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Based on an extended version of a time-inconsistency model of monetary
policy we show that the degree of effective monetary policy conservatism can be
uncovered by studying to what extent central banks react to real disturbances.
By estimating central bank reaction functions in moving and overlapping in-
tervals for the period of 1985 to 2007 using an ordered logit approach in a
panel setting we derive a time-varying indicator of effective monetary policy
conservatism for Canada, Sweden, the UK and the US. Employing this indi-
cator we show that increasing effective conservatism tends to lower inflation
without increasing the output gap. However, while a higher degree of effective
conservatism does not result in lower inflation uncertainty the variance of the
output gap tends to decrease.
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1. INTRODUCTION

During the last two decades both economists and politicians devoted
considerable interest to the issue of central bank independence. Since the
late 1980s many countries around the world decided to increase legal central
bank independence. This phenomenon could be observed in well-developed
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OECD countries such as the United Kingdom or New Zealand, the Eastern-
European transition countries but also a number of newly industrializing
countries. Two major driving forces of this development played a role
herein. On the one hand, countries with highly independent central banks
such as Germany or Switzerland showed a good performance in fighting
inflation. On the other hand, economic theory delivered important insights
in how and why central bank independence might be an important factor
in guaranteeing price stability.

The theoretical reasoning behind the importance of central banking bases
on work of Kydland and Prescott (1977) and Barro and Gordon (1983).
Modeling monetary policy as game between a welfare-maximizing mon-
etary authority and rational wage bargainers Barro and Gordon (1983)
show that a government-dependent monetary authority will cause an in-
flationary bias, i.e. suboptimal high inflation without any real effects. In
the aftermath a large literature on how to overcome the problem of time-
inconsistent monetary policy evolved.! In a seminal paper Rogoff (1985)
showed that the inflationary bias can at least be partially offset by appoint-
ing a central banker who puts less relative weight on the ambitious output
target than the government (and thus society). A necessary precondition
for the solution suggested by Rogoff is a perfectly government-independent
central bank since a central banker’s preferences only matters when there
is no possibility to overrule him.

The outlined theoretical literature soon initiated a large number of empir-
ical studies concerned with the questions, how central bank independence
can be measured and whether the various constructed measures of central
bank independence are systematically related to the inflation rates in the
referring countries. Most of this literature initially focused on legal aspects
of central bank independence. Despite the considerable but somewhat in-
evitable degree of subjectivity in constructing such legal indices? they in
general deliver useful measures for an important dimension of central bank
independence. However, especially in transition and newly industrializing
countries the legal rules were discovered to differ often heavily from the
actual practices. Thus, a new strand of the literature started to develop
indices of factual central bank independence, for example by calculating the
turnover-rates of central bank presidents or conducting expert surveys.>

Altogether, the empirical evidence is somewhat mixed. Typically em-
ploying the cross-section regression technique, various studies find a sig-
nificantly negative relationship between measures of central bank indepen-

1See Svensson (1997) or Walsh (2003) for an overview of the related literature.
2See Mangano (1998).
3See e.g. Cukierman (1992).
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dence and inflation. However, there is also a number of studies contradict-
ing this result.*

Various reasons are likely to contribute to the ambiguous empirical re-
sults. First, the relevant studies differ considerably with respect to sample
countries. Second, the various indices are often calculated for different
points in time.? Third, the inevitable subjectivity in constructing the in-
dices and especially in the applied weights of different dimensions of central
bank independence often results in quite different measures for the same
country. Fourth, almost all empirical studies (at least implicitly) assume
that central bank independence is constant over time. Typically, the in-
dicators of central bank independence are calculated for a certain point
in time, but are then related to average inflation over long time-spans (of
often 10 years or even longer). While this procedure is useful to average
out temporary effects in certain countries it is inappropriate when the de-
gree of central bank independence itself is subject to change. In how far
this is the case depends on the nature of the indicator. Indices focusing
on legal independence only change in consequence of revisions of central
bank statutes and thus rather rarely and infrequently. However, factual
central bank independence might be subject to more frequent and gradual
change. A useful measure of central bank independence should take this
into account.

However, the most important reason for the inconclusive results of for-
mer empirical studies is the fact that monetary policy outcomes not only
depend on the degree of central bank independence but also on the degrees
of conservatism of both the median voter and central bank officials.® The
reason why this important aspect was neglected in most empirical studies
might have to do with the fact that the model employed by Rogoff (1985)
does not allow for varying degrees of central bank independence explicitly.
A highly useful extension of the model was later delivered by Eijffinger and
Hoeberichts (1998). In their extended model the authors show that central
bank independence and central bank conservatism are (imperfect) substi-
tutes in reducing the inflationary bias. Moreover, the inflationary bias
depends on the median voters’ preferences. Consequently, when studying
the effect of central bank independence on price stability, it is necessary
to control for both the central banks’ and the median voters’ degrees of
conservatism. As an alternative one might also construct a joint measure
of a central bank’s independence, its conservatism and the median voter’s

4We review this literature briefly in Section 2.

5The same holds true for indices like the Cukierman turnover-index which are con-
structed over certain periods.

6In some cases the developed indices of legal central bank independence also include
aspects of conservatism. As an example, the index of Cukierman (1992) also refers to
the importance of the goal of price stability.
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degree of conservatism (effective monetary policy conservatism) and relate
it to the inflation performance of the referring country.

In particular if central banks are not completely independent from gov-
ernments, it is likely that the degree of monetary policy conservatism is
subject to change in the course of time. According to the median voter
theorem a government has to stick to the median voter’s preferences in
order to ensure to be reelected. As it is shown e.g. in Berlemann (2005),
the weights the median voter attaches to the goals of stable prices and high
employment might change considerably over time. With an at least some-
what government-dependent central bank this translates into changes of
monetary policy conservatism. Whenever governments have partisan goals,
monetary policy conservatism will also change as a consequence of changes
of government. In their empirical analysis of OECD countries, Belke and
Potrafke (2012) find systematic partisan effects in the conduct of monetary
policy, thereby underlining the relevance of this line of argument. More-
over, changes in the effective degree of monetary policy conservatism might
arise from (infrequent) changes in the central banks’ statutes and in the
central bank’s degree of conservatism (e.g. changes in the governing body
of a central bank; see Berger and Woitek, 2005). Thus, when construct-
ing meaningful empirical measures of effective conservatism these measures
should be allowed to vary over time and react to changes in central bank in-
dependence and the conservatism of both the central bank and the median
voter.”

In this paper we contribute to the literature by developing a time-varying
indicator of effective monetary policy conservatism which is based on the
observed behavior of central banks. In order to do so we derive an optimal
central bank reaction function from an extended version of the Eijffinger
and Hoeberichts (1998) model. We then show that the monetary author-
ity’s® degree of effective conservatism can be uncovered by studying to what
extent a central bank reacts to real disturbances. By estimating central
bank reaction functions using an ordered logit approach in a panel setting
we obtain country-specific reaction coefficients on real disturbances. Based
upon these coefficients we define the indicator of effective conservatism as
the change in the odds ratios of an expansionary monetary policy which
is induced by a real shock. Estimating reaction functions in moving and

"Note that the fact that effective monetary policy conservatism might change in the
course of time also implies that time-invariant measures of central bank independence
and/or conservatism (of the central bank or the median voter) are inadequate control
variables in panel studies.

81n principle, it is a governments privilege to conduct monetary policy. However, most
governments around the world decided to delegate the responsibility for monetary policy
to more or less independent central banks with differing degrees of conservatism. We
therefore use the term ”monetary authority” to describe the whole institutional setting
determining the conduct of a country’s monetary policy.
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overlapping intervals for the period of 1985 to 2007 leads to a monthly
indicator of effective conservatism of the monetary authorities of Canada,
Sweden, the United Kingdom and the United States. Based on this indica-
tor we present empirical evidence in favor of the hypothesis that effective
conservatism matters for a country’s macroeconomic performance.

The paper is organized as follows: Section 2 briefly summarizes previous
empirical evidence. In Section 3 an optimal central bank reaction function
is derived from a game-theoretic model of monetary policy. In Section 4
we estimate central bank reaction functions and construct a time-varying
indicator of effective conservatism. In Section 5 we use the indicator to
evaluate the relation between effective monetary policy conservatism on
the one hand and macroeconomic performance on the other. Section 6
brings the paper to its conclusions.

2. A BRIEF REVIEW OF THE EXISTING EMPIRICAL
EVIDENCE

The empirical evidence on the conventional view that central bank in-
dependence helps to achieve low inflation is somewhat mixed.” Most of
this literature is concerned with indices of statutory central bank indepen-
dence. The majority of these studies finds a significant relation between
legal independence and inflation performance (see e.g. Grilli et al., 1991;
Cukierman, 1992; Cukierman et al., 1992; Alesina and Summers, 1993;
Loungani and Sheets, 1997; Oatley, 1999; Maliszewski, 2000; Cukierman
et al., 2002; Gutiérrez, 2003; Jacome and Vazquez, 2005; Carlstrom and
Fuerst, 2006; Arnone et al., 2007). However, quite a number of studies
present contradicting empirical evidence. As an example, Posen (1993,
1995) does not find central bank independence to enhance inflation perfor-
mance when controlling for financial sector opposition to inflation. Siklos
(2002) supports Posen’s argument of a possible endogeneity of indepen-
dence by showing that central banks that were made more independent
in the 1990s already achieved lower inflation in the 1980s. According to
Fujiki (1996) the independence-inflation relation is weak when employing
panel data and furthermore heavily depends on the sample period. Walsh
(1997) finds legal independence to be insignificant in fixed effects models
when oil price effects, inflation dynamics and estimates of the natural rate
of unemployment are included. Banaian et al. (1998) show on the basis
of particular sub-indices of legal independence that the relation between
independence and inflation seems to be insignificant or even positive.

9See Berger et al. (2001) or Hayo and Hefeker (2008) for more detailed reviews of the
related empirical literature.



110 MICHAEL BERLEMANN AND KAI HIELSCHER

However, especially in developing and transition countries factual prac-
tices often differ heavily from legal rules (Forder, 1996, 1998). Various
studies report anecdotal evidence in favor of this hypothesis (Cukierman,
1992; Hochreiter and Kowalski, 2000; Berlemann and Nenovsky, 2004). As
a consequence, adequate measures of central bank independence should be
based on informal rules and practices rather than solely on legal codes.
This critique led to a second strand of the literature, which is concerned
with developing indices of actual central bank independence. Cukierman
(1992) proposes two alternative indices. The first is based on turnover
rates of central bank governors.!® The second indicator is constructed on
the basis of a one-time survey among experts of 24 central banks. Fur-
thermore Cukierman and Webb (1995) construct a political vulnerability
index of central banks for the period from 1950 to 1989. It is defined as the
number of replacements of the central bank governor in consequence of a
political transition relative to the total number of transitions. Altogether,
the cited empirical studies find evidence supporting the hypothesis that
factual central bank independence improves a central banks’ performance
in guaranteeing low and stable inflation.

There is also a number of studies focussing on conservatism. Clarida et al.
(2000) estimate different forward-looking Taylor-type monetary policy rules
for the U.S. Federal Reserve Bank (Fed) and find the reaction coefficient
on inflation increased strongly from the pre-Volcker era to the Volcker-
Greenspan era. Moreover, this change coincides with an enhanced inflation
performance. Favero and Rovelli (2003) also find evidence that shifts in the
Feds’ preferences contributed to lower inflation and inflation variability.

A conceptual appealing approach of measuring actual central bank in-
dependence was proposed by Eijffinger et al. (1996). The authors argue
that the actual degree of central bank independence comes forward in dif-
fering structural pressures to lower or raise money market rates. Basically
they argue that more independent central banks have lower incentives to
stimulate the economy as more dependent central banks, given the same
macroeconomic situation. To uncover these structural differences the au-
thors estimate prime rate reaction functions of 10 central banks within a
fixed-effects panel approach thereby using inflation, economic growth and
the current account surplus as control variables. The authors then interpret
the fixed effects as a measure of average actual central bank independence
and find this measure to coincide well with several legal indices of central
bank independence. Their empirical indicator is negatively related to in-

10The indicator turns out to be good proxy for actual independence in transition and
developing countries while being less suitable for highly developed countries in which the
turnover rates differ only slightly and are primarily determined by the legally defined
terms of office. For reexaminations of turnover rates see Cukierman et al. (1992), de
Haan and Kooi (2000) and Sturm and de Haan (2001).
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flation and inflation variability. In a more recent work, Berlemann and
Hielscher (2013) follow the idea to derive the degree of factual central bank
independence and monetary policy conservatism from factual central bank
behavior. Based on a well-defined theoretical model they show that a joint
indicator of central bank independence and conservatism can be derived
from the reaction of monetary policy to output shocks. After estimating
the indicator for 13 OECD countries the authors find it to be positively
correlated with the earlier discussed turnover-rate indicator (see Dreher et
al., 2008) while it tends to be negatively correlated to the indicator of legal
central bank independence introduced by Cukierman (1992).

While the cited studies are of rather static nature, some measures of
central bank independence and conservatism were at least constructed for
different time-periods or got updated, later. For example, the Cukierman
(1992) index of legal central bank independence has originally been avail-
able for 4 different subperiods. Polillo and Guillén (2005) updated the
Cukierman index for a large number of central banks for the period of 1990
to 2000 and also considered changes of the legal criteria within this period.
Crowe and Meade (2007) replicated the Cukierman index for 2003 using
the central bank laws database of the IMF. However, due to the fact that
the index focusses on legal independence it changes rather rarely and does
neither capture factual independence nor conservatism .

One of the rare studies constructing a time-varying indicator is the one
by Berger and Woitek (2005). Focussing on Germany the authors construct
a time-varying measure of pure central bank conservatism. In order to do so
they analyze the composition of the Bundesbank Council by classifying its
single members according to their degree of conservatism. The classifica-
tion is based on whether the Council member is appointed by a (central or
local) right- or left-wing-government assuming right-wing-governments to
choose more conservative members than left-wing ones. Assuming the de-
gree of legal independence of the German Bundesbank to remain unchanged
over the entire sample period, the authors study the relation between their
measure of central bank conservatism and the pattern of inflation. The
results support the hypothesis that more conservative Bundesbank Coun-
cils generate lower inflation rates and less inflation variability. While the
measure of central bank conservatism used by Berger and Woitek (2005) is
properly derived it is obviously less suitable for international comparisons.

3. THEORETICAL FRAMEWORK
3.1. Basic model

Our approach to construct a joint indicator of central bank independence
and conservatism follows the earlier mentioned approach of Berlemann and
Hielscher (2013). In the following we first show how an appropriate indica-
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tor can be derived from the central bank’s monetary policy reaction func-
tion. In order to do so, we build up on the time-inconsistency literature.
Our model stands in the tradition of Barro and Gordon (1983) and Ro-
goff (1985).11 However, we use the modification proposed by Eijffinger and
Hoeberichts (1998) to introduce the degree of central bank independence
explicitly into the model.

In the monetary policy game there are two actors: a monetary author-
ity controlling inflation and trade unions bargaining wages collectively,
thereby forming rational inflation expectations. The model is based on
an expectations-augmented Phillips-curve

Yo =Y+ T — T+ g, (1)

where y; denotes (the log of) output in period ¢, § the (log of) natural
rate of output, m; inflation, 7f the wage bargainers’ inflation expectations
and vy a white-noise supply shock. The standard model of Barro and
Gordon (1983) implies that the monetary authority directly and perfectly
controls inflation. Following Ruge-Murcia (2003) and Walsh (2003) we
assume that the monetary authority imperfectly controls inflation using a
policy instrument ¢ which is linked to inflation according to

Aﬂ't = 7A7/f + U

with 1 being a white-noise control error.

Following Eijffinger and Hoeberichts (1998) the loss of a monetary au-
thority (IM) can be expressed as an independence-weighted average of the
loss of a country’s government (1) and the loss of the appointed (conser-
vative) central banker (I¢)

M =10 +(1-1)-1°, (2)

with 0 < I < 1. In the case of a completely government-dependent central
bank (I = 0) monetary policy bases solely on the government’s preferences.
Under a completely independent central bank (I = 1) only the central
banker’s loss matters.

Both, the government and the central banker are assumed to pursue the
goals of stable prices'? as well as high and stable output with the target
levels being 7* and y* > g. The loss functions differ solely in the weights

1 As Berger and Woitek (2005) state correctly, the implications of effective conser-
vatism regarding the reaction to macroeconomic shocks depend on structural and dy-
namic characteristics of the economy. Since the later reported empirical results fit the
common perception of effective conservatism quite well, the use of the employed theo-
retical framework seems to be justified.

128ee, e.g., Barro 2013.
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assigned to each of the goals. Thus, the one-period loss functions can be
denoted as:

=g (m—n) B ), i=c0) @
where the relative weight attached to deviations of output from the target
level B3¢ (B¢) denotes the degree of conservatism of the government (the
central bank). Following Barro and Gordon (1983) the loss function of the
government is assumed to coincide with the social loss function. One might
justify this on the basis of the median voter theorem. In the tradition of
Rogoff (1985) we assume 3 = ¢ — 3¢ > 0 (where 3 > 0) to denote the
difference in the degrees of conservatism of the government and the central
bank.
Inserting (3) into (2) leads to the objective function of the monetary
authority

where the relative weight ™ = % — - I can be interpreted as the degree
of effective monetary policy conservatism.'® As mentioned earlier it is
determined by three (imperfect) substitutes: central bank independence I,
the central bank’s conservatism 3¢ and the government’s conservatism 3.

The sequential structure of the monetary policy game is as follows: First,
the monetary authority announces an inflation rate. Second, wage bar-
gainers form rational inflation expectations. Third the monetary authority
determines the rate of inflation and sets its policy instrument 4 in order to
minimize its loss.

3.2. Nash-Equilibrium

The Nash-solution of the described monetary policy game can be de-
rived by backward induction. Substituting (1) into (4), differentiating with
respect to inflation, applying the expectations operator to the first-order
condition and solving for expected inflation results in

m=m"+(B8=B-1)- (" —p). (5)
Substituting expected inflation into the first-order condition then leads to
- pY—pB-1

m=mt 4+ (B9 =B-1)-(y" —7) - it (6)

1+85—B-1

13Note, that lower values of 3¢ — 3 - I correspond to a higher degree of effective
conservatism.
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Obviously, the inflationary bias (8 —3-I)-(y* —%) as well as inflation vari-

QG 3 2
ance (%) -0, decrease in the degree of a monetary authority’s

degree of effective conservatism (i.e. it increases in 3% — 3 I).
With ¢ being the policy interest rate of a monetary authority, the optimal
interest rate change A*i; is calculated by inserting (6) in (2):

M
A*it:_ﬁM'(y*—g)—ﬂ*+1_|ﬁ_w'ﬂt+ﬂt*1+nt'

The optimal prime rate change of a monetary authority in period ¢ thus
depends on (i) a constant term, (ii) the contemporary supply shock and
(iii) past inflation.The stochastic shocks p; on output cause fluctuations
around the natural level. According to equation (7) central banks will
partially offset supply shocks via interest rate variations. For a given shock
v; the interest rate variation decreases in effective conservatism.

Output is calculated by inserting equilibrium inflation and inflation ex-
pectations in (1):

1

1456 -1
Thus, while an increase in effective conservatism has no effect on the output
level, it tends to increase output volatility.

In equilibrium the supply shock can be expressed in terms of fluctuations

of output around its natural level, i.e. the output gap y;. Rearranging (7)
yields

Y=Y+ - (7)

pe=—(1+8%=3-I)- (v — 7). (8)
——

Yt

Hence, we can substitute y; in (7) by equation (8):

A%y = —pM. (y* —y)—n" +BM G+ Ty +

Thus, the relation between the output gap and the prime rate change re-
veals information on the central bank’s effective degree of conservatism.

4. EMPIRICAL ANALYSIS
4.1. Some general estimation issues
In practice, monetary authorities appear to alter interest rates in a se-
quence of small steps to reach the desired level. We therefore allow for
interest rate smoothing and assume the following dynamic adjustment of
interest rates (actual interest rate change Ad;) to the optimal level i} (see
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e.g. Judd and Rudebusch, 1998):
Ait =0- (Z;< - it—l) + P Ait—l =0- A*Zt + p- Ait_l.

Furthermore, we take into account the publication lags, especially of vari-
ables measuring the real economy. Reliable data is often only available
with a delay of several months. Thus, besides the lagged inflation term,
we also allow for a possible ‘backward-looking’ structure of the reaction
function with respect to the output gap.™

Taking into account the above considerations we can reformulate equa-
tion (9) as:

Nig=—0-(B" - (y =) +7") +p-Dip1+0 7o +0- B -Gy +60 -1

On the basis of (9) and using n as a country index we can separate four de-
terminants of central banks’ interest rate decisions. The preferred interest
rate variation is the sum of a country-specific effect

an = =0+ (B (y" — ) + ), (9)
the lagged effect of a central bank’s interest rate policy
ap Nips 1 =p-Dipy_q, (10)
the lagged effect of inflation
A Tnt—q =0 Tniq (11)
and the country-specific reaction to the output gap
Qa3 n - ??n,t =0- 5711\/[ ' @\n,tfbn, (12)

with M = 8% — 3, - I, being the country-specific degree of effective con-
servatism.'?

When estimating interest rate reaction functions we make use of revised
data as they appear in the databases today. Orphanides (2001) has shown
that the data actually available to policymakers when making their deci-
sions in general are superior as especially data on the real economy are
often revised several times. However, for our empirical analysis we are in

14See section 4.4 for detailed information of the determination of the optimal lead-
and lag-structure.

15Due to the country-specific reaction to output gaps we also allow country-specific
lag-structures by, .
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need of quite long time-series. Since no real-time data is available for our
sample countries over the entire sample period we have to make use of
revised data.

4.2. Basic estimation approach

To analyze the degree of effective conservatism we estimate common
interest rate reaction functions in a panel framework. Omn the basis of
equation (9) we thereby allow for differing reaction coefficients for output
gaps while — in line with the model’s predictions — assuming common
coefficients for all additional control variables. Thus, the individual central
bank reaction functions differ only in the country-specific effect oy, (fixed
effect) and the reaction to the output gap captured by as ,,.'6 The reaction
function to be estimated is then given by

Ain,t = Qo,n +a - A'Zzn,t—l + a9 - Tn,t—a + A3 Yn,t—b, + €En,t- (13)

In order to estimate (13) one might employ standard panel estimation
techniques. However, since in reality prime rates are altered discretely in
multiple steps of 25 basis points these techniques are inapplicable here.
The preferred prime rate change Ai,, ; can be interpreted as a continuous
latent random variable. Building upon the work of Jansen and de Haan
(2005, 2006) and Gerlach (2004) we employ an ordered logit model to
analyze central bank behavior assuming the residuals in (13) to follow a
standard logistic distribution. The actual prime rate movement A#in,t can
be defined as a ternary variable

0 : A’L.nyt < )\0
A#i, =81 ¢ Aipy € (Ao, A1) (14)
2 Aimt > )\1,

with Ag and A; denoting the unobservable threshold levels (cut points) for
interest rate decisions. Whenever the prime rate is raised above the level
of the previous period (i.e., the preferred prime rate change exceeds the
threshold level A1) the ternary variable A#inyt takes the value of 2. When
rates are lowered (kept constant) it takes the value of 0 (1).}7 Employing
the ordered logit technique we can then estimate the cumulative logits using
the maximum likelihood procedure as

. cum . ~
lath[Pj’n,t] = )\j _aO,n —Qq 'Azn,tfl — Q2 'Wn,tfa _a3,n 'yn,tfbn _Gn,t (15)

16We also experimented with country-specific smoothing parameters 6. However,
doing so did not alter the estimation results in a significant way. We therefore stick with
the assumption of a common smoothing parameter.

17While more categories could be taken into account doing so would leave us with a
relatively scarce number of observations in each category. We therefore stick to three
categories.
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with P& = i:o P(Aipy = k) = P(Aipt < j) denoting the cumulated

probabilities of each category j of the ternary variable and logit[Pf;L”’g] =

ln# =In ODDS; ,, + describing the (log of) the cumulated odds ratio
(cumuiated logit). The cut points \; define the unconditional probabilities
of each category of the ternary variable (restrictive, neutral and expansive

policy).

4.3. Construction of the time-varying indicator

By estimating (15) we can directly derive a country-specific indicator
of effective conservatism (IEC),) from the reaction coefficients a3 ,,, mea-
suring the extent to which real disturbances influence the probabilities of
interest rate variations. We therefore define the indicator as the relative
change in the odds ratio (relative to the unconditional odds ratio) of an
expansionary policy which is induced by changes in output gaps:'®

ODDSYY o — G AT
1EC, = on__ oo = banB9) _ 0 4, Ag). (16)
ODDSgpeond: exp(Ao)

We should expect a positive value for ag,, since the probability to pursue
an expansionary policy (as well as the odds ratio of an expansionary policy)
should decrease in consequence of an increasing output gap. In this case
we end up with a value of the indicator in between 0 and 1. Obviously, the
indicator value will be the smaller the more the central bank reacts to real
disturbances. Whenever a central bank’s interest rate decisions remain
unaffected by the output gap, i.e. a3, = 0, we obtain and indicator
value of 1. The monetary authority is judged to be completely effectively
conservative in this case.!”

A time-varying indicator can be constructed by estimating equation (15)
in a panel-setting in moving and overlapping intervals of 60 months. Un-
der this procedure, each months enters the estimation in 60 overlapping
intervals. Defining I EC,%/ 459 35 the estimated relative odds ratio on the
basis of an estimation period reaching from ¢ to ¢ + 59, the indicator value

180ne could also calculate the change in the probability for an expansionary policy
which would be easier to interpret. However, the change in probability does not only
depend on the value of the coefficient but also on the unconditional probabilities/cut
points. When estimating the reaction function for different time periods, varying esti-
mators for the cut points distort the comparability of indicator-values over time. We
therefore use the relative change of the odds ratio.

19Using a normalized output gap measure we calculate I EC,, on the basis of a change
in the output gap of 1 standard deviation. See Section 4.4 for data descriptions.



118 MICHAEL BERLEMANN AND KAI HIELSCHER

in month ¢, IEC,, ;, can be defined as

60
1 .
TECy = 5>  TEC, S0/t (17)
i=1

i.e., the unweighted average of the estimated relative odds ratio in the 60
intervals covering month ¢. This dynamic estimation procedure allows us
generating a time-path of effective conservatism in monthly frequency for
each sample country. Note that, due to the nature of the indicator, 5 years
of observations are lost at the beginning and the end of the sample period.2°

4.4. Data

All employed data is in monthly frequency and was extracted from the
OECD database (Main Economic Indicators). Our dataset consists of 4
industrialized OECD-countries: Canada, Sweden, the United Kingdom and
the United States. The sample period covers January 1985 to June 2007
which yields indicator-values from December 1989 to July 2002.2! While
we initially intended to include more countries into our sample we refrained
from doing so because of two major reasons. First, for various countries the
necessary data was not available for the whole sample period.??. Second,
we only include OECD countries in our sample in which monetary policy
was largely unrestrained by exchange rate policy during the sample period.

The ternary variable [see equation (14)] was constructed on the basis of
policy interest rates. Year-on-year inflation rates were calculated on the
basis of consumer prices (all items). Output gaps were computed on the
basis of seasonally adjusted industrial production (excluding construction).
While a number of different approaches to estimate output gaps were pro-
posed in the literature, there is yet no consensus view on the appropriate
method.?®> We employed a Hodrick-Prescott-filter to calculate potential
output (Hodrick and Prescott 1997, Gerdesmeier and Roffia 2004, Adam
and Cobham 2004). The gap was then calculated as the percentage devia-
tion of production from its potential. Furthermore we normalized the gap

20 Further reducing the intervals would leave us with a too low number of observations
to estimate the reaction coefficients reliably.

21We decided to restrict the sample period to June 2007 since the evolving global
financial crisis likely had an influence on the monetary policy decisions in many countries.
See Eichler and Hielscher (2012) for this aspect.

22While we could include more countries into the sample when shortening the sample
period, this comes at the price that the resulting time series of indicator values are short.
We then have little possibilities to test the macroeconomic effects of time-varying degrees
of effective conservatism. We therefore stick to the 4 sample countries with comparably
long sample periods

23See Billmeier (2004) for a review of various approaches.
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measures to a mean of 0 and a variance of 1.24 The optimal country-specific
lag-structure of the output gap (b,,) and the lag-structure of inflation were
determined on the basis of the Akaike and the Bayesian information crite-
ria. We allowed for lags up to 6 months in each case.

All regressor variables were tested for stationarity to avoid spurious corre-
lation. Since we allow for country-specific coefficients of the output gap the
evaluation of stationarity of this variable is based on single time-series unit-
root-tests such as the Augmented Dickey-Fuller test, the Phillips-Perron
test and the Kwiatkowski-Phillips-Schmidt-Shin test. For all additional
time series we employ various panel-unit-root-tests such as the Levin-Lin-
Chu test, the ADF-Fisher-Chi-Square test and the Phillips-Perron-Fisher-
Chi-Square test. The results of various unit-root tests are displayed in the
appendix (table 1 and table 2). The time series of output gaps turned
out to be stationary in all countries. Year-on-year inflation rates and the
(lagged) prime rate change appeared to be stationary in the panel. Thus,
we used these variables without any further transformations.

4.5. Estimation results

To get an impression on the overall degree of effective conservatism,
we estimated equation (15) over the entire sample period in a first step.
The indicator values were calculated on the basis of an increase in the
normalized output gap of one standard deviation. In this setting all 4
central banks in our sample reacted significantly to output gaps. However,
the Bank of England (I ECyx = 0.78) turned out be the most effectively
conservative central bank, followed up by the Federal Reserve (IECys =
0.72). Sveriges Riksbank (IECgsyedern, = 0.64) and the Bank of Canada
(IEC¢anada = 0.63) turned out to react more actively on real disturbances
and thus exhibited lower degrees of effective conservatism.

By applying the methodology described in section 4.3 we then con-
structed time series of the indicator of effective conservatism IEC), ; for
the 4 sample countries. In figure 1 we show the resulting time series of the
indicator.

Obviously, the degrees of effective conservatism were subject to consid-
erable change over the sample period. While the indicator values for the
United States and the United Kingdom show a comparatively stable devel-
opment, the values for Canada and especially those for Sweden fluctuate
enormously in the course of time. While we make not attempt at explaining
the observed patterns in detail

24The gaps were computed from 1980 to 2010 thus avoiding typical start- and endpoint
problems of the filter-method. The smoothing parameter in our baseline specification
is 100.000. However, the results are very robust with respect to different levels of the
smoothing parameter. The empirical results are also quite similar for non-normalized
output gaps. See Section 4.6 for robustness checks.
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FIG. 1. Development of the indicator of effective monetary policy conservatism,
December 1989-July 2002
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For a long time Sweden had a fixed exchange rate regime.?®> Throughout
the 1970s and the 1980s the Swedish Krona was devaluated several times,
the last time in 1982 when the new Swedish government decided to tighten
fiscal policy in order to enhance government finances. The devaluation of
16 percent was driven by the idea to stimulate the economy for a last time,
thereby preventing a serious increase in unemployment throughout the fol-
lowing period of fiscal tightening. In the aftermath, Sweden experienced
a period of high economic growth and decreasing unemployment, lasting
until the end of the 1980s. The booming economy led to increases in tax
revenues and, in combination with fiscal discipline, to budget surpluses.
The high indicator value of effective monetary policy conservatism of the
Swedish Riksbank in the late 1980s indicate that monetary policy did not
react to output-gaps at that time. As the Swedish Krona still had a fixed
exchange rate, monetary policy could not be conducted freely. Evaluating
Swedish monetary policy in the late 1980s, Regeringskansliet (2000) con-
cludes: ,,Monetary policy was also in principle as tight as possible given
the fixed exchange rate and the limited freedom of action that exchange
control regulations permitted, although it still meant low interest rates and
rapid expansion of credit.” However, as a consequence of excessive wage
increases throughout the boom period (10% in 1989), inflation increased
significantly and government finances worsened again. As no agreement be-
tween the government and the social partners could be reached, the prime

25 A detailed description of the history of monetary policy in Sweden can be found in
Regeringskansliet (2000).
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minister resigned in February 1990. Political uncertaity quickly spread to
the foreign exchange market and the Swedish Riksbank had to run a high
interest rate policy to defend the Swedish Krona against devaluation. How-
ever, the high interest rates contributed to further intensifying the economic
crisis. In November 1992 Sweden decided to switch to a freely floating ex-
change rate. Early in 1993 the Governing Board of the Swedish Riksbank
announced an inflation target of 2 percent (+/- one percentage point) that
would apply from 1995. Until early in 1995, our indicator of effective mon-
etary policy conservatism steadily decreases. Interestingly enough, as soon
as the inflation targeting regime came into effect in 1995, the indicator
started increasing again and stabilized around 0.7 in the end of the sample
period.

According to our indicator, Canada exhibits a comparatively low level of
effective monetary policy conservatism in the beginning of the sample pe-
riod. Since Canada left the Bretton Woods System early in 1970, the Bank
of Canada experimented with several different monetary policy strategies
(e.g. monetary targeting). However, none of the strategies proved to be
very successful. In the late 1980s and the early 1990s CPI inflation fluc-
tuated around 5 percent.?6 Early in 1991 the Bank of Canada was one
of the first central banks (besides the pioneer New Zealand) around the
globe which opted for an inflation targeting strategy, which proved to be
highly successful in Canada. Our indicator of effective monetary policy
conservatism reflects this development by a strong increase. As of August
1993 the Bank of Canada turns out to be the most effectively conservative
central bank in our sample. Until the end of the year 2000 the indicator
values for Canada remain very high. However, since the mid of 1995 the
indicator values show a decreasing trend again, thereby indicating that the
degree of responsiveness to output gaps has increased in the light of the
decreased inflationary pattern.

After taking part in the Bretton Woods System in between 1948 and
1971 the United Kingdom has experienced with various monetary policy
strategies.?” After a system of floating exchange rates without monetary
anchor (1971-1976) the monetary authority aimed at controlling various
monetary aggregates in the period of 1976 to 1987. After abandoning the
unsuccessful strategy of monetary targeting the Bank of England switched
to exchange rate targeting in 1987 and joined in the European Exchange
Rate Mechanism in 1990. Similar as the Swedish Riksbank, the Bank of
England early in our sample period had little possibilities to use monetary
policy to respond to ocurring output gaps since the interest rate had to be
used to keep the exchange rate within narrow bands. As many European

26See Crow (2009) for an excellent review of the history of monetary policy in Canada.
27See HM Treasury (2013) for a review of the conduct of monetary policy in the
United Kingdom.
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countries, the United Kingdom suffered from a severe economic crisis in
the early 1990s but could neither devalue nor run an expansive monetary
policy to stimulate the economy. In the light of the huge international
capital flows and speculation in the exchange rate markets the Bank of
England lost a considerable amount of its foreign exchange reserves. In
August 1992 the United Kingdom decided to leave the European Exchange
Rate Mechanism and devalued signifcantly in the aftermath. Soon there-
after the United Kingdom opted for an inflation targeting regime to bring
down soaring inflation. In the Bank of England Act of 1998, the Bank of
England was granted operational independence from the government, an
attempt to further improve the credibility and accountability of the Bank
of England. Our indicator of effective monetary policy conservatism for the
United Kingdom shows comparatively high values over the whole sample
period, thereby indicating that monetary policy showed almost no reaction
to occurring output gaps over the entire sample period. However, since the
indicator shows a slightly increasing tendency since 1988 one might argue
that the change in the institutional status of the Bank of England further
contributed to the high level of effective monetary policy conservatism in
the United Kingdom.

For the United States, the indicator of effective monetary policy conser-
vatism is slightly more volatile than the one for the United Kingdom, but
still relatively stable when compared to Canada or especially Sweden. One
might attribute this finding to the fact that the Fed has not experienced
any changes in the institutional setting over the sample period.?® Broadly
speaking, the degree of monetary policy conservatism of the Fed in the first
half of the sample period was lower than in the second half. Late in the
1980s the U.S. economy experienced rising inflation rates.2?? Initially the
Fed was reluctant to tighten monetary policy. However, shortly after the
Fed raised the discount rate in September 1987 the stock market crashed
and pretended the central bank from further tightening monetary condi-
tions. Half a year later, the Fed started a process of increasing the funds
rate in various steps from 6 to almost 10 percent until March 1989. Policy
tightening led to decreasing real growth. However, the Gulf War in August
1990 intensified the downturn of the U.S. economy and contributed to a
recession. As a consequence, the Fed decreased the funds rate again to a
level of 3 percent in October 1992. Due to the responsiveness of the Fed’s
monetary policy to the output gap throughout this period, our indicator of
effective monetary policy conservatism turns out to be comparatively low.
In 1992 inflation decreased below the 3 percent mark as a consequence of
the recession and the slow recovery. When economic expansion gathered

28See Waller (2011), p. 297.
29For a description of monetary policy in the United States over the sample period
see Goodfriend (2002).
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strength by the end of 1993, the Fed feared the recovery could reinitiate
inflation and reacted with tightening monetary conditions. This policy
turned out to be highly successful. The U.S. economy developed well and
experinced a long boom period ranging from January 1996 to May 1999
without inflationary pressure. Again, this period is well reflected in our
indicator of effective monetary policy conservatism which shows compara-
tively high values for this period. The slight decrease in the indicator values
over the last two years of the sample period reflects the Fed’s attempt to
counteract the overheating of the U.S. economy in the end of the century
by increasing the funds rate, which finally led to the 2001 recession.

Altogether our brief review of the monetary policies of our sample coun-
tries’ central banks indicates that the derived indicator delivers reasonable
evidence on effective monetary policy conservatism.

4.6. Robustness

To study the robustness of the indicator with respect to the exact spec-
ification of the panel regression we conducted several sensitivity tests.

Since central bank reaction functions are often specified in a forward-
looking manner as far as inflation is concerned®® we decided to reestimate
the model with such a specification. In order to be able to do so, a mea-
sure of real-time central banks’ inflation expectations is required. In the
absence of a suitable dataset we decided to construct time-series of real-
time inflation expectations employing a simple forecasting model. Using
year-on-year inflation rates (based on the consumer price index) we an
AR(p) forecast equation was identified for each point in time ¢ and each
central bank n according to>!

p
Tt = /\to,n + Z X;n S Tnt—i T €t (18)
i=1

The estimated equation was then employed to forecast inflation for the
relevant policy horizon of 12 to 24 months. This procedure allowed us to
obtain time-series for the real-time inflation expectations for each country,
each forecast horizon and the entire sample period. The selection of the
appropriate forecast horizon in the reaction function was again based on
the Akaike and the Bayesian information criterion.

In a next step, we adapted the model to an open-economy framework.
While we derived the estimated reaction function from a closed-economy

308ee e.g. Gerlach and Schnabel (2000).

31The length of the sample period to identify each forecast equation was set to 10
years. Thus, the forecast equation e.g. for January 1995 was based on a sample pe-
riod covering January 1985 to December 1994. The equations were obtained using
Newey-West-Least-Square estimates. Lags were included as long as all autoregressive
components remained significant on a 90%-level.
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model, in reality monetary authorities might also be influenced by inter-
national developments. For example, variations of prime rates of foreign
central banks cause changes in international interest rate differentials which
might induce undesired capital flows and exchange rate adjustments. In
order to control for the dependence of domestic monetary policy on inter-
national interest rate decisions, we added a proxy for the (change in the)
international prime rate to the reaction function.3?

As explained earlier, the indicator of effective conservatism was derived
from the reaction coefficient to the output gap. However, gap measures
on the basis of a Hodrick-Prescott-filter are quite sensitive to the applied
smoothing parameter. We therefore repeated the estimations using differ-
ent smoothing parameters ranging from 14.400 as proposed by Hodrick and
Prescott (1997) to 1.000.000. Moreover, due to the fact that the Hodrick-
Prescott filter is a two-sided filter it employs past and future realizations for
the computation of the output gap. Since the central bank is not endowed
with this information when making its interest rate decision we reestimated
the model using various backward-looking variants of the Hodrick-Prescott
filter. As an alternative we constructed 12-months-ahead forecasts of in-
dustrial production using an AR(1) model with drift and then applied the
Godrick-Prescott filter to the data. In all these variants the estimation
results remained very similar.

In all these estimation variants the derived indicator values remain virtu-
ally unchanged.?® We take this result as an indication that the estimation
results are robust.

5. EFFECTIVE CONSERVATISM AND INFLATION
PERFORMANCE

The theoretical model outlined in section 3 predicts that increases in
effective monetary policy conservatism should decrease both, inflation and
inflation variability. Moreover, the model has the implication that increases
in effective conservatism should be without any effect on the output level
while increasing output fluctuations. Given that we based the derivation of
the indicator on the theoretical model we should expect that in fact these
hypotheses hold in our 4 sample countries.

In order to study the impact of effective monetary policy conservatism on
inflation and output we use the derived country-specific indicators I EC, ¢

32The international prime rate was calculated as the GDP-weighted prime rate of the
G7 countries. GDPs were measured in USD. The weights were calculated on an annual
basis using the end-of-period exchange rates. For the G7 countries in the sample the
national prime rates were dropped from the aggregation to the international prime rate
to avoid deterministic correlation.

33Detailed results are available from the authors upon request.
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to estimate panel models with fixed country (k,) and time effects (v;). To
take into account the relevant outside lag of monetary policy we estimate
the panel models for different lag-structures ¢. In combination with the
incorporation of lagged dependent variables (AR(p)-process) this proce-
dure helps to avoid endogeneity problems which might result from the fact
that the indicator itself is based on the reaction to the (autocorrelated)
macroeconomic variables. The fixed effects panel model has the form

p
Ty =5+ @5 TECh o+ > 0511 Znyoi+ Ko +0f +eng. (19)
=1

where Z represents one of the macroeconomic variables: year-on-year
inflation (7), inflation variability Var[r], the production index (y) and
production variability (Var[g]).>* The coefficient ¢§ denotes the marginal
effect of the degree of effective conservatism on the respective macroeco-
nomic variable in ¢ months.

In order to analyze the impact of effective conservatism on inflation and
output gap uncertainty we need time-varying proxies of inflation and output
gap variance. Following the procedure of constructing the indicator of
effective conservatism, we calculated variances in intervals of 3 years. The
variance measure assigned to month ¢ is then calculated as the unweighted
average of the 36 intervals which month ¢ enters. With the sample ending
in June 2007, the beginning of the global crisis, this procedure allows us to
calculate values of the variance indicators until June 2004.

The results of the estimations of equation (19) for inflation (variability)
and output (variability) are shown in figures 2 to 3.3°

Figure 2 shows that the marginal effect of effective conservatism on the
level of inflation is negative over the relevant policy horizon and significant
for lags ¢ ranging from —10 to —18. Thus, an increase in effective conser-
vatism implies a significant decrease in inflation rates in 10 to 18 months.
This result is in line with the models’ predictions and the common defi-
nition of outside lags of interest rate policy.?¢ The empirical evidence for
inflation variability suggests that the marginal effect of effective conser-
vatism is negative over the relevant policy horizon and significant for long
lags of at least 3 years. Hence, higher effective conservatism does not only
seem to decrease inflation, but also reduces inflation variability as predicted
by the model.

34The order of the AR(p) process is raised as long as all lags remain significant on a
10 %-level.

35Since panel-unit-root tests indicate that IECy ¢, y and Var[g] are non-stationary
we used first differences AIEC,, ¢+, Ay and AVar[g] in these cases. See table 2 in the
appendix.

36See Friedman (1961) or Batini and Nelson (2001).
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FIG. 2. Empirical relation between effective conservatism and inflation (variance):
estimated coefficients ¢{ for alternative lags and leads —40 < c
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As figure 3 shows, we find no significant effect of effective monetary pol-
icy conservatism on production. Again, this is in line with the model’s
prediction. Finally, we find weak evidence in favor of the hypothesis of a
negative impact of effective conservatism on output variability. The dis-
played results reveal that with comparable short lags of 9 to 10 months,
effective conservatism seems to increase production variability.

Summing up, we might conclude that the empirical evidence is in favor of
the predictions of the theoretical model we used to construct the indicator
of effective monetary policy conservatism.

6. CONCLUSIONS

In this paper we argue that it is a severe shortcoming to attribute in-
flation (and output) performance of central banks solely to their (formal)
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FIG. 3. Empirical relation between effective conservatism and production (vari-
ance): estimated coefficients ¢§ for alternative lags and leads —40 < ¢
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degree of independence. Based on a game-theoretic model of monetary
policy we showed that besides central bank independence, the degree of
conservatism of the median voter as well as the central bank’s degree of
conservatism matter for macroeconomic outcomes. We also showed that
a central banks’ interest rate reaction function reveals information about
the degree of effective monetary policy conservatism. By estimating cen-
tral bank reaction functions in moving and overlapping intervals in a panel
setting we constructed an empirical time-varying indicator of effective con-
servatism for the monetary authorities of Canada, Sweden, the United
Kingdom and the United States from December 1989 to July 2002. The
indicator captures the country-specific extent to which the odds ratios for
an expansionary monetary policy are influenced by a real shock in the same
country.
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The presented empirical results indicate that the degree of effective mon-
etary policy conservatism differs heavily between the sample countries.
Much more important: The indicator values fluctuate quite substantially
over the sample period. This result is in heavy contrast to the usual as-
sumption in related empirical studies®” that the degree of central bank
independence (and conservatism) remains stable even over longer sample
periods.38

We also presented empirical evidence for the hypothesis that the contem-
porary degree of effective conservatism plays a fundamental role for future
price stability. Inflation and inflation variability seem to be significantly
lower under high degrees of effective monetary policy conservatism while
there is no significant effect on the level of production. However, lower
inflation and inflation variability is not a free lunch, since higher degrees
of effective conservatism seem to increase production variance.

APPENDIX A

TABLE 1.

Results of the single-country unit-root tests.
Variable test statistic
m ADF PP KPSS
A = 100,000 I (11) (1) (I1) (I
YCanada,t —4.83%*%  —4.84%* | —4.68"**  —4.68™** | 0.0237TF
YSweden,t —6.04"**  —6.04™* | —12.77F 127 | 0.026TF
YUKt —6.50"**  —6.51"** | —8.61*** —8.62*** | 0.028T "
Yus,t —5.24** 525 | 447 448" | 0.021F T

For the output gap series we employed single-country unit-root tests as the
Augmented-Dickey-Fuller (ADF), the Phillips-Perron (PP) and the Kwiatkowski-
Phillips-Schmidt-Shin (KPSS) test. The tests use (I) an exogenous intercept, (II)
no exogenous regressors in the test equations. For the ADF and the PP the null
hypothesis of a unit root can be rejected * on a 90%—, ** on a 95%— and *** on a
99%— confidence-level. For the KPSS the null hypothesis of stationarity can not
be rejected T on a 99%—, 71 on a 95%— and T+ on a 90%— confidence-level.
Tests were executed for the sample of January 1980 to June 2007.

37See e.g. Aisen and Veiga (2008) or Adam et al. (2011)

38This assumption is often an implicit one, e.g. when using one of the various indica-
tors derived in the literature to control for heterogeneity in central bank independence
between sample countries.
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TABLE 2.
Results of the panel-unit-root tests.
ADFF PPF LLC

m) (i m) (i m) (1
e 48.94***  44.12"** | 38.69**  44.70"** | —4.50*"* —5.79"**
Aty 367.9""*  403.2"* | 386.4™*  417.8™"" | —23.67*""  —22.22**
TEC, 14.06* 3.82 4.70 4.73 —-3.31"*" —0.08
AIEC, 16.86*" 33.15™** | 17.73** 34.23"** | —0.40 —3.92%**
Var|r): 13.71% 15.34" 43.04**  47.25"** | —0.45 —2.83***
Y 3.09 0.64 2.34 0.71 1.23 2.33
Ay 273.7°**  316.8"** | 595.8"**  682.3"*" | —25.01"**  —23.24***
Var[y] 11.70 9.37 1.31 4.19 —1.58" —0.61
AVarly] | 18.51** 34,227 | 28.42***  156.2"** | —1.47" —4.86**"

All variables but the output gap were tested for stationarity using panel-unit-root tests
as the Augmented Dickey-Fuller Fisher (ADFF), the Phillips-Perron Fisher (PPF)and
the Levin, Lin & Chu (LLC) test. The tests use (I) an exogenous intercept, (II) no
exogenous regressors in the test equations. The null hypothesis of a unit root can be
rejected * on a 90%—, ** on a 95%— and *** on a 99%— confidence-level. ADFF and
PPF assume an individual and LLC a common unit root process. Tests were executed

for the sample of January 1980 to June 2007.
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