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Abstract

This paper evaluates the predictive power of different information sets for the European Central Bank
(ECB) interest rate setting behavior. We employ an ordered probit model, i.e. a limited dependent variable
framework, to take into account the discreteness displayed by policy rate changes. The results show that the
forecasting ability of standard Taylor-type variables, such as inflation and output gap, is fairly low both in-
sample and out-of-sample, and is comparable to the performance of the random walk model. Instead by
using broader information sets that include measures of core inflation, exchange rates and monetary
aggregates, the accuracy of the forecasts about ECB future actions substantially improves. Moreover, ECB
rhetoric contributes to a better understanding of its policy reaction function, and ECB statements
complement the information contained in actual macro figures. Finally, we find that that the ECB has been
fairly successful in educating the public to anticipate the overall future direction of its monetary policy, but
has been less successful in signaling the exact timing of rate changes.
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1. Introduction

What is the information required to make accurate predictions of the future most likely European
Central Bank (henceforth ECB) policy rate change? Are Taylor-type macroeconomic variables enough or in
practice does the ECB use a wider variety of information that also includes survey data, exchange rates and
monetary aggregates? Moreover, does central bank communication provide complementary or substitutable
information with respect to macroeconomic variables? This paper attempts to answer these questions

empirically by comparing the forecasting performance of different information sets.

A monetary policy rule describes the systematic relationship between the central bank’s policy rate
and macroeconomic variables. Estimating a reaction function is interesting for two main reasons. First, it is a
useful tool to forecast future policy rates. Second, by providing explicitly one equation of the
macroeconomic system, the monetary policy rule “closes” the general equilibrium macro-econometric model
of the economy and thus it allows to simulate policy experiments. The value added of this study to the
empirical monetary policy literature is to evaluate the ECB’s empirical reaction function in a limited
dependent variable framework that take better into account the discreteness displayed by policy rate changes
compared to the standard modeling of the operational rate as a continuously adjusting variable. Moreover,
we employ various real-time information sets to predict the direction of ECB monetary policy, where the
policy rate change could be “upwards”, “downwards” or “no change”. In particular, we show that ECB
rhetoric contributes to a better understanding of its policy reaction function, and its statements complement
the information contained in actual macro figures. This represents a step forward in the existing literature
that mostly focuses on the estimation of monetary policy rules using a small set of ex-post realized

macroeconomic variables.

The main findings of the paper can be summarized as follows. First, the predictive ability of standard
Taylor-type variables (Taylor, 1993) is fairly low both in-sample and out-of-sample, and is comparable to the
performance of the random walk model. More specifically, we find that policy rates are closely tied to survey
data, while policy responses to the real-time estimate of the output gap are weak and not significantly
different from zero once we control for survey data. Moreover, the use of broader information sets that
include core inflation, producer price inflation, exchange rates and monetary aggregates improves
substantially the forecasting ability of the direction of future ECB policy rate changes.

Second, the tone of ECB statements turns out to contain relevant information to correctly predict the
ECB future actions. In other words, central bank communication provides complementary, rather than

substitutable, pieces of information with respect to macroeconomic variables.

By estimating monetary policy rules, this paper is part of the large literature on empirical reaction

functions. In the interest of space, below we focus on papers estimating the ECB’s policy reaction function



and using only euro area data from 1999." First, there are studies (among others Carstensen and Colavecchio,
2006, Fourgans and Vranceanu, 2004, and Sauer and Sturm, 2007) that estimate the ECB’s policy reaction
function by employing a Generalized Method of Moments (GMM) and adopting a Taylor-type specification.
We extend this strand of the literature by employing a limited dependent variable framework that better takes
into account the discreteness of policy rate changes. Moreover, by using real-time macroeconomic data,
rather than ex-post and revised data (Orphanides, 2001 and Coenen, Levin and Wieland, 2005), we do not
have endogeneity issues. Some limited work (Carstensen, 2006, and Gerlach, 2007) has been undertaken to
employ a limited dependent variable econometric method to estimate empirical reaction functions for the
ECB. The present paper also estimate the ECB reaction function by using an ordered probit model, and goes
one step further by analyzing the predictive ability both in-sample and out-of-sample of different information
sets. The findings of this study are important to improve our understanding of actual monetary policy-

making in the euro area for the sample period 1999-2007.

By looking at the importance of ECB words to predict its future policy actions, this paper is also
related to the rapidly expanding literature on central bank communication (see Blinder et al., 2008, for a
survey), reflecting the increased importance communication aspects have gained in the conduct of monetary
policy. Two recent contributions analyse the role of central bank announcements to better understand its
policy deeds, as we do in this study. First, Jansen and De Haan (2008) examine the usefulness of statements
made by members of the ECB Executive Board, national (of the euro-zone) central bank presidents, and
high-level policymakers of the German Bundesbank to predict the ECB policy decisions during the sample
period 1999 to 2002. Given that the ECB follows a collegial communication approach, in the present paper
we focus on the introductory statements made by the ECB President during the monthly press conference for
the sample 1999 to 2007. The contents of the monthly press conference should better reflect the views of all
ECB Governing Council members compared to the declarations made by national central bankers. Indeed,
contrary to Jansen and De Haan (2008), we find that the tone of central bank statements is an important
explanatory variables of futures changes in the ECB main refinancing rate. Second, Rosa and Verga (2007)
assess the consistency and effectiveness of ECB communication, and as a by-product the information content
of its rhetoric (see also Heinemann and Ullrich, 2007). The present paper shares the finding that ECB words
provide complementary, rather than substitutable information with respect to macroeconomic variables to
correctly predict its future deeds. And it goes one step further by investigating the ECB reaction function and
performing a comprehensive sensitivity analysis, such as computing out-of-sample predictions, considering
different forecasting horizons, and controlling for a wider set of macroeconomic variables. Moreover, the

sample period used in this study is 1999 — 2007 rather than 1999 — 2004, and the predictive accuracy is

! Gerlach and Schnabel (2000), Gerdesmeier and Roffia (2003) and Ullrich (2003) study the behaviour of a “fictitious”
European monetary authority prior to the start of Stage Three of the EMU (i.e. before 1999) by using aggregated euro
area data. A very detailed list updated until July 2000 of technical and descriptive research papers on monetary policy
rules can be found at www.stanford.edu/~johntayl/PolRulLink.htm.




measured by employing the Henriksson and Merton’s (1981) criterion, instead of only the corrected

classification approach.

The remainder of the paper is organized as follows. Section 2 starts by discussing the ordered probit
model. Section 3 describes the choice of the data. Section 4 contains the estimates of simple instrument
monetary policy rules for the ECB, and compares the ability of different information sets to predict both in-

sample and out-of-sample the direction of future policy rate changes. Section 5 concludes.

2.  Econometric framework: ordered probit

Since policy rates do not move most of the time, and when they change they do so by a discrete
amount (usually by 25 or 50 basis points, see Table 1), the ordered probit estimation method (Vanderhart,
2000 and Ruud, 2000, chapter 27) takes better care of these intrinsic characteristics of the data compared to
standard time series techniques, such as GMM. Moreover, by using real-time predetermined data, i.e. data
actually available to the ECB Governing Council members at the time of their policy rate decision, we do not

have any endogeneity issue.
[Insert Table 1 about here]

We assume that the ECB defines its target policy rate, if,,, on the basis of a smoothing adjustment
towards an interest rate, i, ,, which is the optimal rate of the fully specified model guiding the decisions of

the ECB Governing Council:

it = (1= p)idis + piy o
it0+1 = X¢11B

where B and p are regression coefficients, and X, ; stands for the set of explanatory variables at time ¢ + 1.
In order to cope with the potential non-stationarity of policy rates, > we use as a dependent variable the

change in policy rates:

lfy1 — g = Xt+1B + Pl + €41 2

* Even though the policy rate may be stationary in large samples, Phillips Perron and augmented Dickey Fuller tests
cannot reject the presence of a unit root in our sample (results not reported but available upon request). Moreover,
Gerlach-Kristen (2003) shows that policy rules estimated in levels, rather than in the Error Correction Model
specification, display both parameter instability and poor out-of-sample forecasts. Note that given the first-difference
specification of Equation (2), the coefficient of the lagged policy rate (i.e. interest rate smoothing parameter) is 1 + p.



where B = (1—p)B, p=(p—1) and the error term &, is assumed to be normally distributed, and

subsumes both implementation errors of the ECB and specification errors of the policy reaction function.’
Equation (2) cannot be directly estimated, because i;,; — i; is not observed by market participants,

i.e. it is a latent variable. What is observed is the actual direction of policy rate changes, which depends on

where the latent variable is relative to a set of threshold values:

Ait+1 = {_501 _25} if i;+1 - it < Cq1
Aigy1 =0 if € <l — ik S 6 (3)
Ait+1 = {+50, +25} lf C2 < i;+1 - il’

where ¢; is a threshold parameter with ¢; < ¢j,4 for all ;. 4 Since it is not possible to simultaneously identify

the constant term, the limit points ¢;, and the variance of the error term, in this paper we estimate the

threshold parameters, and without loss of generality normalize the constant to zero and the variance to one.
The goodness of fit of the ordered probit model can be measured by the pseudo R? statistics, also

known as McFadden’s likelihood ratio index, which is given by:
pseudo R?> =1 —1In(L/L*) 4

where L stands for the value of the likelihood of the ordered-response model of Equations (2) and (3), and
L* for the value of the likelihood function when there are no time-varying regressors. Note that Equation (4)
takes values ranging from 0 and 1, as the standard R?, and the pseudo R? is related to a likelihood ratio test
of the null hypothesis that all slope parameters are zero, i.e. —2 - In(L/L*). In addition, as a diagnostic check
of model misspecification, we compute p-values of the null hypothesis of no first-order autocorrelation in the
generalized residuals (Gourieroux, Monfort and Trognon, 1985, page 326).

To compare the predictive ability of different information sets, we also construct two outcome-based
measures of the goodness of fit. More specifically, by maximizing the log-likelihood function of the ordered
probit model of Equations (2) and (3), we can compute the predicted probabilities of directional changes and
the corresponding predicted sign (i.e. the event with maximum probability). Then we cross-tabulate the
direction of forecasted changes against observed outcomes in a contingency table. The proportion of correct
predictions is the sum of all diagonal terms divided by the total number of observations. However, an high

percentage of corrected classification does not always provide enough evidence to claim that the proposed

’ As pointed out by Gerlach (2007), this standard ordered probit specification differs from the dynamic probit
formulation estimated by Eichengreen, Watson and Grossman (1985) and Davutyan and Parke (1995), who assume that
Ai;,, depends on observables.

* Note that the same methodology could also be applied to forecast the next change of the policy rate, rather than simply
its sign. The results of this paper continue to hold. However, by using five categories the estimation results of the
probabilities of policy rate changes are based on “rare” events, such as a policy rate increase of 50 basis points and a
policy cut of 25 basis points (cf. Table 1).



model has a good predicting performance. Indeed, a simple estimator, such as a “stopped-clock” strategy that
would be always correct some of the times, in our situation could do very well too, since the sample features
a dominant outcome represented by a no change in the policy rate. In order to overcome this problem and
thus correctly evaluate the predictive ability of the two reaction function specifications, we also compute a
second and more reliable measure of performance originally proposed by Henriksson and Merton (1981),

HM. This criterion is defined as follows:

+1 —
_ 1 SIzi(sign(ier, — 1) = k) - 1(sign(icss — i) = k) ®)
HM = J—1 Z [

— , -1
ke t=1 1(sign(isy — ip) = k)

where J is the number of categories that in our case equals three, (lt_‘_/_: 1¢) stands for the prediction of the
future policy rate change, 1(.) is the indicator function that takes value one when the event is true and zero
otherwise, k € {—1,0,+1}, and the sign function sign(x) takes respectively value +1 when x > 0, 0 when
x = 0 and —1 when x < 0. Henriksson and Merton’s measure always lies between —1/(J — 1) and 1. The
measure MC equals zero for a stopped-clock strategy, suggesting that it has zero predictability. A negative
value of MC can be regarded as being inferior to the stopped-clock strategy. On the other hand, a perfect

forecasting model has a MC value of one.

3. Data

3.1. Macroeconomic variables

We use monthly data for the sample period February 1999 — December 2007, that is since the onset
of the ECB operational life. Unless otherwise stated, throughout the paper we use real-time macroeconomic
data, rather than ex-post and revised data. In other words, we employ data actually available to the ECB
Governing Council members at the time of their policy rate decision. The dependent variable of all the
regressions is always the directional change in the official ECB policy rate, i.e. the minimum bid rate for the

main refinancing operations of the Eurosystem.

To measure the real economic activity, we use both the output gap and survey data. The empirical
literature on monetary policy rules (see for instance Clarida, Gali and Gertler, 2000 and 1998) highlights the
role of the output gap to distinguish between medium-term trends and shorter-term cyclical movements in

the economy. We estimate potential output from monthly industrial production in three different ways.” We

> There are usually two approaches to estimate it: a statistical method that can be either univariate or multivariate, and a
structural approach based on the specification of a production function (cf. Baxter and King, 1999, Cerra and Saxena,
2000, and ECB Monthly Bulletin, October 2000). Interestingly, economic forecasters (see Sauer and Sturm, 2007)
consider alternative measures to assess the position of the business cycle, such as growth-rate cycles (fluctuations in
production growth). The industrial production series is taken from the ECB’s website. The most pronounced difference



recursively apply (i.e. every month appending a new data point) a deterministic linear and quadratic trending,
and Hodrick-Prescott filter (see Hodrick and Prescott, 1997) with smoothing parameter 14,400. In order to
have a more reliable estimate, the sample starts in 1994 (to avoid the issues related to the German
reunification) instead of simply using EMU data from 1999. The output gap is defined as the difference
between industrial production and its fitted linear and quadratic trend (respectively, xF and xtQ), or Hodrick-
Prescott filter (x/F). There are many indicators to measure business and consumer confidence in the euro
area, including Economic Sentiment, EuroCOIN and EuroGrowth.® Since we have three different business
cycle indicators that co-move together (see Figure 1), we apply a principal component analysis to summarize
their informational contents. The first component, Factor, explains around 93% of their variability, and is

used in the econometric analysis.
[Insert Figure 1 about here]

Given the ECB definition of price stability as “a year-on-year increase in the Harmonized Index of
Consumer Price (HICP) for the euro area of below, but close to, 2%” (ECB, 2003 and 1998b), a natural
starting point is represented by headline inflation. We also consider core inflation measures (HICP excluding
unprocessed food and energy prices, Corelnfl) and a production price index, ProdPrices. The underlying
motivation to target core inflation, instead of the HICP, is as follows. If there is a transitory shock, then
optimal monetary policy should not react to it unless it has a permanent impact on prices. Interestingly, the
behaviour of the HICP and core inflation indicators have been so far quite different (see Figure 2). Indeed,
the correlation between these three measures of price stability is fairly low, and the correlation between

Corelnfl and ProdPrices is even negative (-0.429).
[Insert Figure 2 about here]

We analyze the ECB reaction to additional explanatory variables such as the exchange rate,
monetary aggregates, energy prices, and a proxy for financial market risks. The ECB may consider the
effects of the exchange rate channel on the monetary transmission mechanism in terms of both net external
demand and import prices (cf. Ball, 1999, Batini et al.,, 2001, and Taylor, 2001). In particular, an
appreciation of the home currency reduces inflation both directly (i.e., the price of imported goods decreases

with the appreciation of the currency) and indirectly (i.e., it will lower real GDP by switching foreign

between revised and real-time data on industrial production is that the latter takes the publication lag into account. To
have real-time data on industrial production, we consider a publication lag of three months. For instance, by looking at
the actual releasing dates, the latest information on 1 June 2005 was the industrial production for March 2005.

® Survey data present three main advantages over more standard measures of real economic activity such as GDP. First,
their data are timely released. Moreover, they seem to be leading indicators. Finally, they are less volatile than GDP:
these data are usually free from measurement errors and from seasonal and other short-run fluctuations caused by local
and sector-specific shocks.



expenditure). For this reason, we use the real annual growth rate of the Euro compared with the US Dollar
(measured in US$ needed to buy 1 €, gF), where a negative value indicates a depreciation of the euro. Two
important caveats should be noted. First, since the effects of the exchange rate change will occur with a lag
and inflation is determined in a forward-looking fashion (Woodford, 2003, Chapter 3), the ECB response to
the exchange rate can already be incorporated in its response to the inflation rate. Second, the ECB concern
for the exchange rate does not mean that the Bank follows an exchange rate targeting policy, rather it seems
that the exchange rate is an element of a wider set of indicators that the Eurosystem analyses to evaluate the
overall outlook for price developments in the medium term. Indeed, on 7 May 1999 Issing declared “An
exchange rate target would, in effect, limit our options in conducting monetary policy aimed at internal price
stability. (...) Given the primary objective of the single monetary policy and exchange rate policy to

maintain price stability, it would be counterproductive and confusing also to aim at a specific exchange rate”.

The ECB has a characteristic two-pillar strategy (cf. Monthly Bulletin, January 1999 and November
2000), where the monitoring of monetary aggregates growth has a prominent role in the assessment of
inflationary risks. In particular, the ECB has a reference value of 4.5% per annum for M3 growth (ECB,
1999 and 1998a). Therefore, although many monetary and financial variables are listed in Table 1, we should
expect the ECB to respond to any deviation of M3 growth, gM3, from its target value. However, on 8 May
2003 the Governing Council announced a revision of its monetary policy strategy (ECB, 2003). In that
occasion, its chief economist Otmar Issing declared that “Money [is just useful as a] cross-check for longer-

term evaluation of monetary stance”, with the primary objective of the ECB being only price stability.

By including energy prices, gPOil, we may infer the extent to which Governing Council members
expect second round effects from oil price changes, especially taking into account the labour rigidities in

mainland Europe.

Finally, to take into account the recent liquidity problems, triggered by the lending and credit crisis
in the subprime industry, we consider a proxy for financial market risks, Risk, the spread between the three-
month Euribor rate and the three-month Eurepo rate (i.e. a benchmark interest rate for secured money market

transactions in the euro area).

3.2. Measuring the tone and of central bank announcements

Since its inception, the ECB has paid considerable attention to its announcement policy, and
especially to its choices of medium, form and content. In order to communicate with the public effectively,
and address the informational needs of various target groups such as politicians, academics, the press, and
participants in the financial markets, the ECB uses various instruments. These include the Monthly Bulletin,
the President’s monthly press conference (and its Questions and Answers session), the Testimony to the

Committee on Monetary Affairs of the European Parliament (which currently takes place four times per



year) and frequent speeches by its President and / or members of the Governing Council. The present paper
focuses on the ECB President’s introductory statement to the monthly press conference because the press
conference represents “the principal vehicle of the ECB’s communication” (ECB, 2007), and it reflects the
views of all members of the ECB Governing Council.

To measure central bank communication, we follow Rosa and Verga (2008, 2007) and convert each
press conference into a wording indicator variable, /ndex, on a five-value scale from —2 (very dovish) to +2
(very hawkish). The value of zero suggests that the current level of the policy rate is appropriate to maintain
price stability over the medium term. The value -1 characterizes an easing period: it is possible that the Repo
rate will be cut in the near future. The value -2 indicates that the Governing Council is increasingly inclined
to cut interest rates. On the other hand, the values +1 (+2) characterizes a (strong) likelihood of future
monetary policy tightening. This number, /ndex, intends to summarize the monetary authority’s overall
policy stance as communicated by its monetary policy committee (see Rosa and Verga, 2008, and Rosa,
2008, for further details on the coding methodology; the values of Index are available in a separate
Appendix).” In some occasions the ECB either did not hold a press conference (8 cases, every August until
2005 and January 2001) or held two press conferences in the same month (3 cases, March 2000, October
2000 and June 2001). We treat the missing data problem by employing the value of /ndex of the preceding
month. In months with two press conferences we use the Index of the second conference as it is more up-to-

date and thus more relevant for the future policy rate decisions.

4. Econometric results

4.1. [Estimates (in-sample)

Table 2 reports the coefficient estimates of the ordered probit model outlined in Equations (2) and
(3), together with its limit points cs, for the sample period February 1999 — December 2007, using different
information sets and where the dependent variable is the direction of the next most likely ECB policy rate

change.

[Insert Table 2 about here]

In the interest of brevity, we summarize the most interesting findings instead of commenting all the

regressions individually. As a baseline model, we start by studying the ECB reaction function using standard

7 The seminal paper of Romer and Romer (1989) pioneered this so called narrative approach. In particular, they
examined the records of Federal Reserve policy deliberations in order to identify exogenous (according to their claim)
monetary policy shocks. More generally, the classification of statements is often referred to as content analysis (see
Krippendorf, 2004): it consists of a set of techniques to extract the content of a message. A similar methodology for the
classification of monetary policy statements is also applied, though this list is by no means exhaustive, by Ehrmann and
Fratzscher (2007), Guthrie and Wright (2000) and Jansen and De Haan (2005).



Taylor-type macroeconomic variables, such as inflation and output gap. First, the standard Taylor rule does a
poor job in explaining the ECB interest rate setting behavior, as shown by the low pseudo-R? of Columns 1-
3. Second, the inflation coefficient is never statistically different from zero. Third, the smoothing parameter,
i.e. the coefficient of the lagged policy rate, in all but one case is not statistically different from one, which is
very large compared to the existing literature on reaction functions, and suggests that the policy rate follows
a random walk process. Finally, the coefficient of the output gap is always positive and statistically

significant.

The bottom part of Table 2 investigates the degree of the ECB policy rate smoothing by applying a
Wald test of the symmetry of the threshold levels across increases and decreases of policy rates. In general,
we cannot reject the null hypothesis of symmetry. This evidence suggests that the (non-linear) ordered probit
model does not add a dimension of sluggishness to the response of the policy rate to macroeconomic
fundamentals beyond the lagged policy rate included in the specification of Equation (2). Finally, the null
hypothesis of no first-order serial correlation in the residuals cannot be rejected, and since the result holds for
all models considered in this paper is not discussed further: including the lagged policy rate i,_; as

explanatory variable is sufficient to guarantee uncorrelated residuals.

Table 2 (Columns 4-6) displays the estimates of the ECB’s empirical reaction function using Factor
as indicator of economic activity rather than the output gap. The explanatory power, measured by the
pseudo-R?, is much higher — more than double — than the corresponding one shown in Table 2. The
coefficient on the lagged policy rate is smaller than one, indicating that the observed policy rate follows a
stationary process. Second, the coefficients of the inflation variables are positive and marginally statistically
significant. The importance of the output gap as explanatory variable completely disappears once Factor is
included in the specification. This last finding is in line with the seminal work of Orphanides and van Norden
(2002): given the end-of-sample estimation problem, real time estimates of the output gap are fairly
unreliable irrespective of the de-trending methodology applied. The interpretation of the above results is as
follows. In order to stabilize the economy, central bankers need some measures of the business cycle.
Moreover, because of the lags of the monetary transmission mechanism, these measures are needed well in
advance. Hence, the members of the ECB Governing Council have to infer the output gap or even actual
output from a range of other observable variables, such as survey data. This implies that the policy rate will

be correlated with all the indicators the ECB has used in its filtering problem.

Table 2 (Columns 7-8) reports the estimates of the augmented reaction function and analyze whether
and to what extent the ECB reacts to exchange rates, monetary aggregates growth, and energy prices. We
find that the regressor coefficient of M3 growth is positive and in one case marginally significant at the 10%
level. This finding suggests that the ECB weakly reacts to the dynamics of monetary aggregates. Second,
energy prices never enter significantly in the ECB reaction function, indicating that during the sample under

consideration changes in oil prices never materialize in permanent changes — second round effects — in wages

10



and goods prices. Third, the coefficient of the exchange rate is negative and statistically significant. A
depreciation of the euro (i.e. a negative value of gF) implies a tighter monetary policy, and appears to be a

leading indicator of future inflationary risks,

To sum up, the ECB seems to use a wide variety of information to set its policy rate. In particular,
survey data, core inflation measures, and exchange rates are economically and statistically significant to
explain its interest rate setting behavior. Nevertheless, the results discussed above raise one set of questions.
Does the forecasting ability of directional changes in ECB future monetary policy improve with the use of
supplementary information compared to standard Taylor-type macroeconomic variables? In particular, how
well do these models predict the Governing Council’s interest rate decisions? Furthermore, does the
inclusion of the wording indicator and the proxy of recent financial turbulence as explanatory variables
improve the accuracy of the predictions? We address these questions in the next subsection where we
construct both in-sample and out-of-sample predictions for one-, two-, and three-month ahead directional

changes in the ECB policy rate.

4.2. Assessing the models (out-of-sample)

In the interest of brevity, to compare the predictive ability of the direction of policy rate changes we
discuss the corrected predictions and Henriksson and Merton (1981) criterion only for the out-of-sample
forecasting exercise.® More specifically, to construct out-of-sample predictions of the next directional change
we employ the expanding window method by computing the one-step ahead prediction of the sign of the
policy rate change in time ¢ + 1 by using information available up to time t. The starting date of the sample
is fixed at February 1999. Every successive observation starting in January 2004 is included in the
initialization sample one at a time prior to the forecast of the next one-step ahead prediction of the directional
change. Table 3 displays the percentage of corrected classification and the HM values for different
specifications of the ECB reaction function reported in the previous subsection (see Table 2), and for three
different forecasting horizons (one-, two- and three-month ahead predictions). Interestingly, for all
forecasting horizons the Taylor-type specification (i.e. using inflation and output output gap) has always the
lowest HM criterion, and can outperform a random walk predictor only for two- and three-month ahead

forecasts.

[Insert Table 3 about here]

¥ In-sample results are available in a separate Appendix and the contingency tables upon request. We simply note that
all the conclusions discussed for the out-of-sample forecasting exercise continue to hold in the in-sample analysis. In
particular, the use of wide information sets is crucially important to make more accurate prediction of the future
direction of policy rate changes. Moreover, for all specifications and all forecasting horizons there are no large
forecasting errors (the predictions never suggest a future increase in the policy rate when the actual movement was
downward or vice versa).

11



The inclusion of the wording indicator, Index, as explanatory variable substantially increase the
accuracy of the forecasts, especially for the two- and three-month ahead predictions. This finding indicates
that ECB rhetoric allows a better understanding of its policy reaction function, and its statements
complement the information contained in actual macro figures such as inflation and economic activity. In
other words, central bank communication is helpful to understand how the bank processes and reacts to
actual macroeconomic data. The inclusion of the variable Risk also contributes to slightly improve the
forecasting ability of the empirical policy function. This result confirms empirically that the ECB reacted to
the recent turbulence in financial markets not only by injecting liquidity in the European economy but also
by setting its policy rate according to the intensity of the financial crisis.

Finally , there is some evidence that it is easier to predict the overall two- and three-month ahead
policy decisions compared to the next-month policy rate change. This finding shows that the ECB has been
very effective in securing medium-term predictability. On the other hand, the ECB has been slightly less
successful in enhancing short-term predictability about its near-future policy actions. To put it differently,
the ECB has been able to educate the public to anticipate the broader future direction of its monetary policy,
but has been less successful in signaling the exact timing of rate changes (i.e. advancement or postponement

of a more-or-less inevitable change in monetary policy).

5. Conclusions

Although a Taylor rule is a standard and popular tool for evaluating monetary policy decisions, its
mechanical application could lead to serious pitfalls and to an inadequate explanation of the central bank’s
interest rate setting behavior. By estimating several instrument policy reaction functions for the ECB this
paper sheds some light on actual monetary policy in the euro area for the sample period 1999-2006.

The monetary authority operates under considerable uncertainty about the state of the economy.
Moreover, as noted among others by Duisenberg (1999), “monetary policy measures only have an impact on
prices with long, variable and not entirely predictable time-lags of between 1.5 and 2 years”. Therefore, to
identify the existence of potential risks to price stability, the central banker has to solve a signal-extraction
problem using information from many different variables (Svensson and Woodford, 2003). In other words,
the monetary authority has to infer the future inflation from a set of observable variables. Obviously, the
indicators the ECB uses in its filtering problem will be correlated with its policy rate. The value added of this
study to the empirical monetary policy literature consists of highlighting the importance of using wide
information sets that includes ECB words to predict its future monetary policy decisions. More specifically,
we find that the real-time estimate of the output gap is not significant in its reaction function once we control
for survey data. Second, core inflation measures of price stability better explain the ECB’s actions compared

to headline inflation. Third, the inclusion of the euro exchange rate with the U.S. dollar and monetary
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aggregates substantially increase the accuracy of the prediction of the direction of future ECB policy rate
change both in-sample and out-of-sample. Interestingly, the tone of ECB statements provides
complementary, rather than substitutable, pieces of information with respect to macroeconomic variables.
Finally, there is some evidence that the ECB has been fairly successful in educating the public to anticipate
the broader future direction of its monetary policy, but has been less successful in signaling the exact timing

of rate changes (i.e. advancement or postponement of a more-or-less inevitable change in monetary policy).
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Table 1 — Changes in the ECB policy rate

Aiyyq Count
-0.50 5
-0.25 3
No change 84
+0.25 13
+0.50 2
Total 107

NOTE: The sample is February 1999 — December 2007.
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Figure 1 — Real economic activity indicators
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NOTE: The chart displays the standardized Sentiment (solid line), Eurocoin (dotted line) and Eurogrowth (dashed line)
survey indicators. The sample is from January 1999 to December 2007.
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Figure 2 — Different measures of inflation
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