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Interest Rate Setting, Money and
the Role of the Output Gap’

The paper shows that a robust and successful monetary policy implies an interest rate response to
deviations of the inflation rate from target, to the change in the output gap, to a money gap and to
the lagged interest rate. These elements of the reaction function are also the necessary conse-
quence of assigning money a prominent role in the monetary policy strategy. As a drawback, this
orientation introduces reactions to money demand shocks. On the other hand, such an inertial pol-
icy rule is robust to the use of real-time or ex post data, a point which is especially important for
transition countries like Belarus. In a second step, we compare this rule with others under a wel-
fare-theoretic perspective. We find that interest rate rules which include a response to money
growth outperform both Taylor-type rules and speed limit policies once real-time output gap un-
certainty is accounted for. One reason is that targeting money growth introduces history depen-
dence into the policy rule which is desirable when private agents are forward-looking. The second
reason is that money growth contains information on the “true” growth rate of output which can
only be measured imperfectly.

1. Introduction

Gerberding et al. (2004, 2005) have shown that the use of real-time data for Germany considerably
changes the assessment of the Bundesbank’s monetary policy reaction function. According to that
analysis, the Bundesbank did not respond to the level of the output gap as suggested by the Taylor
(1993) rule, but rather to the change in the output gap as well as to deviations of (expected) infla-
tion and money growth from their respective target values. Furthermore, the results suggest that
the monetary policy of the Bundesbank was characterised by a high degree of interest rate inertia.
This is interesting for other central banks, too, as the Bundesbank is usually judged to have been
one of the most successful central banks.

Interestingly, targeting the rate of change rather than the level of the output gap has recently been
advocated by a number of authors, such as Orphanides (2003a) and Walsh (2003, 2004). One ar-
gument in favour of such an approach is that estimates of the level of the output gap are subject to
much greater uncertainty than estimates of its change. Another advantage is that targeting the
change in the output gap makes monetary policy more history-dependent, which is an important
element of an optimal commitment policy in forward-looking models.

Real-time data uncertainty is an international phenomenon (see Gerberding et al. (2005) for Germany,
Gerdesmeier and Roffia (2005) for the Euro Area, Kamada (2004) for Japan, Nelson and Nikolov
(2001) for the UK and Orphanides (2001) for the USA) and is especially important and severe for transi-
tion countries like Belarus (see also figure 1 for Germany). One common characteristic of the real-time
data sets which exist is that the measurement errors regarding the change in the output gap were much
smaller and much less persistent than the measurement errors regarding the level of the output gap. For
the purpose of practical monetary policy, it seems essential to base interest rate setting on variables
which are exposed to measurement error only to a comparatively small extent.

The purpose of the present paper is to derive such interest rate feedback rules and to answer the
question what role money plays in such a rule.

1 University of Applied Sciences Amberg Weiden and WSB Poznan, Poland

2 This paper draws on joint work together with C. Gerberding, M. Scharnagl and A. Worms from the Deutsche Bundesbank.
Nevertheless, the views expressed in the paper should not be interpreted as those of the Deutsche Bundesbank.



A robust monetary policy rule

With forward-looking price setting and a short-run output inflation trade-off, there are gains for
monetary policy makers from commitment to a policy rule. Under commitment, the central bank
takes the effects of its own actions on private sector expectations into account. As a consequence,
optimal policy is not purely forward-looking, but history-dependent in the sense that it implies sys-
tematic responses to lagged variables of interest. Choosing the commitment solution that is optimal
from a timeless perspective, the interest rate rule takes the form

i, = (1= p)i*+pii_ + p,Ai_ + ¢ (Ap, —Apl )+ 4, (Ay, —Ay)) > (1)

where 7 is a short term interest rate, i* is its long-run equilibrium level (which is equal to the sum of
the long-run equilibrium real rate of interest plus the trend rate of inflation). The parameters p, ¢,
and ¢,, capture the degree of interest rate smoothing and the strength of the interest rate response
to the inflation gap (Ap-Ap?) and the change in the output gap (Ay-Ay*®), respectively. A is the dif-
ference operator and “T” is a target value. All decisions have to be based on information available at
time ¢.

Gerberding et al. (2007) have shown that using money as an indicator variable results in a feedback
rule of the form

I :(I—P)'(’}* +¢,-(Ap, - Ap] )+ 47, (Ay, - Ay ) + 4, Mg, - 4, -77,)+p~i,,l +v, (2)

with 1, >4, 20 and where Ag; captures short-run dynamics as well as fluctuations of money de-

mand and 7; stands for measurement errors in money growth! (v is an error term). A positive value
of A> would either indicate that the staff made systematic mistakes in estimating the long-run rela-
tionships or that, despite the medium-term orientation of their approach, policymakers still showed
some response to short-run fluctuations in money demand (even if these were correctly identified).
Thus, the optimal time-invariant policy rule (1) under commitment shares many features with the
interest rate representation of, as we call it, flexible monetary targeting (2).

The difference between (1) and (2) is that

a) money introduces measurement errors in money growth, nt, into the policy rule and
b) moneyimplies a policy response to Aet.

The latter is usually seen as the principal drawback of a monetary orientation. However, a central
bank should be aware of this problem and try to identify and filter out “special factors” which only
influence money demand in the short run but do not have any repercussions on the long-run rela-
tionships, especially on trend inflation and on inflation expectations (see in the case of the Bundes-
bank Baltensperger, 1998; Deutsche Bundesbank, 1998, 36f.). In terms of Eq. (2), this practice of
filtering actual money growth figures implies that the coefficient on Ae (4.) should be smaller than
A; or may even be zero.

At first sight, Eq. (2) also looks rather similar to the well-known forward-looking Taylor-type rule
in that it includes the rate of inflation, the output gap and the lagged interest rate as feedback va-
riables. However, a closer inspection reveals some important differences:

"In the case of Germany or the euro area the latter are practically non-existent.
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(a) Using money as an indicator implies a policy response to the difference between the
growth rate of actual output and the (estimated) growth rate of potential output growth (i.
e. the change in the output gap) whereas the Taylor rule includes a response to the esti-
mated level of the output gap. Hence, money introduces history dependence into the policy
rule which is an important component of an optimal commitment policy when agents have
forward-looking expectations

(b) Monetary orientation implies a response to the “true” values of Ap and Ay (which deter-
mine money demand) while at the same time introducing measurement errors in money
growth, 7, into the policy rule. By contrast, interest rate rules with a direct feedback from
prices and output - such as Taylor-type rules or nominal income targeting - are vulnerable
to measurement errors in these variables, but do not suffer from measurement errors in
money growth. The relative performance of these rules compared to monetary targeting
therefore crucially depends on the magnitude of the respective measurement errors.

(c) Money introduces additional inertia into the policy rule even if there is no interest rate
smoothing motive a priori as p > 0 as long as the interest rate response to the money

growth gap and the interest elasticity of money demand differ from zero.

(d) According to (2), a monetary pillar implies a response to the contemporaneous rate of infla-
tion whereas the forward-looking variant of the Taylor rule allows for values of n greater
than zero.

(e) Eq.(2) implies a policy response to Ag;.

(f) Eq. (2) also shows that simply amending a Taylor rule by a money (growth) gap in order to
check whether monetary policy actually reacted to monetary aggregates (see, e.g., Clarida et
al., 1998) does not do justice to the medium-term nature of monetary targeting. One poten-
tial advantage of money growth targeting over other monetary policy strategies is that
money growth may contain useful information on the unobserved “true” value of current
output (growth) whereas central banks which target output (growth) directly have to rely
on noisy estimates of this variable. Of course, this advantage hinges critically on the relative
magnitude of the measurement errors in money and output data as well as on the central
bank’s ability to identify money demand shocks in real time and to separate short-run from
long-run influences on money demand (see Coenen et al., 2005).

3. Estimation and interpretation

Which monetary policy strategy a central bank really follows can obviously only be tested empiri-
cally by estimating a reaction function which contains all potentially relevant arguments, especially
the level and the change in the output gap as well as a money gap. More generally, nesting the in-
gredients of the forward-looking Taylor rule and the feedback variables implied by Eq. (2) into one
model leads to the following interest-rate rule (3). By allowing the horizon of the inflation gap, n, to
vary from zero to six, the two variables measuring current and future price pressure can be sub-

sumed into one error term /.

i, =(-p)(a+Apl, +4, E(Ap., —ApL)[Q) +4, E(y, - y)|Q) “
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where the measurement error in money growth, 1, has been set equal to zero. Furthermore, i;*has been
replaced by the sum of a constant and the price target,Ap/,, . : is the information set available in ¢ and

E is the expectation operator. An important issue is the method used to generate the forecasts. Since we

>«

do not know policymakers’ “true” forecasts of inflation, the output gap and the change in the output gap,
we follow the standard practice of using the realized values as proxies. Therefore, the error term z4 is a
linear combination of the forecast errors of inflation and output and the exogenous disturbance term v:.
In order to avoid simultaneity problems, the RHS-variables are instrumented by a vector of variables I;
which belong to the central bank’s information set at the time it sets interest rates and which are ortho-
gonal to z4. As we use end-of-quarter values of the dependent variable, we include the contemporary
values of those RHS variables which were known to policymakers at the end of quarter ¢ (that is, infla-
tion, the price assumption, the money growth target) as well as two lags of each RHS variable in the in-
strument set (see the notes to table 1 for more details).

Table 1 summarizes the results of estimating (3) on ex post and real-time German data for different
forecast horizons n. Several observations are in order. First, in all cases, the J-statistic confirms the
validity of the over-identifying restrictions. Second, the coefficient of the inflation gap, ¢, is signifi-
cantly positive for all values of n. Third, the coefficient of the level of the output gap, ¢, is signifi-
cantly positive only for n=0 in the ex-post setup, suggesting that in this case, the output gap acts as
an indicator of future inflation rather than as an independent feedback variable. Fourth, the coeffi-
cients of the output growth gap, ¢, and of the money growth gap, ¢», are significantly positive for
all values of n. Fifth, with estimated values of p between 0.80 and 0.92, the rule exhibits a high de-
gree of interest rate smoothing. However, what is perhaps most surprising is that the results based
on real-time data differ only slightly from the results in the ex-post setting. An obvious explanation
for this congruence is that (in contrast to other central banks) policymakers at the Bundesbank fo-
cussed their attention on indicator variables which were exposed to measurement error only to a
comparatively small extent. Figure 1 illustrates that this was indeed the case. First of all, the mea-
surement errors regarding the change in the output gap were much smaller and much less persis-
tent than the measurement errors regarding the level of the output gap. Moreover, revisions in con-
sumer prices and in money growth were even smaller in size throughout the sample period, with
money growth figures being hardly ever revised at all. While this may not be true for other coun-
tries over different sample periods, Coenen et al. (2005) reach very similar conclusions with respect
to euro-area data since 1999.

These results prove to be quite robust to changes in the forecast horizon n (1<n<6), the exact timing
of the inflation and output variables, the concrete specification of the money gap (annual growth
rates, annualised 6-month growth rates, level specifications), and to the choice of alternative prox-
ies for the unobserved forecasts of inflation (consumer prices, output deflator, consensus forecasts).

Obviously, the Bundesbank did not follow a Taylor rule since the level of the output gap turns out to
be insignificant in almost all regressions. Instead, the significant and sizable response to both, in-
flation and the output growth gap as well as the high degree of interest rate smoothing suggest that
the Bundesbank took its money growth targets seriously. However, there are also two aspects in
which the results deviate from the money based interest rate rule derived in Section 2. First, by res-
ponding to expected future inflation rather than to current inflation, policymakers at the Bundes-
bank seem to have been more forward-looking than implied by the interest rate rule (2). Second,
beyond the feedback from the variables implied by monetary targeting, there seems to have been an
additional, independent response to money growth.

Taken literally, our model of monetary targeting implies an interest rate response to deviations of
current inflation from target. And in fact, for n=0, our estimates of the feedback coefficients corres-
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pond well with the predictions of the theoretical model, particularly in the real-time setup. Howev-
er, increasing the forecast horizon of the inflation gap lowers the standard error of the regression
even further until it reaches its minimum at a forecast horizon of three quarters. In order to better
understand this result, recall that the Bundesbank tried to identify and filter out short-run fluctua-
tions in money demand which did not have any repercussions on the long-run relationships, espe-
cially on trend inflation and on inflation expectations. Such fluctuations might not only be caused
by shocks to real money demand (as captured by the variable Ag;), but also by the effects of price
shocks on nominal money demand. Viewed from this perspective, increasing the time horizon of
the inflation variable may improve the fit of the model because expected future inflation is a better
proxy for medium-term price developments than the current rate of inflation which is driven by
temporary price shocks as well as longer-term trends.

Finally, we still have to explain the role of the explicit money growth gap in the Bundesbank’s reac-
tion function. First of all, note that increasing the horizon of the inflation gap from zero to three
quarters (in the case of ¢, = 0, see tables 1b and 2b in Gerberding et al., 2007) lowers the coefficient
of the money growth gap from 0.98 to 0.29 in the ex post setup and from 1.05 to 0.30 in the real-
time setup just to increase again for n > 3. As regards the estimates based on real-time data, the
remaining response to the money growth gap at n=3 might be explained by its role as an indicator
of the "true" growth rate of real output. More generally, the significant reaction to money growth in
both scenarios may reflect an insurance scheme to policymakers against measurement errors in
output growth of unknown size at the time decisions were made. Apart from that, ¢, may capture a
remaining influence of short-run dynamics and money demand shocks on the Bundesbank’s inter-
est rate decisions. This may simply reflect mistakes, possibly due to difficulties in identifying shocks
in real time. But it may also indicate a conscious decision by policymakers to show some response
to obvious deviations of money growth from target, even if they were believed to be caused by
shocks and therefore not to feed into prices in the medium to long run (e.g. for credibility reasons).!

From a normative perspective, it is interesting to know whether adding money to an interest rate
rule that already includes a response to both inflation and the output (growth) gap yields any extra
benefits. On the one hand, augmenting a standard Taylor rule with a money growth target may be
advantageous because it introduces inertia and history-dependence into the policy rule. On the oth-
er hand, this can also be achieved by including the lagged interest rate and output growth directly
among the feedback variables (as in Stracca, 2007). However, even in this case, an additional re-
sponse to money growth may be beneficial because money growth may contain information about
the “true” rate of output growth which can only be measured imperfectly.

To gauge the relevance of these arguments for the euro area, we extend the set of simple rules analysed
by Stracca (2007) to include variants of the Taylor rule and the speed limit rule which feature an addi-
tional response to money growth. We then go on to calculate the optimal feedback coefficients and to
compare the performance of the optimised simple rules in a small estimated model of the euro-area.
The setup that we use is a version of the canonical New Keynesian model which has been proposed by
Rudebusch (2002) and estimated on euro-area data by Stracca (2007). To capture the implications of
output gap uncertainty, we assume that policymakers observe only noisy measures of the output gap
and of the change in the output gap. Moreover, we assume that the observed uncertain variables enter
the policy rule directly. The model is described in detail in Scharnag] et al. (2007).

! Additional reasons why it might be helpful for policymakers to look at money are discussed in Gerberding et al. (2004),
section 5.



As noted, our analysis takes place in a simple rules framework and focuses on the relative performance
of several variants of the basic Taylor rule, taking into account that policymakers observe only a noisy
measure of the output gap. These rules are simple because they model the interest rate as a function of a
limited set of state variables while the fully optimal rule would involve all state variables of the model.
Given the constraint on the number of feedback variables, the feedback coefficients are chosen so as to
minimise policymakers’ expected loss. A potential advantage of simple rules is that they are easier to
understand and monitor for the public than the (complex) optimal commitment solution. Furthermore,
simple rules may be more robust to model uncertainty.

The first simple rule that we consider is a Taylor rule with interest rate smoothing:

A

i: = ¢1 .itfl + ¢2 .(ﬂ-tlt - ﬂ-t*) + ¢3 : 'xtlt’ (TR)

where x is the output gap, ris the inflation rate, 1; is the deviation of the nominal interest rate from its

steady state value and the subscript t|t indicates the information on the contemporaneous value of a
specific variable available at time t. The second rule is a simple growth rate targeting or speed limit rule
of the kind advocated by Orphanides (2003b) and Walsh (2003) which involves a response to the
change rather than to the level of the output gap:

iA = ¢1 'iAt—l + ¢2 (ﬂ-zp - ﬂ.l‘*) +¢4 '(xz|t - xzfl|z) ’ (SPL)

However, central banks need not be limited to a discrete choice among these two simple rules. Especial-
ly with output gap uncertainty, it may be advantageous to respond to the level as well as to the change in
the output gap (see Rudebusch, 2002). Hence, we also consider a “hybrid” rule which nests both cases:

7y

iA = ¢l 'it—l + ¢2 .(ﬂ-tlt - ﬂ’-t*) + ¢3 'xt|t + ¢4 '(xt|t - xt—1|t)’ (TRSPL)

Finally, we consider a variant of the Taylor rule and a variant of the speed limit rule with an additional
response to money growth:

l:\:¢l'l¢tfl +¢2.(ﬂ.t|t _ﬂ.:)+¢3 .xtlt +¢5'(Amtlt _Amt*)’ (TRM)

*

; = ¢1 ';t—l + ¢2 (ﬂ-tlt - ﬂ-t*) + ¢4 .(xtlt - xt—llt) + ¢5 ’ (Amr|t - Amt ) ’ (SPLM)

Table 2 gives an overview of the whole model. Deriving the optimal feedback coefficients requires
an objective function, and we use a fairly standard one in which the central bank is assumed to mi-
nimize the variation in inflation around its target (which is normalized to zero), in the output gap,
and in the change in the interest rate:

Ly=E, Y B[ wo(m, =) +wxl +w, G, —i ) | (4)
t=0

where the parameters w-, wr and w,; are the relative weights on the three elements of the loss func-
tion L.

1 The target for output is assumed to be equal to the naturalrate, so the target for the output gap is also zero.
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As a first step, we use the model summarized in Table 2 to compare the relative performance of the
five rules defined above under different degrees of output gap uncertainty (no uncertainty, low un-
certainty, baseline uncertainty, high uncertainty). We assume that the central bank minimises Equ-
ation (4) subject to the rule in question and the model, while taking into account that its estimate of
the output gap is imperfect. Furthermore, we assume that the policy rule is perfectly credible, so
agents know the rule and assume (correctly) that it will be followed.

In order to gain a better understanding of the role of output gap uncertainty, we first consider the
hypothetical case of perfectly observable output gaps. Here, our results regarding the Taylor rule
(TR) and the speed limit rule (SPL) closely resemble the ones presented by Stracca (2007) despite
the fact that we use a slightly different objective function. In particular, the optimal Taylor rule is
found to have a very low degree of inertia, while the optimal speed limit rule is found to be very
persistent (in fact, it is identical to a first difference rule). Stracca argues that the difference be-

tween the values of ¢ is likely to reflect the fact that the Taylor rule feeds back strongly from the

highly persistent level of the output gap, while the SPL rule reacts (again strongly) to the less per-
sistent change in the output gap. Another interesting result is that the reaction to the output varia-
ble is much stronger than the response to current inflation, especially as regards the SPL rule.
Again, this makes sense, since in an environment characterised by transmission lags and a low de-
gree of inflation inertia, demand shocks which affect current output are much more relevant for
future inflation than cost-push shocks which matter only for current inflation. Allowing for an addi-
tional response to money growth somewhat changes the optimal coefficients of the Taylor rule, but
the associated reduction in the overall loss is fairly limited. Augmenting the speed limit rule by a
response to the output gap (TRSPL) or to money growth (SPLM) has even less impact on the op-
timal coefficients and on the overall losses.

Allowing for measurement error in the output gap drastically changes these results in several direc-
tions. First of all, output gap uncertainty attenuates the optimal response to the output gap and to
the output growth gap across all policy rules. The intuition for this result is straightforward: as the
reliability of an indicator is reduced, one should place less emphasis on the information it conveys.
Second, the optimal reaction to inflation increases with the degree of output gap uncertainty. While
this result is in line with the literature on the consequences of output gap uncertainty in an optimal
targeting rules framework (see Swanson, 2004), Rudebusch (2001) and Smets (2002) find that
higher output gap uncertainty moderates the reaction to the inflation rate in the optimal simple
rules they consider. As pointed out by Leitemo and Lonning (2006), this apparent contradiction
can be explained by the presence of two countervailing effects. On the one hand, in the case of a
demand shock, a stronger policy reaction to the inflation rate can substitute for a reaction to an im-
precisely measured output gap. Ceteris paribus, this effect will increase the optimal coefficient on
inflation. On the other hand, in the presence of cost-push shocks, a stronger reaction to inflation
will destabilize the output gap even further. Hence, with increasing output gap uncertainty, it will
be optimal for the central bank to reduce its response to both the output gap and inflation. Appar-
ently, in the model considered here, the first effect dominates.

A third important result is that output gap uncertainty generates a non-trivial role for money growth as
a feedback variable. Allowing for output gap uncertainty significantly increases the optimal coefficient

on money growth, ¢, in both the money-augmented Taylor rule and the money-augmented speed limit

rule. At baseline (high) levels of uncertainty, ¢5 reaches a value of 1.42 (1.56) in the TRM rule and of

1.08 (1.20) in the SPLM rule. More importantly, even at a low degree of uncertainty, the additional re-
sponse to money growth reduces the loss by 4.6% relative to the standard Taylor rule and by 3.9% rela-
tive to the standard speed limit rule (without money). Under baseline (worst case) assumptions about



output gap uncertainty, the welfare gain increases to 6.4% (8.0%) for the Taylor rule and to 6.2% (6.4%)
for the speed limit rule. One explanation for the welfare gain compared to the standard rules is that res-
ponding to money growth allows the central bank to reduce its response to inflation in both the TRM
and the SPLM rule, thus enabling it to avoid inefficient reactions to cost push shocks. By contrast, aug-
menting the speed limit rule with a response to the output gap (TRSPL) reduces the loss relative to the
standard SPL rule only marginally.

We now carry out some sensitivity analysis. In particular, we try to find out whether the superior per-
formance of the money-augmented speed limit rule is robust to changes in the parameters of the central
bank loss function and to variations in key coefficients of the underlying model. We find that

— the results (ranking of the policy rules) are independent of whether the increased uncer-
tainty stems from higher persistence or higher shock variability,

— the money-augmented speed limit rule leads to lower variability in both the output gap and
inflation for any choice of the relative weights in the objective function,

— increasing the standard error of the money demand shock reduces the coefficient of the
money growth gap,

— it is better to overestimate the level of uncertainty (to choose the coefficients optimized for
a higher degree of uncertainty),

— the ranking of the policy rules is robust to the choice of the relative weight on output gap
versus inflation,

— the ranking of the policy rules is robust to changes in the model coefficients (degree of
backward-lookingness of the Phillips curve / IS curve, interest rate elasticity, output-gap
elasticity, standard deviation of the cost-push shock, of the IS-shock),

— the ranking of the policy rules is robust to misperceptions about the degree of inflation in-
ertia and misperceptions about the true level of output-gap uncertainty

Summary, conclusions

In the present paper, we have shown that a monetary pillar taken seriously implies an interest rate re-
sponse to deviations of inflation from target, to the change in the output gap, to the lagged interest rate
and to deviations of money demand from long-run equilibrium. The latter is usually seen as the princip-
al drawback of monetary indicators. However, we have argued that a central bank with a focus on mon-
ey will be aware of this problem and, depending on the staff’s success in identifying shocks to money
demand, the interest rate response to such shocks will be muted or even non-existent.

With their implied response to the lagged interest rate and to the change in the output gap, money
growth targets introduce inertia and history-dependence into monetary policy. As shown by Gian-
noni and Woodford (2003), both features are important components of optimal monetary policy in
standard New-Keynesian models with forward-looking expectations. In addition, responding to the
change in the output gap rather than to its level may be advantageous when the latter is subject to
large and persistent measurement errors as has historically been the case. Furthermore, as pointed
out by Nelson (2003), beyond the stabilisation concerns captured by short-run models, central
banks have to be concerned with pinning down the steady-state rate of inflation, and this should be
the main motivation behind a central bank’s commitment to a monetary indicator approach.

Hence, the available empirical evidence suggests that the lessons from German data, together with
the insights from recent research on optimal monetary policy under commitment and welfare-
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theoretical considerations, are more relevant for the euro area than the lessons from US data pre-
sented by Rudebusch and Svensson (2002). Having said this and against the background of the in-
creased uncertainty monetary policy makers in EMU are confronted with, the Eurosystem’s promi-
nent role for money seems to be a sensible approach. Taken seriously, this orientation introduces
the necessary ingredients of a robust and inertial monetary policy rule. This should be the more
true for the even higher uncertainty case in transition countries.
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Figure 1: Measurement errors in key monetary policy indicators, 1975-1998"
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* The calculation is based on Bundesbank estimates of potential output.

1 The measurement errors are defined as the differences between the ex post figures (March 1999 vintages) and the initial

figures.
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Table 1: Ex-post and real-time estimates of (3)

n=0 n=1 n=2 n=3 n=4 n=5 n=6
ex-post
& 1.03** 1.43%%* 1.71%%* 2.92%¥* 2.37%* 2.41%% 2.99**
(0.41) (0.42) (0.60) (0.77) (1.02) (1.17) (1.39)
& 0.55%* 0.30 0.24 -0.14 0.19 0.41 0.44
(0.23) (0.18) (0.30) (0.27) (0.38) (0.44) (0.46)
Bay 1.25%* 1.04%** 1.34%* 1.33%** 1.74** 2,08%* 2,33%*
(0.53) (0.40) (0.54) (0.41) (0.68) (0.92) (1.06)
&m 0.54%%* 0.46*** 0.49%* 0.25% 0.40%* 0.52%* 0.61%*
(0.19) (0.16) (0.20) (0.15) (0.18) (0.23) (0.27)
p 0.83%%* 0.80%** 0.84*** 0.85%** 0.88*** 0.90*** 0.91%%*
(0.04) (0.05) (0.05) (0.03) (0.03) (0.03) (0.03)
R2 0.94 0.95 0.95 0.96 0.95 0.95 0.95
SEE 0.61 0.60 0.57 0.53 0.57 0.57 0.56
JB 0.00 0.01 0.28 0.32 0.87 0.39 0.09
J-stat 0.51 0.61 0.56 0.65 0.72 0.59 0.53
real-time
¢p 2'17*** 2_19*** 2.43*** 3_05*** 2.64*** 2.73*** 3.56***
(0.48) (0.36) (0.33) (0.45) (0.71) (0.81) (1.07)
& 0.06 0.01 -0.09 -0.31%* 0.00 0.04 -0.16
(0.18) (0.14) (0.11) (0.15) (0.23) (0.25) (0.31)
¢Ay 2.41*** 1.79*** 1.53*** 1.72*** 2.57*** 3.01*** 3.57***
(0.77) (0.53) (0.43) (0.48) (0.87) (1.11) (1.19)
&m 0.98%%* 0.61%%* 0.39%* 0.17 0.60%* 0.80%** 0.91%%*
(0.31) (0.21) (0.16) (0.15) (0.23) (0.30) (0.34)
/3 0.84%%* 0.82%** 0.82%** 0.85%** 0.89%** 0.91%%% 0.92%**
(0.04) (0.04) (0.04) (0.03) (0.02) (0.02) (0.02)
R2 0.90 0.93 0.95 0.96 0.95 0.95 0.94
SEE 0.82 0.66 0.56 0.53 0.57 0.60 0.61
JB 0.00 0.14 0.67 0.45 0.91 0.58 0.04
J-stat 0.68 0.67 0.68 0.74 0.49 0.48 0.44

***(%¥/%) denotes significance at the 1% (5%/10%) level. Estimation period: 1979Q1 to 1998Q4,: estimation method:
GMM; HAC-robust standard errors in parentheses; for further notes see table 1. Ex-post series as of March 1999.

Variables: left-hand-side variable: 3-month money market rate (end-of-quarter); right -hand-side variables: inflation
gap according to cpi; level and change in the output gap with Bundesbank's own estimates of production potential. For
further details on the data see Gerberding et al (2004).

The instrument set includes the contemporary values of inflation and the price assumption (which were known to poli-
cy makers at the end of each quarter) as well as two lags of each explanatory variable. Pretesting suggests that this
instrument structure is sufficient.

R2: adjusted coefficient of determination; SEE: standard error of the regression; J-stat: p-value of the J-statistic on the
validity of overidentifying restrictions ; JB: p-value of the Jarque Bera test of the normality of residuals.




Table 2: Overview of the model

- . _ _ N
X, =0 X, + QX 5 — O-(lt—l - Et—lﬂ- +3 rt—l) + &

(1) Aggregate demand t
benchmark values: a,=1.47; a.=-0.53 0=0.17; 0:2=0.20
(2) Aggregate Supply ﬂ-t = 7/7[;71 + (1 - y)Etflﬂ-t+3 + kxt*l + gt
benchmark values: y=0.20; k=0.31; 0,2=0.94
Am; =—x,(m;_, — K, 4, t ki)t KAm + KAqut +te&
(3) Money demand benchmark values: k»=0.15; k;=1.20; k;=0.80; k;=0.40; K2q=0.10;
0m2=0.20
X, =4q,—4,

(4) Output gap and
potential output

4. = P, *te!
benchmark values: p=0.95; 04+2=0.13

(5) Policy rules

[=¢-0 +¢z'(77t|,_7f:)+¢3'xt|, (TR)
(=i, + (77,|, -7,)+¢, '(xt|t - x,,1|,) (SPL)
=g +¢-( 7y~ 7))+, X+ b, -(xtlt - let) (TRSPL)
=60+ (), =)+ - x, + - (Amy, —Am)) (TRM)

iA = ¢1 'i:—l + ¢2(ﬂ-t|t _ﬂ-t*) + ¢4 '(xt|t _xt—llt) + ¢5 ! (Amtlt _Amt*)
(SPLM)

(6) Output gap uncertainty

X, =X =1 A)Et :Axt—Aﬂt

n= P e
benchmark values: p,=0.89; 0,2=0.98
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