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Abstract

In this paper, we discuss the consequences of taking into account the variations of
the natural real interest rate (r;) in simple monetary policy rules. We also provide
one possible model-based analysis of the level of r; that has prevailed in the euro
area since the early 1970s, and present the implied “real rate gap” as a possible
additional indicator to assess the stance of monetary policy.

Key words: Natural rate of interest; monetary policy; euro area.
JEL-calssification: E4 - E5
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Non-technical summary:

Measures of the monetary policy stance based on the spread between the actual real interest
rate and what is thought of being its “natural” (or equilibrium) level are presented in the literature
as valuable alternatives to standard indicators based on monetary aggregates or exchange rates.
Determining the forces driving the fluctuations of the underlying real interest rate level is therefore

a relevant issue for monetary policy.

In this paper, we use a stochastic dynamic general equilibrium (SDGE) model in order to assess
three specifications of monetary policy rules: an interest-rate smoothing rule, a simple Taylor rule
and a Taylor rule including a time-varying measure of the natural real rate. In particular, this
paper adds to the empirical literature by applying the Neiss and Nelson (2001) framework to the
natural short term real interest rate that has prevailed in the euro area. The measure of the
natural rate we obtain for the euro area has been declining over the period 1994-2000 (between

levels of around 3.7% to 3%), after remaining stable and high for about a decade.

Second, the paper relates the real interest rate gap, i.e. the fluctuations of the observed real
interest rate around its natural cyclical path, to monetary policy rules. The gap, proposed as a
possible measure of the monetary policy stance, is found to be negative between 1996 and mid-
2000, although it has been consistently rising since late 1999, reaching positive values at the end

of the sample.

Third, the response of macroeconomic variables to technology, preferences and monetary policy
shocks seems to depend on central bank preferences, in particular on whether or not it smoothes
interest rates. However, accounting for time-variations of the natural real rate in the policy reac-
tion function seems to make little difference. Looking at the performance of a simple Taylor rule
that takes into account the time variations in the natural real rate, it is found that accounting for

the fluctuations of * over time only slightly improves the stability of the economy, mostly through

ECB «Working Paper No 233 « May 2003 5



a better stabilisation of the output gap. At the same time, short-term inflation fluctuations are

smoothened, but at the expense of more volatile nominal and therefore real rates.

Finally, we briefly look at the leading indicator properties of the real interest rate gap for
inflation. Although a deeper statistical analysis would be warranted, our empirical measure of the

real interest rate gap may contain information about future inflation.
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1 Introduction

Measures of the monetary policy stance can be based on the spread between the actual real interest
rate and what is thought of being its “natural”, “neutral”, or “equilibrium” level. Such measures

are presented in the literature as valuable alternatives to standard indicators.

We believe that the “natural real rate” is a relevant issue for monetary policy. Central banks
use their policy instrument, the short-term interest rate, to achieve inflation objectives. For this
to be done more effectively, it is useful for the central bank to have an idea (i) of the underlying
level of real interest rates that corresponds to a neutral monetary stance, and (ii) of the driving

forces behind the fluctuations of this underlying level.

There is no such thing as a consensual concept of “natural” real interest rate. Therefore, we
had to take a stance and chose a stochastic dynamic general equilibrium (SDGE) model where
we assess three specifications of monetary policy rules: interest-rate smoothing, a simple Taylor
rule and a Taylor rule including a time-varying measure of the natural real rate. In particular,
this paper adds to the empirical literature by applying the model developed by Neiss and Nelson
(2001) to the level of the natural short term real interest rate that has prevailed in the euro area.
Moreover, the paper relates the real interest rate gap, i.e. the fluctuations of the observed real
interest rate around its natural cyclical path, to monetary policy rules. We find that the natural
real rate has been declining since the early 1990s, after remaining stable and high for about a
decade. The implied real rate gap declined to negative values in 1998-1999, before rising again to
positive values, thereby suggesting that the monetary policy stance has gradually tightened until
the end of 2000. In addition, the response of macroeconomic variables to technology, preferences
and monetary policy shocks seems to depend on central bank preferences, in particular on whether
or not it smoothes interest rates. However, accounting for time-variations of the natural real rate in
the policy reaction function seems to make little difference. This nothwithstanding, the Taylor rule

that includes a time-varying natural rate is better able to stabilise the output gap at no expense
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for inflation variability, but at the expense of more volatile interest rates. Furthermore, we briefly
look at the leading indicator properties of the real interest rate gap for inflation and find that our
empirical measure of the real interst reate gap may contain information about future inflation.

Finally, natural real rate measures based on alternative parameter estimates are discussed.

The paper is structured as follows. In section 2, natural real rates are discussed in the context
of SDGE models. Section 3 introduces the model and the policy rule specifications. In section
4, we discuss the model linearisation and calibration. The paper then presents the dynamic
responses of key variables to technology, preferences and monetary shocks, together with welfare
considerations in section 5. Model-based historical series for the natural rate and natural rate gap
are proposed in sections 6 (where the leading indicator proposerties of the real interest rate gap

are also discussed) and 7 under our baseline and alternative calibrations. Section 8 concludes.

2 General equilibrium models and the natural real rate

SDGE models have various advantages for our purposes. First, the structural equations are de-
rived from first optimization principles, hence the Lucas critique does not apply so fiercely as for
traditional macroeconomic models. Our aim is to relate the natural real rate to deeper structural
parameters and fundamental shocks to technology and preferences, while retaining a readable and
tractable format. The SDGE framework allows for a full specification of the structure of shocks
and provides theoretical underpinnings to the parameters that are being estimated/calibrated.
In particular, the specification of the taste and technology parameters together with the shock
processes determine in turn the reduced-form parameters and the shocks to the structural equa-
tions. Obviously, assumptions about the economic nature of shocks can lead to very different

implications for the natural real rate.

In their reference paper, Rotemberg and Woodford (1997) propose a quantitative evaluation
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of monetary policy rules within a small structural econometric model based on intertemporal
microeconomic optimisation. Their analysis starts with the estimation of a small recursive VAR
model of interest rates, inflation and output with state vector [r¢, 741, y¢+1] in order to estimate
the actual policy rule of the Federal Reserve and to evaluate the responses of the three variables
to stochastic shocks to the monetary policy rule. The overall responsiveness of interest rates to

inflation and output fluctuations is derived from long-run multipliers.

In the second step of their
approach, a stochastic model is specified in order to account for the properties of output, inflation
and the rate of interest obtained from the VAR analysis. The model features a staggered price
adjustment “a la Calvo” (1983) and Dixit-Stiglitz (1977) household preferences. The parameter
values are then set so as to replicate the estimated responses from the VAR. The canonical outcome
of the micro-founded model resembles a standard macroeconomic model of aggregate supply and
demand characterised by a forward-looking Phillips curve and a “new-Keynesian” IS curve. In
a third step, the structural parameters of the model are calibrated/estimated so as to fit the
model to the responses obtained in the VAR analysis. The stochastic processes for the three
shocks are inferred and three corresponding time-series are constructed. The model parameters
and the shock processes are then combined to simulate the path of output, inflation and the rate
of interest under alternative assumptions for the policy rule. Finally, the welfare implications of

alternative monetary policy rules are compared and the optimal rule that maximizes the utility

of the representative agent is computed.

Our chosen measure of the natural real rate of interest in this context can be simply defined
as the real interest rate level which would prevail in the economy, were nominal frictions absent
from the framework. In other words, the natural real rate can not be empirically observed if
we believe that the economy is subject to nominal fricitions in price and possibly wage setting.

However, it is possible to infer, from the real interest rate that can be empirically observed, what

I Their estimated values for quarterly US data over the sample period 1980:1 to 1995:2 are given by r — r* =
2.13(w — 7*) 4+ 0.47Ty, with values of 7* = 3.26% and r* = 6.25%, corresponding to a long-run average real rate of
3%.
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real interest rates would have been in the absence of those frictions. This possibility can be seen as
a first advantage of the framework. In order to do so, we need to explicitely model those nominal
fricitions and reconstruct the mechanism by which real rates are affected by the economic shocks

hitting the economy.

A second advantage of this framework is related to its ability to account for nominal rigidities
that allow monetary policy to affect real variables. In that sense, understanding the structure
that those nominal frictions impose on realised real rates is key to enhance our understanding of
the transmission mechanism. Third, the frictionless real rate gives a judgment as to how changes
in nominal rigidities may affect real rate developments. For example, Erceg, Henderson and Levin
(2000) show that when both prices and wages are sticky, the “flexible-prices”, “flexible-wages”,
and “fully-flexible” real rates all lead to different policy conclusions, as each indicator responds
to shocks differently. Finally, microeconomic foundations provide a welfare criterion to judge the

optimality of policy.

3 Baseline model and monetary policy rules

Our investigation of the euro area natural rate of interest is framed within the specification pro-
posed by Neiss and Nelson (2001) where only prices are sticky. Households maximize a separable
utility function defined over consumption, leisure and real balances, and they exhibit habit for-
mation in their consumption decisions. Moreover, households may allocate their wealth between
cash, riskless bonds or capital, which they may rent to firms. In addition, investment decisions
are subject to capital adjustment costs. On the production side, firms produce a differentiated
good in a monopolistically competitive environment. Price adjustment is staggered a la Calvo.?
The presence of shocks is limited to three in the model: a productivity (or technology) shock,

a preference (or demand) shock and a monetary policy shock. A richer shock structure would

2 A full recollection of the model is proposed in the appendix.

10 ECB «Working Paper No 233 « May 2003



assuredly allow for a more comprehensive analysis of the fundamental fluctuations of the kind
we analyse in this paper. Smets and Wouters (2002), for example, have no less than 10 shock
processes in their model. However, constructing an indicator of the natural real rate on the basis

of technology and preferences shocks should provide a valid first approximation.

The model is closed with a simple monetary policy rule. Our goal is to state whether, in our
theoretical context, accounting for the variations of the natural underlying real rate of interest
makes a significant difference for the conduct of monetary policy. To that aim, we choose to

compare three alternative specifications of a monetary policy rule of the form:

3
Qe =" 1+ ki + (1 — k) ZO.QBa”m,i +a(y: —7) (1)
i=0

Our baseline policy rule consists of (1) and includes a smoothing interest-rate argument with
weight k, and a reaction to a weighted average of inflation (over the past four quarters) and the
output gap (defined as the ratio of real GDP to potential output), with respective coefficients o™

and . We choose three variants of (1), as shown in Table 1.

Baseline = Simple Taylor Time-varying r*

K 0.76 0 0
a” 0 0 1

o 1.71 1.5 1.5
¥ 0.21 0.5 0.5

Table 1: Parameters of the monetary policy rule
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The baseline corresponds to the historical policy rule estimated by Smets and Wouters (2001).
Our second specification corresponds to a simple Taylor rule with the most standard coefficient
values of 1.5 for inflation and 0.5 for the output gap. Finally, we introduce our “time varying r*
rule”. Under this specification, the central bank acknowledges that the natural real rate of interest
may vary over time, and it fully reacts to those variations® . By reacting to contemporaneous
fluctuations of the “natural” real rate, the central bank creates an additional contemporaneous

and intertemporal link between the shocks that cause those fluctuations (in our case technology

and preferences shocks) and the level of nominal interest rates.

4 Log-linearisation and calibration

The model is linearised around its steady state and solved under its state-space representation.
The resulting system consists of 10 equations for 10 endogenous variables: output (y;), capital
(kt), consumption (c;), quasi-investment (), the nominal interest rate (R;), the real interest rate

(r¢), the marginal utility of consumption (1,), labour (n;), the mark-up (u,) and inflation (7;).*

The model is calibrated on the basis of euro area estimates obtained by Smets and Wouters
(2001), based on quarterly euro area aggregate series provided by Fagan et. al (2001). Table 2

5 The discount factor /3 is set at 0.99, which corresponds

summarises the parameter values we use.
to an annual steady state interest rate of 4%. Further sensitivity analysis shows that our natural
rate and interest rate gap series are robust to alternative values of 3. The preference parameters

(curvature of the utility function, habit formation) have been set in line with the values estimated

by Smets and Wouters (2001). While the curvature parameter is in line with Neiss and Nelson, a

3 Note that they all correspond to an inflation objective 7* normalised to 0.
4 The log-linearised system is shown in the Appendix.

5 Basic statistical properties of the resulting model-based and their comparison with empirical ones are available
from the authors upon request.
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habit formation coefficient of 0.68 is slightly lower than theirs, still remaining in plausible ranges.
The elasticity of money demand has been normalised to one. The steady state fraction of time in
employment is set to 1/3, in line with the 8-hours working day. The rate of capital depreciation is
equal to 0.025, corresponding to an annual depreciation of 10%. The labour share of total output
is set to the value found for the euro area in the estimated production function underlying the
AWM dataset. The steady state mark-up has been set to 1.2, as sensitivity analysis shows that
results are robust to a wide range of mark-up values. The degree of price rigidity is in line with
that of Neiss and Nelson.

Finally, the baseline parameter values related to shocks (persistence and variance of technology,
preference and monetary policy shocks) are in line with the initial estimates of Smets and Wouters
(2001). Those values imply less persistence of the technology shock and more persistence of the
preference shock, and also lower variances than Neiss and Nelson’s calibration. It is difficult to say
whether this is due to differences in the estimation approaches or to structural differences between
the euro area and the UK economies. However, sensitivity analysis shows that those parameters
are critical to the resulting historical natural rate series, so calibrations based on alternative sets

of estimated parameters for the euro area are reported in section 7.
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Variable Parameter Quarterly Value
(euro area)

Discount factor B8 0.99
Curvature of the utility function o 0.63
Habit formation h 0.68
Elasticity of money demand (scaled) 1/oe 1
Labour share o 0.586105
Steady-state fraction of time in employment N°9 0.33
Capital depreciation rate 6 0.025
Capital adjustment cost 10) 0.125

n 2
Steady-state mark-up (gross) w, 1/p 1.2
Degree of price rigidity ay, 0.012
Persistence of technology shock Pa 0.88
Variance of technology shock Var (eq) 0.177
Persistence of preferences shock Px 0.69
Variance of preferences shock Var (ey) 0.103
Variance of the monetary policy shock Var(er) 0.023

Table 2: Calibration
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The parameter values shown in Table 2 caracterise an economy where price rigidities operate.
We compute its flexible price counterpart by setting ¢, at a very high value («, = 10000). The
natural real rate is the rate that would prevail in such an economy. Obviously, the monetary policy
rule (which corresponds to the linearised equation L.10 in the appendix) becomes redundant when
prices are perfectly flexible. In addition, the natural real rate obtained on the basis of the linearised
system corresponds to fluctuations around the steady state and will therefore be centered around

zero. An empirical estimate of these deviations of the natural rate will be shown in section 6.

5 Theoretical responses to shocks and welfare analysis

The advantage of our standard micro-founded model is its ability to tell how different the impli-
cations of distinct sources of shocks can be for macroeconomic variables and therefore monetary
policy. The model-based reactions of inflation, output, the nominal interest rate, consumption,
the real interest rate and r* to three alternative shocks are shown in the appendix. Each of those
responses are now described in turn.

1% technology shock: Under the interest rate smoothing rule, the response of inflation to
a positive technology shock is muted and inflation falls by about half as much as under non-
smoothing specifications. However, at the same time, output is more responsive to such shocks
when the central bank smoothes interest rates, ans so is consumption, although the asymmetry
is less pronounced. As could be expected, the nominal interest rate reacts much more smoothly
and gradually under our baseline specification, with an impact of approximately -0.01 percentage
points for the smoothing specification against an impact of about -0.04 percentage points under
the two Taylor specifications. Finally, by construction, the responses of the natural real rate are
the same under all specifications, while that of the realised real rate is tuned-down, smoother and
slower to return to steady state under our baseline specification.

1% shock to preferences: Unlike after a technology shock, the response of inflation to a

ECB *Working Paper No 233 « May 2003 |5



shock to preferences is stronger under the interest-rate smoothing rule. So is the response of output
to such a shock. Notice that the signs of the responses of output and inflation to technology and
preference shocks are economically intuitive: while a positive technology shock may be seen as a
favorable supply shock, a positive shock to preferences corresponds to an (inflationary) adverse
demand shock. Note as well that the response of inflation outweights that of nominal rates under
the smoothing rule, so that the impact on the realised real interest rate is negative. On the
contrary, the non-smoothing rules are better able to control inflation in the short run; in addition,
by definition, non-smoothing rules allow for a reaction of the nominal rate that is sufficient to
keep real interest rates positive, even in the short run. However, from a longer term point of view,
inflation goes back to equilibrium much faster under the smoothing rule.

1% monetary policy shock: Finally, a monetary policy shock has a very similar impact
on all variables under all policy rules (the effect on output is only slightly more negative under
the smoothing rule). However, all variables are much faster to adjust under non-smoothing rules.
Note that by construction, the monetary policy shock has no effect on the natural real interest
rate.

Overall, the plots of the responses under the simple Taylor and the “r*-varying” specifications
are very close to each other. However, although the dynamic responses imply relatively little gain
from taking time variations in r* into account in the Taylor rule, the predicted variances under
each rule, as reported in Table 3, show that there are stability gains to explicitely reacting to

variations in the natural level of real rates.
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STANDARD DEVIATIONS
UNDER ALTERNATIVE POLICY RULES

Rule Cons. Output Real rate Nom. rate  Inf. (Q)  Pot. out. r* Inf. (A)  Out. gap LOSS

Standard Taylor rule 0.797 2364 0698 0.711 0.082 1463 0.034 0.052 263 6.92

Taylor rule with

time-varying natural real rate  0.78 2377 0706 0.718 0.081 0.447 0.034 0.052 2.284 522

Table 3: Volatility under a simple Taylor rule vs r*-varying Taylor rule

While the volatility of output only marginally increases, that of potential output and the
output gap decreases substantially. In addition, inflation becomes slightly more stable. However,
the nominal and real interest rates become more volatile. This increased volatility of nominal
rates in turn feeds through into a higher volatility of the realised real rate against a background
of more stable inflation. To give one possible welfare assessment of each policy rule, we provide
in the last column of Table 3 a value for the loss incurred if the central bank’s objective were to

minimize the weighted sum of the variance of the output gap and annual inflation® :

L=Var(r)+Var(y—7)

These comparisons show that the stability and welfare gains from reacting to variations in the
natural real rate are minor. However, even marginally, simple monetary policy rules that take
into account variations of the “natural” real interest rate are better able to stabilise the quarterly

profile of both the output gap and inflation, at the expense of slightly more volatile interest rates.

6 An obvious alternative would be to use the household utility function as a measure of welfare.
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6 Model-based historical r; series

In this section, we provide a model-based evaluation of the natural short-term real rate that has
prevailed in the euro area since 1973. In the model, the natural rate can be expressed as a function
of shocks to technology and preferences. Although we do not have a closed-form expression for
this variable, we approximate the corresponding series (that is the real interest rate series which
obtains in the absence of nominal rigidities) by a linear combination of technology and preference

shocks. This corresponds to estimating the following linear regression:

v =) A dYay (2)
=0

The procedure to compute model-based historical series for the natural rate of interest can be

summarised in six steps.

Step 1: Take the series {r;},{\:}, and {a;} generated by the calibrated model.

Step 2: Compute OLS estimates of the parameters b} and d? in (2).

Step 3: Store the resulting estimates BZ)‘ and d?‘

Step 4: Replicate steps 1 to 3 (in our case: 200 times).

Step 5: Compute averages of the parameters.

Step 6: Using the averages of step 5, counterfactual series of r* are computed as linear
combinations of technology and preference shocks recovered on the basis of standard quarterly

euro area series constructed for the Area-Wide Model of Fagan et al. (2001).7

The technology shock is constructed using the Solow residual obtained from the production

function:®

7 Since we do not rely on an “independent” empirical measure of the natural real rate, the statistical properties
of our model based natural rate series can not be compared to any empirical ones. However, model-based cross-
correlations of r* with other variables and their lags, obtained from 1000 simulations, are shown in the appendix.

8 Linearised equation L3 in the appendix.

18 ECB «Working Paper No 233 « May 2003



a=y—(1—a)—k —an, (3)

where the labour share of total output («) is set to be 0.586 for the euro area. The series
involved in (3) are euro area output, capital and employment (all in logarithms). The empirical
demand shock is derived combining the law of motion for consumption and the Fischer equation

(respectively L8 and 19 in the appendix). We obtain:

—,6 (h — O'h) EtACH_Q + (1 + th — O'Bh2 — Uﬁh) EtACt+1

“+o (1 — 5}1) EtApt+1 - (h - O'h) ACt — 0 (]. - Bh,) Rt
o (1= px+ BhpX — Bhpy)

)\t:

All parameters in (4) are calibrated according to the values shown in Table 2. Inflation is
computed as the first difference in the logarithm of quarterly CPI. The short-term interest rate is
the quarterly 3-month money market rate, annualised. Ac; is defined as the first difference of log-
quarterly consumption. As a simplification, expected future consumption is proxied by realised

consumption.

From this procedure, we see that the series is model based to the extent that the parameter

estimates a}‘ and @ are obtained from the properties of the series generated by the model, while
counterfactual series of ry are historical to the extent that they are obtained by applying those

model-based estimates to shock series obtained from actual euro area data.
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COEFFICIENTS TO COMPUTE R*

Preference shock lambda lambda(-1)  lambda(-2) lambda(-3) lambda(-4) lambda(-5) lambda(-6)

0.0029 0.0239 0.0096 0.0042 0.0024 0.0016 0.0012

Technology shock a a(-1) a(-2) a(-3) a(-4) a(-5)

-0.0135  0.0055 -0.0008 -0.0027 -0.0034 -0.0034

Table 4: Coefficients for the construction of r*

The coefficients of the linear approximation (2) are shown in Table 4. We use those coeffi-

cients to construct the empirical counterpart to r} obtained in the model. The resulting natural

real rate series (2) corresponds to absolute deviations of r; around the steady state. Those devi-

ations are shown in Figure 1 below.
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Figure 1: Fluctuations of the natural real rate around the steady state until 2000

9 Coefficients on further lags are negligible.
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Overall, the series shows that the natural real rate has consistently declined since the mid-
1990s, after a decade at relatively high levels. An indicator of the real interest rate gap can easily
be generated as the difference between the realised short-term real interest rate, as measured
by the three-month money market rate minus the annualised quartery HICP inflation, and the
fluctuations shown in Figure 1 rescaled around the empirical average of the realised real interest
rate over the period considered, 2.52%. This measure is shown in Figure 2 below, starting in 1973

and ending in 2000.

ge points

Quarters

Figure 2: Real interest rate gap until 2000

According to this measure, the real interest rate gap has been generally declining between
1993 and mid-1999, turning negative in 1996. Quite remarkably, the gap has remained reasonably
narrow in the later period of the sample. One possible interpretation is that EU central banks

may have decided, in the second half of the 1990s, to steer real rates down because inflation was
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approaching price stability. In turn, lower realised real rates turned out to be closer to the natural
level as defined in our model. In addition, inflation has become lower and less volatile over the
past decade, thereby contributing to mute the observed swings in short-term real rates. In the
years preceding 1998, the gap has remained fairly small, and negative values suggest that real
rates may have remained below their natural level. In 1999-2000, the trend has been reversed and
the interest rate gap has become positive, which may suggest a tightening in the monetary policy

stance, although this needs to be interpreted with due caution.

Following Neiss and Nelson, we may ask whether the real interest rate gap shown in Figure 2
is a valuable leading indicator for inflation in the euro area. Simple partial correlation between
inflation and real interest rate gaps up to 8 lags suggests that the lagged interest rate gap is

negatively correlated with actual inflation, as shown in Table 5 below.

Corr(mg,re—p —rf_,) —0.50 —0.50 —0.49 —-049 —0.50 —0.52 —0.54 —0.56 —0.58

Table 5: Correlation between model-based real interest rate gaps at lag k and inflation

The negative partial correlation is of the same order as that found by Neiss and Nelson,
consistently negative and increasing at longer lags. The leading indicator properties of the interest
rate gap could be investigated further by regressing the inflation rate on past inflation and the

lagged interest rate gap. Estimating an equation of the form:

*
T = a1 + agm—1 + a3 (7’t—1 - 7"t_1) + &t

on our 1974:1-2000:4 sample suggest that as is positive but statistically not significant.'®

10 g; = 2.31E — 05 (0.001); a2 = 0.99 (0.017); az = 0.014 (0.024) and Adj.R%? = 0.98 (standard errors in
brackets)
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However, omitting lagged inflation in the set of regressors yields significant estimates with values

(standard errors in brackets):

T = 0.051 — 0.71 (re—y —7{_,) +é& Adj.R? = 0.25

(0.003) (0.118)

suggesting that the real interest rate gap may contain valuable information about future in-
flation. However, poor performance of this regression in terms of residual misspecification tests,
in particular autocorrelation and to a lesser extent heteroschedasticity, suggests that a deeper
analysis should be carried out. As a result, we would not conclude from such an equation and on
the basis of quarterly aggregated series that the real interest rate should be taken as a leading

indicator for inflation.'!

7 Model-based historical series under alternative calibra-
tions

As mentioned in section 4, the underlying processes governing the shocks critically matter for
the properties of the natural rate of interest. In particular, Smets and Wouters (2002) propose a
much richer measure of the natural real rate, which is rather different from the one obtained in
our benchmark calibration. There are two possible reasons why our series may differ. The first
and most obvious one is that since it is determined by a full set of structural shocks, the natural
real rate in Smets and Wouters (2002) is also much more volatile. Second, the differences may
come from the parameter values that we use. To put those differences in perspective, we confront

our baseline model with two alternative calibrations. The first is defined as the relevant subset of

11 Further investigation of the issue on the basis of monthly series could be of interest and is left for further
research.
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parameter values estimated by Smets and Wouters (2002). The second is based on the euro area
estimates obtained by Andrés, Lépez-Salido and Vallés (2002).

Compared to our baseline, the estimates provided by Smets and Wouters (2002) exhibit a lower
habit formation, larger labour share, slightly higher capital adjustment costs and a slightly lower
degree of price rigidity. More pronounced differences come from the persistence and volatility of
technology, preferences and monetary policy shocks. In Smets and Wouters (2002), preference
shocks are a lot more persistent (0.905 versus 0.69) and less volatile; technology shocks are less
persistent but significantly more volatile (0.347 versus 0.103); monetary policy shocks remain i.i.d.
with less volatility. The estimates provided by Andrés, Léopez-Salido and Vallés (2002), when
compared to our baseline, imply a slightly lower discount factor, a higher curvature of the utility
function, and stronger habit formation. Both preference and technology shocks are significantly
more persistent, and all shocks have a significantly lower variance. The natural rate and real rate

gap series obtained under each calibration are shown in Figures 3 and 4 below.
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Figure 3: Natural real interest rate under alternative calibrations
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------- Baseline
-6

----- - Smets and Wouters (2002)
g — A, LS and V (2002)

Figure 4: Real interest rate gap under alternative calibrations

Overall, the characteristics of shocks seem to be the key driving forces behind the different
natural real rate estimates, as can be seen in Figure 3. The series obtained with the estimates
of Smets and Wouters (2002) and Andrés, Lépez-Salido and Vallés (2002) are significantly less
volatile than our baseline. This suggests that the higher persistence of shocks (in particular those
to preferences) has a smoothing effect on the natural rate, even when, as in the calibration based
on Smets and Wouters (2002), technology shocks are more volatile. Finally, the comparison of
the resulting gap measures as shown in Figure 4 suggests that if anything, alternative calibrations

yield an only marginally wider real rate gap than in our benchmark.
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8 Conclusion

In this paper, we have investigated the empirical properties of the natural real short-term interest
rate in the euro area using a standard SDGE with price stickiness developed by Neiss and Nelson
(2001). The measure of the natural rate we obtain for the euro area has been declining over the
period 1994-2000 (between levels of around 3.7% to 3%). The resulting real interest rate gap,
proposed as a possible measure of the monetary policy stance, is found to be negative between
1996 and mid-2000, although it has been consistently rising since late 1999, reaching positive
values at the end of the sample.

We have also investigated the performance of a simple Taylor rule that takes into account the
time variations in the natural real rate. It is found that accounting for those fluctuations of r*
over time only slightly imporves the stability of the economy, mostly through a better stabilisation
of the output gap. At the same time, short-term inflation fluctuations are smoothened, but at the
expense of more volatile nominal and therefore real rates.

Finally, we test whether the real interest rate gap might be a leading indicator for inflation in
the euro area for the period under review. Even if a negative correlation between inflation rate
and lagged values of interest rate gaps have been found, a clear role for the interest rate gap as a

leading indicator for inflation must be investigated further.
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Appendix 1: Model specification

In this appendix, we present the model developed by Neiss and Nelson (2001) that underlies

our analysis of the natural real rate of interest in the euro area.

A.1.1 The Household sector
The economy is populated by an infinite number of households who maximise an intertemporal

utility function defined on a composite good (Ct), leisure (L;) and real money balances (%f)

o—1

© P Ct+‘ o ~ Mt+' 1—¢
EN 5| — +bLy; + (—J> 5)
P R e T\ (

Consumers are subject to habit formation, represented in the model by the parameter h being
non time separable over consumption. o is the coefficient of relative risk aversion (also the inverse
of the intertemporal elasticity of substitution), ¢ is the inverse of the elastcity of money holdings
with respect to the interest rate and v determines the steady-state consumption/money ratio. A
is a shock to household preferences and can be considered a demand shock. We asssume that A
follows an AR(1) process.

The representative household maximises (5) by choosing the optimal paths for consumption
(C), leisure (L), nominal money (M) , the quantity of riskless bonds B and capital K, subject to

the following budget constraint

Bt+j

M n Biyjt1
Py

+ 6
Py Py ©

Cirj + +Xip; = Wi jNeyj + 25Ky + Rg-j—l

Mt+‘ T
J—1 t+1 n
5. T — Xy

+
Py Py

where w; and z; represent the respective “prices” of labour and capital, 7; government transfers
b

and X; the fraction of wealth devoted to capital investments, i.e.
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Xivj=Kirjrn— (1= 0) Ky (7)

The last term of the budget constraint (qbXt"Jrj) measures the size of the capital adjustment
costs, determined by the two parameters ¢ and 7.
We assume that the endowment of time, normalised to one, is divided between labour and

leisure.

N+ L =1 (8)

The composite consumption good C} and its price P; are determined on the basis of the

aggregation of differentiated goods

D=

1 -

C, = /Q@Mi (9)

0

H_U@@ﬁ@p (10)

where p determines the degree of substitutability among the different consumption goods (when
p — 1, the goods are perfect substitutes). % represents the gross steady state mark-up.

The households’ first order conditions are:

o—1 o—1
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Kivr: 0=, (1+0nX]™") = BB [(1=0) (1+onXPH) + 2004
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where 1, is the Lagrange multiplier on the budget constraint.

A.1.2 The production sector
The production sector is characterised by a continuum of firms which compete monopolistically.

Each firm j maximises its profit function

Y.
Pjtrﬁjt —weNjr — ze K (11)
t

under demand and technology constraints. The demand function for the firm j product is

given by
—(1-p)
pit _ (Yit ’ (12)
P Yy
The production function is Cobb-Douglas with constant returns to scale:

Vi = ALNGE} (13)

Ay represents an AR(1) technology shock. The firm’s first-order condition is

A.1.8 Price Setting
Following Calvo (1983), all firms cannot reoptimize their prices every period, and only a fraction
of them can change prices at each t. In aggregate this condition implies that prices are sticky. As

a result, inflation evolves according to the so-called New-Keynesian Phillips curve:

BE 1 = T + oty (14)
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where 7; is the inflation rate, u, is the gross-mark-up (equal to % at steady-state), and o, the

index of price rigidity (i.e. prices are fully flexible for a, — 1).

A.1.4 Market Equilibrium

The final goods market equilibrium condition is given by

Y, = C + Xi + 9 X/

A.1.5. Log-linearisation

The system is log-linearised around its teady state as follows:
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Log-linearised equations

L.1.

L.2.

L.3.
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L.5.
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Resource constraint
Capital law of motion
Production function
Labour market equilibrium
Price-setting
Quasi-investment law

of motion

Euler equation

Consumption law of motion

Fisher equation

Monetary Policy Rule

Appendix 2: Impulse response functions of inflation, output, the nominal interest

rate, consumption, the real interest rate and r* to shocks

In each figure, panel (a) corresponds to the baseline policy rule while panel (b) and (c) display

responses under the simple Taylor rule and the time-varying r* rule.
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Figure A.1: Responses to technology shock
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Figure A.2: Responses to preferences shock
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Figure A.3: Responses to
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Appendix 3:

Model-based cross correlations of the main variables

CROSS-CORRELATIONS
MODEL-BASED (EMPIRICAL IN ITALICS WHEN AVAILABLE)

Cons. Output Real rate Nominal rate  Inf. (Q) Potential out. r* Inf. (A)
Cons. 1 0.681 -0.789 -0.845 0.176 0.168 -0.038 0.246
Output 0.681 1 -0.961 -0.927 0.830 0.205 -0.072 0.557
1 0.177 0.228 0.142
Real rate -0.789 -0.961 1 0.993 -0.691 -0.020 0.008 -0.481
0.177 1.000 0.260 -0.520
Nominal rate -0.845 -0.927 0.993 1 -0.602 -0.003 0.002 -0.434
0.228 0.260 1.000 0.637
Inf. (Q) 0.176 0.830 -0.691 -0.602 1 0.132 -0.044 0.614
0.142 -0.520 0.637 1.000
Potential out. 0.168 0.205 -0.020 -0.003 0.132 1 -0.352 0.048
r -0.038 -0.072 0.008 0.002 -0.044 -0.352 1 -0.016
Inf. (A) 0.246 0.557 -0.481 -0.434 0.614 0.048 -0.016 1

ECB «Working Paper No 233 « May 2003

39



40

European Central Bank working paper series

For a complete list of Working Papers published by the ECB, please visit the ECB’s website
(http://www.ecb.int).

I3

114

115

116

17

118

119

120

121

122

123

124

125

126

127

128

“Financial frictions and the monetary transmission mechanism: theory, evidence and policy
implications” by C. Bean, ]. Larsen and K. Nikolov, January 2002.

“Monetary transmission in the euro area: where do we stand?” by I. Angeloni, A. Kashyap,
B. Mojon, D. Terlizzese, January 2002.

“Monetary policy rules, macroeconomic stability and inflation: a view from the trenches”
by A. Orphanides, December 2001.

“Rent indices for housing in West Germany 1985 to 1998” by J. Hoffmann and C. Kurz,
January 2002.

“Hedonic house prices without characteristics: the case of new multiunit housing” by
O. Bover and P. Velilla, January 2002.

“Durable goods, price indexes and quality change: an application to automobile prices in
Italy, 1988-98” by G. M. Tomat, January 2002.

“Monetary policy and the stock market in the euro area” by N. Cassola and C. Morana,
January 2002.

“Learning stability in economics with heterogeneous agents” by S. Honkapohja and K.
Mitra, January 2002.

“Natural rate doubts” by A. Beyer and R. E. A. Farmer, February 2002.

“New technologies and productivity growth in the euro area” by F. Vijselaar and R. Albers,
February 2002.

“Analysing and combining multiple credit assessments of financial institutions” by E. Tabakis
and A. Vinci, February 2002.

“Monetary policy, expectations and commitment” by G. W. Evans and S. Honkapohja,
February 2002.

“Duration, volume and volatility impact of trades” by S. Manganelli, February 2002.

“Optimal contracts in a dynamic costly state verification model” by C. Monnet and
E. Quintin, February 2002.

“Performance of monetary policy with internal central bank forecasting” by S. Honkapohja
and K. Mitra, February 2002.

“Openness, imperfect exchange rate pass-through and monetary policy” by F. Smets and
R. Wouters, February 2002.

ECB «Working Paper No 233 « May 2003



129 “Non-standard central bank loss functions, skewed risks, and certainty equivalence” by
A. al-Nowaihi and L. Stracca, March 2002.

130 “Harmonized indexes of consumer prices: their conceptual foundations” by E. Diewert,
March 2002.

131 “Measurement bias in the HICP: what do we know, and what do we need to know?” by
M. A. Wynne and D. Rodriguez-Palenzuela, March 2002.

132 “Inflation dynamics and dual inflation in accession countries: a “new Keynesian”
perspective” by O. Arratibel, D. Rodriguez-Palenzuela and C. Thimann, March 2002.

133 “Can confidence indicators be useful to predict short-term real GDP growth?” by
A. Mourougane and M. Roma, March 2002.

134 “The cost of private transportation in the Netherlands, 1992-99” by B. Bode and
J. Van Dalen, March 2002.

135 “The optimal mix of taxes on money, consumption and income” by F. De Fiore and
P. Teles, April 2002.

136 “Retail bank interest rate pass-through: the new evidence at the euro area level” by
G. de Bondt, April 2002.

137 “Equilibrium bidding in the eurosystem’s open market operations” by U. Bindseil, April
2002.

138 “New” views on the optimum currency area theory: what is EMU telling us?” by
F. P. Mongelli, April 2002.

139 “On currency crises and contagion” by M. Fratzscher, April 2002.

140 “Price setting and the steady-state effects of inflation” by M. Casares, May 2002.

141 “Asset prices and fiscal balances” by F. Eschenbach and L. Schuknecht, May 2002.

142 “Modelling the daily banknotes in circulation in the context of the liquidity management of
the European Central Bank”, by A. Cabrero, G. Camba-Mendez, A. Hirsch and F. Nieto,
May 2002.

143 “A non-parametric method for valuing new goods”, by I. Crawford, May 2002.

144 “A failure in the measurement of inflation: results from a hedonic and matched experiment
using scanner data”, by M. Silver and S. Heravi, May 2002.

145 “Towards a new early warning system of financial crises”, by M. Fratzscher and M. Bussiere,
May 2002.

146 “Competition and stability — what’s special about banking?”, by E. Carletti and P. Hartmann,
May 2002.

ECB «Working Paper No 233 + May 2003



42

147 “Time-to-build approach in a sticky price, sticky wage optimising monetary model, by
M. Casares, May 2002.

148 “The functional form of yield curves” by V. Brousseau, May 2002.

149 “The Spanish block of the ESCB multi-country model” by A. Estrada and A. Willman, May
2002.

150 “Equity and bond market signals as leading indicators of bank fragility” by R. Gropp,
J. Vesala and G. Vulpes, June 2002.

I51 “G7 inflation forecasts” by F. Canova, June 2002.

152 “Short-term monitoring of fiscal policy discipline” by G. Camba-Mendez and A. Lamo, June
2002.

I53 “Euro area production function and potential output: a supply side system approach” by
A. Willman, June 2002.

154 “The euro bloc, the dollar bloc and the yen bloc: how much monetary policy independence
can exchange rate flexibility buy in an interdependent world?” by M. Fratzscher, June 2002.

I55 “Youth unemployment in the OECD: demographic shifts, labour market institutions, and
macroeconomic shocks” by J. F. Jimeno and D. Rodriguez-Palenzuela, June 2002.

156 “ldentifying endogenous fiscal policy rules for macroeconomic models” by J. J. Perez,
and P. Hiebert, July 2002.

I57 “Bidding and performance in repo auctions: evidence from ECB open market operations”
by K. G. Nyborg, U. Bindseil and I. A. Strebulaev, July 2002.

158 “Quantifying Embodied Technological Change” by P. Sakellaris and D. . Wilson, July 2002.
159 “Optimal public money” by C. Monnet, July 2002.

160 “Model uncertainty and the equilibrium value of the real effective euro exchange rate” by
C. Detken, A. Dieppe, J. Henry, C. Marin and F. Smets, July 2002.

161 “The optimal allocation of risks under prospect theory” by L. Stracca, July 2002.

162 “Public debt asymmetries: the effect on taxes and spending in the European Union” by
S. Krogstrup, August 2002.

163 “The rationality of consumers’ inflation expectations: survey-based evidence for the euro
area” by M. Forsells and G. Kenny, August 2002.

164 “Euro area corporate debt securities market: first empirical evidence” by G. de Bondt,
August 2002.

ECB «Working Paper No 233 « May 2003



165 “The industry effects of monetary policy in the euro area” by G. Peersman and F. Smets,
August 2002.

166 “Monetary and fiscal policy interactions in a micro-founded model of a monetary union” by
R. M.W . Beetsma and H. Jensen, August 2002.

167 “Identifying the effects of monetary policy shocks on exchange rates using high frequency
data" by J. Faust, J.H. Rogers, E. Swanson and J.H. Wright, August 2002.

168 “Estimating the effects of fiscal policy in OECD countries” by R. Perotti, August 2002.
169 “Modelling model uncertainty” by A. Onatski and N. Williams, August 2002.

170 “What measure of inflation should a central bank target?” by G. Mankiw and R. Reis,
August 2002.

171 “An estimated stochastic dynamic general equilibrium model of the euro area” by F. Smets
and R. Wouters, August 2002.

172 “Constructing quality-adjusted price indices: a comparison of hedonic and discrete choice
models” by N. Jonker, September 2002.

173 “Openness and equilibrium determinacy under interest rate rules” by F. de Fiore and
Z. Liu, September 2002.

174 “International monetary policy co-ordination and financial market integration” by
A. Sutherland, September 2002.

175 “Monetary policy and the financial accelerator in a monetary union” by S. Gilchrist,
J.O. Hairault and H. Kempf, September 2002.

176 “Macroeconomics of international price discrimination” by G. Corsetti and L. Dedola,
September 2002.

177 “A theory of the currency denomination of international trade” by P. Bacchetta and
E. van Wincoop, September 2002.

178 “Inflation persistence and optimal monetary policy in the euro area” by P. Benigno and
J.D. Lépez-Salido, September 2002.

179 “Optimal monetary policy with durable and non-durable goods” by CJ. Erceg and
A.T. Levin, September 2002.

180 “Regional inflation in a currency union: fiscal policy versus fundamentals” by M. Duarte and
A.L. Wolman, September 2002.

81 “Inflation dynamics and international linkages: a model of the United States, the euro area
and Japan” by G. Coenen and V. Wieland, September 2002.

182 “The information content of real-time output gap estimates: an application to the euro
area” by G. Riinstler, September 2002.

ECB «Working Paper No 233 « May 2003

43



183 “Monetary policy in a world with different financial systems” by E. Faia, October 2002.

184 “Efficient pricing of large-value interbank payment systems” by C. Holthausen and
J.-C. Rochet, October 2002.

I85 “European integration: what lessons for other regions? The case of Latin America” by
E. Dorrucci, S. Firpo, M. Fratzscher and F. P. Mongelli, October 2002.

186 “Using money market rates to assess the alternatives of fixed versus variable rate tenders:
the lesson from 1989-98 data for Germany” by M. Manna, October 2002.

187 “A fiscal theory of sovereign risk” by M. Uribe, October 2002.
188 “Should central banks really be flexible?” by H. P. Griiner, October 2002.

189 “Debt reduction and automatic stabilisation” by P. Hiebert, ). J. Pérez and M. Rostagno,
October 2002.

190 “Monetary policy and the zero bound to interest rates: a review” by T. Yates, October
2002.

191 “The fiscal costs of financial instability revisited” by L. Schuknecht and F. Eschenbach,
November 2002.

192 “Is the European Central Bank (and the United States Federal Reserve) predictable?” by
G. Perez-Quiros and . Sicilia, November 2002.

193 “Sustainability of public finances and automatic stabilisation under a rule of budgetary
discipline” by J. Marin, November 2002.

194 “Sensitivity analysis of volatility: a new tool for risk management” by S. Manganelli, V. Ceci
and W. Vecchiato, November 2002.

195 “In-sample or out-of-sample tests of predictability: which one should we use?” by A. Inoue
and L. Kilian, November 2002.

196 “Bootstrapping autoregressions with conditional heteroskedasticity of unknown form” by
S. Gongalves and L. Kilian, November 2002.

197 “A model of the Eurosystem’s operational framework for monetary policy implementation”

by C. Ewerhart, November 2002.

198 “Extracting risk-neutral probability densities by fitting implied volatility smiles: some
methodological points and an application to the 3M EURIBOR futures option prices” by
A. B. Andersen and T. Wagener, December 2002.

199 “Time variation in the tail behaviour of bund futures returns” by T. Werner and C. Upper,
December 2002.

ECB «Working Paper No 233 « May 2003



200 “Interdependence between the euro area and the United States: what role for EMU?” by
M. Ehrmann and M. Fratzscher, December 2002.

201 “Euro area inflation persistence” by N. Batini, December 2002.

202 “Aggregate loans to the euro area private sector” by A. Calza, M. Manrique and J. Sousa,
January 2003.

203 “Myopic loss aversion, disappointment aversion and the equity premium puzzle” by
D. Fielding and L. Stracca, January 2003.

204 “Asymmetric dynamics in the correlations of global equity and bond returns” by
L. Cappiello, R.F. Engle and K. Sheppard, January 2003.

205 “Real exchange rate in an inter-temporal n-country-model with incomplete markets” by
B. Mercereau, January 2003.

206 “Empirical estimates of reaction functions for the euro area” by D. Gerdesmeier and
B. Roffia, January 2003.

207 “A comprehensive model on the euro overnight rate” by F. R. Wiirtz, January 2003.

208 “Do demographic changes affect risk premiums? Evidence from international data” by
A. Ang and A. Maddaloni, January 2003.

209 “A framework for collateral risk control determination” by D. Cossin, Z. Huang,
D. Aunon-Nerin and F. Gonzilez, January 2003.

210 “Anticipated Ramsey reforms and the uniform taxation principle: the role of international
financial markets” by S. Schmitt-Grohé and M. Uribe, January 2003.

211 “Self-control and savings” by P. Michel and J.P. Vidal, January 2003.

212 “Modelling the implied probability of stock market movements” by E. Glatzer and
M. Scheicher, January 2003.

213 “Aggregation and euro area Phillips curves” by S. Fabiani and J. Morgan, February 2003.
214 “On the selection of forecasting models” by A. Inoue and L. Kilian, February 2003.

215 “Budget institutions and fiscal performance in Central and Eastern European countries” by
H. Gleich, February 2003.

216 “The admission of accession countries to an enlarged monetary union: a tentative
assessment” by M. Ca’Zorzi and R. A. De Santis, February 2003.

217 “The role of product market regulations in the process of structural change” by J. Messina,
March 2003.

218 “The zero-interest-rate bound and the role of the exchange rate for monetary policy in
Japan” by G. Coenen and V. Wieland, March 2003.

ECB «Working Paper No 233 + May 2003

45



46

219

220

221

222

223

224

225

226

227

228

229

230

23|

232

233

“Extra-euro area manufacturing import prices and exchange rate pass-through” by
B. Anderton, March 2003.

“The allocation of competencies in an international union: a positive analysis” by M. Ruta,
April 2003.

“Estimating risk premia in money market rates” by A. Durré, S. Evjen and R. Pilegaard,
April 2003.

“Inflation dynamics and subjective expectations in the United States” by K. Adam and
M. Padula, April 2003.

“Optimal monetary policy with imperfect common knowledge” by K. Adam, April 2003.

“The rise of the yen vis-a-vis the (“synthetic”) euro: is it supported by economic
fundamentals?” by C. Osbat, R. Riiffer and B. Schnatz, April 2003.

“Productivity and the (“synthetic”) euro-dollar exchange rate” by C. Osbat, F. Vijselaar and
B. Schnatz, April 2003.

“The central banker as a risk manager: quantifying and forecasting inflation risks” by
L. Kilian and S. Manganelli, April 2003.

“Monetary policy in a low pass-through environment” by T. Monacelli, April 2003.
“Monetary policy shocks — a nonfundamental look at the data” by M. Klaeffing, May 2003.
“How does the ECB target inflation?” by P. Surico, May 2003.

“The euro area financial system: structure, integration and policy initiatives” by
P. Hartmann, A. Maddaloni and S. Manganelli, May 2003.

“Price stability and monetary policy effectiveness when nominal interest rates are bounded
at zero” by G. Coenen, A. Orphanides and V. Wieland, May 2003.

“Describing the Fed’s conduct with Taylor rules: is interest rate smoothing important?” by
E. Castelnuovo, May 2003.

“The natural real rate of interest in the euro area” by N. Giammarioli and N. Valla,
May 2003.

ECB «Working Paper No 233 +« May 2003



	The natural real rate of interest in the euro area
	Contents
	Abstract
	Non-technical summary
	1 Introduction
	2 General equilibrium models and the natural real rate
	3 Baseline model and monetary policy rules
	4 Log-linearisation and calibration
	5 Theoretical responses to shocks and welfare analysis
	6 Model-based historical r*t  series
	7 Model-based historical series under alternative calibrations
	8 Conclusion
	References
	Appendices
	Figures and tables
	European Central Bank working paper series



