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Abstract: 

Recently, a number of studies have made an attempt to deal with the key issue of the 

incompleteness of information available to the central bank when taking its monetary 

policy decisions. This study adds to this literature by tackling the problem with regard 

to the euro area. The analysis is based on the simplistic assumption of the central bank 

following a simple monetary policy rule à-la-Taylor. Along the lines of work suggested 

by Orphanides, the study tries to assess whether estimates of reaction functions which 

are carried out using revised data for the euro area can convey a misleading message in 

terms of policy recommendations.  

Keywords: Taylor Rules, Reaction Functions, Monetary Policy, Euro Area, 

Real Time Data 

JEL-Classification: E58, F41 



 

Non Technical Summary 

This paper tackles the key issue of the incompleteness of information available to the 

central bank when taking its monetary policy decisions. It focuses on euro area data and 

is based on the simplistic assumption of the central bank following a simple monetary 

policy rule à-la-Taylor. Along the lines of the work by Orphanides (2001), the aim of 

the analysis is to assess whether estimates of reaction functions which are carried out 

using revised data for the euro area can convey a misleading message in terms of policy 

recommendations. In essence, the analysis carried out for the euro area yields 

indications which are consistent with the findings by Orphanides for the United States. 

First of all, the results suggest that it would be preferable for a central bank not to attach 

too much weight on output gap measures in policy analysis, given that such measures 

are subject to large revisions over time. Second, the coefficients of a simple Taylor rule 

estimated in real time (i.e. using only the information available at each point in time) 

differ quite considerably from those related to the same rule estimated on the basis of ex 

post revised data. More precisely, a coefficient for inflation larger than one (which is 

often referred to as the “Taylor principle”) in real time is found only in case a forward-

looking specification (based on the data from the Survey of Professional Forecasters) is 

used. On the contrary, when using revised data, the same result is obtained if the Taylor 

rule includes the current inflation rate. This shows that a misleading inference can easily 

occur when the appropriate available data are not taken into account. 



 

Nicht technische Zusammenfassung 

Die vorliegende Studie befasst sich mit dem Kernproblem unvollkommener 

Information; einem Problem, mit dem sich de facto alle Zentralbanken konfrontiert 

sehen, wenn sie ihre geldpolitischen Entscheidungen treffen müssen. Basierend auf der 

vereinfachenden Annahme, die Zentralbank folge einer einfachen geldpolitischen Regel 

à-la-Taylor und vor dem Hintergrund der grundlegenden Arbeit von Orphanides (2001) 

untersucht die vorliegende Arbeit anhand von Daten zum Euro-Gebiet, ob Schätzungen 

von Reaktionsfunktionen, die auf der Basis von ex-post revidierten Daten ausgeführt 

werden, zu irreführenden Ergebnissen gelangen können. In der Tat ergeben sich 

Resultate, die durchaus mit jenen vergleichbar sind, die Orphanides für die USA 

nachgewiesen hat.  Eine Reihe von Implikationen verdienen gesonderte Erwähnung. 

Zum einen scheint es für eine Zentralbank empfehlenswert, im Rahmen ihrer 

Politikanalyse der Outputlücke nicht allzu großes Gewicht beizumessen, da deren 

Messungen im Zeitablauf teilweise beachtlichen Revisionen unterliegen. Zudem 

weichen die Koeffizienten einer Taylor-Regel, die sich auf Basis der zum Zeitpunkt der 

Entscheidung vorliegenden Datenbasis ermitteln lassen, teilweise beträchtlich von 

denjenigen ab, die sich auf Basis derselben Regel, aber unter Verwendung ex-post 

revidierter Daten ergeben. Die Ergebnisse illustrieren damit, dass eine unzureichende 

Berücksichtigung der zum entsprechenden Zeitpunkt verfügbaren Datenbasis 

irreführende Ergebnisse zur Folge haben kann 
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       Taylor rules for the euro area: 
the issue of real-time data1 

1.  Introduction 

In the economic literature, increasing attention has been recently devoted to modelling 
the monetary policy decision-making process under the form of simple monetary policy 
rules. These simple rules, which commonly resemble rules à-la-Taylor, express the 
setting of the key interest rate by the monetary authority as the response to a few key 
variables in the economy, which are usually related to price developments and the real 
economy situation. Such a feedback reaction function, therefore, establishes a direct link 
between a number of selected information variables ─ deemed to be good indicators of 
risks to price stability ─ and the monetary policy instrument. 

In the empirical literature, this type of rules has been widely regarded as useful in 
providing a rough benchmark against which developments in the monetary policy 
instrument of a central bank could be compared. The latter is due to the fact that the 
Taylor rule, while being very simple, seems to be able to capture some of the important 
elements of the past behaviour of central banks. In particular, such rules can provide a 
basis for tracking past changes in the central bank’s policy instrument, namely the 
short-term interest rate.2  

It should be noted, however, that investigations are usually based on revised data which 
do not take into account the information available in real time. However, it is also true 
that when estimating reaction functions in real time, a number of problems need to be 
faced. As an example, data releases differ across series, thus making some series more 
incomplete with respect to others − which are more timely available − at each point in 
time. Moreover, some series are subject to a low degree of accuracy because they are 
subject to substantial revisions over time. Therefore, real-time and ex post estimates 
might differ substantially. Related to this issue, the important problem that the output 
gap and the equilibrium real interest rate are non-observable variables should also be 
noted. 

                                                 
1  This paper represents the authors personal opinions and does not necessarily reflect the views of the 

ECB, the Bundesbank or its staff. 
2  Despite their advantages, such rules are, of course, subject to many caveats. For a detailed description 

of them, see ECB (2001). Among them, the degree of uncertainty around the parameter estimates as 
well as around the measurement and the set of the variables included in the rule and the sample period 
considered for the estimation, or the lack of information encapsulated in the few variables usually 
included in the rule, should be mentioned. 
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With regard to the specification, two issues are worth mentioning. The first issue relates 
to the fact that sometimes forecasts-based variants of Taylor rules are considered, so 
that the inclusion of the output gap in addition to the inflation forecast may reflect an 
explicit output smoothing objective besides price stability. The second issue refers to 
the fact that a lagged term of the interest rate is usually included in the Taylor rule. This 
degree of inertia or smoothing in the policy interest rate generally turns out to be quite 
high and significant, which might reflect a mis-specification of the model (pointing, for 
instance, to omitted variables which are autocorrelated or to serially correlated shocks). 

Furthermore, depending on the estimation methods, the resulting Taylor interest rates 
may vary over a wide range and thus not provide clear signals.  

To sum up, using the words of Orphanides “…[The] historical analysis suggests that 
the Taylor rule appears to serve as a useful organising device for interpreting past 
policy decisions and mistakes, but adoption of the Taylor-rule framework for policy 
analysis is not insurance that past policy mistakes would not have occurred.” 3  

Against this general background, we are interested in addressing the issue of using real-
time versus ex-post revised data along the lines of the work presented by Orphanides 
(2001). He finds that real-time policy recommendations may differ considerably from 
those obtained using ex post revised data. Furthermore, he shows that estimated policy 
reaction functions based on ex post revised data yield misleading descriptions of 
historical policy, in the sense that different specifications of the rules are suitable to 
describe US monetary policy over the years 1987-1993. Along these lines, we are 
interested in analysing how information problems as discussed by Orphanides might 
also affect the euro area. The study of the magnitude of the informational problems is 
tackled within the framework of simple monetary policy rules à-la-Taylor.4  

One obvious shortcoming of our present analysis applied to euro area data is that the 
span of data available is quite short. In the literature, this problem is sometimes 
overcome by carrying out the estimations for the period dating earlier than 1999. 
However, the results would then only refer to the conduct of a fictitious central bank, 
given that the ECB was only officially responsible for the conduct of monetary policy in 
the euro area since the start of Stage Three of EMU. Moreover, it should also be noted 
that the sample of our data does not differ too much in size with respect to the span of 
data used by Orphanides. 

                                                 
3  Orphanides (2003), p. 984.  
4  A number of studies also take additional information from various sources into account, e.g. the 

information conveyed by monetary aggregates. See e.g. Coenen, Levin and Wieland (2001) and 
Gerdesmeier and Roffia (2003) on this issue. This topic is left for future analytical work. 
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Our study is structured as follows. The following section briefly recalls the basic 
specification of the monetary policy rules which are used throughout this study. Section 
3 reports the estimation results based on ex post revised data while in Section 4 we 
describe the procedures followed to compile the real-time data set and present both a 
comparison between the ex post series and those available in real time and some results 
obtained using the latter data. Section 5 reports the results based on real-time data, 
while section 6 concludes. 

 

2.  Specifications of the monetary policy rules 

In the present study we start by considering a Taylor rule with interest rate smoothing, 
which can be expressed as follows: 

(1)       1(1 ) (1 ) (1 ) ( )t t t t ti y y iρ α ρ βπ ρ γ ρ ε−= − + − + − − + + , 

where ti  represents the policy rate of the central bank, tπ  is the inflation rate and 
( )ty y−  represents the output gap.5 This specification of the Taylor rule also contains 
an interest rate smoothing term. Its inclusion can be justified on the basis that central 
banks appear to adjust interest rates in a gradual fashion, being adverse to large interest 
rate movements, thus slowly bringing the interest rate towards its desired setting or 
“target” level. This smoothing of the interest rate is based on the hypothesis that the 
current interest rate is determined by weighting the interest rate target of the Taylor rule 
and the lagged interest rate according to the following: 

(2)       tttt iii ξρρ +−+= −
*

1 )1( , 

where the target interest rate is derived from the standard Taylor rule: 

(3)       )(* yyi ttt −++= γβπα , 

and ρ  represents the smoothing parameter. Replacing this expression for *
ti  in eq.(2), 

eq.(1)  can be easily obtained. It should be noted that, with an inflation parameter β  
larger than unity, the Taylor rule indicates that the real interest rate would be increased 
whenever inflation rises, thus exerting a stabilising effect on inflation (this also referred 
to in the literature as "Taylor principle").  

The use of this simple specification allows for a direct comparability of our results with 
those presented by Orphanides, who considered a specification which did not take into 

                                                 
5  More detailed information regarding the derivation of this type of rule starting from a simple Taylor 

rule can be found in Peersman and Smets (1998) and Gerdesmeier and Roffia (2003).  
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account the possibility that the central bank might have reacted to other additional 
economic variables not contained in the original specification proposed by Taylor. 
Along the same lines, in order to check for the robustness of the results obtained with 
the specification in eq.(1), we also consider some slightly modified alternative 
specifications. On the basis that central banks can only affect inflation with some lags, a 
forward-looking specification of the following form is also estimated:6 

(4)       1(1 ) (1 ) (1 ) ( )t t t n t t ti E y y iρ α ρ β π ρ γ ρ ε+ −= − + − + − − + + , 

where t nπ +  represents the inflation rate forecast (E denotes the expected value) at time 
(t+n) given the available information at current time t.7 Moreover, the simple rule 
without interest rate smoothing as originally advocated by Taylor is also used:8 

(5)       ( )t t t ti y yα βπ γ µ= + + − + . 

 

3.  Estimation of reaction functions using ex post revised data  

As a first step, this section presents and discusses the results of the estimations of the 

reaction functions just discussed based on ex post revised data. The choice of the data 

seems worth being discussed in more detail. Inflation is measured as the annual rate of 

change in the Harmonised Consumer Price Index (HICP)9. With regard to the output 

gap, no official or "unique" series exists, and all which are available can be easily 

subject to many criticisms. In the literature, different measures have been used: for 

                                                 
6  During the last 5-6 years forecasts are argued to have played a powerful role in shaping the response of 

monetary policy in a way which is not reflected in the simple standard Taylor rule. Therefore, policy 
rules which do not incorporate such information while historically analysing policy decisions might 
prove inadequate. 

7  With regard to forward-looking types of reaction functions, other specifications are also possible. For 
instance, different leads for inflation and the output gap can be employed, or leading inflation and 
lagging output gap can be inserted in the equation. However, these kinds of forecast-based rules are 
sometimes criticised because of the inclusion of the output gap in addition to an inflation forecast. In 
this case, such a rule might appear to reflect two distinct objectives, which stands somewhat in contrast 
with the fact that the primary objective of monetary policy in most industrialised countries rests on the 
achievement of price stability. 

8 However, there is no consensus about the most appropriate specification of the reaction function. There 
exist alternative specifications which differ either due to the inclusion of the interest rate smoothing, or 
because they exhibit a backward/forward-looking specification with different lags and different 
measures of inflation and the output gap. For example, Gerdesmeier and Roffia (2003) investigate 
whether simple Taylor rules can be improved by considering additional economic variables which 
were not contained in the original specification proposed by Taylor. However, this type of analysis 
based on real-time data is left for future research. 

9  The ECB has explicitly announced that, in order to maintain price stability, it aims to maintain the 
year-on-year increase in the HICP below, but close to, 2% over the medium term.  The inflation rate 
and the output gap are expressed in percentage points. 
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example, based on some statistical methods such as fitting a linear or a quadratic trend 

or applying the Hodrick-Prescott (HP) filter. The main International Organisations also 

report some measures of the output gap in real time. In this context, it seems worth 

noting that the output gaps compiled by the OECD and the IMF are based on a 

production function method, while the European Commission applies the HP filtering 

approach. Against this background, in our study we make use of an average of the main 

output gap measures, namely the linear and quadratic trend measures, the HP Filter and 

the output gaps provided by the OECD and the European Commission.10,11  

Consistent with the literature which focuses on the euro area after the start of Stage 

Three of EMU, the estimations are carried out using the Euro Overnight Index Average 

(EONIA).12,13  

With regard to the estimation technique and the diagnostic tests, in line with the 
literature the Generalised Method of Moments (GMM) is used. This technique nests 
many common estimators and is chosen in order to avoid a possible correlation between 
the right-hand variables and the residuals (so-called simultaneity bias). This is done by 
making use of appropriate instruments. Generally speaking, the set of instruments 
should contain variables known to the central bank at the time it sets the interest rate 
that are orthogonal to the residual term. In this context, lagged values of the explanatory 
variables appear to be the natural candidates. The set of instruments used is specified at 
the end of each table. Following Gerdesmeier and Roffia (2003), the weighting matrix is 
chosen using the method suggested by Newey and West (1987), who have proposed a 
general covariance estimator that is consistent in the presence of both heteroskedasticity 

                                                 
10  Given that the data set is monthly, the real GDP and the output gap have been interpolated using a 

cubic spline.  
11  This − of course − raises the question whether the measures mentioned above have been summed up 

using an equal weighting. In this study we assume that this is the case but must admit that this does not 
necessarily have to hold. However, preliminary results show that, when using other measures of the 
output gap (e.g. single measures or different averages), the qualitative results generally hold. These 
cross-check results are available from the authors upon request. 

12  In the literature the Euro Overnight Index Average (EONIA) is used for the estimations because it is 
the market rate which is more closely influenced by the monetary policy of the ECB. Moreover, this 
rate is also close to the Federal Funds rate which is commonly used for the United States.  

13  In this respect, the choice of the rate on main refinancing operations was seen as unsatisfactory due to 
estimation problems related to its step-like behaviour. Moreover, the choice of the 3-month money 
market interest rate has also been thought as being not convincing as it could be argued that, in some 
cases, the three-month money market interest rate might reflect market's anticipations of the future 
moves of policy rates in reaction to currently available data.  
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and autocorrelation of unknown form (so-called HAC Covariances).14 It should be 
noted that GMM requires no information about the exact distribution of the error term 
which implies that the normality assumption – being a crucial precondition for many 
other estimation procedures – is not required. All that is required is that the 
orthogonality conditions hold. We also checked the J-statistic which is used to test the 
validity of overidentifying restrictions (i.e. when the number of instruments is greater 
than the number of parameters to be estimated).15 The results of this test are consistent 
throughout all the specifications and indicate that the overidentifying restrictions are 
satisfied. Finally, all the estimates, unless differently specified, are carried out using 
data spanning the sample period 1999:01 – 2003:0616, with the starting date being the 
start of Stage Three of EMU when the ECB took over the conduction of the single 
monetary policy in the euro area. 

 

Table 1: Estimates of Taylor rules using ex-post revised data 

  Simple TR without 

smoothing (1) 

Simple TR (1) Forward-looking  

TR (t+12) (2) 

α  1.93  0.04 1.22 (0.04) 1.74 (0.35) 

ρ  (-) (-) 0.84 (0.01) 0.86 (0.01) 

β  0.80 (0.02) 1.08 (0.02) 0.61 (0.16) 

γ  0.72 (0.01) 0.70 (0.02) 2.41 (0.08) 

2R  0.82 0.95 0.96 

Notes 
a. TR denotes Taylor Rule. 
b. Sample period 1999:01-2003:03.  
c. Instrument list of the equations in the table:  
 (1) 1-6,9 and 12 lags of the inflation rate, output gap, unemployment rate and annual changes in the DJ  
 EuroStoxx and in the euro/US $ exchange rate. 
 (2) 1-6,9 and 12 lags of the inflation rate, output gap and annual changes in oil prices. 
d. In the third equation in the table above perfect foresight is assumed. 
e. Standard errors in parenthesis. 

                                                 
14  See Gerdesmeier and Roffia (2003) for a discussion on the adoption of the GMM instead of the OLS 

methodology, as well as of the choice related to the instruments and the use of the Newey-West HAC 
consistent covariance.  

15  Under the null hypothesis that the overidentifying restrictions are satisfied, the J-statistic times the 
number of regression observations is asymptotically 2χ distributed with degrees of freedom equal to 
the number of overidentifying restrictions. For further detail, see Johnston and DiNardo (1997) p. 337 
ff. 

16  In some cases, the end of sample may differ according to the availability of some series. 
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Looking at the figures reported in the table above, the following results are worth 
mentioning. 

First, in case a simple Taylor rule specification is used, the ECB seems to have reacted 
to inflation with a coefficient higher than one which, in the literature, is generally 
interpreted as denoting a stabilising behaviour.17 The opposite seems to hold in the case 
of a forward-looking specification. Moreover, the weight placed on the output gap has a 
considerably smaller size for a contemporaneous specification of the rule while being 
quite large for a forward-looking rule.  

Second, estimating the original specification by Taylor (i.e. without an interest rate 
smoothing) seems to lead to a deterioration of the fit of the equation.  

Third, in the specifications containing the smoothing parameter, the degree of inertia 
appears to be quite high. This phenomenon has been discussed extensively in the 
literature and seems to be a common result for central bank reaction functions. 

In Figure 1 below we report – as a shaded area – the lower and the upper bound for the 
policy recommendation related to the estimated simple Taylor rule with smoothing. 
These uncertainty bands represent a measure of the parameter uncertainty (in this 
specific case of inflation and the output gap coefficients) and are calculated as follows.18 
The first one is derived using the coefficient on inflation and the one of the output gap 
which are, respectively, at the higher and at the lower bound of the confidence band of 
two standard errors while the other one in which these coefficients are, respectively, at 
the lower and at the higher bounds. The thick black line represents the target interest 
rate which is calculated applying eq.(3) in the text using the estimated coefficients, 
while the dotted line represents the actual EONIA. The uncertainty bands turn out to be 
rather narrow, and at the end of the sample the target and the actual interest rates almost 
coincide. 

 

                                                 
17  On the contrary, Ullrich (2003) observes a structural break between pre-1999 and post-1999 monetary 

policy in the euro area and finds that the ECB does not comply with the Taylor principle. A similar 
result is obtained by Sauer and Sturm (2003) when using ex post data who apply the HP filter to 
industrial production in order to calculate the output gap. 

18  Therefore, our method of calculating the uncertainty bands neglects the uncertainty surrounding the 
real equilibrium interest rate. 
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Figure 1:  

Range of uncertainty regarding policy recommendations – ex post revised data  
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4.  The use of the real-time data: a comparison with the ex post 
revised data 

This section presents an investigation of Taylor rules for the euro area estimated in real 

time. We first provide a description of the method employed to construct these series 

and then we examine the magnitude of the revisions in the data over time and the main 

implications for the key variables resulting from the different methodologies employed 

to reconstruct the data. In the next sub-section we then present the estimates obtained 

with the real-time data and compare the outcomes with those derived using revised data. 

The final sub-section summarises the main conclusions of the exercise.19 

                                                 
19  A detailed description of the series used is contained in Annex A. 
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4.1 The construction of the real-time database 
 
As explained in more detail in Orphanides (2001), specifying a contemporaneous 

Taylor-like rule implies accurate and timely time series for inflation and the output gap. 

However, it is well known that this assumption is not fulfilled in practice due to the 

following facts: 

 Variables (in particular the series for output) are only available with some lags. This 

reflects the well-known problem of the end-of-sample mismatch, where some data 

usually become available with some periods lags.  

 In many cases, variables are not only available with some lags but even with 

different delays, so that the update differs across the series.20 Consequently, at a 

certain point in time the data set available to the policy maker can still be 

incomplete because of the different timing of the data releases. 

 Data are subject to revisions and it may take some quarters before accurate data are 

available for some series.21 

 

Therefore, relying on ex post revised data, more knowledge is assumed about the state 

of the economy which the central bank did not have when taking its decisions.  

Against this background, in this study we consider a real time data set. Initially, we rely 

on a monthly real-time database which has been updated using the information on each 

series as they were made available in the ECB Monthly Bulletin since 1999. These data 

may be considered as a partial sample of the information available to the ECB in real 

time for the first meeting of the Governing Council in each month (these data will be 

denoted as RT_1 henceforth).22  

The assumption of the decision-making body of the ECB reacting only to a small sub-

set of variables reflecting the current conditions is, however, clearly unrealistic. In this 

                                                 
20  This is usually denoted as "unbalanced" set of data, where series ends in different periods. 
21  Coenen and Wieland (2001) analyse the timing and magnitude of the revisions in the euro area main 

economic variables. They argue that the magnitude of the revisions is quite big, which suggests a 
significant degree of data uncertainty, which persisted for some time over the years since 1999.  

22  See, for instance, Coenen, Levin and Wieland (2001), p. 11. 
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respect, the advantage of using forecasts of inflation is that they summarise more 

information than the actual available series (as the forecast reflects additional 

information/variables and the effects on inflation). Therefore, to distinguish from the 

previous exercise, we make use of a modified real-time data set which includes inflation 

forecasts related to the Survey of Professional Forecasters (SPF). We will denote this 

data set as RT_2 henceforth. In the following sub-sections we illustrate the real-time 

data sets which have been compiled on the basis of different criteria which are discussed 

below.23 

 

4.2 Latest available data 
 

One way to overcome the problem of availability of data with some lags is to assume 
that the policy maker reacts to the latest available "current" information. According to 
this, we consider real-time data which are compiled by considering, at each point in 
time, the latest available information which was at disposal of the ECB for each of the 
key variables. Of course, given that the timeliness of the series differs across the 
variables, their values considered at time t do refer to a past time.24  

Figure 2 below shows a comparison of this type of real-time data for inflation with the 
corresponding revised series. In order to facilitate the interpretation, the chart includes 
three time series. The first series shows the inflation rate which was available in June 
2003 (i.e. the ex post revised data).25 The second series represents the latest inflation 
rate data available in real time. In order to make it comparable to the previous series, we 
have shifted it backwards by two months given that − on average − the real-time 
inflation values are available with a period of two-month’s lags.26 The third series is the 
latest inflation rate data available in real time which includes Eurostat's flash estimate 
(and, following the same approach applied to the previous series, it is only lagged by 
one month).27 

 

                                                 
23  The cut-off date for this exercise is end of June 2003. 
24  As an example, while at the beginning of June the observation for inflation is likely to refer to the 

April observation, the one for real GDP are likely refer to the first quarter of the year. 
25  Coenen and Wieland (2001) show that both monthly and quarterly data yield remarkably similar 

conclusions regarding real-time data uncertainty in the euro area, thus suggesting that the frequency is 
not a major issue when assessing the size of the revisions in the data. 

26  This is based on considering the beginning of the month as the cut-off date. 
27  This series is, however, only available from November 2001 onwards. 



 11

Figure 2:  

Comparison of real time versus ex post revised data - non-seasonally adjusted 
inflation rate (Eurostat source) 
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The figure allows drawing a number of interesting conclusions. First, the real-time 
inflation rate lies above the revised series (apart from some few observations). Second, 
in some periods, considerable differences in the series can be detected, part of which 
could also be due to the recent revisions which occurred in January and March 2003.28 
Third, at the actual end, these differences seem to have disappeared, thus possibly 
denoting a higher precision in the first release of the data. Figure 3 below provides a 
similar comparison using seasonally adjusted data as they have been compiled by the 
ECB since January 2001.29 Also in this case, some revisions in the data can be noticed 
which tend to disappear towards the end of the sample considered.30  

                                                 
28  These revisions were mainly due to revisions to the German HICP as a result of the introduction of the 

new base year 2000, but also due to some methodological changes. In addition to this, also the country 
and product weights in the euro area HICP have been updated.  

29  In this case, the series based on the flash estimates is missing. 
30  Coenen and Wieland (2001) argue that  “…the consumer price data are typically not revised at all; the 

only exceptions are apparently due to corrections of reporting errors…”, p. 13. 
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Figure 3:  

Comparison of real time versus ex post revised data – seasonally adjusted inflation 
rate (ECB source) 
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In the figure below instead we report a comparison for the output gap. For this variable, 
real-time estimates tend to under-predict the realised output gap since 1999.31 

                                                 
31  Consistently with our results, Coenen and Wieland (2001) report that real GDP is subject to fairly large 

revisions, although these revisions are likely to become smaller as the implementation process to 
ESA95 is completed in most countries. On the contrary, revisions of the GDP deflator appear to be 
much smaller.  



 

13

 

Figure 4: 

Comparison of real time versus ex post revised data for the output gap 
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4.3  Forward-looking specifications in real time using SPF inflation forecasts 
series 

In order to estimate eq.(4), we have constructed a data set which include, for inflation, 
forecasts either referring to the next calendar year or two years ahead − which were 
available at each point in time. For the forecasts of inflation we used the information 
taken from the Survey of Professional Forecasters (i.e. SPF), which is a survey of 
expectations for the rates of inflation, real GDP growth and unemployment in the euro 
area for several horizons which is done on a quarterly frequency (see Annex A for 
additional details). With regard to the output gap, we use the data described in the 
Section before. The resulting specification of the reaction function is, therefore, 
forward-looking over the forecast horizons of n =12 and n = 24 (see eq.(4) above). 

The figure below reports the ex post revised inflation rates versus the inflation rates 
which had been forecast 12 and 24 months earlier using the SPF. The time patterns 
show that the inflation forecasts always underestimated realised inflation. 
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Figure 5: 

Actual versus forecast inflation rates from the SPF at different horizons 
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4.4  Summary statistics on differences in real-time versus ex post data 

The table below illustrates a summary of some statistics which allow comparing the 
revised data with the real-time series described in Sections 4.2 and 4.3 above. From 
these statistics it can be inferred that, with regard to inflation, the mean, the median and 
the standard deviation tend to be lower when using inflation forecasts (with the former 
two being lower at the t+12 forecast horizon).32 Moreover, for the same series the range 
of possible values is much narrower. The opposite result holds instead when using the 
ex-post revised series which tends to exhibit a much higher mean and standard deviation 
and a larger range of values. The same results hold when looking at the output gap: the 
fact that the mean in real time is lower would denote an underestimation – on average – 
of the series. Furthermore, the figures indicate that the revisions in this series are also 
very large and persistent.33Also the standard deviation turns out to be lower in real time. 

                                                 
32  For the revised data, perfect foresight is assumed. 
33  This finding is very similar to the one in Orphanides (2001), whose results also suggested a lack of 

reliability in the real-time estimates of the output gap. 
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Table 2:  

Summary statistics 

Mean MA Median
St. 

dev. Min. Max.
Inflation available in June 2003 1.95 1.95 2.07 0.54 0.76 2.98
Inflation available in real time 2.05 2.05 2.15 0.66 0.80 3.40
Inflation available with (t+12) SPF forecasts 1.66 1.66 1.70 0.17 1.20 1.90
Inflation available with (t+24) SPF forecasts 1.76 1.76 1.80 0.09 1.50 1.90
Output gap available in June 2003 0.09 0.65 0.00 0.75 -1.48 1.17
Output gap available in real time -0.24 0.51 -0.39 0.52 -1.19 0.65  
Note 
MA denotes the mean of absolute values.  

 

5 Estimation of reaction functions using real-time data 

This section focuses on the estimates of reaction functions for the euro area using the 

real-time data sets. The analysis is focused on estimating simple Taylor rules with and 

without smoothing. 

 

5.1 Using the latest available data  

 

Table 3: 

Estimates of Taylor rules in the euro area - real time latest available data (RT_1) 
 Simple TR without  

smoothing  

Simple TR  

α  3.15 0.06 3.40 0.09 

ρ  (-) (-) 0.63 0.03 

β  0.25 0.03 0.39 0.05 

γ  1.20 0.03 2.05 0.08 

2R  0.81 0.88 

Notes 
a. TR denotes Taylor Rule. 
b. Sample period 1999:01-2003:06. 
c. Instrument list of the equations in the table: 1-6, 9 and 12 lags of annual changes in the DJ EuroStoxx, 
in the oil prices and in the euro/US $ exchange rate. 
d. Standard errors in parenthesis. 
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While some of the results seem to be broadly comparable, some striking differences 
emerge. First, using a contemporaneous simple Taylor rule in real time can obviously 
result in an inflation coefficient lower than one. However, a possible intuitive 
explanation might be that the central bank chose not to over-react to the sequence of 
one-off shocks which occurred to euro area inflation. This notwithstanding, this result is 
in contrast with the outcome using revised data according to which the inflation 
coefficient was significantly higher than one.34 Second, the standard errors of the 
coefficients are higher, thus leading to more imprecise estimates. The fit does not seem 
to be much very affected when using real-time data, although being slightly lower. 

In Figure 6 below we report the lower and the upper boundaries for the policy 
recommendations related to the estimated simple Taylor rule with smoothing in real 
time as we did in Figure 1 above. In contrast with the equivalent graph based on revised 
data, it can be noticed that, in real time, the uncertainty bands are slightly larger and, 
therefore, more ambiguity lies in the monetary policy assessment. 

 

                                                 
34  Sauer and Sturm (2003) carry out a similar exercise and they find that the use of real-time industrial 

production worsens the ability to describe ECB's monetary policy with a Taylor rule. Moreover, the 
inflation parameter remains below one. 
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Figure 6:  

Range of uncertainty regarding policy recommendations – real time last available 
data (i.e. RT_1) 
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5.2 Using the forward-looking specification based on the SPF inflation forecasts 
series  

In order to take into account that a central bank faces long (and variable) lags 
characterising the transmission process and uses a broader range of information, the 
estimates in the table below are based on a forward-looking specification of the Taylor 
rule, where the inflation forecasts are modelled via the SPF inflation forecasts for one 
and two years ahead. The real GDP data are those used in the section above.35  

 

                                                 
35  Inflation and real GDP are not included among the set of Instrumental Variables because of the method 

used to construct the series, i.e. spline of annual data into monthly data. 
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Table 4: 

Estimates of Taylor rules in the euro area – real time SPF forecasts for inflation 
(RT_2 data) 
 Simple TR (t+12)  Simple TR (t+24)  

α  1.87 0.46 - 0.84 0.43 

ρ  0.71 0.04 0.67 0.03 

β  1.31 0.27 2.91 0.24 

γ  1.95 0.13 2.02 0.07 

2R  0.93 0.90 

Notes 
a. TR denotes Taylor Rule. 
b. Sample period 1999:01-2003:06. 
c. Instrument list of the equations in the table: 1-6, 9 and 12 lags of annual changes in the DJ 
EuroStoxx, in the euro/US $ exchange rate and in the oil prices. 
d. Standard errors in parenthesis.�

 

From this table a number of interesting results emerge. In comparison with the results 
obtained using real-time data in a contemporaneous (at time t) specification and 
presented in Table 2, a Taylor rule using a forward-looking specification (and 
smoothing) yields values for β  higher than one, thus denoting a stabilising policy in 
real time.36   

Furthermore, when comparing the latter results with the forward-looking specification 
based on ex post revised data, the most notable difference consists in the fact that the 
response to the output gap in real time seems to have been lower than the one estimated 
using revised data. The opposite result instead holds for inflation.  

As it was done for the ex post and the first real-time data set considered above, we also 
provide the uncertainty range of the policy recommendations based on the 12-months 
ahead forward-looking specification based on the SPF inflation forecasts. The 
uncertainty bands turn out to be quite wide 

 

                                                 
36  Sauer and Sturm (2003) obtain a similar result using inflation forecasts published by The Economist 

but only when policy inertia is not taken into account in the estimations. 
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Figure 7: 

Range of uncertainty regarding policy recommendations using SPF forecasts for 
12 months ahead 
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In the table below we show the different target interest rates which are calculated using 

the best specifications of the Taylor rule with smoothing. These target rates refer to the 

different type of data set considered in the analysis in previous sections.More precisely, 

they include the rate based on the revised data and with a contemporaneous 

specification and the ones derived from the forward-looking specification based on the 

SPF forecasts for inflation.  
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Figure 8: 

Target interest rates for the euro area  
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6.   Conclusions 

This paper has investigated whether relying on ex post revised data when estimating 
reaction functions for the euro area can lead to different conclusions from those which 
would have been advocated using data available in real time. The analysis has yielded 
the following results. 

First, when using revised data and a contemporaneous specification of the rule, the 
inflation coefficient turns out to be higher than one, thus denoting a stabilising policy, 
while the coefficient on the output gap is somewhat lower. On the contrary, when 
Taylor rules based on the contemporaneous values for inflation and the output gap are 
estimated in real time, the outcome is that the Taylor principle is not satisfied. A 
possible explanation of this outcome might be that the response of the central bank has 
appropriately taken into account the sequence of one-off shocks characterising inflation 
in the euro area over the last years.  

Second, in real time forward-looking specifications of the Taylor rule using the SPF 
forecasts provide a better description of the actual behaviour of the central bank and 
also denote a stabilising behaviour. This results supports the argument which were put 
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forward by Orphanides who had found for the United States that a forward-looking 
specification would have tracked better the interest rate in real time while a 
contemporaneous one would work better for the revised data.  

Third, the uncertainty bands surrounding the target interest rate calculated in real time 
are somewhat wider than those referring to ex post data.  

Of course, many interesting aspects have remained untouched in the analysis which 
could be worth pursuing. Among them, the analysis of the impact of the estimation error 
in the output gap on the Taylor rule interest rate, a more detailed spefication taking into 
account the sources and the nature of shocks and the investigation whether the 
incorporation of additional variables in the feed-back list may help to track better the 
monetary policy decision-making process. 
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Annex A. Description of the data 
 

The historical series used in the estimation of the reaction functions refer to the euro 

area (i.e. the euro area-11 for months up to December 2000, and the euro area-12 from 

January 2001 onwards). Whenever applicable (e.g. interest rate, exchange rate, DJ Euro 

Stoxx), monthly data are calculated as average of daily data.  

 

A.1 Revised data 

Interest rate: the overnight interest rate is the EONIA (Euro Overnight Index Average) 

for the euro area, which is calculated as a weighted rate for the overnight maturity by 

collecting data on unsecured overnight lending in the euro area provided by banks 

belonging to the EONIA panel.  

Inflation rate: Inflation is calculated as the year-on-year change in the Harmonised 

Index of Consumer Prices (HICP) for the euro area. The latter is the seasonally adjusted 

index based on consumption expenditure weights at irrevocable fixed exchange rates of 

31 December 1998. Data before January 1995 are compiled from monthly rates of 

change of national CPIs excluding owner occupied housing (except for Spain). The 

seasonal adjustment methodology is described in the Technical Notes contained in the 

“Euro area Statistics” section of the ECB Monthly Bulletin.  

Real GDP: the seasonally adjusted real GDP series (at market prices, constant prices 

taken 1995 as the base year), on a quarterly frequency, is constructed by following these 

steps: a) by aggregating national GDP data using the irrevocable fixed exchange rates of 

31 December 1998 for the period 1980 Q1-1998 Q4; b) by re-scaling the series obtained 

so that it is consistent with the nominal GDP series in 199537; c) by compiling an 

                                                 
37  The seasonally adjusted nominal GDP series – on a quarterly frequency – is constructed as follows: a) 

by aggregating national GDP data using the irrevocable fixed exchange rates of 31 December 1998 for 
the period 1980 Q1-1998 Q4; b) using, from 1999 Q1 onwards, the official Eurostat series (the series 
in point (a) is re-scaled to match the Eurostat series in 1999 Q1); c) by compiling an “artificial” series 
which, from 2000 Q4 onwards, covers the euro-12 series, whereas the observations from 2000 Q4 
backwards are extrapolations based on growth rates calculated from the series compiled in points (a) 
and (b) above. 



 25

“artificial” series which, from 2000 Q4 onwards, covers the euro-12 series38, whereas 

the observations from 2000 Q4 backwards are extrapolations based on growth rates 

calculated from the series compiled in points (a) and (b) above. 

Unemployment: seasonally adjusted series of the standardised unemployment rate for 

the euro area (all ages), total (male and female), percentage of civilian workforce, 

provided by Eurostat.  

Commodity prices: they are represented by the world market prices of raw materials 

(total index) converted into euro. The weighting scheme is based on commodity imports 

of OECD countries, 1989-1991, excluding EU-internal trade. 

Exchange rate: the nominal US dollar/euro (i.e. US $/euro) exchange rate is taken from 

the BIS and represents the exchange rate US dollar/1EUR(ECU), spot at 2.15 PM 

(CET), monthly average of daily data. 

M3: it is constructed using the data on seasonally adjusted month-end stocks and flows. 

The series is constructed as follows. The seasonally adjusted index of adjusted stocks is 

re-based to be equal to 100 in January 2001 and then multiplied by the seasonally 

adjusted stock in January 2001. The percentage change between any two dates (after 

October 1997) corresponds to the change in the stock excluding the effect of 

reclassifications, other revaluations and exchange rate variations (and from January 

2001 excluding the effect of the enlargement). 

DJ Euro Stoxx: the Dow Jones (i.e. DJ) Euro Stoxx 325 Blue Chip Index is a 

capitalisation-weighted index of 325 European stocks from those countries participating 

in the EMU. The series is on euro basis (historical values of indices are calculated with 

historical daily exchange rates).  

Oil prices: world-market prices, energy raw material, crude oil from the BIS database.  

 

 

                                                 
38 For compiling the euro-12 series, the irrevocable fixed exchange rate for Greece determined on 19 

June 2000 is used. 
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A.2 Real-time data 

a) Latest available data 

These data have been collected from the ECB Monthly Bulletins. The series have been 

constructed using the latest available data.  

Inflation rate: the latest available data for inflation (Eurostat source) at each point in 

time. 

Real GDP: the quarter-on-quarter changes have been used to re-calculated the quarterly 

real-time GDP series. Monthly series of the real GDP have been obtained by applying a 

cubic spline. 

Industrial Production: the monthly growth rates calculated from the index (total 

industry excluding construction) published in the Bulletin has been applied to the 

January 1999 index for industrial production to re-calculate the corresponding real-time 

index. 

 

b) SPF forecasts-based series 

These data have been collected from the Survey of Professional Forecasters (SPF). 

Inflation rate: inflation forecasts for next calendar year available at each point in time. 

Real GDP: see point a) above. 
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