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Abstract

This paper presents the results of a quantitative study of the implications of the zero
lower bound on nomina interest rates which was undertaken in the context of the
review of the ECB’s monetary policy strategy in Spring 2003. Focusing on the euro
area, the paper provides an assessment of the likelihood that the short-term nominal
interest rate may be constrained at zero and quantifies how the zero-bound constraint
may affect the dynamic behaviour of key macroeconomic variables such as the short-
term nominal interest rate, annual inflation and output.
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Non-technical summary

This paper presents the results of a quantitative study of the implications of the zero lower bound on
nominal interest rates which was undertaken in the context of the review of the ECB’s monetary policy
strategy in Spring 2003. Focusing on the euro area, the paper provides an assessment of the likelihood
that the short-term nominal interest rate may be constrained at zero and quantifies how the zero-bound
constraint may affect the dynamic behaviour of key macroeconomic variables such as the short-term
nominal interest rate, annual inflation and output.

The following results have emerged from the evaluation of the consequences of the zero lower bound for
monetary policy-making in the euro area:

e Under Taylor's interest rate rule, the digtortions induced by the zero-interest-rate bound are
noticeable but economically insignificant once the inflation target is set at 1 percent or higher, if the
degree of inflation persistence is low. By contrast, if the degree of inflation persistence is high, the
zero lower bound may become a matter of concern for monetary policy-makers who follow Taylor's
rule with inflation targets below 2 percent.

o Additional sendtivity analysis provides some tentative evidence that the adverse consequences of
the zero-bound constraint can be alleviated by following an interest rate rule that allows for a
substantial degree of inertia — as estimated Taylor-type rules typically do — and responds in a
forward-looking manner to one-year ahead forecasts of inflation. The benefits of such arule appear
particularly large if the observed degree of inflation persistenceis high.

Overall, these results suggest that the performance of the euro area economy would likely deteriorate
somewhat for inflation targets set below 1 percent. The importance of the deterioration isfound to depend
on the existing degree of inflation persistence, the specification of the interest rate rule and, not least, the
level of the equilibrium real interest rate which, as a baseline assumption, has been set equal to 2 percent
throughout the study.
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1. Introduction and summary

Having achieved consistently low rates of inflation, monetary policy-makers in industrialised countries
are confronted with a new challenge, namely how to evade the consequences arising from the zero lower
bound on nominal interest rates. In an environment of low inflation the zero lower bound presents a
particular challenge for monetary policy-makers because it may limit the usefulness of the principa
instrument of monetary policy, that is the short-term nominal interest rate, to lower real interest rates.
Even worse, with nominal interest rates constrained at zero, a sequence of deflationary shocks may raise
real interest rates and thereby induce or deepen arecession.

This paper revisits the relevance of the zero lower bound for monetary policy-making in the euro area’ In
consideration of the high degree of uncertainty regarding the determination of euro area-wide inflation,
the implications of the zero lower bound are evaluated under different assumptions regarding the
characteristics of the euro area inflation process, notably the degree of its persistence. While the degree of
inflation persistence is evidently a key determinant of the ability of monetary policy-makers to stabilise
inflation relative to output, the importance of the existing degree of inflation persistence seems even
hei ghtened when facing the zero lower bound.

For this reason, the evaluation is based on two variants of the estimated small structural model of the euro
area developed by Coenen and Wieland (2000) which feature different types of staggered contracts:” the
nomina wage contracting specification due to Taylor (1980) and the relative real wage contracting
specification by Fuhrer and Moore (1995). These two contracting specifications differ with respect to the
degree of inflation persistence that they induce, because Fuhrer-M oore-type contracts give more weight to
past inflation developments. Both types of contracting specifications were found to describe historical
euro area data reasonably well and, thus, neither Taylor nor Fuhrer-Moore-type contracts can be rejected
on statistical grounds as an empirical description of inflation dynamicsin the euro area’

The following results have emerged from the model-based evaluation of the consequences of the zero
lower bound for monetary policy-making in the euro area:

e Under Taylor's interest rate rule, the distortions induced by the zero-interest-rate bound are
noticeable but economically insignificant once the inflation target is set at 1 percent or higher, if the

! Orphanides and Wieland (1998) and Reifschneider and Williams (1999) provided earlier quantitative studies of the relevance of
the zero lower bound for monetary policy-making, but these studies were focused on the U.S. economy.

2 A short exposition of the two alternative contracting specifications is given in the appendix. For more details on the model and
the employed estimation methodology see Coenen and Wieland (2000) who refer to the two contracting specifications as the NW
and the RWS specification respectively. Within the model, monetary policy-makers are assumed to follow an interest rate rule
that relates the short-term nominal interest rate to developments in inflation and deviations of actual output from potential.
Changes in the short-term nominal interest rate affect aggregate demand through their impact on the ex-ante long-term rea
interest rate.

® There are other mechanisms which have been proposed in the literature as means to induce lag-dependent inflation dynamics.
For example, Gali and Gertler (1999) allow for afraction of backward-looking firms in the staggered nominal contracts model a
la Calvo, which follow a“rule of thumb” when changing contracts, while Christiano, Eichenbaum and Evans (2001) assume that
nominal contracts are indexed to past prices. Empirical studies for the euro area by Gali, Gertler and Lopez-Salido (2001) and
Smets and Wouters (2002) along these directions also conclude that there is a non-negligible degree of persistence in the euro
areainflation process, though it is difficult to quantify this degree precisely.
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degree of inflation persistence is low (as represented by Taylor's contracting specification). By
contrast, if the degree of inflation persistence is high (as represented by Fuhrer-Moore-type
contracts), the zero lower bound may become a matter of concern for monetary policy-makers who
follow Taylor’ s rule with inflation targets below 2 percent.

e Additional sendtivity analysis provides some tentative evidence that the adverse consequences of
the zero-bound constraint can be alleviated by following an interest rate rule that allows for a
substantial degree of inertia — as estimated Taylor-type rules typically do — and responds in a
forward-looking manner to one-year ahead forecasts of inflation. The benefits of such arule appear
particularly large if the observed degree of inflation persistenceis high.

Overall, these model-based results suggest that the performance of the euro area economy would likely
deteriorate somewhat for inflation targets set below 1 percent. The importance of the deterioration is
found to depend on the existing degree of inflation persistence, the specification of the interest rate rule
and, not least, the level of the equilibrium real interest rate which, as a baseline assumption, has been set
equal to 2 percent throughout the study.

However, while being suggestive, the model-based results call for some further considerations before
finally judging the risks and costs arising from the zero-interest-rate bound. First, while clearly pointing
to the need of having a “safety margin” to insure the economy against the adverse consequences of the
zero bound, the study disregards the costs of tolerating even limited rates of inflation. Apparently, in the
absence of distortions like the one due to the zero bound there are good reasons to believe that inflation
should be close to zero to reap the full benefits of maintaining price stability. These costs have to be
weighed against the costs arising from the zero lower bound.

Second, while Fuhrer-Moore-type wage contracts point to heightened risks and costs, it is not obvious
that this type of contracting specification is the most plausible one to describe the determination of euro
area-wide inflation in the future. For instance, Coenen and Wieland (2000) show that only Taylor-type
contracts fit inflation dynamics for Germany which already enjoyed a credible and predictable monetary
policy before joining EMU, while some member countries which experienced a long-lasting disinflation
with possibly imperfectly credible monetary policy were better described by Fuhrer-Moore-type
contracts. Thus, to the extent that the ECB will likely face a similar environment in the future as did the
Bundesbank in Germany, the use of Fuhrer-Moore-type contracts would be considered misleading. In
this case, Taylor's contracting specification may be viewed as a more appropriate representation of
inflation dynamicsin the euro areaimplying lower risks regarding the zero lower bound.*

Third, relevant to both types of staggered contracts specifications, the reported results may possibly
underestimate the true risks arising from the zero lower bound, because fiscal policy is assumed to

4 As dready indicated in footnote 3, for the time being there is not sufficient information available to reliably discriminate
between alternative models of euro area-wide inflation determination and, thus, the need of further empirical work on inflation
dynamicsin the euro arearanks high.
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occasionally boost aggregate demand during sustained periods of deflation to prevent the economy from
falling into a deflationary spiral. In the context of this study, such fiscal impetus is necessary because the
model economies are not globally stable in the presence of shocks that are large enough to sustain
deflationary expectations and to keep the real interest rate above its equilibrium level. However, while
resorting to occasional fiscal interventionsis analytically convenient to cope with the growing aggregate
demand imbalances associated with entrenched deflation, nothing guarantees a priori that such a
mechanism would be available in practice.

Fourth, from a conceptua point of view, it may be possible to abate the risks and costs arising from the
zero lower bound by further improving the design of monetary policy. For example, monetary policy-
makers may lower interest rates pre-emptively when inflation and interest rates have fallen close to zero
and the risk of deflation is high. In other words, they may respond more aggressively if they anticipate
that the zero-bound constraint will become binding in the near future. Such a non-linear policy response
can in principle help offset the distortions arising from the zero lower bound.

Fifth, the variances of the historical shocks used in the model-based evaluation were estimated for the
1980s and 1990s, when the shocks to aggregate demand and aggregate supply were less disruptive than
in the 1970s and the zero lower bound never became binding. If the shocks were to be significantly
larger, likein a period of substantial economic and/or financia turmoil, the likelihood of hitting the zero
lower bound might be far higher and possibly result in substantially larger distortions. By contrast, the
baseline assumption of 2 percent for the equilibrium rea interest rate is at the lower end of historical
estimates. If the assumption for the equilibrium rea rate were higher, say, closer to 3 percent, the
likelihood that the nominal interest rate is constrained at zero would be correspondingly lower.

Finaly, the model that has been used in the analysisis relatively stylised and lacks various mechanisms
which may become important to characterise the functioning of the economy in a severe deflationary
situation. For example, the model used does not account for the effects operating through the balance
sheets of banks, households and non-financial firms which may aggravate the implications of the zero
lower bound and re-enforce deflationary trends, as has become most apparent in Japan in the second half
of the 1990s. Another limitation to the analysis is that the model relies on the real interest rate as the sole
channd to stimulate aggregate demand. In principle, monetary policy-makers can also resort to
aternative measures in order to avoid or if necessary to escape deflation. For example, as shown in
Coenen and Wieland (2003), they may exploit the exchange rate channel of monetary policy to stimulate
aggregate demand and re-inflate the economy via a drastic depreciation of the domestic currency.

The remainder of the paper is organised as follows. Section 2 gives a brief outline of the simulation
methodology which is used to investigate the consequences of the zero lower bound for monetary policy-
making. Section 3 assesses the frequency of bind of the zero lower bound and investigates the induced
effects on the stationary distributions of the short-term nominal interest rate, annual inflation and output.
Finaly, Section 4 provides some additional sensitivity anaysis regarding the robustness of the
simulation results to the specification of the monetary policy rule.
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2. The methodology

In terms of methodology, the study builds on previous work by Orphanides and Wieland (1998)
evaluating the consequences of the zero lower bound using a model of the U.S. economy with a similar,
abeit more detailed structure. This methodology employs stochastic dynamic simulations of a particular
structural model to assess the frequency with which the nominal interest rate is bounded at zero and to
obtain the stationary distributions of key macroeconomic variables under monetary policy rules with
dternative inflation targets. To this end, the structural model is subjected repeatedly to a sequence of
structural shocks which are drawn from a normal distribution with the covariance matrix of the shocks
estimated using historical data.

In preparation for the simulations of the two variants of the small-scale euro area model used in this study
the implied sequences of temporary demand and supply shocks have been computed based on euro area
data from 1980:Q1 to 1998:Q4. Using the covariance matrix of these historical shocks, 100 sets of
artificial normally distributed shocks have been generated with 100 quarters of shocks in each set. For
each set, the first 20 quarters of shocks have been discarded in order to guarantee that the effect of the
initial values die out. The sets of retained shocks are then used to conduct stochastic ssimulations under
dternative values of the policy-makers inflation target, while imposing the zero-bound constraint on
nominal interest rates.”

While the non-stochastic version of an estimated interest rate rule has been used for computing the
historical demand and supply shocks,® it is replaced in the dynamic simulations with the rule proposed by
Taylor (1993),’

i =r" +7 +15-(z -7")+05-y,,

where i is the short-term nominal interest rate, 7* is the annual, year-on-year inflation rate, y is the
output gap, # denotes the monetary policy-makers inflation target which determines the steady-state
rate of inflation in the model and r” is the equilibrium real interest rate which is exogenous to the model
like the supply side determining potential output. This rule incorporates policy responses to inflation
deviations from target and output deviations from its potential. The zero lower bound on the short-term
nominal interest rate is then enforced by restricting the interest rate to be equal to zero whenever the
Taylor rule prescribesto set it below zero.

® The simulations have been conducted using an efficient solution algorithm implemented in the PcTroll software package which
can cope with the non-linearity arising from the zero-bound constraint on nominal interest rates.

® Since weighted averages of European interest rates preceding the formation of European Monetary Union in 1999 seem
unlikely to be appropriate as a measure of the euro area-wide historical monetary policy stance, a reaction function for the
German short-term nominal interest rate has been estimated. After all, movements in German interest rates eventually had to be
mirrored by the other European countries to the extent that they intended to maintain exchange rate parities within the European
Monetary System. Following work by Clarida, Gali and Gertler (1998), the estimated rule assumes that the short-term nominal
interest rate is changed in response to variations of the one-year-ahead forecast of annual average inflation and the current output
gap, and also alows for interest-rate smoothing. The estimation period is chosen to start in 1979:Q2, with the formation of the
European Monetary System, and ends in 1998:Q4, prior to the launch of the euro in January 1999.

" For acritical discussion of the uses of Taylor-style interest rate rules for practical monetary policy-making see ECB (2001).
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Of course, the higher the inflation target z~ and/or the equilibrium real interest rate r”, the higher will be
the nomina interest rate in the deterministic steady state and the smaller should be the likelihood that the
nominal interest rate is bounded at zero. As a baseline assumption and without loss of generality, the
equilibrium interest rate r” is set equal to 2 percent throughout the study while the consequences of the
zero-bound constraint is explored for dternative levels of the inflation target 7z~ . For a reader who
suspects that the level of the equilibrium real interest rate r™ has been higher historically, it should be
noted that changes in one parameter can be offset by changes in the other. For example, the results for 7~
equal to 1 percent with a baseline assumption of r* equal to 2 percent also describe the outcome in an
economy with r” equal to 3 percent when 7~ isequal to zero.

To ensure the stability of the model with the zero-bound constraint imposed in the presence of large
deflationary shocks, a non-linear fiscal expenditure rule is introduced which boosts aggregate demand if
the deflationary impetus becomes so severe that the model economy runs the risk of faling into a
deflationary spiral.® At the same time, if the economy experiences favourable economic conditions over a
prolonged period of time, the fisca rule acts as a drag on aggregate demand in order to support a fisca
position that is close to balance over sufficiently long horizons.

3. The consequences of the zero lower bound on nominal interest rates

This section evaluates the quantitative impact of the zero lower bound on the stationary distributions of
key macroeconomic variables such as the short-term nominal interest rate, the annua inflation rate and
output by summarising the results of the stochastic dynamic simulations of the two variants of the euro
areamode for alternative inflation targets that fall in arange between 0 and 4 percent.

a)  Thefrequency of bind of the zero lower bound

To evaluate whether the zero lower bound may limit the effectiveness of monetary policy in a
quantitatively significant manner, it is useful to start by assessing the likelihood that nominal rates would
be bounded at zero if the economy were subjected to shocks similar in magnitude to those observed
historically. Summarising the results of a large number of counterfactual stochastic smulations with
aternative inflation targets, Figure 1 shows the frequency with which the zero lower bound would
constrain the monetary policy-makers to set the nominal interest rate below zero if they were to follow

8 See Orphanides and Wieland (1998), pp. 27-28, and Reifschneider and Williams (1999), pp. 21-22, for a more detailed
discussion of the need to resort to mechanisms such as occasional fiscal interventions to resolve the global instability problem
that arises from shocks that are large enough to sustain deflationary expectations and to keep the rea interest rate above its
equilibrium level, thereby depressing aggregate demand further and sending the economy in adeflationary spiral.

® The extent of the fiscal stimulus is related to the deviation of the actual short-term nominal interest rate i; (which cannot fall
below zero) from the notional rate i;" that would be prescribed by Taylor’'s rule in the absence of the zero bound. The fiscal
stimulus comes into play with a haf-year delay and responds to a moving average of negative deviations of the prescribed
interest rate from zero. Government expenditure is restrained in a similar fashion whenever the economy experiences very
favourable economic conditions, i.e, in a situation when actual output is so far above potentia that the interest rate rule
prescribes a rate of more than twice the deterministic steady-state value.
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Taylor'srule. The solid line with squares refers to the model with Taylor-type contracts while the solid
line with diamonds refers to the model with Fuhrer-M oore-type contracts.

As is evident in the figure, under Taylor-type wage contracts the zero lower bound on nominal interest
rates does not represent a quantitatively very important factor for inflation targets set at 1 percent, or
higher. For monetary policy-makers following Taylor’s rule the zero-bound constraint becomes binding
with less than 7 percent frequency with an inflation target of 1 percent. With a target of 2 percent the
frequency of bind falls to 2 percent while it is quickly approaching zero for inflation targets exceeding 2
percent. Although the frequency of bind increases considerably as the inflation target approaches zero, the
frequency of bind remains well below 20 percent. By contrast, under Fuhrer-M oore-type wage contracts
the constraint induced by the zero lower bound is quantitatively much more important. With an inflation
target of 1 percent, the constraint becomes binding with about 24 percent frequency, and the frequency
approaches 33 percent with an inflation target equa to zero. Even with an inflation target of 2 percent the
frequency of bind amountsto 17 percent.

b)  Thedistortion of the stationary distributions of the nominal interest rate, inflation and output

Having provided a quantitative assessment of the likelihood that the nominal interest rate is bounded at
zero under Taylor’srule, the following analysis focuses on the extent to which the behaviour of the short-
term nominal interest rate, annual inflation and output are distorted with increased frequency of zero
interest rates. Quantitative information on the size of the distortion is obtained from the stationary
distributions of the variables of interest. These distributions are constructed from the outcomes of the
stochastic dynamic simulations with the zero bound being enforced.

Figure 2 first provides summary information regarding the distortion of the means and the variability of
the variables of interest under the zero-bound congtraint. Specifically, the three panels in the left column
of the figure show the induced bias in the means of these variables and the three panels on the right the
induced bias in their standard deviations. The benchmarks for comparison are the statistics of the
stationary distributions in the absence of the zero-bound constraint, or — equivalently — when the inflation
target is sufficiently high such that the frequency of bind is essentially zero.

Starting with the results for the model incorporating Taylor-type wage contracts (solid lines with squares),
it can be seen in the upper left panel of Figure 2 that the zero-bound constraint introduces a small upward
bias in the mean of the nominal interest rate for inflation targets near zero. As a consequence, the
monetary policy stance is tighter on average than in the absence of the constraint. This, in turn, resultsin
adownward bias in the means of output and inflation, asindicated in the bottom and middle panels on the
left, respectively. The quantitative effects, however, are fairly small even with an inflation target equa to
zero, with output falling short of potential by 0.10 percentage points on average and with inflation falling
below target by 0.05 percentage points on average. The zero-bound constraint also introduces a small
upward bias in the standard deviations of inflation and output, because it impairs the policy-makers
ability to stabilise the economy.
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Turning to the results for the model with Fuhrer-M oore-type wage contracts (solid line with diamonds),
the upper pand in the left column of Figure 2 shows that a substantially larger upward bias in the mean
of the short-term nominal interest rate emerges if the degree of inflation persistence is high. Similarly, the
middle pand in the left reveals that a more sizeable downward bias materialises regarding the mean of
inflation. With an inflation target of zero, average inflation falls below target by about 0.23 percentage
points; and even with an inflation target of 2 percent the downward bias in the mean of inflation amounts
to -0.07 percentage points. Interestingly, the downward bias in the mean of output is only a little larger
than under Taylor-type wage contracts. Apparently, this reflects the more recurrent need to resort to fiscal
interventions in order to prevent the economy from falling into a deflationary spiral. The more recurrent
need to resort to additional fiscal stimulus may also explain the observed downward bias in the standard
deviation of inflation.

Finally, the solid and dash-dotted linesin Figur e 3 depict the probability density functions of the inflation
gap and the output gap with inflation targets of 0 and 2 percent, respectively. As shown in the upper two
panels of the figure, the distortion of the stationary distributions of inflation and output are fairly small
under Taylor-type wage contracts even with an inflation target equal to zero, with the left tail of the
digtributions dightly pronounced. By contrast, as indicated in the lower two panels, the distortions under
Fuhrer-M oore-type contracts turn out to be substantialy larger, with the probability mass of the output
digtribution markedly shifted towards the negative region and the probability mass of the inflation
distribution somewhat more concentrated near zero.

In summary, the model-based evaluation shows that, under Taylor’'s rule, the consequences of the zero-
bound constraint are noticeable but fairly small once the inflation target is set at 1 percent or higher, if the
degree of inflation persistence is low (as represented by Taylor's wage contracting specification). By
contrast, if the degree of inflation persistence is high (as represented by Fuhrer-Moore-type wage
contracts), the zero lower bound may become a matter of concern for monetary policy-makers who follow
Taylor'sruleif the inflation target falls below 2 percent.

4. Further sensitivity analysis

So far, the consequences of the zero lower bound have been investigated under the assumption that the
monetary policy-makers follow Taylor’s rule. To assess the sensitivity of the stochastic simulation results
to aternative specifications of the monetary policy rule, this section summarises the results obtained
under a forecast-based firgt-difference rule which relates the change in the interest rate to the one-year
ahead forecast of annual inflation and the current output gap,

Ai, =050-E [z - 7"1+0.25-y,,

with the response to the forecast of the inflation gap calibrated to be somewhat stronger than to the
current output gap. Here, A denotes the first-difference operator and E,[-] indicates the model-consistent
forecast, using information available in period t .
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The choice of the above forecast-based first-difference rule reflects three considerations. First, the
specification in first differences implies a reatively small impact response of the nominal interest rate
compared to the impact response under the static Taylor rule. Thus, one may conjecture a priori that the
likelihood of hitting the zero lower bound under the first-difference rule is reduced in response to
economic shocks.™ Second, it has been argued that the adverse consequences of the zero-bound constraint
can be relieved by a more forward-looking response to anticipated deflation. Finaly, it is shown in
Coenen (2003) that a calibrated forecast-based first-difference rule similar to that above performs
remarkably well across the two aternative models of inflation determination used. Thus, it appears to
represent a robust benchmark rule for model-based evaluations of monetary policy in the presence of
uncertainty about the prevailing degree of inflation persistence.

Regarding the likelihood that the nomina interest rate is bounded at zero, Figure 4 reveals that the
frequency of bind drops by one fourth to one third under either of the two contracting specifications if
monetary policy follows the calibrated forecast-based first-difference rule instead of Taylor’s rule. For
example, with an inflation target set equal to 1 percent, the frequency of bind under Taylor’'s wage
contracting specification is reduced from 7 to 5 percent, while the frequency of bind under Fuhrer-Moore-
type wage contracts falls form 24 to 16 percent.

As to the stationary distributions of the variables of interest, Figure 5 indicates that the zero-bound
constraint under the calibrated forecast-based first-difference rule induces the same kind of distortions as
under Taylor’s rule. However, while there is little change regarding the bias in the means and standard
deviations under Taylor-type contracts, a number of visible changes occur under the contracting
specification due to Fuhrer and Moore. For example, when comparing the lower right panelsin Figure 5
and Figure 2 it can be seen that the upward bias in the standard deviation of output is significantly
reduced. At the same time, the bias in the standard deviation of inflation has reversed its sign, while the
downward bias in the mean rate of inflation is noticeably raised. Apparently, these changes reflect the less
frequent need to resort to fiscal interventions in order to prevent the economy from falling into a
deflationary spirdl.

Finaly, Figure 6 shows the probability density functions of the inflation gap and the output gap for
inflation targets set equal to O and 2 percent, respectively. Evidently, the shape of the stationary
digtributions is distorted less under the forecast-based first-difference rule when compared with the
stationary distributions under Taylor's rule in Figure 3. This is most obvious for the distribution of the
output gap under Fuhrer-Moore-type wage contracts when contrasting the lower right panels of the two
figures. While the distribution of the output gap is still skewed towards the left, the probability mass is
shifted less markedly to the negative region of the distribution.

10 At the same time, the first-difference rule exhibits a substantial degree of inertia (“smoothing”), as estimated interest rate rules
typically do. Because aggregate demand is modelled to depend on the ex-ante long-term rea interest rate, interest inertia
increases the effectiveness of monetary policy via the private sector’s anticipation of future interest rate moves as prescribed by
the expectation hypothesis of the term structure.
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In summary, the sensitivity analysis provides some tentative evidence that the adverse consegquences
arising from the zero-bound constraint can be aleviated by following an interest rate rule that allows for a
substantial degree of inertia and eventually responds in a forward-looking manner to one-year ahead
forecasts of inflation. The benefits appear particularly large if the observed degree of inflation persistence
ishigh.
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Appendix: The stagger ed wage contracting specifications

The staggered contracts models of Taylor (1980) and Fuhrer and Moore (1995) assume that workers
negotiate long-term nominal wage contracts by comparing the current wage contract to past contracts that
are fill in effect and future contracts that will be negotiated over the life of this contract. As aresult, only
a subset of nhominal wage contracts is adjustable at a given point in time. The distinction between Taylor
and Fuhrer-Moore-type wage contracts concerns the definition of the wage indices that form the basis of
this comparison.

Taylor-type wage contracts:

Under Taylor's specification, the nominal wage contract x, is negotiated with reference to the price level
that is expected to prevail over the life of the contract, p,,;, as well as the expected deviation of output
from its potential over thisperiod, V,.,;,

X = Et|:zi3=0 fi Pui + ?/Zio fi Ve :| T &,

where the aggregate price level p, is expressed as the weighted average of current and previously
negotiated contract wages, X,_; , which are still in effect,

P = Zio fiXe

with f; >0, f; > f,,; and Zi f,=1.

The expectation operator E,[-] indicates the optimal forecast of a particular variable conditiona on all
information available in period t and the white-noise shock &, summarises other short-term influences.

Since the price indices p,,; reflect contemporaneous and preceding contract wages, Taylor’s contracting
specification implies that wage setters look at an average of nominal contract wages negotiated in the
recent past and expected to be negotiated in the near future when setting the current contract wage. If
wage setters expect output to exceed potentia, y,,; >0, they adjust the current contract wage upwards
relative to overlapping contracts. The sensitivity of contract wages to excess demand is measured by » .

Fuhrer-Moore-type wage contracts:

Under the specification by Fuhrer and Maoore, workers negotiating their nominal wage compare the
implied real contract wage with the real wages on overlapping contracts in the recent past and near future.
This specification implies that the expected real wage under contracts signed in the current period is set
with reference to an average of real contract wage indices expected to prevail over the current and the
next three quarters, v,,; ,

X —P= Et|:zi3=0 five, + 72;10 fi Ve j| T &

where

Vi = Zio fi (X = Pei) -
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Figurel: Frequency of bind of the zero lower bound on nominal interest ratesunder Taylor’s

rule
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Figure2: Distortion of the stationary distributionsunder Taylor’srule

a) Distortion of the stationary distribution of nominal interest rates
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Figure3: Stationary distributionsof theinflation gap and the output gap under Taylor’srule

a) Taylor-type contracts
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Figure4: Frequency of bind of the zero lower bound on nominal interest rates under aforecast-
based first-differencerule
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Figure5: Distortion of the stationary distributions under a forecast-based first-differencerule

a) Distortion of the stationary distribution of nominal interest rates
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Figure6: Stationary distributions of the inflation gap and the output gap under a for ecast-based

first-differencerule

a) Taylor-type contracts
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