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1 Introduction

John B. Taylor’s interest in developing effective rules government policy has been a
driving force for his research from the 1970s till tod %2006) writes about his
early resear

m @9) showed that a fixed money growth rule - a Friedmae -
would have led to better performance than actual policy m plost World
War Il period ... (but) a money growth rule which respondeetonomic
developments could do even better. Since then | have foatdodiicy
rules in terms of interest rates have worked better as pratijuidelines
for central banks.

The tremendous influence of Taylor’s contribution to th@sce of monetary policy
is perhaps best illustrated by the fact that the last pubtishriting of the late Milton
Friedman focused on the Taylor rulé. FriedHan (2006) notdgst that he always
preferred a nominal aggregate for an instrument (i.e. tolaeed on the left-hand-
side of a policy rule) but then he proceeds taking the petsjgeof Taylor’'s rule with
the federal funds rate as instrument. From this perspehtvigistifies the inclusion of
output and money growth as additional right-hand-sideades:

"The Taylor rule is an attempt to specify the federal fundgerthat will
come closest to achieving the theoretically appropriatte raf monetary
growth to achieve a constant price level or a constant ratefbdtion.

Suppose the federal funds target rate is equal to a Taylas thht gives
100 percent weight to inflation deviations. That may not leerigpht rate to

achieve the desired inflation target because other vargblech as output
or monetary growth are not at their equilibrium levels. Orsthiew, addi-

tional terms in the Taylor rule would reflect variables redet to choosing
the right target funds rate to achieve the desired inflatengét.”

Not surprisingly, researchers steeped in Keynesian-sthderoeconomics do not
concur with Friedman’s recommendation regarding interas rules and money growth.
Rather, recent theoretical advances in New-Keynesianaaasnomics building on mi-
croeconomic foundations with monopolistic competitionl anice rigidit)@ have tended

1The famous paper introducing a variance tradeoff betwegsuband inflation under rational expecta-
tions - the so-called Taylor curve.

2This model as laid out by Rotemberg and Woodford (1997) anddBind and King (1997) and de-
veloped in detail i3) has quickly become thiaqgipal workhorse model in monetary
economics. It has proved very useful in deriving severaldartgnt principles for the conduct of monetary
policy (see for exampie Clarida et al. (1@99) and kMoomme model is shortly summarized in Section
4 in parallel to a more traditional, backward-looking mod&bth models are used in the analysis of interest
rate rules in the following sections.




to emphasize the irrelevance of money growth and insteadrtpertance of (properly
derived) output gaps for a policy aimed at controlling inflat For example, Woodford

) states:

" | believe that a serious examination of the reasons givarstfar for as-
signing a prominent role to monetary aggregates in (polidgliberations
provides little support for a continued emphasis on thosgregates ...
There is at present little reason ... to devote much attentioquestions
such as the construction of improved measures of the moipgyysor im-
proved econometric models of money demand. For therelesilitelligible
connection between those questions and the kinds of uirdgrabout the
effects of monetary policy that are the actual obstaclefi¢odevelopment
of more effective, more reliable and more transparent wdysoaducting
policy”

As shown b\y Svenssoh (1d9b). Clarida et‘al. (1999)‘ and‘l%iﬂ@@? optimal policy in
models with price rigidities may be easily implemented byamgeof Taylor-style inter-
est rate rules that respond to inflation, or inflation foresasd output gaps. Neverthe-
less, some macroeconomists remain reluctant to give up oreynéor examplé, LucL‘:\s
), expressing his concern regarding the increasiianoe of central bank research
on New-Keynesian models, writes:

"New-Keynesian models define monetary policy in terms of @cehof
money market rate and so make direct contact with centrakingrpractice.
Money supply measures play no role in the estimation, gstipolicy sim-
ulation of these models. A role for money in the long run isetones ver-
bally acknowledged, but the models themselves are forauliiatterms of
deviations from trends that are themselves determinedwbsre off stage.

It seems likely that these models could be reformulated e giunified
account of trends, including trends in monetary aggregadesl deviations
about trend but so far they have not been. This remains arsatved issue
on the frontier of macroeconomic theory. Until it is resayenonetary
information should continue to be used as a kind of add-ormasszcheck.”

In this paper, we take up the suggestions of Friedman andslame try to incorpo-
rate them in Taylor-style interest rate rules. In particulge aim to show that monetary
information remains useful for monetary policy due to thegibility of repeated policy
errors such as those due to biased output gap estimatesifihs.

Specifically, we use data on historical output gap mispeiwepin the United States
and Germany to show that such misperceptions may triggsigpent errors in mone-
tary policy. We find that the resulting deviations in monep@y will generate trend
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movements of similar extent and direction in money growtti anflation. In this man-
ner we show that Keynesian-style models can provide a uraftedunt of monetary and
inflationary trends as requestedOO?).

This explanation of trends, however, does not absolve th&alebank from con-
sidering monetary aggregates. Rather, we present an appfoacombining interest
rate prescriptions derived from a Taylor-style interese nalle or from central bank
loss minimization approaches (inflation targeting) withnatary cross-checking. Thus,
we try to include monetary information as an add-on or cabsszk as requested by
). We first presented our proposal for monetarysechecking in Beck and
Wieland (20075@. In this paper, we proceed much beyond the simple exposifiou
proposed strategy and conduct a systematic evaluatioregfrtiposal using actual data
on policy misperceptions within two simple benchmark med#lthe macro economy.
Thus, we show that monetary cross-checking can substgritigbrove inflation con-
tro‘Z in the event of persistent policy mistakes such as thosgeregl by output gap
misperceptions.

We obtain these results in two different models of the mamwnemy. The first
model is a Keynesian-style model with endogenous, but bakwoking dynamics as
in ‘Svenssdn‘ (19@7%. Rudebusch and SVGA\SE;‘(]JQQQ, Odgelsaanid Wielaﬂld@bO)
and‘ Orphanides (2003). The advantage of this model is thastbeen shown to fit
the historical persistence in output and inflation quitelvaed given that it arguably
embodies central banker’'s view on policy tradeoffs and rteogepolicy transmission.
Thus, it seems the better candidate for modeling centrdd parceptions and describing
historical policy outcomes.

The second model considered is the benchmark New-Keynesidel from Clarida
et al. (1999). Dynamics in this model derive from forwardkong market expectations
and serial correlation in exogenous shocks. While this rhodenot describe central
bank perceptions prior to its existence it has the advardageme microeconomic foun-
dations in optimal decision-making of households and firamgl thereby addresses to
some extent the original Lucas critique regarding altévagiolicy evaluation.

Finally, we also explore the potential of monetary crosse&ing for improved in-
flation control in the presence of velocity shifts, which kebtrigger cross-checks that
reduce inflation control. As we lack data on historical caitank perceptions of money
demand parameters we consider the performance of monetasy-checking with re-
cursive estimation of the velocity shift parameter.

3In that paper, we point out that this approach mirrors kegnelats of the ECB'’s description of its two-
pillar policy strategy. However, the mathematical forntidla of monetary cross-checking is solely due to
the authors as the ECB has never published a formal, mathwainetposition of its strategy.

4We note also that our definition of monetary cross-checkindifferent from but complementary to
another very interesting approach advanced by ChristiaddRstagno (2001) and Christiano et al. (2006)
in order to identify benefits from monetary targeting in eaowgtion with Taylor-style interest rate rules.




The remainder of this paper is structured as follows. Inige@ we present an in-
terest rate rule with monetary cross-checking. Sectiors@udises the data on output gap
misperceptions in the U.S. and Germany. Section 4 shorthynsarizes the two models
including money and central bank misperceptions and pteskea respectively optimal
interest rate policies. Section 5 reports our finding on mare inflation trends due to
output gap misperceptions. Section 6 confirms the potesitimonetary cross-checking
to improve inflation control. Section 7 reconsiders theaiieness of monetary cross-
checking in the presence of velocity shifts and section &lcmles.

2 Aninterest rate rule with monetary cross-checking

In this section, we present our proposal for combining &gerate prescriptions derived
from a Taylor-style rule or from central bank loss minimiaatwith monetary cross-
checking in one single rule. In other words, we try to includenetary information
as an add-on or cross-check as requestéd by L cas (20079sséeity, such a rule for
setting the short-term nominal interest rate, denote,lmpnsists of two components:

i =i +if’ )

Here, the superscrigt denotes Taylor-style interest-rate rules and the suppt3tithe
(occasional) adjustment in interest rate levels based oretagy information.

The interest rate prescription in response to inflation jﬂm and economic activity
A natural example for' is the specific rule shown by Taylcgr (1993) to match federal
funds rate choices by the FOMC from 1988 to 1993.

if =141 +0.5(Tg — 17°) + 0.5 2

whereTy refers to inflation and: to the output gap.1t* refers to the central bank’s
inflation target and™* to the equilibrium real interest rate. These long-run elgpim
determinants re set equal to 2.0@y993), who alsosaicy responsiveness
to deviations of period inflation from target and to the output gap to 0.5. We have
added a superscrigtonr*€ and the output gagF in order to emphasize that the central
bank always needs to obtain estimates of unobservableblesiauch as the equilibrium
real rate and potential outdﬂﬂn the remainder of this paper we normalize the inflation

5In this paper, we emphasize the need for estimating unafisiey such as potential output, because
they represent a recognized source of very persistentsertdfe disregard the fact that variables such
as inflation, money growth and actual output are also obdenith error, because data revisions occur
relatively quickly and the persistence of resulting errigrenuch smaller. A more complete analysis of
policy uncertainty should of course recognize the manycesiof measurement error as done for example
in/Coenen et al, (2005).



target and the real equilibrium interest rate at zero, (/.= 0,r* = 0) and focus on

possible misperception regarding the output
Rather than simply adoptilcgr i1993)’s specificatithre specific variables in

the rule as well as the magnitude of the policy response caiis, the ¢’s), may in-
stead be chosen optimally given a particular model of the@wy and a central bank
objective function. We will consider such optimal Tayldyle rules for an inflation tar-
geting central bank in two alternative models of the econddogh models are described
in more detail in section 4. The first model, (also us&d in MWieland‘(ZOO'}a), is

a Keynesian-style model with backward-looking inflatiom autput dynamics and will
be denoted by superscrift The second model, is the base-line New-Keynesian model
and denoted by superscriff. The optimal Taylor-style interest rate rules that define
itT'K anditT"\IK are presented in section 4. In both, cases the optimal sitere does not
incorporate a measure of money growth, thus reinforcingctie® made rd
2006) and others against the inclusion of money growth éniniterest rate rule of the
central bank.

Cross-checking the interest rate prescription against etary information

The second component of the rulf, aims to capture the idea of cross-checking
using the long-run relationship between money and inflgidﬂnis component, which
is additive and persistent, has first been proposed by BedkMaland (2007a). We
suggest that the central bank regularly test whether aditend adjusted measure of
money growth, to be denoted lpg,f/ averages around the inflation target of the central
bank. Thus, the central bank would regularly compute thiestasistic,

W

K : 3

O'uf

and check whethet deviates from a critical valug®™. o, denotes the standard devia-
tion of the filtered monetary meas@e.

If the central bank obtains successive signals of a sustaiegation from target, i.e.
(k > k™ for N periodg or (k < —k°t for N periods, it responds by adjusting interest

6This approach purposely disregards the potential usefakenf monetary in the short-run. The novel
aspect is the use of monetary information as a cross-chettleifong-run. For a study of the benefits of
monetary information in the short-run the reader is reﬂetl@OS) who focussed on revi-
sions of GDP, industrial output, inflation and money growtlhie first years of the Euro area. Interestingly,
Coenen et al. found that monetary data was revised less & aivaluable information for short-run
output and inflation dynamics. They showed that the optimt@rest-rate policy would therefore assign
some weight to monetary information but this weight waseatimall. In the working paper version (ECB
Working Paper 84) they also showed that including money nimpg, Taylor-style rules would improve
policy performance.

"Note that it is straightforward to compute this standardaten for the following case: interest rates
are set according to the model-dependent optimal inteatestulesk oriNX and the model is correct. Then
the mean ofi’ corresponds tor.



rates accordingly.

iM,+ (auf)(utf — 1) if k> K ork < —k° for N periods
i = @)
iM, +0 else

The response coefficient on deviationq;bffrom the targett, that isa,r, corresponds
to the response coefficient on inflation deviations (or etgmbinflation deviations) from
target in the optimal interest rate rulé§¥ andi™NX derived in section 4. The above
definition ofiM implies that monetary cross-checking in form of such eccetamtests
is conducted regularly in every decision period. Howeve,garameterlsl andk®"™ are
chosen such that a central bank that implements the mogehdent optimal interest
rate rule (¥ or i"NK) and, on average, correctly estimates unobservables supb-a
tential output, would never change policy due to monetafgyrination.

Computing the long-run measure of monetary informatiorcfoss-checking purposes
It remains to derive the appropriately adjusted and filtenedsure of money growth,
ptf, to be used in monetary cross-checking. Since monetanigteitradition of Milton
Friedman have long focused on the quantity theory and théachlpng-run relationship
between money growth and inflation, we make use this relstiipnfor monetary cross-
checking. It can easily be derived from a standard money ddrequati(ﬁ such as:

m — Pt = Yyt — Viit + &. (5)

This money demand specification forms part of the both maneisidered in this paper.
Here,yy denotes the income elasticity agdthe semi-interest rate elasticity of money
demand. Money demand shocks are assumed to be normaliiputistt with mean zero
and variance:rznd. Taking first differences and re-arranging the money denegugtion
(5) we obtain a short-run relationship between money andtiofi:

Ap = Amy — WAY; + YAl — Ag. (6)

A is the first-difference operator. From this equation, we &@so determine the long-
run equilibrium relation (superscript *). In the long runoney demand shocks will
average to zero, and the nominal interest rate will converges steady-state level and
consequently the first difference of the interest rate watherge to zeré.Furthermore,

8Such a money demand equation can be derived from the optiotizaroblem of a household, which
values money holdings in its utility function that is sep@eain real balances and consumption goods, see
Walsh (2003).

9According to Taylor’s rule the steady state level of the nuahinterest rate corresponds to the sum of
the equilibrium real interest rate and the inflation target: r* 4 1t*.



output growth will converge to the growth rate of potenti&y;, in the long-run. Thus,
long-run inflation is proportional to long-run money grovettijusted for potential output
growth and trend growth in velocity:

Ap; =AMy — WAY; = Al ()

In this case, trend velocity is equal tb— yy)Ayt*Jﬂ
Recent studies obtained empirical support for this longnelationship using vari-
ous filters or frequency-specific estimation. These findindgate that money growth

may even lead inflation at this horizon. To give an exa 4) uses the

following filter
Amy = Arr}f_1 +w (Am - Arrf_ 1) (8)

to approximate long-run values of inflation and money growkhom equation(7) we
obtain accordingly a filtered measure of adjusted money trow

W =am —yay. (9)

In the Iong—run|,|[f should converge tp* and consequently to the inflation targlfde2
Thus,ptf defined in this manner forms the relevant monetary inforomatiariable for
cross-checking interest rate rules based on inflation ¢afecs and output gaps against
the long-run relationship between money growth and inftatio

3 Central bank misperceptions: Perceived output gaps in the
United States and Germany

Recent research exploiting data on historical revisionsetd-time estimates of the
output gap has identified very persistent policy mispefoapt For the United States
‘Orphanidés‘ (206)3) has collected and used real-time dataflation, actual and poten-
tial output. Figure 1 taken fro% Orphanidés (2‘003) repdresduarterly output gap as
perceived at each point in time from 1966 to 1994, i.e. theteee output gap (dashed
line), as well as the the complete output gap series as pettek-post in 1994 (solid

line). Treating the latter series as the final data, the rdiffee between the two series rep-
resents the historical output gap mispercepti&)ns. Orpleanét aJI‘ (2000) quantify the
degree of persistence in output gap misperceptions by &titigna stochastic process
on this data that is found to exhibit a near unit r¢0996) and a standard deviation of

0specifically, with velocity defined ag = —m + p; +y; and money demand determined by equation
the long-run trend in velocity correspondsitg’ = (1— yy)Ay;.

10other examples include Benati (2005), Pill and Rautana@@®g), Assenmacher-Wesche and Gerlach
(2007).

12e will discuss the effect of velocity shifts in section 6.




Figure 1: U.S. real-time and final (1994) output gap from Q@rptles (2003)
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3.77%. This persistence is shown to arise primarily fronséibestimates of unobserv-
able potential output, since revisions to actual outputideenore rapidly than those to
the output gap. Also, revisions to potential and actual wiugpowth turn out much less
persistent than regarding output gaps. Consequently,ghtia bank relies on potential
output measures in policy design, there is a danger thablisypstance may be biased
for a sustained period of time.

The output gap data for the 1980s and 1990s in Figure 1 wagrootesi based
on information from the Greenbook, the Federal Reserve deoti summarizing the
Board staff’s analysis of economic developments distebub the FOMC members a
few days before each meeting. For the 1960s and 1970s, hgwenghanides could
not recover a complete time series for potential outputreses from Federal Reserve
sources although he notes that discussion of output gapuneseeppeared in the FOCM
Memorandum of Discussion throughout this period. He irsteses real-time estimates
of potential output produced by the Council of Economic Agvs in those years and
apparently discussed at FOMC meetings. Critics have ardumsever, that the con-
struction of potential GDP measures at the CEA was poléatithroughout this period
and a maximum measure not taken seriously by Federal Redecigon makers.

We contrast the U.S. CEA-FRB real-time output gap fLom Or(iIH% ‘(200%) with a
real-time output gap series for Germany from 1974 to 1998troated b¢/ Gerberding et al.
2005) based on available Bundesbank sources. Figure fmm‘Gerberding et $I.
(2005) compares the German real-time output gap (line édnattial estimates) to the
complete output gap series as of 1999 (the line denoted gixgstimates). In this case,
the underlying production potential are the BundesbarfKststimates of the aggregate
production potential. The data were reconstructed frongsiaffBundesbank publications
and from internal documents such as the briefing materigh®Council’s discussions
on the monetary target for the year to come. The Bundesbantiedtto produce its own




Figure 2: German real-time and final (1999) output gap ﬂronb@tding etal. (20@5)
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estimates of potential output in the early seventies. Thihous used are described in
detail in BundesbaM (1973). The Bundesbank then also madetbat it intended to
construct a measure consistent with price stability — noaaimum measure.

Figure 3: Output Gap Misperceptions: United States and @eym
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Figure 3 compares the differences between real-time ambsixestimates of output
gaps for the United States (solid line) and Germany (dasined. | Both series indi-
cate that the production potential of these economies waseastimated through the
1970s and well into the 1980s. U.S. and German policy mak&entinto account these
estimates were lead to believe that their respective ecmsmsuffered a very deep reces-
sion in 1974 to 1976. In retrospect, however, these peripéas as a mild recession in
the United States or decline from excessive levels to waotisnpial in Germany. This
misperception proved extremely persistent. To the extemtRederal Reserve or the
Bundesbank based their inflation forecasts on the outpuegamates available at the
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time, they must have concluded that inflation would soonideds a consequence. In
retrospect, such a forecast would have been wrong. Inimal-tiowever, the resulting
downward bias in interest rate setting would have conteithub inflation and money
growth.

In section 5 we will try to quantify the possible consequenggthe two alternative
historical series of output gap mispercpetions from moneyth and inflation using
simulations of two different macroeconomic models whicé atroduced in the next
section.

4 Two Keynesian models incorporating money and central
bank misperceptions

In this paper, we make use of two Keynesian-type models falyaimg the implications
of output gap misperceptions and monetary cross-checKinhg first model exhibits ex-
clusively backward-looking inflation and output dynamiastjlike the small models in
‘SvenSS(M (19%), Rudebusch and Sven%son (1995) and Qretamd Wielan&i (ZObO).
As a short-hand we will use the term K-Model. The second miile simple bench-
mark New-Keynesian model originally laid out by Rotembeng &Voodford @7) and
‘Goodfriend and Kind (1997). We use the specification of @kst al.mm and refer
to it as the NK-Model. We have incorporated money and celi@ak misperceptions
in these two models and have used them for illustrative elesrgd the effects of cross-
checking irl Beck and WieIaHDI (2007a) aLnd Beck and Wiélbn(ﬂém For a detailed
presentation and derivation of the optimal Taylor-styleliast rate rules under uncer-
tainty in these models the reader is referred to the eardipers. In this paper we simply
present the model equations in summary format in Tables [P andl review the optimal
rules.

In both models the monetary transmission mechanism fromdh@nal interest rate
to inflation works in the following manner. The nominal irdset ratei is the policy
instrument controlled by the central bank. Due to priceditggs changes in the nominal
interest rate affect the real interest rate, which in turpagts on the output gap The
output gap then influences inflatiorvia a Phillips curve-type relationship. Thus, money
m does not play a causal role in the transmission mechanischihemefore need not
appear in the model-dependent optimal policy. Of coursenaparket operations by
the central bank that are aimed at controlling interessrdteaffect the money supply.
The equilibrium level of money balances, however, is deiteech recursively from the
money demand equation 5 in section 2 s.t. the desired noinieaést rate is achieved
given the current levels of the price level and real inconmee money demand equation
is repeated for convenience in Table 1 and forms part of battia .-:

13For example, in the New-Keynesian model such a money demgmatien can be derived from the
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Table 1: Model Equations

Description Model Equation

Common equations

Money demand m — P =YW — Viit + &, & ~ i.i.d. N(0,0¢)
Output gap X =%—2%4
Perceived potential £ =z +biag
Loss function — 15 {_zoﬁi (T8, + ;] }

i=
K-Model
IS Curve % =X%—1— O (it — T&_1) + O
Phillips curve Tk = Tk_1 +AX + U
NK-Model
IS Curve X =—0(ik—T€ )+ 1+ 0
Phillips curve Tk = B¢, | + A% + W
Demand shocks O = PgGt—1+ &, & ~i.i.d. N(0,0q)
Cost-push shocks U = pulk—_1+ €', & ~ i.i.d. N(0,0y)
Demand noise o =g+ Vv, VP ~ii.d. N(0,0y,)
Cost-push noise O = UE+ Vi, v ~i.i.d. N(0,0y,)

Money-demand noise & =€+ Vg, Vf ~i.i.d. N(0,0y,)

The output gap and central bank misperceptions (defindulasy) regarding poten-
tial output (and thus the output gap) are defined in the samenan both model$?
Note, that the superscrig@ is used to refer to perceptions of unobservable variables
such as potential or economic shocks and rational expectatf observables such as
inflation and output. Thus, the perceived output gap coorsp to:

X =% — biag (10)

Both models contain an aggregate demand (or IS) curve andllip$burve. In the
K-Model these equations exhibit endogenous dynamics windexogenous shocks are
assumed to be unobserved and white noise. In the NK-Modeaotagions of future
output and inflation matter for the determination of curreatput and inflation while
lagged output and inflation play no role. Contrary to the nhedtn backward-looking
dynamics, in the NK-Model the market participants and @ritank are assumed to
have partial information on the exogenous cost-push, gatgedemand and money de-
mand shocks, denoted ly,g¢ ande® respectively. The measurement error regarding
the shocks is assumed to be white noise. All three shockssatereed to display serial
correlation that is known to market participants and thdére¢bank. We solve the NK-

optimization problem of a household, which values moneylingis in its utility function that is separable
in real balances and consumption goodsl see Walsh (2003).

1%For the NK model we do not take into account that so-calleddlesprice equilibrium output may also
respond to other disturbances.
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Model assuming rational expectations and symmetric infdion by market participants
and the central bank. The parameter values used for the twlelmare taken from Beck
and Wieland (2007a,b) and are summarized in Table 2.

Table 2: Parameter Values

Parameter Value Economic interpretation

B 0.99 Discount factor of the policy maker.

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

A 0.5 Elasticity of Phillips curve w.r.t. output gap (broadity
line with Gerlach%dﬁ

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

—Vi -0.4 Interest rate elasticity of money demand (in line with
Andres et al. (2006) and Ireland (2004)).

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

2004))

Ayf, T 2 Equilibrium real interest rate, potential output growtida
inflation target

0g,04,0e 0.8 Standard deviation of cost-push, demand and money de-
mand shocks

Pg; Pu 0 Persistence of aggregate demand and cost-push shocks

Ovg, Oy, 0.4 Standard deviation of noise of aggregate demand and
cost-push shocks

Oy, 0.1 Standard deviation of money demand shocks

Oyf depends  Standard deviation qif

on model
KOt 5% Critical value for the cross-checking rule.
N 4 Number of periods required for a sustained deviation in

the cross-checking rule.

Why do we use the two models in parallel in this paper? The radga of the
Keynesian model with backward-looking dynamics is thatsttfie historical persistence
in output and inflation and arguably embodies central bask@w on policy tradeoffs
and monetary policy transmission quite well. Thus, it se¢mesbetter candidate for
modeling central bank perceptions and describing hisibpiclicy outcomes. The model
used b)L Orphanidels (2003) in his study also falls into thasslof models. While the
New-Keynesian model cannot describe central bank peoreptrior to its existence
it has the advantage of some microeconomic foundations timapdecision-making
of households and firms. Thus, it addresses to some extentitfiral Lucas critique
regarding alternative policy evaluation and constitutesnaportant testing ground for
policy strategies currently recommended to central banks.

It remains to specify the objective function of the centrahk. The following is
a standard objective function consistent with the statéichate goals of many central
banks, and is referred to by some as flexible inflation tamgetilt has some welfare-
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theoretic foundations in the NK-Model.
min}Et S B[, + o] (11)
2 I; -+l =+

The central bank’s optimization problem consists of chogsiurrent and future interest
rates such that the loss function is minimized conditiomathe other equations for the
respective model as summarized in Table 1.

Given the above loss function, the first-order conditiorrabierizing optimal policy
under uncertainty would take the following form in both misde

Xte _ _/\(K.N K)Tf (12)

The superscript§ and"K indicate that the coefficient will take different values in the
two model@ The first-order condition incorporates the trade-off betwéhe expected
(current) output gap and expected (current) inflation igipln the Phillips curve and
the central bank loss function. In the NK model the questiasea whether to consider
the optimal policy under discretion or commitment. The abdivst-order condition
corresponds to the optimal policy under discretion. Notsydver, for the special case
of strict inflation targetingq = 0) the optimal policies under discretion and commitment
would be identical.

The optimal Taylor-style interest rate rule then definesitherest rate level that
achieves a combination of expected output gap and inflatiatnsatisfies the above first-
order condition. This rule is not identical in the two moddise to subtle differences
in the timing of information and policy decisions. First,time Keynesian model with
backward-looking dynamics (K-Model), the central banksské nominal interest rate
in periodt based ort — 1 information regarding the rate of inflation and the outpa g
(Te—1,&7 ;) because it has no information on the perichocks, that represent the other
possible sources of inflation. Thus, the Taylor-style esérate with optimal response
coefficients corresponds to:

it =T alTe g alo@ ) (13)

The timing of information and policy action in the New-Kewign models is slightly
different. Lagged inflation and output gaps do not influenagent inflation and there-
fore do not appear in the rule. However, the central bank laasap information on
the contemperaneous demand and cost-push shocks whicaffedt current inflation.
The optimal Taylor-style rule that implements the optimaligy under discretion in the

18For further details see the discussion in Beck and Wielaf67a,b).
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New-Keynesian model is then given by:
TNK
k" =T e+Tf+1+G§KTf+1+agKgf (14)

The policy response coefficients for the two ruless (@} , o, agy), have been derived
in Beck and Wieland (2007a,b). Interest rates are set irorespto changes in expected
inflation, which is a function of the perceived output gapyetl as the estimate of the
aggregate demand disturbance.

To sharpen the exposition of our analysis in the followingtises we focus on the
extreme case of a strict inflation-targeting central baak #issigns no weight to stabiliz-
ing output gaps, i.ea = 0. The interest rate rule of the central bank will consedyent
only respond to the output gap to the extent the output gagefulin inflation forecast-
ing. As a result, we are more likely to understate than ostgghe potential negative
implications of output gap misperceptions. Furthermore narmalize the inflation tar-
get as well as the equilibrium real interest rate at zates 0 andr; =r;"° = 0.

5 Monetary and inflation trends due to historical output gap
misperceptions

In this section we use the historical output gap misperoaptbased on the data collected
by‘Orphanides‘ (20&)3) for the United States and Gerberdiray @005) for Germany
in order to simulate the two models provided in the precediegtion. We show that in
both models such persistent output gap misperceptionsdeaatessively easy monetary
policies, excessive growth in the money supply and as atresstained trends in money
growth and inflation even though the central bank’s targeirfitation remains constant
and equal to zero through the whole simulation period.

To conduct such simulations we need to obtain draws for tmealby-distributed
demand, cost-push and money demand shocks and noise tatrhavk been discussed
in the preceding section. Figure 4 reports simulations WitB. and German output gap
misperceptions in the Keynesian model with backward-logkilynamics (K-Model)
given the same draw of exogenous shocks. The sequence é&&sskarbitrary but we
obtain similar results for many alternative draws and widlcdss averages later on in
this section.

Turning to the top six panels in Figure 4, the first row showes plerformance of
inflation, 1T, adjusted money growtip,= Am— Ay, and the true output gapgiven that
from period 15 onwards the difference between the true amgdnceived output gap,
X — X = biag, corresponds to the U.S. misperceptions from Figure 1 ¢itiqul 135.
The persistent over-estimate of potential output emboiid¢kdese misperceptions leads
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Figure 4: Keynesian Model with Backward-Looking DynamiksNlodel)
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the central bank to set interest rates too low to maintaicestability.

it =g+ aliTe g+ af (41 — biag_1). (15)
Due to an interest rate policy that is more accommodative the central bank believes
to be the case, money growth and inflation rise. This incredserits the persistence
properties of the central bank’s misperceptions regargmtgntial output. Over time,
also the filtered measures of inflation, and adjusted money growtAu', increase,
thus depicting a trend change in nominal variables. Thesel&in the filtered measures
are depicted in the first two panels of the second row of Figurén turn, this trend
change in money and inflation is mirrored by a sustained asmen nominal interest
rates - a consequence of the Fisher effect.

The lower six panel of Figurel 4 report the same simulationnow¢ using the data
on Bundesbank misperceptions regarding the German ougpufrgm Figure 2 due to
Gerberding et al (2005). The misperceptions start in petldFrom then on policy is
too accommodative and (adjusted) money growth and inflatiorease up to a peak of
around 5 percent. This peak is somewhat smaller than in 8eeafdhe U.S. perceptions
which trigger an increase up to an inflation rate of 6 percéitherwise, the simula-
tion delivers similar trends in money growth, inflation amderest rates in spite of the
constant inflation target of the central bank.

Figure 5: K-Model: Perceived and Actual U.S. Output Gap

Acutal output gap
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One may certainly ask why the central bank does not realeeithperceptions are
biased, raises interest rates to an even higher level anebihensures that inflation re-
turns to target relatively quickly. The reason is simple.ti@pl monetary policy takes
account of the best available forecast for inflation, whilbased on the available es-
timate of the output gaps. Figurel 5 compares the perceived output gap to the actual
output gap for the case of the U.S. misperceptions. As isiijrapparently, the cen-
tral bank perceives the economy to be in a recession mosedfrtte, while in truth it
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is fluctuating fairly symmetrically around potential. Thus average, the forecast for
inflation which will be based on the incorrect output gapjcates that inflation will re-
turn to target due to a sustained weakness of aggregate deth#ire central bank were
to raise interest rates further its own forecast would signaorsening of the recession
and undershooting of its inflation target. The persisteas I the forecast implies that
the central bank is attributing successive periods of halation to a sequence of unfa-
vorable shocks rather than a mistaken output gap estimats.eXxample is not without
historical parallel considering many accounts of the 19at@soution the stagflation in
the United States and Germany primarily to inflationary armbssionary consequences
of oil price shocks.

We now turn to the New-Keynesian model and simulate the cuesees of U.S.
and German historical output gap misperceptions. The bagiwach remains the same.
We draw the sequences of exogenous shocks from their raspdistributions and feed
the historical values fobias in the model. The findings for one representative simula-
tion are shown in Figure 6. Again, the top 6 panels report tmilgtion results with
U.S. misperceptions and the bottom 6 panels those for Bbad&smisperceptions.

Albeit the New-Keynesian model implies a different, expéioihns-driven transmis-
sion mechanism and quite different dynamics than the madiional backward-looking
model, the basic implications of output gap misperceptiand persistent policy mis-
takes carry over to this micro-founded model. The ovemesti of potential output
generates excessively easy monetary policy. Of coursautpait gap in the NK model
is, in principle, not the same concept as in the traditionadeh"/ The flexible-price
equilibrium output that defines the benchmark for the gaphis model may respond
to a variety of shocks in the economy. However, mispercaptiegarding the long-run
potential of the economy would similarly affect the flexgece equilibrium output in
this model. With interest rates persistently too low, mogegwth and inflation rise for
a sustained period.

So far, we have only reported results for a single draw of erogs cost-push,
money demand and aggregate demand shocks. Figure 7 sumsndméztrend move-
ments exhibited by the filtered measures of adjusted moreythr puf, and inflation
0. It reports averages over 1000 simulations of equal lerifjitte eight panels display
the results generated for the U.S. output gap misperceptiata (US) as well as the
data from Germany (DE) using the two differen models (K) aN&), These findings
confirm that on average the central bank’s policy mistakestdumistaken beliefs about
the output gap can be expected to lead to similar trend mavesmemoney growth and
inflation.

These simulations suggest that the introduction of impékKaowledge and persis-
tent central bank misperceptions is sufficient to providenified account of monetary

17see for example Woodford (2003) and Walsh (2003).
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Figure 6: New-Keynesian Model with Forward-Looking Dynam{NK-Model)
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Figure 7: Filtered Money Growth and Inflation Averages ov@dd Simulations
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and inflation trends — the unresolved issue on the frontierasfroeconomic theory noted
by Robert E. Lucas in the quote cited in the introduction &f gfaper. An alternative ex-
planation of these trends that has typically been used iedtimation of New-Keynesian
models over episodes with trending inflation is to assumighieecentral bank’s inflation
target follows a random walk. Our explanation with a constafiation target but per-
sistent policy mistakes due to persistence misperceptegerding unobservables offers
an alternative that can be grounded in empirical obsemvdtie. historical output gap
revisions data) and does not require unobserved randongeban the central bank’s
price objective.

Finally, we point out that the trends displayed by money ghoand inflation on
average in our simulations appear not unlike the parallelem®nts in low-frequency
money growth and inflation discovered, for example, by Gér2004), Benati (2005),
Pill and Rautanen (2006)and Assenmacher-Wesche and G€2a07). In this sense,
we would argue that, both the Keynesian model with backv@oling dynamics and
the New-Keynesian model, could be consistent with thesdraralfindings. Thus, they
do not necessarily require allowing for direct effects ofmap growth on inflation in the
aggregate demand specification or the Phillips curve. Thairaral findings of these
authors essentially replicate the quantity-theory retethip that is also embodied in the
Keynesian-style models considered here.

An open question however remains. The above authors findyjhiatlly the move-
ments in low-frequency, adjusted money growth tend to lé&ednhovements in low-
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frequency inflation by several quarters. This feature ofdat is not replicated in the
simulations based on the above models.

6 The potential of monetary cross-checking

Having shown that sustained output gap misperceptions riaaypolicy and lead infla-
tion far away from the central bank’s intended target inespitt an interest rate policy
that is optimal given the central bank’s beliefs, we now tigrexplore the performance
of the interest rate rule with monetary cross-checking éisele by equations (1)and (4)
in section 2.

The interest rate is set based on two components of the hdenbdel-based opti-
mum and the cross-chedk= itT'K/'\IK +iM. Cross-checking incorporates an additive and
persistent adjustment in the event of sustained deviatédridtered (adjusted) money
growth,ptf, from target. The policy response depends on a simple ecetnigntest for a

mean shift.

iM o+ (auf)(utf — 1) if k> K ork < —k° for N periods
it = (16)
iM, +0 else

The test parameters, i.Bl andk®, are calibrated such that if the beliefs of the central
bank regarding the appropriate economic model, its paemiatues and the unobserved
output gap, are correct, the test would almost never triggexdjustment in interest rate
setting. Thus, the ex-ante rational expectation would bé ithonetary cross-checking
does not come into play.

Figures 8 and 9 report stochastic simulations of monetargsechecking in the K-
and NK-models using the U.S. and German output gap mispsosgor the beliefs of
the central bank. The sequence of exogenous shocks candssfmthe same draw used
in the preceding section for simulations without crossekirgy displayed in Figures 4
and/ 6. The resulting inflation performance, however, iseqdifferent. Considering
first the top six panels in Figuteé 8, the simulation of crolsseking with U.S. output
gap misperceptions in the model with backward-looking dyica, we note that the
sustained upward trend inflation observed previously infEgl has disappeared. The
policy with cross-checking responds to the increase irréittanoney growthptf, fairly
quickly after the policy bias has arisen.

To illustrate the interest rate adjustment from cross-kimgcmore clearly, we have
replaced the panel reporting the nominal interest rateo(skcow, third panel) with
a panel that reports the interest rate bias arising from dlieypmisperception series
(i — biag) and the adjustment based on monetary informainOnce sufficient infor-
mation regarding a mean-shift in filtered, adjusted monewdr has been accumulated
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Figure 8: Monetary Cross-Checking in the K-Model
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Figure 9: Monetary Cross-Checking in the NK-Model
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the cross-checking triggers an adjustment in the ovenadl lef interest rates. This new
level is maintained for a while. Since further increases utpat gap misperceptions
lead to a continued increase in money growth and inflationdketriggers another two
adjustments in the level of interest rates based on mongtioymation. This causes a
"Volcker-like recession but reigns-in inflationary temzges.

Cross-checking also works “on the way down” as output gapenceptions sub-
side and inflation and adjusted money growth decline belogetdor some time. As a
result, monetary cross-checking triggers two downwardstdjents in the level of nom-
inal interest rates. In sum, the interest rate adjustmer@tz(@f)(utf —Tr), on average,
offsets the policy bias arising from potential output migeptions quite well. Note, the
response parameter if, that is, (0, ), simply corresponds to the response coefficients
in inflation rule.

The lower set of six panels in Figure 8 concerns the simulatith German output
gap misperceptions. Here, monetary cross-checking atgest offset the inflationary
trends arising from mistaken beliefs and policies. Howewee large upward shift and
two smaller downward shifts due to monetary informatiomtout to broadly match
the outline of the policy bias. Figure 9 confirms that the sawlecy recommendation
works, in principle, in the New-Keynesian model. The sintiolas are conducted under
the assumption of symmetric information.

Figure 10: Filtered Money Growth and Inflation Averages au@®0 Simulations
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To assess whether these findings hold true on average we éganl000 series
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of shocks of 150 periods length from the respective nornstlidutions and use them
to conduct a set of alternative simulations. The resultivgrages of the sequence of
filtered, adjusted money growth and inflation are reporteeigure 10. These plots con-
firm confirms that, on average, cross-checking leads toteféciniterest rate adjustments
that reduce the duration of the policy bias arising from iségat output gap mispercep-
tions. Of course, the simulations are still characterizgthBationary or disinflationary
trends lasting for shorter periods. It is these sustainedements that signal the danger
of a mean shift in nominal trends and thereby trigger therésterate adjustment due to
cross-checking. As a consequence, however, inflation @dstimproved relative to the
persistent upward trends observed previously.

In sum, we find that monetary cross-checking provides a coent and effective
avenue for correcting the central bank’s policy bias thatl l® the sustained increase in
filtered money growth and inflation in the preceding simolasi

7 Monetary cross-checking with velocity shifts

It is well-known that the most important challenge for mamgttargeting as recom-
mended by the early monetarists or as implemented by thed3lnachk concerns dealing
with changes in the velocity of money. In the money-demanatqgn considered in this
model,

m — P = Yyt — Viit + &, (17)

short-term fluctuations in money demand arise from threecesy the money demand
shockseg, the effect of changes in interest rates on money demga@idand changes in
real incomey ;. While such fluctuations render the implementation of maryetargets
complex and undesirable, they do not inhibit monetary eob&sking. This point needs
no further reinforcement as these three sources of fluosin velocity were present
in the all the simulations with cross-checking in the precgdections.

A more interesting question concerns the performance ofetiaoy cross-checking
in light of changes in equilibrium velocity due to financiahobvations. Two interest-
ing examples regarding money demand in the United States baen documented
b ‘Or hanides and Portér (2(50&), Orphanides and %rteolm‘ Reynard‘ (2064).
Reinard @)4) notes an apparent increase in the intereselasticity of money de-
mand, i.e.y;, in the early 1970s from the perspective of time-seriesyaismland em-
phasizes the usefulness of cross-section al analysis fainifg improved estimates
of the true structural parameters of money dem$nd. Orpbaradd PortH (2001) and
Orphanides and Portér (Zd)OO) point out that M2 velocity éased substantially in the
mid 1990s. They find that this change in equilibrium velodstydirectly apparent as a
sustained intercept shift in their estimated velocity éiquaoccurring over a period of
several years. However, they also show that this shift wagnstood quite well in real
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time by recursive estimation allowing for such a possipilit
A shifting intercept is easily included in the above monegndad equation:

M — P = Yot + YW — Vit + &, (18)

Of course, a simple one-period jumpys: would not have a substantial effect on the
usefulness of monetary cross-checking as proposed indpisrpHowever, if the inter-
cept keeps changing over a longer period of time inducingrdtin velocity it would
trigger monetary cross-checking that is detrimental t@tigh control.

To illustrate this point, we use the NK model to simulate aljailramatic shift in
the money demand intercept generating a trend of 2 peraeptaigts Ayt = 2, for 75
periods. The increase in the intercept, generates a decliredocity and an increase in
money growth.

We first assume that the central bank sticks to the origirtahage of the intercept,
never re-estimates and never considers the possibilitysoliatural shift. The resulting
simulation is reported in the top 6 panels of Figure 11. Theeoled, sustained increase
in money growth due to the ongoing velocity shift triggersnmatary cross-checking and
thus policy tightening. The increase in interest rates gaggnt in the third panel in the
second row. As a result of this tightening inflation declibetow target by 2 percentage
for the duration of this downward trend in velocity. Once 8fgft subsides, another
cross-check brings inflation back to target.

Secondly, we allow the central bank to recursively estimaaey demand and con-
sider the possibility of structural shifts. Orphanides Rodter (2001) propose regression
tree methods as a new and very effective approach to idesiifi shifts in real time.
For the purpose of our paper we stick to a more traditiondldbmoney demand anal-
ysis in the form of recursive least squares with time-vayyjparameters or recursive
least-squares with forgetting (See Harvey (1993, Chapterle resulting simulation is
reported in the lower 6 panels(in 11. We find that such a standsursive estimation
approach is sufficient to maintain the usefulness of moyetarss-checking and avoid
unnecessary interest-rate adjustments when money grisgthas a consequence of sus-
tained money demand shifts due to financial innovation. Tihing also underscores
the usefulness of money demand analysis.
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Figure 11: Monetary Cross-Checking and Velocity Shiftshie NK-Model
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8 Conclusions

In this paper, we have shown that a traditional Keynesianetsoalith backward-looking
dynamics as well as New-Keynesian models are capable ofdimgva unified expla-
nation of money growth and inflation trends of similar direst Rather than relying
on undocumented shifts in inflation targets we obtain thésllteby using data on his-
torical central bank misperceptions regarding potentigipot in the United States and
Germany. These misperceptions lead to easy interest rlity path similar long-run
effects on money growth and inflation.

Furthermore, we have shown that using monetary informdtorcross-checking
the optimal interest rate policies implied by the centraikis baseline model can help
improve inflation control in the presence of central bankpaiseptions. Our specifi-
cation provides a simple, formal approach for including@ssrchecking component in
otherwise standard interest rate rules.

We find that cross-checking with regard to monetary inforomabased on the long-
run quantity theory relation even remains effective in thespnce of long-lasting veloc-
ity shifts if standard recursive estimation techniquesvaithg for such shifts are used in
money demand analysis.
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