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l. Introduction 

As in many other countries, the econometric analysis of the determinants of 
the monetary-policy stance of the central bank in Spain has been mainly 
centered around the estimation of dynamic linear-regression models in the 
spirit ofthe so-called 'Taylor rules' (see, e.g., Galí, 1999, and María-Dolores, 
2001). As is well known, those rules characterise appropriately the optimal 
policy-reaction function of a central bank in terms of the adjustment of a 
short-term interest rate under its control (see Clarida et al., 1999). According 
to the mainstream work in this line of research, adjustments in the interest-rate 
target are typically related to inflation and output gaps in a closed-economy 
framework and, besides those variables, to exchange-rate and foreign interest
rate terms when considering open economies (see, e.g., Taylor, 1993, 
Svensson, 1997, and Clarida et al., 1998). 

However, such an approach tums out to be too restrictive when trying to 
ana1yse some distinctive features that characterise the intervention of any 
central bank. First, the interest rate under control is changed irregularly, as 
ofien as once a week or as seldom as once a termo And secondly, it is adjusted 
in discrete increments, typically of 25 basis points, rather than in a continuous 
fashion. In line with these two characteristic features, our goal is precisely to 

*We are grateful to A. Alba, C. Alonso-Borrego, M. Arellano, R. Carrasco, J.I.García-Pérez, 
A. Gorostiaga, R. Mora, D. Veredas, an editor, two anonymous referees, and seminar participants at 
ESEM 2001 (Lausanne) and the European Central Bank for helpful comments and suggestions. The 
usual disclaimer applies. 
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investi~ate, in the context of Spanish monetary policy, which are the main 
deterrmnants of both the arrival times of interest-rate adjustments and their 
~agnitude, conditionally on the decision to intervene. The analysis of both 
lssues seems to be very relevant in learning how monetary policy is being 
conducted by central banks in the recent past. In this sense, it can provide 
interesting complementary evidence to that drawn from the 'Taylor-rules' 
approach. When analysing those two features, however, one should take into 
account that the infrequent and discrete nature ofthe interest-rate adjustments 
renders the standard time-series techniques inappropriate since they are 
devised to model continuous data arriving at fixed intervals of time. 
Therefore, statistical techniques able to deal with data arriving at irregular 
intervals are needed. For this reason, we turn to an alternative econometric 
methodology based on the theory of the so-called marked point processes 
(see Engle and Russell, 1997, 1998). In the statistics literature, a marked 
point process is defined as a sequence of orderly times where a number of 
events occur at each point in time and has associated to it an information 
process at each event time. Hence, they are very well suited to analyse data 
which arrive at irregular intervals and that change in discrete increments, as 
turns out to be the case of the interest-rate adjustments implemented by 
central banks. 

Accordingly, the proposed methodology provides a useful econometric 
tool to address a number of interesting questions which cannot be tackled with 
the standard 'Taylor-rules' approach. Those questions range from What 
determines the arrival times and the size of interest rate changes? to Is an 
intervention more likely to occur when there has not been one for a long 
time? More precisely, our approach is based upon the estimation of a probit 
mode1 to determine the probability of an intervention by the Bank of Spain at 
each point in time (the so-called events or points) and an ordered probit model 
to determine the size of the interventions, conditionally on having decided to 
intervene (the so-called marks). Estimates obtained from both separate and 
joint estimation procedures of the parameters underlying both probabilities 
will be presented to assess how robust are our findings to the choice of 
estimation method. 

To our knowledge, there are a number of empirical studies in the literature 
which use variants of this econometric technique to deal with somewhat 
similar issues to the ones considered in this paper. For example, Eichengreen 
et al. (1985) analyse the behaviour of the Bank of England under the 
interwar gold standard using an ordered probit to mode1 the interest-rate 
policy. In particular, they are interested in testing whether the monetary 
authority raised interest rates when there was a decline in foreign reserves 
while, by contrast, refrained from adjusting them when foreign reserves 
increased. Davutyan and Parke (1995) carry out an extension ofthe previous, 

study to a sample period running from 1890 to 1908. More recentIy, for 
purposes close to ours, Jordá (1997), Fischer and Zurlinden (1998) and 
Hamilton and Jordá (2000) have used a variant of this approach, i.e. the so
called Autoregressive Conditional Duration (ACD) model proposed by Engle 
and Russell (1997, 1998) and Engle (2000). Among those three papers, the 
first and the third ones aboye consider a generalized class of Autoregressive 
Conditional Hazard (ACH) mode1s to analyse the evolution of the Federal 
Funds Rate Target in the U.S. This class ofmode1s includes as a special case 
a discrete-time version of the ACD framework which turns out to be a 
convenient model to forecast not only whether a change in the Fed Funds 
Target will take place at a given moment of time but also the magnitude and 
the direction of the change. The second paper, in turn, studies the behaviour 
of the exchange-rate interventions by three central banks (the Bundesbank, 
the Federal Reserve and the Swiss National Bank), albeit restricting the 
analysis only to the case of events, with the question in mind of finding 
whether there is evidence in favour of a 'self-exciting' behaviour in the 
duration process of interventions, namely, if the time interval between 
interventions tends to be clustered, demonstrating a high degree of 
persistence in time. 

Our paper contributes to the previous literature in at least two main 
respects. First, from an econometric viewpoint, it looks at the issue of the 
possible failure of weak exogeneity which arises when events and marks are 
separately estimated, as it is ofien the case in practice. Engle and Russell 
(1998) have argued that, when that assumption fails, separate estimation of the 
parameters in each like1ihood function could lead to inefficient, albeit 
consistent, estimates. Thus, it seems relevant to gauge how important this lack 
of efficiency might be in our case. We do so by comparing the estimates 
obtained from the separate estimation of a probit model (for events) and an 
ordered probit mode1 (for marks) with those obtained from maximising an 
approximation oftheir joint likelihood provided by a sequential probit model. 
Secondly, from an economic viewpoint, we investigate the issue of the 
possible existence of asymmetries in the way the Bank of Spain adjusted the 
interest-rate target in response to changes in the determinants of its policy
reaction function. This is a hypothesis of growing interest in both the 
empirical and the theoretical literature about the way central banks conduct 
monetary policy nowadays (see Ravn and Sola, 1996, and Dolado and María
Dolores, 200la). Specifically, in the context of the derivation of optimal 
monetary-policy rules (see Svensson, 1997), either the existence of a 
nonlinearities in the Phillips curve or the presence of asymmetric preferences 
on inflation or output in the loss function of the central bank could lead to a 
different response by the monetary authority when facing deviations of 
different sign or magnitude in inflation or output gaps (see Schaling, 1999, 
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a~d Dolado ~t al., 20? lb). The intuition for this ~ behaviour is 
s~~p~e. ~or Instance, If we as sume that there is downward nominal-wage 
ngIdIty In the economy, then the Phillips curve turns out to be convex in 
the inflation-output gap space. Hence, in order to maintain price stability, the 
central bank would tend to raise interest rates by a larger amount when the 
output gap is positive than it would tend to cut the interest mte when it is 
negat.ive. Likewise, if the central bank were to assign a larger weight in its los s 
functlOn to downward deviations in output from its nonnal level than to 
upward deviations, monetary-policy stance will be chosen so as to make the 
pr~bability of .erring on the side of tightness smalIer than the probability of 
emng on the slde of ease, implying larger interest-rate cuts in downtums than 
interest-rate increases in uptums. 

Proceeding in that way, we obtain several interesting results conceming 
the conduct of monetary policy in Spain over the period 1984-1998 when 
~he Bank of. Spain was using a short-tenn interest rate as its policy 
mstrume~t. FIrst, we find that the timing of interventions responds 
systematlcally to both a number of time-varying covariates included in the 
infonnation set of the central bank and to the dumtion since the last interest
rate adjus~ent. In particular, inflation changes and the time e!apsed since 
the last adJustment tum out to be the two strongest detenninants of the 
arrival time of interest rate changes. As regards the existence of asymmetric 
effects, we find that the Bank of Spain had a propensity to intervene more 
r:~quently when: (i) inflation was increasing than when it was decreasing, 
(n) the Pta/DM exchange rate was depreciating than when it was 
appreciating, and (iii) when the economy was undergoing a recession than 
when there was in an expansiono Finally, evidence is also found in favour of 
t~e so-calIed .' duratio~ effoct', implying that the longer the period elapsed 
smce the las~ mterventlOn was, the larger the next interest rate change tended 
to b~. ~t thls stage, let us conclude by pointing out a particularly useful 
apphcatlon of the methodology proposed here which is left for future 
research. It could be applied to provide comparative evidence, across the 
EMU Member States, on whether there have been significant changes in the 
way monetary policy was being conducted by the national central banks 
durin~ the second half of the 1990s, in the run-up to EMU, relative to the 
way It has been conducted by the ECB after 1999, when monetary policy 
control was handed to Frank:furt. 

The rest of the paper is organised as folIows. Section 11 offers a brief 
explan~tion of t~e empirical methodology which is used throughout the paper 
an~ dl~cusses m sorne ~etail the statistical framework underlying the 
estlmatlOn of the stochastlc processes for events and marks. Section III 
analyses the ~rrival times of the interest-rate changes implemented by the 
Bank of Spam through a probit model, and tests for the possibility of 

as)mUnetrie behaviour. Section IV, in turn, analyses the determinants of the 
size of interest-rate adjustments, conditionally on the decision to intervene, by 
means of an ordered probit model. Section V tries to ascertain, by means of a 
sequential probit model, how robust are the results obtained in Sections III 
and IV when compared to those obtained from a joint estimation procedure. 
Finally, Section VI draws sorne conc1usions. 

11. Econometric Issues 

To measure the stance of monetary policy in Spain we use changes in the 
marginal interest rate of intervention of the Bank of Spain in the daily 
interbank-reserves market from 1984 to 1998. The choice of this sample 
period is dictated for the following reasons. First, there is ample evidence 
stating that the Bank of Spain only started to have an autonomous control over 
monetary policy since 1984, in contrast with the more accornmodating stance 
it had before (see Escrivá and Santos, 1991, and Ayuso and Escrivá, 1996). 
Second, having Spain joined EMU, the basic control of monetary policy was 
handed to the ECB after 1999. The interest-rate targets series is taken to be the 
marginal short-tenn interest rate of auctions 'Préstamos de Regulación 
Monetaria' series from January 1984 to May 1990 and the interest rate of 
'Certificados de Depósito del Banco de España' (CEBES) series, from May 
1990 to December 1998.1 Both interest rates represent the marginal target 
rates at which the Bank of Spain matched the demand and supply for required 
and excess reserves by the financial system in the daily interbank market and 
have been taken to be relevant indicators of monetary-policy stance in Spain 
during the chosen sample periodo 

As discussed earlier, the evolution of the interest mte target can be 
characterised by the following two key features: (i) changes are spaced 
irregularly in time, and (ii) they take place in discrete increments. In the 
statistical literature, a stochastic process with such characteristics that has 
associated an infonnation process at each event in time is known as a marked 
point process. The main goal of this section is to describe such processes in 
sorne detail. We proceed in two stages. At the first stage, we consider how to 
mode! the arrival times ofinterventions (events) while, at the second stage, we 
model the size and sign of the changes in the interest rate (marks), 
conditionally on the decision to intervene. 

A preliminary issue in the analysis, however, is to define how the timing of 
decisions evolves. In this respect, it is assumed that, at the beginning of each 
period, the central bank chooses a target for the interest rate, conditionally on 

lFor a detailed description ofthe evolution ofmonetary policy in Spain during the sample period 
considered in this paper, see Servicio de Estudios del Banco de España (1997). 
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the infonnation available up to that point, which is subscquently revised to 
accomm~date the ~val of new infonnation on the evolution on the economy. 
Under thlS scheme, glven that the majority of macroeconomic data available to 
the monetary au~ority ~hen taking interest-rate decisions have monthly 
frequency, we wIll conslder a month to be the relevant unit of time. 
Accordingly, in the sequel, changes in the monetary-policy instrument will be 
aggregated to that fixed interval of time. 

To begin with, it is convenient to describe the statistical process which 
~ovems the decision of the Bank of Spain to alter or leave unchanged the 
mterest-rate target, given the infonnation set available at each moment in time. 
~rawing upon Jordá (1997), we interpret the data as follows. Let X

t 
be a 

bm~ry random variable, that is assumed to take a value of zero if no change in 
the mterest rate takes place during month t (Xt = O), and to be equal to one if 
a chan~e occurs (~t = 1). Let Y¡, in tum, be the magnitude of the target 
change m month t, glven that Xt = l. Finally, consider Bt-l to be a kx 1 vector 
of prede~ennined variables known at the decision time (typically including 
changes m output growth, changes in inflation, deviations of a money growth 
rate . ~om a ta~get rate, changes in relevant exchange rates, etc.). In this way, 
the ]omt denslty of X t and Y t conditional on infonnation up to time t - 1 is 
given by: 

(1) 

whic?, without loss of generality, can be rewritten as the following product of 
margmal and conditional densities: 

f(X t , Yt/Xt- l , Yt - l , Bt-l, O) = fl (Xt/Xt- l , Yt- l , Bt-l, O¡)* 

f2(Yt/X¡,Xt_ l , Yt- l , B t- l , O2 ), (2) 

That is, the jOi?t ~ensi~ of marks and events is equal to the marginal density 
ofthe events (Íl~mg ofmterest-rate changes), f l , times the conditional density 
of th~ .marks (slze of changes in interest rates) given the current event, f

2
, all 

condlÍlonal on past infonnation. Under weak exogeneity in marks, namely, 
when 01 and O2 are variation-free parameters, then the Maximum-Likelihood 
esti~ato~(MLE) of 01 will be simply obtained from maximizing the marginal 
log-hkehhood corresponding to f l . Likewise, the MLE of O2 will be obtained 
from maximizing the conditional likelihood of f2 . 

Nevertheless, the possibility that the weak exogeneity property may not 
hold.must be ~ntailed. In this case, as Engle and Russell (1999) have argued, 
conslstent but mefficient estimates ofthe parameters detennining f

l 
and f

2 
will 

b~ obtained when each likelihood is maximised separately. For instance, such 
wIlll be the case when the vector of parameters O2 is estimated directly from 

the eon.d.itional density, f2, neglecting possible inter-dependences with the 
vector of parameters 01 associated with the marginal density, f l . However, it 
seems likely that such a loss of efficiency may tend to decrease as the sample 
size increases. 

Testing for weak exogeneity of X for O2 in this econometric specification 
presents sorne serious complications relative to the standard testing approa
ches derived in a dynamic linear-regression framework (see Hendry et al., 
1983). This is so since, for example, the use of a logit specification for both 
densities prevents the implementation of an exogeneity test á la Hausman 
(1978), since logistic sums are not logistic. For this reason, we have chosen a 
probit specification due to the additive property of nonnality. Nonetheless, a 
further problem arises when, as in this paper, the variable that creates the 
potential endogeneity problem, X, is a qualitative binary variable and not a 
continuous one. 

Due to those technical difficulties, we adopt an admittedly ad-hoc infonnal 
testing procedure to test for weak exogeneity. First, we estimate separately a 
probit model for the marginal density of events and an ordered probit model 
for the conditional density of marks, to be reported in sections III and IV. 
According to the previous discussion, this first stage will be useful in 
undertaking a congruent specification search of the relevant variables 
appearing in each of the two models. However, the estimated coefficients 
from both models will be consistent but not necessarily efficient if the 
parameters (01, O2 ) are not variation free. Next, to check to what extent that is 
a relevant problem, a sequential probit model will be estimated in section 5, as 
a feasible approximation to the joint likelihood of marks and events. In this 
fashion, proximity of the estimates and their precision obtained under the 
separate and the joint-estimation procedures will be interpreted as confinna
tion that the weak exogeneity property holds. By contrast, strong differences 
between both sets of estimates will signify rejection. 

111. Analysis of events: The arrival times of interest-rate changes 

This section explains how to model the marginal density, f l . Its goal is to 
model how the arrival times of the changes in the interest rate are detennined. 
In doing so, our aim is to address the following questions: (i) What is the 
probability that the Bank 01 Spain will change the interest rate during the next 
month?; (ii) 1s there persistence in these interventions?; and (iii) What 
macroeconomic variables affect the timing 01 changes in the interest rate? 

To tackle those issues we use a probit model where it is assumed that 
interest-rate changes take place at time 1, ... , t - 1, t, t + 1, ... T, where t 
refers to a particular month and T t denotes the number of days elapsed from 
the last change. Since the variable X t is a binary variable (equal to unity if the 
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With regard to the second model, we COmputc;ra'benchmark probability 
of 0.25. An interesting finding is that the response tn inflation changes turns 
out to be much larger after 1992 than before (0.30 and 0.42, respectively), a 
result which is in agreement with the inflation-target strategy adopted by 
the Bank of Spain in the run-up to EMU. This result seems to support the 
more 'aggressive' approach to reduce inflation which is characteristically 
found in the estimation of 'Taylor rules ' (a coefficient on inflation greater 
than unity) for Spain in samples starting in the mid-1990s (see Dolado 
et al, 2001b). By contrast, regarding the response to the Pta/DM exchange 
rate, we find the opposite, namely, that the response was larger before 1992 
than afterwards (0.32 and 0.25, respectively), in accord with the increase in 
the width of the fluctuation bands of the EMS that took place in that year. 
As regards the effect of the duration variable, we find it to be marginally 
larger before 1987 than after (0.39 and 0.35, respectively). Finally, the 
relative strength of the responses to past changes in interest rate and in 
money-growth deviations is found to shift in opposite directions after the 
mid-1980s. So, while the probability of an intervention in response to 
lagged changes in interest rates was larger after 1987 than before (0.33 and 
0.41, respectively), the opposite occurs with the response to money growth 
deviations (0.28 and 0.26, respectively). This result is in accord with the 
shift in the strategy of monetary-policy control which the Bank of Spain 
underwent in that year. 

Analysis of asyrnrnetries 

In this section, the previous analysis is extended to examine the possible 
existence of asymmetries in the timing of interventions by the Bank of Spain 
in response to its determinants. For that purpose, the probit model is 
respecified so that the coefficients on the predetermined variables are now 
allowed to depend on the 'sign' ofthe changes.5 For this purpose, positive and 
negative changes are now associated to two coefficients on each variable, 15+ 
and 15-, respectively. The null hypothesis of symmetry, Ho : 15+ = 15-, is then 
tested using a standard Likelihood Ratio (LR) test. 

The results, which are not reported in detail for the sake ofbrevity, can be 
summarised as follows. 6 First, the probability of an interest-rate adjustment is 
found to be larger when inflation accelerated than when it decelerated 
(p-value = 0.01). This seems to reflect the fact that during the sample period 

5A referee pointed out that asyrnmetries may also arise from the interaction of independent 
variables. We al so pursued that route by interacting the inflation and output growth rates with the 
exchange-rate growth rate, since the policy reaction function might differ according with the 
exchange-rate regime in place, but did not find any significant effect stemming from that variable. 

6Detailed results are available upon request. , 

diS;nft8JD Was accompanied by a parallel reduction in the number of interest
rate adjustments. Secondly, we observe that the Bank of Spain reacted more 
forcefully to depreciations of the PtalDM exchange rate than to appreciations, 
in order to prevent inflation pressure. Thirdly, in response to changes in 
output, the probability of an interest rate change is larger when the economy 
is in a downturn than in an uptum (p-value = 0.04)? Fourthly, no asym
metric behaviour is found in the response to money-growth deviations 
(p-value = 0.08). This result could again be explained by the loss of 
significance of this variable in the monetary-control strategy implemented 
after 1987. Finally, it is found that adjustments are less likely to take place in 
situations when the interest rate increased in the last period than when it 
decreased (p-value = 0.04). This seems to indicate that there has been more 
persistence in lowering interest rates than in raising them. 

IV. Analysis of marks: Size of interest-rate changes 

This section is devoted to modelling the density ofthe marks, denoted as f2 in 
equation (2), conditional on the events and on the set of predetermined 
variables which determine monetary-policy instrumentation. Following Jordá 
(1997) and Hamilton and Jordá (2000), we use an ordered probit model since 
such a model can be viewed as a natural generalisation of a dynamic linear 
regression model to the case where the dependent variable is discreteo 
Accordingly, we only need to consider that the interest rate takes a finite 
number of values which possess a natural ordering. 

We assume that the marks of a marked point process are only observed at 
each event time. That is, at times 1, ... ,it, ... N, we observe the magnitude of 
the target changes given by Y 1, Y 2, ... , y N. At any other time, Y is not 
observed. Then, let y¡ be an unobservable continuous random variable such 
that: 

Yi =W¡'y+Si E[S¡fwil = O, (5) 

where Wi = (Ti, Yi-l, Bi) and Si is an error-term distributed as N(O,I). As in 
the previous section, the vector ofvariables B is assumed to be observed with 
one period lag. The key assumption underIying the ordered logit model is that 
the observed interest-rate changes, Yi, are related to the continuous latent 
variable, Y¡, in the following way: 

7When interpreting the asyrnmetric effects from output changes one should bear in mind that the 
growth rate of industrial production (in deviation from its average value, captured by the constant 
term in the model) might not be the best indicator ofthe business cycle. However, Dolado and María
Dolores (200 la), using a sample period which starts in 1977 and a Markov regime-switching model 
to estimate GDP business cycles more accurately, find evidence in favour of such an asymmetry. 
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tor monetary-control purposes between 1984 and 1998. In particular, we 
provide estimates of the effects of various macroeconomic detenninants and 
the duration since the last intervention on the timing of interest-rate 
adjustments (events) and the magnitude of those adjustrnents (marks), 
conditionally on intervening. Different types of probit models have been 
used to estimate the relevant parameters in the densities of marks and events, 
both through separate and joint estirnation procedures. It has been argued that 
a comparison of the estimates obtained through both procedures helps one to 
ascertain how serious the problem of lack of weak exogeneity might be when 
a separate estimation method is used to estimate each process. We do not find 
evidence against weak exogeneity in our empirical application. 

Additionally, our modelling strategy proves useful to test for the presence 
of asymmetries in the response of the Bank of Spain, in terms of the timing 
and the magnitude of interest-rate adjustrnents, to changes in the evolution of 
several macroeconomic variables contained in its information set. 

The results regarding the events can be summarized as follows. It is found 
that the probability of an interest-rate adjustment increases when: (i) there is a 
recession, (ii) there is an upsurge in inflation, (iii) the exchange rate 
depreciates, and (iv) there is a positive money-growth deviation with respect 
to its annual target rate. In particular, the response to 'excessive' money
growth rates seems to be weaker after 1987 than before, whereas the response 
to inflation is much stronger after 1992. Both results are in accord with the 
progressive adoption of an inflation-targeting strategy by the Spanish central 
bank in the run-up to EMU. 

As for the marks, we find evidence in favour of the so-calIed 'duration 
effect' implying that long inactivity periods induce larger changes in interest 
rates than frequent adjustrnents. Thus, there is no evidence of a 'self-exciting' 
behaviour by the central bank in tenns of implementing bunched adjustrnents 
in the policy instrument. FinalIy, our findings point out that the Bank of Spain 
seems to have been more prone to avoid overheating of the Spanish economy, 
by implementing large increases in interest rates during upturns, than to relax 
monetary-policy stance during downtums by means of sizeable interest rate 
cuts. 

Final Manuscript received January 2002. 
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