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B Abstract

This paper analyzes the performance of alterna-

tive versions of the New Keynesian Monetary
(NKM) model in order to replicate the comovement
observed between output and inflation in the U.S.
and the Eurozone. Following Den Haan (2000), we
analyze that comovement by computing the correla-
tions of VAR forecast errors of the two variables at dif-
ferent forecast horizons. The empirical correlations
obtained show a weak comovement in the U.S. and
the Eurozone. A simple NKM model under a standard
parametrization provides a high negative comove-
ment at any forecast horizon whenever the inertial
parameter of Taylor rule is smaller than 0.90. How-
ever, a basic NKM model with an inertial parameter
close to one or, alternatively, a generalized version
including habit formation and a forward-looking
Taylor rule is able to mimic the observed weak
comovement. The good performance of these ver-
sions also extends to the case in which the policy-
maker is committed to following an optimal contin-
gent plan under certain parametrizations.

B Key words

Comovement, VAR forecast errors, NKM model, opti-
mal policy.

MURCIA
BASQUE COUNTRY

B Resumen

Este documento de trabajo analiza la capacidad de
diferentes versiones alternativas del modelo Nuevo
Keynesiano Monetario (NKM) para replicar el comovi-
miento observado entre la produccion y la inflacion
en EE. UU. y la Eurozona. Siguiendo a Den Haan
(2000), se analiza el comovimiento mediante el calcu-
lo de las correlaciones entre los errores de pronés-
tico a distintos horizontes de prondéstico de las dos
variables donde los errores son medidos a través de
un VAR. Las correlaciones empiricas obtenidas
muestran un débil comovimiento en EE. UU. y la Eu-
rozona. Una versién sencilla del modelo NKM bajo
una parametrizacion estandar genera un fuerte como-
vimiento negativo para cualquier horizonte de pro-
ndstico siempre que el parametro de inercia en la re-
gla de Taylor sea menor que 0,9. Sin embargo, este
modelo sencillo con un parametro de inercia cercano
a uno o, alternativamente, una version generalizada
del modelo que incluya formacién de hébito y una re-
gla de Taylor con expectativas, es capaz de reprodu-
cir el comovimiento débil observado. La buena capa-
cidad de estas versiones también se extiende al caso
en que la autoridad monetaria sigue un plan éptimo
bajo ciertas parametrizaciones.

B Palabras clave

Comovimiento, errores de pronéstico VAR, modelo
NKM, politica dptima.
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1. Introduction

FOR a long time economists have widely accepted that output and inflation
displayed a positive correlation, at least in the short-run. For a large group of
economists, the positive short-run correlation between output and inflation
(the so-called Phillips curve phenomenon) is still considered a necessary build-
ing block of business cycle theory (for instance, Mankiw, 2001). Yet, this view
is rather controversial in the literature. For instance, Kydland and Prescott
(1990) argue that “any theory in which procyclical prices figure crucially in
accounting for postwar business cycle fluctuations is doomed to failure”. More-
over, Cooley and Ohanian (1991) find evidence that the U.S. correlation
between output and prices is negative during the postwar period.

Den Haan (2000) argues that an important source of disagreement in
the literature is the focus on only the unconditional correlation between
output and prices. As an alternative, Den Haan proposes using correlations
of VAR forecast errors at different horizons. By proceeding in this way one
can take into account a full set of statistics characterizing the comovement
dynamics in an efficient manner . Using U.S. data from the postwar period,
Den Haan (2000) finds that the comovement between output and prices is
positive in the short-run (up to two-year horizons) and negative in the long
run (between five- and seven-year horizons) 2.

1. Asdiscussed by Den Haan (2000), this methodology has two main advantages. Firstly, vari-
ables need not be stationary for their comovement to be analyzed and then previous filtering is
not required. Secondly, it avoids the type of ad-hoc assumptions necessary to compute impulse
response functions. There is a shortcoming though. This procedure does not identify the res-
ponses to all the different structural shocks. More generally, one could ask why the analysis of
comovement between output and inflation is based on VAR’s. There are two compelling rea-
sons. Firstly, macroeconomic variables such as output and inflation show a great deal of persis-
tence and VAR’s are well suited to deal with persistence. Secondly, the NKM model leads to a
restricted VAR. Then, why do we not test the restrictions imposed on the VAR by the NKM mo-
del directly? The reason is simple. Any small-scale business cycle model such as the NKM model
is a simple abstraction of a complex world. So, a test with reasonable power will very probably re-
ject the restrictions imposed by the model on the VAR, but the model may still be able to repro-
duce some stylized facts (for instance, the comovement observed between output and inflation).

2. Following Den Haan’s methodology, Den Haan and Sumner (2004) analyze data from the
G7 countries. They find a negative long-run relationship for all countries. However, the evi-
dence of a positive short-run comovement between output and prices is weaker. Similar to Den
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In this paper, we argue that another important source of disagree-
ment on the Phillips curve is the choice of variables involved in this rel-
ationship. Many papers have studied the comovement between output (or
another indicator of economic activity) and prices. However, traditional and
new Phillips curve proponents claim that there is a positive short-run corre-
lation between output (or another indicator of economic activity) and inflat-
ion. As pointed out by Mankiw (2001), the dynamics of prices and inflation
(and thus the comovement of output with one of these variables), can be
rather different. For instance, in models of staggered price adjustment the
price level adjusts slowly, but the rate of inflation can jump instantaneously.

The aim of this paper is twofold. Firstly, it applies the methodology
suggested by Den Haan (2000) to study the comovement between the level
of economic activity and inflation in the U.S and the Eurozone. Secondly, it
analyzes the ability of alternative versions of the New Keynesian Monetary
(NKM) model to replicate the dynamic correlations between economic activ-
ity and inflation observed in actual data “.

Our empirical analysis suggests the presence of a weak comovement
between economic activity and inflation in the U.S. as well as in the Eurozone
whereas the simple NKM model under a standard calibration of model para-
meters gives a strong negative comovement whenever the inertial parameter of
the Taylor rule is smaller than 0.90. However, a basic NKM model with an inertial
Taylor rule parameter close to one, or, alternatively, a generalized version of the
NKM model that considers a forward-looking Taylor rule and habit formation a
la Fuhrer (2000), is able to replicate the tenuous comovement between econo-
mic activity and inflation at medium- and long-run forecast horizons. Similar
results are found when the policymaker is committed to following an optimal
contingent plan under certain parametrizations. Nevertheless, the generalized
model has some difficulties in reproducing the observed weak comovement at
short-run (less than one year) forecast horizons in the U.S.

Haan and Sumner (2004), Vazquez (2002a) finds evidence of a negative long-run relationship
for a large group of EU15 countries, but only few countries: France, Italy and Portugal, exhibit a
type of Phillips-curve effect, that is, a positive comovement between output and prices in the
short-run.

3. Early versions of the NKM models include those of Yun (1996), Goodfriend and King (1997),
Rotemberg and Woodford (1995, 1997) and McCallum and Nelson (1999). See also Gali (2002)
for a detailed analytical derivation of a standard version of the NKM model.

4. This paper then follows the New Neoclassical Synthesis approach (see Goodfriend and King,
1997) where stochastic general equilibrium models showing short-run price stickness are con-
fronted with nominal and real data in order to get a better understanding of the effects of ma-
croeconomic policy.
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Using a Bayesian maximun-likelihood estimation procedure, Lubik
and Schorfheide (2004) (henceforth LS) have recently shown that in the
context of an NKM model the presence or absence of determinacy plays a
key role in explaining the different dynamic features displayed by the out-
put gap, inflation and the Fed funds rate before and after the Volcker-
Greenspan monetary experience. By contrast with LS, on the one hand we
focus on the Greenspan period because a monetary policy characterized by
a Taylor rule fits better in this period than in the pre-Greenspan era. More-
over, the choice of parameter values made below is partly based on estimates
obtained by Rudebusch (2002) using only data from the Greenspan period °.
On the other hand, our goal is not to estimate the NKM model, but to
analyze the features that the NKM model must exhibit in order to characte-
rize the weak comovement between economic activity and inflation obser-
ved in recent data.

Given that economic models are at best a quantitative parable trying
to capture the main aspects of a complex economic environment, we believe
that the exercise proposed in this paper is useful because it complements
estimation exercises of the NKM model carried out in the literature by look-
ing at an alternative measure of fit chosen independently of the model ©.
Specifically, our purpose is to study quantitatively whether alternative ver-
sions of the NKM model, assuming parameter values in the range of the
estimated values found in the literature, are able to replicate the type of
comovement patterns observed in actual data.

The rest of the paper is organized as follows. Section 2 presents and
discusses the empirical evidence using alternative measures of economic
activity and inflation. Section 3 introduces a generalized version of the
NKM model that includes habit formation and a Gali and Gertler’s (1999)
hybrid Phillips curve. These two features derived from optimizing princi-
ples induce a certain degree of sluggishness (backward-looking compo-
nents) as well as stronger forward-looking components on the IS curve
and the AS-Phillips curve. This section also studies how alternative para-
metrizations of the structural parameters affect the comovement analysis.
Section 4 extends the analysis to an empirical version of the NKM model

5. We also consider below as an alternative parametrization one that is based on parameter
estimates from an NKM model obtained by Smets and Wouters (2003) using data of the Eu-
rozone.

6. Estimation approaches (for instance, Gali and Gertler [1999] and LS), in principle, consider
the model as the true data generating process.
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suggested by Rudebusch (2002) where longer leads and lags are introdu-
ced (admittedly) in an ad-hoc fashion in order to capture the institutional
length of contracts and delays in information flows and processing. Sec-
tion 5 concludes.



2. The comovement
between economic
activity and inflation

| N this section, we implement Den Haan’s methodology to study the como-
vement between economic activity and inflation in the Eurozone and the
U.S. during the Greenspan period. Appendix 1 briefly describes this proce-
dure.

As mentioned in the Introduction, we focus on the Greenspan period
because a Taylor rule fits better in this period than in the pre-Greenspan
era. Therefore the NKM model, which introduces the Taylor rule as a basic
building block, is more likely to perform well in this period than in the pre-
Greenspan era. Nevertheless, the weak comovement between economic activ-
ity and inflation found in recent data was also present in the pre-Greenspan
period. An identical conclusion is reached by considering Eurozone data
back to 1970 7.

We study the comovement in the U.S. by considering quarterly and
monthly data, and alternative measures of economic activity and inflation &.
Using quarterly data, we first study the comovement between GDP and the
inflation rate obtained from the implicit GDP deflator. Second, we analyze
the comovement between the rate of inflation obtained from the consumer
price index (CPI) and the output gap measured as the difference of the
logs of GDP and the measure of potential GDP provided by the Congres-
sional Budget Office. Using monthly data, we consider CPI to define inflation
and two alternative measures for the level of economic activity. First, we
study an index of total industrial production. Since the use of an industrial
output index to measure economic activity can be questioned on the
grounds that the share of national output represented by industrial output
has decreased steadily in all industrial countries over the last 20-30 years, we

7. Véazquez (2002b) provides additional evidence for the EU15 countries and the U.S.

8. Appendix 2 describes the alternative measures for the level of economic activity and the rate
of inflation as well as the sources and the sample periods considered.
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also consider a second measure of economic activity at the monthly fre-
guency. More specifically, we study the three-month moving average of the
Chicago Fed National Activity index, which is computed using the method-
ology suggested by Stock and Watson (1999) °.

Unfortunately, data from the Eurozone as a whole is not as rich as U.S
data. For this reason, we focus only on quarterly data of Eurozone GDP and
the inflation rate obtained from the implicit GDP deflator.

We estimate correlation coefficients based on VAR’s that include eco-
nomic activity, inflation and the Fed funds rate °. The characteristics of these
VAR’s using U.S. data sets are described in Table 2.1. The Akaike infor-
mation criterion is used to determine the number of lags and whether li-
near and quadratic trend terms should be included. For the Eurozone, we
use the 3-month Euribor as the short-term interest rate. We consider a VAR
with four lags and linear and quadratic terms in this case since the time se-
ries length is short and standard criteria to determine the number of lags
choose an unreasonable large number of lags.

Following Den Haan (2000), we estimate the correlation coefficients
of VAR forecast errors by calculating the forecast errors for each horizon
considered (from one quarter to 28 quarters) as the difference between the
realizations and the corresponding forecasts and then calculating the corre-
lations of these forecast errors for each horizon . Since the estimated
correlation coefficients are subject to sampling variation, confidence bands

9. More precisely, the Chicago Fed National Activity index is the first principal component of 85
existing monthly real indicators of economic activity. These 85 monthly indicators can be classi-
fied into five groups: production and income (21 series), employment, unemployment and la-
bor hours (24 series), personal consumption and housing (13 series), manufacturing and trade
sales (11 series) and inventories and orders (16 series). For more details on this index and de-
mostrations of how well it works both in forecasting inflation and identifying recessions as defi-
ned by the NBER, see also Evans, Liu, and Pham-Kanter (2002) and references therein.

10. In order to characterize the comovement between economic activity and inflation one may
introduce more variables describing monetary policy such as total reserves and the ratio of non-
borrowed reserves to total reserves. We decided not to do so in order to facilitate the compari-
son between the empirical results obtained from actual U.S. data with those derived from
synthetic data obtained from the NKM model that includes only the output gap, inflation and
the interest rate. Moreover, Vazquez (2002b) finds similar empirical results using the U.S. data
set used by Den Haan (2000) that includes those monetary variables.

11. Den Haan and Sumner (2004) use an alternative method to estimate the correlation coeffi-
cients. This method uses the covariance obtained from the VAR coefficients and the variance-co-
variance matrix of the white noise process, Ut. They argue that using this method leads to effi-
ciency gains especially in estimating the correlation coefficients associated with long-term
forecast horizons. However, they also report that bias is larger with this second method. Nevert-
heless, the empirical weak comovement also shows up when using this second methodology.

10
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are constructed using bootstrap methods. More specifically, the bootstrapped
errors of each estimated VAR are used to generate 2.500 simulated data sets.
Then, the correlation coefficients at different horizons are estimated for
each simulated data set and standard confidence bands are calculated 2,

TABLE 2.1: VAR characteristics for U.S. data

Variables Number of lags Linear and Quad Trends
CFNAI-MA3 vs CPI inflation 4 No
GDP vs GDP deflator inflation 4 Yes
Output gap vs CPI inflation 3 No
IP1 vs CPI inflation 4 Yes
CFNAI-MAS3 vs 1-year average of CPI inflat. 4 No
GDP vs 1-year aver. of GDP deflator inflat. 4 Yes
Output gap vs 1-year average of CPI inflat. 4 No
IPI vs 1-year average of CPI inflation 5 Yes

Graphic 2.1 displays a set of graphs, one for each U.S. data set analyzed.
Each graph shows the estimated correlation coefficients (solid line) and the
10% - 90% (thin lines) and 5% — 95% (lines with dashes) confidence bands
constructed using bootstrap methods. Looking at these graphs, we observe
that the comovement between economic activity and inflation at medium-
and long-run forecast horizons is not significant, except in one case: when
the CFNAI-MA3 and the one-year average of CPI inflation are considered.
Moreover, the comovement at short-run forecast horizons is significant in
most cases, but the sign of the comovement is not always negative (for ins-
tance, the comovement between IP1 and CPI inflation is significantly posit-
ive) and it is rather weak in all cases.

Graphic 2.2 displays the comovement between GDP and GDP deflator
inflation in the Eurozone. The graph on the left is based on a 3-variable
VAR that considers the 3-month euribor rate in addition to GDP and inflat-
ion. The graph on the right is based on a 2-variable VAR. The sample pe-
riod runs from 1994 to 2004. The two graphs provide a similar picture to
those exhibited in Graphic 2.1 using U.S. data. Namely, the comovement
between economic activity and inflation is rather weak.

12. The programs for estimating the correlation coefficients and the confidence bands are adap-
ted versions of programs written in RATS that were download from Den Haan’s web-site. The key
RATS instruction for implementing bootstrap procedure is called BOOT. The BOOT instruction
is used to draw entry numbers with replacement from the estimated errors of the VAR.

11
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GRAPHIC 2.1: Comovement between U.S. economic activity and inflation
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GRAPHIC 2.1 (continuation): Comovement between U.S. economic activity and inflation
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GRAPHIC 2.2. Comovement between GDP and inflation in the Euro Area
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3. A New Keynesian
Monetary model

THE model analyzed in this paper is a generalized version of the now-
standard NKM model that includes habit formation and Gali and Gertler’s
hybrid Phillips Curve, which is given by the following set of equations:

1+ 2 4 1-71 1+ 1+
Y gly 2P0y A gy

1-By 1-By 1-By
1- .
+M Eyiio—7 (ii—Emsr) + G @1
1-By
r=—L _En x @ +7, (3.2)

+ +
1+‘Bw 70 t+1 1+‘8wyt 1+ﬂw 1

ik =pl_1+(1-p) (Sbl Tt sz)’t) t e 3.3)

where y, = and i denote the log-deviations from the steady states of output,
inflation and nominal interest rate, respectively. E, denotes the conditional
expectation based on the agents’ information set at time t. g and z denote
aggregate demand and aggregate supply shocks, respectively. These two
shocks are further assumed to follow first-order autoregressive process

gt:pggt—l +€gt! (34)
;=001 t ey (3.5)

where ¢, and ¢, denote i.i.d. random shocks.

Equation (3.1) is the consumption first-order condition obtained by
introducing multiplicative habit formation & la Fuhrer (2000) where the
period utility function at time t is given by

1 C 1-1/7
o0 ()
C=1 6

15
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The term C;_, can be understood as the habit stock. This term vanishes
when y = 0. which leads to the standard constant relative risk aversion utility
function %,

Gali-Gertler’s hybrid new Phillips curve, equation (3.2), can be obtai-
ned in a sticky price a la Calvo (1983) model under the assumption that
among the fraction of monopolistically competitive firms unable of re-
optimizing their prices in response to shocks in any given period, a fraction o
revise their prices according to the lagged inflation whereas a fraction 1 — o
increase their prices at the steady state rate of inflation 4. For « = 0 equation
(3.2) becomes the standard New Phillips curve.

Equation (3.3) is a standard Taylor-type monetary rule where the nomi-
nal interest rate exhibits smoothing behavior, captured by parameter o, for
which there are several motivating arguments in the literature. These argu-
ments range from the traditional concern of central banks for the stability of
financial markets (see Goodfriend, 1991 and Sacks, 1997) to the more
psychological one posed by Lowe and Ellis (1997), who argue that there
might be a political incentive for smoothing whenever policymakers are likely
to be embarrassed by reversals in the direction of interest-rate changes if they
believe that the public may interpret them as repudiations of previous actions.
By contrast, a series of interest-rate changes in the same direction looks like a
well-designed programme, and that may give rise to the sluggish behavior of
the intervention interest rate. Moreover, Taylor (3.3) assumes that the nomi-
nal interest rate responds to current deviations of output and inflation from
their respective steady state values. Later on, we shall discuss the effects of
considering backward-looking and forward-looking Taylor rules.

The system of equations (3.1)-(3.5) can be written in matrix form as
follows

FOEI = Flgt—l + We, + H’?t (3.6)
where

&= (Vo 7o io EYie2r ENev 1 EfTian, G0 2"
& = (Eitv Egt! Ezt)'v
7= (EYerr = B tYes oY — Eo Yo me— g

13. The analytical derivation of Euler equation (3.1) is straightforward and it can be found in a
Technical Appendix to LS in Frank Schorfheide’s website.

14. See Gali and Gertler (1999) for a detailed derivation of this hybrid Phillips curve.
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Equation (3.6) is a linear rational expectations (LRE) system. It is well
known that LRE systems deliver multiple stable equilibrium solutions for
certain parameter values. Following LS, we deal with multiple equilibria by
assuming that agents observe an exogenous sunspot shock ¢, in addition to
the fundamental shocks, ¢,. Since system (3.6) is linear, the forecast errors
can be expressed as a linear function of ¢, and ¢,

N = Ag AL

where A;is3x3and A, is 3 x 1.

Lubik and Schorfheide (2003) characterize the complete set of LRE
models with indeterminacies and provide a method for computing them
that builds on Sims’ (2002) approach . There are three possible scenarios:
(i) No stable equilibrium. (ii) Existence of a unique stable equilibrium in
which A, is completely determined by the structural parameters of the mo-
del and A, = 0. (iii) Multiple stable equilibria in which A, is not uniquely
determined by the structural parameters of the model and A, can be non-zero.

The analysis of comovement between output and inflation may be
sensitive to the benchmark parametrization chosen. Since estimates of the
structural parameters using U.S. data are different from those obtained
using Eurozone data, we carry out the comovement analysis using two alter-
native sets of benchmark parameter values.

3.1. Analysis of U.S. comovement

In this subsection we consider the estimates of the standard NKM model
obtained by LS for the Volcker-Greenspan period as a benchmark para-

15. Sims’ method generalizes the methods developed by Blanchard and Khan (1980), King and
Watson (1998) and Klein (2000). The GAUSS code for computing the equilibria of LRE models
can be found in Frank Schorfheide’s website.

18
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metrization. Table 3.1 displays the benchmark parameter values. The

value assumed for 3 is consistent with a value for the steady state real inter-
est rate of 3.01.

TABLE 3.1: Benchmark parameter values for the U.S.

=054 B=099 0=084 % =058 ¢, =219 ¢,=030  p,=083

0, =0.85 y=0.0 »=0.0 0,=0.18 0,=0.64 0;=0.18 n*=3.43

For the benchmark parameter values displayed in Table 3.1, the NKM
model exhibits a unique stable equilibrium . Graphic 3.1 displays the comove-
ment between output and inflation derived from the NKM model under the
benchmark parameter values (thin line), the corresponding 5% — 95% con-
fidence bands (lines with short dashes) together with the comovement
between GDP and GDP deflator inflation (solid line) and the corresponding
5% — 95% confidence bands (lines with dashes) . This figure shows that
the NKM model under the benchmark parametrization provides high nega-
tive correlation coefficients between the forecast errors of output and infla-
tion, and these correlation coefficients are significantly different from those
obtained from actual data. Moreover, a similar conclusion is reached when
comparing the comovement implied by the model with those observed in
actual data depicted in Graphics 2.1-2.2 whenever the confidence bands are
relatively narrow 8.

A sensitivity analysis (not shown here but available from the authors
upon request) choosing parameter values belonging to the confidence in-
tervals displayed in the last column of Table 3.2 in LS shows no relevant im-
provement in replicating the comovement between economic activity and

16. The GAUSS programs for computing the solutions and the comovement between output
and inflation corresponding to the alternative versions of the NKM model considered in this pa-
per are available from the authors upon request.

17. The confidence bands for the comovement derived from synthetic data are computed simu-
lating the NKM model 2500 times.

18. In this paper, we always evaluate the performance of the NKM model based on the observed
comovement between GDP and inflation derived from the GDP deflator. This is done for three
reasons. First, the parameter values considered come from estimation results obtained using
quarterly data where output is measured by GDP. Second, GDP is (arguably) the best measure
of economic activity. Finally, the use of GDP allows for a neat comparison between U.S. and
Euro Area results.
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GRAPHIC 3.1: Comovement under benchmark parametrization

Actual and synthetic data. Benchmark calibration
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GRAPHIC 3.2 Comovement under sunspot-free equilibrium with g =1.05

Actual and synthetic data. Sunspot-free solution
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GRAPHIC 3.3: Comovement under sunspot equilibrium with p =1.05

Actual and synthetic data. Sunspot solution
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inflation observed in U.S. data®. Moreover, nor does introducing habit for-
mation and a hybrid Phillips curve (i.e., assuming positive values for y and
w, respectively) help in replicating the observed comovement.

Several authors (for instance, Benhabib, Schmitt-Grohé and Uribe,
2003; Giannoni and Woodford, 2003; and Woodford, 2003) have paid at-
tention to the features of the NKM model when the smoothing parame-
ter o is greater than unity. The NKM model studied in this paper displays
multiple stable equilibria when o > 1. More interestingly, once o > 1 all
the equilibria are much closer to featuring the type of weak comovement
between output and inflation, at least at medium- and long-run forecast
horizons, observed in actual data 2°. Graphics 3.2-3.3 show the comovement
exhibited by the sunspot and sunspot-free equilibrium solutions assuming
e = 1.05 and assuming values for the remaining parameters as displayed
in Table 3.1. In particular, these graphics show that the correlation coef-
ficients for all forecast horizons derived from synthetic data, except for
those from the first eight quarters, are within the confidence bands estim-
ated using actual data.

Notice that the Taylor rule with o > 1 can be solved forward to obtain a
stable solution of the interest rate:

= (-0 1)j§0p_j [:Emesjes * Bl

which is indeed a forward-looking Taylor rule. As discussed below in more
detail, the importance of forward-looking components in the Taylor rule is a
crucial feature for replicating the observed comovement.

A remarkable feature of the NKM model with a smoothing parameter
in the Taylor rule larger than one is that in equilibrium the comovement
between output and inflation vanishes for long-run forecast horizons even
though a strong correlation is imposed by assuming a Phillips curve.

The fact that the comovement features displayed by sunspot and suns-
pot-free equilibria are almost identical for any version of the NKM display-
ing indeterminacy is surprising on the one hand, because forecast errors
are determined by the presence of sunspots. On the other hand, the robust-
ness of the comovement features obtained from Den Haan’s method to the

19. The confidence interval estimated for p is (0.79,0.89) in LS. It is important to keep this re-
sult in mind for the analysis of the comovement in the Eurozone below.

20. Instrumental variable estimation of equation (3.3) using data from the Greenspan period
provides a point estimated value of o equal to 0.96, close to the value of 1.05 considered.
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presence of sunspots provides additional support for using those features as
relevant statistics for evaluating model performance.

GRAPHIC 3.4: Comovement under habit formation (y = 0.57)

Actual and synthetic data. Sunspot-free solution
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By imposing ¢ = 1.05, we next analyze whether introducing habit form-
ation or a hybrid Phillips curve is useful in replicating the comovement
observed between output and inflation. As shown in Graphic 3.4, assuming
habit formation with y = 0.57 does not help to replicate the observed comove-
ment: in fact the fit of the model in this dimension gets worse! 2.

GRAPHIC 35: Comovement under hybrid Phillips curve (e =0.3)

Actual and synthetic data. Sunspot-free solution
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21. y =0.57 is the point estimate reported by LS for the pre-Greenspan era. This is smaller than
the 0.8 obtained by Fuhrer (2000).
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Allowing for a hybrid Phillips curve with » = 0.30 (a reasonable value
according to the estimates found by Gali and Gertler, 1999) does not help
to replicate the observed comovement either. As shown in Graphic 3.5, the
introduction of a hybrid Phillips curve has no significant effect on the como-
vement implied by the model.

We now extend the analysis to consider alternative Taylor rules stu-
died in the literature. First, we consider a Taylor rule where the nominal in-
terest rate responds to expected deviations of inflation and output from
their respective steady state levels, which describes how the central bank
may react to anticipated movements in output and inflation. Formally, the
forward-looking Taylor rule is given by

k=pl_1+ (1 -p) (¢1Etﬂt+ 1t ¢2EIYI+ Dt @.7)

Second, a backward-looking Taylor rule is considered where the nomi-
nal interest rate responds to lagged deviations of output and inflation from
their respective steady state values as a way of capturing delays in informa-
tion flows. Formally,

ik =pl_1+ (L—p) (himes oY1) +e (3.8)

Finally, we consider a Taylor rule where the nominal interest rate res-
ponds to deviations of current output and 1-year average inflation from
their respective steady state values. Formally,

= pi - () g+ 3.9

Once the benchmark NKM model has been solved, solving the NKM
model with any of these three alternative Taylor rules only requires replac-
ing equation (3.3) by (3.7), (3.8) or (3.9), which amounts only to slight
modifications of matrices I, and I'}.

The version of the NKM model that includes the Taylor rule (3.7)
also exhibits a unique equilibrium solution under the benchmark parame-
trization described in Table 3.1. Graphic 3.6 shows a poor fit of the comove-
ment obtained from the forward-looking Taylor rule (3.7) under the bench-
mark parametrization. In fact, as shown in Graphic 3.7, model performance
is improved by introducing a moderate degree of habit formation (y = 0.25)
and a hybrid Phillips curve (o = 0.20) whereas the uniqueness property still
remains. We further explore two other Taylor rules that lie half-way between
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Taylor rules (3.3) and (3.7). The Fed rate in one of them is determined by
expected inflation and current output whereas in the other it is determined
by current inflation and expected output. For these Taylor rules the best fit
in the comovement dimension is obtained with a moderate degree of habit
formation (y = 0.25) but imposing a standard New Phillips curve (o = 0).
The rationale for these results can be understood if one believes that the
Fed has actually followed a (near) optimal forward-looking Taylor rule.
Intuitively, the optimal Taylor rule, derived from a central bank optimiz-
ation problem where an IS curve and a Phillips curve appear jointly with a
guadratic loss function, has to show an optimal balance between backward-
and forward-looking components. Thus, if there is strong forward-looking
behavior in the IS curve due to habit formation, then the optimal Taylor
rule obtained by solving this problem must be forward-looking, taking into
account the forward-looking behavior of the private sector. Moreover, the
effects of a hybrid Phillips curve are harder to analyze since as o goes to zero
the coefficient associated with expected inflation in the hybrid Phillips curve
increases (that is, 3/ (1 + Bw) increases) and the one associated with lagged in-
flation tends to vanish. But at the same time, the coefficient associated with
current output increases (that is, /(1 + Bw) increases) which explains why few-
er forward-looking components in the Taylor rule are required when o =0 %,

GRAPHIC 3.6: Comovement under forward-looking Taylor rule
and benchmark parametrization

Actual and synthetic data. Benchmark calibration
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22. Svensson (1997) derives an optimal Taylor rule for monetary policy assuming that private
sector behaviour is taken as given and is represented by a backward-looking Phillips curve and a
backward-looking IS curve. He assumes that Central Bank preferences are quadratic and obtains
that the nominal interest rate responds to actual inflation and the output gap.
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GRAPHIC 3.7: Comovement under forward-looking Taylor rule with
habit formation (y =0.25) and hybrid Phillips curve (e = 0.20)

Actual and synthetic data
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In sum, if one believes that the Fed acts optimally, one should expect bet-
ter fit results when habit formation is combined with a forward-looking
Taylor rule. This conjecture is analyzed in more depth in the following
subsection.

The comovements between output and inflation under Taylor rules
(3.8) and (3.9) are similar to those obtained under equation (3.3). Namely,
(i) a unique stable equilibrium arises under the benchmark parametriza-
tion, (ii) imposing ¢ >1 and keeping the remaining parameters at their
benchmark values improves matters at medium- and long-run forecast hori-
zons as shown in Graphics 3.8-3.9 and (iii) introducing habit formation
results in a worse fit whereas introducing a hybrid Phillips curve fails to impro-
ve the performance of the model. Result (iii) reinforces the intuitive argu-
ments on the optimal balance between forward and backward-looking
components in the Taylor rule driven by the degree of forward-looking
behavior attached to the private sector.
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GRAPHICS 3.8: Comovement under backward-looking Taylor rule (3.8) with o = 1.05

Actual and synthetic data. Sunspot-free solution
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GRAPHIC 3.9: Comovement under Taylor rule (3.9) with g =1.05

Actual and synthetic data. Sunspot-free solution
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3.2. Analysis of the Eurozone comovement

In this subsection we consider estimates of an NKM model of the Eurozone
obtained from Smets and Wouters (2003) for the period 1980:2-1999:4 as
benchmark parameter values for the analysis of the comovement between
output and inflation in the Eurozone. The model estimated by Smets and
Wouters is more disaggregated than the versions of the NKM model studied
in this paper. Therefore, the benchmark parameter values displayed in
Table 3.2 should only be considered as reasonable parameter values for the
Eurozone.
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TABLE 3.2: Benchmark parameter values for the Eurozone

t=0.74 =099 ©=0.96 %=0.23 ¢, =168 ¢,=010  p,=091

0,=0.92 y=0.0 » =00 6,=0.76 o,=1.06 ;=0.10 7*=3.43

For the benchmark parameter values displayed in Table 3.2, the NKM
model exhibits a unique stable equilibrium as for the U.S. benchmark para-
meter values. Graphic 3.10 exhibits the comovement between output and in-
flation derived from the NKM model under the benchmark parameter
values for the Eurozone (thin line) together with the comovement between
GDP and GDP deflator inflation (solid line) and the corresponding 5% —
95\% confidence bands (lines with dashes) for the Eurozone data set. Surpris-
ingly, this graphic shows that the NKM model under the benchmark parame-
trization for the Eurozone replicates the weak comovement observed
either using Eurozone as U.S. data. The question then is, which parameter
value is the most responsible for reproducing the observed weak comove-
ment? A sensitivity analysis using alternative parameter values shows that a
value for o smaller than 0.90 is crucial for getting a negative comovement as
shown in Graphic 3.11.

GRAPHIC 3.10. Comovement under benchmark parametrization for the Eurozone

Actual and synthetic data from Euro Area
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GRAPHIC 3.11: Comovement for the Eurozone case with o = 0.84

Actual and synthetic data from Euro Area
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3.3. Comovement dynamics
under optimal monetary policy

In order to analyze the conjecture stated above, we next derive the optimal
plan for the Central Bank and study the comovement between output and
inflation under optimal monetary policy.

Following Woodford (2003), let us assume that the Central Bank mini-
mizes the expected value of a loss criterion of the form

W=E, [tﬁﬂ ﬁ‘Lt]
where the loss in each period is given by

1 .
L, :? (mf + )\y)’tz + Aiif)

In order to characterize the optimal plan it is useful to write the Lagrangian
associated with the optimal control problem for the Central Bank %

Eo {Eo BHL A+ g [ty = Y1 = AoYie 1 = Aafien + T (k= i 1) — G

-4 }}

X ®
+ __ = _ _
Yot | 7T 1+[Bwﬂt+l 1+ fo Yt 1+ o Ty 1

23. By the law of iterated expectations, the conditional expectation operators inside the restric-
tions are removed.
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An optimal plan must satisfy the following F.O.C. %;

1 1)
E (=187 a1 + U _l+—,3w Uot—1— m Ba+1) =0 (3.10)
X
Ec AY: + otqbyr — 4Btk 1 — 0B~ Yy g — 3872y, _m Ua) =0(3.11)
A+ =0 (3.12)

obtained by differentiating the Lagrangian with respect to =, y, and i,, res-
pectively. Under the optimal plan these conditions must hold at each t =0
together with initial conditions

Py 1=t 2 =g -1=0

To solve the NKM model under optimal monetary policy the solution
must be found for the system formed by equations (3.1), (3.2), (3.4), (3.5),
(3.10), (3.11) and (3.12). This solution is derived in Appendix 3. When solv-
ing the model under the optimal monetary plan, we consider as bench-
mark parameter values those displayed in Table 3.3, where instead of the
Taylor rule parameters those associated with the Central Bank loss function
(A, and %)) appear. The parameter values assumed for A, and 4; are those con-
sidered by Woodford and coauthors (see, for instance, Giannoni and Wood-
ford, 2003, and Woodford, 2003). Moreover, a certain degree of habit form-
ation and a hybrid Phillips curve are considered.

TABLE 3.3: Benchmark parameter values under optimal policy

7=0.54 8=0.99 »=0.58 A,=0.048 2;=0.236 0,=0.83

0,=0.85 y=0.25 »=0.20 0,=0.18 0,=0.64 n*=3.43

24. Asis well known, the optimal plan obtained from these conditions will, in general, not be
time consistent as discussed by Kydland and Prescott (1977).

29



ramon maria-dolores pedrero and jesUs vazquez pérez

GRAPHIC 3.122 Comovement under optimal policy
with benchmark parametrization

Actual and synthetic data
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For these benchmark parameter values, the NKM model under the
optimal contingent plan exhibits a unique stable equilibrium. Comparing
Graphics 3.7, 3.10 and 3.12, we observe that the comovement between output
and inflation under the optimal plan reproduces both the pattern displayed
by the NKM model under the forward-looking rule, except in the short-run,
and that displayed by actual U.S. data.

GRAPHIC 3.13: Comovement features under alternative parametrizations
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Several articles (Amato and Laubach, 2004; Giannoni and Woodford,
2003; Rotemberg and Woodford, 1997; and Woodford, 2003) have studied
the links between Central Bank preference parameters (A,, A;) and structural
parameters in order to obtain an implicit monetary plan that is optimal
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from a social-welfare prespective. Two conclusions emerge from this litera-
ture. First, the links are complex functions of structural paramenters (numeri-
cal solutions are often required). Second, the values of Central Bank prefe-
rence parameters are highly sensitive to the model’s assumptions. We next
perform a sensitivity analysis by computing comovement under alternative
parametrizations, changing only one parameter value with respect to the
bechmark parametrization described in Table 3.3 in each case. Graphic 3.13
shows that the comovement features are sensitive to different parametriza-
tions characterizing Central Bank preferences and the degree of habit for-
mation. However, the performance of the NKM model is good when o = 0
(that is, when the standard New Phillips curve is considered). These results
are consistent with the results obtained above when considering other Tay-
lor rules that lie half-way between Taylor rules (3.3) and (3.7).
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4. An empirical
NKM model

THE analysis in the previous section shows that, on the one hand, an NKM
model that includes a Taylor rule with an inertial parameter close to one or,
alternatively, that includes habit formation, a hybrid Phillips curve and a for-
ward-looking Taylor rule exhibits a unique equilibrium. These two altern-
ative versions do a good job in replicating the comovement between output
and inflation exhibited by U.S. and Eurozone data. On the other hand,
analyzing the NKM model with either standard or backward-looking Taylor
rules shows that by imposing a smoothing parameter, o, greater than one,
the fit of the model to the observed comovement between output and infl-
ation improves, but then multiple equilibria arise. Recall that assuming ¢ > 1
in a standard or backward-looking rule imposes the existence of forward-
looking components in the Taylor rule. Therefore, a tentative conclusion
emerges from this analysis: a “right” balance between forward and back-
ward-looking components characterizing the three main blocks of the mo-
del is crucial for improving the model’s performance in replicating the co-
movement between economic activity and inflation exhibited by U.S. and
Eurozone data.

In this section we consider an empirical version of the NKM model
analyzed by Rudebusch (2002) where longer leads and lags seem appropriate
given the institutional length of contracts and delays in information flows
and processing. By studying this empirical version we can further assess the
importance of forward and backward-looking components of the IS and
Phillips curves in order to characterize the observed comovement. Formally,
the empirical NKM model is given by the following four equations:

3 4
Ty :% Ei_1 (I:Z(; 77-'t+i) +(1 _Mn)ig’; Uit oy T 7 4.1)

Ve = WEC e ¥ (=) Byoa +BYi—2) =B (o — 1) + g, 4.2)

3 r 4 1-u) (&,
rt—l:% Et-1(i§) |t+i)_ 1“7 Et—l(ig"lﬂt+i)+(4—‘u)(i§’; 't—i_ﬂt-i) 4.3)
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9=
4

3
I =pl_y + i:Z(‘) Tt Y Tt Eq (4.4)

Equations (4.1) and (4.2) denote the Phillips curve and the IS curve,
respectively. r,_, represents the real interest rate defined according to equa-
tion (4.3) as a weighted average of an ex-ante one-year real rate and an ex-
post one-year real rate %. g, and z, are assumed i.i.d. random shocks since in
this model inertia is now described by longer leads and lags. Appendix 4
describes how the solution for the system of equations (4.1)-(4.4) is derived.

Table 4.1 shows the benchmark parameter values used for this model.
We consider parameter values displayed in Table 1 and in equation (3)
of Rudebusch (2002) 6. Moreover, we study comovement under the alterna-
tive parameter values that characterize the weights on expectational terms in
the IS and Phillips curves (that is, w,, u, and ) displayed in Rudebusch’s Ta-
ble 3.1. The best fit of the model when trying to replicate the observed como-
vement is obtained for the following parameter values: ., = 0.9, u, = 0.1 and y,
= 0. Under this parametrization, Graphic 4.1 shows that for all forecast hori-
zons, except for the 1-quarter ahead forecast error, the correlation coef-
ficients obtained from the model fall within the estimated confidence bands.

Interestingly, the value estimated by Rudebusch (2002) for the smooth-
ing parameter under the Taylor rule considered (Rule 1 in Rudebusch not-
ation), o = 0.73, is close to the optimal value obtained by him (o = 0.70) (see
Rudebusch’s Table 2) when (i) the above parameter values of the weights
on expectational terms are considered and (ii) the central bank loss func-
tion has the same weight (one) in output and inflation volatility and a
weight in interest rate stabilization of 0.5.

Graphic 4.2 shows the poor performance of the empirical NKM model
for the following parameter values: v, = 0.1, u, = 0.5 and u, = 0.3 in replicat-
ing the observed comovement between output and inflation. In fact, the
poor performance is similar to that obtained from the NKM model under
the benchmark parametrization in Section 3. These results again support
the intuition put forward in Section 3, i.e., the best fit is obtained when the
Taylor rule is consistent with the relative importance of forward and back-

25. Equations (4.1)-(4.3) correspond to equations (10)-(12) in Rudebusch (2002). Finally,
equation (4.4) is the Taylor rule estimated by Rudebusch, labeled in his paper as equation (3).

26. We also take the LS estimated values of r* and i into account in the bechmark parametriza-
tion since we consider that the variables in the empirical NKM model are in log deviations from
their steady state values.
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TABLE 4.1: Rudebusch benchmark parameter values

a., =0.67 a.,=-0.14 .3 =0.40 a.,=0.07

a,=0.13 B,=115 B,=-027 5,=0.09
g.=04131 g,=0.2511 0=0.73 r*=3.01
o,=0.833 0,=1.012 0;=0.36 n*=3.43

ward-looking components characterizing IS and New Phillips curves. In the
case of the empirical NKM model, the best fit is obtained when a backward-
looking Taylor rule such as (4.4) is combined with IS and Phillips curves do-
minated by backward-looking forces #.

Based on the study of the comovement between output and inflation,
our analysis of the empirical NKM model suggests that (i) the weights given
to the forward-looking components of the IS and Phillips curves («, and v,
respectively) must be close to zero, (ii)\ by contrast, the weight given to the
forward-looking component of the real interest rate relevant for output, .,
must be close to one, and (iii) as shown by Rudebusch (2002), these para-
meter values of the weights in expectational terms imply an optimal value
for o of 0.70 (o < 1), close to Rudebusch’s estimate (o = 0.73). This result
suggests that the monetary policy rule followed by the Fed seems to be near-
optimal at least for certain parametrizations of the Fed’s loss function.

GRAPHIC 4.1: Comovement in the empirical NKM model
assuming ., =0.9, . =0.1and u, =0
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27. Notice that the weight assumed for the only variable dominated by forward-looking behavior
in the model, r,_,, is rather small (8, = 0.09).
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GRAPHIC 4.2. Comovement in the empirical NKM model
assuming ., =0.1, #. =0.5and u, = 0.3
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5. Conclusions

THIS paper uses the correlation coefficients of forecast errors at different
forecast horizons obtained from estimated VAR’s (i) to analyze the comove-
ment between economic activity and inflation in the U.S., and (ii) to evalu-
ate quantitatively the performance of alternative versions of the New Keyne-
sian Monetary (NKM) model in replicating the observed comovement
between output and inflation.

The empirical results show a rather weak comovement between eco-
nomic activity and inflation in the U.S. and the Eurozone.

In this paper, we study two types of NKM model. On the one hand,
we analyze versions derived from first-economic principles where few
leads and lags are considered and forward-looking components play a
crucial role. On the other hand, we consider an empirical ad-hoc version
studied in the literature where many leads and lags are introduced, but
backward-looking components dominate. In the two cases a neat result
emerges: in order to replicate the observed comovement pattern between
output and inflation the type of Taylor rule assumed has to be con-
sistent with the relative importance of forward-looking components char-
acterizing private sector behavior. More precisely, the weak comovement
observed in actual data between output and inflation is captured relati-
vely well by (i) a basic NKM model where the Taylor rule displays an iner-
tial parameter close to one and (ii) a prototype NKM model that com-
bines habit formation a la Furher (this feature introduces extra
forward-looking components in the IS) with a forward-looking Taylor
rule. Alternatively, the weak comovement can also be replicated by an
empirical version of the NKM model studied by Rudebusch (2002) where
IS curve, Phillips curve and Taylor rule are dominated by backward-look-
ing components.

This conclusion provides evidence of a type of ‘internal consistency’
between the behavioral equations characterizing both private and policy ac-
tions. It also implies that it is not simple to determine the relative import-
ance of forward-looking behavior characterizing private and policy actions
from the analysis of the comovement between output and inflation. So, fur-
ther research efforts along these lines are warranted.
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Appendix 1

This appendix briefly describes how to use a VAR to study the correlation
structure of output and inflation at several forecast horizons.

Let us consider an N-vector of random variables X.. The vector X; may
include any combination of stationary processes and integrated processes of
arbitrary order. In order to characterize the comovement of the level of eco-
nomic activity, Y,, and inflation, r,, X; must contain at least (the log of) Y,
and m,. Consider the following VAR

L
Xi= o+ Bt +yt? +I;‘l AX._, + U,

where a, 8, and y denote fixed N-vectors of constants, A, represents fixed N
x N coefficient matrices, U, is an N-dimensional white noise process, that is,
E(U) =0. E(UU,) =Q,and E(UU,") =0 for s #t. L is the total number of lags
included. The K-period ahead forecast and the K-period ahead forecast
error of the random variable Y, are denoted by E\Y, , « and Y¥ ,, respecti-
vely. Similarly, we can define Er,. « and /5 .. Let us denote the correlation
coefficients between Y, , and 7 by COR(K).

As pointed out by Den Haan (2000), if all time series included in X,
are stationary, then the correlation coefficient of the forecast errors will con-
verge to the unconditional correlation coefficient between Y, and 7, as K
goes to infinity. If X, includes integrated processes, then correlation coeffi-
cients may not converge but they can be estimated consistently for fixed K.

Den Haan (2000) also shows the relationship between correlation
coefficients and impulse response functions. Let us denote the covariance
between Y5y . and m ¥y . by COV(K) and, with no loss of generality, let us
assume that there are M structural shocks driving economic activity and infla-
tion. Den Haan (2000) shows that

K
COV(K) = kglcOVA(k)
and

M
COV A(k) :mZ_I'lYkimp, mn.kimp, m
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where z/™ ™ is the k-th period impulse response of variable z to a one-standard
deviation disturbance of the m-th shock. Therefore, the covariance between
economic activity and inflation is simply the sum of the products of economic
activity and inflation impulses across the different structural shocks.

By looking at the correlation coefficients of VAR forecast errors at diff-
erent horizons, the researcher obtains much richer information about
system dynamics than by looking only at the unconditional correlation coef-
ficient. As illustrated by Den Haan (2000), considering only one correlation
coefficient might be misleading in some cases. Moreover, Den Haan’s meth-
od avoids the type of ad-hoc assumptions necessary to compute impulse res-
ponse functions. There is a shortcoming, however. This procedure does not
identify all the different impulse response functions (that is, it does not
identify the response to all the different structural shocks).
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Appendix 2
This appendix describes the time series considered.

U.S. Economic activity indexes:

CFNAI-MA3: monthly data. Period: 1987:8-2002:4. Chicago Fed website.

IPI: monthly, seasonally adjusted data. Period: 1987:8-2004:5. Source:
Board of Governors of the Federal Reserve System.

GDP: quarterly, seasonally adjusted data. Period: 1987:3-2002:1. Source:
U.S. Department of Commerce, Bureau of Economic Analysis.

Real potential GDP: quarterly data. Period: 1987:3-2002:1. Source: U.S.
Congress, Congressional Budget Office.

Eurozone economic activity index:

e GDP: guarterly, seasonally adjusted data. Period: 1970:1-2004.3. Source:
OCDE statistics.

U.S. price level indexes:

« Implicit price deflator of GDP: quarterly, seasonally adjusted data. Period:
1987:3-2002:1. Source: U.S. Department of Commerce, Bureau of
Economic Analysis.

e CPI for all urban consumers, all items: monthly, seasonally adjusted data.
Period: 1987:8-2004:5. Source: U.S. Department of Labor, Bureau of
Labor Statistics.

e CPI for all urban consumers, all items: monthly data. Period: 1987:8-
2002:4. Source: U.S. Department of Labor, Bureau of Labor Statistics.

Eurozone price level index:

< Implicit price deflator of GDP: quarterly, seasonally adjusted data. Period:
1970:1-2004:3. Source: OCDE statistics.
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Interest rates:
» Federal funds rate: monthly data. Period: 1987:8-2004:5. Source: Board of
Governors of the Federal Reserve System.

< 3-month Euribor interbank rate: quarterly data. Period: 1994:1-2004:3.
Source: OCDE statistics.
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Appendix 3
This appendix describes how to obtain the solution for the NKM model un-
der the optimal monetary plan. The solution is found by solving the follo-
wing matrix system:

I3Ee =118y + et + 117§ (A31)

where the superscript “0” stands for the NKM model under the optimal mo-
netary plan and

&0 = (Yo o by Eir2r EYeany ETis, Eiies1s
Eitors 1 tao th1e- 1 Mov Go Z)"

Eto = (Egtv 8zt).v

70 = (B e dd = Eot Diewdds Vo= Bt W o= By [,
po— Bioq [od, o — BEioy [ad)'

;o 0 = @3 @, = 0 O 0 0 0 1 o U
02 -1 0 0 0 0 0 0 0 0 0 10
B T
o -1 o o0 0 0 0 50 & -1 0o o0
(b, o0 0 0 0 0 8 0 — = = 0 0 [
o o 1. o o o 0o 0 ~ 0 0 o o0
(Jo o o o 0 0 0 0 0 0 O 1 oU
=00 o o o o 0o 0o o o0 0 o o 10
(lo o o o 1 0 0o o o0 O O O o[
(J1. o o0 o 0 0 0 0 0 0 0 0 oU
[Jlo 1. o0 o 0 0 0 0 0 0 O 0 oUU
(lo o o o o 0 0 o O O 1 o0 o[
(Jo o o o 0 0 0 0 1 0 o 0 oU
(Jlo o o0 o 0 0 0 0 0 1 0o 0 oU
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Notice that the system (A3.1) is composed by equations (3.1), (3.2), (3.10),
(3.11), (3.12), (3.4), (3.5) and the following appended identities:

By =B een + (BYies —Biotyied)
Ye= Byt 0= Eoa)
m =B+ (- E_y1)
o = Bt ¥ (U — Evatt2)
e = B qtae ¥ (o — Beoqftad)
Faa = Maea

These identities show up when implementing the simple rule sugges-
ted by Sims (2002): when terms of the form Ex, ,  appear, we simply make a
sequence of those variables and equation creations that involve one period
forecast errors.
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Appendix 4
This appendix describes how to obtain the solution for the empirical NKM
model. Equations (4.1)-(4.4) can be written in a matrix system as (3.6) follow-

ing the simple rule suggested by Sims (2002). This rule amounts to append-
ing the following equations to system (4.1)-(4.4):

Ye= Boaye+ (= Boa)

By = Eayi + (B — B2y
E._m = E_,m + (E_ymr — B _om)
Bioimie1 =By ¥ (Boam s — B_omie)
R Al N TP N (=NEY PR SHEPY P
B s =B omiist (Eoimiss— Ei_omiss)
= B+ (o — E_ym)

E,_ 1, = E,_,i, + (E,_1i;— E,_,i)
Ei_1ivs1 =B olpsq + (Er_1iis1—E¢_sysq)
EBiotiiio = B oo + (Bl — Bialii2)

i, = E_qi+ (i,— E,_,i)

Yi-1= Vi1
Ty =T 1

T 2= T
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3= T3
(P
=l
l_g =3

Equations (4.1)-(4.4) together with these eighteen newly created
identities can be written in matrix form as

Igee =158 |+ Weeg + [t
where the superscript “e” stands for empirical NKM model and %

. .
Et = (Yo o do Mo Eeo 1Yo Ee- Ve Eoaee s Boimis s Bioim o Eo e Eogmy
=AY NP Y NP Y T =Y 0 SEPT SIPE | S HY 1P RPN NP MY

et = (2 Gu €)'
7¢ == Ee- Yo EooYe— B oY Eeoami— B0y Bt 1 — By

B 1o — Bioomtiso Boamie s — B oTtss T — By
Ei_1le— Ei_oly Ei_qie 1 = Ei_lis 1, Ei_gliin = E_oliion | — Ei_4i)

28. I'sand I are 22 x 22 matrices, so we do not show them to save space. These matrices and
the GAUSS code for solving the empirical NKM model are available from the authors upon re-
quest.
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