output estimates need not always bdyuterng. Instead, we follow Lucas
(2007) and investigate how to use monetary information asssecheck rather than as a policy
prescription that is applied in every period.

We formalize the idea of cross-checking in the following mamn In every period, the
central bank checks whether filtered money growth is stilststent with attaining the inflation

target, or whether money growth trends have shifted, by todng the test statistic,

Kt = , (29)

and comparing it to a critical valué. Here,o,s denotes the standard deviation of the filtered
money growth measure. It can be determined under the nudithggis that the central bank’s
preferred Keynesian-style model is correct.

As long as the test statistic does not signal a sustainetistiftered money growth, the
central bank implements the optimal policy under the prefeKeynesian-style model, i.e. the
policy that satisfies the first-order condition (4). Thusthia absence of persistent output gap
misperceptions it can stabilize short-run inflation vaoias very effectively.

Once the central bank receives successive signals of arstrignd inflation as estimated by
filtered money growth, i.e(k; > K for N periods or (k; < —k° for N periods, policy is
adjusted so as to control trend inflat@ﬂhe policy with cross-checking may be characterized

with a first-order condition that includes trend inflation:

E[1/2 K/NK] = —E[Tlj] (30)

This condition guarantees that the central bank acts t@to#isy significant shift in trend in-

flation as estimated on the basis of monetary informaﬂérdenotes the most recent significant

26The two parametens™ andN play different rolesk® reflects the probability that an observed deviation of
uf from 1+ is purely accidental (for example a 5% or 1% significancel)ew¢ defines the number of successive
deviations in excess of this critical value. Thus, the grebltthe longer the central bank waits to accumulate
evidence of a sustained policy bias.
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estimate of a trend shift in peridgli.e. (ki > K™, .. K_n > KM or (—ky < =K —Ky_n <

—k°M). Following a significant cross-check, the interest ratetsascording to:

K-Model: it:<1+<¢x>*1>rrt_1+(¢> Y1 —Z) + (00 (31)

NK-Model: it = (¢pA)~* HE g —F ) + (00 (32)

This policy implies that the expectation of peribdnflation on the basis of the respective
Keynesian-style model corresponds%pl'; as prescribed by the first-order condition, equation

a0

The interest rate policy with cross-checking consists af t@mponents,
iy = it/N +iCC, whereiSC = (M) 1y, (33)

the optimal interest rate policy conditional on the preddriKeynesian-style model and gap
estimates denoted b'§/ NK and the (occasional) adjustment in interest rate leveldausoss-
checking,i¢®. iS¢ changes in a non-linear fashion whenever a new significantitshift in

money growth is detected.

5 Monetary cross-checking succeeds in stabilizing inflatio
trends due to historical output gap misperceptions

We now turn to exploring the performance of interest ratécgolith monetary cross-checking
as defined by equations (31) ahd (32). The cross-checkimgyeiersN andk®™, are calibrated

such that the central bank considers the likelihood thadszatecking will come into play in
the foreseeable future as negligible conditional on it§gored Keynesian-style modé.

Figures 4 and 5 report stochastic simulations of monetasgsschecking in the K- and

2"The derivation for the NK model is presented in more detathi@ appendix that is made available on the
ScienceDirect website.

28GivenkCit = 2,575, the 1% critical value for the normal distribution, axd= 4, the probability of a cross-
check under the null hypothesis is less than®.0
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NK-models. Comparing inflation in the top left panel of Figut, i.e. for the case of US mis-
perceptions in the K-Model, to the outcome without crossetimg given the same draw shocks
shown previously in Figure 2, we find that it evolves quitdfaiiéntly. The sustained upward
trend observed previously is broken. The policy with crolsseking responds to an increase in
filtered money growthutf, fairly quickly after the output gap misperceptions havduiced an
inflationary policy bias, and succeeds in reversing thetioflasurge. The policy response is
not driven by an improved gap estimate. Rather, the cendnalt besponds to monetary trends
over and above what is prescribed by the model-specific tgfp based inflation forecast.

To illustrate the interest rate adjustment from cross-kimgcwe have added a panel that
compares the interest rate effect of the current output gaperception(d) ‘e, to the cross-
checking adjustmeni$® = (q))\)*lpi. Once the monetary test statistisignals a trend shift in
periodk, it triggers an adjustment in the overall level of intereges. This new level is main-
tained until the next significant trend shift is detectedicBioutput gap misperceptions increase
further and continue to induce an inflationary policy biastist statistic triggers two more up-
ward adjustments in the level of interest rates. Crossichgalso works “on the way down” as
output gap misperceptions subside and inflation and adjustaey growth decline below tar-
get. Consequently, monetary cross-checking triggerethuecessive downward adjustments.
In sum, the cross-checks, on average, offset the inflatyomradisinflationary consequences of
sustained output gap misperceptions.

The lower set of three panels in Figure 4 reports the sinaratiith German output gap
misperceptions. Again, monetary cross-checking serveffiget the inflationary trends arising
from mistaken beliefs and policies. However, one large ugwsaift and two smaller downward
shifts turn out to broadly match the contours of the inflagignbias arising from central bank
misperceptions. Figure 5 confirms that cross-checkingwtsts in the New-Keynesian model
with interest rate setting defined by equation (32).

It is confirmed that the above findings hold true on averageitoylating 1000 draws of
shocks of 150 periods length from the respective normalildigtons. The results (not shown)

indicate that cross-checking effectively reduces the tthmaof the policy bias arising from
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persistent output gap misperceptions. Of course, the aiiouak are still characterized by infla-
tionary or disinflationary trends lasting for shorter pdso These movements serve to signal a

trend shift and trigger the interest rate adjustment duedssechecking.

6 Three questions concerning cross-checking

In this section, the effectiveness of cross-checking isstigated in further detail. Three ques-
tions are considered, namely how to account for velocitftsHiow important is the nonlinear

nature of cross-checking and what alternative estimatéeid inflation may be considered.

6.1 How would you account for velocity shifts in monetary cr@s-checking?

It is well-known that a strategy of strict monetary targgtiwould transmit variations in the
velocity of money to output and inflation fluctuations. Foaewle, the money-demand equa-
tion (16) implies that short-run changes in money demarskdrom three sources: shocks,
changes in interest ratgg)i; and changes in real incomgAy;. While such fluctuations render
a strict monetary targeting strategy undesirable, theyadanhibit monetary cross-checking as
shown in the preceding section. A more interesting questimterns the performance of mon-

etary cross-checking in the event of sustained change®iml tvelocity, for example due to

financial innovations. Two interesting examples regarding. money demand have been doc-
umented by Orphanides and Porter (2000, 2001) , and Re@

Orphanides and Porter

point out that M2 velocity increased substantially in thelh®90s. They report a sustained in-
tercept shift in their estimated velocity equation ocawgrover a period of several years. They
also show that this shift was identified in real time by rewgrgstimation techniques allowing

for intercept shifts. Such a shifting intercept may be ideld in the money demand equation:

m — Pt = Yo + Yyt — Vilt + . (34)

2‘?Reynarb (2004) notes an apparent increase in the intexeselasticity of money demand, iy, in the early
1970s from the perspective of time-series analysis. He asipés the usefulness of cross-sectional analysis for
obtaining improved estimates of the true structural patamef money demand.
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We use the NK model to simulate a fairly dramatic shift in therceptyo,, that generates
a velocity trend of 2 percentage points for 75 perg‘?ms the intercept increases, velocity de-
clines and equilibrium money growth rises to accommodateeased demand at a given level
of the interest rate. First, we assume that the central biacisgo the original estimate of the
intercept, never re-estimates and never considers thépig®f a structural shift. The result-
ing simulation is reported in the top two panels of Figure Be ®bserved, sustained increase in
money growth due to shifting velocity triggers a cross-éhaed thus a policy tightening. As a
result, inflation declines below target by 2 percentagetferduration of the downward trend in
velocity. Once velocity stabilizes, another cross-chewkgs inflation back to target.

Alternatively, we allow the central bank to recursivelyiestte money demand and consider
the possibility of structural shif@ The resulting simulation is reported in the lower two panels
of Figure 6. We find that recursive estimation can detect éheoity shift considered and ensure
the usefulness of monetary cross-checking. This findingrsubres the importance of money

demand analysis at the central bank.

6.2 Why does the cross-check take a nonlinear form rather thaa linear

feedback coefficient?

Cross-checking takes the form of an occasional adjustmietiteomodel-dependent optimal
interest policies derived from the first-order conditioh (Bhis adjustment is triggered in period
k when the test-statistig, defined by equation (29), has exceeded the critical wef{fefor N
successive perio@. A seemingly simpler alternative would be to augment thedineterest-

rate equations with an additional linear feedback on fitter®ney growthutf, that applies at

30Again, this is an a-priori assumption regarding the striadtprocess determining an unobservable variable.
In future work, we aim to collect real time estimates of modeynand and velocity trends to be able to analyze
velocity trends in the same manner as output gap estimasestions 3 and 5.

3]brphanides and Porter (2001) propose regression tree detwa new approach to identify such shifts in
real time. Here, we consider a more traditional tool of motesmand analysis in form of recursive least squares
with time-varying parameters or recursive least-squaitsfargetting (seE Harvém%), Chapter 4).

32similarly, N successive negative realizationskadmaller than the negative &f"™ trigger a symmetric down-
ward adjustment. Note, the counter fdris reset to zero after every significant cross-check. Thedinder
condition, equation (30) based pb then applies till the next adjustment is triggered.
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all times. Including such a linear feedback in the K-Modepli@s:

= (14 (ON) HTe 1+ (0) 11— %)+ (0M) W, (35)

Here, the time subscript qﬂil refers to the most recent observation prior to the policysiec
from periodt — 1, rather than from perioll, that was the most recent period with a significant
cross-check.

We compare the rule with linear feedback to the optimal egerate policy conditional on
the gap estimate, equation (14), and the policy with créessking, equation (31). Since central
bank loss is measured by squared deviations of inflation &@ero inflation target we evaluate
policies by the simulation outcomes f&i(1?). Tablel 2 reports the average central bank loss
over 1000 simulations under three different scenarios: utpud gap misperceptions, = 0,
U.S. output gap misperceptiorgs,S, and German output gap mispercepticas,.

By default, the model-dependent optimal policy (equatibd)) is the best performing pol-
icy when implemented under the assumption that the cerara{’e estimate of the output gap
is correct. However, the policy with cross-checking parfefjust as well in that scenario. Its
nonlinearity ensures that in times when the central banietepred Keynesian-style model and
associated output gap estimates deliver reliable infldboecasts, the model-dependent opti-
mal policy is implemented. Thus, as long as the central Isanddiefs regarding the appropriate
macroeconomic model, the implied concept of potential ouitpnd the appropriate estimation
method do not imply sustained misperceptions, monetarysecbecking will not trigger pol-
icy adjustments. Policy is only adjusted according to th&-farder condition[ (30) when the
simple monetary model of trend inflation, equation|(27)ostfly signals a trend shift. The
policy with linear feedback, however, always responds t@tians in trend money growth, and
consequently causes more than twice the mean-squaredémdation.

In the case of U.S. output gap misperceptions, the policlgaut cross-checking generates
a mean squared error of inflation af39. The rule with linear feedback to trend money growth

responds more aggressively and improves inflation perfocean terms of a mean squared
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error of 336. In this horse race, however, the policy with cross-chreckgain performs best
by generating a lower mean-squared error @72 A similar ranking, but with smaller abso-
lute values, is obtained with German output gap misperaepti Thus, the nonlinear policy
response implied by the occasional adjustments triggeeedress-checking promises to be a
useful approach when the central bank is uncertain aboatdpepriate model of the economy
and would like to revert to a simple fall-back option whenammhes persistently deviate from

model-based forecasts.

6.3 Why cross-check with money instead of other variables?

So far, the focus of the analysis has been on the two poimedebms (2007), namely,
to provide an explanation of the joint trends in money groestid inflation observed empiri-
cally, and to develop a formal approach for cross-checkiegi€sian-style interest rate policies
against information from monetary aggregates. Howevergtare other variables that may be
used as trend inflation estimates in cross-checking. Siewsgal bank policy is considered to
be the source of sustained money and inflation trends, it p@rtant to use variables that are
affected by policy even in the long run, that is nominal vialeés. Two candidates, in addition
to filtered money-growth, are long-run nominal intereseésadnd filtered measures of inflation
itself.

Nominal interest rates are difficult to read with regard tglications for trend inflation
because of the interaction of the short-run negative lityieffect and the long-run positive
Fisher effect. As to filtered inflatiom'tf, our analysis in section 5 suggests that it should per-
form at least as well as filtered money growth, because ouretimagdassumptions imply that
money growth and inflation move contemporaneously and tlatey growth is more noisy
than inflation. Table[3 confirms this conjecture with simigias of German and US output gap
misperceptions. In the K-Model, cross-checking with féekinflation performs about as well
as with filtered money growth. In the NK-Model it performsgitly better.

However, the timing assumptions in the K- and NK-Model thratlaehind this result are at

odds with the recent empirical literature, which finds thatn@y growth leads inflation at low
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frequencies by several quart%.lf the timing assumptions were to be modified to replicate
this leading indicator role of money at low frequenciesgeféid money growth would gain a
competitive advantage over filtered inflation as a forecésead inflation.

We also note two other reasons that would motivate a prederan cross-checking against
long-run money growth measures. First, the Keynesiarestyddels we use preclude direct
effects of money and credit beyond those captured by theestteate on output and inflation. If
these modeling assumptions fail to hold then cross-chgakith filtered money growth would
be preferable to filtered inflation. The second reason isemee with the use of models in the
political decision-making process at the central bank. Ati@ bank staff that relies exclusively
on a Keynesian-style model and the associated output gapagss interprets the sustained
increase in inflation induced by output gap misperceptiana aonsequence of unfavorable
shocks. From this perspective, the staff will recommendregan additional policy response
to past filtered measures of inflation, because it would infipigcasting a deflation. Policy
makers may therefore find it preferable to request policgmanendations derived from a set of

competing models and may want to give special attention toatawy models of trend inflation.

7 Conclusions

In Keynesian-style models sustained trends in money grawthinflation can be explained by
successive policy mistakes due to central bank mispemeptiUsing historical measures of
output gap misperceptions for the U.S. and German econdmieshe 1970s to the 1990s we
have provided a unified treatment of money growth and inflatfends along with short-run

deviations in Keynesian models as requestem cas (2003 result is obtained without
relying on undocumented shifts in central bank inflatiog¢#s.

Central bankers today, might argue that they would not maké mistakes in estimating

potential output since they employ sophisticated filtetechniques. However, this optimism

may be unfounded. Orphanides and van Norden (2002) havenstiat a variety of modern

335ee Gerlach (2004), Benati (2005), Pill and Rautananen6j2@@d Assenmacher-Wesche and Gerlach
(2007).
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filtering techniques lead to persistent output revisionslar to the Federal Reserve’s historical
estimates when applied to real-time data on U.S. outputtation without a-priori assump-
tions. Also, central banks in the 1970s already had veryistipated techniques at their dis-

posal. Federal Reserve researchers in the 1970s knew hose tihne Kalman filter and solve

complex models (CJ(. Kalchbrenner and Tinsley (1977)) armhemists at the Bundesbank used
fairly sophisticated production functions to calculategmiial output (see the monthly reports
in October 1973 and October 1981).

Furthermore, we have provided a formal implementation afds’s proposal to use mone-

tary information as an add-on or cross-check to the modstdbaterest rate policy. An earlier

note, Beck and WielalHi (2007), posited an interest ratewittemonetary cross-checking. In
this paper, a more general definition of cross-checking lees lprovided by deriving such
interest rate policies from a central bank objective funtand first-order condition that incor-

porate trend inflation. A further innovation has been to yretentral bank misperceptions and

cross-checking in the New-Keynesian model. Following @rptes (2003) alternative policy
strategies under output gap uncertainty have been evdluwatkout a-priori assumptions re-
garding the structure of the process driving potential otity using instead historical real-time
and final estimates of the output gap. Monetary cross-chgdias been shown to substantially
improve inflation performance relative to the policy thatuibbe optimal conditional on the
Keynesian model and the a-priori assumptions on potentiglua.

Finally, we have addressed three additional questiongdagacross-checking. Firstly,
monetary cross-checking is found to remain effective inghesence of long-lasting velocity
shifts if standard recursive estimation techniques algwor such shifts are used in money
demand analysis. Secondly, cross-checking has been cedwih a policy that incorporates
linear feedback on filtered money growth. The linear feelllvate was shown to be dominated
by cross-checking whether persistent output gap mispgocespoccur or not. Thirdly, filtered
inflation is found to constitute a good alternative to filkeraoney growth for cross-checking
as long as the timing assumptions of the benchmark Keynasyde models hold up. If these

assumptions were modified such that money leads inflatiomdisated by the recent empirical
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literature, filtered money growth would gain an advantager ditered inflation. We aim to
explore the role of timing assumptions and the optimal ahoicestimate of trend inflation in
future research.

For practical central bank policy we recommend to use thebgemed Keynesian models
of inflation regularly for policy design, but consider theagtity-theory based model of trend
inflation as a fall-back option. We suggest to implement thangity-theory based policy rec-
ommendation in circumstances when policies based on thed&gn models have persistently
under-performed, i.e. when trend inflation is better cagaury the monetary models. In fu-
ture research, we aim to collect historical money demandcagts for the United States and
Germany to study whether monetary cross-checking would halped preventing double-digit
inflation in the United States in the 1970s and 1980s, andiveh&ermany escaped double-

digitinflation, because the Bundesbank gave more weighttoatary models of trend inflation.
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Table 1: Parameter Values

Parameter Value Economic interpretation

B 0.99 Discount factor of the policy maker.

-0 -1 Real interest rate elasticity of aggregate demand (in
line with Andres et al. (2006) and Ireland (2004)).

A 0.5 Elasticity o Ph||||s curve w.r.t. output gap (broadly
in line with Gerlach (2004)§*

Yy 0.1 Income elasticity of money demand (in line with An-
dres et al. (2006) and Ireland (2004)).

—Vi -0.4 Interest rate elasticity of money demand (in line with
Andres et al. (20@6) and Ireland (2004)).

w 0.2 Weighting parameter of filter (broadly in line in
Gerlach (2004))

Ay, 0 Equilibrium real interest rate, potential output
growth, steady-state inflation and inflation target

04,04,0s 0.8 Standard deviation of cost-push, demand and money
demand shocks

O¢,, Og, 0.4 Standard deviation of noise of aggregate demand
and cost-push shocks

O, 0.1 Standard deviation of money demand shocks

KOt 1.96 5% critical value for the cross-checking rule.

N 4 Number of periods required for a sustained deviation
in the cross-checking rule.

Oy Standard deviation qif is not exogenous but deter-

mined consistently with model and policy

Notes: Table 1l provides an overview of the parameter vallrest tve have used in our model

simulations.
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Table 2: Linear Feedback vs Nonlinear Cross-Checking

Policy Central bank loss
(K-Model)
a=0 &S &F
No cross-checking 0.79 5.39 2.67

Cross-checking witlpltf 0.79 2.07 1.79
Linear feedback withy ~ 1.73  3.36 2.60

Notes: Central bank loss corresponds to the mean squaredides,E[(11)?],
and is measured by averages over 1000 simulations of 158dsdength as in
Figure 3. &’S refers to U.S. output gap misperceptions &8 to German
output gap misperceptions.
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Table 3: Filtered Money Growth vs Filtered Inflation

Policy Central bank loss
K-Model NK-Model
&S & & o

No cross-checking 5.39 2.67 5.10 2.32
Cross-checkingy 2.07 1.79 1.85 1.57
Cross-checkingjrtf 206 1.75 1.72 1.50

Notes: Central bank loss corresponds to the mean squaredides,E[(m)?], and is
measured by averages over 1000 simulations of 150 perindthlesl’S refers to U.S.
output gap misperceptions adef to German output gap misperceptions.
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Figure 1: Output Gap Misperceptions in the United StatesGewinany
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Note: Figurel1 plots historical U.S. and German output gap miggicons. The data for the U.S.
output gap misperceptions were provided by Orphanides3)2@0e German output gap misperception
data were provided by Gerberding et al. (2005).
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Figure 2: Money Growth and Inflation Trends in the K-Model

U.S. Output Gap Misperceptions
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Notes: Figure 2 reports simulations with U.S. and German outputrgagperceptions in the K-model
for a given draw of exogenous shocks and noise terms. The tppganels show the inflation rats,
and the filtered measure of adjusted money gropthwith U.S. output gap misperceptions, the lower
two panels show the corresponding series with German oggumisperceptions.
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Figure 3: Money Growth and Inflation Trends - Averages of 1D@@ws of Shocks
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Notes: Figure 3 reports averages of 1000 simulations with U.S. aedn@n (DE) output gap misper-
ceptions in the K- and NK-model. For each of the four posstblabinations two panels are shown that

report the cross-simulation averages of the inflation matand the filtered adjusted money growth rate,

uf.
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Figure 4: Monetary Cross-Checking in the K-Model
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Notes: Figurel 4 reports simulations of monetary cross-checkinthénK-model for U.S. (upper three
panels) and German (lower three panels) output gap miguemns. In each case the inflation ratethe
filtered measure of adjusted money growth, the output gap perception errerand the cross-checking
adjustmentj©, are plotted.
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Figure 5: Monetary Cross-Checking in the NK-Model

U.S. Output Gap Misperceptions
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Notes:Figure 5 reports simulations of monetary cross-checkintpeénNK-model for U.S. (upper three
panels) and German (lower three panels) output gap miguemns. In each case the inflation ratethe
filtered measure of adjusted money growth, the output gap perception errerand the cross-checking
adjustmentj©, are plotted.
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Figure 6: Monetary Cross-Checking and Velocity Shifts ia MK-Model

Central Bank Never Considers the Possibility of Shifts
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Notes:Figure 6 reports simulations with U.S. and German outputrgegperceptions in the NK-model
for a given draw of exogenous shocks and noise terms whergekan trend velocity occur. The upper
three panels show the inflation rate,and the filtered measure of adjusted money grow/thor the case
that the central bank sticks to the original estimate of tierceptyp, in the money demand equation and
never considers the possibility of a structural shift. Tévedr three panels plot the same series for the
case that the central bank recursively estimates moneyriearal considers the possibility of structural
shifts.
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A Model Equations

Table Al: Model Equations

Description Model Equation

Common equations

Central bank objective —%Et{ § B [(Thyi — )2 } =0
i=0

Perceived potential zﬁt =z+eq
Money demand m — Pt = Wy — Vit +w, W ~i.i.d. N(O,0y)
K-Model
Phillips curve Tt=Te1+AVt —z)+ W, U ~iid.N(O,oy)
IS Curve Ve =Y-1— (it —T&—1) + G, G ~i.i.d. N(0,0g)
NK-Model
Phillips curve Tt — =BT, — ) +A(\t —2) + U,

U ~i.i.d. N(0,0),T=1" =0
IS Curve Ve =Y — 9 (it — 18 1) + 0, g ~i.i.d. N(O,09)
Demand signal/noise o =0 +ef, & ~ii.d. N(0,0¢)
Cost-push signal/noise  u = uf+¢t', ' ~i.i.d. N(0,0g,)
Money-demand Vi =V + ¢, & ~iid. N(0,0g,)
signal/noise

Notes:
Tablel A provides an overview of the equations, parametetsaasumptions regarding the traditional Keynesian
and New-Keynesian models used in “Central Bank Misperoaeptand the Role of Money in Interest Rates Rules”.
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B Cross-checking in the NK-Model: Detailed derivations

In the following two subsections a detailed derivation of thptimal monetary policy under
uncertainty in the NK-model without and with cross-checkis provided.

B.1. Optimal policy under uncertainty without cross-chiegk

We start by deriving the optimal policy under uncertaintyegi symmetric information be-
tween the central bank and market participants. Thus, thigatdank and market participants
share the same information regarding central bank obgsstipotential output estimates and
expectations regarding future inflation and output. Ingple, the derivation is for the case of
optimal policy under discretion, but given a strictly inftat targeting central bank it turns out
that the policies under discretion and commitment are idat

The policy maker’s objective under strict inflation targetiis to maximize the following
loss function

maX—%Et {i B [(Tsi — )2 } (36)

subject to the Phillips curve and the IS curve (see Table Ak inflation target is normalized
at zero,t* = 0. The associated first-order condition is

E[Muilt =T =0 Vi=1{0,1,2,..,c0} (37)

whereTg.,j depends on the output gap,.i — z.i, according to the New-Keynesian Phillips
curve. It follows that the central bank and market partinigaxpect future inflation to be equal
to the zero inflation target:

T'f+1\t =0 (38)

Furthermore, since we have assumed that the cost-pushsslycanle serially uncorrelated, the
expected future output gap is also equal to zero, consistiéintthe expected future inflation
rate:

Xra = 0= Yoyap = Zyap- (39)

Solving the Phillips curve foy; and applyingnf+l|t = 0 yields the level of output compatible
with the expected inflation rate for period

1
Yoo =% — Xuﬁt- (40)

41



Using the IS curve, which corresponds to the log-linearigersf the household Euler equation,

Ve =Y — O (it —TE 1) + 0 (41)

we can determine the optimal inter@sas

. 1, 1 1,
It = ”f+1\t - $yﬁt + $y$+1|t + 59t|t (42)
= ¢utt+ (Zf+1|t Z "‘gte|t> :

In the derivation of; we have made use of the above-mentioned expressior;rﬁt1‘(yf"+1‘t and

LLARTS

B.2 Optimal policy with cross-checking usianas estimate of trend inflation

The policy with cross-checking may be characterized by &dirder condition that includes
trend inflation:

Elm ‘Zﬁt E[m “k (43)

This condition guarantees that the central bank acts tetdisy significant shift in trend infla-
tion as estimated on the basis of monetary informat'upirﬁenotes the most recent significant
estimate of a trend shift. Thus, in perikdhe test statisti& defined by

w -

Kt = s (44)

O'uf

satisfies the conditiofk > KM, . Kk_n > KE™) or (—ky < —KEM, . —Ky_n < —KCM),

To determine the interest rate setting induced by a significeoss-check in the NK model
it is important to consider the effect of cross-checking aarkat participants’ expectations of
future inflation. First, we note that conditional on the NKaeband the associated estimate of
potential output neither the central bank nor market pditts expect cross-checking to kick
in. Recall, that the probability that the test stati®tiexceeds the critical value is negligible,
and even more so the probability that it excerfl§ for N periods. Thus, in the absence of a
significant cross-check the expectations for inflation inquet under the null hypothesis of the
New-Keynesian model and the potential output estimfﬂtare

€, =0 (45)

Once a significant cross-check occurs, the first-order ¢immdwvith the monetary estimate of
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trend inflation governs policy. As a consequence:

=t (46)

Thus, under symmetric information the central bank and etgy&rticipants will expect current
inflation—conditional on the New-Keynesian model and ptiééoutput estimate—to fall below
the target by the extent of the trend inflation estimate plediby filtered money growth.

To solve the New-Keynesian Phillips curve for the expectetput level that the central
bank should aim at according to the policy with cross-chagkit is necessary to characterize
market participants’ expectation of inflation in periogt 1. In the baseline case it is assumed
that market participants expect future inflation to retarthie zero inflation target of the central
bank, i.e. T"[e+1\t = 0. This assumption is standard for the optimal policy undscrétion.

It implies that the central bank cannot manipulate marketiggpants’ inflation expectations
by promising to commit to delivering future inflation outcemdifferent from the objective
function with its long-run target.

Next, the Phillips curve is solved for the level of outputttktze central bank expects to
achieve in period, yﬁt. Usingﬂfﬂ‘t =0 andﬂfIt = —& one obtains

1. B 1,

Vi = Zﬁt+XTﬁt_XTlf+l|t_Xut|t<:> (47)
1. 1

yﬁt = Zﬁt—xut‘t—xu‘]f.

In the next step, the IS curve is solved for the interestiateat achieves the expected optimal
level of output, that is, the level of output consistent vt central bank’s first-order condition.
To this end, it is necessary to characterize market paatitgd expectation of output in period
t+ 1. Consistent with the expectation that inflation will be alow the target in periotd+ 1,
market participants expect output to be equal to potentigdud in period + 1:

y$+1\t - Zf+l|t' (48)

Solving the IS equation fag given the expressions f(yﬁt, ny't andnf+1|t yields the interest
rate policy with cross-checking:

‘ 1 1., 1 1 1.
it = 0_5 [th_Xutt—XH'?} +$Zf+1|t+$gtlt (49)

_ i e } . e i k
- Ad U‘t|t + b (Zf+1|t Zﬁt +gt\t> + A M-
For the sake of completeness, we have also investigatedoiiey pvith cross-checking
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under the assumption that the central bank is able to cgeddshmit to maintaining the disin-
flationary stance implied by the policy with cross-checkiaga finite number of periodsT,
in the future. In this case, the central bank is able to infteeiuture inflation expectations s.t.
T =Thr_q = .. = Tt = —ulz. Thus, future inflation expectations move in a way that will
help offsetting the apparent increase in trend inflatiore iftplied expected path of output and
interest rates can be solved for recursively by startingeinogl T 4+ 2 and solving backwards
for expected inflation, output and interest rates. The é@sterate level expected for peridd
coincides with the expectation of equation|(49):

e = 5 (B ) + g (50)
The interest rate level set in peribchowever, incorporates the response of market particspant
expectation of future inflation to the central bank’s anrmment of the policy with cross-
checking:

It = %utet'i_%(zf—i—lh —Z + G _“li- (51)
We have simulated this policy under historical U.S. and Germoutput gap misperceptions in
the New-Keynesian model. The simulation results are smilahe baseline case discussed
in the paper concerning the success of cross-checkingsettifig the inflationary bias due to
persistent central bank misperceptions. Of course, dugetoeisponse of inflation expectations
to the announcement of cross-checking, the particularasteate path followed by the central
bank differs from the baseline case.
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