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NON-TECHNICAL SUMMARY

This Paper studies the possible asymmetric nature of the preferences of
central banks regarding inflation and output. The motivation of our work stems
from some recent literature that suggests that the reaction of central banks, in
terms of interventions through changes in a short-term interest rate, to
deviations in the paths of both variables from their target levels may be
asymmetric.

On the one hand, some authors have suggested that since central banks often
deny the possibility that an expansionary policy may even have short-run real
effects, say, on cyclical unemployment, it is likely that they will react differently
with respect to positive and negative deviations of inflation from a target rate.
On the other hand, it has been argued that central banks may have greater
aversion to recession than to expansions and, therefore, may react with more
virulence to negative output gaps than to positive ones.

To test for asymmetric behaviour, in the sense defined above, we use two
empirical strategies. First, we estimate forward-looking Taylor rules allowing
for different responses to both inflation and output gaps, according to their
‘sign’ and ‘size’. Secondly, the above analysis is complemented with the
estimation of an ordered probit model which analyses the determinants of the
probabilities associated to the decisions on increasing, decreasing or keeping
unchanged the interest rate under control. For both exercises, we use data
from the European central banks (Bundesbank, Banque de France and Banco
de Espafa and from the Federal Reserve. The sample periods are 1980(8)—
1997(12), 1988(7)-1997(12), 1989(5)-1997(12) and 1979(1)-1997(12),
respectively.

As regards the inflation target, we depart from the standard assumption of
constancy, and instead assume that it has time variation. The targets are
obtained from various sources comprising: the Bundesbank reports for
Germany; the German interest rate for France; the public budget laws for
Spain; and the Council of Economic Advisors reports for the US. As for the
output gaps, we use deviations from the Industrial Production Index in each
country with respect to a HP filter.

The overall evidence seems to clearly support the belief that central banks
intervene much more strongly when inflation moves above target than when it
does below it. This has been particularly the case of the Bundesbank where
an excess inflation of one percentage point above target triggers an increase
of 1.8 percentage points in the interest rate, whereas there is hardly any
reaction when the opposite case takes place. The results for the remaining
central banks go in the same direction though they are weaker.



By contrast, with the exception of the Federal Reserve, which seems to react
strongly to recessions, the three European central banks do not seem to react
differently to ups and downs in the output gap.



1 Introduction

This paper is motivated by the work of Mishkin and Posen (1997) and Clar-
ida and Gertler (1997) about the asymmetric nature of the preferences of
central banks, which underlie the derivation of policy rules mimicking the
conduct of monetary policy since the end of the 1970s. In contrast with
the traditional result on the existence of an “nflationary bias when central
banks have discretionary power over the instrumentation of monetary pol-
icy, Mishkin and Posen suggest that a “deflationary bias” is a more likely
outcome since independent central banks tend often to deny the possibility
that an expansionary monetary policy stance may reduce cyclical unemploy-
ment. In particular, those authors argue in a descriptive manner that the
behaviour of the Bank of Canada and the Bank of England is consistent with
an asymmetric reaction with respect to positive and negative deviations of
inflation from a target rate. Clarida and Gertler, in turn, test formally for
the null hypothesis of symmetry and find evidence against it for the Bundes-
bank. Indeed, a careful reading of the definition of the target inflation rate
in the euro-zone by the European Central Bank seems to point out towards
an asymmetric stance, since such a target of price stability is defined as an
HIPC inflation between 0 and 2%.

As for asymmetries regarding output, there is a new stream of literature
pointing out that there is greater aversion to recessions than to expansions
by central banks, as in Cuikerman (1999), or that the desired output level
is a nonlinear function of shocks, as in Gerlach (2000). In both cases, the

derived implication is an asymmetric response with respect to the output

gap.



In this respect, the goal of this paper is to extend the previous evidence
by using a generalised Taylor rule specification which encompasses the pos-
sible existence of asymmetric/non-proportional responses in the intervention
behaviour of central banks in three European countries (France, Germany
and Spain) and the US Federal Reserve.

By means of the previous framework, we develop simple tests for asym-
metric behaviour with respect to both the inflation and output gaps, namely,
the traditional explanatory variables in this type of policy rules; c.f. Tay-
lor (1993), Clarida et al. (1997), Dornbusch et al (1998) and Peersman and
Smets (1999) inter alia. Moreover, the analysis above is complemented by
the estimation of an ordered probit model to analyse the probabilities as-
sociated to the decisions on increasing, decreasing or keeping unchanged a
short-term nominal interest rate. In this way, we can assess through different
econometric methods how different is the response of a central bank when
there is an upsurge in inflation or output above their bliss points from the
situation where there are negative gaps.

The rest of the paper is organised as follows. Section 2 reviews the deriva-
tion of forward looking monetary policy reaction functions both under sym-
metric and asymmetric preferences of central bank and discusses their es-
timable specifications. Section 3 presents the results, extending the analysis
to allow for non-proportional response, namely, that a central bank may re-
act differently to large and small changes in the determinants of monetary
policy stance. Section 4 checks how robust are the previous results under a
competing methodology based on an ordered probit model which studies the

effects of positive and negative gaps on the probability of changing interest



rate by different amounts. Finally, Section 5 concludes.

2 Derivation of the Taylor Rule

2.1 Symmetric loss function

In this section we lay out the basic principles which underlie the derivation of
a linear “forward looking” Taylor rule following the arguments in Svensson
(1997) and Clarida et al (1998, 1999). We will do that both for symmetric
and asymmetric loss functions.

The central bank is assumed to control the monetary policy through the
use of a policy rule. At time t, the monetary authorities commit to a state
contingent sequence of short-term interest rates in order to minimize the

following intertemporal loss function:

EtzéTiTL(ﬂ-T _ﬂ-jwyT _y:aiT _%) (1)
T=t
s.t:
Motk = O1Tqpp—1 + G2(yt+p - y;rp) + Ugk (2)
Yerp — Yivp) = 01(Yerp — Vip) =1 — b2(ie — Teg1t) + Vigpia (3)

where F; is the conditional expectations operator, ¢ is the discount factor,

0<6 < 1, k>p and L(.) is a quadratic loss function given by:

L(.) = M(mr = 77)" + Aalyr — y7)* + As(ir —0)° (4)



such that (m, — 7%), (yr — y¥), represent deviations of the inflation rate
() and the output gap (y,) with respect to a target inflation rate (7*) and
potential (y*), respectively. Moreover, the central bank tries to approach
a long-run equilibrium nominal rate, i. As regards equation (2) it can be
interpreted in terms of a Phillips curve where inflation is sluggish and depends
on the cyclical component of output, whilst (3) can be thought of as an
aggregate demand curve where output depends of its lagged value and on
the real interest rate. Note that the nominal interest rate affects output with
p-period lag and therefore affects inflation with a k-period lag.

As Svensson (1997) has proved, since i, does not affect y; and m; contempo-
raneously, minimizing (1) turns out to be equivalent to the period-by-period

static minimization:

min By (A (k= 7 )" + NeWerp — Yip)” + Aa(ie — 1)) (5)

1t
Thus, the first order necessary conditions yield the following policy reac-

tion function:

iy =i+ B1(By(min) — Trn) + BoEr(Yesp — Yisp) (6)

Lastly, it is assumed that the central bank smooths interest rate changes by

adopting an AR(1) partial adjustment rule such that':

it = pir-1 + (1 = p)iy (7)

IFor the Federal Reserve, an AR(2) model was needed to pass the test for overidenti-

fying restrictions.



Thus, the coefficient in the Taylor rule are determined by the underlying
parameters governing the dynamics of inflation and output (ai, as, b1, b2),
the weights in the loss functions ();, i=1...4) and the smoothing parameter
(p). Accordingly, the (/s coefficients are expected to be positive and, in
particular, if ; > 1 the target real rate (if — Eymir) adjust to stabilize
inflation, as well as output (if 3, > 0) whereas if 3, < 1, instead it moves to

accommodate inflation changes; c.f. Clarida et al (1997, 1999).

2.2 Asymmetric loss function

Once the standard linear Taylor rule has been derived, we turn to the case
where the central bank does not weigh up equally positive and negative
deviations of inflation from its target rate. In this case, the static loss function

in (5) becomes:

min E (X [max(mp, — 7744, 0)]° + AT [min(mp — 7744, 0)] (8)
X2 (Yogp — y:+p)2 + A3(iy — 1)?)

Proceeding in the same way as in the previous subsection leads to the

following policy rule:

i = i+ 37 (Be(min) = mi4) T+ 0y (Be(misn) = 74)~ + BB (Yerp = 4i,) (9)

Likewise, we can assume an asymmetric response with respect to the

output deviations, which in this case yields the policy rule:



it = i+ B (E(misn) — k) + B3 Ee(yeap — ¥isp) ™ + 02 Be(Yerp — i)~ (10)

2.3 Estimation of a Taylor Rule

According to the derivation in the previous section, the estimable specifica-

tions of the symmetric and asymmetric versions of the Taylor rule become:

ir = piea+(1=p) {7 + Bi(megn — 750) + Bo(Yerp — Yiyp) + 85X} +e (11)

and

i+ O (Topn — )T+ BT (Tegr — mhp) +
Z‘t:pitfl_‘_(l—p) ﬁl( t+k t+l€) ﬁl( t+k t+/€) b,

Bo(Yerp — Yisp) + B3Xi
(12)

where X; denotes a set of observable variables, besides inflation and out-
put gaps, that may potentially affect interest rate setting independently of
their role in helping to forecast the above-mentioned variables. They include,
for instance, variations in real exchange rate, foreign interest rate and the
evolution of the money supply. Notice that, by exploiting the rational hy-
pothesis in expectations formation we can replace forecast variables by their

realized values so that the error term follows the stochastic process:

e=§—(1-p) (ﬁ16?+l€/t + ﬁQeterp/t) (13)

where ¢, is an u.i.d disturbance, €f,, , = T — E(m,,,) is the k-period
ahead forecast error for inflation and e/, , it = Yerp — E(Yyyp) is the corre-

sponding p-period ahead forecast error for the output gap. Finally, let z; be

8



a vector of variables within the central bank “s information set, such as lagged
variables that help forecast inflation and output or any other contempora-
neous variables that are uncorrelated with the policy rule shock, ;. Then,
the Generalized Method of Moments (GMM) can be used to estimate the
parameter vector in (6), (7) and (11) by exploiting the set of orthogonality

conditions.

E(et/z) =0 (14)

Further, since the composite disturbance has an MA(k-1) representation
due to the overlapping nature of the forecast errors, the weighting var-cov
matrix used to implement GMM is the one proposed by Newey and West
(1987). Moreover, Hansen (1982) “s J test is used to test the overidentifica-

tion restrictions and the null hypothesis 3; = 3; is tested to check for the

1

existence of asymmetries.

3 Results

We estimate the monetary policy reaction functions for four central banks:
the Bundesbank, the Bank of France and the Bank of Spain in Europe and
the Federal Reserve in the US. The sample periods has been determined
on the basis of choosing homogeneous spells where there was a virtually
autonomous control over domestic monetary policy in each case. So, they
correspond to 1980(8)-1997(12) for Germany, 1988(7)-1997(12) for France,
1989(5)-1997(12) for Spain and 1979(1)-1997(12) for US.

As for the short-term interest rates, they are chosen as follows: (i) the



three-month interbank market rate in Germany and France, (ii) the marginal
intervention rate of auctions of ” Certificados del Banco de Espana” in Spain,
and (iii) the Fed-Fund rate in the US. Inflation is measured through the CPI
inflation rate and output through the (log of) Industrial Production Index.
To obtain a measure of output gap, we detrend the log of industrial produc-
tion index using the Hodrick-Prescott(HP) filter. As regards the inflation
target, m*, we depart from the assumption that it is constant, as in Clarida
et al.(1997) and instead assume that it has time variation according to the
following considerations: (i) in the case of Germany, we take the inflation
target to be the one established by the Bundesbank in its annual reports;
(ii) in the case of France, we take it to be the German target inflation rate,
given the close links between both economies within the EU; (iii) in the case
of Spain, it is proxied by the official inflation rate in the budget laws up to
1995 and the target inflation rate of the Bank of Spain since 1996; and (iv)
in the case of US, we take it to be the one in the reports of the Council of
Economic Advisors.

In all instances the annual target rates have been interpolated to a monthly
frequency. Notice that the choice of a time-varying target rate is sensible for
the analysis of asymmetries since some of the countries in the sample have
experienced long disinflationary periods making it difficult to believe that a
constant long-term inflation rate was guiding monetary policy in the short-
run. Figure 1 plots the inflation rates and their assumed targets in each of

the four countries.
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3.1 Symmetric specification

Table 1 reports the results for the symmetric specification of the policy rule.
We begin with the Bundesbank, where the list of instruments includes a
constant term and six lags of the following variables: inflation, output gap
and interest rate (in the first two columns) and two lags of the DM/$ real
exchange rate (rer), US interest rate and deviations of M3 with respect
to its target level, which are variables included in the X; set. As for the
choice of k£ and p we report two specifications, one with k=12 and p=0
and another with k=12 and p=6 (second column). Finally, the case where
k=12 and p=0, which turned out to have the best fit best the data, was
augmented with the X; set of variables as described above?. Having added
each of the X variables one by one, we found that the specification containing
the US interest rate was the only one together with the one containing the
deviations of M3 with respect to its target level, albeit marginally so, where
the coefficient was significant. The results in the three columns are fairly
similar, pointing out that the degree of persistence is very high (p ~ 0.9) and
that the Bundesbank responds to the inflation gap more than proportionally
(8, = 1.45 in the baseline specification). The estimate of the output gap is
positive and significant (3, = 0.28).

With regard to the Bank of France, the preferred specification was the

2The list of instruments for the equations pertaining to the Bank of France and the
Bank of Spain ate the same as before except that the DM/$ exchange rate is replaced by
the FF/DM and the Pta/DM exchange rate, respectively, and the foreign interest rate is
the German one. As for the Federal Reserve, the additional variables are two lags of total

and non-borrowed reserves.
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one that contained the change of the FF/DM real exchange rate (rer) and
the German interest rate (i) within the X; set. Given the estimate of the
latter variable (3, = 0.87) we can interpret the policy rule as a weighted
average of the German interest rate (0.87) and the baseline policy rule (0.13).
One big difference with the Bundesbank is that the Bank of France has
responded to the inflation gap less than proportionally (5, = 0.41), indicating
the monetary policy stance has been fairly accommodating, with the increases
in the short-term interest rates not being of enough size to keep the real
interest rate from declining. Moreover the response to the output gap is
much weaker than in Germany (3, = 0.13).

As regards the Bank of Spain, the results are fairly similar to the ones
found for the French case with the response to the inflation gap being smaller
than unity (4, = 0.53). However, the response to the output gap is about
the same size that in Germany (5, = 0.45). Finally, the size of the esti-
mated coefficient on the German interest rate is slightly larger than unity, a
result which is difficult to explain within the framework of a linear combina-
tion between a policy rule and the short-term interest rate as in Germany,
but which, however, indicates that the Bank of Spain has been very closely
shadowing the German interest rate since acceeding to the ERM in 1986.

Finally, the results for the Federal Reserve are similar to those obtained
for the German policy rule (3, = 1.21), albeit the response to the output
gap is much stronger than in any of the European countries. Within the
X; variables, both contemporaneous changes in total reserves (¢r) and in
non-borrowed reserves (nbr) turned out to be statistically very significant,

triggering increases in the Fed-Fund rate.
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In most of the specifications the J-test takes p-values above 0.05, non

rejecting the set of overidentifying restrictions.

3.2 Asymmetric specification

Table 2 reports the results for the asymmetric specification concerning de-
viations of future inflation with respect to the target rate. As before, for
each of the central banks we report three alternative models corresponding
to p=0 or p=6 and the inclusion of X; variables. The reported results for
the Bundesbank show very clearly that the response of interest rates to in-
flation deviations above their target is much stronger than when it is below
target, in which case no estimates are statistically significant. Thus, the null
hypothesis Hy : 3] = 3; turns out to be rejected at very low p-values, as
shown in the fourth column of the panel. The size of the estimated coeffi-
cients points out to a clear policy of raising the real interest rate, by about
80 b.p. when inflation is 1 p.p. above its target, while allowing for a real
interest increase of about 70 b.p., when it is 1 p.p below it.

As regards the Bank of France, we obtain that it responds to both types
of deviations although again more strongly to positive deviations. In both
cases, however, in agreement with the results in Table 1, the policy rule
turns out to destabilise inflation. The null hypothesis of symmetry is again
rejected.

In the case of the Bank of Spain, due to the low number of observations
where inflation has been below its target rate, we have followed a slightly
different route to that specified in equation (9). Indeed, we have replaced

the inflation gap by the change in inflation, distinguishing between price level

13



accelerations and decelerations, so that (9) becomes:

i+ BT (Ar,, )T + 67 (An 4+
bmpin s ] TG s L
Bo(Yrip — Yiip) + B3Xs

The null hypothesis is rejected both in the first and third specifications.
Somewhat surprisingly we find that 8] < /3, a result which is difficult to
explain for a country whose goal has been to disinflate over the sample period.

With regard to the Federal Reserve, we find a similar pattern of responses
to that found for the Bundesbank, though 3, turns out to be statistically
significant.

Figure 2 portrays the fitted values of the symmetric and asymmetric
model®. It thus appears that the asymmetric model predicts the evolution of
the short-term interest rate better than the symmetric model, particularly
in the cases of France and Spain.

Finally, though not reported for the sake of brevity, we tested for sym-
metric responses with respect to positive and negative output gaps. In none
of the three European central banks we found any evidence against symme-
try. However, for the Federal Reserve we found that while 35 (0.07) was
statistically insignificant, while 35 (1.75) was significant, rejecting the null
hypothesis with a p-value of 0.03. This evidence is in agreement with the
results in Gerlach (2000). Yet, using a slightly different specification of the
Taylor rule, he only obtains that the Federal Reserve responds more strongly

to negative output gaps during the period 1960-1979.

3We chose for each case the specification with the highest p-value.
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3.3 Policy rules with non-proportional responses

In this section we turn to test whether there are significant differences in
the way central banks respond to the size of the inflation gap. This type
of hypothesis underlies the common belief that monetary authorities tend to
have a stronger policy stance when faced with large deviations from inflation
and output from their target rates than when those are small.

To undertake this test, we modify the baseline specification of the policy

rule to allow for a non-proportional response in the following form:

i+ (0o + 01 |men — 5 k]) (T — o)+

Bo(Yt1p — Yivp) + B3z

iv = pir—1+(1—p) +e¢ (16)

where |.| stands for the absolute value of the inflation gap. The null
hypothesis of proportional response corresponds to Hy : 6, = 0. If Hy is
rejected and #; > 0 we would interpret the outcome of the test as a “more
than proportional ” response and conversely for 6, < 0.

The results for this test are shown in Table 3. In every case the null
hypothesis was rejected, though in Spain only at the 6% level. For the three
European countries the evidence is favorable to a “more than proportional’
response whereas the opposite seems to be the case in the US.

As for the possibility of having non-proportional responses with respect

to the output gap, we do find again no evidence in its favour.
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4 Ordered probit models

In this section we concentrate on checking the robustness of the results ob-
tained in the previous sections to the use of a non-linear approach based
upon the estimation of an ordered probit model to analyse the determinants
of interest rate changes from a slightly different perspective. Through such a
methodology, we assume that the monetary authority takes a decision every
month about implementing the following interventions in terms of interest
rate changes: large or small reductions, keeping them invariant, and large

and small increases.

4.1 Model analysis

As is well known, and ordered probit generalises the linear regression model
to the case of a discrete choice dependent variable. Accordingly, we will
assume that changes in interest rates are discrete and use a breakdown of

interventions in the following five categories:

(large decrease) ¢; = 1 <= Ai; < —0.25

(small decrease) ¢; = 2 <= Ai; € [—0.25,0)

)
)
(inactivity) ¢; = 3 <= Ai; =0
(small increase) ¢; = 4 <= Ai; € (0,0.25]
)

(large increase) ¢, = 5 <= Ai; > 0.25

The constructed dummy variable, ¢;, depends on a latent variable, ¢},

according to the following rule:

16
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life; <o

2if oy < ¢f <o

Ct = 3if042<0?§

a3

4ifag <cf <oy

L 5ifC;>Oé4

where ¢} is taken to be a continuous random variable which depends

linearly on a set of covariates, x;, such that

c; = Pry+ ey (17)

with &, following a n.i.d. (0, 02). Such an assumption leads to an or-
dered probit model (see Maddala, 1983). From the previous assumptions,

the probabilities of observing a given value of ¢, are given by:

plee = 1/a,B,7) = ®(a; — Fry) (18)
p(ct = j/a>ﬁ> .CL') = q)(aj - ﬁ’xt) - q)(ajfl - ﬁ/xt) V] = 2>3a4
plee = 5/, fB,2) =1—P(ay — [y)

where ®(.) is the cumulative gaussian distribution function. Estimates of
the parameter vector («, 3) are then obtained through maximization of the

following likelihood function:

(o, B) = Z log ®(ay — Bxy) + Z Z log(®(a; — By) — P(eyj1 — Pay)) +

tey=1 J=2 teyr=j
Z log(1 — ®(ay — Py))
t€Y=>5
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4.2 Results

The underlying response model used in the estimation is:

i = Prit+er= B (E(min) — 77—::+l~c) + ﬂz(ytﬂo - y:+p) + B3Arer, (19)
+ﬁ4Ait—1 + 55&?51 + ﬁEth + &t

where Ai; ; represents the interest rate change in the previous month and D,
denotes the number of months elapsed since the last intervention; c.f. Dolado
and Maria-Dolores (2000). The specification for the Bundesbank includes
changes in the DM/$ lagged real exchange rate (rer), whereas the one for
central banks of France and Spain contains changes in the German interest
rate (i“); finally, the equation for the Federal Reserve contains changes in
total and non-borrowed reserves. Since the regressors in the probit model are
assumed to be uncorrelated with the error term, the procedure of replacing
expectations by their realised value becomes invalid. Thus, rather than using
the previous approach, our strategy is based on constructing inflation and
output forecasts from OLS regression equations where the regressors are the
instrumental variables used in the GMM approach, namely, lags on inflation,
output gap, changes of real exchange rate, raw materials price index and
deviations of money growth with respect to a target rate.

Table 4 shows the results of the above exercise. We find that the proba-
bility of intervention increases with the inflation and the output gap (except
in France), when the real exchange rate depreciates, when the duration since
the last intervention increases and when the lagged interest rate increased.

Next, we allow for the different responses to vary depending on whether in-

18



flation is above or below its target rate and compute the marginal effects of
positive and negative deviations of inflation on the five different probabilities

of intervening, according to the following expressions:

Oprob(y, = 1)

oy = e = BX)(-B)  Vi=1.k (20)
%3:5) = ¢(as — BXu)(—0;) Vi=1.k (21)

dprob(y: = )

X, = [¢(ar — fXi) — dlag—1 — BXi)] (—05;) Vi=1.k Vj=23,4

(22)

Oprob(y, = k)

a(ﬁt%/t - 7T;fk+l~c)+

= [¢(ar — Bz") — dplax_r — BzH)] (=Bf)  (23)

Oprob(y; = k)

INTrikst — Thip)

= [¢(ar — Bz ) — dlar—1 — Bz )] (=F7) (24)

where:

z* = sample average of observations with (7 s — 7}, )" >0

T~ = sample average of observations with (7 — 77,,)" <0

The estimated marginal effects are presented in Table 5. We basically
replicate the results obtained with the Taylor rule approach with a few ex-
ceptions. Thus, for instance, we get that a positive 1 p.p deviation of inflation
from target increases the probability of raising interest rates by more than
25 b.p. in 0.08. By contrast, when inflation is 1 p.p. below target, the prob-
ability of decreasing interest rate by more than 25 b.p. only falls by 0.004.
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Similar results are obtained for the three remaining countries, where the dif-
ference in probabilities is decreasing as the perceived change in interest rates
is lower. In this respect, the new evidence for the Bank of Spain contradicts
the previous one where, according to the Taylor rule approach, it seemed that
the central bank was more active when facing negative inflation deviations
than the opposite. Thus, whereas the evidence for Spain looks inconclusive,
the overall results for the other three countries confirm the presence of impor-
tant asymmetries in the behaviour of central banks leading to a “deflationary
bias’, i.e. taking an active contractionary stance when the economy suffers
an “overheating” but remaining less active when it “cools off .

Finally, through not reported, we also implemented a similar exercise
looking for non-proportional responses. Once again, we hardly found any

evidence in its favour, confirming the earlier evidence.

5 Concluding remarks

In this paper we searched for asymmetric responses to inflation and output
gaps in the policy responses of four central banks. For that purpose, we
have developed two statistical testing procedures. The first one is based on a
generalised Taylor rule which allows for asymmetric effects of both positive
and negative gaps when determining interventions in terms of changes of a
short-run nominal interest rate. The second one is based on an ordered probit
model which captures the discrete nature of those changes and therefore
models the probability of implementing a series of different interventions as

a function of the perceived state of the economy.
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The overall evidence seems to clearly support the belief that central banks
intervene with much more virulence when inflation moves above its target
than when it does below it. This has been particularly the case of the Bun-
desbank where an excess inflation of 1 p.p. above target triggers an increase
of 1.8 p.p in the interest rate whereas there is hardly any reaction when the
opposite case takes place. The results for the central banks of France, Spain
and the US go in the same direction though they are weaker.

By contrast, with the exception of the Federal Reserve, which seems to
react strongly to recessions, the three European central banks do not react
differently to ups and downs in the output gap.

In sum, the above evidence seem to confirm the hypothesis posed by
Mishkin and Posen (1997) and Clarida and Gertler (1997) that there might be
a “deflationary bias” in the operating procedures of central banks. Moreover,
the statistically significant difference in the policy rules may turn out to
be helpful for financial market analysts when forecasting future changes in
monetary stance on the basis of the already very popular usage of Taylor

rules.

21



Table 1: Estimated Reaction functions for Central Banks

GE FR SP uUs
k=12 k=12 k=12 k=12 k=12 k=12 k=12 k=12 k=12 k=12 k=12 k=12
p=20 p==6 p==6 p=20 p= p= p=20 p==6 p=6 p=20 p==6 p==6
" 94 :96 :95 :85 :86 .87 93 94 :96 1:25 1:24 1:17
! (:02) (:01) (:02) (:02) (:02) (:02) (:02) (:02) (:02) (:07) (:06) (:06)
" - - - - - - - - - -0.32 -0.31 -0.37
2 - - - - - - - - - (.06) (.07) (.06)
} 5:75 5:77 5:84 5:72 5:68 5:81 5:86 5:93 6:05 7:20 7:21 6:94
(:44) (:53) (:49) (:29) (:33) (:34) (:84) (:64) (:98) (:73) (:82) (:38)
— 1:45 1:31 1:09 41 :39 42 :53 149 51 1:21 1:23 1:81
! (:63) (:65) (:31) (:14) (:15) (:11) (:20) (:18) (:15) (:32) (:35) (:14)
- :28 47 :54 13 :09 21 45 :20 145 90 179 :82
2 (:13) (:23) (:21) :07) (:06) ¢17) (:33) (:11) (:26) (:41) (:31) (:24)
— i i i 19 23 25 91 93 192 i i :05
1 i i i (:11) (:14) (:15) (:57) (:54) (:55) i i (:006)
— i i 14 87 :82 :85 1:23 1:19 1:52 i i :06
82 i i (:06) (:19) (:21) (:22) (:40) (:31) :71) i i (:006)
Yo .34 .35 31 .69 71 .70 71 73 12 .78 .80 .79
p .09 .04 .08 A1 .16 14 A3 .04 .16 .16 .07 A1

GE~Germany X; = ip>A Sample Period 1980:08 1997:12

FR~France X = Crery; i? Sample Period 1988:07 1997:12

SP~Spain X; = Crery; i® Sample Period 1989:05 1997:12

US~USA X; = €tr¢; €nbry Sample Period 1979:01 1997:12

Note: Standard errors in parentheses. %; is the p-value of the J-test for overidentifying restrictions




Table 2: Test for asymmetric response to inflation gap

Germany France Spain US
H,: (7 =057 T T _ _ _
(e T DU A " T Foos
o G2 la0) 07 65 23 o 10 39 o LI 080 o
i: 19 o " (16)  (07) (04)  (10) (45)  (35)
i G (16 000 68 21 o 09 32 o 106 060 o
Z: 19 ‘ ‘ (15)  (09) (04)  (11) (48)  (29)
- 1.68 .29 62 19 08 37 113 057
n o (28) (22 U8 (13 (os) W (04 (129 W (23) (23 V2
t

Note: Standard error in parentheses; p is the value of Hy : 61*' =067




Table 3: Test for non-proportional response to inflation gap

H,:0,=0 6 01 D

Germany (8g7) (185) .039
France (??5) (134) .018
Spain (439) (054) .053
USA :()’"32) (_011? 005

Note: Standard error in parentheses;p is the value of Hy : 6; =0
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Table 4: Ordered Probit Model

Variables Germany France  Spain® USA
. \ 13 21 43 0.11
412/t = Tig12 (.06) (.09) (.15) (.06)
. \ .08 —01 08 11
Y6/t ~ Vet (.02) (.04) (.03) (.04)
Aver, 14 78 .04 -
(.03) (.32) (.07) -

. - 2.29 60 -
iy - (.53) (.27) -
N 81 57 0.69 24

=1 (.21) (.25) (.21) (.12)
b 18 14 13 38

! (.12) (.06) (.06) (.30)

- - - .04
Atry - - - (.001)
Anbry _ _ _ (0(?05)
~1.12 —.92 ~1.18  —.78
a (.10) (.15) (.18) (.10)
—.33 — 07 18 —.12
a2 (.09) (.04) (.10) (.09)
31 A2 1.33 19
as (.09) (.13) (.18) (.09)
1.07 1.36 1.84 83
0‘4 (.10) (.17) (.22) (.10)

Log — Likelihood -334.576  -155.498 -124.447 -339.452

“The variable 7,19/ — 7}, 19 is replaced by Am, 9/,

Note: Standard errors in parentheses
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Table 5: Asymmetric responses to inflation in the ordered probit model

Aprob(ci=1)

Aprob(ct=5)

Oprob(ci=2)

Oprob(ci=4)

Oprob(ct=3)

Oprob(c=3)

OF byt =Ty )™

O yqye—mr )t

OF byt =Ty py)”

O(Teqnye—mr )"

Ot qhyt—Tppp)”

Oy qrye—Trp )t

Germany .0043 .081 .011 .076 .0037 .014
France .011 .078 .024 .066 .0064 .032
Spain 037 .074 .065 .096 .012 .021
Us .0017 .022 .0023 .024 .0025 .022

“In Spain the variable (7 419/¢ — 7, 15) has been replaced by A7, 419/

Note: The derivations are evaluated in the sample means of the explanatory variable
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Figure 1 (Cont.)
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Figure 2

Asymmetric and symmetric model predictions
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Figure 2 (Cont)

Asymmetric and symmetric model predictions
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