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ABSTRACT

Money in Monetary Policy Design: A Formal Characterization of
ECB-Style Cross-Checking*

The European Central Bank has assigned a special role to money in its two
pillar strategy and has received much criticism for this decision. The case
against including money in the central bank's interest rate rule is based on a
standard model of the monetary transmission process that underlies many
contributions to research on monetary policy in the last two decades. In this
paper, we develop a justification for including money in the interest rate rule
by allowing for imperfect knowledge regarding unobservables such as
potential output and equilibrium interest rates. We formulate a novel
characterization of ECB-style monetary cross-checking and show that it can
generate substantial stabilization benefits in the event of persistent policy
misperceptions regarding potential output.
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1 Introduction

Contrary to the monetary policy strategies of the U.S. Fadeeserve and many
inflation-targeting central banks, which assign no speolal to monetary aggre-
gates, the European Central Bank has maintained a sepacdhtmportant role
for money in its two pillar strategy. The ECB distinguishes‘@conomic” and a
“monetary” piIIa:

Economic analysis assesses the short to medium-term dessts
of price developments. The focus is on real activity and foren
conditions in the economy. The economic analysis takesustaf

the fact that price developments over those horizons angeiméed
largely by the interplay of supply and demand in the goodwjces

and factor markets.

Monetary analysis focuses on a longer-term horizon tharetoe
nomic analysis. It exploits the long-run link between morey
prices. The monetary analysis mainly serves as a meaooss-
checking from a medium to long-term perspective, the short- to
medium-term indications for monetary policy coming frone #to-
nomic analysis.

In terms of economic theory, the long-run link noted by theBEErelated to
the equation of exchange, that is, the definition of the vladf money. Rewrit-
ten in growth terms it relates money growth, inflation andpatigrowth to the
change in velocity. In the long-run, once output growth dral¢hange in veloc-
ity have settled down to trend, the equation of exchangei@s proportional
relationship between money growth and inflation. In termsropirics, this rela-
tionship has manifested itself most clearly in periods af/\J@gh inflation. Re-
cent empirical assessments, however, have re-emphagizealidity in periods
of moderate to low inflation in leading industrial econonres

On this basis, Gerlach (2003, 2004) has proposed to augtnergtandard
Phillips curve, which accounts for shorter-term inflatigmamics, resource uti-
lization gaps and inflationary shocks, with a measure ofdamgor low-frequency
money growth. Such an augmented Phillips curve unifies tloepilars of the
ECB in a single assessment of inflationary risks, and—iftéeé@as a structural
relationship—provides a rationale for including filteredmey growth in the cen-
tral bank’s optimal interest rate rule. The ECB’s descoiptof its strategy, how-
ever, does not rely on a direct effect of money on inflatiorhia Phillips curve.

1The quotes are taken from http://www.ecb.int/pub/pd#otmonetarypolicy2004en. pdf.
2¢f. Gerlach (2003), ECB (2004), Pill and Rautanen (20065ehsnacher-Wesche and Gerlach
(2006).



Rather, it focuses on the long-run link and its usefulnes&dfntifying medium-
to long-term inflationary risks. Thus, we aim to develop &eraktive rationale
for including money in the policy rule that stays as close@ssjble to the ECB’s
stated reasoms.

We formally characterize ECB-style cross-checking usipglécy rule with
two components. The first component aims to control inflatigrrisks based
on a standard Phillips curve and aggregate demand relaippn&ssentially, it
is the optimal interest rate rule of an inflation-targetirantral bank. If imple-
mented successfully this rule should ensure that inflatieraages around the
central bank’s inflation target. Its weakness is that ieetbn knowledge of un-
observables such as the equilibrium real interest rate atehpal output that
may be subject to large and persistent policy mispercemtion

The second component captures the idea of cross-checking the long-
run relationship between money and inflation. We assumethieatentral bank
checks regularly whether a filtered money growth seriessaeljufor output and
velocity trends averages around the inflation target. Ifdbetral bank obtains
successive signals of a sustained deviation of inflatiomfiarget it adjusts inter-
est rates accordingly.

Our simulations indicate that persistent policy mispetiogg regarding po-
tential output induce a policy bias that translates intosiségnt deviations of
inflation and money growth from target. In this case, our “iltar” policy rule
may effectively overturn the policy bias. Cross-checkiatiess on filtered series
of actual money and output growth without requiring estesatf potential out-
put. Indirectly, however, it helps the central bank to letlva proper level of
interest rates.

2 Money growth and inflation in the long run

The equation of exchange defines velocity= —m + p; + yt, where(m,y, p)
denote the logarithms of money, output and the aggregate favel. Taking first
differences we approximate the equation in growth terms:

Av; = —Amy +Apt +Ayt (1)

Ais the first-difference operator. In the long-run, outpwvgth and the change in
velocity will settle down to trend and reveal a proportiorelationship between
money growth and inflation. In the short-run, however, flatibns in velocity

and output growth are likely to obscure this relationshipe Behavior of velocity

3See, e.g., Issing (2005) for a detailed discussion of thetiom that the monetary pillar plays
for the conduct of the ECB’s monetary policy.



may be characterized as a function of the nominal interési reeal output and
money demand shocle§ using a standard money demand equation:

M — P = Yyl — Vil + &M )

Here,y, denotes the income elasticity agdthe semi-interest rate elasticity of
money demand. Money demand shocks are assumed to be nodistdiputed
with mean zero and varianccr%\d. Taking first differences, re-arranging (2) and
combining with (1) we obtain:

AV = (1—Vy)Ay+ ViAi + Agmg. 3)

Long-run equilibrium values (superscript *) can then bead®mined as follows.

In the long-run, money demand shocks would average to zatbthee nominal

interest rate would settle down to its steady state levalisTthe long-run trend in
velocity corresponds tAv; = (1—Vyy)Ay;, and long-run inflation is proportional
to long-run money growth adjusted for output and veIociQn

Apf = Ay — yAy; (4)

Recent studies obtained empirical support for this longralationship using
various filters or frequency-specific estimation. And maiteriestingly, they have
found money growth to lead inflation at this frequency. Toegan example,
Gerlach (2004) uses the following filter

W=l A (=) ©)

to approximate long-run values of inflation and money growthhis work,
may alternatively stand for money growffm or money growth adjusted for
output growth. In our paper we will follow equatidn (4) andusi money growth
using the estimate of the income-elasticity of money demaed

W =am —yAy. (6)

3 Monetary policy design without money

Most research on monetary policy rules in the last two dexdds focused on
models, in which the monetary transmission mechanism waskf®llows: the
nominal interest rate affects the real interest rate dueite pigidity, the real rate

4A trend in velocity may not only arise from potential outpubgth Ay; with an income
elasticity yy different from unity, but also from other sources such asniife innovations (see
Orphanides and Porter (2001) and Masuch, Pill and WilleR@1P).



influences the output gap via aggregate demand and the agdapumpacts on
inflation via a standard Phillips curve. Thus, monetary aeggtes play no direct
role in the transmission of policy from nominal interesesato inflation. Money
supply instead is determined recursively from a money deheguiation.
Toillustrate this basic point we use a simple New-Keynestgle model with

backward-looking expectations in the spirit of Svenss4@97) and Orphanides
and Wieland (2000). The model consists of a Phillips curve @am aggregate
demand equation:

& = Teq+0y(—Y)+Emt, (7)
Yi—Y = (yte+1_y:fl)_Bf(it_Tﬁrl_rt*)‘i'Syﬁb (8)

where T¢,.1 =Tk 1,51 — Y1 =%-1— Y 1.

Tk = Ap; denotes inflation(er, £yt ) stand for zero-mean cost-push and demand
shocks respectively with variancés?, 03,), r* denotes the long-run equilibrium
interest rate and the superscfipefers to market expectations, which we assume
to be backward-looking.

An inflation-targeting central bank would set the nomindéiast ratd; in
order to minimize expected discounted inflation deviatiivom target

min {3 & e, ©

wheret* denotes the central bank’s inflation target anids discount factor.
Consequently, optimal monetary policy corresponds to éofastyle interest rate
rule, which responds to lagged inflation and output gaps t@iLtiormoney growth:

iP™ = rt*+Trtfl‘|‘i(mfl_ﬁ)‘ki(%fl_y{—l)' (10)
ayBy Br
The superscript “opt” refers to “optimal”.

To be clear, the central bank achieves the desired inteaéstsetting by
conducting open-market operations that influence the meopply. Thus, the
money supply is determined according to the money demaratieg2) consis-
tently with the desired policy rate, current output and theeplevel. However,
money does not appear as a variable in the central bank'salpiinterest rate
rule.

Inspired by the evidence for the long-run relationship feem money and
inflation, Gerlach (2003, 2004) proposed to include a fittereeasure of money
growth or adjusted money growth in the estimation of thetshar Phillips curve.
If a central bank were to consider this empirical two-pilRnillips curve as a
structural relationship it would conclude that a measuridtefed money growth



should enter in its interest rate rileSuch a rule could be viewed as an inter-
pretation of the ECB'’s two-pillar strategy. However, the ECdescription of
its strategy does not rely on a direct effect of money on iigitain the Phillips
curve. Rather, it uses the monetary pillar to accumulatdesge signalling trend
changes in inflation.

4 ECB-style cross-checking and policy design

We develop a characterization of ECB-style cross-checttiagstays as close as
possible to the ECB’s own description. Our proposed intemae rule has two
components:

icC = ifA+ it (11)
Here the superscrifEC refers to cross-checking; A to the interest rate setting
implied by the ECB'’s “economic analysis” aldiA to an additive adjustment in
interest rate setting that arises from the ECB’s “monetaalyssis”. We set the
first component equal to the optimal interest rate rule indéeeline model:

iFA=iP"  as defined in equation (1.0). (12)

This interest rate setting should ensure that inflationsksrbased on a standard
Phillips curve are controlled perfectly and inflation fluetes randomly around
the meanjt*. However, this component relies on knowledge of unobséggab
such as the equilibrium real interest ratg, or potential outputy*, that may be
subject to large and persistent policy misperceptions.

The second componen¥, is novel and captures the idea of cross-checking
using the long-run relationship between money and inflafidnis component is
additive and persistent, because it is intended to offgsigient policy biases due
to imperfect information. We assume that the central bagulegly tests whether
filtered and adjusted money growild,, still averages around the inflation target.
Thus, the central bank computes the normally-distribuéstl gtatistic,

f
-
V.S il (13)
Opf

and checks whethardeviates from a critical value®™ . o, denotes the standard
deviation wherifA = i°Pt is implemented with correct values of potential output

and the mean ofi" corresponds tat*. If the central bank obtains successive
signals of a sustained deviation from target, jke>> k™ for N periods or (k <

5We develop this argument further in the working paper ver¢ieck and Wieland (2006)).



—k°™ for N periods, it responds by adjusting interest rates accordiEeg.

iMA+ (O(ylGr )W, — ) if k> KO ork < —KCT for N periods

iMA _

iM+0 else
(14)
As long asf” = ifpt is implemented with full knowledge of potential outpyt,
and the real equilibrium rate;, cross-checking with regard t{f* will almost
never lead to an adjustment in interest rates. With impekisawledge, however,
cross-checking may occasionally have very important tffen policﬁ

5 Cross-checking and policy misperceptions

Recent research exploiting data on historical revisiongéd-time estimates of
the output gap has identified very persistent policy misegmionﬁ The persis-
tence of measurement errors arises primarily from biaseha&®s of unobserv-
able potential output. Thus, if a central bank relies on ik output measures

in policy design, its policy stance may be biased for a snethperiod of time.
To illustrate this effect we define the policymaker’s estienaf potential output,

}7? =Y; + biag, as the sum of true potential output and a measure of the mispe
ception denoted bigiag, and include it in the baseline rule:

iF =0 = +Th_1+ i(Trt_l —T0) 4+ — (V-1 — Y 1 —bias_1). (15)
C(yBr B
The resulting bias in interest rate policy will induce a jsesnt deviation of in-
flation from target. For example, if the central bank’s estienof potential output
were to remain permanently 1% above its true level (beag = 1 for all t),
average inflation would increase byyB;)(B) ! percentage points.
To illustrate this point further we calibrate the model defirby equations
(7), (8) and[(2) (see Beck and Wieland (2006)) and simulaertterest rate rule

EA _ :opt 1
r

5The response coefficient on inflation deviations from taigte same as iif*, namelyvlﬁr.

"The two parameters @', k°It andN play different rolesk°" reflects the probability that an
observed deviation qff from 1 is purely accidental (for example a 5% or 1% significancel)eve
N defines the number of successive deviations in excess diritial value. Thus, the greatdr
the longer the central bank waits to accumulate evidencesastined policy bias. For example,
if K is set to the 1% critical value for the normal distribution5Z5) and the critical number
of periods of sustained deviatiohsis set to 4, the probability of such an event in the absence of
policy misperceptions would be less tharr 0

8For example, Orphanides et al. (2000) estimate a processspenaeptions with a near unit
root (0.96) and standard deviation of 3.77%



(15) with the following sequence of misperceptions:

fort = (1,10) biast) =0

fort=(11,121314) biast)=(1,2,3,4)

for t = (15,100 bias(t) =4 (16)
fort = (101102103 biagt) =(3,2,1)

for t = (104,200 biast) =1

The central bank’s initial estimate of potential outputssamed to coincide with
the true value. In periods 11 to 14 the central bank beginy¢oestimate po-
tential output leading to a bias of 4% from period 14 onwaft®m period 100
onwards the central bank’s overestimate of potential dudpalines to 1%.

Figure 1: Misperceptions, Money-Inflation Link and CrodseCking

Output gap misperceptions and the money-inflation link
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The top row of four panels in Figure 1 presents a simulatiorthef con-
sequences of these misperceptions given a single draw ofafigrdistributed
cost-push, demand and money demand shocks. The resulirsistpnt increase
in inflation cannot immediately be seen from current reéibizes but is eventu-
ally revealed by the filtered measures of inflatioh, and money growthAm?.

It amounts to 2% because the calibrated value,af 0.5.

This simulation illustrates the long-run relationshipvee¢n money growth
and inflation. and emphasizes the weakness of the policyififte= i°?, in the
event of persistent misses on potential output. A similegctfwould arise from
incorrect estimates of the equilibrium real interest rate

7



Of course, one may argue that the central bank will learn fitsrmistakes.
Thus, we proceed to show that cross-checking as defined bul#hé equation
(14) provides an effective avenue for learning and comegcthe central bank’s
policy bias. We repeat the preceding simulation using tlesszchecking rule,
iC defined by[(14) which includes an additive and persistenisadjent in the
event of sustained deviations of filtered (adjusted) momewyth from target. The
outcome is reported in the second row of panels in Figure 1.h&ve dropped
the panel with actual money growtAm, and have instead included a panel re-
porting the bias in the central bank’s estimate of potemtidgput, bias, and the
adjustment in interest rates due to cross-checking. Thistdent corresponds
to iMA as defined in equations (14) and (13). The cross-checkimgresponds

to the increase in filtered money gromnfll fairly quickly after the policy bias

has arisen. The interest rate adjustmen(thf’cxyBr)(utf_1 — 11°) almost perfectly

offsets the policy bias arising from potential outp(t/B;)(biag_1). Once the
misperception of potential output declines after perio@, oss-checking soon
leads to another adjustment of interest rates.

6 Outlook

We have presented the first formal characterization of Efy-sross-checking.
Under the unrealistic assumption that the true values @nial output are known
to the central bank our specification of cross-checking @iawdver come into
play. However, with imperfect knowledge there is a posijbdf policy misper-
ceptions. These misperceptions may generate sustainéatides of inflation
from target. Due to the long-run link between money growtt mmflation these
deviations are also apparent in filtered measures of mormytlgr Thus, a cen-
tral bank that responds to persistent and significant deuigiof money growth
by adjusting interest rates can effectively offset thegyoliias arising from mis-
perceptions about potential output and other unobsersable

Our findings open up several interesting avenues for furdsarch. For ex-
ample, allowing for unforeseen, permanent shifts in vé&pcie. shifts in money
demand parameters, the information content of long-runeyparowth would
depend on how quickly the central bank learns the new pasmatues. Fur-
thermore, we have focused on strict inflation targeting Wwabkward-looking ex-
pectations. In this case, cross-checking for persistéfit sk relatively straight-

9To assess the sensitivity of our findings we performed sewoate Carlos exercises. We
drew 1000 series of shocks of length 200 from a normal digioh and considered the perfor-
mance of our cross-checking rule under alternative pammsettings foi andkCt. We found
that, on average, cross-checking leads to the appropnigiest rate adjustments offsetting the pol-
icy bias due to output gap misperceptions. The results amted in Beck and Wieland (2006).



forward as inflation and adjusted money-growth are expeictdmk white-noise
processes. Extending the analysis to allow for partiallyvérd-looking market
expectations would not change this feature of our econonowener, flexible
inflation targeting (with the output gap in the central bank'ss function) would
introduce mean reversion in inflation and adjusted monewijralynamics. In
this case, a more sophisticated test may be required fos-ctuecking. Finally,
our baseline model may be extended to render filtered mormytigra leading
indicator of filtered inflation, such that it clearly domigatfiltered inflation as
the object of cross-checking.
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