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We estimate a reaction function for the European Central
Bank (ECB) using forecasts of economic growth and inflation
as regressors. We detect a shift after Lehman Brothers failed in
September 2008 when the pre-crisis reaction function indicates
that the zero lower bound may become a constraint. We detect
a shift back in the second half of 2010, several months prior
to the April 2011 rate increase. The interest rate cuts in 2008
were more aggressive than forecast by the pre-crisis reaction
function. These findings are compatible with the literature on
optimal monetary policy in the presence of a zero lower bound.

JEL Codes: C2, E52.

1. Introduction

The recent financial crisis illustrates that if a large, contractionary
shock occurs, interest rates may be pushed to the zero lower bound
(ZLB). Several authors have argued that this possibility should affect
central banks’ rate setting even before the constraint becomes bind-
ing. However, how it should do so remains an issue of debate. The
literature on optimal policy suggests that central banks should be
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more aggressive if there is a prospect that interest rates may reach
zero in the near future (Orphanides and Wieland 2000; Reifschneider
and Williams 2000; Adam and Billi 2006). But the risk of hitting an
interest rate floor is sometimes seen as a reason to exercise greater
caution in cutting rates—for example, to preserve the option to cut
in the future or to avoid generating excessive pessimism (e.g., Bini
Smaghi 2008).

In this paper we explore the ECB’s interest rate setting behav-
ior during the financial crisis using an econometric framework which
allows the coefficients of the reaction function to change over time
and where the timing and speed of any regime switch are estimated
rather than imposed.

Several key results emerge. First, the ZLB did appear to be a
significant constraint on policy. Second, we detect a rapid but not
instantaneous shift of the reaction function in the final quarter of
2008, well before rates reached their apparent floor, and a switch
back in the latter half of 2010. Third, under this alternative regime
the ECB cut interest rates more rapidly in response to worsening
economic conditions than the normal reaction function would have
posited, consistent with theoretical work on optimal monetary policy
in the vicinity of the ZLB.

Although the literature on ECB reaction functions is exten-
sive,1 few papers analyze how the crisis has affected ECB rate-
setting behavior. Gorter et al. (2010) estimate reaction functions
with rolling coefficients and detect parameter instability in reac-
tion functions over the period 1999–2010, but do not propose an
alternative specification which resolves the problem of unstable coef-
ficients. Gerlach (2011) and Gerlach and Lewis (2011) utilize the
smooth transition approach adopted here to examine how the ECB’s
responses to actual macroeconomic data changed during the crisis,
and show that interest rate setting became more aggressive in late
2008.

However, Orphanides (2010) notes that a calibrated forward-
looking reaction function under which the ECB sets monetary policy

1See, for example, Gerlach-Kristen (2003), Surico (2003), Gerdesmeier and
Roffia (2004), Carstensen (2006), Castelnuovo (2007), Gerlach (2007), Sauer and
Sturm (2007), and Gorter et al. (2010).
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according to macroeconomic forecasts fits the ECB’s observed inter-
est rate setting well throughout the 2008–9 period, suggesting that
the reaction function did not shift.2 This raises the possibility that
the apparent non-linearity detected by Gerlach (2011) and Gerlach
and Lewis (2011) arises because the relationship between current
data and forecasts, rather than the underlying reaction function,
changed during the crisis. In this paper we therefore use forecasts of
inflation and economic growth as regressors in the empirical reaction
function in order to see whether the result that the ECB’s reaction
function changed still goes through. In addition, by extending the
sample period to include the rate increases of April and July 2011,
we are able to examine the ECB’s behavior when interest rates rose
from their apparent floor.

The remainder of the paper is organized as follows. The next
section provides an overview of the literature on monetary policy
and the ZLB. Section 3 details our empirical approach, section 4
presents the results, and section 5 concludes.

2. The Lower Bound on the Interest Rate

Before proceeding, it is useful to review the literature on the ZLB.
The problems posed by a floor on the interest rate were revived in
the modern literature by Summers (1991).3 Subsequently, several
papers used model-based simulations to gauge the frequency and
extent to which the ZLB would constrain rate setting. They con-
cluded that because the gap between the desired (negative) interest
rate and the ZLB is small, the ZLB would have little effect (Reif-
schneider and Williams 2000; Coenen 2003; Coenen, Orphanides,

2It should be noted that there are some differences between our and
Orphanides’ choice of data and regressors. Thus, Orphanides uses the repo rate
rather than the interbank rate as the measure of policy, and uses the difference
in forecasts of actual and trend GDP growth as a measure of output conditions.
Furthermore, he evaluates this function’s performance using a one-step-ahead
forecast of the interest rate rather than a longer out-of-sample forecast. The
range of the forecast comes from fitting several alternative measures of GDP
forecast growth to a rule with fixed parameters, rather than from uncertainty
about the parameters themselves.

3The constraint was noted much earlier by authors such as Keynes (1936) and
even Fisher (1896). See Ullersma (2002) for a comprehensive survey.
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and Wieland 2004; and Billi 2005). But as Williams (2009) notes,
these earlier studies were based on the probability distribution of
disturbances during the Great Moderation and hence may under-
estimate the frequency and severity of tail events such as the crisis
that followed the collapse of Lehman Brothers. Furthermore, he finds
that the ZLB did not significantly accentuate the sharp decline in
autumn 2008 in inflation and output in the United States, because
developments were too fast for monetary policy to react preemp-
tively, but argues that it has slowed the recovery considerably. Our
results contribute to this literature by providing an empirical analy-
sis of how long and by how much the ZLB may have constrained
interest rates in the euro area over the 2008–11 period.

Other work has analyzed the related question of how monetary
policy should respond when central banks are concerned that the
ZLB may bind in the near future. Several papers have argued that
faced with the possibility of the ZLB constraining rates in the future,
policymakers should compensate by cutting interest rates today by
more than their regular reaction function would suggest (Orphanides
and Wieland 2000; Reifschneider and Williams 2000; Adam and Billi
2006). Accordingly, our paper seeks to contribute to this literature
by providing an empirical exploration of the ECB’s interest rate
setting during the Great Recession.

3. Econometric Considerations

To set the stage for the empirical work that follows, in this section
we first discuss the data and then discuss the econometric model.

3.1 Data Choice

Several contributions in the literature have argued that central banks
respond to forecasts of future economic variables rather than current
levels (Orphanides 2010). Using forecasts as explanatory variables
has the advantage that they in principle incorporate all information
available at the time to the policymaker, including “soft” informa-
tion, other variables, and policymakers’ expert judgment. This could
be particularly important in crisis times, since central banks might
look to a much broader set of variables (such as financial stress
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indicators or asset prices) to gauge the economic outlook than they
would in normal times.

The ECB commissions its own Survey of Professional Forecasters
(SPF), which is published in the middle month of each quarter and
contains average forecasts for inflation, growth, and unemployment
at the one- and two-year time horizons. Since this is the measure the
ECB itself uses to assess the macroeconomic outlook, it represents
a natural data choice for our purposes.

While Taylor (1993) used the output gap and inflation to char-
acterize the interest rate setting of the Federal Reserve, a number
of papers have argued that central banks in practice respond more
strongly to the growth rate of real GDP than to the output gap.
One reason for this is that it is difficult to estimate the trend level of
output with any precision in real time (Orphanides and van Norden
2002). Indeed, as emphasized by Gerlach (2007), the ECB’s own
commentary on its policy decisions emphasizes the role of business
sentiment indicators which are much more closely correlated with
real GDP growth rather than the deviation of real GDP from trend.
In modeling the policy choices of the ECB’s Governing Council, of
which he was a member, Orphanides (2010) also uses the differential
between (forecast) real and potential GDP growth rather than the
output gap.4

Since we wish to analyze monetary policy at the monthly fre-
quency at which it is set and the SPF data is only available quarterly,
we need to interpolate their values in the months between surveys.
Another option would be simply to take the latest SPF data available
in a given month. However, that would be tantamount to assum-
ing that no new information is received by the ECB in the three
months between SPF rounds. This is improbable, especially during
the recent crisis. The simplest alternative would be to use linear
interpolation for the intermediate months, but this procedure relies
on the use of data (the next round of SPF figures) which was not
available in real time.

4Using inflation and economic growth in a reaction function can be grounded
theoretically in the literature on “speed limit” policy rules. This finds that a
monetary policy rule based on economic growth and inflation is a close approx-
imation to the unconstrained optimal rule (Walsh 2003; McCallum and Nelson
2004).
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Figure 1. SPF Data and Interpolated Data, Inflation
Forecasts (% change, year-on-year)
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We therefore use the Chow-Lin (1971) method to interpolate the
quarterly SPF series using the monthly expectations data supplied
by Consensus Economics. This too is a survey, but unlike the SPF, it
asks participants to forecast what inflation and growth will be at the
end of the current and the following calendar year. Since the fore-
cast horizon is not constant, we use linear interpolation to derive an
estimate for forecast inflation twelve months ahead, which we then
use to interpolate monthly values for the SPF data.

The raw SPF data together with the interpolated data is shown
in figures 1 and 2. These show that inflation forecasts started to rise
in the second half of 2008, before abruptly falling after the collapse
of Lehmann Brothers in September. By the summer of 2009 the fall
was arrested, and inflation forecasts started to rise again. Similarly,
the collapse of Lehman Brothers had a large impact on forecast real
GDP growth, which fell to –2 percent in the summer of 2009 before
rebounding.

An important question that arises when estimating reaction func-
tions for the ECB during the crisis is what interest rate to use as
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Figure 2. SPF Data and Interpolated Data, Real GDP
Growth Forecasts (% change year-on-year)
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dependent variable. While the literature to date has tended to use
the ECB’s repo rate, during the crisis the overnight rate (Eonia)
fell substantially below the repo rate (Gerlach and Lewis 2011). The
ECB had strong incentives to reduce interest rates as much as possi-
ble to stimulate the economy and could have prevented the overnight
rate from declining below the repo rate if it had felt that it fell too
low. We therefore view the rapid decline of Eonia relative to the repo
rate as an expression of policy and thus use Eonia as our dependent
variable in the econometric analysis below.

3.2 Modeling Interest Rate Setting

We base our approach on a modified version of the model of Judd
and Rudebusch (1998). Let it denote the Eonia overnight rate, iTt
the ECB’s “target” for the overnight rate, yf

t+12 the forecast of
economic growth twelve months ahead, and πf

t+12 the forecast of
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inflation twelve months ahead.5 The target level for the interest rate
is given by

iTt = α0 + αyyf
t+12 + αππf

t+12, (1)

where all coefficients are expected to be positive.6 The overnight
rate is allowed to move gradually towards the target according to

it − it−1 = β0(iTt − it−1) + β1Δit−1, (2)

where β0 governs the gradualism with which this is done and where
β1 captures the extent to which there is inertia in the change in
rates.

Combining (1) and (2), we have the following reaction function:

it = α̃0 + α̃yyf
t+12 + α̃ππf

t+12 + α̃i + (1 − β0)it−1 + β1Δit−1, (3)

where α̃j = αjβ0.7 For ease of exposition, we rewrite this equation
more compactly as

it = ΘZt + et, (4)

where Θ is a row vector of parameters and Zt is a column vector of
data.

Estimating a single reaction function for the whole period may
be problematic because interest rates may have been constrained
by the ZLB during the crisis. First and as discussed above, it is
eminently plausible that the ways in which policymakers respond to
economic conditions may change if it is plausible that the ZLB might

5We use the term “target” here for brevity. It should not be thought of as an
“optimal rate” in the sense that any delayed adjustment towards it represents
“bad policy.”

6We also experimented with a more general form of (1), based on Smets and
Wouters (2003), which adds core inflation, the change in expected future infla-
tion, and the current output gap as additional terms in the target rate function.
However, the coefficients on these extra variables were all insignificant at the 5
percent level in both regimes, and the Aikaike, Schwarz Bayes, and Hannan-Quinn
criteria all preferred our benchmark model.

7 Elsewhere in the literature, other papers including a lagged dependent
variable use a slightly different terminology: α̃ is sometimes referred to as the
“short-run reaction” and α as the “long-run reaction.”
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be reached in the near future. Second, the fitted reaction function,
which is typically linear, must satisfy the non-negativity constraint
on the interest rate. As economic conditions worsen, it is otherwise
possible that the target interest rate implied by the normal reaction
function would be negative. While the ZLB constrains the actual
interest rate, which adjusts gradually to the target rate, such a sit-
uation can only persist for a limited period of time. At some point
the reaction function must shift to an alternative which respects the
ZLB constraint.8 This shift could be either gradual or discrete, and
may happen at or before the moment that the ZLB binds. Similarly,
when rates rise from their floor, that also implies a switch in reaction
function.

In estimating the reaction function, we must therefore take into
account the possibility that there may have been two regimes in
operation during the sample period. The full model can thus be
written

it = ΘIZt + et where et ∼ N(0, σ2
I ) (5a)

it = ΘIIZt + et where et ∼ N(0, σ2
II). (5b)

The simplest way to model the structural change would simply be
to assume breaks at some point in the sample at dates suggested
by the chronology of the crisis such as during the money-market
tensions in August 2007 or the collapse of Lehman Brothers in Sep-
tember 2008 for the first break, and the first ECB rate hike in April
2011 for the second. Alternatively, we could employ an Andrews
test to select the appropriate break date. In both cases, however,
the break would be assumed to be discrete, which rules out the pos-
sibility of a smooth transition between regimes that seems eminently
plausible.

We therefore employ the smooth transition model of Mankiw,
Miron, and Weil (1987). In any given period, the interest rate is a
weighted average of the two regimes:

it = (1 − ωt)ΘIZt + ωtΘIIZt + εt, (6)

8Of course, if the deterioration of the economy is not too extreme, in the sense
that equation (1) does not predict a negative interest rate, it is possible that a
linear reaction function will fit the data.
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where the variance of the errors is also a weighted average of the
two regime-specific variances: σ2 = (1 − ωt)2σ2

I + ω2
t σ2

II . Note that
this means the error terms are heteroskedastic and so this will be
an additional source of specification error if one simply estimates a
single reaction function.

The weights follow a logistic function, L(•) of time:

ωt = L(θ, λ, τt) ≡ − exp(θ(τt − λ1)(τt − λ2))
1 − (exp(θ(τt − λ1)(τt − λ2))

, (7)

where τt is a time trend.
Since a time trend is deterministic and increases monotonically,

this specification permits only two changes of regimes. However, this
seems appropriate for the current sample in which there appears to
have been a switch into a crisis reaction function and then a shift
back as interest rates were raised.

The speed and timing of the transition are captured by the
parameters θ, λ1, and λ2, respectively. The λ parameters give the
value of the trend at the midpoint of the switch (i.e., when ω = 0.5)
and the parameter θ describes the speed (a larger negative value
implies a faster switch). This functional form also nests the case of
a discrete break. In that case, the speed of the change tends towards
negative infinity and the midpoint of the change occurs between
months. Testing the restrictions implied allows us to formally test
whether the switch was discrete.

It should be noted that the model is not identified as it currently
stands. Since L(θ0; . . .) ≡ 1 − L(−θ0; . . .), a model with θ = θ0 will
be identical to a model with θ = −θ0. However, the model we esti-
mate below implies restrictions on parameters in the second period
that are sufficient to ensure identification.

4. Empirical Results

As suggested by Mankiw, Miron, and Weil (1987), the model can
be estimated with maximum likelihood.9 We begin by estimating
an unrestricted version which included forecast growth, forecast

9Interestingly, they do not estimate the location and speed of the switch but
use a grid search procedure to determine these parameters.
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inflation, a lagged interest rate, and the lagged change in the interest
rate, specification 1 in table 1.

The first switching point is located in November 2008. (We there-
fore refer to the regime in force in the first part of the sample as the
normal period and that in the second part as the crisis regime.)
The failure of Lehman Brothers in September will first be felt in the
October forecasts and (since the regressors are lagged by one month
to capture reporting lags) will only influence policy in November.

Turning to the coefficients in the reaction function, the pre-crisis
estimates have the expected signs and, with the exception of the
lagged change in the interest rate, are significant. In the crisis period,
both forecast inflation and real GDP growth are insignificant. This
suggests that the appropriate restricted form of the reaction function
in the crisis is a model with only a constant and the lagged interest
rate, which implies that the target interest rate was constant in the
crisis period and that the actual interest rate converged gradually
towards and then fluctuated around this constant target.

We next dropped all the insignificant parameters and show the
results for the restricted model as specification 2 in table 1. In the
pre-crisis period, the coefficients are consistent with the earlier lit-
erature on ECB reaction functions. The lagged rate is significant, as
are the reactions to forecasted inflation and economic growth. Impor-
tantly, the long-run response to forecast inflation and real GDP
growth are large (4.55 and 1.74, respectively), indicating that the
ECB has responded strongly to inflation and to economic growth,
which is an important driver of inflation.

The speed and switching parameters are both quite precisely esti-
mated and locate the midpoint of the first switch in the autumn of
2008 and the midpoint of the second switch in mid-2010. To quantify
this uncertainty, figure 3 shows the point estimate for the weighting
variable over time and together with a 95 percent confidence inter-
val. The confidence interval was obtained by drawing 10,000 times
from the joint distribution of the speed and switching date parame-
ters and computing the weighting function in each case. Discarding
the top and bottom 2.5 percent of realized outcomes then yields a
confidence interval.

The solid line shows the median of the estimates of ωt, which sug-
gests that the first switch occurred around November 2008 and that
it took only four months for the weighting parameter to go from
0.1 to 0.9. The vertical distance between the dashed lines gives a
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Figure 3. Estimated Weighting Function and 95%
Confidence Band
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95 percent empirical confidence interval for ωt. Overall, the switch-
ing between regimes seems quite tightly identified. In early 2008,
the upper bound of the confidence interval is close to zero, indicat-
ing that monetary policy is quite well characterized by the normal
reaction function. By September 2008, when the point estimate is
below 0.1, even the upper bound is around 0.25, suggesting that
the normal reaction function continued to explain the ECB’s policy
decisions quite well.

Similarly, 90 percent of the second switch was complete by the
end of 2010. That suggests that the ECB had switched back into
its normal reaction function some months before the interest rate
increase of April 2011 and hence the holding of rates in the early
months of that year was consistent with its regular reaction func-
tion. However, the second switch is somewhat less tightly identified,
as the greater vertical span of the confidence interval indicates.

To check whether the transition was smooth rather than discrete,
we first estimate an alternative version of the model, with a differ-
ent specification of the weighting variable. Specifically, ω equals zero
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when the interest rate is above 0.5, and equals unity otherwise. This
implies the following representation of the interest rate:10

it = max[0.5, ΘIZt] + εt. (8)

The results of this are reported as specification 3 of table 1. Although
the coefficients in the reaction function for the pre-crisis period
are similar, all three information criteria reject this discrete break
specification.

To explore this issue further, we estimated a series of alternative
specifications where a discrete break is imposed in a given month.
The log-likelihood of these is shown in figure 4 (solid line), together
with the log-likelihood of the smooth transition model (dashed line)
reported in table 1. The horizontal axis records the month where the
break is imposed is in the discrete model. In the upper panel, the
second switch is fixed and the first is allowed to vary; in the lower
panel, the first switch is fixed and the second is allowed to vary. In
both cases, we search six months either side of midpoint identified
by the smooth transition model.

Holding the second switch date fixed, the highest log-likelihood
for the first switch is the case where October 2008 is the break
point, although other break points in the following months yield
log-likelihoods which are almost as high. Holding the first switch
date fixed in October 2008 and allowing the second to vary gives a
local maximum for the log-likelihood function in September 2010.
Since the discrete break in October 2008 is a restricted form of our
benchmark smooth transition model, the restrictions implied can
be tested formally. A likelihood-ratio test of the implied restrictions
gives a p-value of 0.02 and thus provides formal support for modeling
the regime change as a smooth transition.11

As a robustness check, we also investigated several other alter-
native forms of the model similar to the alternatives considered by
Gerlach and Lewis (2011). These included a single reaction function

10This reaction function differs from a Tobit model since the interest rate is not
constant at the censoring value but is subject to an error term in both regimes.
Consequently, the error variance has the form σ2 = (1 − ωt)2σ2

I + ω2
t σ2

II .
11Of course, this test disregards the fact that the discrete break date was

selected on the basis of highest log-likelihood amongst alternative models rather
than being exogenously given. Correcting for this would further strengthen the
rejection of the discrete break model.
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Figure 4. Log-Likelihood Function for Discrete Breaks
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Figure 5. Target Interest Rate with 95% Confidence Band
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where the coefficients are constant throughout, and one where only
the gradualism parameter changes across regime. Log-likelihood-
based tests strongly rejected these alternatives.

The above results provide evidence for a change in the ECB’s
reaction function as the crisis progressed, but they do not say any-
thing directly about how far actual interest rates were from those
posited by the normal reaction function. It is to this issue that we
now turn.

We begin with the estimates of the target interest rate, iTt . This is
the interest rate towards which the Eonia rate would converge if the
forecast rate of inflation and real GDP growth remained constant at
their current levels. Figure 5 shows the target interest rate, assuming
that the normal reaction function applied throughout, together with
a 95 percent confidence interval, which is constructed by sampling
from the joint distribution of the parameters.12

12As before, we draw 10,000 from the joint distribution of parameters, calculate
the path of the interest rate implied by each one, and then discard the upper and
lower 2.5 percent in each period.
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Several features stand out. First, from the start of EMU until the
crisis starts, the point estimate of the target rate is always positive,
although in the early part of the 2000s the lower bound of the confi-
dence interval went briefly below zero. Second, following the collapse
of Lehman Brothers on September 15, 2008, the target rate declines
sharply and by November that year is significantly below zero and
remains well below zero for a considerable time. Thus, the pre-crisis
coefficients suggest that, given the ECB’s past way of setting inter-
est rates, the target rate was negative, and hence it was possible
that the overnight rate would reach the ZLB in the future, although
the actual rate was some way above zero at the time. Third, the
rate rose substantially in the second half of 2009, but the confidence
interval does not fully rise clear of zero until the end of 2010.

We next turn to the overnight rate. In order to see how much of
the sharp interest rate reduction after the collapse of Lehman Broth-
ers can be attributed to deteriorating macroeconomic forecasts, we
construct a dynamic out-of-sample forecast over the period Septem-
ber 2008 to December 2009 using coefficients from the normal reac-
tion function. This forecast is shown in figure 6 (solid thin line),
together with a 95 percent confidence interval (the dashed line) and
the actual path of the interest rate (thick line).13

The figure shows that the predicted policy rate falls sharply after
the failure of Lehman Brothers and turns negative in the middle of
2009. However, the cuts seen in the final quarter of 2008 represent
a significantly larger and more rapid relaxation of monetary policy
than predicted by normal reaction function. By January 2009 this
discrepancy was over 100 basis points. Furthermore, the observed
policy rate lay outside the 95 percent confidence interval, indicating
both a statistically and economically significant difference. As the
interest rates level off, this divergence closed, and it then reversed
as the forecast rate goes below zero.14

This figure is particularly relevant in light of the theory on opti-
mal monetary policy in the vicinity of the lower bound. As noted
earlier, theory suggests that as the economic outlook worsens, central
banks should cut interest rates faster than one would expect on the

13This is constructed using the same method as our confidence intervals for the
target rate.

14We repeated this experiment using November 2008 and January 2009 as
alternative starting points for the forecast, and also obtained similar results.
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Figure 6. Dynamic Out-of-Sample Forecasts Starting in
September 2008
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basis of their regular reaction function before. The ECB’s behavior
appears consistent with the predictions of the theoretical literature
which holds that central banks should cut interest rates faster in
response to a contractionary shock when there is a likelihood that
the ZLB will bind in the future. Some caution needs to be applied
here, however, as our findings depend on the assumption that the
SPF is a good proxy for the ECB’s own forecasts at the time. In the
absence of monthly point forecasts from the ECB, this cannot be
tested directly, although both the range and midpoint of quarterly
ECB staff forecasts appeared to be revised downwards in a similar
fashion to SPF data during the period of sharp rate cuts.

5. Conclusions

In this paper we have studied the ECB’s interest rate setting dur-
ing the global financial crisis of 2007–8. Our main findings can be
summarized as follows.
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First, we find evidence that the ZLB did constrain monetary
policy during the financial crisis. We draw this conclusion because
the estimated target rate was significantly negative for an extended
period from the autumn of 2008 onwards and did not rise signif-
icantly above zero during the rest of the sample (which ends in
December 2010). Furthermore, the dynamic forecast of the interest
rate based on the estimated normal reaction coefficients posits a
negative interest rate, which furthermore is statistically significant,
for a prolonged period.

Second, the ECB’s responses to forecasts of inflation and growth
shifted shortly after the collapse of Lehman Brothers. The midpoint
of this switch happens at almost exactly the same moment as the tar-
get interest rate (computed on the basis of the parameters estimate
from data from before the crisis) turns negative. Taken together,
these two findings suggest the ZLB was indeed a binding constraint
on policy.

Third, there is a switch back which occurs in late 2010. Although
this is difficult to tie down very precisely, it appears that the switch
was complete several months before the ECB’s rate increase of April
2011.

Fourth, as evidenced by the shift of the reaction function, during
the crisis interest rates were reduced significantly faster than sug-
gested by pre-crisis estimates of the reaction function. Thus, the shift
in the reaction function is not only statistically but also economically
significant.

Fifth, the change in the ECB’s interest rate setting behavior is
consistent with the findings in the theoretical literature on optimal
monetary policy in the presence of the ZLB, which suggests that
central banks will cut interest rates rapidly when the ZLB may bind
in the near future.
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