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1. Introduction

In this paper we will address the question of whether the ECB has systematically followed the US Federal Reserve in setting interest rates. It is difficult to document “conventional wisdom” because it seems so obvious to everybody that few bother to actually provide evidence for it. One of the few instances in which it is possible to document the widespread expectation that the ECB follows the Fed is related in Garcia-Cervero 2002. In a Reuters poll of economists taken in November, 2002, the proportion of those expecting a cut by the ECB almost doubled (from 21 to 43 %) the day after the Fed did cut rates on November 5th. Later on, these analysts were proved to be wrong, but were they wrong at changing their mind in the first place?

While many seem to be convinced that the ECB does follow the Fed, few seem to ask the obvious question: What could be the rationale for the ECB to follow the Fed? The simplest explanation would be that moves by the Fed provide the ECB with an important signal (about the state of the US economy and financial markets). One implication of this explanation would be that the ECB should follow the Fed almost immediately because it would not have any reason to delay its move once the signal has been given. One could thus account for the episode related above (e.g., Begg et al. 2002, p. 42). The problem with this argument is that it implies that then the Fed should also follow the ECB because the euro area is of a similar size as the US economy. However, nobody seems to suggest that the Fed might also follow the ECB.

Another explanation might be that the US cycle precedes that of the euro area so that the ECB might appear to follow the Fed, but in reality it just reacts to the evolution of the euro area’s cycle, which happens to lag that of the US. The problem with this explanation is that leads and lags in macroeconomic variables like output and employment are usually measured in months or quarters (Begg et al. (2002), pp. 41 ff., estimate the lag at 3-5 months), whereas the ECB is usually assumed to follow the Fed within a much shorter time frame. (See the example reported above.) Moreover, the business cycle effect should be accounted for by the autoregressive element that is present in standard causality tests. Finally, recent research clearly demonstrated that the impact of the US business cycle has become significantly weaker throughout the nineties as compared to the seventies and eighties. This is mainly due to the emergence of multinational firms which can afford to stick to longer-term strategies independent of business cycle troughs (Schroeder et al. 2002). Hence, this approach is not well-suited as an explanation for the “leader-follower” pattern.

Perhaps the most popular explanation why the ECB might follow the Fed is that the ECB is simply slow and inefficient. This explanation would roughly run as follows: The world’s financial markets were buffeted over the last years by the emergence and then the bursting of an asset price bubble. The leadership of the Fed (Mr. Greenspan in particular) is simply smarter and was quicker to spot the problems. By contrast, so the story seems to go, the ECB is a new institution that still has to find its ways, and its decision making body is too large to come to quick decisions, especially given that it usually tries to forge a consensus before moving (Belke et al. 2002, Wyplosz 2001).

Another explanation could be grounded in a fundamental difference between the US and the euro zone economies: namely that the US economy is more flexible. This has important implications especially in times of heightened uncertainty. This can be seen most easily through the concept of the “option value of waiting”. This concept formalises a common sense decision rule: if a decision involves some sunk costs, or any other element of irreversibility, it makes sense to postpone the decision until the uncertainty has been resolved. The temptation to postpone investment decisions is particularly strong when sunk costs are high and when the uncertainty is likely to be resolved in the near future. One can imagine in particular enterprises that have to consider normal investment projects, i.e. projects that would be slightly profitable under current circumstances and even more profitable in case the uncertainty is resolved in a positive sense, but would lead to losses if the uncertainty is resolved in a negative sense. In this case the enterprise would loose little (in terms of foregone profits) if it waited with the decision. Once the uncertainty has been resolved it would still have the option to proceed if the outcome is positive.

The concept of the “option value of waiting” applies also to the ECB. If, during times of unusual uncertainty, it cuts rates today it risks having to reverse its decision soon. The ECB should thus cut today only if it is convinced that such a cut would make sense even if the uncertainty is resolved in a positive way. In this sense, monetary policy is not a game of “follow the leader”, but of setting the right policy in the light of domestic inflation and growth prospects.

As transactions costs (which are effectively sunk costs) are more important in Euroland than in the US it follows that for the ECB the option value of waiting for more information should be higher and might thus explain why the ECB is slower to react to signals than the Fed. The problem with this explanation, however, is that it should hold only for periods when volatility is temporarily higher than usual because the option value argument is valid only if the uncertainty is resolved (diminished) after a certain period. The option value of waiting argument should thus apply only when financial markets are “excessively” turbulent. We find some evidence for this hypothesis in the sense that we find that it is mainly after September 2001 that the Fed seems to influence the ECB (and not vice versa).

The remainder of this paper applies a battery of quantitative and qualitative techniques to validate the hypothesis that the ECB systematically follows the US Federal Reserve. This hypothesis can also be put as a question: Does the probability of an interest rate move by the ECB increase after the Fed has moved (but not the other way round)? In other words, we check whether the behaviour of the analysts in the poll mentioned at the beginning can be backed up by a careful statistical analysis of the data. We proceed as follows: we first examine in chapter 2 some prima facie evidence and then proceed in chapter 3 to a more detailed econometric analysis using Granger causality methods. To ensure robustness we use several different indicators and time periods and a variety of lag structures. In chapter 4 we then look closer at the EMU period and find that there is a clear structural break around September 2001. Chapter 5 concludes.

2. ECB and Fed interest rate setting - First prima facie evidence

A simple way to answer the question whether the ECB follows the Fed might be to look at the behaviour of the official rates set by the ECB and the Fed. However, these rates do not move frequently enough to allow the use of standard statistical methods without great caution. Hence one has to find indictors from financial markets, for example short term interest rates, which complement the analysis and make it more robust. Although central banks do not directly set the most widely watched indicator of short-term monetary conditions, namely the 1-month interest rate, they can nevertheless determine pretty much its evolution. If the ECB had systematically followed the evolution in the US (moves by the Fed as well as changes in US financial markets), one would expect to find that changes in US interest rates tend to lead changes in euro area short-term rates. At first sight this seems to have been the case if one looks at the short life span of the euro. Figure 1 plots the central bank (ECB_REFIN and FED_FUNDS) and the 1-month money market interest rate series (EURO_1M and USD_1M) for the euro zone and for the US since the start of EMU. We plot both levels and first differences. As expected, the 1-month rates closely move around to the central bank rates. Hence, we feel free to use money market rates to test whether the ECB follows the Fed. 

This figure suggests at first sight that the US was leading the euro area by around one month both when interest rates were going up, from the trough in early 1999 and when they started falling in early 2001. Many observers concluded from this apparent relationship that the ECB mimicked the Fed in its monetary decisions. However, this popular belief was not corroborated by simple statistical analyses with data for monthly realisations of 3-month interest rates up to 2001 (Belke et al. 2002, Belke and Gros 2002a, Gros et al. 2002, pp. 45ff. and 62ff.). This early period was followed by a phase in which the Fed lowered its interest rate with an unprecedented speed while the ECB was more hesitant in this respect. Since the Federal Reserve’s surprise refi rate cut by 50bp on 3 January, the ECB found itself under increasing and incredibly strong pressure to cut its own rates as well.
 The last period which can be identified by visual inspection is characterized by the fact that the ECB follows the direction of the Fed steps but not by the same magnitude. The emergence of a positive gap of interest rate levels between the euro zone and the US (in reversal of the development at the start of EMU) is the direct consequence.

Figure 1: Central bank rates and one-month interest rates in the euro zone and the US (January 1st 1999 to April 25th 2003)
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We complement the description of these stylized facts by a more institutional view of how monetary policy decisions were met. In Table 1 we display a chronology of FED and ECB interest rates movements since 1999 by only referring to meeting dates where at least one of the central banks changed its rate. We assign a change of the interest rate to the day when it is agreed upon since we assume that it is priced into expectations from this day on. Note that FED has always led the turning points in the interest rate cycle both in June 1999 and in January 2001. In order to address the relationship between interest rate movements among the two central banks we first need to consider how often they take interest rate decisions. Then we comment upon such decisions. 

The ECB used to discuss monetary policy at each of its fortnightly meeting. Then on 8 November 2001, this was changed and the ECB decided to discuss monetary policy only once every four weeks (Perez-Quiros and Sicilia 2002, p. 8). This brought the ECB’s rhythm closer to that of the FED, which meets every six weeks. If it were not for the possibility of inter-meeting moves the one month rate should thus open a window of 2 weeks after a Fed meeting during which no change should be expected. But the FED has made three inter-meetings cuts while the ECB made only one in the aftermath of the terrorist attacks in the US. Indeed this seems a rather extraordinary situation and the only co-ordinated inter-meeting intervention was when the three central banks ECB, Fed and the Bank of England, cut by 50bp within 3 days.
 There are two further instances (in January 2001, the first easing of the cycle and in November 2001) when the FED made inter-meetings cuts not triggered by extraordinary events. The ECB does not seem to have this “urgency” to react to economic information. However, the Fed and the ECB have moved within a week on four occasions (apart from the inter-meeting cuts in September 2001) in February 2000, in May 2001 and finally in November 2001. Hence, we could tentatively conclude that the FED leads the ECB.
 

However, does the ECB’s support of the Fed’s efforts to stabilise international economic conditions mean that monetary policy in Euroland, in the case of September 11th and other circumstances, is generally subjugated to that of the US? A citation from BBC News one day after the Fed’s quarter-point cut of interest rates on June 27th, 2001, is illuminating in this respect. Asked whether the ECB would follow the Fed’s lead, member of the ECB Board Issing said: “The Fed did what was necessary for the US and we will do what is necessary for Europe”
.

Table 1: Chronology of central bank rate changes by the Eurosystem and the Fed

	      Date
	Level
	Change

	
	FED
	ECB
	FED
	ECB

	1-Jan-99
	 
	3
	 
	0

	8-Apr-99
	 
	2.5
	 
	-50

	30-Jun-99
	5.00
	 
	25
	 

	24-Aug-99
	5.25
	 
	25
	 

	4-Nov-99
	 
	3
	 
	50

	16-Nov-99
	5.50
	 
	25
	 

	2-Feb-00
	5.75
	 
	25
	 

	3-Feb-00
	 
	3.25
	 
	25

	16-Mar-00
	 
	3.5
	 
	25

	21-Mar-00
	6.00
	 
	25
	 

	27-Apr-00
	 
	3.75
	 
	25

	16-May-00
	6.50
	 
	50
	 

	8-Jun-00
	 
	4.25
	 
	50

	31-Aug-00
	 
	4.5
	 
	25

	5-Oct-00
	 
	4.75
	 
	25

	3-Jan-01
	6.00
	 
	-50
	 

	31-Jan-01
	5.50
	 
	-50
	 

	20-Mar-01
	5.00
	 
	-50
	 

	18-Apr-01
	4.50
	 
	-50
	 

	10-May-01
	 
	4.5
	 
	-25

	14-May-01
	4.00
	 
	-50
	 

	27-Jun-01
	3.75
	 
	-25
	 

	21-Aug-01
	3.50
	 
	-25
	 

	30-Aug-01
	 
	4.25
	 
	-25

	17-Sep-01
	3.00
	3.75
	-50
	-50

	2-Oct-01
	2.50
	 
	-50
	 

	6-Nov-01
	2.00
	 
	-50
	 

	8-Nov-01
	 
	3.25
	 
	-50

	11-Dec-01
	1.75
	 
	-25
	 

	6-Nov-02
	1.25
	 
	-50
	 

	5-Dec-02
	 
	2.75
	 
	-50

	6-Mar-03
	 
	2.5
	 
	-25


Note: For the US, the Fed funds rate (http://www.federalreserve.gov/fomc/fundsrate.htm2), and for the euro zone the ECB refi rate (http://www.ecb.int/index.html) is tabulated.

Note however, that the FED could be leading the ECB due to pure “cyclical” considerations (international transmission) rather than “policy” issues. It is a well-known fact that the business cycle in the US has led Euroland’s in the period under consideration by about 1-2 quarters. and thus it makes perfect sense that the FED is the first one to change direction on interest rates movements.
 A different issue is whether, once on an easing bias (for example) and without substantial additional information on the evolution of the economy, a FED decision to cut rates increases the probability of a cut by the ECB (see for instance the Reuters poll mentioned in the introduction).

With our high frequency data (daily and weekly) we can differentiate between time lags which are dictated by different positions along the economic cycle from those which are related to other issues (e.g. the alleged inability of the ECB to react quickly to financial market developments because of the need to reach a consensus in the Governing Council).

The procedure used in this paper to ascertain the existence of a follower-leader relationship essentially is a Granger-causality (GC) test procedure. These tests can show whether past values of a certain variable (e.g. US interest rates) influence another variable (e.g. euro interest rates) after one has taken into account the patterns that might link the second variable (euro rates) to its own past. If this is not the case, we speak of Granger non-causality (Greene 2003, pp. 590ff.). However, Granger causality measures precedence and information content but does not by itself indicate causality in the more common use of the term. 

A battery of statistical tests is run covering the entire sample period (1989 to 2003) to test the leader-follower hypothesis also for the Bundesbank and the Fed as well as only the euro period. The latter period is even split further into sub-samples to test for robustness of our results.
. Overall, this gave the result that US interest rates do not influence euro interest rates in the sense of a one-way causation. The US interest rate of the previous time periods did not have a statistically significant one-way influence on the current euro interest rate when all other factors were taken into account. This suggests that the visual impression of a US leadership over the entire period might be misleading for most of the periods analysed by us.
3. Empirical analysis

The first section of this chapter will outline our statistical approach in more detail. As explained in the first chapter, the administratively set central bank interest rates as well as the 1-month money market rates of the US and the euro area were used as they are widely watched indicators of the monetary policy stance. In order to cope with the relatively short sample available for the EMU period we also include up to 9 years before the start of EMU in our analysis, implicitly testing the validity of the leader-follower hypothesis for the ECB’s predecessor, the German Bundesbank, as well. We clearly separate between the deutsche mark era and the euro era in our empirical analysis. Our prior was that the results should not be very different between these two sub-periods, the reason being that the goal in monetary policy was almost the same for the Bundesbank than it is for the ECB. However, as will become clear below our prior was not at all confirmed.

The data for the central bank rates, the targeted federal funds rate (funds rate) and the ECB interest rate for main refinancing operations (refi rate), comprise the sample 1999 to 2003, and are taken from the homepages of the European Central Bank and the Federal Reserve (http://www.ecb.int/index.html, http://www.federalreserve.gov/fomc/fundsrate.htm). The data for the weekly and daily realisations of the 1-month LIBOR euro and dollar interest rates are taken from Datastream Primark. Our pre-EMU rates are synthetic euro rates. We have used the following samples: for central bank rates: January 1st 1999 to April 25th 2003, for weekly realisations of 1-month rates: from January 6th, 1989, to April 25th 2003, for daily realisations of 1-month rates: May 8th 1989 to May 8th 2003.

3.1 Preliminaries

The first step in the empirical work concerned the choice of the statistical procedure. The simplest available procedure was chosen to ascertain the existence of a follower-leader relationship, i.e., the so-called Granger-causality tests (and related approaches). In order to make sure that our results do not depend on the particular test period chosen, we ran a battery of statistical tests for a number of periods, e.g. covering the entire euro period (1999 until 2003) and different periods from the end of 1989 onwards. What are the appropriate interest rates in our context? Optimally, we should investigate the instrument of the central bank for monetary policy. Both the ECB and the Fed operate in the money market, but at slightly different maturities. They cannot influence longer term interest rates directly (Borio 2001), their direct influence is limited to the overnight money market rate in the case of the US and the rate for fortnightly operations in the case of the ECB.
 The monthly rates we use are of course, influenced by the expectations about the future path of the shorter rates controlled by the central banks.
 
A priori, if one uses market interest rate data, it becomes inherently difficult to distinguish policy maker’s intentions from demand disturbances in financial markets (Bergin and Jordá 2002, p. 2). However, Figure 1 clearly showed that central bank rates and market rates move closely together. Moreover, using market rates has the advantage that one captures, even if imperfectly, probabilities of future moves of the central bank rates. If one uses only the latter one has only the realisations, not the expectations, which determine market rates, which are in turn the rates that influence the economy.

For all these reasons we decided to operationalise the interest rates as follows:

1. daily realisations of Central bank rates (targeted Fed funds rate and ECB refi rate),

2. weekly realisations of 1-month money market rates, and

3. daily realisations of 1-month money market rates.

Ad 1: The Federal Reserve announces an objective for the federal funds rate, the federal funds target. Hence, it makes sense to use the latter variable as the operating target in our estimations. Hamilton and Jordá (2000) argue that the target data for the federal funds rate accurately reflect the monetary policy stance since they reflect policy considerations instead of demand innovations. ECB decisions concern the setting of the main refinancing operations. So the operating target is the refi rate. With an eye on their impact on the markets, we feel legitimized to include changes in the central bank rates starting with the day of the meeting they were decided upon, i.e. in some cases earlier than their date of de-facto effectiveness.

Ad 2: We preferred 1-month rates to 3-month rates (as used in Belke and Gros 2002a and Gros et al. 2002) because it is rather difficult to measure reaction lags of less than 3 months based on 3-month rates. With daily rates we have the maximum of information, but most news on a daily basis come presumably from financial markets. We used LIBOR rates because they are highly comparable since they refer to the same market and to the same time zone, etc. 

Ad 3: Here we also used LIBOR rates, but weekly realisations to eliminate (at the price of a smaller sample) some of the noise that might come from short term disturbances in money markets. With weekly realisations the average number of observations available to detect a follower-leader pattern would be 1-2 if the ECB had followed the Fed tightly.

Before the regressions were run, however, an important empirical caveat had to be taken into account. Since the level series seem to contain a unit root
 and Granger causality tests tend to give misleading results if the variables considered contain unit roots, it was first tested whether the interest rates were actually stationary during the time period considered. The results of the unit root tests are available on request and suggest that the series have to be differenced once (to get the change in interest rates between two periods) in order to make them stationary. 

3.2 Granger causality?

The next step was to use Granger-causality (GC) analysis to establish whether there is a follower-leader relationship between the changes in the relevant Euro and US interest rates. We conduct separate GC analyses for all of the relevant variables.

First, we used central bank rates. In order to test for the existence of some policy link between the FED decisions on the one hand and the ECB on the other, we perform Granger causality tests among the two intervention rates. This means that we are dealing with daily observations of series that move with discrete jumps (the refi rate for the ECB and the fund rate for the FED). This is somewhat of an extreme exercise because this sort of test is designed for smooth variables instead of variables that jump from one value to another. Note, however, that targets are typically modified in discrete increments rather than continuously. Hence, the very nature of what we want to capture is discrete and represents a structural break in the series. Moreover, the changes in targets are spaced irregularly in time (Hamilton and Jordá 2000). We could argue that by using this dataset we are forcing the series to maximise its co-movements. If we do not find empirical evidence with this data set, it is doubtful that we would find it either with a more “conventional” dataset. The smoother the series (take for instance the monthly 3-month LIBOR money market rates we used in Belke and Gros 2002a and Gros et al. 2002) the more difficult to capture any reaction to abrupt rates changes and the more contaminated this series would be with irrelevant information (Garcia-Cervero 2002).
Second, we compromised on 1-month market rates with an eye on Figure 1 which clearly demonstrates that the time pattern of the latter is not too different from that of the central bank rates. Hence, we conducted Granger causality tests for weekly realisations of 1-month money market rates and daily realisations of 1-month money market rates.
The main results of the Granger-causality tests are tabulated below in Figures 2 to 4 and Tables 3 and 4. We have used the same samples like in our unit root tests to run GC tests. However, we decided to use different numbers of lags. Note that the daily data refer to weekdays and thus a month is about 21 observations rather than 30. In order to limit the loss of degrees of freedom (and limit the analysis to a time span that does not exceed the reaction lag of even the slowest central bank), we do not test for more than 5 months of history (about 110 working days), and, for simplicity, report results only at the standard 5% significance level.

One should also be well aware that the results often depend greatly on the lag structure. For central bank rates we used lags from 1 to 110, for weekly realisations of the 1-month rates we applied 1, 2, 3, 4, 9 and 13 (“since interest rate decisions are often met closely to each other a lower lag is more probable”) and for daily realisations of these rates 1, 5 (one week), 10, 21, 42 (2 months). This procedure enabled us to take into account that the periodicity of the lag is not a priori fixed by theory. For robustness reasons and with an eye on our hypothesis of a possible break in the relation around the start of EMU (and the turn of the year 2000-01), different sample periods were used in a fashion coherent with our unit root tests. By investigating (a) the whole sample of available data from the end of the eighties on until “today”, (b) the limited sample from the end of the eighties on until the end of 1998 and (c) the sample consisting of the EMU period, we clearly separate between the deutsche mark era and the euro era in our empirical analysis. Our prior is that the results should not be so much affected – the reason being that the goal in monetary policy was almost the same for the Deutsche Bundesbank than it is for the ECB. However, the behaviour of the Bundesbank might have also been influenced by the anticipation of EMU. We will discuss this issue later on by asking whether the ECB systematically follows the US Federal Reserve to a larger or smaller extent than the Bundesbank. 

The whole range of GC results for levels and first differences of the central bank rates and first differences of the market rates is summarized below. In some cases, we plot the sequence of probability values dependent on the lag structure jointly with the 5 percent significance level as illustrative examples. We regard the hypothesis that the ECB followed the Fed as a one-way causality which is corroborated exactly if the p-values are below 5 percent for the GC test with the null hypothesis “The US rate does not GC the euro rate”, but at the same time the p-values are above 5 percent for the GC test with the null hypothesis ”The euro rate does not GC the US rate”.

Figure 2: Results of Granger causality tests (P-values dependent on lag-length)

a) For central bank rates (daily realisations, in levels)
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b) For central bank rates (daily realisations, in differences)
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Figure 3: P-values for Granger Causality tests of weekly realisations of the 1-month LIBOR rates
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Figure 4: P-values for Granger Causality tests of daily realisations of the 1-month LIBOR rates
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Table 2: Results of Granger causality tests by sample period and lag length 
(first differences of weekly realisations of the 1-month LIBOR rates)

	Lag length in weeks
	Full sample: 1989-2003
	Pre-EMU: 1989-1998
	EMU: 1999-2003

	
	US does not GC EU
	EU does not GC US
	US does not GC EU
	EU does not GC US
	US does not GC EU
	EU does not GC US

	1
	-
	-
	-
	-
	-
	0.011

	2
	-
	-
	-
	-
	-
	0.045

	3
	-
	-
	-
	-
	-
	-

	4
	-
	-
	-
	-
	-
	-

	9
	-
	0.008
	-
	0.000
	-
	-

	13
	-
	0.022
	-
	0.002
	-
	-


Note: Full sample: 06/01/89 - 25/4/2003, pre-EMU period: 06/01/89 - 25/12/1998, EMU period: 01/1/1999 - 25/4/2003.
Table 3: Results of Granger causality tests by sample period and lag length 
(first differences of daily realisations of the 1-month LIBOR rates)

	Lag length in working days
	Full sample: 1989-2003
	Pre-EMU: 1989-1998
	EMU: 1999-2003

	
	US does not GC EU
	EU does not GC US
	US does not GC EU
	EU does not GC US
	US does not GC EU
	EU does not GC US

	1
	-
	0.021
	-
	0.015
	-
	-

	5
	-
	0.004
	-
	0.008
	-
	-

	10
	0.008
	0.001
	0.005
	0.001
	-
	-

	21
	0.001
	0.000
	0.002
	0.001
	-
	-

	42
	0.000
	0.000
	0.000
	0.000
	-
	0.004


Note: Full sample: 08/05/89 - 08/05/2003, pre-EMU period: 08/05/89 - 31/12/1998, 
EMU period: 01/1/1999 - 08/05/2003.
Ad 1) Results for central bank rates: In a first step, we summarise the results of the GC analysis for the levels of the central bank rates. There is strong and consistent evidence that the FED GC (Granger-causes) the ECB, when we limit the analysis to lags up to around 40 days. The relationship holds at virtually all-relevant lags within this sample (left graph of Figure 2a). Interestingly there is also evidence that at the same time the ECB Granger causes the Fed (right graph of Figure 2a); but this unwinds as soon as we extend the study to more than 40 working days lags (possibly due to the few breaks). When we extend the number of lags to lags of around 90 working days (about 4.5 months) we find again evidence that the FED GC the ECB; this time the relation again holds for all relevant lags. At the same time the hypothesis that the Fed does not follow the ECB cannot be rejected at the usual significance level of 5 percent. Hence, we find evidence that the ECB follows the Fed in a one-way direction. However, this holds only with long lags. We interpret this as evidence in favour of relevance of cyclical considerations instead of policy interaction. However, given the special time series behaviour of the official central bank rates we do not put a lot of weight on these results.

As a second step and as a complementary check, we performed an additional exercise to see whether the main results still hold, this time with the first differences of the central bank interest rates rather than interest rates levels. Note that now we test whether daily changes in the fund rate GC daily changes in the ECB refinancing rate. The risk is that, due to the high proportion of zeros (since rates do not often change on a daily basis) results get distorted, especially if we include few lags. In order to minimise this risk we include as many lags as needed so as to guarantee at least one observation different from zero in the history of each variable. Here, we need about 20 working days of history in order to find evidence that the FED GC the ECB, which holds from 20 to 40 respectively 90 to more than 120 daily lags and disappears in between. We cannot find any GC running between the Fed and the ECB for short lags (10 to 15 day lags), but for these lags there is evidence that the FED GC the ECB. For extremely short lags, the Fed seems to impact the ECB in a one-way direction. Hence, it is seems to be possible to find some causality, but we again would warn against putting too much emphasis on these results.

Ad 2) Results for weekly realisations of the 1-month rates: In Table 2, a surprising pattern emerges. At the usual 0.05 significance level there is no case in which we have to reject the null hypothesis that the US does not influence the euro area. But we also find that in six out of the 18 cases considered we have to reject the hypothesis that the euro area interest rates do not influence US rates. This is the case for short lags (1-2 weeks) during the EMU period and for longer lags (9 or 13 weeks) for both the full sample and the Pre-EMU period. 

Ad 3) Results for daily realisations of the 1-month rates: The evidence in Table 3 is less one sided against the hypothesis that the ECB follows the Fed. In six cases we find evidence that the Fed Granger causes the ECB. However, in all of these cases it is also found at the same time that the US rate is simultaneously determined by the euro interest rate. Hence this cannot be interpreted as evidence for a leader follower relationship.
 As for the weekly data, however, we find several (in this case 5) cases in which one has to reject decisively the hypothesis that the ECB does not influence the Fed (or more precisely that euro area (pre-EMU: DM or synthetic euro) interest rates do not influence dollar rates).

Do the results deliver an answer to the question whether the Euro area systematically followed the US Federal Reserve? When we look at Tables 3 and 4 we would be tempted to turn the question around: has the Fed systematically followed Euro area developments? And has the euro area influence on the Fed been stronger or weaker before EMU? While great caution must exercised in interpreting these results with fixed lag lengths it is clear that they do not give any support to the null hypothesis that the ECB follows in an asymmetric way the Fed (nor seems the Bundesbank have done this during the pre-EMU period). If we limit our analysis to the euro period, the hypothesis of the Fed being a follower dominates clearly that of the US being the leader and the euro zone being the follower. 
We regard these results with some caution because we are - at least with respect to the correct treatment of the central bank interest rate series - on the “frontier” of standard time series analysis. We are not surprised that we find a strong structural break between the pre- and post-EMU period. While the ECB has taken over most of the trappings of the Bundesbank (emphasis on price stability, use of monetary indicator, etc.) its behaviour should be different because it is responsible for a much larger and somewhat less open economy (Belke and Gros 2002). Moreover, our pre-EMU rates are synthetic euro rates. Hence they contain over 40 % DEM rates (plus satellites like NL and AUS), but also LIT and FF rates, which at times diverged from DEM rates. While it is generally assumed that the DEM dominated the other currencies, there has been some discussion to what extent the Deutsche Bundesbank did really dominate the EMS. For instance, Fratianni and von Hagen (1990) found that Germany had a limited leadership role among European countries before the start of EMU. Hence it is not surprising that we find a clear cut structural break between the pre-EMU and the EMU period in terms of the relationship between short-term interest rates.

4. Does the relationship change over time? 

Our main finding so far has been that for the EMU period one does not find an asymmetric, one way, influence of the Fed on the ECB. However, just as there was a clear structural break around the start of EMU there might have been another break within the EMU period. Our main candidate for a structural break is September (to be more precise 11th of September) 2001, because this started a period of unprecedented political and financial market instability. Our second candidate is in the run-up to the first one, namely the turn-of-year 2000/01 with the uncertainty about an unravelling of the financial equilibrium in the US economy. As explained in the introduction we consider that this (combined) increase in uncertainty should lead to an asymmetry in monetary policy because the increase in uncertainty increases the ‘option value of waiting’ for policy makers much more in the Euro area, whose economic system is much less flexible than that of the US.

4.1 The role of the 11th of September 2001: Evidence based on GC Tests

In order to test this kind of reasoning, we expend some efforts to search for breaks in the relation between US and euro interest rates around September 11th, 2003 via the Granger causality test procedure. For this purpose, we again split up the EMU sample in two sub-periods. This time, the first sub-sample ranges from 1999 until the 11th of September 2001 and the second comprises the dates from 12th of September 2001 until ‘today’. We conducted the tests for Granger-causality for the same three variables than before: the central bank rates (levels and differences), the weekly (only differences) and the daily realisations (only differences) of the 1-month money market rate. The results are displayed graphically in Figures 5 to 7 below. Like before, we plot the sequence of probability values dependent on the lag structure jointly with the 5 percent significance level. We again feel legitimized to accept the hypothesis of the ECB following the Fed as a one-way causality exactly if the p-values are below 5 percent for the null hypothesis “The US rate does not GC the euro rate”, but at the same time the p-values are above 5 percent for the null hypothesis ”The euro rate does not GC the US rate”. In other words, we expect the Fed to GC the ECB, but a the same time the ECB not to GC the Fed. This time we focus on the difference in results across the sub-samples before and after the 11th of September.

Figure 5: P-values for Granger Causality tests of central bank rates 
(sample split at September 11th 2001)

a) For levels
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b) For first differences
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Figure 6: P-values for Granger Causality tests of realisations of the 1-month LIBOR rates for first differences (sample split at September 11th 2001)
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Fig. 7: P-values for Granger Causality tests of daily realisations of the 1-month LIBOR rates for first differences (sample split at September 11th 2001)
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The results of our sample-split tests are striking. While there is no evidence that the ECB followed the Fed before the 11th of September, it seems as if the ECB has done so afterwards. After September 11th, the Fed Granger causes the ECB, but at the same time the ECB does not Granger cause the Fed. Hence, changes in the euro interest rate appear to follow changes in the US rate by one-way causation. A leader-follower pattern according to the option value of waiting emerges. Moreover, the difference between the levels of the interest rates still remains high (see Figure 1). Hence, the option value of waiting with interest decisions also manifests itself in this level difference. All in all, the September 11th, 2001, raised the uncertainty for monetary policy making in addition to the generally observed rising uncertainty near turning points of the cycle.

4.2 Breaks around the turn-of-year 2000/01? Evidence based on GC tests

One might still argue that interest rates in Europe tended to be influenced by what had happened on the other side of the Atlantic but that this had changed during 2001. In that year the Fed cut interest rates at an unprecedented speed (and by an unprecedented magnitude) because it feared an unravelling of the financial equilibrium in the US. The ECB took a more relaxed stance on this point as the euro area economy did not show any of the (potential) disequilibria of the US economy (current account, consumer financial position, over-investment). For the ECB interest rate setting, this might have induced uncertainty and an option value of waiting. Hence, one might be tempted to conclude that over the whole sample the relationship between the US and the euro interest rate was contemporaneous, while a leader-follower relationship with the Fed as the leader becomes significant if only two sub-samples of the EMU period (namely until December 2000) are considered. In order to test whether this kind of reasoning is correct, we take some efforts to search for breaks in the relation between US and euro interest rates around the turn of year 2000-01.

For this purpose, we again split up the EMU sample in two sub-periods. This time, the first sub-sample ranges from 1999 until the end-of-year 2000 and the second comprises the dates from 2001 until ‘today’. We conducted the tests for Granger-causality for the same three variables than before: the central bank rates (levels and differences), the weekly (only differences) and the daily realisations (only differences) of the 1-month rate. A representative selection of the results is displayed graphically in Figures 8 and 9. Like before, we plot the sequence of probability values dependent on the lag structure jointly with the 5 percent significance level. We again regard the hypothesis of the ECB following the Fed as a one-way causality as corroborated if the p-values are below 5 percent for the null hypothesis “The US rate does not GC the euro rate”, but at the same time the p-values are above 5 percent for the null hypothesis ”The euro rate does not GC the US rate”. However, this time we focus on the difference in results across the sub-samples before and after the turn-of-year 2000/01. We only display the results for the first differences of the central bank rates and of the weekly realisations of the 1-month LIBOR rates (Figures 8 and 9).

Figure 8: P-values for Granger Causality tests of central bank rates (sample split at turn-of-year 2000/01)
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Figure 9: P-values for Granger Causality tests of weekly realisations of 1-month LIBOR rates for first differences (sample split at turn-of-year 2000/01)
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With respect to the results for weekly data the main impression is that before the suspected break there is a two-way causation between the US interest rate and the euro interest rate for short lags (from 4 to 10 weeks). After this potential break, this mutual impact of US and euro interest rates can be established only for longer lags (from 23 weeks on). Moreover, for very short lags there is even evidence for the ECB leading the Fed. However, for the central bank rates, the evidence for the leader-follower hypothesis after the break is much stronger. All in all and although evidence appears to a certain extent weaker, already the turn-of-year 2000/01 (combined with September 2001) represents the starting point for higher general uncertainty which is strong enough to induce for the ECB an option value of waiting with interest rate decisions.

5. Conclusions

So does the ECB follow the Fed?
 Our answer would be: no, except for the period after the turn-of-year 2000/01 and, more significantly, September 2001. To be more precise, we find that the relationship between the interest rate decisions of the Fed and the ECB changes over time.  Most of the time it is symmetric. Only after September 2001 do we find a preponderance of the evidence pointing to a significant influence of the US on the euro area, but little in the other direction. However, a note of caution applies here. Since the merger of European national central bank banks almost certainly resulted in a change of the parameters of the central bank reaction function, the length of the time period which has elapsed since the start of EMU respectively since September 11th is only beginning to be sufficient for our empirical tests. Hence, one should find even more investigations of this highly relevant topic in the future.

What could account for this finding? One hypothesis mentioned in the introduction is that the cyclical position of Euroland lags that of the US, implying that the leader-follower relationship might be spurious. However, the US business cycle has led the euro area one for quite some time now, but we find that the Fed leads the ECB only during the most recent period. The emergence of an asymmetric leader-follower relationship renders less likely the popular explanation that the ECB is just slow because it is a new institution that has to find its way in unfamiliar territory. If this had been the case, one would have expected to find evidence for the hypothesis that the Fed leads the ECB mainly during the early EMU period, not more recently.

It is always difficult to determine the deeper reasons for correlations over time. But the fact that the asymmetric leader-follower relationship appears only after a major shock which increases global uncertainty suggests to us that the deeper reason why the ECB appears to follow the Fed is simply that the Euro area economy is less flexible. This makes it optimal also for the ECB to take into account the “option value of waiting” and react later to shocks. This implies that even if both economies are hit mainly by common shocks (Peiró 2002) one would find econometrically that the Fed seems to be leading the ECB. From this perspective, common shocks imply that the US interest cycle leads the EU if the US is more flexible and also contracts more quickly in response to negative shocks. In contrast to Begg et al. (2002), we do not argue that such rigidities may require monetary policy to play a bigger role. Instead, waiting with interest rate changes becomes valuable if there is a large degree of uncertainty.
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� See Belke and Gros (2003). For a more formalized treatment of monetary policy effectiveness under uncertainty based on the real option approach see Belke and Goecke (2003). 


� Wyplosz (2001), p. 1,  delivers unambiguous anecdotic evidence of the demand by the markets, the media and even by Finance Ministers to cut rates during this period.


� The ECB has been criticised for making reactive, rather than proactive monetary policy decisions in the wake of September 11th. Perhaps, the ECB and other central banks would have waited longer before assessing the outcome of the terrorist strikes, and formulating and timing policy responses without the lead of the Fed. However, the decision by the ECB to follow the Fed's lead represents a shift to a more pre-emptive policy stance. In cutting interest rates without a clear indication of the likely economic impact of events in the US and the impact on oil prices, the ECB took a risk that cheaper money in Euroland may induce greater price pressures over the medium term that could threaten its 2% inflation target. However, according to our option value-argument (Gros and Belke 2003), the ECB was correct in its assessment of the risks to EU growth, and the decision to cut its interest rate has contributed to enhancing the ECB's credibility as a global monetary authority.


� In the spring of 1999, the ECB somewhat belatedly reacted to fears of deflation triggered by the LTCM crisis as another exceptional event in our sample.


� See BBC-News (2001).


� Begg et al. (2002, p. 42) and Breuss (2002, p. 13) see a time lag between Fed and ECB interest rate decisions. They attribute the reason for the Fed's moving first to the US cycle leading the euro zone's. 


� We used first differences, i.e. changes in interest rates, when the level series seemed to contain a unit root.


� Daily data refer to working days only. Weekends and holidays were eliminated.


� The ECB also provides some funds at longer maturities (three months).


� See Ulrich 2003, p. 7, and Wyplosz 2001, pp. 6f. Perez-Quiros and Sicilia (2002), pp. 7ff., argue that policy announcements made on Council meetings should not trigger any reaction of asset prices in case of full predictability, since market participants have already correctly anticipated these policy decisions on the day when the central bank rate is changed. However, in a world of uncertainty, collective decisions on monetary policy and lack of transparency, effective communication and active guidance to the markets, predictability and the anticipation of the exact timing of interest rate changes might not be fully attainable. This justifies the use of the refi and the targeted funds rate in our case.


� For instance, the Governing council of the ECB decided to lower the minimum bid rate on the main refinancing operations by 0.25 percentage points to 2.50%, starting from the operation to be settled on March 12th, 2003. In this case, we assigned the change already to March 6th, 2003.


� The level series does not fluctuate around a constant mean and its variance is not constant and finite.


� Overall, our new results confirm those contained in the studies by Belke and Gros (2002a) and Gros et al. (2000) which were based on an investigation of monthly realisations of the 3-month LIBOR interest rates and a smaller sample: In no case does one have to reject the null hypothesis that the US interest rate does not ‘Granger cause’ the euro interest rate and at the same time not reject the null hypothesis that the euro interest rate does not Granger cause the US rate.


� In an earlier version of the paper, we addressed two additional questions within the Johansen-framework of a cointegrating VAR analysis (Johansen 1991, 1995). Is there a stochastic co-movement between the US and the euro interest rate? And: If there is a co-movement, is it driven by the US interest rate? Hence, we checked for cointe�gration between the US and the euro interest rates and for weak exogeneity of the US interest rate in the cointegrating VAR. In the preceding chapter, we argued that due to the non-stationary character of the time series, we had to conduct our GC analysis in first differences for the 1-month LIBOR rates. This clearly needs not be the case if the US and the euro zone time series are cointegrated. In this case, we can additionally use level information in order to identify the nature of the relationship of the two series in the data-generating process. The results are available on request.


� For a general discussion of interest rate decisions in an uncertain environment see Begg et al. (2002), pp. 31ff.


� The tests for the remaining variables display a similar pattern and are available on request.


� Begg et al. (2002) report in their MECB 4 update that since September 2001, the economic environment has become dramatically more uncertain. In this respect, they refer to, e.g. the sharp drop in stock markets, the large swings in HICP inflation largely unconnected with food or energy prices.


� The ECB has, understandably, not taken any position on this issue. But a recent ECB Working Document (Ehrmann and Fratzscher 2002) analyses one part of this issue, namely the extent to which the US influences the euro area. The conclusions are interesting: "There are in particular some US macroeconomic announcements to which European markets react significantly, especially in times of increased uncertainty, like the initial period of EMU or the 2001 recession" and, "throughout a learning process, the importance given to US news has declined". As will become clearer below our own results are consistent with the first quote, but go in the opposite direction of the second quote.





