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CHAPTER 1

1.INTRODUCTION

“Having looked a monetary palicy from both sides now, | can testify that central barking in
practiceis as much art as sience Nonetheless while practising this dark art, | have always
foundthe science quite useful.” —Alan S. Blinder

1.1 Transmisson medianisms of monetary policy

The integrated world econamy has bemme increasingly dependent on the monetary padlicy of
the two largest central banks, the Federal Reserve and the European Central Bank. Rises and
cuts in the short-term interest rates are quickly transmitted to all sedors of the national
eoonamies through the danges the short rates induce in the prices of other assts like bonds,
stocks and exchange rates. The importance of monetary palicy has further increased due to the
diminished dadk of fiscd podicy and the pradicd difficulties to succesfully conduct
stabili zing fiscd pdlicy. Recent discusson abou the role of the central bank has even touched
uponsuch iswues like shoud the central bank aso be interested in stabili sing the asset market

or exchange rate volatilit y.

The four essays of the disertation take both pasitive and namative viewpoints to some of the
many still open problems in monetary policy and monetary econamics. The essays touch upon
quite awide variety of isaues, such as the nature of the transmisson medanism of monetary
pdlicy, a corred variable set the cantral bank shoud look at when making its palicy dedsions
as well as ssme anpiricd analysis of the behaviour of the Federal Reserve and the German
Bundesbank after the wll apse of the Bretton-Woods g/stem.

Between the wllapse of the Bretton Woods g/stem at the beginning of the 1970s and the
present day, a vast body of literature concerning the aility of a central bank to affed inflation
and ouput has emerged. Some extreme gproadies — the rational expedations literature and
the red businesscycle literature — have adually gone & far asto state that the monetary palicy



adionswould have littl e or no effed onthe red eanamy. Particularly along with the cmmmon
accetance of the existence of price and/or wage rigidities affeding the econamies, these

extreme views san to have vanished, hovever.

Some kind d consensus view abou the posshility of unexpeded monetary palicy shocks to
affed econamy can be founde.g. in Walsh (1998, who reviews recent empiricd literature on
both short-run and long run relations between money, inflation and ouput. According to
Walsh, in the long-run there is a wrrelation o amost unity between money growth and
inflation, while the crrelation between money growth and red output seems to be dose to
zero, a even negative for high inflation courtries. In the short run there is gill some role for
fine-tuning however, since a exogenous monetary policy shock seems to result in hump-
shaped resporses in the red output. It takes svera quarters before the maximum resporse is
readed, after which the output converges to its initial level. In the cae of effeds of the
systematic monetary policy operations, no strong consensus can any longer be found,
however, dthough e.g. the large structura econametric model used by the Federal Reserve
provides qualitatively largely similar resporses to short-term interest rate rises than do the
VARS'.

When it comes to the structural interpretations of these empiricd regularities, in addition to
the interest rate channel, ore can li st numerous transmisson channels to monetary palicy, such
as the exchange rate dhannel, equity price dannels, the wedth channel, the bank lending
channel and the balance shed channels. Walsh (1998 classfies the arrently dominating
modelling strategies in monetary emnamics into three broad main approades, the
representative agent models, the overlapping generations models and the models that are based
more on ad ha assumptions than onthe behaviour of optimising agents.

The roats of the new open econamy maaoenanics lie in the semina papers by Obstfeld
and Rogoff from the midde of the nineties’. Obstfeld and Rogoff extended the dosed
econamy maaoeconamic models based onsolid microeconamic founditions to cover aso the
problematic of the open econamies. Nominal rigidities and market imperfedions either in
product or fador markets are the key assumptions neealed to ensure arole for monetary palicy
in these models. Since the models are based onthe behaviour of optimising agents, they all ow

for the explicit welfare analysis, which is a dea advantage when compared to the traditional

! Walsh (1998, p.35.
% See eg. Obstfeld and Rogoff (1995 1996



Mundell-Fleming models. Despite many of the desirable properties of the new open econamy
maaomodels, there is gill one important restrictive shortcoming related to them, namely the
sensitivity of the basic results of the models on the exad assumption d the models. This
makes the models ©mewhat problematic dso from the point of view of pradicd padlicy
making®. Thus, there still seems to be arole for the traditional ISLM type of models as
workhorse modelsin pradicd monetary padicy analysis.

In light of this, an interesting contribution to the pradicd monetary padlicy analysis has been
the so-cdled New Keynesian models that combine the simplicity of the traditional 1SLM
models with solid microeconamic founditions. A typicd New Keynesian model consists of a
simple monetary padlicy rule, a forward-looking IS-curve representing the demand side and a
Philli ps-curve representing the supdy side of the eonamy. In further contrast to the
traditional 1SLM-Philli ps curve analysis, na only the IS curve, bu aso the Philli ps curve is
often modelled as forward looking. The New Keynesian models differ from the traditional,
static ISLM models aso in that the models are dynamic, stated in terms of difference
equations and the bath the IS curve and the Philli ps curve ae derived from the behaviour of

optimising agents.

The international transmisson mecdanisms of monetary palicy are dedt with in the first of the
essays in Chapter 1. The essay examines empiricdly the transmisson d unexpeded monetary
palicy shocks between the US and Europe, using a simple structural vedor autoregresson
(SVAR) model. The relevance of the reseach problem of the first essay of the dissertation
hinges on the relative importance of the unexpeded monetary palicy shocks, compared to the
anticipated monetary palicy adions. An even more important problem addressed in the essay
is how to corredly identify the unexpeded shock comporent of the monetary pdicy in an
open ewmnamy. In the dosed ecnamy context, the identificaion d the monetary pdicy
shocks can be based ona simple Chaeski decomposition, which assumes that the variables of
the model are solved reaursively so that the short interest rate (the padlicy instrument) canna
affed the other model variables, bu the other variables can affed the interest rate. In the open
eoonamy context such a reaursiveness assumption is no longer valid if the model includes
variables like exchange rates that are @mntemporaneously conreded to eat aher by the

3 Lane (2001



centra bank’s pdlicy variable. Thus, more structural approaches for setting the identifying
restrictions between the model variables are cdled for.

Despite the favourable properties of the new open econamy maaomodels, it is quite difficult
to derive aset of identifying restrictions to use in SVAR modelling*. Hence, the theoreticd
framework behind the identification scheme of the first of the essays is gill charaderized by
the ISLM tradition. On the other hand, when interpreting the results, some insights have dso
been sought from the new open emnamy maaoecnamics discussed above. Some of the
results in particular contradict the traditional beggar-thy-neighbou view of the domestic
effeds of the depredating currency were difficult to explain in the ISLM framework. In
general, the results are however in line with the results obtained in previous gudies abou the

eff eds of monetary palicy shocks.

The most important results of Chapter 1 are & follows: After a negative US monetary padlicy
shock, the outputs of both countries dedine, which contradicts the beggar-thy-neighba result.
The nominal USD appredates against the DEM and the long term interest rates dedine. The
effeds of the German monetary pdicy shock closely resemble the US results above. The
outputs of bath courtries ill seem to dedine in bah courtries, but surprisingly, the output
effed of a monetary palicy shock is greaer from Germany to the US than the other way
round. The DEM appredates and the long term interest rates read with an initial rise, after
which they fall.

4 Antipin and Luoto (2001) provide, however, an example of SVAR studies where the identifying restrictions are
derived from a maaomodel with optimising agents.



1.2Thegods of monetary policy and the Taylor rule

Whether the conduwct of monetary padlicy is a purely technicd matter, or whether a pdliti cd
point of view shoud be refleded in the dedsion-making of central banks is gill an open
question. The role of the central banks has been more or lessincreasing for the whole century,
but the tendency has been as its drongest during the past fifteen yeas, while the preferences
of puldic opinion have dso turned more and more to favour anti-inflationary monetary palicy.
It was originally demonstrated by Barro and Gordon at the beginning of the 198Gs that an
independent central bank may have an important role guaranteeng the success of anti-
inflationary monetary palicy”. Barro and Gordon suggested that an independent central bank,
perhaps even following a strict, medhanistic rule, would provide an efficient solution to the
well-known time-inconsistency problem stemming from the paliti cians' attempts to make use

of the short-run Philli ps curve to achieve dedora gains®.

Whether a medhanistic palicy rule provides a more dficient outcome in monetary palicy than
discretionary adions has been unde debate. While amedanistic palicy rule would provide
transparency and predictability for consumers, job markets and financial markets, the asence
of stable causal links between the monetary padlicy instruments, inflation and income makes
their use questionable. Unexpeded maaoeconamic events in particular, such as the stock
market crash of October 1987 @ the surge in the US productivity in the latter half of the 19905
inevitably cal for flexibility in dedsion-making’. In addition, the role of arigid pdicy rulein
providing a shield against pdliticd pressure may not be relevant, at least in most of the
developed world. As the disinflationary tendency in the industrialized world, beginning in the
1980s has $hown, the cantral banks in these courtries have in fad tended to avoid the Barro-
Gordon has. As Svenson (20023) and Blinder (1999 have agued, this follows smply from
the faa that after all, although the central banks have paid some dtention to stabili Sing output,
they still have succeealed in na pursuing overambiti ous output targets.

Although there dways sems to be aneed for discretion in adual monetary policy-making,
rule-like behaviour may be apradicd way to summarise some observed key regularities in

® SeeBarro and Gordon (19833, 1983h

® Barro’s and Gordon' s views on the existinginflationary biasin the central bankers' preferences has been
criticized interestingy by Blinder (1999 Ch. 2.)

" For adiscusson on examples of successul, highly discretionary monetary palicy dedsions, seeGreenspan
(1997 and Mankiw (2001).



central bank behaviour. Also the essays of Chapters 2, 3and 4 d this dissertation are & least
implicitly based onestimating or spedfying such a rule. Perhaps the best known example of
simple monetary palicy rules is the Taylor rule (see Taylor 1993, acwrding to which the
central bank shoud set the short interest rate by respondng to deviations of both inflation and
output from their desired target levels.

Originaly, the Taylor rule was foundto match the US interest rate series well, but since its
invention, the rule has become a popuar tod for modelling the esentia fedures of the
behaviour of central banks all over the developed world. The performance of the rule has aso
turned ou to be robust for the dhoice of the model charaderising the monetary transmisson
mechanism. These daraderistics include for instance whether the monetary pdlicy is
transmitted through the financial market prices or the aedit channel, whether the model is
badkward looking or forward looking, whether the exchange rate plays a role in the
transmisson mechanism or not, or how the nomina rigidities are modelled®. The second
advantage of the instrument rules like the Taylor ruleisits smplicity and transparency, which

also makesiit an efficient tool of communicaing the central banks' strategies™® %,

An alternative gproad to instrument rules like the Taylor rule & a basis for monetary palicy
would be forecast targeting — that is, setting the instrument variable of the monetary pdlicy in
a way that makes the central bank’s condtiona forecasts for its target variable(s) inflation
(and ouput) reat their chosen target values. This is an approadh promoted by Lars E. O.
Svenson. In pradice forecast targeting means just inflation targeting, and in line with this
approadh, some ourtries, like UK and Australia have followed the initial example of New
Zedand in 1990and started to cast their monetary palicy objedives smply in terms of a an
explicitly stated inflation target. The alvantages of the forecast targeting approach ower the
simple deasion rules is, first, that the former takes into acourt a large set of information,
whereas the Taylor rule contains only a small subset of the information avail able. Secondy, if

8 Sincethe SVAR modelli ng exercise of Chapter 2 focuses on the unexpecded part of the monetary palicy, the
underlying palicy rules of these models can be tharaderized as a central bank readion function in surprises, as
oppased to the Taylor rule in the strict sense of the word, which is more cncerned with the systematic part of the
monetary policy. SeeClarida (2001, p .3.

° SeeTaylor (1999

9 see g King (1999, p. 24

" The Taylor rule has sometimes been asciated with credibility problems, sincethere ae no mechanisms that
would adually bind the palicymaker to follow the rule. This criticism is not very convincing, after al. Instead of
being arigid, medhanicd ruleto be foll owed bindly, the Taylor rule provides a simple tool for summarising the
main cyclicd developments of the emnomy for use in connedion with other information sources.

1C



foll owed too medhanisticdly, the rules do nad all ow the extent of discretion diten necessary in

pradicd policymaking.

Acoording to Svensson (20023, pp. 2, the strategy of inflation targeting is defined by three
charaderistics: At first, the inflation target can be expressed numericdly, either as a target
range or as a point target. Seoondy, the dedsion-making process is based on the central
bank’s inflation forecast. Thus, when setting the stance of the monetary pdlicy, the inflation
forecast shoud be cmnsistent with the inflation target. Thirdly, the monetary palicy shoud be
transparent and acourtable. Allsopp (2001 in turn, hghlights the last of the aiteria by
pointing out that if inflation targeting is to be successul, the monetary palicy shoud stabili se

expedations of the markets concerning bath the inflation and growth.

Degspite its popuarity, neither the Fed na the ECB has defined their strategies in terms of pure
inflation targeting. The ECB rests on its famous two-pillar strategy, consisting of a
quantitative definition for price stability, augmented by a reference value for the growth rate
of M3 money and a broadly based assessnent of the outlook for future price developments in
the Euro area According to the Maastricht Treay, the ECB shoud also pusue other
objedives like high employment, bu only as long as it does nat interfere with maintaining
price stability, the primary objedive of the ECB. The Fed, in turn, daes nat have any explicitly
stated monetary policy strategy at al, athough in the Federa Reserve Act the bank has been
given the mandate of promoting “the goals of maximum employment, stable prices and
moderate long-term interest rates’. On the other hand, it has been argued that in pradice the
Fed (and the German Bundesbank before the birth of the ECB and common monetary palicy),

pursued a monetary pdlicy close to formal inflation targeting™?.

Even if the inflation targeting central bank’'s target was expressed entirely in terms of
inflation, the central bank can still also pu some weight on stabili sing the output gap. The
pasitive weight to the output gap under an inflation targeting regime can be motivated ontwo
grounds. At first, the output gap may have positive weight in the inflation targeting central
bank’s lossfunction. If the output gap is given some explicit weight in the inflation targeting
centra bank’s loss function, the inflation regime is often caled “flexible”, or “constrained”

inflation targeting. On the other hand, even if the eplicit weight put on the output gap target

12 5ee eg. Mishkin (1999 2002).

11



in the central bank's welfare function is zero (“the inflation nuter” case), the optimal palicy
still cdls ome atention to be paid to stabili sing output because of the information content that
the output gap may include ot the future inflation.*

What the optimal long-run target value for inflation shoud be, is gill an open question.
Despite their anti-inflationary preferences, it is not typicd for any central bank, even the
inflation targeters, to strictly follow the so-cdled Friedman rule*®, which states that the social
optimum is achieved if the inflation target is st simply at zero. There ae two classc
arguments in favour of asmall positive inflationtarget. At first, if thereis smeinflationin the
eaonamy, some flexibility for the red wages can be obtained even in the cae of short-run
wage rigidities present, as originaly put forward by Akerlof, Dickens and Perry (1996. While
at least with the US data the eampiricd evidence leares the degreeof downward rigidity of the
nominal wages an open issue™, there still remains the second argument that is more difficult
to refute: With a pasitive inflation rate, the zero boundfor nominal interest rates prevents the
central bank from achieving a negative red interest rate. This makes boasting the eonamy
under recesson a difficult, if not completely impossble task'®. Moreover, duing episodes
with falling prices, there is the danger of the eonamy faling into “debt deflation’, as
originally propased by Fisher (1933.

In this dissertation, questions related to the monetary padlicy rules are discussed explicitly in
Chapters 3 and 4. The sort of VAR modelling exercise of the first essy in Chapter 2 was
implicitly based onan assumption d a pdlicy rule with stable parameter values over time. The
relevance of this asaumption is discussed in the seond d the essays (Chapter 3), which
estimates Markov regime switching models for the Taylor-type monetary palicy rules of the
Bundesbank and the Fed to deted possble structural changes in the parameters of the rules.
Although empiricd maaoemnamic modelling seans to favour linea models, the nonlinea
models, such as Markov Switching, TAR or STAR models an to gain popuarity in

modelli ng financial time-series like interest rates.

13 For adiscusson on the output stabili cation objedive of inflation targeting central banks, see eg. Svensn
(20021.

1% Friedman (1969

'3 For adiscusson, seeMishkin — Schmidt-Hebbel (2001), p. 27.

18 Of course, the estimated pasiti ve responses to the output gap by the central banks could beinterpreted only as
readions to the information content of the output over the future inflation trends. Clarida & a. (1998 however,
provide empiricd evidence acording to which the output gap seemsto have been included in the readion
functions of the G3 central banks.

12



Chapter 3 extends the previous literature on estimated pdicy rules of the Fed and the
Bundesbank firstly, in that our nonlinea ecnametric model allows for endogenizing the
timing of the possble structural changes. It has been typicd for the previous dudies’’ on the
subjed to assume that the dates of these bre&ks are known a priori. The second contribution o
the study was to shed further light on the debate on the robustnessof the estimated Taylor type
palicy rules onthe exad definitions of the output gap and inflation.

Acoording to the results of Chapter 3, the pdlicy rules of the Fed and the Bundesbank have
experienced naable structural changes during the sample period, athough the interpretation o
the structural bre&s was not always easy. In light of this finding, the results from our first
essay shoud also be interpreted with caution, although the structural stability of the equations
of the SVAR model was tested. Some alditional evidence was also found suppating the
views of Orphanides (2001), Kozicki (1999 and Cera @ al. (2000 that the empiricd
estimates of the Taylor rule may be significantly sensitive onthe exad spedficaion d therule
and the data used in the estimations.

Chapter 4 studies whether the ECB shoud start to stabili se the exchange rate of euro. The
original motivation for the reseach problem was based onthe sharp depreaation d the auro
against the US dadllar that the euro facead after its launch in 1999,which onthe other hand hes
turned into a marked appredation after the the essay was completed. The study discusses the
desirability of an exchange rate target for the ECB both from the viewpoint of the whole union
and from that of a single member state. Thus, for its part the study extends the literature on the

optimal currency areas.

The way the cantral bank shoud read to exchange rate changes ultimately depends on the
nature of the exchange rate shocks. Consider, for instance, depredation d the airrency. If the
depreaation stems from pure portfolio shocks, the depredation is likely to raise inflation,
which cdls for higher interest rates. If the depredation, havever, results from red shocks, the
optimal resporse of the ceitral bank may be & well tightening or loosening the monetary
pdicy, depending on the exad nature of the shock. For example in the cae of a negative
terms-of-trade shock, which lowers aggregate demand through reducing demand for exports,

" See eg. Judd and Rudebusch (1998, Clarida and Gertler (1996 and Clarida & al. (1999

13



deflation is a more likely outcome than inflation and therefore lower, rather than higher
interest rates are needed.*®

Rogoff (2001J), in turn, argues in terms of a theoreticd model that because of trade friction,
both the global goods and capital markets are much lessintegrated than is commonly believed.
It follows that in a highly segmented goods market, only a small change in fundamentals is
needed to crede large but fully rational changes in the exchange rate. In addition, the changes

in the exchange rate have much lessfeadbadk to the red ecmnamy than is usually expeded.

What might then have been the ultimate fadors driving the exchange rate of the euro sinceits
launch at the beginning of 1999 The caises for the rapid depredation d the euro after its
introduction have been examined empiricdly by de Grauwe (2000. The study adually failsto
find any stable link between the fundamentals and the euro/USD exchange rate during the
sample period. Instead, the auro/lUSD rate seems to have been driven by the investors
expedations™® so that the marked weakening of the Euro rather resulted from more or less
irrational behaviour among investors than from the productivity differences between the US
and the auiro area Thus, the evidence was more in favour of pure portfolio, rather than red
shocks. If de Grauwe's reasoning is corred, one consequenceis that the dfeds of the entral
banks interventions may be wegker than commonly believed, since the investors

expedations beaome more difficult to influence

The previous empiricd evidence on the role of the exchange rate in the padlicy rules of the
largest central banks include Clarida & al. (1998. According to the results, the central banks
of Germany and Japan seem to have readed to deviations in their nominal exchange rates
against the US ddlar from purchasing power parity, athough the readion hes been small.
When interpreting this result, there ae, however, the same problems present as when
interpreting the estimated pasitive weight put on the output gap, since there might be
difficulties to separate the cae of the nominal exchange rate included in the palicy rule from

the cae where the central bank hes readed only on the information that the exchange rate

18 SeeMishkin and Schmidt-Hebbel (2001).

19 According to de Grauwe's reasoning, there is a grea uncertainty among investors about the relation between
the exchange rates and fundamentals. Because of this uncertainty, the exchange rate movements themselves
“frame” the investors beliefs of the fundamentals of the emnomies. Using these frames, agents tend to
concentrate on looking only at those eonomic fundamentals that can corrobarate their initial perception of the
fundamental strength of the emnomy. This process can continue urtil the discrepancy between the investors
beliefs and redity growstoo large and the agents have to find another fundamental to look at.

14



contains onfuture inflation’®. A spedal emphasis in Chapter 4 is put on the viewpaint of a
small union member state with a more open national ecnamy and asymmetric businesscycles
compared to the rest of the union. Thus, the study also contributes to the literature on ogimum
currency areas (OCA), originating in the seminal paper by Munddl (1961). The goa of the
OCA literature is to compare the benefits that a courtry achieves by joining a airrency union
against the asts from losing the oppatunity for independent monetary and exchange rate

palicies.

Beginning from the 1970s this literature has focused particularly on the problem of how to
adjust to asymmetric e@mnamic shocks faang the member states of a monetary union. In the
case of asymmetric shocks, the one-size-fits-all monetary padlicy of the common central bank
of the union may no longer suit al the member states. The timing and magnitude of the dfeds
of the monetary policy may also dffer among the member states if they have different
financia structures and wage-price processes. If the member states also dffer from ead ather
in their degree of openness against the world ouside the union, the exchange rate will play
larger role in the monetary transmisson mechanism of the more open courtries. Thus, for
these courtries, exchange rate aljustments could provide ashield for the e@namic shocks that
is lost when joining a monetary union. If there ae no aher effedive ajustment mecdhanisms
like trade linkages, high fador mohility or automatic fiscd stabilisers, the increased

adjustment costs for the e@namic shocks may grealy outweigh the benefits from the union.

The degree of asymmetry of the shocks fadng the member states of the EMU has been
examined e.g. by Bayoumi and Eichengreen (1992, 199%. In bah papers the aithors find a
core group d courtries with more highly correlated structural shocks than is faced by the
periphery group. As originaly put forward by Kenen (1969, the shocks fadng the regions of
the union are magnified if the manufaduring sedors of the eonamies are well diversified.
Krugman (1993, however, argues that after monetary unificaion, fadors sich as <de
sengitivity of produwction a reduced transportation costs may adualy dedine the
diversificaion d the production structures of the member countries. According to Mongelli
(2002 the production structures of most EU courtries ssem to be highly diversified, havever.
On the other hand, Tavlas (1994 argues that the empiricd evidence available seans to give

contradictory answers regarding the problem of symmetry. In Chapter 4 the @variance

2 SeeClarida (2007).
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structure of the shocks fadng the member courtry is estimated with the Finnish data. In this
case, mgjor asymmetries were foundand they turned ou also to be eonamicdly significant.

The previous empiricd evidence on the differences in the transmisson mecdanisms between
the EMU member courtries has been reviewed e.g. by Elboune d a. (2001 and Dornbusch
et al. (19998. Elboune ¢ al. focus on reviewing the evidence provided by the previous VAR
studies, while Dornbusch et a. considers a wider array of models, including eg. large
eoonametric models used by central banks. Both of the papers point out that the previous
findings on the monetary medhanism in Europe ae senstive to the seledion d the
eoonametric model. At least Dornbusch et a. (19989 concludes however that due to the
differences in the labour markets and financial structures, evidence ca be found suppating

significant diff erences in the monetary transmisson mechanisms of the member states.

Although the OCA literature serves as aworkhorse gproach in analysing the different aspeds
of monetary unions like EMU, the gproac can till be aiticised. Part of the aiticism stems
from the discusson concerning the ultimate nature of the determination d the exchange rates.
If the exchange rates are mostly driven by portfolio shocks andif are even prone to speaulative
bubles, then they no longer provide an efficient tod of adjustment. Accordingly, a stable
exchange rate introduced by the union in fad means a welfare gain in terms of reduced
uncertainty and lower interest rates. In addition, it may be agued that the different OCA
criteria to be met ex ante — symmetric shocks, openness fador mohility, fiscd federalism —
may in fad be endagenous variables. That is, the financial structures and labou markets may

adapt themselves to the new environment created by monetary union.

The theoreticd mode used in Chapter 4 represents the so-cdled new normative
maaoecnamic reseach that has rapidly gained popudarity in the field of applied reseach on
monetary palicy rules, bath among acalemics and central bank reseach departments?. It is
typicd of these models that they combine feaures from baoth the traditional ISLM type of
analysis, as well as from the models of the new open emnamy maaoewmnamics. The
traditional ISLM models perhaps ladk solid microeconomic foundition, bu as smple and
tradable models that often fit the data fairly well, they still serve & useful workhorses, at least

for applied reseachers. In short, the basic idea behind the new normative maaoecnamic

L For discusgon on such models, seeClarida & a. (2001) and McCallum (1999
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reseach is to cdibrate, solve and smulate smal maaoemnamic models that consist of a

simple monetary palicy rule and a set of equetions describing the rest of the eonamy.

The results of Chapter 4 suggest that monetary union as awhaole does not seem to benefit from
an exchange rate target, bu the ECB’s attempts to stabili ze the exchange rate of the euro may
reduce particularly the volatility of output of the single member courtry with a more open
eoonamy than the union on average. On the other hand, ou simulations reveded that the
asymmetries in the business cycle pattern rather than the asymmetries in the structures of the
eoonamies, may after all be a more important source for the poaer performance of the
member state. Thus, the conclusions of Chapter 4 of the dissertation are broadly in line with
the OCA literature.

1.3.The role of money in monetary policy

Beginning from the introduction d the quantity theory of money, money has been given a
prominent role in ecnamists’ thinking abou the transmisson medanisms of monetary
palicy. However, in the recent discussons on the optimal design of monetary pdicy, it has
been taken for granted that targeting the short-term interest rate instead of some monetary
aggregate provides the nominal anchor for the monetary pdlicy. Indeed, after the monetaristic
experiments in the US and in the UK at the turn o eighties, the interest rate has aimost
completely displacel the monetary aggregate & central banks' instrument variable. The debate
for and against using some monetary aggregate as the padlicy instrument of a central bank can
be organised around two necessary condtions that would have to be fulfilled in order for
monetary targeting to be aviable strategy for a central bank. At first, there has to exist a stable
money demand relationship. Seandy, the money supdy has to be an exogenous variable, that
is, it hasto be controll able by the monetary authority.

The first of the mndtions is related to Podle' s famous analysis (Pode (1970). According to
Podle, if the shocks fadng the eonamy mostly come from the red side of the eonamy, then
the monetary aggregates would adually serve best as the central bank’s target variables. If,
however, the shocks originate more from the money markets, then the interest rate would be
the best instrument. Intuitively, the first of the condtions can be explained by the fad that
with large velocity shocks in the money demand present, the relationship between money and
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the goal variables of the monetary pdlicy, like the GDP, dces nat hald. Failure to estimate a
stable money demand function pants out to the breskdown of the relationship between the
monetary aggregates and the goal variables at least in the US case, athough in the cae of the
ECB the numerous recent attempts to estimate an EMU wide money demand equation have
been more promising?®>. The evidence ®ncerning the secnd recessry condtion, the
endageneity of broad monetary aggregates such as M2 and M3, in turn, seems at least
unclea?®. All in al, the uncertainties regarding the two necessary condtions above have led

the palicymakersto unversally adopt the short-term interest rate a their target variable.

Although monetary aggregates would be uselessas instrument variables for the central banks,
they may still serve @ valuable indicators for future inflation. Even this role for money that
still depends on the degree of stability of the underlying money demand relationship has
recetly been under debate however®®. According to a recent empiricd study by de Grauwe &
Polan (2007), for example, even the long-run relation ketween inflation and the growth rate of
money seems to kbreak down for low inflation courtries. King (2002 however criticises such
literature & “tyranny of regressons’, that is, it relies excessvely on simple reduced form
econametric models instead of more structural econametric models. On the other hand,
Meltzer (1999 examines a number of deflationary episodes of monetary history and, even
relying on the simple regresson, succeals in finding evidence that the interest rate did na

fully represent the monetary transmisson processduring thase periods.

Allan H. Méeltzer and Mervyn King have recently argued that there may be important channels
other than the short-term interest rate through which monetary pdlicy affeds red adivity®.
They argue that econamists $houd reconsider the posshility that, controlling for the role of
the short red interest rate, money may have an independent role in the transmisson
mechanism of monetary pdlicy through its effeds on other asset prices than the short interest
rate. Theoreticd motivation for the link between the money and asset prices could be based on
the idea that, in contrast to the assumptions of traditional finance theory, the eguili brium
yields of the different assets may not be perfed substitutes and, acardingly, there may be
suppy effeds on financial yields. The suppy effeds are seen particularly in the risk premia of

2 See eg. Friedman and Kuttner (1996 and Estrella and Mishkin (1997) on the money demand of the Fed. The
stabilit y of money demand in the auro areais discussed in Kontolemis (2002).

23 seeMishkin (1999, p. 13.

4 For adiscusson, see &so Blinder (1999.

% SeeMeéltzer (1999 and King (2002.
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the yields (King (2002, p. 17). Further, King (2002 suggests that increase in the quantity of
money in the eonamy may reduce the transadion costs due to frictions in the financia
markets, and thus affed the financial yields. Accordingly, an increase in the supdy of money
makes investors redl ocate their entire portfolios of assets, which then contributes to aggregate
demand. Transadion costs also play a role in Nelson (2002, in which introducing portfolio
adjusting costs to a general equili brium model makes the long-term interest rate arelevant
oppatunity cost variable in the model. The presence of the long-term interest rate then
strengthens the link between naninal money and red aggregate demand in the model. Nelson
(2002 aso examines the link between base money and ouput empiricdly, finding indeed
evidence dou apasitive link between them.

Even in the faceof the @owve reasoning suppating the role of money in the eonamy, the
emphasis that the central banks put on simple sum monetary aggregates can be cdled into
guestion havever, since these monetary aggregates do nd appropriately take into acourt the
differing degreeof liquidity of their comporent assts. One solutionto bah the theoreticd and
empiricd criticism of the traditional monetary aggregates is provided by the Divisia monetary
aggregates, originally developed by Barnett (1980. The concept of Divisiamoney is based on
the ideathat the monetary aggregates shoud be weighted averages over their comporents ©
that the weights take into acount the different degrees of liquidity of the componrent assts.
Although the long-run reutrality of money implies that when the forecast horizon is extended,
the forecasts based onthe Divisia money and the simple sum money are likely to converge, it
would be expeded that because of its favourable theoreticd properties, the Divisia monetary
aggregates may include valuable aditional information abou the short-run inflation presaures

inthe eonamy.

The last of the essaysin Chapter 5 of the dissertation dscusses the potential role of the Divisia
money as a potential indicaor variable for the future inflation for the ECB. The exad reseach
problem of the study is to examine the relative information content of the Divisia M3 money
in predicting the auro areainflation dynamics, compared with the information content of the
simple sum M3 money. The empiricd method wsed in the study is Smulated ou-of-sample
forecasting. Because of the better theoreticd motivation, Divisia monetary aggregates offer a
tempting aternative for smple sum M3 as a source of information for future inflation in the
euro area Although it is the growth rate of the nominal money that the ECB is interested in, it
has recently been argued that the leve of the real money or the excessliquidity existing in the
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eoonamy, rather than the growth rate of nominal money might adualy possss the best
leading indicator properties for the airo areainflation™. Thus, in addition to the growth of
nominal monetary aggregates, ou study focuses on the forecasting performance on the red
money gap and money overhang — two monetary indicators that measure deviation d the

stock of red money from its equili brium values.

Acoording to the results of Chapter 5 then, some of the Divisia M3 money based monetary
indicators seem to contain more information abou the change of the future inflation than their
simple sum M3 courterparts, while nore of the simple sum M3 based indicaor outperformed
its Divisia money courterpart. Interestingly, the growth rate of the Divisia money yielded the
best forecasts, also ouperforming the red money gap and monetary overhang measures
cdculated for the Divisia M3 money. Although Chapter 5 focuses on forecasting change in
inflation rather than inflation itself, the results are interesting in light of the previous gudies
referred above, acording to which the red money gap and the monetary overhang variables
have outperformed the nominal growth rate of the (simple sum) M3 money in forecasting euro

areainflation.

1.4.Implications of the results

The introduction is concluded by briefly considering the passble padlicy implicaions of the
results of the diswertation. The dissertation kegins with an analysis of the transmisson o
monetary policy shocks between the US and Germany. The results mainly suppat the
previous findings on the fairly important role of the foreign fadors affeding the domestic
eoonamies. Perhaps the most interesting results were found in the output effeds of the
monetary paicy shocks, since the outputs of both courtries turned ou to dedine dter an
unexpeded rise in the short-term interest rate in the other of the ourtries. The result
contradicts the traditional beggar-thy-neighbou result, acording to which a courtry could
stimulate its econamy at the st of its trade partners: After a monetary shock in the home
courtry the outputs of the murtries sroud move in oppaite diredions, becaise of the dfea
the shock has on the exchange rate between the ourtries. In the light of our results it seams,
however, that the exchange rate channel is dominated by the other output eff eds of the shock.

% See eg. Altimari (2001), Gerlach and Svenson (2001) and Treaoci and Vega (2000
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The topic of the second essay was motivated by the methoddogicd discusson d Chapter 2,
since it examines the possbility of estimating stable linea padlicy rules for central banks by
trying to identify structural bre&ks in the estimated Taylor type palicy rules for the Fed and the
Bundesbank. Evidence suppating the eistence of some regime shifts in the padlicy rules of
the banks was indeal found. Furthermore, the results suppat the previous findings of the
sensitivity of the padlicy rule estimates on the exad model spedficaion and the data used to
estimate the model. Both results imply that one shoud be caeful when using simple anpiricd
palicy rules to model and interpret the behaviour of the central banks.

The Taylor type monetary padlicy rule dso motivated the third of the essays that discusses the
performance of a Taylor type pdlicy rule extended to aso take into acourt stabilising the
exchange rate dong with the standard targets of inflation and ouput gap. From the point of
view of the average performance of the whole union area the simulation exercise for its part
suppated the ommon view, acording to which central banks canna significantly increase
the performance of the eonamy by adopting an exchange rate target. A relatively more open
small member state muld, havever, benefit somewhat from a slightly more adive exchange
rate stabili sation. On the other hand, losing the oppatunity for an independent exchange rate
paicy turned ou not to be the only source for the possble sts from losing monetary
independence. Asymmetries in the businesscycle patterns between a member state and the rest
of the unionin fad seemed to be arelatively more important cause for the poarer performance

of the former.

Since the Taylor type pdlicy rules tend to be forward looking in reture, finding a set of
reliable leading indicaors for the target variables, particularly on the future inflation, is of
utmost importance The last of the essays that compared the information contents of the
synthetic Divisia and the traditional smple sum M3 monetary aggregates on forecasting the
euro areainflation suggests that the ECB shoud consider adopting the Divisia money based
monetary indicaors at least to be used aong with the traditional aggregates. Another
interesting finding was that, in contrast to some recent studies, when the Divisia money is
used, the nominal growth rate of money that the ECB has given such a prominent role does
indeed show a better performance relative to indicators measuring the ébundance of the red

money in the eonamy.
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CHAPTER 2

TRANSMISSON OF MONETARY POLICY SHOCKSBETWEEN TWO
COUNTRIES

An Empirical Analysiswith a Structural VAR Model

Abstract

The paper studies the transmisson d monetary policy shocks between the US and
Germany. The analysis is based on estimating a structural VAR model (SVAR) of
eleven variables: the short and long term interest rates, industrial productions, inflation
rates and the growth rates of M3 monetary aggregate of bath courtries, as well as the
nomina DEM/USD exchange rate. The identifying restrictions of the mode are
conreded to the traditional open emnamy ISLM type models. The most important
results are & follows: After a negative US monetary palicy shock, the outputs of both
courtries dedine, which contradicts the beggar-thy-neighbour result. The nominal USD
appredates against the DEM, and the long-term interest rates dedine. The dfeds of the
German monetary palicy shock closely resemble the US results above. The outputs of
both courtries gill sean to dedine in bah courtries but surprisingly, the output effed
of amonetary pdlicy shock is greaer from Germany to the US than the other way round.
The DEM appredates and the long term interest rates read with an initial rise, after
which they fall.

KEY WORDS:. monetary transmisson, monetary policy shocks, VAR models.
JEL Clasgfication: E52,E58,F42
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1.INTRODUCTION

The US and the EMU form two large aurrency areas, which are related to ead ather by
international trade and capital flows'. The interdependence between the two currency
aress, however, is asymmetric in the sense that fluctuations in trade and capital flows
from the US to Europe have traditionally had a stronger impad than the other way
round. The US interest rates, in particular, are seen as a dominant fador affeding the

European interest rates.

The purpose of this gudy is to examine empiricdly the extent and mecdhanisms of
international transmisson d monetary palicy shocks, bah from the US to Europe and
the other way round. As an eonametric method | use the structura vedor-
autoregresson (SVAR) model that describes aworld consisting of two large eonamies
and two main currencies. The idea behind SVAR modeling is to identify structural
eoconamic shocks by imposing a set of restrictions to the cmntemporaneous (or long-run)
interactions of the model variables’. After the model has been spedfied, the impads of
the monetary shocks are analyzed by means of impulse-resporse analysis. The variable
set of the model consists of the short and long term interest rates, money stocks,
inflation rates and ouputs of both courtries, as well as the nominal DEM/USD
exchange rate. Because of the mnsiderable difficulties in aggregating the data from all
the EMS courtries to single European variables, Europe is represented in this dudy by

only one dominant European courtry, namely Germany?®.

The emphasis in SVAR modeling is placal on d/namic interadions, the dfeds of
shocks and data-oriented model building, rather than on issues related to testing the
hypathesis of individual parameter values or elasticities. The eonamic theory is
conreded to the enmpiricd model quite loosely and informally, and the link between the
theoreticd and estimable model is mewhat heuristic in nature. The identifying

!In the auro area the share of exports of goods and services over GDP was 19.7 %, and the share of
imports 18.8 %. (SeeGaspar and Issng, 2002 p. 343) Inthe US, the corresponding figuresare 11.0 %
and 158 %. (Source NBER.)

2 Structural shock refers here to a shock which can be contributed to a change in only one single model
variable.
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restrictions of the SVAR model are usually not diredly implied by any single theoreticd
model, whil e one set of identifying restrictions may be cnsistent with awhae family of
theoreticd models at the same time. Hence, no single maao model can be foundas a
theoreticd framework for my study. Instead, the identifying restrictions are seleded in a

way, which is consistent with a broad classof models sharing some important common

properties.

Examples of previous gudies on the transmisson d the US monetary shocks onforeign
output, inflation a the exchange rate of the US ddllar are provided eg by Schlagenhauf
and Wrase (1995, Eichenbaum and Evans (1995 and Heimonen (1999. Thefirst of the
studies use unconstrained VARSs to describe the time series relations between interest
rates, exchange rates and ouputs of some OECD courtries. According to the estimated
impulse-resporses, a negative shock to US monetary pdlicy is asociated with increases
in many foreign interest rates. The dfed to the US output was first paositive but
eventually the US output dedined. The foreign ouputs for Germany, Canada and France
responckd initially positively to the negative monetary shock but eventually foreign
outputs also dedined. All of the estimated impulse resporses indicaed persistent effeds
of the shocks, athough the foreign ouputs responced to the monetary palicy shocksto a

lesser extent.

The dfeds of the US monetary shocks on (both naninal and red) exchange rates is
discused by Eichenbaum and Evans (1995. They found that a ntradionary US
monetary shock leads to sharp, persistent increases in US interest rates and sharp,
persistent deaeases in the spread between foreign and US interest rates. The results are
inconsistent with the standard rational expedations overshoaing model becaise the
appredation d the ddlar was nat temporary, insteal the dollar continued to appredate
for a mnsiderable anourt of time. Heimonen (1999 in turn, investigates the extent of
monetary autonamy of the EMU area and the US. The study focuses on the significance
of the foreign money supdy processto damestic inflation. It is carried ou by impulse
resporses, tests for Granger causality and cointegration analysis. According to the

tentative results, the US money suppy does not sean to affed EU-wide inflation in the

% Discusdon about the difficulties related to using the European wide variablesin the VAR model is
provided by Monticdli and Tristani (1999, pp. 1 -3 and 6- 7.
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short run. The wintegration analysis reveded, that the trends in EU inflation are
independent of the US money supdy / inflation processes even in the long run. The long
run autonamy of the US monetary pdlicy, however, came into question sincethetrendin

the USinflation was affeded by the European money suppy andinflation.

2.METHODOLOGY
2.1.1dentification of monetary policy shocks

There has nat yet been a wnsensus in the literature on the problem of identifying the
purely exogenous monetary palicy shocks from the endagenous comporents of the
monetary policy.* Here we follow closely one spedfic identification strategy proposed
originally by Bernanke and Blinder (1992. This identificaion strategy assumes first,
that there is sme good single measure of the monetary palicy stance available. Then,

the “true” structure of the e@namy can be modeled as foll ows (seeBernanke and Mihov

(1999):

K K
(2.1 Y, :EOBth—i +E‘0Ci P +AYVY

k k
(22 p, = E)Dth—l +§lgi P V7,
where Y, denates the vedor of nonpdicy maaoemnamic variables, and p,is a

variable indicaing the monetary palicy stance Thus, equation (2.2) can be interpreted
as the padlicymaker’s readion function (or feedbadk rule), which charaderizes relations
among current and pest Y:s and ps that hold exadly, when there ae no shocks in the
monetary palicy. Equation (2.1) then, describes the dynamics of the non-pdlicy sedors

of the eonamy. The vedor v{ andscdar v/ are mutualy uncorrelated structural error

terms that refled the nonpalicy sources of variationin the eonamy.

* For adetail ed discusson concerning the dternative gproaches, seeChristiano and al. 1998 pp. 3 - 4.

33



When it comes to the dhoice of the monetary pdlicy variable p,, the monetary policy

shock is defined as an urexpeded ore time diange in the short term interest rate under
the centra bank’'s control. The identification d the monetary pdicy shocks now
involves making enowgh identifying assumptions for estimating the parameters of
padicymaker's readion function. These necessry assumptions involve aumptions
abou the variables the monetary authority is interested in when setting the monetary
stance and assumptions about the policymaker’s operating instrument.> One dso must
make an assumption abou the way the monetary padlicy variable (p) and hence the
monetary palicy shocks, are related to the variables in the feedbadk rule.

2.2.Estimation of the monetary policy shocksusing SVARs

To illustrate the identificaion d the structural shocks in SVAR modding, it is
convenient to denote both the palicy and nonpdlicy variables of the emnamy by k-
dimensional vedor of variables (Z,). Now equations (2.1) and (2.2) describing the

“true structure” of the eonamy can be written as areduced form VAR mode!:
(23 z,=B,Z,_, +..+B,Z_, +u,, Euu, =X,
where Z, =[Y,,p,]’, B, :sarekxk matrices and g>0° (k = the number of variables).

It is possble to oltain consistent estimates of B,:s smply by runnng OLS for every
single euation in (2.3). Covariance matrix X can then be estimated from the fitted
residuals. Each element of the vedor of error terms (u,) consists now of a linea
combination d the dfeds of al structural econamic shocks. This relationship between

the reduced form VAR disturbances u, and the structural emnamic shocks can be

® There ae & least threeposshble intuitive eonomic interpretations for a monetary policy shock: First, the
monetary policy shock may refled exogenous shocks to the preferences of the monetary authority.
Seaondly, the variation in central bank’s adions may refled the strategic considerations arising from the
desire to avoid disappanting private agent’s expedations. The third source of monetary palicy shocks
may be the technicd fadors like measurement errors.

® This chapter foll ows closely Christiano, Eichenbaum and Evans (1998, pp. 7 - 10.
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expreseed as A u, =¢,. A, isaninvertible, square matrix and Ee & ; =D, whereD is

apositively definite matrix.

The structural form representation o VAR is obtained by premultiplying (2.3) by A,:
A AZ =AZ +..+AZ _, +g,
A, isa k xk matrix of constants, i=1,...,q , A =A,B;,i=1,....gand L = A;'D(A") .

For computing impulse resporses of variables in Z, to the structural shocks ¢, it is
necessary to know bath A, and B, :s. Whil e the parameters of B, :scan be estimated by
OLS, oltaining A, isnat so straightforward. The only information about A in the data
is given by the eguation £ = A;'D(A;) , in which there ae many solutions for A,.
Hence, in order to identify A, some restrictionsfor A, itself and D are neaded. It isa

standard assumption to set D = |, which corresponds to the asumption that the

structural econamic shocks, &, :s, are uncorrelated with ead ather. Now, in the set of

solutions
(25) Q; ={A,: A(A) =3}

A, dill has k* parameters while there ae only k(k+1)/2 dstinct numbers in £. This
implies that in addition to the restriction D = |, we must impase n(n-1)/2 identifying
restrictions on A, so that there is only one dement in Q, satisfying them. These
identifying restrictions form one necessary assumption for the exad identificaion o the
model parameters. Under- or over-identificaion d the model can then be tested by
numericd methods, and the parameters of the model (2.4) can be estimated by
maximum likelihood estimation. The identificaion d the monetary palicy shocks in
many previous VAR studies in the dosed ecnamy context has been based on an
asumption d reaursive structure of the emnamy so that the central bank’s instrument

variable responds to all the other variables of the model, which in turn are not
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contemporaneously affeded by the palicy variable’. Choleski approad is a special case
of these identification schemes: Given a pasiti ve definite symmetric matrix X, thereisa

unique fadtorizationinto A, (A;') =X, suchthat A, isalower triangular matrix with

paositive diagonal elements. The Choleski decompasition in fad implies a wmpletely
reaursive structure between the model variables, so that all the simultaneous feadbadks

between the variables are excluded from the model.

The asumption that the centra bank’'s padlicy variable does not contemporaneously
affed the rest of the eonamy causes ome difficulties in open emnamy settings,
however®. Although it may be aredistic assumption in the U.S. case that the central
bank reads only to changes in damestic variables (See eg. Eichenbaum and Evans
1995, this may nat be the cae for econamies more open than the US. In an open
eoonamy, monetary paicy may contemporaneously affed the rest of the eonamy
through the @ntemporaneous changes it induces to the exchange rates. Thus, in
Cushman and Zha (1997 and Kim and Roubini (1995, for instance it has been
asaumed that the centra bank daes not only look at predetermined variables when
setting its palicy instrument but also at the cntemporaneous values of variables like the

exchange rate, which are not orthogonal to the monetary shocks’.

2.3Theoretical framework

From a theoreticd point of view, identifying restrictions used in this gudy are loosely
based on the traditional open emnamy ISLM framework in the sense that the basic
structures of the two econamies of the model can be summarized by means of three
equili brium condtions: One for goods markets, ore for money markets and ore for
labor markets describing the aljustment for prices and linking the determination o
prices and ouputs together. The ISLM model, howvever, may not be held as any

complete and urique description d the theoreticd framework of this gudy. For

" In terms of the Equations (3.1.) and (3.2.), this assumption would simply mean that C, =0, (see

Christiano et al. (1998 p. 14).

8 Sims (1998 has criti cized the reaursivenessassumption as unredistic in the dosed eanomy context.

® For amore detail ed discusson on the redisticity of the reaursivenessasaumption in the open ecnomy
context aswell. (SeeGirilli and Roubini (1996, pp. 856— 857 and Christiano et al. (1998, pp. 27— 28.)
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example, it is asaumed that the commodity prices and ouputs are fixed relative to the
immediate effeds of the monetary padlicy shocksin ore period haizon. The ISLM type
models have lately been criticized fiercdy as lading solid microeconamic foundations.
The empiricd relevance of the ISLM model has been studied by Gali (1992 who,
however finds suppat for the enpiricd relevance of the ISLM-Philli ps curve paradigm
as adescriptive tod at least for the postwar US-data. Rapad (1998 and Morticdli and
Tristani (1999 provide other two examples of previous gsudies with an ISLM type

theoreticd framework behind the spedfication d a VAR model.

The variable set of the model consists of the outputs, inflation rates, short and long-term
interest rates and the money supgies of the two courtries, aong with the nomina

USD/DEM exchange rate. The restrictions imposed on the wefficient matrix A, are

represented in Table 2.1 in the next page. The unrestricted parameters are denoted by
1's, while the O's refer to the zero restrictions. The restrictions were seleded after
testing severa dightly differing aternative sets of restrictions. The diff erences between
these dternative structuralizations were mainly related to the spedficaion d the
“duggish sedors’ of the eonamies. Thus, the readion functions, the money demand
equations as well as the exchange rate equation do na considerably change between the

spedfications.®

The final chaice between the dternative sets of identification restrictions was based on
the informal criterion for plausibility and reasonablenessof the impulse resporses. This
criterion daes nat differ in any significant way from what has commonly been dore in
empirica reseach in econamics. The model is adjusted urtil it both fits the data and
gives reasonable results and is thus theoreticaly accetable.* Hence if the estimation
seamed to yield results that are overall unamenable to any ecnanmic interpretation, this

was considered as asign of misgedficaion d the given structurali zation.

The previous VAR literature has become familiar with a set of puzzling impulse

resporses, obvously resulting from spedfication errors in identifying the monetary

1% The money demand equations were estimated bath with and without the long term interest rates. The
problem whether to include the foreign output in the readion functions was also solved by comparing both
spedficaions.
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palicy shocks. These spedficaion errors in turn, can be explained by the difficultiesin
extrading al the other significant determinants of the seleded monetary palicy variable
from the pure pdlicy effeds.

Perhaps the best known of these previous anomalious findings is the so cdled price
puzzle, in which an expansionary monetary shock is assciated with strong and
persistent dedine in the price level*?. Price puzzle may be interpreted as refleding the
impads of the increased inflation expedations, which result in the tightening of the
systematic part of the monetary padlicy. If the information set of the estimated readion
function daes not capture these expedations, a part of endagenous part of the monetary

palicy will be misinterpreted as representing a shock to the palicy.

Including the nominal exchange rate anong the variables in VAR has given rise to two
additional puzzles, namely the exchange rate and forward discount bias puzzes. The
exchange rate puzzle refers to the empiricd findings, acording to which the arrencies
of some G6 courtries have temporarily depredated against the US ddlar after a
monetary contradion. In the cae of the forward discount bias in turn, a monetary
contradion hesfirst induced a pasitive interest rate differential, which is then associated
with a persistent appredation d the domestic aurrency. This appredation, in turn,

impli es afail ure of the uncovered interest parity condtion

2.4Theidentification restrictions

To avoid the under-identification problem, the number of the zero restrictions sroud be
at least (n * (n-1)) / 2, where n isthe number of variables in the model. Because the final
mode adually includes 56 insteal of 55 zero restrictions, it’s exad identifiability had to
be deded by numericd methods (see Appendix 1V). According to the results, the
moded seemsto be exadly identified.

1 See eg. Legoer and al. (1996 pp. 3-5.
12 See eg. Litterman and Weiss(1985 and Sims (1986
13 See eg. Eichenbaum and Evans (1995 and Grilli and Roubini (1996

38



Table 2.1.1dentifying restrictions

r r M M® | e R R P P Y Y
r 1 1 1 0 1 1 0 1 0 1 0
r’ 0 1 0 1 1 0 1 0 1 0 1
M 1 0 1 1 1 1 0 1 0 1 0
M* |0 1 1 1 1 0 1 0 1 0 1
e 1 1 1 1 1 1 1 1 1 1 1
R 1 1 1 0 1 1 1 0 0 0 0
R’ 1 1 0 1 1 1 1 0 0 0 0
P 0 0 1 0 1 0 0 1 0 1 0
P’ 0 0 0 1 1 0 0 0 1 0 1
Y 0 0 0 0 0 1 0 1 0 1 1
Y’ 0 0 0 0 0 0 1 0 1 0 1

The rows of the table refer to the wefficients of the contemporaneous values of the 11 explanatory
variables (shown in columns) in the 11 VAR equations. If the wefficient is unrestricted, it is denoted by 1

while O refer to a zeo restriction. r = cdl money rate, r’ = federal funds rate, M = the growth rate of
German M3, M " = the growth rate of US M3, € = the nomina DEM/USD exchange rate, R= the
German long term government bond rate, R’ =theUS long term government bond rate, P = the German

inflation, P" = the US inflation, Y = the German industrial production, Y = the US industrial
production.

The first two rows of the matrix correspond to the readion functions of the central
banks of the Fed and the Bundesbank, with short-term interest rates as their palicy
instruments'®. The readion functions can be interpreted as variants of a Taylor-rule type
padlicy rule, although in the spedficaion d Table 2.1 the central banks read to larger
sets of variables compared with the original Taylor rule, which has only inflation and
output gaps as its arguments™. The spedfication here mrresponds to an assumption that
the palicymaker considers a broad array of information when forming expedations of

inflation and ouput, in addition to the own histories of these variables.

4 The identification of the readion functions has been influenced by the empirica results of Clarida and
a. (1998, who estimated readion functions for Germany, Japan, the US, France, Italy and UK. Their
spedfication of the readion function was aso consistent with many theoretica studies about central bank
behavior with quadratic lossfunctions over inflation and output.

15 Since the SVAR modeling focuses on the unexpeded part of the monetary palicy, the first two
equations of the model could best be charaderized as central bank readion functionsin surprises, as
oppased to the Taylor rule in the strict sense of the word, which is more @ncerned of the systematic part
of the monetary palicy. SeeClarida (20017), p. 3.
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Because the model is estimated with monthly data, the readion function shoud only
consist of variables from which there ae red-time information avail able to the central
bank within ore month’s time. In pradice, the problem boils down to the question
whether to include contemporaneous values of outputs and prices themselves in the
readion functions or not. According to previous reseach, it is not clea how much
forma or informa information the monetary authority can colled abou the
contemporaneous values of those variables'®. Partly motivated by the neel to avoid too
large anumber of zero restrictions, the amntemporaneous values of the domestic output

andinflation are, howvever, included in the readion functions.*’

The money stock, long-term interest rate, ouput and inflation d the respedive foreign
courtry are omitted from the readion functions of bath central banks smply becaise
these variables are assumed nd to be of interest to the policymakers. The spedficdions
of the readion functions differ from ead aher in that the Bundesbank is expeded also
to look at the foreign short-term interest rate while the Federal Reserve is not. The
domestic long-term interest rates are included to the readion functions because the long

rates may refled information about expeded inflation.

The third and the fourth row charaderize the money demand equations of the @urtries.
In bah courtries the dcange in demand for nomina money is affeded by the
contemporaneous values of output, inflation, foreign money growth, naninal exchange
rate and nanina short and long term interest rates™ of the respedive ourtry™. This
spedficaion d money demand s close to the standard spedfications where the demand
for red money depends on the short-term nominal interest rate and ouput. Theinclusion
of the foreign money in the money demand equations is theoreticadly motivated by the

18 According to Eichenbaum (1999 for instance, the assumption that the Federal Reserve looks at the
current output and pricelevel when setting the monetary palicy stance seams at least as plausible &
asauming that it does not.

" For amore detail ed discusson of the reasonablenessof thiskind of restrictions for the central banks
information set, seeSims et a. (1998, p. 25, or Christiano, Eichenbaum and Evans (1998, p. 18.

181t is asumed in this pedfication of the money demand that the two alternative a%tsto the ayents are
cash and bands. Hence, the oppatunity cost of holding cash balances is the nominal rather than red
interest rate.

¥ The red balances are implicitly defined in terms of consumer prices. Hence, the mefficient of the
nominal exchange rate is not restricted to zero in the money demand equations.
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need to take into acmurt the aurrency substitution and the growth rate of world money

for the money demands of the urtries™.

The row describing the determination d the nominal DEM/USD exchange rate (e), is an
“information market equation”, which contains al the variables contemporaneously.
The motivation kehind this kind d spedfication for the determination d the exchange
rate is based on the idea that in efficient exchange markets the exchange rate can
respond quckly to al relevant information in bah courtries. The spedficaion is
inspired by the examples of Cushman and Zha (1997 and Sims (1996 and the equation
refleds the existence of disturbances to the private sedors of the courtries that cannat

be defined in terms of the sticky nonfinancia variables included in the moddl.

The next two rows describe the determination d the long-term interest rates. The
inclusion d the long-term interest rates as variables to VAR is motivated by three
considerations. Firstly, there ae some apriori reasons to believe that for many long-
term consumption and investment dedsions, the long-term interest rate shoud be a
variable of more interest than the short runrate (see eg. Taylor (1995, p. 17. Secondy,
as has been argued by Grilli and Roubini (1996, the movements in long-term interest
rates might be caturing agents expedations abou long-term inflationary trends.
Finally, according to the empiricd evidence provided by Bagliano and Favero (1998,
the ntemporaneous long-term interest rate may be relevant variables in the
policymaker's readion function? The long-term interest rates of both courtries are
asaumed to respondcontemporaneously to movementsin all other interest rate variables
of the model, in the exchange rate and in the money suppy growth of the home courtry.
Just like the nominal exchange rate, the long-term interest rates are aumed to be
determined in the cepital markets, refleding a broad array of information d different

variables aff eding the investor’ s expedations.

20 For adiscusson about the foreign money supply for the monetary autonomies of the US and the ERM
courtries, seseHeimonen 1999 p. 2. For amore general discusson about the international currency
substitution, seeMcKinnon (1982).

L There is adually one problem in including the long-term interest rate & a variable in the VAR model
designed to study monetary transmisson which is related to distinguishing the structural shocksto long-
term rates from structural shocks to short-term rates. This identificaion problem is due to the feedbads
between interest rates of the diff erent maturities.
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Rows 8 —11 constitute the sluggish sedors of the two ecnamies. The variables in this
block are ssumed nd to respond contemporaneously to monetary innovations, bu
instead, to be predetermined relative to the monetary policy shocks.?> According to the
rows 8 and 9, inflation is driven by the cntemporaneous domestic output levels,
changes in the growth rates of money and the exchange rate. The last two rows of Table
3.1 refer to the outputs (indwstrial productions) of both courtries (Y andY’). The
outputs are suppased to be dfeded contemporaneously by the domestic long term
interest rates and inflation rates. In addition, the German ouput is suppcsed to instantly
read to changesin the US output, bu not the other way round.

3.REDUCED FORM VAR

3.1.Data

Estimating a SVAR model requiresfirst estimating the VAR model init’s reduced form.
The reduced form VAR mode is estimated using monthly data over the sample period
19741 to 199810. The sample period starts shortly after the llapse of the Bretton
Woods g/stem and the beginning of the flexible exchange rate regime between the US
and Germany. The number of observations is 297. The source of the data has mainly
been the IMF financial statistics CD-ROM except for the German M3 monetary
aggregate time series, which was provided by the German Bundesbank. Seasonally
unadjusted data is used whenever it has been avail able to avoid the lossof information
caused by filtering which may also crede some atificia structure to the time series
processes. Exceptions had to be made with the output series that are seasonall y adjusted
by IMF. The data set of the model consists of the following series:

%2 The spedfication where the monetary policy variable is assumed not to have ay contemporaneous
effed on thered sedor variablesisin acordance with many previous empiricd studies (Gali 1992 Sims
1998etc.) which assume some kind of inertiain the red variables. Sims (1996 provides discusson about
the significance of this pedficaion for the identifiability of the VAR model.
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« Logarithmic levels of industrial production volume indices of both courtries®®
These series are seasonally adjusted because of difficulties in oltaining seasonaly
unadjusted data. The dchanges of induwstrial productions refled changes in GDP
which would have been more natural choice of variable. However, it was not
passble to find monthly data of the GDP.

e Short term nominal interest rates of the curtries. The representative German
short rate is the cdl money rate, while federal funds' rate represents the US short
rate. Both of these interest rates are ‘day to day rates refleding the borrowing costs
in the interbank lending market. The series are seasonally unadjusted and expressed

onlevels.

* Longterm nominal interest rates of both countries, a'so onseasonally unadjusted
levels. Both rates are 10-yea government bond rates and bdh the short term and

long term interest rates are expressed as monthly averages.

o Seasondly unadjusted logarithmic diff erences of the consumer priceindices of the

courtries.

» Seasondly unadjusted logarithmic differences of M3 monetary aggegate of bath

courtries.

e The nominal DEM/USD exchange rates on logarithmic levels. The figures are

monthly averages.

The datais represented as line graphs in bah levels and dfferencesin Appendix I. It is
known a priori, and it can be seen in the graphs, that some important institutional
changes have taken place during the sample period. The most important possble
structural bre&ks can be listed as foll ows:

Znal of theindex numbers used as variables the base yea is 1990(=100).
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e Inthe periods 1973— 1975and 1978~ 1980,the western econamies were hit by two

oil priceshocks, which resulted in asharp rise in bah inflation and uremployment.

o Attheturn o the 1970s andthe 1980s, strict monetarist principles were introduced
into US monetary pdlicy, due to an attempt to fight against inflation. In pradice, the
regime shift was implemented by changing the operating procedures of the Federal
Reserve from interest rate targeting to the targeting of monetary aggregates. The
years from the late 70's to mid 80s were dso a period d sharp and stealy
appredation d the US ddllar against DEM due to the sharp rise in the US interest

rates.

 The reunificaion d Germany at the beginning of 1990 made the monetary
management a more complex isaue for the Bundesbank. For example, the one for
one aurrency exchange resulted in a pe&k of 13% in the German M3 aggregate
within a single month. The resporse of the Bundesbank to this increase in the money
stock was the agressve tightening of the monetary stance, which for its part
contributed to the wll apse of the EM S system in September 1992.

The graphs of Appendix | show that probably there ae deterministic trends in the series
of price levels, industrial productions and money supdies of bath courtries, as
expeded. In addition, a visua inspedion d the German M3 graph shows evidence of
seasonal comporents in the respedive data generating process It is natural also to
exped some seasondlity for the US M3 and the outputs and prices of bath courtries.
There is, however, no reed to remove the deterministic trends before estimation d the
VAR model, because in the VAR modeling it is possble to approximate avariable with
a trend with a sum of random walk and a drift**. The posshle seasonality in the
variables, if necessary, can be taken into acourt simply by including seasonal dummies
to the estimable VAR model.

24\When a VAR model with a mnstant and a deterministic trend contains one or more variables that are
random walks with drifts, the estimators of the parameters other than the deterministic trend vector will be
consistent. (Starck, 199Q p. 41.)
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The preliminary data analysis was supdemented by looking at the skewness and
kurtosis of the series, as well as the crrelograms (the results not reported). The
variables appeaed clealy not to be normally distributed, whil e skewness £emed to be a
more difficult problem than kurtosis. The correlograms of the series siow pe&ks in the
first partial autocorrelations while the autocorrelations die avay very slowly. The result

may be interpreted as an obvious sgn of the existence of unit roatsin the processs.

The order of integration d the variables was examined by the ADF-, Phili p-Perron and
KPSStests. Grea caution must be exercised in interpreting these results, on the other
hand, because of the low power of the unit root tests. The results of the unit root tests
are summarized in Table I1.1 in Appendix II. All variables except cdl money appea to
be integrated at least of order one (I(1)) in 1% significance level acarding to al of the
tests. For cdl money, however, neither the null hypotheses of stationarity nor the null of
unit root are rejeded. These @ntradictory results can be interpreted as showing that the
time series has not been long enowgh to properly capture the long run properties of the
data

For pricelevels and M3:s of bath courtries the ADF tests do nd rejed 1(2):nessat 5%
significance level. In addition, the KPSStest rgjeds I(1):nessat 5% level for prices of
both courtries and US M3. Further, there is also some previous empiricd reseach
which provides some suppat for spedfying these variables as 1(2). Jusdlius (1999
suggests that inflation follows random walk?®® and Gali (1992 and Rapach (1999
spedfies M1:s to be I(2). Thus, the spedficaion d the VAR model was based onthe
conclusion d one unit roat in all variables except the prices and the M3:s which are
modeled as 1(2):s.

In the cae of norstationary variablesin the VAR modd, there are three dternative ways
to proceal in the analysis. At first, it is possble to estimate a stationary VAR by
differencing the norstationary series before estimation. The seaond pashility to handle
norstationarity is sSmply not to care @ou it and estimate the model in levels. The OLS
regressons of the equations in the VAR mode yield consistent, athough inefficient

%5 Juselius (1999 provides a more detail ed explanation why the prices sould in general be modeled as
1(2).
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estimates of the parameters describing the system’s dynamics even in the cae of (1)
variables (Philli ps and Durlauf 1986,Hamilton 1991, p. 652), and the primary goal of
VAR anaysis is just to investigate the dynamic relationships between variables, na to
yield exad estimates of the model parameters®®. Moreover, in the cae of cointegrated
system with trends in the variables and with some alditional precondtions fulfill ed,
OLS is a superconsistent estimator?’. In addition, Sims and al.(1987) have showed, that
the LR test for lag length has the usual asymptotic distribution, when the test concerns
linea restrictions on coefficients on mean zero stationary regressors. Cointegrated
variables would also make it possble to estimate the model in an error corredion

(ECM) form, which is the third way to handle norstationarity.

The wmintegration properties of the model variables were examined bah by looking
what econamic theory and previous empiricd reseach have to say, and by formal
testing using the Johansen cointegration test. (For the details of the mintegration
analysis, see Appendix Il). Summing up the results, the variables ®en to be
cointegrated, athough the apriori information and the formal testing provided fairly

contradictory results for the exad number of cointegration relations in the data.

The dternative methods to examine the wintegration rank of the variable set produced
rather conflicting results, which might lea to incorred spedficaion d an ECM model
and make the results difficult to give apredse eonamic interpretation. Thus, ou
problem of handling the norstationarity in the data is reduced to a dioice whether to
estimate the model in levels or differences. Although the exad number of cointegration
relationship remains unclea, the existence of the mintegration ketween the variables
implies that estimating the model in dfference form would lead to omitting valuable
information about the long run properties of the data, and hence to misgedficaion o

the moddl. From the gparent existence of cointegration between the variables it

%6 Philli ps (1998, however, has sown that the estimated impul se responses of the urrestricted VAR:s
with some unit roots are inconsistent in the long run. Chan et al. (1977, in turn, have shown that if the
components of VAR include random walk components and the model is estimated in levels with
deterministic trends, low frequency movementsin the estimated impulses will be exaggerated and high
frequency movements will be atenuated.

27 Superconsistent estimators converge & arate n instead of the usual \/ﬁ , where nisthe sample size
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therefore foll ows that we estimate the VAR in logarithmic levels® except for the 1(2)

variables, which are included to the model as differences.

3.2.Building and testing the reduced form VAR

The lag length o the reduced form VAR model was examined firstly by the LR tests to
deted the possbility to sequentialy drop ou lags from the model, secondy by the AIC,
SBC and HQ information criteria® and thirdly, by examining the statistica properties of
residuals of the equations. (To save space the detail s of the information criteria and the
LR tests are not reported.) The outcomes of the two dff erent methods for testing the lag
length conflicted sharply with ead ather, however, since the LR tests proposed using
long lag structures, while the information criteria suggest more parsimonious
spedfications with two (AIC) or three(SBC and HQ) lags.*®

The eamination d the residuals also suggests estimating a model with long lag
structure, because the residuals of the equations for the short interest rates tend to show
signs of autocorrelation when short lag structures are used®’. The desire to save degrees
of freedom, however, finally led us to adopt a short lag structure of four lags®. With this
lag structure, the stability of the eguations and the statisticd properties of the residuals
are improved, compared to the dternative of threelags recommended by the information

criteria’>,

28 For aproof of the mnsistency of VAR representation in levels when there ae mintegrated variablesin
the system, seeHamilton (1994, p. 579.

29 Pallsen (1984 has own that both the SBC and HQ information criteria ae weely consistent in the
case of variables with unit roats. AIC, however, has been shown to overestimate the true lag order with
pasitive propability irrespedive of the existence of any unit roots. (see &so Janson 1994 pp. 35-36.)

% Clarida and Gertler (1996 solved the problems in choosing the lag length, due to a large number of
parameters relative to the length of sample period, by including only the lags 1,2,3,6,9 and 12in their
model. For comparison, this kind of staggered lag structure was adopted also here. Only the AIC criteria
preferred the model s with staggered lags to models with full | ag structures of threeor four lags, however.
31 The normality of the residuals was examined with the Jarque-Bera statistics and the results sowed non-
normality in most cases irrespedive of the lag structure

32 One reason for rejeding the long lag structures was that the impul se responses estimated with the long
lag structure of the lags 1-8 and 12 overall yielded impulse responses that were more difficult to interpret
than those computed from models with more parsimonious lag structures.
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The diagnaostic tests for the VAR(4) residuals are summarized in Table Ill.1 in the
Appendix Ill. (The significance levels are in bradkets.) Autocorrelation was deteded by
the LM(1) and Ljung-Box Q(20) tests. The LM(1) test rgjeds the null hypothesis of no
autocorrelation orly in the caes of industrial productions of the wurtries (at 5% level).
Acoording to the Q(20) statistics, six of the residual series are, however, autocorrelated,
when the horizon for deteding the autocorrelation is extended beyond ore lag. Luckily,
the autocorrelated residuals leave the OLS estimator unhiased, athouwgh its efficiency is
reduced.

The ARCH(1) statistic measures the heteroscedasticity of the residuals which was found
at 1% significance level in the series of short term interest rates and monetary growths
of bath courtries, the German inflation rate and the US government bondrate. Visual
inspedion suggests that the reported heteroscedasticity seansto be due to some outliers
among the observations.

The Jarque-Bera statistics maintains the null hypothesis of normality in the caes of the
US inflation, M3 growth, induwstrial production and DEM/USD exchange rate. The
residuals of cdl money, federal funds rate, German inflation rate, German money
growth and German production havever all appea to be non-normally distributed at the
1% significance level. In addition, the residuals of the government bond rates of the
courtries em to be nonnorma at the 5% level. Luckily, again, the non-normality
appeaed to be mainly due to kurtosis, which is a less grious problem than skewness
becaise the kurtosis leaves the OL S estimator unhiased.

A possble sourcefor the observed norrnormality of the residuals is provided by the few
outlier observations in the data. Thus, the model was re-estimated by introducing some
observation spedfic dummy variables into the model**. The dummies were set on three
periods. The first one was st just at the beginning of the sample period to take into

acount the fluctuations in the German short-term interest rate. The regime dhange in

33 The normality of residualsis not a aitica assumption in VAR modeling, because the properties of OLS
estimator are not affeded by nonnormality. The autocorrelation in error terms leaves the OL S estimator
unbiased but reducesits efficiency.
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US monetary pdlicy at the turn of the 1970s and 1980s was taken into acourt with a
whole set of dummies. Findly, the unificaion d Germany was considered in the
modeling with a single observation spedfic dummy for period 19906. The non
normality of the residuas was reduced in some ca&es when the dummies were
introduced (results not reported in detail). Surprisingly, however, the residuals showed
fewer signs of autocorrelation withou than with the dummies. Thus, orly the dummy
representing the aurrency exchange of Germany in the period 19906 was included into
the final mode.

The stability of the model was preliminary examined by the Cusum-tests, while more
formal testing of the VAR residuals was performed by the RESET, Chow and the
Goldfeld—Quandt tests. The line graphs of the Cusum tests are shown in Appendix Il1. It
IS e that the V-mask representing 5% confidence levels is dightly crossed in the
cases of only cdl money rate and German industrial production, when owerall, most of

the equations seemsto be quite stable.

The results of the formal stability tests are presented in Table 111.2 in the Appendix Il
The F-statistics of RESET(3) tests dhow a possbhility of misgpedficaion at the 5 %
significance level only for the US government bond rate. F-values of Chow tests, in
turn, find signs of a structural bre& in the caes of German inflation and growth rate of
M3. Chow tests, could nd, howvever, be computed for the DEM/USD exchange rate,

because the mmputer program reported nea singular matrix.

The Goldfeld-Quandt tests for the VAR equations were performed as LR tests which are
used to find the most posshble date for the regime switch. It is ®en that the regime
switch dates suggested by the Goldfeld-Quandt tests differ from those proposed by
visua inspedion d the Cusum-test figures, since now the most likely date of a regime
switch is at the turn of the 1970s and the 1980s for most of the variables. For the US
variables these results get a natural explanation for the diange that occurred in the

operating procedure of the Federal Reserve & that time. Unfortunately, the large number

% There ae some drawbadks in introducing dummy variables into the model, however, sincethe outlier
observations may include valuable information about the dynamics of the model. Also some degrees of
freedom are lost when using the dummies.
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of parameters in the model prevents us from taking the possble regime switch into

acournt by estimating separate models for bath regimes.

Overal, we seethat some signs of misgedficaions or instabilit y were foundin some of
the equations. It has to be noted however that when the wefficients from different sub-
periods are estimated with very high predsion, statisticaly significant differences are
easily found, athough the differences are necessarily not large enough to also imply
eoonamicdly significant differences between the periods. Further, the changes in the
coefficients of a dynamic model with large number of parameters may off set ead ather,

thus leaving many important dynamic relationships unaffected >

4. EFFECTSOF THE USMONETARY POLICY SHOCK

4.1VMA representation and impulse responses

After the reduced form VAR has now been estimated and dausible set of identifying
restrictions found, it is posgble to cdculate the impulse resporses for the system.
Estimating the impulse resporse function d a given VAR system is based on diving
first the vedor moving average (VMA) representation d the model, which can be

written in the form

(4.1 Z, =C(L)e ,, where g, isavedor of structural disturbances.

The relation ketween the VMA and the structural VAR representation can be seen by
writi ng the reduced form VAR from Equation (3.3) as B(L)Z, = v,, and the structura

form VAR (3.4 as A(L)Z, =¢,,where A(L) =A,B(L) ande, =A,v,.

% SeeStarck (1990, pp. 73- 74
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Now it is e that the structural form VAR is equivaent with the VMA representation
when C(L) =A(L) . The 11*11 elements in the matrix C(L) are lag polynomials,
which represent the impada of j:th structural shock to thei:th variable.

Because of computational difficulties, the impulse resporses are presented withou any
confidence bounds. Thus, the statistica significance of the resporses is evaluated onthe
basis of the magnitude of the peak resporses of the variables, measured in terms of
standard deviations. Overall, the magnitude of the resporses sems to be quite modest.
The robustnessof the impulse-resporse estimates with resped to the seleded pattern for
the identifying restrictions samed to vary aaoss the variables. The resporses of
indwstrial productions, government bond rates and exchange rates samed to be more
robust than the resporses of short-term interest rates, inflation rates and monetary
growth rates™.

In some caes (e.g. the dfed of the US monetary padlicy to the German short interest
rate and the dfeds of the German shock to the inflation rates of both courtries) the
impulse resporses gill seamed somewhat implausible and dfficult to give aressonable
eoonamic interpretation. One posshble explanation for these findings may be provided
by the observed signs of kurtosis, autocorrelation and heteroschedasticity in the VAR
residuals that were not passble to remove even by adding observation spedfic dummy
variables into the model. Although the skewness autocorrelation and hetero-
schedasticity leave the estimates unhiased, the reduced efficiency of the estimates may

have caised some spurious regresson between the model variables.

%t isunfortunately not possble to report all the hundreds of estimated impulse-response pictures.
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4.2 Short term interest rates

The impulse resporses of the short-term interest rates to a cntradionary US monetary
palicy shock are shown in Figures 4.1.and 4.2". The shock is defined as a one period
unexpeded rise in the federal funds' rate and it is one standard deviation in magnitude.
It is ®en that right after the shock, the @l money rate dso shows a small negative
resporse, while the peak resporse (abou 0.6 standard deviations in magnitude) is
reated abou four months after the shock. The sign of the resporse of the cdl money
rate is puzzing, sincethe interest rate abitrage shoud ensure that the short-term interest
rates of bath courtries shoud move to the same diredion. The result is also contrary to
ealier empiricd evidence by Clarida and Gertler (1996, who reported a positive,
athough quantitatively negligible resporse of cdl money rate to a rise in the federal
funds’ rate. One explanation may be offered simply by the fad that the patterns of the
estimated impulse resporses for the short term interest rates were not very robust,

although the overall resporses of the cdl money rate rather were negative than pasitive.

\
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Figure 4.1 Federal funds' rate Figure 4.2 Cal money rate

The resporse of the federal funds rate itself is paositive overal, athough modest, and
the level of the federal funds' fund rate seans to permanently stay abowve the initial
level, although it dedines temporarily just after the shock. The result is consistent with
the findings of Christiano and a. (1996 and Ranki (1998, who also estimated for the
federa fund s rate apersistent impulse resporses for its own shock. In a standard open
eoonamy ISLM framework, an urexpeded rise in the domestic short term nominal

interest rate results in a rise in the red rates as well, due to short run pice

3" The estimations were caried out by RATS 4.32, using “bernanke.src” procedure for which the starting
values of the parameters were first estimated by “find” command, which is based on the simplex
algorithm. The starting values for the “find” command were set equal to zero's.
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sluggishness®. Since the inflation rates were included as differences, that is, as growth
rates of inflation, the exad effed of the monetary pdicy shock on the inflation rate
remains unknawn. In addition, the estimation results for the impulse resporses of the
growth rates of inflation even turned out not to be very robust. Thus, it is not possble to
make firm conclusions abou the dfeds of the monetary contradion to either the short

or long-term red interest rates of the @urtries.

4.3.Long term interest rates

It is ®ain figures 4.3 and 3.4that the negative US monetary palicy shock has smilar
effeds on the long-term interest rates (the government bond rates) of both courtries.
The impulse resporses s1ow a modest but relatively persistent dedine, beginning amost
immediately after the shock. Interestingly, the German long-term rate seems to be
affeded more strongly by the US shock than the US domestic long-term rate, when the
resporse is measured in terms of standard deviations. The respedive pegk resporses
amount to —0.6 for the German and —0.3 std. dev. for the US long rate. After the pek
resporses, which take placeroughly half a yea after the shock, bah long rates dart to

converge onthe original level again.

Acoording to the standard theories, na only the short-term interest rates, bu also the
long rates sroud acdualy initialy rise, due to the abitrage between bond with diff erent
maturities. The expedation hypathesis of the term structure however, also alows for
explaining the initial negative impulse resporse of the long interest rates observed here.
Acoording to that theory, the long term interest rates shoud be determined by the
average of the aurrent and future short rates. If the negative monetary palicy shock leads
to lower inflation expedations and also easier monetary palicy in the future, the natural
consequence is the dedine of the long rates. It would, havever, be expeded that before
that dedine, the foreign monetary contradion would have led to atemporary increase in

the long rate due to the aset substitution between the maturiti es®®.

% Sluggshly adjusting prices are no more a haraderistic feaure of only ISLM type models, becaise
short run rominal rigiditi es have recently become a @mmon assumption also in the general equili brium
framework.

%9 Empirically, the monetary palicy usually shifts the whole yield curve to the same diredtion.
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Figure 4.3US government bondrate Figure 4.4 Government bond rate
of Germany

4.4.Exchange rate

The resporse of the DEM/USD nominal exchange rate is a very modest nominal
appredation d the US ddllar. This appredationis followed by atemporary return to the
original level, bu the overall resporse seans to be apersistent appredation so that the
peek resporse (-0.2 std. dev.) is readed after 9 months. The sign of the resporse in
Figure 4.5is as expeded and it is consistent with some previous evidence Eichenbaum
and Evans (1995 and Ranki (1998 also foundthat there is a link between monetary
policy and interest rates  that a mntradionary shock to the US interest rate leads to
persistent nomina appredation d the DEM/USD exchange rate. The sign o the
resporse is in ac@rdance with the predictions of the open econamy ISLM models,
acording to which the short runrise in the red interest rates in the home courtry shoud
result in a spread between the interest rates of the two courtries, and therefore, to a
nomina and red appredation d the nominal (and red) exchange rate of the home
currency. On the other hand, it is again dfficult to draw conclusions abou the dfed of
the monetary padlicy shock onthe red DEM/USD exchange rate, becaise the inflationis

included into the modd as a diff erenced series.
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Figure 4.5DEM/USD exchange rate

4.5.1ndustrial productions

Compared with previous empiricd results, the output resporses sem to be fairly
plausible, when it comes to their sign, owerall shape and magnitude*®. According to the
standard results of previous empiricd reseach, a monetary contradion shoud have a
negative hump-shaped impad on the domestic production, the pek resporse occurring
after several quarters*’. Here, too, in Figure 4.6, the US monetary palicy shock seemsto
have amodest negative dfed on damestic output, while the magnitude of the pesk
resporse is approximately —1.10 standard deviations. The pattern of the resporse,
however, is nat clealy hump-shaped, and the pedk resporse is achieved relatively ealy,

after only four months.

Acoording to the standard Mundell-Fleming model, the contradionary US monetary
palicy shock shoud be transmitted by at least two channels to Germany. First come the
monetary effeds via increased world interest rate level and then comes the demand
switching induced by the depredated DEM*2. The interest rate dfed is negative, bu the
exchange rate dfed positive @ its sgn. According to the results, the US monetary
shock seans to be transmitted to German ouput only wealy, bu it seems that the
negative dfeds dominate. As own in Figure 4.7, the German production starts to
dedine dmost immediately after the shock, and the pedk resporse is readed after six

0 For a survey about the cmmmonly accepted results of the short run effeds of the monetary policy shocks
to the output, seeWalsh (1998, Ch.1. Kim (1999 is arecent study about the short-run effeds of
monetary palicy in G-7 courtries.

“1 For adiscusson about these results obtained with US data, seeWalsh (1999.
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months. The pe&k resporse of the German industrial production is only —0.32 standard

deviations, and eventually production starts to gradually converge & itsinitial level

Instead of applying the Mundell-Fleming framework, the estimated ouput resporses
may in fadt be eaier to interpret in terms of the new open emnamy maaoemnamics®,
which pus less emphasis on the dfeds via exchange rate dhanges than the Mundell -
Fleming type models. Corsetti and Pesenti (1997, for instance present a simple two-
courtry maaomodel with closed form solutions. The paper concludes that in the faceof
asymmetric monetary policy shock between two courtries, the outputs of bath hame and
foreign courtry can move to the same diredions. The intuition behind thisreasoning lies
on the output effed of the changes in world demand. Depending on parameter values of
the consumer’s utility function, these dfeds may adually outweigh the exchange rate
effeds. Further, it is a haraderistic feaure of the new open econamy maaoeconamics
to emphasize the total welfare dfeds of the pdicy. When these welfare cnsiderations
are taken into acount in the analysis, the traditional beggar-thy-neighbar palicy results

become even more questionable.
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Figure 4.6 USindustrial production Figure 4.7 German industria
production

“2Because it is assumed that the prices adjust sluggshly, the nominal depredation of the DEM means also
red depredation in the short run.

“3 The new open economy maaoenomics refers to dactrine, which was initi ated by Obstfeld and Rogoff
(1995 1996. Instead of ISLM framework, these two-country models are based on behavior of
intertemporally maximizing agents.
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4.6.Inflation rates

Because the (monthly) inflation rates and the monetary growth rates of the courtries are
differenced variables, their impulse resporses tell how the growth rates of these
variables read to the monetary palicy shocks. Thus, a positive (negative) resporse is a
sign o acceerating (decderating) inflation. Since the graphs aso show quite ragged
shapes, they are dlightly more difficult to interpret than the resporses of the variables on

levels.

Fairly soon after the shock, the growth rates of both US and German inflation show
negative resporses. Interestingly, the resporse seans to be relatively stronger in
Germany (-0.8 std. dev.) than in the US (only 0.32std. dev.) The resporses, however,
are not persistent, becaise the growth rates of the inflation in bah courtries gart to
converge to their initial levels arealy after a coupe of months. The monetary padlicy
shock seams to leave the US with permanently dlightly accéerating inflation, havever.
In away the result isin line with the previous dudies reporting a price puzze, in which
an expansionary monetary shock have been associated with strong and persistent dedine

in the pricelevel*,

The impulse resporses of the growth rates of inflation were not among the most robust
results of the study. In fad, many of the dternative sets of identification restrictions that
were tested, led to impulse resporses which in the short runindicated acceerating rather
decderating inflation rates after the US monetary palicy shock. However, the result that
a monetary pdicy shock has only temporary effed on the growth rates of inflation,
turned ou to be robust with resped to the seleded identification restrictions.

4 See @ Litterman and Weiss(1985 and Sims (1986).
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Figure 4.8US inflationrate Figure 4.9 German inflation rate

4.7.Growth rates of money

Like inflation rates, also the growth rate of the M3 monies are included as diff erences
into the model. The dhange of the growth rate of the US M3 money reads with a rather
puzzing way to the US monetary pdlicy shock: After arise in federal funds' rate, the
growth rate of US money seams to increase by an amourt of more than ore standard
deviation. The readion is, however, short-lived, since drealy after four months the US
monetary growth rate has returned nea its original level. It is difficult to give ay
eoconamic interpretation to this result. In the cae of the growth rate of German M3, in
turn, the impulse resporse sean much more plausible. The sign o the resporse is
negative and size is -0.5 standard deviations. The original level is reated after about

eight months after the shock.
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Figure 4.10Growth rate of USM3 Figure 4.11Growth rate of German M3
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5.EFFECTSOF THE GERMAN MONETARY POLICY SHOCK

5.1.Short term interest rates

An urenticipated rise in the German cal money rate seams not to result in as anomalous
a short-run resporse of the foreign short rate, as it was in the cae of the US monetary
policy shock. As it is e in Figure 5.1, there is a temporary positive pe&k of 0.4
standard deviations in the federal funds' rate right after the shock, and sitill after 24
months the federal funds' rate seems to stay at a level abowve the baseline. The cdl
money rate itself seems at first to fluctuate aoundthe original level, the peak resporses
ranging from —-0.2 to 0.2 standard deviations. In the long run, havever, the German

domestic short-runinterest rate dso remains abowveits original level before the shock.
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Figure 5.1.Federa funds rate Figukre 5.2.Cal monrey rate
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5.2.Longterm interest rates

It isnow easier to give the short-run kehavior of the responses of the government bond
rates an emnamic interpretation than in the case of the US monetary palicy shock. The
US government bondrate reads to the German monetary policy shock first with a short-
lived pasitive pedk, which is followed by a dedine to a leve dlightly below the original
level. The initial rise in the government bond rate can be interpreted as a natura
consequence of interest rate abitrage, while the relatively rapid dedine dter two
months can be explained by the expeded reduction in the future short rates as in the
case of the US shock. Quantitatively, the foreign transmisson effeds of the German

monetary padlicy to the US long rate ae small, since the resporse of the US government
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bondrate ranges from —0.32to 0.64standard deviations from the original level during

the time-horizon unabr investigation.

The short-run resporse of the German long rate does not differ grealy from the behavior
of its foreign courterpart. Right after the shock, there is also a short-lived pdasitive pegk
in the German long rate, and after two mornths the German government bondrate starts
to dedine, again passbly due to the expedations of reduction in the future short rates.
These expedations ®en to affed now more powerfully than in the case of the US long
rate, sinceonthe horizon d 1 —7 months the German rate fluctuates in arange of —-0.8to
0.7 standard deviations from the original level. When the horizonis extended beyond 11
months in the cae of the US long rate, and beyond 16months for the German long rate,
the results become to more difficult to interpret. In this horizon the long rates of both

courtries dart to rise ajain, and they seem to permanently stay at a level higher than

before the shock.

8

Figuroe 53USgovernmentbondrate L Figure 5.4. Government bond rate
of Germany

5.3.DEM/USD exchangerate

The resporse of the nomina DEM/USD exchange rate in Figure 5.5 is a rapid
appredation d the DEM, which is followed by a gradual return towards the origina
level. The sign o the resporse is consistent with the exchange rate dfeds of the US
monetary palicy shock. Quantitatively, however, the DEM/USD rate seems to be
slightly more sensiti ve to the German than to the US monetary pdlicy, although the pesk
resporse still i's modest, ornly abou 0.6 standard deviations above the original level.

Compared with the cae of the US shock, the shape of the exchange rate resporse is
now better in acordance with Dornbusch’s overshoaing model: The DEM/USD rate
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shows now stronger initial resporse to the monetary shock. It also shows more dealy a

gradual return to the original level.

Figure 5.5.DEM/USD exchange rate

5.4.Industrial productions

The industrial productions of both courtries respond regatively to the shock, but now
the resporses do nd show any hump shapedness asis e in Figures 5.6 and 5.7.The
shock has its maximum effead on the German production a cupe of months before the
pe&k resporse of the US production is readed. It is e, that the productions do nd
converge their original levels after their peak resporses. Insteal, the output eff eds of the
German monetary policy shock seems to be rather permanent in bah courtries, at least
in the horizon d 24 months. Anomalously, the German monetary palicy shock seansto
have more dfed on the US than to the domestic industrial production, when these
effeds are measured in terms of standard deviations. The pe&k resporse of the US
output is abou -1.6 and the German ouput abou -0.45 standard deviations below the
baseline. Further, the transmisgon effea of German monetary padlicy on foreign ouput
seans to daminate the mrrespondng effed of the US monetary shock to the German
production, which amourted to ony abou —0.32standard deviations. The result appeas
somewhat puzzling, since acording to the mmon wisdom the US is the locomotive of

the world econamy, na Germany.
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Figure 5.6.US induwstrial production Figure 5.7. German industria
production

5.5.Inflation rates

The inflation o both courtries sem to temporarily accéerate dter the wntradionary
German monetary palicy shock, after which the inflation rates quickly return to their
original levels. The respedive magnitudes of the peek resporses are 3.0 std.dev. for the
US and 1.2 std.cev. for the German inflation. As arealy discussd in Ch. 2.3, the
phenomenoncdled price puzze, that is, increased inflation after a monetary contradion,
is aso familiar from previous VAR studies. A possble eonamic interpretation for the
puzzleis provided by the central bank behavior, as the central banks try to immediately
respond to expedations of the increased future inflation by tightening the monetary
pdicy. If the variables of the VAR model do nd include enough information for
controlling these inflation expedations, the estimated resporse to the monetary
contradion is a positive resporse of inflation. It has to be borne in mind hovever that
the signs of the resporses of the inflation rates were nat robust with resped to the
identification restrictions used. The findings that the inflation rates reat¢ immediately to
the shock, and that the resporses are short-lived, haovever, turned ou to be robust.
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Figure 5.8.US inflationrate Figure 5.9.German inflation rate
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5.6.Growth rates of money

The growth rates of the M3 monetary aggregates of the urtries respond regatively to
the unanticipated rise in the cdl money rate. The resporses of the monetary growth rates
are, again, gute temporary. In Germany the original level is readed abou half a yea
and in the US ten months after the German monetary palicy shock. The magnitude of
the resporse varies between —1.4 — 0.45 standard deviations for the German, and
between-0-6 and 0.7standard deviations for the US M3 growth.
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Figure 5.10.Growth rate of the USM3 Figure 5.11. Growth rate of the
German M3
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6. CONCLUSIONS

This paper discusses the transmisson d monetary poalicy shocks between the US and
Europe, represented by Germany, using a structural VAR (SVAR) model. The structural
interpretation d the set of identifying restrictions of our SYAR model is based onthe
idea that the euations of the SVAR with short-term interest rates as dependent
variables can be interpreted as Taylor rule type readion functions of the central banks of

the two countries. The empiricd results are represented by impulse resporses.

Acoording to the results, the short-term interest rates of the two courtries an to read
in dfferent ways to the US monetary pdlicy shock. The federa funds rateitself showsa
permanent but modest increase, while the cdl money rate adually fall s after the shock.
The result is rather courterintuitive, since the short rates $roud move to the same
diredion kecause of the interest rate abitrage. The resporses of the government (long-
term) bond rates, insteal, showed rather similar patterns between the courries, since
both long rates samed to dedine immediately after the shock. As expeded, the nominal

63



DEM/USD exchange rate readed to the US monetary policy shock with a modest,
temporary appredation d the USD. Because the inflation was included into the model
as differences, the total effea of the monetary policy shock to the level of inflation and
thus, to red exchange rates or red interest rates remains unknovn. The dfeds of the
monetary palicy shock to the growth rates of inflation o the courtries in turn, seem to
be quite temporary, athowh the US monetary contradion seems to leave the US
inflation with dightly accéerating inflation. Same sort of results have dso been
obtained with some previous gudies, with the diff erencethat in those studies a monetary

expansion has permanently increased the pricelevel (prize puzze).

The resporses of the indwstrial productions to the US monetary policy shock were
negative in bah courtries, athough the resporses did nat show the hump shaped
patterns often foundin previous empiricd reseach. Interestingly, the pesk resporses
were readed fairly soon after the shock while acording to the common wisdom, the
effeds of monetary pdicy neal some time to fully materialize. The magnitude of the
German ouput resporse for the foreign monetary policy shock seems to be quite
modest. An intuitive explanation for the transmisson d the output effed of the foreign
monetary policy was firstly deteded from the dhannels through bath the interest rate and
exchange rate movements, typicd to ISLM type models. Becaise the impul se-resporses,
however, did na show beggar-thy-neighbar pattern, it was concluded that instead of
Mundel-Fleming type modes, the theories of “the new open ewmnany

maaoecnamics’ might provide amore plausible explanation for the results.

Summing up the dfeds of the monetary palicy shocks originating in Germany, they do
not seam to grealy differ from the dfeds of the US shocks. An urexpeded rise in call
money leaves however both the federal funds' rate and the cdl money rate permanently
abowve their original levels. The long-term government bondrates of both courtries read
to the German monetary policy shock first by a rise, which can be explained by the
interest rate abitrage between the maturities. Eventually, the government bond rates
start to dedine, paentialy because of the expeded easening of the monetary padicy

stancein the future, just asin the cae of the US interest rate shock.
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As expeded, the rise in the cdl money rate seemed to result in appredation d the
nominal DEM against the USD. Theindustrial productions of both courtries dedine and
remain permanently (in the horizon o 24 morths) at a level below the baseline. The
maximum resporse of the German ouput is readed arealy two months after the shock,
whil e the transmisgon d the output eff ed to the US takes a mupe of months more time
to fully materialize. It is noteworthy that when measured in terms of standard deviations
the US output seams to read to the German monetary palicy shock more strongly than
the other way round.This finding contradicts the ammmonly accepted view acwrding to
which the US shoud be the locomotive of the world econamy. The variant of price
puzzle discussed abowe is aso facal with the German monetary contradion, since the

German shock seems to permanently acceerate the inflation o bath courtries.

The robustness of the impulse-resporse etimates with resped to ou identifying
restrictions seamed to vary aaoss the variables. The respormses of the industria
productions, government bondrates and exchange rates san to be fairly robust, while
the resporses of the short-term interest rates, inflation rates and monetary growth rates
are more sensitive to the identifying restrictions used. The sample period considered
include some possble structural bre&ks in the data generating process particularly at the
turn of 1970s to 1980s, which may have caised some instability in the estimated
SVAR modsl.

At the end d the paper, we propcse some ideas for the future analysisin the field of our
reseach problem. First, trying to estimate amore parsimonious model with a smaller
number of variables could make the estimated impulse resporses less nsitive to the
identification wsed. The second oppaotunity to extend the analysis would be linking the
analysis more dosely to econamic theory, and passbly this way to provide empiricd
findings with ecnamic interpretations that are based on more solid microeconamic

foundetions.
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APPENDIX |

Line graphs of the time series data
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APPENDIX Il Trend properties of the data

TABLE Il .1. The results of the unit roct tests.

t-adf lag PP lag kpss
callm -0.73 10| -0.87 5 0.31
dcallm -4.79 9| -18.97 5|*x[xx 0.12
fedfund -1.05 9 -1.11 5 1.64(**
dfedfund -4.67 12| -10.90 Y i 0.04
usprice c+trend -1.96 12 -1.86 5

c -2.06 12| -5.10 5|/x* 1.22)*
dusprice -1.93 12| -10.53 5|10%/** (2.51 *

-2.38 9 *
gprice c+trend -2.02 12| -1.56 5 0.74[*

c -1.20 12 -3.33 5|/* 4.85[**
dgprice -1.74 11| -8.61 5|10%/** 0.95(**
xrate -1.10 1 -1.22 5 2.78[*

c -1.55 1} -1.57 5 0.33|**
dxrate -12.27 0| -12.22 Y i 0.11
usmoney [c+trend -3.89 12 -1.46 5|*

c -0.98 12| -5.05 5|/** 1.23|**
dusmoney -0.34 12| -5.95 5|/** 2.46|**
Irate -0.73 6| -0.62 5 1.76|**
dirate -6.27 6| -12.82 B|*x[x 0.20
glrate -0.96 12 -1.35 5 1.28|**
dglrate -4.41 11| -10.99 5|**/x* 0.08
usprod c+trend -3.03 2| -2.46

c -0.05 2 0.11 5 0.22**
dusprod -7.52 1 -11.29 5 0.10
gprod c -1.09 8| -0.48 5 0.24]**
dgprod -8.52 3| -26.13 5 0.07
gmoney |trend -0.97 12| -0.95 5 0.31[**
dgmoney -1.73 12| -15.57 5|10%/** 0.12

ADF |ADFc |ADFc,t |PP |PPc PPc,t KPSS KPSSc
Critical 99 %| -2.59| -3.5| -4.06| -2.6 -3.45 -3.99 0.739 0.216
values: 95%| -1.94| -2.89| -3.46| -1.9 -2.87 -3.43 0.463 0.146

The variables are & follows: the German short term interest rate = cal money, (cdlm), the US short rate =
federal funds' rate (fedfund), pricelevel of the US (usprice), pricelevel of Germany (gprice), the nominal
DEM/USD exchange rate (xrate), M3 monetary aggregate of the US (usmoney), German M3 (gmoney),
10yea government bond rate of the US (Irate) and Germany (glrate), and industrial productions of the US
and Germany (usprod and gprod). The letter d in the beginning of the variable name denotes a variable in
the diff erenced form.

Rejedion of the null hypothesis at the 10%, 5% and 1 % level of significanceisindicaed by 10%, * and
** | respedively. The PPand KPSStests are performed with truncation lags of five. The aiticd values of
the test statistics with constant or trend are denoted with letters ¢ and t, respedively. The aiticd values
are based on McKinnon (1991).
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The mintegration analysis

The analysis of the mintegration poperties of the data is darted by examining, what
eoonamic theory and previous empiricd reseach have to say abou the mintegration
properties of our VAR system. Following the reasoning of Jacbson et al. (1999*° we
may asume that the norstationarity in the variables of the VAR modd is due to only
four independent stochastic trends: Production in bah courtries is driven by stochastic
shocks to damestic techndogy™® and inflation rates are determined by stochastic shocks
to the growth rates of domestic money suppy*’. Hence, a priori we might exped to find
r = 11— 4 =7 cointegration relationships in the data.

If there ae only two stochastic trends among the German variables and aher two
stochastic trends among the US variables, all the domestic variables of both courtries
may be mintegrated with ead ather. According to Juselius (1999 p. 272 273, this
kind d cointegration relationship between ouput, red money suppy and the spread
between the short run and long runinterest rates can be interpreted as representing either
the money demand equation a the central bank readion function, depending on the
parameter values of the mintegration vedor.

Two ather cointegration relations may be dictated by the term structures of the interest
rates, that is, the differences between the short and long term interest rates of bah
courtries™. The fifth and the sixth relations are suggested by the uncovered interest rate
parity (UIP) relation which suggests that the interest rate differential between the
courtries $houd equal the expeded change in the exchange rate. Accordingly, if the
exchange rate expedations are 1(1), the differential between bah short and long term
interest rates between the countries houd be stationary.

The ointegration relation suggested by the purchasing power parity (PPB condtion
provides the last passble wintegration relation. The PPPcondtion relates the inflation
differential between the wurtriesto the change in the exchange rate

Johansen cointegration test

The results of the A -trace @ad A —max tests are summarized in Table I11.1. below™.
The test were made for variables in levels, except the prices and the growth rates of M3,
which are differenced to oltain (1) series. The series appea to be wintegrated,

4> Jacobson et a. (1999 study the dfeds of various economic shocks in the small open economy
(Sweden) context, estimating an ECM model with seven variables, some of which are from alarge foreign
ewnomy.

46 Starck (1990 found the outputs of some industrialized countries to be wintegrated after the Bretton
Woods era, propasing that the outputs of different countries may be driven by one ommon, instead of
two separate, stochastic trends.

47 Actually, in Jacobson and al. (1999 the prices were assumed to be (1) variables, whereas here both the
pricelevels and M 3:s of the countries are mnsidered to be I(2). With this pedfication adopted, shocks to
the money stock can permanently affed its growth rate @& well asthe rate of inflation.

“8 The stationarity of the interest rate spread is propased e.g. by Campbell and Schill er (1987).

49 The tables for the aitica values for the test statistics are sensitive for including deterministic or dummy
variablesin the model. Hence, because our model includes a dummy variable, we have computed tables
using appropriate option of the CATS computer program, instead of using the standard tables.
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although the formal testing suggests a lower number of cointegrating relations than does
the eonamic theory. In addition, the mintegration vedors (not reported) sean quite
difficult to be given any predse interpretation in light of the theoreticd discusson
abowe.

The A -tracetest rejeds (at 10 % significance level) the null hypathesis that the number
of cointegration vedors (r) is at most five. The A-max test, in turn, rejeds the null
hypothesis of the r being exadly a given nunber, upto r=7. Hence, acording to lambda
max, the number of cointegration relations is equal to 8, while the lambdatracepropcse
that it equalsonly to 6.

TABLE 11 .2. Johansen cointegration test for the variables of the VAR model.

Lambda- (lambda- HO: r= Ho: p-r= |lambda- (lambda-
Eigenvalue |Max trace max 90% |trace 90%
0.44 165.22 579.21 0 11 43.48 272.03
0.31 104.73 413.99 1 10 42.72 228.55
0.27 91.66 309.26 2 9 35.84 185.83
0.20 64.95 217.61 3 8 32.26 149.99
0.18 58.54 152.65 4 7 28.36 117.73
0.12 37.95 94.11 5 6 24.63 89.37
0.07 22.35 56.16 6 5 20.9 64.74
0.06 17.71 33.81 7 4 17.15 43.84
0.04 10.65 16.1 8 3 13.39 26.7
0.02 5.42 5.45 9 2 10.6 13.31
0.00 0.03 0.03 10 1 2.71 2.71

The Johansen test was performed with lagged differences 1-4, a constant, and a dummy variable which
took avalue of 1 on 19906 and 0 aherwise. Because the prices and M3:s appeaed to be I(2) variables,
they are included in the test model as logarithmic diff erences, whil e the other variables are on logarithmic
levels. It is asaumed that the series had means and linea trends but the integrating equations had only
intercepts.

The statisticd significance of the aljustment coefficients, a;, , aswell astheroats of the

Ir

companion matrices of the amrrespondng ECM models, were examined as an aternative
procedure for determining the wintegration rank. The roots of companion matrix tell us
whether there still remain some nea unit root processs in the ECM model when the
number of the wintegration relationships (r) is suppcsed to be known. Such lessformal
testing (results not reported in detail) is useful, sincethe formal testing was gill plagued
by the small sample bias. The results of this testing now lead us to dlightly different
conclusions than the A -trace ad A — max tests, since now the number of cointegration
relations semsto be eual to orly four®.

By looking at the statisticd significance of the aljustment coefficients, a;,, it is

Ir
posshble to seewhether a given cointegration relationship does have explanatory power
in the given equation o the ECM model®’. When r was st equa to four, every

%9 When the number of cointegration relationsin the ECM model was st above 4, there were roots >0.9 in
the cmpanion matrix.

> Week exogeneity, that is, thejoint hypothesis HO: a;; =0, j =1,..., , was also tested. When r was

set equal to 4, the federal funds' rate, the US money growth, the DEM/USD exchange rate, the US
government bond rate and German production seemed to be wegly exogenous to the long-run adjustment
relationships of the ECM model.
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cointegration relationship was gtatisticdly significant explanatory variable for at least
one of the equations in the ECM model. The wintegration relationships in the cae of
r=4 are graphed below. The processes ®an to be stationary, adthough some of the
proceses ®an to be driven orly by the gyclicd variables of the @urtries.

Figure Il .3. Graphs of the mintegration relations between the variables

»
0

N [o] [0}
[o]
|

IS
0
|

e B L
o 1 s 1 o 1 o 1 s 1 o 1 o 1 s 1 e 1 o 1 s 1 2 1 e @9 8

b e £ L)

. v\m \Wdl f\AM/\MW\MM Mm,\MAm /\[\/\ A/\mm/\f/\ M\/VV

] \/WV\JJ\J v WWVVV \/ KA W\/ v\/

o 0 o o o m o
0o o o ¢ o 0o o ©
|

N N

/\/\U/V\UA M, f/\ﬁ%/\wm i /\M/\VM /\/\WAVA »AMI\ /VH (\XM MM
J\/\/ WW\[/WVWWW Vv\f V\/

c m o o © u o u
|

c W 0 n

74



U u Uy uuu oy oy

= 0 0 0 0 0 0 0 =

Nobmos A N0 W

0 0o 0 0 0 0 0 O

[1]
|

\/W

/\M/\\A/\Mﬁ//\(\ e f]\/\/\f/\mﬁv/\ AMV A /\/\/
WWV AT

O N O N O N O N O
oo m o 0o 0O

L

The wintegration relations below are estimated setting the rank of the mintegration matrix in the
estimated ECM-model equal to four. Every cointegration relation is presented using a pair of graphs. The

upper one of the graphs denotes the wintegration relations ﬁ "X, themselves, while the lower one

describes the relation ﬁ 'R\ - These latter series are mintegration relationships “cleaned” of the short-

run variation®?. Particularly these lower graphs are of interest, sincethey represent the series which
adually are tested for stationarity and which determine the rank of the aror corredion matrix in the
Johansen maximum likelihood procedure.

2 Hansen and Juselius (1995, p. 22— 23.
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APPENDIX Il

Diagnostic tests of the VAR model

Tablelll .1. Theresidual diagnastics of the VAR equations.

Equation |LM(1) Q(20) ARCH(2) [|SKEW |[KURTOSIS[J-B
callm 3.55 4434 [4.84% -1.05 11.95 1027.15%
0.06 0 0.01 0
fedfund  |0.11 40.87%  [7.1% -1.47 19.69 3493.11%
0.75 0 0 0
ginf 0.8 47.83*  [0.22 0.83 6.12 152.19*
0.37 0 0.8 0

gmgrowth [0.34 120.42%  |5.53* 0.42 3.88 18
0.56 0 0
gprod 8.16*  |25.84 6.02** -0.82 7.66 295,28
0 0.17 0 0
longrate  [1.56 32.31* 17.54% -0.14 5.54 79.36%*
0.21 0.04 0 0
longrateg [0.25 21.18 0.51 -0.09 4.08 14.66**
0.61 0.39 0.6 0
usinf 1.77 15.29 6.89* -0.09 3.18 0.81
0.18 0.76 0 0.67
usmgrow [0.78 37.91* 0.93 -0.09 2.6 2.3
0.38 0.01 0.4 0.32
usprod  [5.07* 19.19 2.04 0.27 3.86 12.49%
0.03 0.51 0.13 0
xrate 0 17.98 0.87 0.16 3.43 3.5
0.95 0.59 0.42 0.17

The LM(1) and Q(20) tests are used to deted autocorrelation, and the ARCH(1) test to measure the
heteroscedasticity of the residual series. The skewnessand kurtosis of the series are reported in their own
columns and the J-B test statistic is ameasure of the normality of the residuals. The figures below test
statistics $ow the respedive significancelevels.

76



Tablelll .2 The resultsof the RESET, Chow and Goldfeldt-Quandt tests

Chow-test RESET(3) G-Q LR-test

Equation |F-stat. Date F-stat. Chisg. Date

callm 0.57 1990:1 0.34 347.49** 11979:10
0.99 0.80 0.00

fedfund 0.41 1990:1 2.50 386.15** |1987:11
0.99 0.06 0.00

gmgrowth |2.96** 1990:1 1.52 225.01** |1992:9
0.00 0.21 0.00

usmgrowth|1.35 1984:1 0.68 226.12** |1979:9
0.08 0.56 0.00

xrate 1.42 188.74** [1979:9

0.24 0.00

longrateg [0.92 1983:1 2.90* 152.15** [1987:5
0.67 0.04 0.00

longrate  [0.44 1989:1 2.49 244.69** |1979:9
0.99 0.06 0.00

ginf 1.49** 1990:1 2.45 200.07** |1979:10
0.01 0.06 0.00

usinf 0.74 1984:1 2.17 175.90** [1991:3
0.94 0.09 0.00

gprod 0.75 1990:1 154.44** (1979:10
0.94 0.00

usprod 0.48 1983:1 1.16 182.66** [1980:5
0.99 0.33 0.00

The Chow forecast test is used to find pssble structural breaks in the residual series, when the date for
the breek is supposed to be known. Here these dates are seleded on the basis of CUSUM tests. RESET (3)
test, in turn, reveds possble mispedfications, like nonlineaiti es and missng regresors.

The G-Q test is used to find the most likely dates of regime switches for the residual series. The Chow test
could not be performed for the DEM/USD exchange rate and the RESET (3) test for German production,
becaise the computer program reported nea singuar matrix.
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Cusum testsfor the VAR equations
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APPENDIX |V

Numerical analysis of the identifiabili ty of the SYAR model

The identifiability of our SVAR mode is analyzed numericdly, where we foll ow
closely the analysis of Giannini (1992, p. 1G-19).

Asaming the invertibility of the matrix A, the vedor veq A ) islocadly identified if
and orly if the system

R(A'0ID,x=0,

has the unique almissble solution x = 0, when the matrix R(A'I) f)n isevaluated at
Ag.

Risa(r xn?) matrix of full row rank, satisfying the mndtion Rvec(A) =d, risthe
total number of the restrictions imposed onthe matrix A, and f)n isamatrix defined
in Magnus (1988, p. 94- 95).

There is an equivalent way to expressthis condtion, ramely that the matrix
R(A'C) f)n evaluated at A, hasfull column rank n(n-1)/2, where n is the number of

variables in the moddl. This condtion can be numericdly chedked by assgning numbers

to the dements of the matrix A, by using the formula

vec(K) =Sy +s, where Sisa n? x (n? —r) matrix with the property that RS=0

and asggning “randam” numbersto the vedor y . The mlumn rank of the 67x55
matrix R(A'0I) 5n isequal to its non-zero singular values. These singular values, in

turn, are obtained using the result

sv: (X) =4/ev; (XX') , where sv. denoteto the singular values and ev; to the

eigenvalues of agiven matrix X.
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The singular values for the cae under study are reported in thetable V.1 below. The
number of restrictions, r = 67, consists of 56 nul restrictions and 11restrictions, which
set every diagonal element of the A, matrix equal to 1.Becaise the cmputer program
(RATS) computes the singular values numericdly, it reports figures diff ering negligible

from zero even in the cae when the singularvaluesin fact are zero>,

It may be eaily seen, however, that the values reported in the table suddenly drop from
0.0877to 4.011&-008 after the 55" singular value. Hence, we may conclude that the
matrix under study has 55 singular values diff ering from zero and is therefore of full

column rank. Thus, the model is exadly identified.

TablelV.1. Thesingular values of the matrix R(A'0I) 5n

4.0819 2.6318 1.5810 0.3481
3.8212 2.5949 1.4672 0.2393
3.7697 2.5304 1.3766 0.1663
3.7187 2.4534 1.2860 0.0877
3.6889 2.3361 1.2004 4.011&-008
3.6237 2.2994 1.1332 3.5354-008
3.5604 2.2861 1.0838 NA
3.4996 2.2257 1.0108 NA
3.3854 2.1776 0.9642 NA
3.3570 2.0360 0.9389 2.505®-008
3.3072 2.0269 09025 2.505®-008
3.1895 1.9947 0.8018 2.427%-008
3.0480 1.8881 0.6903 1.672°¢-008
3.0242 1.8472 0.6464 1.672°¢-008
2.9405 1.7707 0.6409 NA
2.8322 1.7699 0.5583 NA
2.7200 1.7474 0.4861

**NA in the table denotes to cases, where RATS has approximated the égenvalues ev; (XX )to be

dightly below zero. Now the singuar values, which are square roots of these egenvalues clealy do not
exist.
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CHAPTER 3

Regime Switches in the Readion Functions of the Federal
Reserve and the Bundesbank in the post Bretton Woods era

Abstract

The purpose of this paper is to study whether there were sudden changes in the parameter
values of the Taylor rule type readion function d the Federal Reserve and Bundesbank duing
the period 1970— 1998. The readion functions are estimated as Markov switching models
with state dependent coefficients. The robustness of the results on the exad spedfication d
the pdicy rule and onthe measure for inflation and the output gap used in the estimation are
examined by considering severa alternative data sets and model spedficaions in the
estimations. According to the results it is possble to charaderize the behaviour of the Fed as a
switching between two regimes with diff erent weights put on resisting inflation and stabili zing
fluctuations in ouput. The regimes of the Bundesbank, in turn, were dassfied as a regime
withou any resporse to either inflation a output gap, and a regime when the Bundesbank
responckd to bah o the gaps. On the other hand, the results sippated some previous findings
acording to which Taylor-type pdlicy rule estimations are sensiti ve to the spedficaion o the
rule and the choiceof the data

KEY WORDS: monetary padlicy rules, Markov-switching models, data uncertainty.
JEL Clasgfication: C82,E42,E52,E58
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1.INTRODUCTION

Many maaoemnanic studies involve modelling central bank behaviour in terms of a single,
stable readion function. For example, the literature on the dfeds of monetary palicy shocks
based on \edor-autoregressve models is implicitly based on estimating such a rule. Maao
models with rational expedations provide ancther example, becaise knowing the rred
padlicy rule is an important element of estimating the entire model. Sincethe pulicaion d the
semina paper by Taylor (1993, it has become a ommon padice to model central bank
behaviour on a rule that relates short-term nominal interest rate to deviations of inflation and

output from their desired values.

The interpretation d such aruleis graightforward: Because the monetary palicy is transmitted
to the eonamy through changes in the red interest rate, it isthe red rate which is the ultimate
target variable of the central bank. When ouput and inflation are & their desired levels, the
central bank sets its pdicy rate equal to the sum of the eguilibrium red interest rate and
inflation target. When the inflation is abowe its target or output is above its patential, the red
interest rate will be increased abowe its equili brium level by the central bank to cam down the
overheged ecmnamy. Similarly, in the cae of deflation and high uremployment the red
interest rateis deaeased.

It is however not always wise to bindy assume the existence of a stable, linea deasion rule
for a central bank, since there might have happened regime danges during the sample period
that have to be taken into acemunt when estimating these pdlicy rule (see eg. Judd and
Rudebusch 1998. Thus, the purpose of this gudy is to examine potential regime shiftsin the
monetary palicy readion functions of the Federal Reserve and the German Bundesbank during
the post Bretton-Woods period d 1970- 1998.

The motivation d the study is twofold. First, our approach dffers from the previous literature
on regime dhanges in central bank pdicy rules in that now the timing of the possble regime
bre&s is endagenised, whereas the previous gudies have assumed that the dates of possble
regime canges are known a priori. Thus, instead o dividing the sample period into sub-
periods and estimating a different linea model for ead period, | estimate Markov switching
(MS) models, which allow for discrete regime shifts anong a set of alternative parameter
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values in the central bank readion function at different paints in time. Secondy, the study
discusses the robustnessof the estimation results on exad spedficaion d the rule and the way
the inflation and ouput gap are measured. Using linea models, the isaue has previousy been
studied e.g. by Orphanides (1997 and Kozicki (1999 and Cerra @ a. (2000. Perhaps the
most well-known of these studies is Orphanides (1997 who found that the Taylor rule
estimates are sensitive on whether the estimations are based onred-time data avail able to the
palicymaker at the moment the stance of monetary policy was st. Kozicki (1999 and Cerra @
al. (2000 in turn studied the robustness of the Taylor rule estimates with resped to the way
the output gap has been defined. Kozicki (1999 also examines the robustness isaie with
resped to a number of modificaions of the rule, including the way the inflation is measured

and whether the estimated rule includes an interest rate smoaothing term or not.

Although the MS models are based onendaogenising the timing of the regime shifts, some less
forma prior knowledge @ou the possble regime danges is used for evaluating the
plausibility of the results. The important institutional events that have occurred duing the
sample periodinclude eg. introducing the airrency snake system in 1972 which was foll owed
by the more rigid ERM system later in 1979.The reunificaion d Germany at the turn of
1990s aso took daceduring the sample period. In the cae of the US, the most important
potential regime shifts include & least the dhanges in the operating procedures of the Federal
Reserve during the yeas 19731982and 1984.

It is important to nde that the canges in parameter values of the policy rule do nd
necessxily diredly link to concurrent changes in the underlying preference parameters
describing the relative weights of inflation and ouput variability in the policymaker’s welfare
function. Insteal, the regime changes may refled changes in the transmisson medanism of
the monetary padlicy, observed by the pdlicymaker. If thereis, for example, a regime switch in
the dhannel through which the monetary pdlicy affeds the eonamy, a welfare maximizing
policymaker might have to raise interest rates just in order to keep inflation variability at its

previous level.

In the previous literature, Taylor (1999, Judd and Rudebusch (1998 and Clarida & al. (2000
are examples of previous attempts to deted regime changes in the US monetary pdicy in a
Taylor rule framework. Taylor (1998 focuses on changes in the Fed's pdlicy rule in alonger

perspedive examining several episodes with dfferent monetary palicy regimes. He concludes
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that a smple interest rate rule, in which the interest rate responds to changes in inflation and
output, is a useful framework for examining the U.S. monetary history, sincethe simple padlicy
rule may be implied by many different monetary systems. It was foundthat the Fed's padlicy
rule has changed dramaticdly from the ealy periods of gold standard to the fixed exchange
rate regime in the BrettonWoods era and the modern flexible exchange rate @a The
conclusionis that a good pdicy rule is charaderized as one in which the interest rate responds
to deviationsin inflation and ouput relatively aggressvely, as during the 198G and 199G.

Judd and Rudebusch (1998 in turn, try to find changes in the Fed's readion function
resulting from compasitional changes in the Federa Open Market Committee Judd and
Rudebusch dvide their sample period (197Q1 — 19974) into three sub-periods acwrding to
the respedive dhairmen o the Fed. Then, a Taylor-rule type readion function is estimated for
eat o the sub-periods. According to the results, Greenspan’s (19873 — 1997.4) period hes
been the one that could best be dharaderized by a Taylor rule type feedbadk rule. For
Volcker's period (19793 — 19872) the estimates were less predse, bu they suggested an
implicit inflation target well below that inherited from the late 1970s. Finaly, in the Burns
period (197Q1 — 19782) the link between inflation and monetary pdicy seemed to respond
more to the state of businesscycle than to inflation. The authors conclude that a Taylor-rule

framework isauseful tod for the description d the key elements of monetary pdlicy.

Clarida d a. (2000 finally, deted differences in the Fed's pdlicy regimes between the periods
before and after Volcker's appantment as a chairman of the Fed. A forward-looking readion
function is estimated and the estimated parameter values are discus=d in light of a small
quantitative maaomodel. Some sources of instability were found from the Fed’'s monetary
pdicy during the pre-Volcker period, when monetary policy seemed to be acommodating
increased inflation.

Ang and Bekaat (1998, Sill and Wrase (1999 and Linde (2000 provide examples of studies
on regime dcanges in the monetary padlicy that are based on a different approach than the
Taylor rule framework. Ang and Bekaat (1998 study the nortlineaities in the behaviour of
the short-term interest rates of the US, Germany and UK using a multivariate Markov-
switching framework. Instead of estimating readion functions for the ceitral banks, the
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authors use the term spread and international interest rates as well as the own history of the
short rate & explanatory variables. It is concluded that the regime switching models
outperform their linea courterparts when it comes to forecasting. On the other hand, die to
small sample problems with the regime switching models, the moments implied by the linea
models tend to fit the data better than those of regime switching models.

Sill and Wrase (1999 examine the regime dhanges in the joint money suppy processes of the
US and Canada by estimating a Markov-Switching VAR model. According to the results,
there have been two regime canges during the sample period. In the midde of 1971, there
seans to have been a switch from a high monetary growth regime to alow growth regime. In
mid 1981 the pdlicy returned to the high growth regime again. Linde (2000 in turn, examines
the parameter changes of the Fed's readion function duing the periods of different chairmen.
Linde uses the monetary base instead of the short-term interest rate & the dependent variable
when he estimates his readion functions for the periods of the different chairmen. The results
corrobarate the finding that the Fed has adjusted the monetary base most radicdly in resporse
to inflation duing Greenspan’s period. During Burn's chairmanship the resporse was at its
lowest.

The previous empiricd studies on the monetary palicy rules of Germany include eg. Clarida
and Gertler (1996, Clarida @ al. (1998 and Peasman and Smets (1999. All the studies,
however, estimate only a single linea rule, paying no attention to the possble regime bre&s.
The main findings of Clarida and Gertler are, firstly, that despite the pubicly annourced focus
on monetary targeting, the German monetary pdicy aso invoved managing short-term
interest rates, while the monetary targets provide only one of the reference points for the
padlicy. Further, the aithors suggest that while adieving and maintaining low inflation was the
main concern for German monetary authorities, the Bundesbank at least implicitly has aso
pursued courtercyclicd monetary pdicy. That is, it has adoped more or less gradualist
approad to disinflating, being ready to ease the monetary padicy when the red econamy has
wedkened.

Overdl, Clarida and Gertler found that German monetary pdicy can be daraderized by a
modified forward looking Taylor type feedbadk rule. The estimated coefficients in the basic

1 The aticle can be downloaded from the web site of the Federal Reserve Bank of San Francisco:
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spedfication for the response of the cdl money rate was 0.78 onchanges in the inflation gap?
and 0.640n ouput gap, when the full sample period was considered. Clarida and Gertler,
however, found evidence of asymmetry in the Bundesbank’s readions to inflation. When the
inflation hes levelled abowe its target value, the Bundesbank hes readed to inflation more
aggressvely than duing the periods with negative inflation gap. Thus, the study by Clarida
and Gertler can also be interpreted as providing evidence @ou the existence of two separate

regimes in the Bundesbank’ s monetary padlicy.

Clarida ¢ al. (1998, in turn, estimate readion functions for al G3 courtries after 1979.The
authors find evidence of an implicit form of inflation targeting with interest rate smoothing
and some dlowance for output stabili zation. Further, the results again suggest that the central
banks respond anticipated rather than to lagged inflation. This hypothesis of the forward
lookingness of the Bundesbank's monetary paicy was, however, cdled into question by
Peasman and Smets (1998. When they re-estimated the study by Clarida & a. (1998 they
foundthat the wefficient of current inflation remained significant when added to the baseline
spedficaion. Insteal, the two-yea aheal annual inflation dd na. This finding cast some
doult onthe interpretation that the Bundesbank cares also abou stabili zing output.

2.METHODOLOGY

2.1 Markov switching models

Markov switching models are based on the ideathat the parameter values of the empiricd
model are driven by two or more unolservable states (s,) that follow first-order Markov
process In ou set-up, spedficdly, ead state (s) corresponds to some speafic set of

parameters in the central bank readion function undr estimation. Intuitively, the states can

now be interpreted as indicaing stronger or weaker resporses to changes in the inflation a

http://www.frbsf.org/econrsrch/ecnrev/index.1998html

% These estimated low coefficients for the inflation gap may perhaps be interpreted as a sign of “non Wickselli an”
monetary palicy duringthe estimation period. The definiti on and the problems of the non-Wickselli an monetary
policy will be addressed in more detail | ater when the estimation results are discussd.
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output gap. More formaly, the Markov switching models considered in this gudy take the

form of (2.1) representing asingle eguation Markov switching model.
(2. Yy =8y +bstxst +eg,8=1,2andt=1, ..., T

where vy, isthe dependent variable, ay isthe state-dependent constant term, x4 iSavedor of

explanatory variables, by isavedor of coefficientsand ¢4 isthe state-dependent error term.

The eonamy is assumed to be in either of the two states, which change with the probabiliti es
1-p, and 1-p,,, while p;, and p,, give the probability of staying at a given state s

during period t+1, if it has been reated at period t. More @mpadly, the transition
probabiliti es are summarized by Markov matrix

Opy  1-pypC , .
P= C, where pj; =Pr (s;41 = j|s; =1)
H-_ P11 P [ ! " |

The estimation d the Markov switching methods is caried ou by maximum likelihood
method. Thus, the aror terms of the model are assumed to be normally distributed.

The relation between the anpiricd model (2.1) and the Taylor rule beaomes clea by writing

our baseline spedficaionfor therule e
22 i, =r +m +a(m-m)+B(y-y),

where i,=nomina interest rate, r =the red interest rate target of the central bank,
T =inflation target of the central bank, y,=red output, y; =the natural level of output and a
and [ are parameters. Thus, the vedor of explanatory variables in the a. (2.1) consists of
inflation gap (71— 77 ) and ouput gap (y—y ), whil e the cnstant term is made up o the sum

of the red interest rate target and the inflation target (r™ + 17 ).
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Before estimating a Taylor-type caitral bank readion function, ore has to take astand on
some problems related to the seledion d the data. The problems include questions sich as
how to corredly measure the output and inflation gaps of the eonamy, or what information
set was avail able to the palicy maker at the time the padlicy dedasions were made? Shoud ore
use lagged or current values of inflation and ouput gaps as explanatory variables? Becaise
there ae no dfinitive answers to most of these questions, and in order to examine the
robustnessof the results on the different solution to these problems, several aternative model

spedficaions are estimated.

2.2Measuring the output and inflation gaps

The problems with measuring the natural level of output, even for a single paint of time, are
well known. These problems are further highlighted here, because the natural level of output
has likely changed substantially during the relatively long sample period. A commonly applied
pradice to oltain a crude measure of the potential output is smply to apply time-series
methodks like fitting a linea or quadratic trend to the data or to use Hodrick-Prescott filt ering.
These procedures are implicitly based onthe nation that the deviations of the output of its
potential level are dways transitory and average out in the long run. The unolserved-
comporents methods, such as the univariate or multi variate Beveridge-Nelson decomposition
are based on estimating unolserved variables, such as potential output or the NAIRU, using
information from observed variables. The structura VAR method, in turn, identifies patential
output with the aggregate suppdy cagpadty of the e@namy and cyclicd fluctuations with
changes in aggregate demand.

Central banks or organizations like IMF and OECD use more daborate structural econamic
models. The production-function approadh, for instance, is based onestimating the eonamy’s
aggregate production function e.g. in the Cobb-Douglas form. The sensitivity of the parameter
values of the estimated Taylor’s rule on dfferent methods of measuring the patential output
has been examined by Kozicki (1999. Cerra @ a. (2000 in turn, compare the pros and cons
of six differing methoddogies to measure the potential output, with an applicaion to Swedish
data. Both studies suggest that the parameter estimates for the Taylor rule may be sensitive to
the methoddogy that is used to estimate the output gap. None of the mmpeting methods for

measuring the output gap was considered superior to the others, however. In this gudy, two
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aternative estimates of the patential output are used in the cae of both countries. The first
estimates are based on structural ecnamic methods, while the dternative measure of the
potential output is obtained by Hodrick-Prescott filtering the data. In the cae of the U.S.
eoonamy the structural estimates of the output gap were publdished by the US Congressonal
Budget Office (CBO) and in the cae of Germany the structural estimates are from the OECD
Econamic Outlook database.®

Kozicki (1999 discussed the corred choice between various measures of inflation when
estimating the parameters of the padlicy rule of the Fed. He found that the estimates of the
parameters of the Taylor’'s rule ae dso sensitive on the way the inflation is measured. When
the Taylor’s rule was estimated with the US data for a sample period d 1983— 1997with four
different inflation measures (CPI, core CPI, GDP deflator, expeded inflation) the best fit was
obtained in a model with expeded inflation. The finding suggests that central banks may be
forward looking when setting the padlicy instrument. The results are dso in line with the
somewhat controversial results of Clarida € al. (1998 cited above, acording to which at least
the Bundesbank has been forward-looking when setting its monetary palicy.

In this dudy, bah badkward-looking and forward-looking pdlicy rules are estimated. In the
forward looking models, the inflation expedations for the US are based on pofessond
forecasters forecasts of the U.S. GDP inflation, while for Germany the inflation expedations
were CPI inflation forecasts pulished by the OECD. The badkward looking data consist of

the redized values of these same inflation measures.*

Neither the Fed na the Bundesbank have had any publicly annourced, explicit inflation target
for the sample period. Thus, some implicit measures for the inflation targets have to be found.
Clarida and Gertler (1996 cdculated the inflation target by estimating a long run equili brium
level of the German inflation wsing a structural VAR model. Another posshility would be to
simply caculate long run averages of the inflation series, as was dore by Judd and Rudebusch
(1998. In Clarida and Gertler (1996 the eguilibrium inflation o the Bundesbank was

% The main difference between the methods of measuring the potential output seemsto be, acording to the visual
inspedion that the output gap seems to fluctuate less during the sample period when the potential output is
measured by H-P filtering.

“ Obviously, the results for the Fed and the Bundesbank would have been more cmmparable if the inflation would

have been defined and measured in the same way for baoth central banks. There were, however, problemsin
obtaining the series for the inflation expedations.
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estimated to be 3.2 % while Juddand Rudebusch (1998 estimate that the Fed’ s inflation target
has ranged between 3.03%6 and 6.47% during the period 1970Q1 — 1987Q3, depending on
who held the chairmanship of the bank®. Obviously, the estimates for the inflation target seem
to be fairly high. A smple Barro-Gordon model, however, provides a plausible interpretation
for the high estimates of the equili brium inflation. According to the moddl, if the central bank
has pradised some leaning against cyclicd variation in the red adivity during the sample
period and if the central bank's output target has been below the potential output, then the
theory predicts that the adual inflation rate may include some premium over the target rate.
Whether or not any such inflation hiasis present, depends onthe cantral bank’s output target.’

Ancther problem with measuring target inflation tsing sample average or VAR is that these
approadhes implicitly are based onthe assumption d a @nstant inflation target of a central
bank for the whole estimation period. Moreover, even if the sample arerage were cdculated
separately for ead sub-periods, there would still be the problem left that the inflation target
probably changes gradually, rather than in rapid dscrete shifts. In this gudy, the problems
with cdculating the inflation targets and the inflation gaps are handled by measuring the
inflation gap for both the expeded and redized inflation in two dfferent ways. The first way
is to cdculate the inflation gap simply by the diff erence between the inflation rate (either the
expeded o the redized ore) and the equili brium inflation oliained by H-P filtering the data.
The seand way is to avoid the cdculation d the eyuili brium inflation and the inflation gap
altogether. This is posgble by substituting for the inflation gap on the right hand side of
Equation (2.2) with the inflation rate itself. This procedure is justified since Equation (2.2)
can always be written as Equation (2.3) below. Now the equili brium inflation orly appeasin

the onstant term (r” + (1—a)7r ) of that equation.

(2 i, =r +@Q-a)m +am+B(y-y)

® Judd and Rudebusch (1998 also considered an alternative measure for the inflation target, namely the end of
period level of inflation for the terms of eadt three dhairman of the Fed. These estimates took much more
reasonable values, sincethe inflation target for Greenspan’s erawas now only 1.77 %.

® For an interesting criti cism of the inflation bias argument of Barro and Gordon, seeBlinder (1999 pp. 40—43)
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2.3 What isthe information set that is avail able to the policymaker?

Econamic data usualy go through considerable revisions and corredions after it has been
pubished for the first time. If the data avail able to the policymaker at the moment the padlicy
dedsions are made ae not the same than that used for the ex-post estimation d the pdicy
rule, severe biases in the estimates of parameters of the pdlicy rule may follow.” In this gudy
the problem is under control at least in the cae of inflation, since in some of the models
inflation was measured by the inflation forecasts that were avail able to the policymakers at the

moment the palicy dedsions were made.

It is aso posgble to include the lagged pdicy instrument variable & an explanatory variable
to the pdlicy rule spedficaion. Many aternative interpretations for the existence of the lagged
interest rate in the monetary pdlicy rule have been suggested. Usually the interest rate lag has
been interpreted as refleding smoathing behaviour on the part of the central bank® because of
the central bank’s concern abou the stability of the financial markets (see Kozicki (1999, pp.
8.). On the other hand, by avoiding too rapid adions in its monetary palicy, the central banks
can take into acourt the inherent uncertainties in its information set. In addition to the sort of
uncertainty pointed ou by Orphanides (1997, these uncertainties include the uncertainties
related the structure of the “true model” of the eonamy and the corred parameter values of
that model. As Blinder (1999 has argued, in the presence of parameter uncertainty the
palicymaker shoud be wnservative in its adions. In the study at hand, some of the dternative
pdicy rule spedficdions also contain the lagged interest rate term, which provides an
additional dimension in which to dscussthe robustnessof the results. As it will turn ou, the

" The problem has been discussed €.9. by Runke (1998, Evans (1998 and Orphanides (1997). Runkie (1998
demonstrated that the initial estimates of the output growth and inflation are not unbiased forecats of the final
estimates of these variables and that the bias may be substantial. In addition, a cmparison of revision urcertainty
and forecat uncertainty reveded that the former forms a significant fradion of the quite large uncertainty about
forecasts of red adivity and inflation. Evans (1998 tried to solve the problem by measuring inflation by the CPI
instead of the GDP deflator and output by unemployment, becaise the information on these variables is more
quickly avail able to the poli cymaker.

8 Instead of being a sign of an explicit interest rate smoathing objedive, including the lagged interest rate into the
readion function may refled an attempt of a central bank to make dfeds of the monetary policy more
permanent. If the market participants believe that the rises and dedines in the policy rates are not only a
transitory phenomenon, the monetary palicy becomes more dfedive. A related interpretation is provided by Sadk
(1999 who provides evidence that the observed gradualist policy of the Fed may be motivated bath by the
dynamic structure of the e@nomy and the uncertainty surrounding that structure.
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results suppat Kozicki (1999, who also found evidence on the sensitivity of the Taylor rule

estimates on whether the models include interest rate smoothing or naot.

2.4Data

| use quarterly data over the sample period d 19701 — 19981. As arealy mentioned, a
variety of different model speaficaions was estimated for both the Federal Reserve and the
German Bundesbank. Thus, aside from trading the structural changes in the padlicy rules, the
study pursues an additional goa by extending and contributing to the discusson by Kozicki
(1999 and Cerra d@ a. (2000 cited above, on the robustness of the monetary pdicy rule
estimates on the exad spedficaion d the rule aad the way the inflation and ouput gap are
measured. Tables (2.1) and (2.2) on the next page summarize the feaures of all twelve
spedficaions used for bath the US and Germany. The spedficaions differ from ead ather
regarding the definition d the inflation and ouput gaps, or with resped to whether they
include the lagged dependent variable & one of the explanatory variables or naot.

The data set for the estimation d the pdicy rule of the Fed consists, firstly, of the federal
funds' rate that represents the Fed's palicy instrument. The inflation gap variable is defined as
the difference between the GDP inflation and the eguili brium inflation estimated by H-P
filtering®. The inflation is defined either as the redized GDP inflation (badward looking
spedficaions) or as the expeded inflation (forward looking spedficaions). In addition to the
explicitly cdculated inflation gap series, the inflation variable itself is used as an explanatory
variable in some of the spedficaions. When estimating the forward looking models, two
different estimates of the output gap are used. The first measure is based on the potentia
output estimate provided by the Congressonal Budget Office of the US (CBO), while the
second ore is based on the patential output gap cdculated by H-P filtering. In al of the
badkward looking spedfications the output gap is defined as the CBO estimates.

For Germany, | use cdl money rate & representing the Bundesbank's monetary palicy
instrument. Again, the pdicy rules are estimated bah as badkward and forward looking

% The series for the inflation expedations are the Livingston survey data published by the Federal Reserve Bank
of Philadelphia.
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versions, and the inflation gap is measured either as an explicitly cdculated inflation gap o as
the inflation variable itself. In the badkward-looking models, the inflation gap is cdculated as
the difference between the redized values of CPI inflation'® and the eguili brium inflation,
obtained by H-P filtering. In the forward looking models the expeded inflation is measured by
the inflation expedation pubbished by the OECD. As an ouput gap measure for the German
eoonamy | have used either the OECD’s output gap estimates (both the backward and forward
looking models) or the difference between the adual output and the H-P-filtered paential
output estimate (the forward looking models). The inflation expedation and the output gap
series provided by the OECD were semi-annual data and the missng observations were
obtained by interpdation.

Table 2.1 The model spedficaion for the U.S.

Model [model |inflgap outpgap (lagged i
nr. type

[EnN

single  |exp. infl. cbo
eq.
exp. inflgap "
! exp. infl hp
exp. inflgap "
" exp. Infl. cho
exp. inflgap "
! exp. Infl. hp
exp. inflgap "
" realized inf. cho
realized "
inflgap

11 " realized inf.
12 " realized " X
inflgap

CQOVWO~NOUILDWN
X X X X

[EnN

x

“exp” refersto the expeded value of the variable, while “redized” refers to the redised values. Infl = inflation,
inflgap = inflation gap, “cbo” denotes to the CBO estimates of the output gap and “hp” to the output gap estimate
based on the potential output estimate based on HP-filtering.

19 The series for GDP inflation for Germany were not avail able.
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Table 2.2 The model spedficationsfor Germany.

Model |model [inflgap outpgap |lagged i
nr. type
lisingle |exp. infl. oecd
eq.
2 " exp. infgap oecd
3 " exp. Infl. hp
4 ! exp. infgap hp
5 " realized inf oecd
6 " realized oecd
infgap
7 " exp. Infl. oecd X
8 " exp. Infgap " X
9 ! exp. Infl. hp X
10 " exp. infgap hp X
11 " realized inf oecd X
12 " realized " X
infgap

“exp” refers to the expeded value of the variable, while “redized” refers to the redised values. Infl = inflation,
inflgap = inflation gap, “oead” denotes to the OECD estimates of the output gap and “hp” to the output gap
estimate based on the potential output estimate based on HP-filtering.

2.5Thetime-series properties of the data

When time-series data is used, the danger of spurious regressons is aways present if the
series are unit roat processes. With unt roats present, the estimations shoud be caried ou
using the differences rather than the levels of the variables. (The graphs of both US and
German data ae shown in the figure in APFENDIX 1.) When it comes to the time series
considered here, previous empiricd reseach suggests that the short-term interest rates and the
inflation may contain urit roots. There ae not many, if any, empiricd studies of the
stationarity of the output and inflation gaps. According to econamic theory, however, they
shoud be stationary, since the deviations of inflation and ouput from their desired levels
shoud always be transitory in nature. Formal unit root tests were caried ou (the results not
reported to save space, athough they shoud na be relied too much because of the well
known low power of the tests. The results of the tests were somewhat contradictory, although
for every series except the German inflation gap the tests suggested that the series are
stationary. Hence, beaing in mind the apriori information provided by econamic theory, the

analysis was based onasauming that the series are stationary.
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3.RESULTS

3.1 Estimation results

All models were estimated using maximum likelihood method utimately based on Hamilton
(1994. The estimations were caried ou using MSVAR padkage for Ox, which applies the
EM algorithm. If the e@namic relationships to be modelled could be alequately charaderized
by a linea model, there is no sense in estimating a nonlinea model, like the Markov
switching model. Thus, the estimations were started by comparing the alequacy of the linea
model against the Markov switching model using both the @nwventional AIC and SBC
information criteria & well as the LR tests. Using the LR tests is adually problematic, since

the parameters p,, and p,, appea only in the MS model but nat in the linea model. The

information matrix of the model with two states would then be singular if the null hypothesis
of only one state holds. Accordingly, the asymptotic distribution d the LR test is not known'*,

The problem was handed by using the mnservative x*(1) distribution. The LR tests dill
always suggested that the hypaothesis of alinea model shoud be rejeded at 99 % confidence

level. The information criteria dso suggested estimating a nortlinea model.

The number of states in the Markov switching model was chosen to be two for the models for
both the Fed and the Bundesbank. Actualy, the information criteria suggested models with
three states, bu these models turned ou to be too dfficult to interpret, mainly becaise of the
very ragged shapes of the line graphs of the smoothed probabiliti es of the regimes. The
Markov switching modelling also allows for estimation d the eror term variance separately
for eath o the states, which is clealy an advantage in ou estimation. The aumption d a
constant variance is not likely to hdd for short-term interest rates as it is the cae for also
many other financial time series. The estimated parameter values for the pdicy rules of the
Fed and the Bundesbank are presented in Tables 3.1 and 3.2 l@low. The timing of the regimes
is represented by the time paths of the filtered, smoothed and predicted probabiliti es of the two
regimes that are shown in Appendix Il. The filtered probability is the optimal inference on the

state variable & time t using only the information up to time t, i.e. Pr(s = r’dYt)). The

smoacthed probability refers to the optimal inference on the state variable a time t using the
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information d the full sample, Pr(s, = rﬂYT) . The predicted probability in turn, stands for the

optimal inference on the state variable & time t using only the information upto time t-1, that

is, Pr(s, =mY,_,).

Table 3.1 Coefficient estimates for the padlicy rules of the Fed.

Model 1 Model 2 Model 3 Model 4
State 1 |State 2 |State 1 |State 2 |State 1 |State 2 |State 1 |State 2
Const. 1,99 0,77 6,16 10,55 1,94 0,89 5,98 10,79
(3,87) (2,89) (41,36) (22,84) (3,92) (3,8) (43,77) (22,08)
Infgap 0,88 1,79 0,86 2,55 0,92 1,75 0,21 1,94
(9,39) (31,82) (5,88) (7,06) (9,29) (36) (1,66) (4,88)
Ygap 0,61 0,15 0,98 0,37 0,82 0,25 1,22 0,67
(7,63) (3,39)) (10,26) (2,64) (8,79) (4,37)) (10,66) (3,92)
Model 5 Model 6 Model 7 Model 8
State 1 ‘State 2 |State 1 ‘State 2 |State 1 ‘State 2 |State 1 ‘State 2
Const. 1,29 0,04 1,61 2,73 0,97 1,75 1 3,13
(5,14) (0,05) (5,97) (2,1) (4,57) (1,23) (4,53) (2,37)
Interest 0,75 0,73 0,77 0,76 0,72 0,6 0,84 0,7
(20,36) (6,55)] (18,94) (6,52)] (19,88) (4,19)] (23,64) (5,67)
Infgap 0,11 0,45 -0,08 0,65 0,17 0,42 -0,15 0,57
(3,37) (2,07) (1,48) (1,72) (4,51) (1,64) (2,42) (1,72)
Ygap 0,34 0,13 0,35 0,22 0,42 0,31 0,35 0,36
(8,14) (1,64) (7,71) (2,14) (9,22) (2,28) (6,54) (2,71)
Model 9 Model 10 Model 11 Model 12
State 1 ‘State 2 |State 1 ‘State 2 |State 1 ‘State 2 |State 1 ‘State 2
Const. 4,05 4,52 6,18 9,85 0,98 0,48 1,22 0,68
(12,89) (8,45) (38,83) (39,98) (4,85) (0,56) (5,32) (0,82)
Interest 0,82 0,94 0,83 0,95
(27,28)  (10,64) (24,29) (10,93)
Infgap 0,31 1,03 1,88 3,16 0,08 0,05 0,04 -0,01
(4,69) (10,82) (8,91) (14,97) (2,93) (0,37) (0,55) (0,05)
Ygap 0,23 -0,21 0,9 -0,1 0,28 0,19 0,3 0,19
(2,76) (2,67) (10,2) (1,27) (7,85) (2,1) (7,4) (2,16)

The different spedficaions are numbered acwording to Table 2.1. The figures in the parenthesis ow the

absolute values of the t-values of the mefficient estimates.

1 See eg. Kgjanoja (2007), p. 117.
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Table 3.2 Coefficient estimates for the padlicy rules of the Bundesbank.

Model 1 Model 2 Model 3 Model 4
State 1 lState 2 |State 1 lState 2 |State 1 lState 2 |State 1 lState 2
Const. 3.35 6.71 5.11 9.19 4.04 7.43 5.21 8.85
(10.99) (8.71) (28.95) (45.18)] (15.03) (9.3)] (36.74) (36.37)
infgap 0.23 0.43 0.88 0.64 0.16 0.28 0.73 0.24
(2.83) (2.7) (7.87) (4.23) (1.85) (1.75) (5.5) (1.36)
ygap -0.26 -0.16 -0.13 -0.49 0.11 0.1 0.14 0.15
(3.49) (1.42) (1.78) (4.75) (1.65) (1.42) (2.12) (2.08)
Model 5 Model 6 Model 7 Model 8
State 1 lState 2 |State 1 lState 2 |State 1 lState 2 |State 1 lState 2
Const. 0.59 0.92 0.28 0.96 -0.12 1.68 -0.09 1.37
(3.35) (0.77) (2.21) (1.66) (1.06) (1.92) (0.44) (1.89)
infgap -0.09 -0.07 -0.01 -0.01 -0.04 -0.09 0.02 0.06
(1.33) (0.39) (0.15) (0.04) (0.92) (0.69) (0.38) (0.3)
ygap 0.13 0.35 -0.04 0.23 -0.09 0.05 -0.09 -0.01
(4.32) (1.88) (1.1) (3.14) (4.97) (0.43) (4.92) (0.09)
interest 0.94 0.96 0.89 0.88 1.01 0.83 0.98 0.83
(34.14) (8.1)] (38.85) (3.14)[ (36.01) (8.84) (27.08) (8.48)
Model 9 Model 10 Model 11 Model 12
State 1 lState 2 [State 1 lState 2 [State 1 lState 2 [State 1 lState 2
Const. 3.6 4.17, 4.73 8.54 0.48 -2 0.63 1.69
(8.41) (5.2)) (23.8)9 (23.15) (3.3) (1.3) (3.53) (2.11)
infgap 0.2 0.94 0.59 0.74 -0.02 0.57 0.09 1.49
(1.84) (5.45) (2.98) (2.59) (0.61) (1.84) (1.53) (3.23)
ygap 0.05 0.26 0.03 -0.03 0.11 0.45 0.12 0.51
(0.4) (3.84) (0.31) (0.24) (4.6) (2.7) (4.79) (3.61)
interest 0.93 0.88 0.89 0.71
(31.4) (7.33)  (31.47) (5.98)

The different spedficaions are numbered acording to Table 2.2. The figures in the parenthesis ow the
absolute values of the t-values of the wefficient estimates.

It can be seen in Table 3.1 that for the Fed, the statisticdly significant coefficients during both
regimes were of the “right” sign, that is, pasitive. It is more difficult to give the results for the
Bundesbank a sensible interpretation, kecause the parameter estimates are insignificant in
many of the models and sometimes they even have wrong (negative) signs. This is the cae
espedaly for the wefficient on the inflation gap in the models with the interest rate
smoathing term. The transition pobabiliti es between the two estimated regimes show that
both the Fed’'s and the Bundesbank’s regimes are fairly persistent. When the eonamy has
readed either of the two states, the probability for staying at that state is more than 90%.
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Note that the estimated transition probabilities p,, and p,, for both the Fed and the
Bundesbank, although high, still differ more than only negligibly from unity. Thus, neither of

the two central banks fans to have been driven by a pure “inflation nuter ” regime during
the sample period, since this kind d regime shoud be fully absorbing with the transition
probabiliti es very close to unty. This follows from the obvious fad that once a cetra bank
has committed to very strict palicy against inflation, abandoring that regime would be very
costly in terms of the lost credibility.

Considering then the robustnessof the estimation results on ou alternative sets of explanatory
variables, bah the timing and the parameter values of the Fed’s regimes sem to be somewhat
sensitive on the exad spedficaion d the model, particularly on whether the spedficaion
contains lagged interest rate term or not. The finding isin line Kozicki (1999 and Cerra d al.
(2000 who foundthe estimation results to be remarkably sensitive on the way the inflation
and ouput gaps are measured.

The estimation results for the Bundesbank seem to be even more sensiti ve on the spedfication.
As in the cae of the Fed, the parameter estimates are again particularly sensitive on the
inclusion d the lagged interest rate term in the moddl. In the spedfications with the interest
rate smoothing term, the estimates of both the constant term and the inflation gap coefficient
get significantly lower values than in the models withou the interest rate smocthing. In
addition, if the models are divided into models with and withou the lagged interest rate term,
the variation in the estimation results within the two sort of spedficdionsis greder in the cae
of the Bundesbank than in the case of the Fed.

The mefficient estimates of the inflation and ouput gaps reved that the monetary padlicy of
the Fed clealy seams to have been switching between two regimes during our sample period.
The first of the regimes is charaderized by a stronger resporse to the inflation gap, while a
stronger resporse to the output gap is asociated with the second d the regimes. This finding
also seams to be robuwst to the model spedficaion, athowgh the diff erence between the two
regimes sans to be lessclea in the spedficaions with the interest rate smoaothing term. It is
possble to aso find some diff erences between the two regimes of the Bundesbank, although

the diff erences between the regimes are not very clea. The wefficients for bath the inflation
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and ouput gap o the Bundesbank tend to either get higher values or enter as sgnificant

parameters to the model slightly more often during the regime two.

3.2Mode€ evaluation

There eists a set of mispedficaion tests available for the Markov switching models,
including the tests for remaining autocorrelation a@ ARCH in the residuals, a test for
mispedficaion d the Markovian dynamics and a test of omitted explanatory variables.
Because of both some technicd difficulties® and the poa small sample properties of the
residual diagnostics, the model residuals were analysed lessformally, by visual inspedions of
the correlograms, histograms, graphs and Q-Q plots, which are provided by the MSVAR
procedure for Ox*3, Overall, acording to bah the histograms and the Q-Q plots, the residual's
of the models for bath the Fed and the Bundesbank seaned to behave fairly well in terms of
normality, particularly when the lagged interest rate was included in the model.

For the Fed, the histograms of the residuals from the models withou the lagged interest rate
term showed signs of kurtosis or skewness The Q-Q plots also showed signs of skewnessfor
onre of the spedficaions (model 5). For the Bundesbank, the histograms $howed some signs of
non-normality for both the spedfications with and without the lagged interest rate. The Q-Q
plots did however suggest nonrnormality of the residual's of the Bundesbank models.

Signs of autocorrelation were foundin some of the residual series of the speaficaions withou
the lagged interest rate term for the models of both the Fed and the Bundesbank. This finding
has to be taken into ac@urt when looking at the t-values of the parameter estimates, sincethe
residual autocorrelation makes the standard errors of the parameter estimates inacarately
estimated. No signs of heteroskedasticity were foundin any of the models, at least acording
to the visua inspedion, when the residuals were plotted against time. The problem of hetero-
skedasticity was at least partly avoided by estimating the eror term variance & date-

dependent. Acoording to the estimation results, the aror term variances did indeed dffer

2 The mmputer program used for estimating the mode! did not all ow for caculating the test statistics.
13 For more discusson about caculating the test statistics for Markov switching models, see eg. Sierimo (2002,
p. 116
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considerably between the two regimes in the caes of both the Fed and the Bundesbank. In

both cases it was the regime marked as regime two during which the variance was higher.

During the sample period, the reunification d Germany at the turn of 1980s and 1990s
creged a maor bre& in the ingtitutional environment, which may have cntributed to ou
estimation results. The robustness of the estimation results to the sample period chosen was
examined by re-estimating six of the models (models 3,4,5,6,9,1D for two sub-samples of
19701 — 19904 and 19911 — 19974. According to the results, up uril the end d the 1980s,
our previous conclusions abou both the timing and the parameter values of the estimated
regimes remains largely unchanged. Apparently due to the small number of observations, the
estimation results for the latter sub-period were nat plausible, however.

3.3 Regimes of the Fed

The regime of the Fed with the higher value for the efficient of the inflation gap is marked
as regime two in Table 2.1. It can be seen that in the models withou the interest rate
smoathing term (models 1 — 4, 9 and 10 the inflation gap coefficient always exceeals unity in
regime two but tends to remain below unity in regime one. Thus, ac@rding to the results for
the spedfications withou the interest rate smoathing term, the Fed seems to have foll owed the
so-cdled Taylor principle during regime two, acording to which the central bank shoud read
to the increased inflation by increasing aso the red interest rate. The estimates for the output
gap coefficients mostly get statisticdly significant values in bah regimes, although regime

oneis charaderized by higher coefficient values.

As dready noted, including the lagged interest rate & an explanatory variable to the palicy
rule somewhat changes the estimation results™®. The wefficient for the lagged interest rate
itself takes fairly high and statisticdly significant values (in a range of 0.6 — 0.95 in bah
regimes 9 that the Fed seans to have had fairly strong motive to smocthe its palicy adions.
When the pdicy rule spedficaions with lagged interest rate ae wmpared with the
spedficaions withou the lagged interest rate, it can be seen that including the lagged interest
rate results in markedly lower coefficient estimates for both inflation and ouput gap. Regime

1% The result of the sensitivity of the estimation results to including the lagged interest term in the equation is
broadly in line with Kozicki (1999.
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two is dill associated with higher values for inflation gap coefficient and regime one with
higher output gap coefficient, but the result that the Fed foll owed the Taylor-principle during

regime two nomore halds.

As noted before, a statisticaly significant coefficient estimate for the output gap in a central
bank’'s readion function reed na be asign o the cetra bank’'s willi ngness to stabili ze
output. Instead, the central bank may be interpreting the widening output gap as an indicator
of increased inflation presaure in the nea future. If thisredly is the cae here, ou estimates
for the output gap coefficient shoud get a higher values in the spedficaions with inflation
measured as redised, rather than expeded inflation. This is becaise the puldic’s inflation
expedations are likely to aready contain the information onthe future inflation, carried by the
output gap. Comparing the spedficaions based onredised inflation (spedfications 9 — 12)
with those based onthe expeded inflation (spedficaions 1 — 8) reveds, in fad, that the output
gap rather seems to get higher weight when inflation is measured as expeded inflation. Thus,
the estimated value for the wefficient of output gap redly seams to refled the Fed's attempts
to stabili ze output.

3.4 Regimes of the Bundesbank

It is rather difficult to give the estimation results for the padlicy rule of the Bundesbank a
sensible interpretation. In many of the spedficaions, the parameter estimates are no longer
significant and in addition they sometimes have wrong (negative) signs. This is espedally the
case for the wefficient of the inflation gap in the spedficaions with the interest rate
smoathing term. The sensitivity of the estimation results on the presence of the lagged interest
rates is also seen in the cnstant term. In the models withou the lagged interest rate, the
constant term clealy take higher values in regime two. With the lagged interest rate present,
the results become @ntradictory. A closer scrutiny of the estimated coefficient values makes
it, however, passble to somehow divide the sample period into two regimes. During regime
two the wefficients for bath the inflation and ouput gap tend to either get higher values than
during the regime one or at least they get statisticdly significant values dightly more often.
Starting with regime two, athough the wefficients of the inflation gap get considerably higher
values than the wefficients of the output gap, even the inflation gap coeffiedents remain

below unity in every spedfication, thus violating the Taylor principle.
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In the models with the lagged interest rate term, the wefficients are not even statisticdly
significant in most cases. Moreover, the wefficient on the output seams to get lower values
when the inflation is measured as expeded instead of the adual inflation™. Thus, our results
suppat the view that by reading to changes in ouput gap, the Bundesbank may only have
attempted to read to the information abou the future inflation contained in the output gap.
The mefficient estimates for the lagged interest rate of the Bundesbank in turn get values
abowve 0.8. All in dl, it is passble to charaderize the regime two as the regime during which
the Bundesbank has operated more agressvely in resisting inflation. Whether the
Bundeshank has also been more @ncened abou stabilizing output during that regime,

remains an open question.
3.5Timing d the regimes

Figures A.1to A.12in Appendix IIB show the filtered, smoothed and predicted probabiliti es
for the Fed, while Figures B.1 to B.12in Appendix Il B show them for the Bundesbank. The
clasgficaion d the monetary pdlicy into dfferent regimes makes snse only if the estimated
timing of the regime canges reported by the figures, is robust enough with resped to model
spedficaion. As the figures suggest, this sams to be the cae more for the Bundesbank than
for the Fed. Thus, ore of the main findings of the study appeas to be that when the estimation
results for the Fed and the Bundesbank are awmpared, the regime switches of the German

monetary policy seem to be eaier to tradk, bu more difficult to interpret.

Starting with Fed, as is e in the figures, duing the sample period 1970— 1998, the US
eoonamy fluctuated between the two regimes with bah regimes having been in force for
roughly the same length of time. The timing of the results is most robust during bath the yeas
beginning at the turn o the aghties and at the turn o the nineties. The models with interest
rate smoothing suggest that the sample period kegins driven by regime one, the Fed being
more mncerned abou stabili zing output than inflation. Starting around 1979there seans to
have been a switch to regime two, which has lasted urtil aroundthe mid-eighties. Becaiseit is

regime two with the higher estimate for the wefficient of the inflation gap, this result does not

!5 During regime two, in models with inflation measured as redized inflation, the wefficient of output gap took a
statisticaly significant value in three caes out of four. In the eght models where inflation was measured as
expeded inflation, the output gap was a significant explanatory variable only twice
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sound surprising: At the turn of the 1970s and 1980s, the Fed changed its operating
procedure, which resulted in a sharp tightening of the monetary palicy. The rest of the sample
period then, beginning in the latter half of the aghties and ending at the end d the nineties,
seansto be dharaderized by regime one ajain.

When we look at the models estimated withou the interest rate smoothing term, our view of
the timing of the regimes changes ssmewhat. The sample period seans to begin as driven by
the regime one ajain, bu then the regime turns to regime two at the midde of the 70's. The
figures suggest that regime two seams to have lasted abou ten yeas, ending in the latter half
of the aghties. The sample period ends dominated by regime one, as in the cae of the models
with the lagged interest rate term.

For the Bundesbank, most of the time paths of the smoothed probabiliti es take roughly similar
shapes with threeto four clealy observable pegs for bath regimes. In addition, for al the
models, the timing of the regimes samsto be much the same & least for the first twelve yeas.
The first haf of the 1970s is difficult to asdggn to either of the two regimes, since the
Bundeshank seems to have been wavering between the two regimes withou any clea
tendency to stay at either of the states for alonger period. The figures siggest, however, that at
least the years aroundthe first oil price shock beginning in 1973are dominated by regime two.
The same seans to be true aoundthe mid-eighties and at the turn of the eghties and nneties
The subperiods dominated by the regime one, in turn, take placejust after the mid seventies,

aroundthe mid eighties and at the end d the nineties.

3.6 Economic interpretation of the regimes

As previously noted, the dhanges in the estimated parameter values of the padlicy rules do nd
need to have aything to dowith changes in the degp parameters of the social welfare function
of the central banks. Four different sources of interpretation for our results will be discussed
instead *°,

18 Thereis an implicit assumption throughout the paper that the Bundesbank redly did conduct autonomous
monetary palicy during the sample period althoughthe DEM was adjustable with other European currencies for
quite along period. The autonomy foll ows from the well -known fad that the Bundesbank aded as a leader
among the central banksinthe EMS area
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1. The values of the output gaps may provide a least partia explanation for the regime
switches. It is possble that during periods with pasitive output gaps a ceitral bank may
perceive the asts of highly anti-inflationary monetary policy to be lower than duing
periods with an already negative output gap and vice versa. Thus, for the Fed, the
occurrence of the two regimes is compared to the ancurrent values of the output gap. For
the Bundesbank this kind d comparison was however not possble becaise of some
technicd difficulties.'’

2. Thelow estimates for the inflation gap coefficient espedallu during the regime one in the
case of the Fed and duing baoth regimes in the cae of the Bundesbank may partly be due
to the low variation in inflation duing those periods. It is possble that the two central
banks reated only to relatively large dhanges in the rate of inflation duing the sample
period, bu ignored small changes. If this redly was the cae, then the wefficient of the
inflation gap gets a low estimate during the periods when the variation in inflation hes

bee low.

3. The low value for the inflation gap coefficient may be asign o a period d non
Wicksellian monetary padlicy. This explanation is closely related to the Taylor principle
mentioned before.

4. The estimation results will also be discussed in light of the previous literature. Goodriend
(1995 and Judd and Rudebusch (1998 provide an interesting interpretation for the Fed's
monetary palicy sincethe late 1970s. Von Hagen (1995 and Clarida & a. (1998 in turn,
discussthe monetary padlicy of the Bundesbank.

3.6.1. Does the state of the business cycle matter?
Beginning with the first of the passble explanations, when the output is below its potential
level, there is more room for a central bank to ease monetary palicy when fadng a widening

output gap, becaise the eaing is lesslikely to increase inflation. By contrast, if the output is

Y This argument is analogous to discusson by Fitouss and Cred (2002 pp. 30-31), who consider the posshility
that the prevaili ng low level of inflation and high level of unemployment may have resulted in inertiain the
monetary policy of the ECB at thetime it was st up.
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abowe its patential, it is more difficult for the cantral bank to ease the monetary palicy withou

afea of increasing inflation even if it is fadng a sharp temporary dedinein ouput growth®®.

Thus, it shoud be expeded that in the cae of the Fed, the output was below its potential level
during regime one while regime two shoud be assciated with the output abowe its natural
level. The hypothesisis discussed using Figure Ill .1 in the Appendix Ill, which pots the series
of our two estimates for the output gap o the US. Asis e, the US output seans to exceal
its potential level during the yeas 197274, 197881, 198691, and 1996, while during the
rest of the time the output gap seams to get negative values. Thus, regime one (two) fairly well
seans to be asciated with periods with a negative (paositive) output gap. The first half of the
1970s forms an exception, since for that period it is difficult to say anything abou the link
between the output gap and the regime switches. The identification d the padlicy regime
during that time was rather sensitive on the model spedficaion. During the latter half of the
1970s, however, the behaviour of the Fed was quite well in acordance with the explanation
abowve. According to amost every graph, the Fed's pdicy seans to have been driven by
regime one during that time, and the years 1974— 1978aso seam to have been charaderized
by output abowe its potential level.

The anti-inflationary monetary pdlicy at the turn of the 1970s and 1980s could also be
understoodin terms of the cncurrent value of the output gap. At the end d the 1970, output
seans to have been abowe its potential and that period also corresponds to regime two. It has
to be noted, havever, that the output gap already turned negative & the beginning of the
1980s, probably just as a result of the sharp tightening of the monetary pdlicy. Finaly, even
the dominance of regime one during the most of the 1990s fits in the &owve framework.
Although red growth duing the period was high, ouput remained below its potentia level
until 1996, which left room for relatively essy monetary paicy withou any need to worry
abou inflation.

18 Clarida ad Gertler (1996 made avery similar exercise when they searched for an explanation for their low
estimate of the Bundesbank's inflation gap coefficient. Instead of output gap, they examined the possble
asymmetry of the monetary policy response to the value of the inflation gap. Clarida and Gertler indeed found
that the Bundesbank’s palicy readed more strongly to inflation when the inflation gap was positive. Our dedsion
to examine the output gap rather than inflation gap is based on the fad that the difficulties to estimating the
inflation gap appeas even more problematic than estimating the output gap.



Unfortunately, in the cae of the Bundesbank, comparing the timing of the regimes with the
concurrent output gap provides a lessfruitful means to interpret the results than with the US
case. The differences between the Bundesbank’s two regimes were small and reither of the
two regimes could easily be dassfied as a strict “inflation nuter” regime. Moreover, as e
in Figure Il1.2 in Appendix Ill, the two measures of the output gap deviate from ead ather
during the sample period. The OECD estimate of the output gap seams to “lead” the output
gap measure based onthe patential output estimate obtained by H-P filtering 1-2 yeas through
the whole period. Of course, the possble inacarades in the output gap estimates limit also

the reli ability of the cnclusions we made in the cae of the Fed.

3.6.2 Do the central banks react only to large swings of inflation?

The wefficient of the inflation gap got remarkably low estimates during regime one in the
case of the Fed and duing both of the regimes in the cae of the Bundesbank®®. Whether this
finding could be explained by the low variation in inflation duing those periods, was
examined next. For both central banks, the sample period was divided into sub-periods that
roughly correspond to the timing of the padlicy regimes. Next, the standard deviations of
inflationin the US and in Germany were cdculated separately for ead subperiod. For the US,
the periods are 19701 — 19794, 19801 — 19864 and 19871 — 19974 and they roughly
correspondto the timing of our two estimated regimes.

The standard deviations were cdculated for all four measures of inflation a inflation gap. It
appeaed that the volatility of inflation was asits lowest (at the level of 0.31— 0.78 during the
third o the periods, regardiess of the way the inflation a inflation gap is measured. This
period adually corresponds to regime one with the lower coefficients for the inflation gap.
Moreover, with two measures for the inflation, vdatility was at its lowest during the second d
the periods that in turn corresponds to regime two with its higher coefficients for the inflation
gap. On the other hand, with two ou of four different measures of inflation, vdatility was
highest during the first of the periods, which also corresponds to regime one. Hence the
evidence s rather mixed for drawing clea conclusions abou the role of the low variability of

inflation (gap) in explaining the estimated low coefficient values for the regime one.
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During the Bundesbank’s bath regimes, the wefficient estimates for bath the inflation and the
output gap get rather low values. Thus, for Germany, the volatiliti es were computed for bath
inflation and ouput (gaps) to ascertain, whether the low variability of the eplanatory
variables is the reaon for the low coefficient estimates’®. Standard deviations of the series
were cdculated for the whole estimation period and for five subperiods of 19701 — 19744,
19751, 19794, 19801 — 19834, 19841 — 19904, 19911 — 19974, roughly correspondng to
the timing of the regimes. For the whale period, the standard deviations range from 0.9to 1.9
for inflation and from 2.0 to 2.5 for the output gap. The two periods with more volatile
inflation were thase of 19751 — 19794 and 19911 — 19974. The volatiliti es of inflation and
output sean nat to have been lower in Germany than in the US during the sample period.
Thus, the low volatility of the explanatory variables does not seem to provide alikely
explanation for the low estimated values for the efficient of the readion function.

3.6.3 Monetary policy of the Fed and the Bundesbank in the Wicksellian framework

The Wickselli an framework rests on the mncept of a “natural rate of interest”®:. The natural
rate of interest is determined by the supgy side fadors of the e@namy, being independent of
monetary palicy. It can be defined as an equili brium rate & which the total demand equals the
natural rate of output. A deviation from the natural level of interest rate is then the ultimate
cause for the increasing inflation and the deviations from the natural level of output. The
Wicksellian analysis results in the conclusion that the monetary padicy shoud be mndwcted
according to the so-cdled Taylor principle, that is, the nominal interest rate shoud be adapted
enough to also change the red rate of interest.

Woodord (2000 examines the stabili zing properties of several variants of the simple Taylor
rule in the Wickselli an framework. He uses a simple maao model to derive the necessary and
sufficient condtions for the price determinacy. Woodord foundthat in order to achieve price
determinacy, the padlicy rule shoud respondto bah deviations of output and inflation and to
the variation d natural rate of interest. Basicdly, these condtions rely onthe Taylor principle:
At least in the long run, the central bank shoud read to inflation by increasing the nominal

19 Also in two spedfications for the Fed with the lagged interest rate in the rule (spedfications 11 and 12 the
inflation gap got remarkably low valuesin both regimes.

2 The low variability of the explanatory variablesisthe explanation for the low coefficient valuesif the central
bank has been interested to stabili ze only large deviations of inflation and output from their equili brium values.
L See 4so Blinder (1999 Ch. 2.), who uses the dosely related term “neutral” monetary palicy.
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interest rate by more than the increase in the inflation rate. A sufficient condtion for the
Taylor principle to hdd is that the wefficient of the inflation gap exceals unity. Woodord
relaxes this assumption a little and suggests a set of necessary condtions for the price
determinacy that also include the wefficient for the output gap and the deviations from the
equili brium red rate of interest.

Taylor (1999 and Clarida & al. (1999 provide discusson abou the stabili zing properties of
the Fed's monetary pdicy adions in context of the Taylor principle aad the Wicksellian
framework. Taylor foundthat the interest rate increases of the Fed in the faceof increasing
inflation duing the 196G and the 197G were nat aggressve enough to increese the red
interest rate. Too easy a monetary palicy then contributed to the high inflation d the 196G
and 197G but beginning at the 198G the Fed's pdlicy against inflation turned more
aggressve. Clarida g al. (1999 foundsuppat for Taylor’s findings, when they discussed the
values of the parameters of the monetary palicy rule of the Fed in the Wickselli an framework.
For the ooefficient of expeded inflation Clarida & al. yielded estimates sgnificantly below
onre that the period precaling Volcker's appantment as the Fed chairman. Accordingly, the
authors concluded that the high and vdatile inflation from the late 1960s to the ealy 1980s
may have been aresult of monetary padlicy that did na foll ow the Taylor principle.

The estimation results of Clarida and Gertler (1996 and Clarida € a. (1998 cited previoudly,
can aso be discussed within the Wickselli an framework. According to the first of the studies,
during the sample period 1974:8 — 199309 the Bundesbank readed to the widening inflation
gap by also raising the red rate of interest, thus fulfilli ng the Taylor principle. The latter of the
studies in turn suggests that the yea 1979 dvides the monetary padlicy of all threelarge central
banks, the Fed, the Bundesbank and the bank of Japan, into two sub-periods  that only

during the latter was their monetary palicy in accordancewith the Taylor principle.

In ou study the Wicksellian framework was taken into ac@urt by examining whether the
parameter values of the estimated pdicy rules fulfil Woodord's condtions for price
determinacy. In the cae of the Fed, the results were somewhat contradictory, since signs of
Wicksdllian pdicy were found oty in the model spedficaions withou the interest rate
smoathing term. In some cases the @nfidence bands for the estimated parameter values also

tended to imply borderline caes between Wicksellian and norWickselli an pdicy.
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In the cae of the Bundesbank, by contrast, the parameter values of all twelve models grongly
and consistently suggest that the Bundesbank has followed nonWicksellian monetary padlicy
during both its regimes. Thus, our estimation results are in ac@rdance with the cnclusions of
Clarida & a. (1998 when it comes to the period prior 1979.The results, however, contradict
the results of Clarida d al. (1996.

3.6.4 Resultsin light of previous studies

It is posshble dso to try to interpret the estimation results by discussng them in light of some
previous dudies. Goodriend (1995 explains the Fed's pdicy adions by “inflation scares’.
Inflation scares are defined as sgnificant long-term interest rate rises withou the preceding
sharp tightening of monetary policy on the part of the Fed. When fadng an inflation scare, the
Fed is, howvever, odiged to ad by raising its pdicy rate, regardiess of the negative dfeds to
the red adivity, since the inflation scares tend to be self-fulfilli ng through the workers’ and
firms wage and pice dedsions. Hence Goodriend's interpretation o the Fed's padlicy
suppats the view that the US monetary palicy has been markedly forward-looking. Thus,
when interpreting the estimation results of this gudy, we shoud at least put more anphasis on
the estimation results obtained with the spedficaions based on expeded rather than on
redized inflation.

Juddand Rudebusch (1998 tried to find ou whether the Fed's monetary palicy changed when
the Fed's chairman changed. In ou study, particularly the pdicy rule spedficaions with the
interest rate smoathing term seam to imply regime switches that are somewhat in line with
changes in the Fed's chairman. Beginning with the dhairmanships of Burns (19701 — 19782)
and Greenspan (19873 — 19974), the estimation results suggest that the periods are driven by
regime one with a weaker resporse from the Fed to the inflation gap. Similarly, acrding to
Judd and Rudebusch’ study, the wefficient for the inflation gap dd na get a significant value
during the Burns' chairmanship. Moreover, bah in this gudy and in that by Judd and
Rudebusch, the estimates for the wefficient of the output gap suggest that the Fed was
concerned with stabili zing output during Burns' period. Further, our estimation results suggest
that Volcker's period (19793 — 19872) is driven by regime two. Likewise, acording to Judd
and Rudebusch’'s charaderization the Fed dd na respondto the level of output gap duing
that time, although it seamed to have readed to changesin it. On the other hand, the estimates
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of the wefficients of the inflation gap are larger in ou study compared with the estimate of
about 0.5 by Juddand Rudebusch.

Von Hagen (1999 in turn, attempts to explain the Bundesbank’'s adions during the Bretton-
Woods era. He suggests that the Bundesbank’s goal was the targeting of inflation and
monetary growth at the same time. According to von Hagen, the Bundesbank’s primary goal
has been to stabili ze long-term inflation. Long-term inflation is measured as the trend-rate of
change of the equilibrium price level, na the observed adual inflation a sudden discrete
shifts in the price level. The auili brium price level in turn is defined as the price level that
cleas the money market. Von Hagen highlights the importance of reputation bulding for the
Bundesbank throughou the whole sample period. Because of this reputation-buil ding motive,
the Bundesbank has occasionally even targeted price level insteal of inflation. According to
von Hagen, the Bundesbank has adopted the pricelevel target whenever the German emnamy
has facal a rapid temporary shift in price level. The motivation for this was the fea that
private agents would have difficulties in separating a temporary shift in the price level from
increased inflation. This kind o misinterpretation would then have led to increased inflation
expedations and hence to cost-push inflation. Thus, von Hagen’'s conclusions partly acourt
for the relatively low explanatory power of the inflation gap in ou estimations, if the
Bundesbank redly was targeting rather the equili brium price level instead of adual inflation
that we have focused.

Our estimated timing of regime switches also seems to be in line with the interpretations of
von Hagen. According to him it is passble to identify three periods during the post Bretton
Woods era with an initial upward jump in the eguilibrium price level. The jumps were
followed by the marked dedine in prices that comes with a severe recesgon. The timing of
these jumps and dedines coincides quite acairately with the periods of regime two, when the
Bundesbank seamed to be & least somewhat more wncerned o stabili zing both inflation and
output. The first jump took dace &ter the first oil-price shock in 19745, the second after the
second al-price shock and the gpredation d the US ddllar in 19802 and the last one dter
German reunificaion. On the other hand, ou estimates of the transition probabiliti es between
the regimes contradict von Hagen’'s interpretations. If the Bundesbank redly had pusued a
price level target, it would have been expeded to aimost certainly stay at that regime once it
has been reated. My estimates for the probabilities of the shifts between the regimes,

however, were aonsiderably abowve zero.
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4. CONCLUSIONS

In this paper the monetary pdlicy rules of the Federal Reserve and the Bundesbank were
studied using Markov Regime switching models. Because of the well-known problems with
the crred way to measure inflation and ouput gaps, severa dternative data sets and
spedficaions were used in the estimations. It was concluded, firstly, that during the post
Bretton-Woods era, there seans to have been several sudden regime switches in the
parameters of the readion functions of both the Federal Reserve and the German Bundesbank.
Seoondy, the estimation results of the wefficients of the pdicy rule and the timing of the
regimes turned ou to be somewhat sensitive on the exad model spedficaion concerning the
way inflation and the output gap are measured and particularly on whether the speaficaion
contains an interest rate smoothing term or not. It was foundthat the regime switches of the
German monetary palicy are be eaier to tradk, bu more difficult to interpret than the US

regimes.

The sensitivity of the efficient estimates to the model speaficéion is broadly in line with
some previous gudies by e.g. Orphanides (1997, Kozicki (1999 and Cerra @ a. (2000 who,
using linea models, concluded that the Taylor rule estimates may be sensitive to the exad
spedficaion d the rule or on the way the inflation and ouput gaps are defined. As Kozicki
(1999 paints out, however, athough the sensitivity of the Taylor rules on minor variations
made to their assumptions limits their role a a tod for red-time monetary palicy dedsions,
the rules can still be of valuable use. For instance, the Taylor-type rules can till serve &
valuable comporents in forecasting models, since many of the red-world problems related to
the rules disappea in the modelli ng frameworks, which already are extensively simplified.

Nevertheless since the Markov switching models «an to fit the data relatively well,
irrespedive of the exad spedfication, the stability of the feedbad rules of both Fed and
Bundesbank duing the sample period may well be cdled into question. The two regimes of
the Federal Reserve were identified as a regime with the stronger response to the inflation and
a regime in which the Fed was more interested in stabilizing output. The e®namic
interpretation for the regimes was deteded by comparing, for instance, the timing of the
regimes with the cncurrent value of the output gap duing the sample period and by trying to
find evidence d&ou possble priceindeterminacy in the parameter values of the pdlicy rules. It

was found that the Fed readed to inflationary pressures more strongly during periods with
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output abowe its patential. Some evidence was also foundthat our estimated regime dhanges to
some extent go hand in hand with the changes in the holder of the Fed’'s chairmanship. The
possble existence of price indeterminagy in turn remains an open question since the
estimation results did na permit firm conclusions to be drawn abou this question.

In the cae of the German Bundesbank, it was nat passble to make a ¢ea distinction between
the regimes to a regime with more emphasis put on resisting inflation and a regime with more
emphasis put on stabili zing output. Instead, duing the first of the regimes, the efficient
values for neither inflation na output gap turned ou to be statisticdly significant. The other
regime in turn was charaderized by statisticdly significant, bu still rather low coefficient
values for bath the inflation and the output gap, at least in some model spedficaions. Becaise
the output gap seamed to lose its explanatory power when inflation was measured by expeded
inflation, the higher estimate for the output gap coefficient may, however, only reflea the
Bundesbank’s readion to the information content of the future inflation o the output gap,
rather than red concern of stabilizing output. Hence, ore of the two regimes may be
considered a regime when the Bundesbank was more adive in resisting inflation. The values
for the inflation gap, howvever, remained low enowh duing both regimes to suggest price

indeterminacy for the whole sample period, if the Wickselli an framework is valid.

Our results turned out to be & least partly in line with von Hagen's (1995 interpretation d
theBundesbank’'s monetary pdlicy. That is, athough the Bundesbank has mainly targeted
long-runinflation instead of monetary aggregates, it has occasionally adopted temporary price
level targeting when fadng sudden dscrete shifts in the adual price level. The estimated
timing of regime two coincides fairly well with the periods of price level targeting propcsed
by von Hagen. Some further understanding of the empiricd findings was also found ly

comparing the timing of the regimes with the institutional changes during the sample period.
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APPENDIX IA: Linegraphs of the US data
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The series are: usfund= federal funds rate, inforec =inflation forecast, foreayap = inflation gap cdculated from the forecast, gdpinf2 = redized

inflation, gdpdefgap2 = inflation gap cdculated from the redi zed inflation, ygapus = output gap estimate of OECD, ygapus2 = output gap
cdculated using potential output estimate based onHP-filtering.
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APPENDIX IB: Line graphsof the German data
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Calm = cdl money, inflexp = expeded inflation, infgapger = inflation gap cdculated from the expeded inflation, ginf2 = redi zed inflation,
infgapger3 = inflation gap cdculated from redi zed inflation, gdpgapger = output gap estimate of the OECD, gdpgapger2 = output gap cdculated
from the potential output estimate based onHP-filt ering.
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APPENDIX Il A —Thefiltered, smoothed and predicted probabilitiesfor the regimesfor the
Federal Reserve

Figure A.1l.
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Figure A.3.

_ MSIAH(2)-ARX(0), 1970 (2) - 1997 (4)
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Figure A.5.

_ MSIAH(2)-ARX(1), 1970 (2) - 1997 (4)
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Figure A.7.

MSIAH(Z)-ARX(1), 1970 (2) - 1997 (4)
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Figure A.9.

 MSIAH(2)-ARX(0), 1971 (1) - 1998 (1)
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Figure A.11.

20 MSIAH(Z)-ARX(1), 1971 (1) - 1998 (1)
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APPENDIX Il B -Thefiltered, smoothed and predicted probabilitiesfor the regimesfor the
German Bundesbank
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Figure B.3.

_ MSIAH(2)-ARX(1), 1970 (2) - 1997 (4)
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Figure B.5.

MSIAH(2)-ARX(1), 1970 (2) - 1997 ()
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Figure B.7.

MSIAH(2)-ARX(0), 1970 (1) - 1997 (4)
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Figure B.9.

MSTAH(2)-ARX(0), 1971 (1) - 1998 (1)
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Figure B.11.

MSTAH(Z)-ARX(1), 1971 (1) - 1998 (1)
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APFENDIX III
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Figurelll.1. The output gap of the US measured in two dfferent ways. YGAPUS2 = output gap based on
the potential output obtained by HP-filtering the output series. YGAPUSS = output gap estimated by the
Congressonal Budget Officeof the US.
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Figurelll .2. The output gap of Germany measured in two dff erent ways. GDPGAPGER = output gap
estimated by the OECD and provided by the OECD Econamic Outlook catabase, GDPGAPGER2 =
output gap based onthe potential output obtained by HP-filt ering the output series.
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CHAPTER 4

SHOULD THE ECB ADOPT AN EXPLICIT EXCHANGE RATE TARGET?

ABSTRACT
This paper uses a astructural, quantitative maao mode to investigate, whether the

ECB shoud introduce the stabili zation d the red exchange rate of the euro as one of
the goals of its monetary padlicy. The problem is considered from the perspedives of
bath the whole monetary union and a single member state with a national econamy
more open than the union econamy on average. According to the results, the member
state would benefit from exchange rate stabili zing more than the rest of the union. It
appeas, however, that the asymmetries of the externa shocks fadng the e@namies
may be amore important fador behind the greaer volatility of the inflation and
output of the member state than the structural diff erences.

KEY WORDS: Euro areg monetary palicy rules, ogimal currency aress.
JEL Clasgficaion: E32,E52,E58, F42
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1.INTRODUCTION

Since the aoption d the aro, emnamists have been dscussng whether the
stabili zation d the red exchange rate of the airo shoud be one of the goals of the
ECB’s monetary padlicy. The opporents to exchange rate interventions gressthat the
primary goal of the ECB isto pusue price stability, na to target the exchange rate of
the airo. On the other hand, if the fluctuations of the euro eventually passthrough to

consumer prices, thiswill make it more difficult to read the inflation target.

The problem of whether the ECB shoud pay attention to stabili zing the exchange rate
of the auro is also a part of the discusson whether the auro area ca be @mnsidered as
an opima currency area Becaise of the asymmetries in bah the monetary
transmisson mechanisms and in the business cycle pattern between the member
states, the same monetary policy does not necessarily suit all member states. For
example, there ae @nsiderable differences in the degree of opennessof the member
states, measured as the share of foreign trade with courtries outside the union.
Moreover, the exogenous shocks to aggregate demand and productivity do nd hit the
single member econamies ymmetricdly. Still the ECB has to target only the union
wide averages of these variables.

In short, the reseach problem of this gudy is to investigate with a structural,
guantitative maao model, whether the ECB shoud include the red exchangerate es a
variable in its readion function. The problem is considered bah from the perspedive
of the whae monetary union and from that of a single member state with a national
eonamy differing from the averages of the whoe union bdh in its degree of
opennessand with regard to its businesscycle pattern. Another goal of the study is to
examine whether the union's one-size-fits-all monetary padicy can creae significant
welfare losses because of increased deviations of inflation and ouput in some of the
EMU member states.

The reseach method d the study is to spedfy a quantitative, cdibrated maacomodel

that is consistent with bah econamic theory and data. The maao model is a small

“New Keynesian” model consisting of a simple monetary pdlicy rule and equations
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covering the esential fedures of both a large monetary union and a small member
state of the union. After the model has been solved, it is Smulated under different
asumptions concerning the weight that is placed on stabili zing the exchange rate in
the cantral bank’s padlicy rule equation o the model. Whether increasing this weight
improves or impairs the maaoewmnamic performance of either the union as a whaole
or its small member state, is then discussed by cdculating the uncondtional variances

of the inflation and ouput from the simulated series.

The importance of exchange rate shocks for the e@namic stability of the EMU area
depends onits opennessagainst the rest of the world. Peesman and Smets (1998, for
instance argue in favour of considering the auro area & a dosed econamy like the US
and Japan, sincetheratio of exports to the euro areawide GDP is only about 14%. On
the other hand, some reseachers have agued that the relatively low degree of
openness of the auro area does not necessarily imply an insignificant role for the
exchange rate. Mayes and Virén (1998, for instance estimate monetary condtion
indexes for groups of EMS courtries. The results suggest that the significance of the
exchange rate dhannel for the transmisson d monetary pdicy to bah inflation and
red variables may be much larger in the auro areathan could be mncluded from the
volume of its foreign trade. The aithors conclude that the transmisson mecdhanism of
the exchange rate canges is naot based solely on foreign trade but is a more
complicaed process The tentative results of Ranki (2001) also suggest that the
degree of passthrough may be much larger than would be expeded in light of the

opennessof the auro area

Previous theoreticd analyses on including a dired exchange rate target in the
monetary policy rule ae provided by Ball (1998, Taylor (1999 and Svenson
(1998'. Each o the studies approach the problem from slightly different viewpaint
but a common feaure of al these studies is that the ceantral bank pdicy rule is

asmed to be of the form

(1.1) i, =am + By, +Asg A&,

! For adiscusgon of these papers, see &so Taylor (2001).
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where mT, =inflation, y, = output, e = red exchange rate and a, B, A, and A, are

parameters.

Ball uses a small maaomodel to argue that in an open econamy the central bank
shoud take the exchange rate into acourt in its palicy by including the monetary
condtion index (MCI), that is, a weighted average of the interest rate and the

exchange rate, into its readion function. For the parameter A, Ball's dudy implied an

optimal value of -0.37 and for A, a value of 0.17. The dternative pdicy rule

considered in Ball’s gudy for comparison, pue inflation targeting, would instead

creae large fluctuations in exchange rate and ouput.

Taylor (1999 in turn, smulates ECB interest rate rules in a dynamic stochastic
multi courtry model for seven large @urtries. In the study the euro areawas modelled
by asauming fixed exchange rates between Germany, France and Italy and a single
short term interest rate. When the performance of the origina Taylor rule was
compared with that of arule that also contained the nominal euro/USD exchange rate
as an argument, with A, =-0.25and A, = 0.15, reither of the rules grictly dominated
the other. Instead, for some urtries (France and Italy) the pdicy rule with the
exchange rate target led to better performance, while for Germany, this padlicy rule

implied poaer performance

Svenson (1998 compared several variants of inflation targeting in an open ecmnamy
setting. When a pdlicy rule of Equation (1.1) was considered, Svenson assumed

values A, =-0.45and A, = 0.45.Analysing the optima monetary palicy resporses to
many different shocks the aithor concluded that flexible CPI targeting stands out as

succesdul in limiting the variability of CPI inflation, odput gap and red exchange
rate.

In light of the threestudies referred to abowve, the exchange rate shoud na play avery
important role in the monetary padlicy rules of even open econamies. Adoping an
exchange rate target implied ony small reductions in the volatiliti es of inflation and
output, although some of the models assumed rather large values for A, and A,. In
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Svenson's gudy, including the exchange rate in the pdicy rule adually seemed to

imply aslight increase in the volatility of output®.

The viewpoint of a single small member state on the optimal padlicy rule of a
monetary union is adually part of the discusson d the optimal currency aress
(henceforth, OCA). Whether the auro area ca be wnsidered an ogtimal currency area
or not is discussed in Bayoumi and Eichengreen (1992 and Dornbusch et al. (1998.
Bayoumi and Eichengreen discuss the symmetry of the structural shocks in the EC
areaby estimating a set of structural VAR models to the 11 EC courtries to identify
the demand and supdy shocks hitting these eonamies. The aithors conclude that
only the cre wmurtries of the EC experienced shocks with roughly the same
magnitude and cohesion as the US regions. Particularly the suppy shocks hitting the
EC periphery tend to be both larger and less correlated with the shocks hitting the
neighbouing courtries. Thus, the results siggested that operating a monetary union

may be more difficult in the auro areathan in the US.

Dornbusch et a. (1998 provide a survey of the symmetry of the monetary
transmisson medianism in the EMU area. The aithors conclude that, due to the
differences in the financial systems, the wage-price processes and also in the degree
of opennessof the EMU courtries, the monetary processes differ widely among the
member states. Because of the dready ongoing restructuring of the financial processes
and the aaptation d the labou markets of the member states to the danging
environment, the transmisson mecanisms in the member states are however, likely

to converge.’

2 The intuiti on behind this result is based on theindirea effed of the exchange rate on the interest rate
that was built i nto the models by asauming rational expedations and some inertia.

3 Schelkle (2001 provides an alternative standpant for the whole OCA literature. If the exchange rates
no more refled only economic fundamentals, but are more or less driven by (rational or irrational)
bubbles, the exchange rate aljustment no longer provides a shelter from emnomic shocks.
Accordingly, the presence of asymmetric shocks is no more an acceptable agument against monetary
unification, and eliminating the exchange rate instabilit y becomes rather a benefit than a wst.
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2. THEORETICAL MODEL

2.1.Structure of the modd

From the methoddogicd point of view, the study at hand represents an approad that
Taylor (2001, p. 263 cdls “new normative maaoeconamic research”. This approach
includes building a maadoeamnamic model containing a monetary palicy rule, solving
the model numericdly, examining the stochastic behaviour of the model variables and
choaosing the monetary pdlicy rule with the most satisfadory performance Further, as
the maadoecnamic modd of this dudy assumes nominal rigidities, it is an example of
what Clarida @ al. (1999 cdl “New Keynesian models’. It is typicd for the New
Keynesian models that they closely resemble the traditional ISLM models, whil e they
still are derived from the behaviour of optimising agents*. As McCallum and Nelson
(1997 have demonstrated, the models correspondto a linea reduced form of fully-
optimising general equili brium model. A typicd New Keynesian model consists of a
Taylor type monetary padlicy rule, an 1S-curve type relation and equation(s) describing
the suppy side of the emnamy. The model may aso include an LM curve ejuation
and in an open emnamy setting the model is often suppdemented by an urcovered

interest parity condtion for determining the exchange rate.

Our model is built from a single courntry maao mode by Batini and Haldane (1998
to cover two econamies, that is, the monetary union as a whole and a single member
state. (For convenience, the single member state is henceforth referred to as smply
“member state”). More formally, the model is a linea difference ejuation system of
ten equations, so that Equations (2.1) — (2.6) below charaderize the whole monetary
union, while Equations (2.7) — (2.10 describe solely the eonamy of the member
state. The euations charaderizing the whole union follow Batini’s and Haldane's
model very closely, whereas the rest of the equations describing the small member
state form the “new” part of the model. Note that there is only one-way feedback
between the member state and the union: The member state takes the interest rates as

given and a relatively large share of its foreign trade is assumed to consist of intra-

* Recant surveys of these “New Keynesian” models are provided by Clarida & al. (1999 and Taylor
(2001.
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union trade. The member state, however, is assumed to be so small relative to the
union that the union’'s variables are unaffeded by the performance of the e@namy of

the single murtry.

The model implies gdickiness to consumer prices, and hence some persistence to
consumer price inflation. In addition, the model is forward-looking in nature and the
expedations are aumed to be rational. The forward-looking feadures of the model
appea in many forms. Firstly, in the pdlicy rule the central bank reads to anticipated
inflation. Secondy, the IS equation may be interpreted as a lineaised Euler equation,
where the present consumption is affeded by the expeded marginal utility from the
consumption d the next period. Thirdly, in the uncovered interest rate parity equation
the nominal exchange rate aljusts acwording to the expeded future paths of the
domestic and foreign short-term interest rates. Finaly, in the wage cntrading
equation the workers st their wage demand partly acording to the expeded wage

level of the future wage ntrads.
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The macro model

The monetary union

@1 1, =y + Q- +6,|E, -1 |+6,(y, - y)) +6,(a, - ;)
(22 Y, —¥i =Y, +0,E (V) +as[r]+a, (@) + &,

(2.3) & =E (e,,) —i, +i +¢&,

2.4 pd =1/ 2w, +w,,]

(2.5 W, = Xo[E (We)]+ = xo) W]+ X (v - i) + &,

(2.6) p{ = +(1- e,

The small courtry

@.7) Y =Y = Byl + BE (V) + Balr |+ Ba(a™) + Bs(y) +
2.8 p™ =1/2w" +w,|

(2.9 W™ =, [E, (W) |+ @)Wl [+ w, (v - v ) + e

(2.10 p™ =kp™ +9p +(1-Kk O,

All variables, except interest rates, are in logarithms. Inflation variables of both the

union and the single @urtry, 17, and 71", are defined as consumer price inflation.
That is, 1, = p; — pc, and 11" = p™ - p/’;, where p/ and p™ are the price levels
of the cnsumption goods of the union and the member state. The nominal exchange

rate (g ) is defined as the domestic price of foreign currency. Accordingly, the red

exchange rates of the union and the member state ae defined as g, = e + pS - p?
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and q" =¢ +p - p™ where p” is the price level of the mnsumption goods

outside the union that is normali zed to zero.®

Equation (2.1) represents the ECB’s monetary padlicy rule. It is assumed that whil e the
ECB’s pdlicy instrument is adually the nominal interest rate, i,, it tries to adjust the
exante real rate of interest (r, =i, — E,71,,,) of the whole unior® through its forecast
of the future inflation’. The palicy rule is a variant of the Taylor rule so that the ECB
is asumed to respondto deviations of the expeded inflation and ouput from their
desired levels, that is, E,it,, - and y, —y; . The Taylor rule type palicy rule with
inflation and ouput gaps as central bank’'s objedives may aso be motivated
theoreticdly, as Woodord (1999 shows®. The desired levels of the output y,, ae
implicitly assumed to be the natural rate of output so that there is no Barro-Gordon
bias built into the model. In addition to the inflation and ouput gaps, the ECB is

asumed to read to deviations of the red exchange rate from itstarget (g, —q’ )°.

The right hand side of the pdlicy rule eguation also includes the lagged red interest
rate, which refleds the central bank’s urge to smoath its interest rate changes™. Such
an interest rate smoothing element has bewome a mainstream assumption in the
literature and it can be motivated for instance by central banks attempt to stabili ze
financial markets. Alternatively, the sluggishnessin the interest rate changes can also
be interpreted as refleding central banks caution in the face of the uncertain

information onwhich the central banks have to buld their deasions.

® The variables of the single member state ae distinguished from the union variables by superscript m.
® Accordingly, the red interest rate of the single member stateisgivenby r," =i, — E"1,,,.

" According to the deterministic analysis, the results were not sensitive on whether the variable in the
left hand side of the eguation isthe nominal or the red interest rate.

8 With a simple optimising model Woodford shows that it is possble to motivate a quadratic loss
function with inflation and output gap as arguments as a seand-order Taylor-series approximation to
the epeded utility of the eonomy’'s representative household. Some of the asumptions of
Woodord' s model, regarding eg the definition of the output gap, are somewhat spedal so that some
minor qualifications would adually be needed to justify the stabili zation goals of the Taylor rule using
Woodord's model. For instance, the natural rate of output should be defined as an equili brium level
that is obtained under perfedly flexible prices, and which varies as a response to the shocks the
economy isfadng.

° The exchange rate muld be defined e.g. as the trade-weighted exchange rate or the exchange rate
between the Euro and the USD.

10 see eg. Kozicki (1999, p. 8.
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Equation (2.2) represents the IS curve of the eonamy, relating the deviation d the
red output, y, from its potential level y;, to the ex ante red interest rate and the red

exchange rate & well as to the lagged and lead term of the output (a,,a, >0). The

right hand side of the equation contains both alagged and aleal term of output. This
is a novel feature compared to the traditional spedficaion d the IS curve with the
current output in the right hand side instead. The lead term is motivated hy
McCallum’'s and Nelson's (1997 work that shows the simil ariti es between the ISLM
models and a fully optimising general equili brium model. The lead term of the output
beommes understandable when the IS equation is thought to represent a lineaised
version d the Euler equation relating the expeded marginal utiliti es of the airrent
consumption and the mnsumptionin the following period. The lagged ouput is more
an ad ha increment to the model that tries to capture the sluggshnessof the output,

creded by adjustment costs. The eror term €, finaly, captures the union wide

exogenous demand shocks of the model.

Equation (2.3 is an uncovered interest parity condtion. This parity condtion dces
not contain any explicit foreign exchange risk premium, although any noise in the
foreign exchange rate market, like the shocks to the exchange risk premium, is

included in the eror term £_,.. The implicit assumption in o model is that the

equili brium exchange rate € remains constant over time. Equation (2.4) is the mark-
up equation acarding to which damestic output prices are aconstant mark-up over
the average of the nominal wage rate of the aurrent and the precaling period. Here the

mark-upis gandardized as zero.

Equation (2.5) is the nominal wage-contracting equation. The cnsumption wage
today is a weighted average of the nomina wages of the previous period and the
expeded wages during the next period. The qucia assumptions of this equation are
that wage mntrads last for two periods and a given cohat of workers is interested in
nomina wages relative to the nominal wages of the other coharts of the labou force
The output gap term on the right hand side of (2.5) cgptures the tightnessof the labour

market and the earor term &, stands for the union wide suppy shocks. The

spedficaion dffers from that of Batini’s and Haldan€’'s gudy, in which the wage
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setting was modell ed with red wage @ntrading. The nomina wage spedficaion was
chosen here because it implied more plausible impulse resporses. In addition,
athough naminal contrading admittedly implies less inflation persistence to the
model than red wage ntrading, ou spedficaion may also be mnsidered
empiricdly justified by the results of Coenen and Wieland (2000. The study
compared the empiricd fit of a nomina wage-contrading model and three different
versions of the relative red wage antrading model using aggregated European data.
Acoording to the results, bah the nominal and the red wage version d the models fit
the data fairly well, although the best fit was obtained with a red wage spedficaion,
which again also implied more persistencein the inflation pocess

Equation (2.6) defines the consumption price index of the monetary union as a
weighted average of the prices of domestic goods and imported foreign goods. The
corred formulation d (2.6) is crucial for the results, since it is the most important
determinant of the passthrough of the nomina exchange rates. The role of the
exchange rate in the transmisson pocess of the monetary policy as a whale is
adually based ontwo channels. At first, the danges in the red exchange rates are
transmitted indiredly, as the dhange in net exports affeds the output gap, which in
turn partly determines inflation. The impad through Equation (2.6) isthe dired effed:
A rise in the prices of imported goods raises the consumer prices, bu the extent to
which the @nsumer prices are dfeded, utimately depends on the competitive
structure of the goods markets. Note that now (2.6) implies full but not immediate
passthrough of the exchange rate into consumption prices, since the exchange rate
emerges in the euation orly with lag. The theoreticd badkground for the
spedficaions with lessthan full or other than immediate pass through is primarily
based onthe recent pricing to market literature'™.

The basic structure of Equations (2.7) — (2.10 is largely similar to the correspondng
equations charaderizing the whole union. Equations (2.8) and (2.9) are completely
analogous to their unionrwide @urterparts. In the IS equation (2.7) that determines
the output demand o the member state, there is now an additional explanatory
variable y, refleding the dependence of the output demand d the member state from

1 See eg. Goldberg and Knetter (1997).
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the intra-union trade. Accordingly, in Equation (2.10 the consumption prices of the
member state ae defined as a weighted average of production prices of goods
produced in the home @urtry, inside the monetary union and ouside the union. The
model does not contain an LM equation charaderizing the eguili brium in the money
market. In fad, the money supply is totally omitted from the model.*?> As McCallum
(1999, pp. 9- 11) argues, leaving an LM relation ou of the model isjustified ony if
a least two assumptions are fulfilled. At first, the central bank has to conduct the
monetary palicy only with interest rate dhanges, paying no attention at al to the
monetary aggregates™. Seandy, the monetary aggregates are nat allowed to appea
in the other behavioural equetions of the model. In the cae of the IS relation this
would mean that the transadion-cost function, which describes the way that money

fadlit ates transadions, must be separable in money and income.

2.2.Solving the model

When solving the modedl, it is assumed that al the behavioural relationships above
represent deviations from equili brium. Hence, the (log) natural rates of output of both
the union and the member state, the (log) price level of the goods produced ouside
the union, the interest rate outside the union, the implicit mark-ups in (2.5) and (2.9

and foreign interest rate premium in (2.3) are normali zed to zero.

The modd was olved by the method poposed and software provided by Uhlig
(1999. Uhlig's method is based on solving the reaursive equili brium law of motion
with the method d undetermined coefficients'. In this method, the model variables

are divided into three subgroups: x,, y, and z,. Now x, is avedor of endogenous

state variables of size mx1, which isidentified as the set of variables that is given at

date t-1. y, isa nx1 sized vedor of the other endagenous variables, while z, isa

12 Batini’s and Haldane’s model contained an LM equation but the equation was found to be largely
redundant as the changesin money supply were asumed to be acommodated by money demand at
any given level of interest rates

13 One objedion to the choice of dropping the money supply from the model could be that controlli ng
broad money is, de jure, the second of the two “pill ars” used to achieve the ECB’s price stability
objedive.

4 The brief description of the method presented hereis based on Uhlig (1999, pp. 35— 45.
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k x1 vedor of exogenous fochastic processs that hit the eonomy. The equili brium

relationships between these variables can be daraderized as foll ows:

(2.17) 0= Ax, +Bx,_, +Cy, + Dz,
(2.12 0=E,[Fx,,, +Gx, +Hx, +Jy., +Ky, +Lz,, +Mz ]
(2.13) z,,, =Nz, +& .} E,fe 1] =0,

where A,B,C,D,F,G,H,J,K,L,M and N are oefficient matrices of appropriate
size. The matrices have to okey the following restrictions: Firstly, C is of size
| xn,l 2n and d rank n. Sendy, F isof size (m+n—1)xn, and thirdly, N has

only stable e@genvalues.

The matrix equation (2.11) describes the deterministic equations of the modd,
whereas (2.12) is built of the expedationa equations. Eq. (2.13 in turn, describes the
behaviour of the stochastic processes of the e@namy as AR(1) —process The ultimate
am of solving the model is to find the reaursive euili brium law of motion, which
takes the form

(2.14 x, =Px,_; +Qz,
(219 y, =Rx4; +Sz,

Here the vedor of the edogenows date variables x, consists of
[rt,yt,et,vvt, [N I AR VAR AL pt”‘°J, while the vedor of other endagenous variables
y, realsas [nt, pt,q,,m", p{“"]. The vedor of exogenous dochastic processes of the
model is z, :lgypget16m,8$16m- The matrices P, Q, R and S are such that the
equilibrium described by these rules is gable. The values for the dements of the

matrices P, Q, R, S and Z were found wsing the software padkage written for
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MATLAB by Uhlig (1999. After the equili brium law of motion has been solved, the
uncondtional variances of the inflation and ouput variablesimplied by the model can
be cdculated either by simulations (seethe APFENDIX [, or analyticdly, as Uhlig
(1999 shows.

2.3.Calibrating and assessng the plausibili ty of the model

The parameter values for our model are partly based onthe studies by Peasman and
Smeds (1999, Ball (1997 and Batini and Haldane (1999. The parameter values of
Equations (2.7) — (2.10 that determine the openness of the small member state ae
seleded so that the member state could be @nsidered as representing Finland, for
instance Where adired empiricd estimate of a parameter value was not avail able,
the plausibility of the impulse resporses was used as a aiterion to chocse between the
different values. The robustness of the results on small changes to the basedline

parameterization will be discussed later in the study.

The wefficient of inflation in the central bank readion function (6,) is st equal to
0.5. Note that becaise it is the red interest rate in the right hand side of the padlicy

rule, this coefficient value does nat contradict the well-known Taylor principle™. The
Taylor principle states that the inflation coefficient in the Taylor rule type central
bank readion function shoud exceal urity or otherwise the monetary palicy becomes

destabili zing.'® The wefficient for the output gap (6,), in turn, is %t equal to 1. The

relatively high value for the wefficient value of the output gap is roughly in line with
the findings of Peesman and Smeds (1999 and Ball (1997. According to these
studies, the dficient monetary padicy rule shoud pu greaer weight on ouput gap
than the weight of 0.5 that was used in the Taylor's origina spedficaion'’. The

15 Rearanging the terms of Equation (2.1.) would in fad reved that it is equivalent to apalicy rule for
the nominal interest rate with 8, = 1.5.

18 For adiscusson on this theoreticd result. seeTaylor (1999, Clarida ¢ al. (1999 and Woodford
(1999and 200Q. On the other hand, Benhabib et al. (2001) cdlsinto question the stahility of the
Taylor rule even in the cae when the inflation coefficient exceels unity

7 On the other hand, Taylor (1999 compares the performance of aternative monetary pdlicy rule
spedficdions with the US model using a number of different maao models finding that the rules with
more weight put on stabili zing output do not outperform the benchmark rule with a efficient of 1.5 to
inflation and 0.5 to output. Moreover, the palicy rules with the lagged interest rate do not seen to
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interest rate smoaothing parameter (y) is %t equal to 0.6, which suggests a rather
strong interest rate smoothing motive. This again follows Pee'sman and Smets (1999
and their estimates for the efficients of the dficient rule. In the stochastic analyses,

the aefficient for the red exchange rate (8,) will get a number of different values,

but for the deterministic smulationsis st to 0.25.

The parameters a, and a, of the IS equation d the union, as well as the

correspondng parameters 3, and (3, of the IS equation d the member state, are set
equal to 0.8and 0.2,following the example of Batini and Haldane (1998. Hence, the

agents are ssmed to be mostly badkward-looking. The parameters a, and
respedively, 3, describing the dasticity of total demand to red interest rate, bah get

values of -0.6. The parameters a,, and 3, in turn, measuring how the demand reads
to changes in the red exchange rate, get values 0.2 and 0.3.The difference between

the values a, and B, refleds the asumption that, compared to the union as awhaole,

a greder share of the aygregate demand in the member state cnsists of exports
outside the union. The parameter values are in line with the values adopted in Ball
(1998, which are based on estimates for small to medium-sized open ecnamies,
such as Canada or Australia. These parameter values, however, also sound pausible
for EMU areasince they correspondto the cnsensus view, ac@rding to which the
monetary condtion index (MCI) that measures the relative sensitivity of output to
changes in the interest rates and exchange rate for EMU takes avalue of about 3*.

The parameter 3, measuring the dasticity of the member state aggregate demand to
changes in the demand in the union areais st equal to 0.2. This number roughly
corresponds to the share with which exports from the union area ontribute to the
aggregate demand d Finland. The value of . implies that the goods markets of the
single courtry and the rest of the union are only moderately conreded to ead ather.

Therefore, our model econamy does nat look like an optimal currency area at least

when it comes to the integration d the goods market.

dominate the benchmark rule, although the interest rate smoothing seems to work better in the models
with than without rational expedations.

18 See eg. Ball (1998 p. 5 or Mayesand Virén (1998.
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The labou markets also are modelled similarly in the union area ad the member
state. Unfortunately, no empiricd studies abou the European labou market were
avail able that would have diredly provided the parameter values for the contrading
equation. These values had therefore to be set more or less arbitrarily. Luckily, the
chaosen parameter values samed to provide plausible dynamic resporses to the shocks
to the eonamy. In bah wage @ntrading equations of the model (Equations. 2.5and
2.9), the parameters x, and (¢, were set at 0.5, which implies equal weights for

badkward and forward lookingness (For comparison, in Batini and Haldane (1998
Xo Was %t to 0.2) The parameters x, and (¢, measuring the output sensitivity of

nomina wagesare set at 0.1.

The most important asymmetry between the union and the small member state mmes
with Equations (2.6) and (2.10, which determine the cnsumer prices as weighted
averages of the prices of both damestic and imported goods. For the whole union, the

weighting parameter @ is st at 0.9 so that (1-¢), refleding the share of trade to

outside the union, gets a vaue of 0.1. For the smal member state the parameter
describing the weight of the domesticadly produced goods (k) gets a value of 0.5,
while the parameter 9 that captures the st effeds of the imports from inside the
unionis st at 0.2.Hence it isassumed that 30 % of consumption d the member state
consists of goods produced ouside the union. For the union as a whae, the
correspondng figure is 10 %, so the single member state cnsidered indedl is

asumed to be more open that the union onaverage.

When the model was lved, it turned ou to be dynamicdly stable so that the
variables returned quickly to their long-run equili brium values after the shocks. On
the other hand, the matrix P of the reaursive equili brium law of motion appeaed to
contain a unit root. The presence of unit roots implies that the wnsumer and podwer
prices, the nominal exchange rate and naninal wages converge to new equili brium
levelsinsteal of the old steady states after atemporary shock.

The overall plausibility of the model was examined by deterministic enalysis, which

included cdculating and analysing the impulse respornses to some exogenous hocks.

The impulse resporses were cdculated by setting x, =0, y, =0, z,=0 and ¢, =0
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for t > 2. Using the reaursive law of motion, the valuesfor z, andthen x, and y, are
cdculated reaursively using the values x,_,, y,,, z,,, and g, for t=1...T. The

magnitude of the shock was assumed to be one percentage point.

The shocks examined included an IS shock and a red wage shock for both the
monetary union and the member state, as well as a monetary paolicy shock and an
exchange rate shock fadng symmetricdly both the union and the member state. The
general conclusion was that the dynamic patterns of the impulse resporses
corresponced fairly well with what shoud be expeded in light of previous theoreticd
and empiricd reseach. All the deterministic analyses were caried ou with the same
basic parameterisation d the model presented above. A detailed discusson onthe
results of the deterministic analysis is provided below for the monetary palicy shock
and the wage shock faang the whae union area ad the demand shock faang only
the member state.

Interest rate shock

The dfedsin the union

The mntradionary monetary palicy shock is defined as a temporary one percentage
point increase in the red interest rate for a period of one quarter. Theredter, the
palicy rule determines path o the red rate. From the point of view of the whale union
areg in particular, the dfeds of a monetary palicy shock are very short-lived, as is
seen in the Figures 1 — 3 o Appendix II. The union variables read their steady states
in two yeas, and the member state variables four yeas after the shock. The dfeds of
the shock are dso modest in size, since nore of the impulses exceeals 0.6 % in

magnitude in absolute values.

After the shock bath the ex ante red and the nomina interest rate seem to move
largely hand in hand. Both interest rate variables rise right after the shock, (nealy 0.5
% at its maximum), and then visit temporarily below the baseline & the ceantral bank
temporarily reads to the deaeased ouput, appredated currency and cedine in
inflation, by lowering the interest rates. Finaly, the interest rates return to their base

levels after about seven quarters. As expeded, the nominal exchange rate reads with
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a permanent appredation. The red exchange rate gpredates on impad, depredates
then temporarily and converges then to the old steady state in abou six quarters. The
output reads to the shock by dedining some 0.4 %, bu the dfed istemporary, asthe
output has converged to very nea the old stealy state in orly one yea™®. Inflation
dedines dightly, abou 0.15%, bu reades its old level in six quarters Accordingly,
the rest of the nominal variables, namely the nominal wages, the nomina producer
and consumption prices also converge to their new steady states in approximately six

quarters.

The dfedsin the member state

As expeded, the influence of the monetary palicy shock is smewhat more persistent
in the member state than in the monetary union as a whale, as the cantral bank does
not diredly target the member state variables when it is stting its palicy stance This
notion also applies to the other shocks examined. It is e in Figures 4 — 5 o
Appendix Il that it takes 10— 12 quarters for the member state GDP, inflation and red
interest rate to settle down to their stealy state levels after the initial monetary palicy
shock. On the other hand, the shape and magnitude of the resporses of these member
state variables closely resemble those of the union variables. The resporses of the
member state price variables and naminal wages are hump shaped with minimum
values littl e below those of the respedive union variables. The new steady states are

readed in abou four yeas.

The wage shock

Theunion

The shock to the mntrading equation d the union can be interpreted as a supdy
shock. Like the aygregate demand shock, the wage shock is aso considered
asymmetric so that it does not hit the member state & all. This kind o asymmetric
productivity shock could be a @nsequence eg. of inflationary wage settlements made

intheunionarea Asis e inthe Figure 6 in Appendix II, the time path of the union

¥nfaa, acording to the mmmon view, monetary palicy should affedt with alag of several quarters
and the pattern of the response should be hump shaped. For areview of empiricd reseach of red
effeds of monetary policy shocks, see eg. Walsh (1999, Ch. 1.
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nomina wages readies its new stealy state level very soon,in abou two quarters. To
begin with, the wage shock results in a rapid bu temporary, increase in inflation o
abou one percentage point, which lasts abou two quarters. The increase in inflation
sharply depredates the nominal exchange rate immediately, athough the red
exchange rate depredates only modestly, some 0.1 percentage point, for a period d
abou oneyea.

The increase in unoninflation causes the cantral bank to tighten the monetary padlicy,
which, becaise of the increase in inflation, is seen ony as a slight increase in the red
interest rate. The net effed of the depredation d the red exchange rate and the
increase in the red interest rate is a temporary 0.2 percentage point dedine in the
union ouput. The output, however, converges to the original level in abou one yea.
The cnsumer and poducer prices show very different resporses on the impad of the
shock. The ansumer prices increase sharply due to the depredated currency, whereas

the producer prices remain virtually unaffeded.

The member state

The accéerated unioninflationis also transmitted to the inflation d the member state,
bath through the depredated naminal exchange rate and the increased prices of the
imports from the union area After abou one yea, on the other hand, the inflation
turnsinto aperiod d slight deflation in the member state, lasting some two-yeas. The
time path o inflation is diredly refleded in bah the red interest rate and exchange
rate of the member state. Asis e in the figure, an initial sharp deaease in the red
interest rate is followed by a modest but rather persistent increase, before the return to
the original level. The red exchange rate of the member state has nat been drawn into
the figure but comparing the graphs of the nomina exchange rate aad the member
state producer prices, it is easily concluded that at first it depredates, then temporarily
appredates, after which it regainsits origina level. The net effed is a paositive ped of
abou 1.2 % in the member state output, lasting for aimost two yeas. The inflation
rate and the red interest rate dso read their origina levels abou at the same time.
The prices and the nominal wages rise and stabili ze into a new permanent level after

abou four yeas.
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Tota demand and wage shocks in the member state

The shocks fadng the member state do nd have any effedsin the union areg becaise
of the small size of the member state relative to the union. Qualitatively, the
medianism of the transmisson d the shocks is otherwise the same & the
transmisson mechanism of the shocks hitting the whole union, except that now the
central bank daes nat try to stabili ze the dfeds of the shocks. In Figures 11 — 14 in
Appendix Il, two feaures of the impulse resporses are noteworthy. At first, bah the
total demand and the wage shock seem to have relatively strong and long lasting
effeds. Seondy, the prices and naninal wages dabili ze to their initial levels after
the shocks, whereas after the union wide shocks these nominal variables converged to
new steady state levels. This, of course, is possble if and orly if the inflationary
(deflationary) periods after the shocks are dways off set by deflationary (inflationary)
periods.

3.STOCHASTIC ANALYSIS

3.1.Calculation of the exogenous shocks

The stochastic simulations require estimates of the @variance matrix and
autocorrelation structure of the structural shocks hitti ng both the member state and the
rest of the union. Five different shocks are mnsidered. The shocks include ademand
shock and a labour-market shock that hit the member state, a demand shock and a
labour-market shock that hit the rest of the union (but not the member state) and an

exchange rate shock %°.

Batini and Haldane (1999 propose three ways to estimate a ©variance matrix of
structural shocks. One way would be to estimate the structural shocks and their

covariance structure from a VAR model. The VAR models have rich dynamic

20 A more detailed description of the procedure used for the stochastic simulation is provided in
Appendix I.
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structure but the gproadh suffers from difficulties in imposing the crred set of
identifying restrictions on the model. The oppaite strategy would be to estimate the
IS equations, the wage cntrading equations and the interest rate parity equation d
the model and measure the structural shocks as residuals of these equations. Because
of the inadequate dynamic structure of the eguations, however, the estimated residuals
would na represent pure structural shocks but instead some linea combinations of
the shocks and model spedfication errors. The handing of the expedational variables
could also be problematic.

Batini and Haldane (1999 avoided these problems by choasing the third way in the
midd e of the two extreme gproades. They cdculated the cvariance matrix and the
autocorrelations of the structural shocks from the residuals of a large structura
forecasting model. Here the example of Batini and Haldane is followed by measuring
the structural shocks by the forecast errors taken from the NIGEM model used by the
Reseach Institute of the Finnish Econamy. The series for the demand and labou
market shocks of the member state ae forecast errors of the equations describing the
goods and labou markets of Finland. The series of the demand and labour market
shocks of the rest of the union are aeded by aggregating the forecast errors from the
correspondng equations of five large EMU courtries (Germany, France, Spain, Italy,
Netherlands) to single European shocks. The exchange rate shocks are drawn from the
forecasting eguations for the nomina exchange rate between ECU/USD. The period
from which the forecasting errors are cdculated is 19841 — 20011.

The mvariance matrix is presented in Table 3.1 kelow. It can be seen that the member
state (Finland) is hit by considerably larger shocks than the rest of the union. The
variance of the suppy shocks is roughly eight times larger and the variance of the
demand shocks gill four times larger than the correspondng union wide shocks. The
demand and suppy shocks, however, are still relatively small when compared to the
size of the exchange rate shocks with their estimated variance of 23.7 %. The
considerable volatility of the ECU/USD rate is well-known fad, while the large
differencein the size of the supdy and demand shocks between the member state and
the rest of the unionis amore surprising finding. Although Bayoumi and Eichengreen
(1992 also found considerable asymmetries between the supdy shocks of the wre
and periphery courtries of the EC, the shocks hitting the periphery were only two
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times larger than the shocks of the wre @urtries. A partia explanation for the large
variance of the Finnish shocks is provided by the yeas of the severe depresson in
Finland duing the sample period. The more spedalized production structure of
Finland also provides an intuitively appeding explanation for the larger shocks its

eonamy faces.

The signs of the off-diagonal elements of the mvariance matrix reved that the shocks
to the labou market and aggregate demand are paositively correlated between the
whale union and the member state. The @variances between the union labou market
and the member state total demand and, respedively, unon total demand and the

member state labour market, are in turn negative.

The autocorrelation structure of the shocks was examined by modelli ng the series as
AR(1) models. The highest coefficient for the AR(1) term — approximately 0.5in bah
cases- was found for the shocks to unon aggregate demand and urion wages. The
exogenows shocks to the aggregate demand and wages in the member state showed
less persistence with the AR(1) coefficients of 0.12 and 0.35. The rate of
autocorrelation d the exchange rate shock is rather low, since the value of AR (1)
coefficient takes avalue of 0.24.

1%



Table 3.1. The mvariancematrix of the structural shocks facing the union and the member state.

Eet| Eet €t E 8;: Em
o 23.7 0.321 -0.746  [-0.235 |[-1.40
£y 0.321 0.578 -0.109 0. 267 -0.45
£ -0.746 -0.109 0.322 -0.0862 | 0.46
8;': -0.235 0. 267 -0.0862 | 2.56 -0.46
gm -1.4 -0.45 0. 465 -0. 463 2.66
Eetr Etr Ens 832 and £, denote to the exchange rate shock, then aggregate demand shock fadng

the union, the supply shock fadng the union, the aggregate demand shock fadng the member state and
the supply shock fadng the member state, respedively.

3.2.Simulations

The simulations were caried ou by cdculating 200 artificial series of 100 periods
(quarters). In al the simulations the variability of the inflation and ouput is measured
as gandard deviations and al the simulations were made for Hodrick-Prescott filt ered
series to remove the dfeds of possble seasondlity to the results. The performance of
the different rules in the smulations was compared by the performance frontiers. A
performance frontier means a locus of paints in the spacewith the variability of the
output and inflation as its axes. A performance frontier is drawn by changing the
values of one (or two) parameters of the model, while halding the rest of the variables
constant. Although we do nd apply any explicit social welfare function to rank the
outcomes of the different pdicies, it is evident that when moving south and west in
the figures the welfare is improved, while when moving to nath and east the welfare
is deteriorated.

3.2.1.The Union
The stochastic analysis is garted by looking at the dfeds of changing the values of

the exchange rate efficient of the pdicy rule (8,) on the stability of the union area

In the performance frontier of Figure 3.1 the parameter 6, gets values of 0, 0.1, 0.25,
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0.5, 0.75, 1, 1.5phile the rest of the parameters remain urchanged. Thereis a duster
of paints in the other lower end d the frontier, showing that if 6, is given fairly
modest values in the range of 0.1 to 0.5 the monetary padlicy results in superior
performance for both inflation and ouput stabilization. At this level of 6, the
standard deviation d output stands at abou 1% and the standard deviation d inflation
at about 1.8 %. Note that when 0, gets a value of O, reither the volatility of inflation

nor output get its lowest values. On the other hand, if 6, exceeds 0.5the volatiliti es of
both inflation and ouput start to incresse hand in hand so that with 6,=1.5, the

standard deviations of bath inflation and ouput exceal 2.5 %. Thus, ou results
suggest that from the point of view of the whaoe union, the ECB to pu moderate
weight between 0.1 and 0.5 ontargeting the exchange rate. With this padlicy the
volatility of both the inflation and ouput takes its lowest value. The volatility of

output however, isreduced more than that of inflation.

Output-inflation frontier
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Figure 3.1. The performancefrontier of the monetary union

The interadion d 6, with the other two parameters in the pdlicy rule, 8, and 6,, in
turn, is discussed with the Figure 3.2. As the padlicymaker can fredy chocse the values
of 6, and 0,, it can aso control the dfeds of an exchange rate dange on inflation

and ouput indiredly. Becaise the inflation in the readion function is defined in
consumer prices, the inflationary (deflationary) presaures induced by depreaation

(appredation) of the auro might be possble to dfset simply by more aygressve
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inflation targeting. Of course, there is a danger that the price stability would then be
attained at the ast of larger output instability. The performancefrontiersin Figure 4.2
are drawn assuming that when sliding along a frortier, the parameter pair (6,,6,) is
given vaues(1.8,0.3,(1.5,0.5,(2.2,08,(1, 1,(0.8,1.2.(05,1.5,(0.2,1.8.
Thus, when moving along a frontier, the weight placed onthe inflation in the palicy
rule is deaeased and the weight placal on the output gap increased. The diff erent

frontiers in turn correspond to dfferent values given to the parameter 6,. These
values are 0, 0.25, 0.5, 0.78nd 1.The figure shows that the optimal value of 8, lies

somewhere between 0.25and 0.5, regardless of the values of the parameter pair
(6.,6,) .
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Figure 3.2. The performancefrontiers of the union, when the values of 91 and 92 are changed.

The Figures C.1— C.6.in Appendix Il are used to discuss whether or not the optimal
resporse to exchange rate is snsitive to the exad model spedficaion. Ead
performance frontier in the figures is drawn by hdding 8, constant and changing
some of the other parameter values, ore & a time. Overal, this ®ensitivity analysis
suggests that the conclusions we drew about optimal exchange rate padlicy are not very

sensitive to small changes in the parameterization o the model.
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Figures C.1, C.2 and C.3 depict a set of performance frontiers cdculated by varying
the parameter values that charaderize the openness of the union econamy and the
speal o the passthrough of the exchange rate to import prices. Figure C.1 depicts
five inflation-output frontiers. Ead frontier is drawn assuming that parameter 8, gets
some of the values of 0, 0.25, 0.5, 0.75ral, while when moving along the frortiers
the speed o passthrough of the exchange rate to import prices varies from an
immediate passthrough to a passthrough lasting two querters. The points on the
extreme left represent the cae of the lengthiest passthrough while the points at the
extreme right end d the lines correspond to immediate passthrough. In terms of

output stabili zation the frontier correspondng to 8, = 0.25 dightly dominates the
other pdlicies. The variability of the inflation, onthe other hand, seems naot to be
affeded by the value of 6,. The highest volatility for the output is clealy obtained
when 6, gets its highest values of 0.75 o 1. Interestingly, it is difficult to say which

of thevalues of 8, =0and 6, = 0.5results in a better performance

Figure C.2 tells the sensitivity of the results on the share of foreign prices of the
consumption prices of the union, which depends on the value of parameter ¢. When
diding along the frortiers, ¢ gets values from 1 (totaly closed ecmnamy) to 0.6
(fairly open emnamy). There sean to be only negligible differences between the
performance implied by the best two pdiciesof 8, = 0 and 6, = 0.25, bah in terms

of inflation and ouput volatility. When the weight placel onstabili zing the exchange
rate is increased beyond 0.25, hwever, the volatility of the output starts to increase
again. The ectent of the indired price dfed of the exchange rate thanges depends on
the parameter a,. Each o the frontiers of the Figure C.3 is drawn by giving a,

values of 0.2, 0.4 0 0.6, and hdding 8, unchanged. The frortiers correspondng to
a,=0 were totally omitted from Figure C.3, because a,=0 implied instabiliti es in the
simulations when combined with some values for 6,. The optima monetary palicy
now incorporates giving 6, a value between 0.25and 0.5.A closer look at Figure C.3

reveds however, that the standard deviation d inflation implied by the frontiers
varies in a very narrow range between 1.75 and 1.9, while more significant
differences are related to the variability of the output.
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The sensitivity of the result can aso be discussed in light of the assumptions made
abou the rate of forward-lookingnessof the union econamy. It depends on the values
of parameters a, and a,, which measure the forward-lookingness of the goods
markets and x,, which captures the forward-lookingness of the wage-price process
Figure C.4, which plots the performance frontiers for a, shows that the output seems
to read its lowest standard deviation with 6, in arange of 0 to 0.5.The points of the
frontiers correspondng to these values of 6, are dustered very close to eat ather so
that it does not seem to make adifference which the exad value for 8, is in that
range. When the value of 6, isincreased beyond 0.5,the volatility of output starts to

increase. The volatility of inflation still seans to be fairly unaffeded by the values of

a, and 6;, remaining at the level of abou 2 %, regardless of the values of these

parameters. The shape of the frontiers also reveds that in the more forward looking

goods (that is, with relatively small a, andlarge a,) market the volatility of output is

lower regardlessof the value of 6,.

Figure C.5 shows the performance frontiers when x, is given values 0, 0.25and 0.5*
hoding 6, constant. The excessvely badkward looking wage-price process with
Xo=0 corresponds to the left ends of the frontiers, whereas the baseline cae of
X, =0.5 corresponds to the right ends of the frontiers. The volatility of inflation seems

to be sensitive on the forward-lookingness of the job markets  that the fully
badkward looking wage-price process results in considerably higher volatility of
inflation than the moderately badkward looking process (0.7 % vs. 2 %). The result
can be explained by the important role of the cntrading processin the determination
of the prices in ou model. When it comes to the optima monetary padlicy, the

frontiers of 6, = 0 and 6, = 0.25 again imply superior performance for output

stability. For the inflation stability the value of 8, does nat seem to make adifference

2LIf X, getsavalue eove 0.5, the model did no more have asensible solution.
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Figure 3.3 elow finally sums up ou discusson abou the sensitivity of the results to
the parameter values of the model. Figure is drawn assuming that the union is both
more open with ¢ = 0.8, a, = 0.4 and more forward looking with a; =0.2. From the
point of view of the union econamy, the optimal value for 8, lies now somewhere
between 0.25and 1. Thus, for a more open ecnamy than the arro areg our model
would suggest more weight put on stabili sing the exchange rate. The extreme padlicies

of either 6,=0 or 8,=1.5clealy result in inferior outcomes, however.
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Figure 3.3 The performance frontiers of the union when several parameters affeding its opennessare
changed at atime.

3.2.2The member state

Figure 3.4 elow plots the performance frontiers of both the union and the member
state in the same figure. It is e that the frontier of the member state is located
relatively far to the north-east from the frontier of the whole union. Hence, although
the structural diff erences between the member state and the rest of the union, after all,
are rather small in the baseline parameterisation, the volatility of both inflation and
output of the member state sean to be significantly larger than those of the union on
average. The relatively poa performance of the member ewmnamy is related
particularly to the volatility of its output. It lies between 6 % and 9 %, while the
volatility of the member state inflation levels between 2% and 3%.
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Figure 3.4. The performancefrontiers of the member state and the rest of the union.

Acoording to Figure 3.4,the ECB seams to have only limited passhiliti es to improve
the performance of the emnamy of the member state by adopting a dired exchange
rate target. From the point of view of the member state, the optimal value for the

coefficient of the exchange rate (6,) lies mewhere between 0.75and 1.This value
for 6, would reduce the output variability of the member state gproximately 1.5
percentage points and the inflation variability a half of a percentage point compared to
the cae of no dred exchange rate target at al. Increasing 6, beyond 1.0, havever,

bemmes destabilizing, aso from the point of view of the member state, as the

volatility of both itsinflation and ouput start to increase.

Figure 3.5 kelow is analogous to Figure 3.2. It ill ustrates how the relation ketween the
central bank’s exchange rate target (the value of 8,) and the performance of the
member state eonamy depends on the weights that the central bank sets on
stabilising the inflation and ouput gaps (on the values of 6, and 6,). Note that
putting more weight on stabilizing inflation shoud nowv not be a substitute for
targeting the exchange rate since the ceantral bank targets the inflation and ouput of
the whole union, na that of the member state. Putting more weight on exchange rate
stabili zation nov makes both the output and inflation o the member state less
volatile, whatever values 6, and 6, take. The distance between the best
(correspondng to 8, =1) and the worst (6, =0) performance frontier reveals that

acording to o model, the ECB could reduce the output volatility of the member
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state roughly two percentage points and that of inflation roughly one percentage point
by adopting the optimal weight to the dired exchange rate target. The volatility of

output, in particular, remains, however, still far above that of the union asawhale.
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Figure 3.5 The performancefrontiers of the member state when 6, and 6, are varied.

Why is then the maaoewmnamic performance of the member state relatively
insensitive to the exchange rate padicy? One explanation could be provided by the
asymmetry in the shocks that hit the union and the member state. Since the
differences in the parameter values between the union and the member state were
relatively small, the differences in the performances of the two econamies sem aso
to be caused by the diff erences in the businesscycle pattern between the member state
and the rest of the union. According to the estimated covariance matrix of the
structural shocks, the shocks to the goods and labour markets of the single @urtry
seam to have wnsiderably larger variance than the shocks fadng the rest of the union.
The isaue of the asymmetric shocks is returned to later, when the sensitivity of the
results on the avariance matrix of the shocks is examined.

The sensitivity of the results to changes in the parameter values describing the
member state is discussed with Figures C.6 — C.11. The dfeds of varying the
parameters determining the openness of the eonamy of the member state is first
discussed with Figures C.6 — C.8. These figures tell us whether the weight that the
central bank pus on stabilizing the exchange rate becomes more important to the
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member state & it becmes more open against the world ouside the union. The
opennessis measured as the share of goods (k) in its consumption bunde that the
member state imports from outside the union, the sensitivity of the export demand o
the member state on the exchange rate of the auro (3,), and the speal of the pass
through of the exchange rate to consumption grices in the member state. Figure C.9,
in turn, ill ustrates the sensitivity of the results to the degreeof integration d the goods
market between the member state and the rest of the union. The degreeof integration
is measured by value of [, that determines how sensitive the aygregate demand o

the member econamy isto the output of the union.

Overdl, ou quditative conclusions abou the ECB’s optimal exchange rate pdlicy,
from the point of view of the member state, do nd sean to be sensitive regarding
small changes in the parameter values that describe the openness of the member
eonamny in ou model. The volatility of both the inflation and ouput are & their

lowest level when 6, gets avalue of 0.75 @ 0.5, whereas putting zero weight on the

exchange rate, for example, clealy implies lessfavourable outcome. Quantitatively,
too, the results remain roughly unchanged for al the dternative parameter values
considered. If the cantral bank would pursue optimal exchange rate pdicy from the
point of view of the member state, that would leal to atwo percentage point deaease
in the standard deviation d output and roughly one percentage point in that of
inflation.

Parameter (. determines how deely the goods markets of the member state ae

integrated with the goods markets of the rest of the union. The sensitivity of the

performance of the member state e@namy to changesin fS; is sownin Figure C.9. It

is e that neither the volatility of inflation na the output of the member state can be
significantly reduced by integrating the goods markets closer together. All the points
of the frontiers are wncentrated close together. This finding is against the basic result
of the literature on optimal currency areas, acording to which integrating the goods
markets of the countries of a arrency area ¢oser together effedively proteds them
from the problems of asymmetric emnamic shocks. Our previous conclusions

concerning the optimal monetary policy however still remain valid. By adogting a
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relatively adive exchange rate palicy with 6, set as 0.5 a 0.75the ECB can reduce

the standard deviation d member state inflation from around 4% to abou 3% and the
standard deviation d output from the level of 8% to the level of 6 %.

Figures C.10and C.11 show the robustnessof the results to the assumptions about the
degree of forward-lookingness of the goods and labour markets of the member state.
Figure C.10 at first shows that irrespedive of the rate of forward lookingness of the
goods market (values for B, and f3,), adive exchange rate palicy reduces the
volatility of inflation and ouput. Moreover, it can be seen that the points in the
frontiers that correspond to markedly forward looking goods market in the member
state (relatively low values of [, and high values for [3,) are much closer to eah
other than the points that correspond to markedly badkward-looking goods market.
Thus, if the goods markets of the member state ae significantly badkward looking,

the exchange rate palicy seems to matter more to the performance of its econamy.

Although the optimal value of 8, does not seem to depend onthe rate of forward-
lookingnessof the goods market of the member state, the rate of forward lookingness
in itself seams to affed to the volatility of the inflation and ouput of the member
state. In simulations with a, =0.8 and ¢, =0.5 the standard deviation d inflation
took values around 3% - 4 % and that of output between 6 % and 8%, irrespedive of
the parameter values describing either the monetary pdicy or the openness of the
eonamy. When either the goods markets or the labour markets were ssumed to be
more forward-looking, the volatility of both inflation and ouput, hovever, deaeased
sharply. When either a, =0 or ¢, =1, the standard deviation d inflation was

reduced nea 2 % and the standard deviation d output nea the level of 4 %.

Figure C.11 then confirms the robustness of our previous results to the aumptions
made on the forward-lookingness of the labou markets. The worst outcomes again
sean to result from the palicy with no exchange rate target at all, while the best

performance seams to be ahieved with 6, set either to 0.5 o 0.75.1n the simulations
the value of ¢, ranged orly between 0.5and 1 because & vaues below 0.5 the

system exploded.
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Figure 3.6 below sums up the discussons abou the sensitivity of the results on the
member state parameter values. The performance frortiers are now drawn with three
parameter values differing from the baseline spedficaion. The member state is now
asaumed to be both more open so that 8, =0.5 and k = 0.3. The goods markets are
asumed to be markedly forward-looking so that 3, =0.2. As can be seen in Figure
3.6, the value of 8, mostly affeds the volatility of output while it is unclea which
podlicy guarantees the least volatil e inflation. Note, however, that the best performance

again seamsto be athieved with fairly moderate pdlicy with 6, set equal to 0.75 @ 1.
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Figure 3.6 The frontiers of the member state when several parameters describing its economy are

changed.

3.2.3.Role of the time series properties of the shocks

So far the robustness of the results has been examined orly with resped to the
parameter values of the model. The sensitivity of the results on the time series
properties of the estimated structural shocks used in the simulations is discussed with
Figures 3.7 to 3.10 ®ow, which are analogous to Figures 3.2 and 3.5s0 that when
diding along a frontier, 8, and 6, get different values while 8, remains the same.
The structural shocks, howvever, nowv have different covariance matrices than the
shocks in the baseline model. In Figures 3.7 and 3.8the variances of the output and
labour market shocks of the member state have been assumed to be smaller than in the

baseline model. Figures 3.9 and 3.10in turn are drawn assuming that al the variances
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of the shocks are of equal size and strongly contemporaneously pasitively correlated
with ead ather.
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Figure 3.7 The performance frontiers of the union when the variance of the member state shocks are
asaimed to be smaller than in the baseline case.
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Figure 3.8 The performance frontiers of the member state when the variance of the member state
shocks are a3umed to be smaller than in the baseline cases.

Comparing Figures 3.7 and 3.8with Figures 3.2 and 3.5shows that the performance
of the member state is smewhat sensitive to the variance of the structural shocks its
eonamy faces. If the variances of the aggregate demand and the labour market
shocks of the member state is reduced to 1.1and 0.9 @rcentage points respedively,
the standard deviation d the member state output deaeases to the level of five
percentage points, whil e the standard deviation d its inflation remains at the previous
levels around 2- 3 percentage points. The previous conclusions abou the centra
bank’s optimal resporse to the exchange rate dhanges also remain urchanged. From
the paint of view of the member state the optimal monetary padlicy still would include

avalue between 0.5— 1 put on 6,, while from the point of view of the union econamy
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the value of 6, shoud lie somewhere & the level of 0 — 0.5.1t is expeded that the

results for the union remain urchanged, since the centra bank daes not read to
shocks in the markets of the small member state.
According to Figures 3.9 and 3.10, orthe other hand, when the shocks become highly

correlated with ead ather, the value of 6, loses its sgnificance It is ®en in Figure

3.10that all the six performance frontiers of the member econamy are of aimost equal
shape. The performance frortiers of the union in Figure 3.10 also look much alike.
From Figure 3.10it can aso be seen that when the shocks are highly correlated, it is
passble to still reduce the volatility of output of the member state. The left ends of
the performance frontiers (correspondng to values around 1.5for the inflation

coefficient 8, and very low values of the output gap coefficient 6,) imply that the
standard deviation for member state output can be reduced to somewhere nea the

level of 3 %. On the other hand, if the parameters of the readion function are nat nea
their optimal levels, the model implies rather high vdatiliti es for the output and
inflation d the member state.
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Figure 3.9 The performance frontiers of the union when the structural shocks between the member
state and the union are strongly correlated.
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Figure 3.10 The performance frontiers of the member state, when the structural shocks between the
member state and the union are highly correlated.

4. CONCLUSIONS

Using a small cdibrated maaomode, this gudy has examined whether it would be
optima for the European Centra Bank to adop an explicit target for the red
exchange rate of the auro. From the point of view of a single member state, the
problem is a part of the ongoing discusson whether the EMU can be mnsidered as an
optima currency area Thus, the question hes been dscused na only from the
viewpoint of the performance of the union econamy as a whaole, bu also from the
viewpoaint of a single small member state. The parameters describing the e@namy of
the small country are assumed to dffer from the union-wide averages in two ways.
First, the eonomy is more open towards the world ouside the union, and secondy,
the exogenous shocks that hit the member state eonamy differ from the socks hitting
therest of the union.

The results suggest that from the point of view of the union econamy as a whole, the
central bank shoud pu at most moderate weight on the dired exchange rate target,
which isin line with the previous gudies by Ball (1999, Taylor (1999 and Svenson
(1998. The relatively more open small member state mnsidered would benefit
somewhat from the adive exchange rate palicy. Thus, the study suggests that losing
monetary independence may be somewhat costly for a small, relatively open EMU
member state. It does not sean possble, hovever, to reduce the volatility of the
inflation and output of the member state to the same level as the whale union with

only adive echange rate pdicy. In addition, the cnsiderable volatility of the
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member state output seamed to result more from the size and the symmetry of the
structural shocks that hit its econamy than from its greaer d reeof openness
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APFENDIX |
The @lculation of the unconditional variances of inflation and output

The mndtional moments were cdculated from simulated series. The simulation
horizon d ead series was 100 periods and the simulation was repeaed x times, so
that totally 100x sets of solution values was available for the cdculation o the
uncondtional moments.

Denote the estimated covariance matrix of the structural shocks by mxm matrix 5,
computed as (1/T)ZZ', where Z isthe mxT matrix of the estimated values of the
exogenous dructural shocks. If the z shocks are 11D distributed, the set of shocks used
in the stochastic simulation can be obtained from a simple transformation o 5. To
generate the shocks, the matrix S is decompaosed into two triangular matrices that,
when cdculated together, yield the original matrix 5 . If the rank condtion hdds (T>

m), there exists a unique such decompasition, = = PP' such that P islower triangular
and P' isupper triangular.

Theinitial (t=0) values for the exogenous hocks z were cdculated by first drawing m
values from a standard namal distribution. Let’s dencte the vedor of these values by
e,. These white noise disturbances were then turned into structural shocks by

z, = Pe,. Using the values z; and the eguations of the reaursive law of motion, it is
then possble to cdculate values of x;, and y,. Ancther draw from a norma

distribution is then made for caculating values for z,, x, and y,. The processis
then repeded urtil N values are obtained.

Asaming that the historicd residuals are independently and identicaly distributed
implies that in the equation all elements in the matrix N equal to zero. In case that
the historicd residuals are autocorrelated, the residuals have to be “whiten” before
cdculating the ovariance matrix . Suppcse, for example, the first order

autocorrelation z, =Nz, +v,, v, =N(OX,). X, = P'P"'Now the value for z; is
obtained from z; =P’e,, where P’ is obtained from the Chdeski fadorization
T, =P'P". Thevauefor z, isthen caculated from z, = Nz, +Pe, .
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APPENDIX II

The impulse responses of deterministic analysis
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Wage shock
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Demand and wage shock in the member country
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APPENDIX III The performance frontiers
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Figure C.1. The effects of changing the speed of pass-through in the union area.
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Figure C.2. The effects of changing the weight of import prices (¢ ) in the union consumption basket.
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CHAPTER 5

THE INFORMATION CONTENT OF THE DIVISIA MONEY IN FORECASTING
INFLATION IN THE EURO AREA

Abstract

By means of a smulated ou-of-sample forecating exercise, the paper investigates whether
the synthetic Divisia M3 monetary aggregate outperforms its smple sum M3 cournterpart in
forecasting euro areainflation dynamics. In addition to the growth rates of the nomina money
stocks, the performance of the red money gap and monetary overhang series cadculated for
both sort of monies are dso discussd. According to the results, some of the Divisia M3
money based monetary indicaors sem to contain more information abou the change of the
future inflation than their counterparts based onthe simple sum M3 money, while nore of the
simple sum M3 based indicaor outperformed its Divisia money counterpart. Interestingly, and
in contrast to some previous findings obtained with the simple sum M3 data, the growth rate
of the Divisia money yielded the best forecasts, aso ouperforming the red money gap and
monetary overhang measures cdculated for the Divisia M3 money.

KEY WORDS: Divisiamonetary aggregate, P-Star, money demand, liquidity
JEL Classficaion: E31,E41,E47,E52
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1.INTRODUCTION

In the long run, inflation is always and everywhere amonetary phenomenon. This traditional
view is clealy refleded in the ECB’s two-pill ar strategy. While the first of the ECB'’s pill ars
refers to a broadly based assessment of the risks to price stability in the Euro areg the second
pill ar establi shes a prominent role for the growth rate of nominal M3 money as an information
variable @ou future inflation. There ae, howvever, some theoreticd problems related to the
ECB’s focus on orly traditional monetary aggregates such as M1, M2 and M3. The
traditional monetary aggregates are built simply by summing up their comporent assts,
withou explicitly paying attention to the diff erent degreeof liquidity of the comporents. This
is equivalent to asauming that the comporent assets are perfed substitutes for ead ather and
thus, the simple sum aggregates become upward biased estimates of the degreeof liquidity of
the eonamy.

A promising solution to this aggregation poblem is provided by the Divisia monetary
aggregates, monetary quantity index numbers based upon bth the index number theory and
the eonamic aggregation theory. The Divisia aggregates are mmputed as weighted averages
of their comporents © that the weights are derived from ecmnamic theory with optimizing
agents. The weight of a given asst is asociated with the oppatunity costs of hading that
asst, which measures the liquidity of the as<et. Intuitively, the Divisia monetary aggregates
then measure the flow of liquidity servicesin the eonamy.

The reseach problem of this dudy is then to examine, whether the Divisia M3 monetary
aggregate cdculated for the auro-area ontains more information on the future euro-area
inflation than the traditional M3 money. If this redly is the cae, the Divisa monetary
aggregates might provide auseful indicator variable for the ECB to be used instead / along
with the traditional aggregates for forecasting inflation. Instead of only comparing the relative
forecasting performance of the nominal growth rates of the two monies, also the forecasting
performance of a set of monetary indicators measuring the excessliquidity in the eonamy
(the red money gap and the monetary overhang) are examined. As an econametric method |
use simulated ou-of-sample forecasting that has recently been used to similar purposes by
Stock and Watson (1999 and Altimari (2007).
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Looking at the previous literature on the relation ketween money and inflation in the e@namy,
acording to the quantity theory of money, there shoud exist a one-to-one relationship
between money and inflation in the long run. When looking at the previous empiricd studies
on the subjed, mainly focused on the information content of the traditional monetary
aggregates, the relation ketween money and inflationin haizons relevant for monetary palicy-
making is debatable, howvever. De Grauwe and Polan (2001), for example, examine
empiricdly the validity of the basic propasitions of the quantity theory of money and conclude
that even the long-run relation ketween inflation and the growth rate of money bress down

for low inflation courtries.

Moreover, the prominent role of the growth rate of M3 money given in the ECB’s monetary
palicy is grongly criticized in Svenson (2000, mainly becaise of its ladk of predictive power
for inflation®. On the other hand, Altimari (2001), Gerlach and Svenson (2001) and Treaoci
and Vega (2000 study whether the red money gap, the measure for the éundance of red
money in the eonamy derived from the so-cdled P-star model, contains additional
information in predicting the Euro area inflation. All these studies confirm that measures
derived from the P-star model redly have predictive vaue for CPI inflation, athough
Altimari’s results do nd suppat giving a strong role particularly to the red money gap.
Svenson (2000 aso refers to the posgble information content of the monetary indicaors
derived from the P-star model, emphasizing the important distinction between the level of real
money focused in the P-star model and the growth rate of nominal money that the ECB
adualy targets? King (2002, Nelson (2002 and Métzer (2001, in turn dscuss the
posshility that the red money balances may play a role in the transmisson pocess of
monetary palicy that isindependent of short term interest rates.

The information content of the Divisia money in predicting inflation in the euro areg in turn,
is discussd in Stracca (2001 and Reimers (2002. Both studies suggest that the Divisia
money adually has additional predictive power for the auro areainflation. Stracca &amines
the predictive power of the growth rate of red Divisia money in forecating future inflation
and ouput with linea models. Straccaboth estimates an equation for the demand d Divisia

! Moreover, it may make the ECB’s policy lesstransparent if the significance of the referencevalue of M3
growth for ECB’s pdlicy is highlighted in rhetoric, while & the same time the ECB in pradiceignores even
persistent deviations of M3 growth from the reference value (see eg. Allsopp, 2001).

2 0On the other hand, Svensson criti cizes the P-star model for alad of solid microfoundations and its dependence
on the unreliable estimates of both red money and output gaps.
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money in the auro area ad bulds an urrestricted VAR model with changesin thered Divisia
money as one of the variables. From the impulse resporses of the VAR model, Stracca
concludes that the dhanges in red Divisia money cary some information abou the future

inflation and ouput that is not contained in the stock of M3 money.

Reimers (2002 in turn, examines the properties of several aternative series for the euro area
Divisia money, based on dlightly differing methods used to aggregate the national monetary
series to asingle auro-areawide aygregate. Reimers examines the information content of both
the growth rate of the Divisia money and a Divisia money based P-star measure for predicting
inflation d the auro area The results remained somewhat mixed, depending e.g. onthe exad
aggregation method wsed and onwhether the inflation was defined as a GDP deflator or HICP
inflation. Reimers, however, concludes that it is posgble to estimate astable and ressonable
looking money demand equation for the Divisia money in the Euro area Further, bah the in-
sample and the out-of-sample forecasting exercises showed that both the Divisia money and
the traditional M3 money have a onnedion with bah inflation and ouput gap in the airo

area

Dorsey (2000 examined the relative information content of the Divisia and the simple sum
aggregates in predicting inflation with the US and German data, using a simple atificia
neural network (ANN) model. Dorsey concludes that the Divisia money consistently
dominates its smple sum courterparts in explaining inflation. The ANN model was, in
addition, found to be fairly stable in the sense that the out-of-sample forecasts did nad

deteriorate rapidly when the forecast horizon was extended.
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2.DIVISIA MONEY

2.1.Theoretical background of the Divisia money

The definition o the Divisa monetary aggregate starts from the standard opgimization
problem of a representative @nsumer with money in the utility function® so that the utility

function d a @mnsumer can be written as
u=u(c,x),

where ¢ is avedor of the cnsumption goods (possbly including leisure) and x is a vedor of
the quantities of the different monetary assets. Suppce that the utility of a consumer is
separable in money so that the @nsumer’'s sub-utility from monetary services can be
represented by emnamy’s transadion techndogy over monetary assts denoted by function

Q(x), which is homogenous of degreeone. Now the consumer’s choice over the quantiti es of
the monetary assts is reduced to maximizing Q(x) w.r.t the mmporents of x under a budget
constraint p'x =m, where p, :s gand for the user costs of the crrespondng assets.* Taking

the first order condtions, after some manipulation, results in a formula for the growth rate of

the Divisia money:
(2.1) dlogQ(x) = Z w.dlogx,,
1=1

where x (t):s denote to the cmporents of the Divisia aygregate and w;:s dand for the

expenditure weights, oltained from the formula:

W (O =P Ox 0/ 3 pOX ),

% The derivation of the Divisiamoney here foll ows Barnett (2000).

* Here we implicitly assume that the cnsumers either are risk neutral or that the mnsumers faceno risk
regarding the utility they derive from the monetary services. Naturally, it would be possble to introduce
uncertainty into the model so that the consumers maximise expeded utility over the monetary services, that is,

E.(Q(x)).
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in which the user cost p, isdefined as the diff erences between the own yield of the asset i and

the yield of a pure investment asst. The pure investment asst here means an asst that
provides investment services, bu no liquidity services at all. Rewriting Equation (2.1) as an
explicit differential equationyields:

2.2 dlog th(X(t)) _ élwi (®) d lotii (t) .

Thelevel of the Divisiamoney is obtained by solving Equation (2.2). w.r.t Q(t):

dlogx (r)O

3"

@3 =exp | %w()

It can be seen in Equetion (2.1) that the user cost p, of holding an asst i is not the weight of
the level of the asset i in the Divisia monetary aggregate. Instead, p, shoud be interpreted as
the contribution d the yield of the asset i as far as the dianges of p, induce danges in the

comporents x, of the Divisiaindex.

2.2.Building the synthetic aggegates

When examining the properties of the Divisiamoney in the @ntext of the whole auro areawe
face a1 additional problem of how to aggregate the national monetary data into a single
European Divisia monetary index number®. One way to construct the time series for the
Divisia money in the auro areawould be to assume one representative agent for the whole
areg in which case the Divisiamoney for the Euro areawould be computed as

k
(2.4 AInQ, = Z Zw”tAln X, » where
=1 ]

® Our discusson about the aygregation problemsin constructing an euro areawide Divisiamoney is based on
Stracca(2001) and Reimers (2002).
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w; denotes the expenditure weights of the mmporent assts x;, k is the number of the

member courtries and n is the number of the comporent monetary assets in the Divisia
aggregate. Ancther posshility would be to first build the aggregates sparately for ead o the
eleven member courtries. The aygregate of the Divisia money in the auro areawould then be
obtained as a weighted average of the stocks of the Divisia moneys in the member courtries.
Formally, writing Formula (2.1) for the growth rate of Divisa money in dscrete form, the
formulafor the optimal aggregation methodfor the Euro areaDivisiamoney (Q, ) is:

(2.5 AInQ, = %pJAIthJ = %pjiwijAlnxij :
= IS

where p' denotes the weights put on the Divisia money stocks of the different member

courtries o that 5 p! =1.°

Because sufficiently long time series for the user costs for every comporent assst were not

avail able for ead e uro area ourtry, it wasimpaossble to cdculate dl the expenditure weights
w/ . Thus cdculating Divisia money series sparately for ead member state was not feasible.
Stracca (2001 solved the problem of cdculating a union wide Divisia money aggregate by

approximating the true value of the aeawide Divisia money stock by the synthetic Divisia
money. It is defined by Formula (2.6) below.

(2.6) AInQ, :i @fp"wij %pJAIn x),
=E! =

where k is the number of such member courtries, for which the user costs of a given monetary
asEt | was avail able. The expresgon in the bradkets tells now the average expenditure weight

of the monetary as<t i, based onthe user cost from only such courtries for which the data was

available. The expresson % p'Alnx/ givesthe average dhange of the holdings of the st i
=1

in the euro area The @ntribution o the &%t | to Euro area wide Divisia money is then
obtained by multiplying the average degree of liquidity by the average haldings of the as<t.

® Note that both formulas (2.4) and (2.5) assume fixed exchange rates between the EURO 11 courtries for the
whole sample period.
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Obviously, the synthetic Divisia money is based on assumptions of one representative agent
and fixed exchange rates. Finally, nae that for cdculating the level of the Divisia money, ore
has to chocse an arbitrary initial value for the period t=0. In this dudy the initial value was st
at 100.

The price dual of the Divisia money (DUAL,) is the oppatunity cost variable for the whole
aggregate.  If  the total transadion costs in  period t are defined as

TC, = Z(R[ -r,.)%, = QDUAL,, (where r; isthe user cost (level) for comporent i and R is

the yiedd of a pure investment asst, defined ealier), then the level of the price dud is
obtained from

(2.7) DUAL, = E'i (R =1)%, H Q !

3.METHODOLOGY

3.1.Monetary indicators

As dready noted, in addition to the forecasting performance of the growth rate of the nominal
Divisia money, we dso examine the forecasting performance of the red money gap and the
monetary overhang. The definiti ons of these two measures for the deviations of the liquidity of
the eonamy from its desired long-run level are based on the long-run demand for the red
money stock. Thus, the monetary overhang corresponds smply to the residuas of the long-run
money demand equation. Theoreticd foundations of the red money gap in turn are foundfrom
the so-cdled P-star model. It isamodd that explains the inflation dynamics of the e@namy to

be driven by akind d error corredion mechanism that reads to the deviations of price level

" The log change of the price dudl is cadculated as AIN(DUAL) =5 w.Aln U,, where W :s are the

expenditure weights defined ealier and U, = 1+—RI , Where R is again the return of the pure investment asset

and I; isthe own yield a given component asst.
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p, from its long-run equilibrium level p; (a price gap).® P-star model suggests that in

addition to the price gap, inflation is a function d the inflation d the previous period a the
expeded inflation o the next period. That is, the model can be defined either in badkward

looking or forward looking form. Sometimes the dhange in the eguili brium price level Ap;

itself is also used as one of the explanatory variables. More formally, the (forward looking)
equation determining the time path o inflation reads as foll ows:

@Y m=QA-NEm, +)\Ap': _ap(pt - p:) + €., Where a, > 0.

It can be seen that the P-star model closely resembles the Philli ps curve eguation, with the
exception that now the output gap is replaced with the “price gap”. The equili brium level for

the price level (p,) that is the key concept of the model, is based onthe quantity theory of
money. Equation (3.2) below defines p, as the price level that prevail s with a given stock of
nominal money, when ouput is a its potential level y, and elocity is at its long-run

equili brium v, .

(32 p,=m -y, +V,

At the same time, the eguili brium pricelevel p; defines the long-run equili brium for the red

money balances (1 ).

M =m-p =y -V

For pradicd applicaions like ours, an estimate for the long-run equilibrium red money
balances can be cnstructed by using the parameters of the long-run money demand equation.

(3.3 M =m - p; =k, y; —kii,,

8 The P-star model has sometimes been erroneously referred as also providing the theoreticd justification for the
money growth pillar in the ECB’s drategy, also in its current form (for discusson, see eg. Svenson 1999and
Seitz and Todter 2007).
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where k, refers to the income dasticity and k; to the interest rate dasticity of the money

demand. i, refersto the equili brium level of the oppatunity cost and y, to the potential level
of output. The real money gap now measures the deviation d the red money stock (m,) from

its long-run equilibrium (fy). It is defined as the negative of the price gap, as becomes
evident from Equation (3.4) below.

(3.4 M —mM =—(p, - p) =M —(K,Y, +Kii;).

The equili brium level for the oppatunity cost of holding money (i, in the Eq. 3.4, which is

represented by the price dual in the cae of the Divisia money and the interest rate variable in

the cae of the simple sum M3, were measured as a sample arerage over the estimation period.

The monetary overhang m at period t, in turn, tell s the diff erence between the arrent red

money stock and the long-run demand for red money, evaluated at the aurrent level of output
and oppatunity cost for money hadings. From Equation (3.5) it becomes evident that the
monetary overhang is defined simply as the residual term of the money demand equation.

(35) mtov =m - p _(kyyt _kiit)

Intuitively, the red money gap can be used as a summary statistic of the monetary
developments in the eonamy. It incorporates the information that deviations of the eonamy
from its potential output and equili brium price level have on the demand for money. The
monetary overhang in turn tells more @ou the alditional information in monetary
developments, since it is unaffeded by changes in the long-run levels of variables like the
potential output or the equili brium price level.’ The mnceptua diff erence between these two

variables becomes clea if we do the foll owing decompositi on:

(3.6) (i — ) —m =iy -k, (y; —v)—ki(i; —iy)

® Masuch et al. (2001), pp. 138— 139
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Thus, the red money gap is a sum of the monetary overhang and the dfed that the output gap
andthe deviation d the interest rate from its equili brium level have onthe money demand.

3.2.Econometric methodology

The asssanent of the forecasting performance of our monetary indicaors is based on
smulated ou-of-sample forecating. Recent examples of applying this methoddogy for
evaluating the properties of leading indicaor candidates for inflation are Stock and Watson
(1999 and Altimari (2007), the methoddogy of which is in fad also closely followed in the
paper at hand. Stock and Watson examined the relative forecasting performance of the
generalized Philli ps curve, based ona number of different measures for red aggregate adivity,
while Altimari studied the leading indicaor properties of some (simple sum M3) monetary
variables for the euro areainflation.

Basicdly, our simulated ou-of-sample forecasting is based onEquations (3.7) below.

(3.7 m, —m =@+ p(L)Am, + B(L)X, +&,,,

(3.8 m, — 1, = @+ p(L)AT, + B(L)AX, +€,,,

where 11, = inflation between periodst andt-1, r1,, = theinflation h griods ahead, x, refers
to the variable whose forecasting performanceis examined, @ = a @nstant and &, = an error
term. y(L) and B(L) are paynomialsin the lag operator. The forecasting horizon hwill vary

from 1to 12 quarters.

Equations (3.7) and (3.8) are forecasting equations for the change of the euro areainflation,in
which the dange of inflation is explained by its own history, along with some given
explanatory variable. The spedficaions for the forecasting equation dffer from the baseline
spedficaion wsed in Stracca (2001), which assumed bah inflation and the explanatory
variables either as 1(0) variables or 1(1) variables that are wintegrated. Accordingly, in
Straccas basdline spedficaion it was the inflation rate itself that was explained. In contrast,

spedficaion (3.7) is implicitly based on an assumption d inflation as a nonstationary
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variable, while the indicaor variables are 1(0). Spedficaion (3.8) in turn, assumes baoth the
inflation and the indicaor variables as 1(1) variables that are not cointegrated. Spedfication
(3.7) is used to test the forecasting performance of the series of the growth rate of money, the
monetary overhang and the red money gap based onthe patential output estimate from HP-
filtering. Speaficaion (3.8) in turn is used for the series of the red money gap based on
patential output estimates provided by the ECB and the OECD, as well as for the change of
the growth rate of money. (The time-series properties of the eplanatory variables are
discussed in more detail i n Chapter 3.4.2)

Whether the inflation rate is a unit root processor not has been under lively discusgon. (See
e.g. the studies by Jusdlius (1999 and Juselius and McDonald (2000.) The line graph d the
guarterly GDP inflation that is used as the inflation measure in the study is plotted in Figure
A.5 and the results of the formal unit roaot tests for inflation as well as for al the monetary
indicaor series are reported in Table A.4 in Appendix A. According to the ADF test, inflation
seans to be aunit root process while the PRtest suggests inflation to be trend-stationary
series. The obvious linea trend in inflation duing the sample period, seen in Figure A.5, can
be explained by the anti-inflationary tendency, beginning at the beginning of the 1980, when
the inflation was brought down from the initial doulde-digit numbers in two decales. The
uncertainties due to the low power of the unit root tests, on the other hand, are enphasized
here becaise of the relatively short sample period. All in al, whether the correda description
for the inflation series for our relatively short sample period is a unit root processor a trend
stationary process differencing the series is neaded to make it stationary. Thus, the growth
rate of inflation rather than the inflation itself isto be predicted in the simulated ou-of-sample

forecasting exercise.

The forecasting exercise proceals reaursively so that the parameters B(L) and y(L) of the

forecasting equation (3.7) of (3.8) are first estimated hy using the first 44 olservations of the
data. After the model is estimated, an h-period aheal inflation forecast is made. Moving one
period forward, the forecasting equatio is re-estimated using now k+1 observations, a new h-
period forecast is made, and so on, unil the end d the sample periodis readed.

In ead reaursive step, the lag length for the estimated model was ®leded using the Rissanen-
Schwarz information criterion (SBC) so that the lag length for both the inflation and the
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explanatory variable was alowed to vary from 1 to 4. The procedure for choasing the lag
length implies that 16 models at ead step of forecasting were estimated so that only one of
these models, chosen acwrding to the SBC information criterion, was used for computing the

forecast.

The sample period alows for estimating totally 29 forecasts for ead o the twelve forecast
horizons. The h-period forecasting performance for the variable under discusson is then
evaluated by cdculating the MSE of the forecast errors. This way, the forecasting performance
of the Divisiamoney based indicators can aso be compared to the performance of their smple
sum M3 based courterparts.

3.3.Data

The data set for cdculating the synthetic Divisia money was provided by Stracca consisting
of the same set of time series that was originally used in Stracca(2001)*°. The sample period
begins at 19801 and ends at 20004. The data ae seasondlly adjusted, quarterly, harmonized
time series data from courtries of the esro 12 areg excluding Greece For cdculating the
Divisia monetary index, four comporents of the broad monetary aggregate M3 were
considered, namely the airrency in circulation (CC), owernight deposits (OD), short-term
depasits other than overnight depasits (SD), and marketable instruments (M1)*.

The cdculation d the Divisia monetary index requires measures of the own rates of return of
the comporent assts. For the overnight deposits (OD), the own rate of return can be obtained

by applying the formula

cc oD _

lec m-'-rODm_er’

where 1, :s refer to the own rate of return of i:th monetary asset. Given that the return to the

cashincirculation (r.. ) isegual to zero, we have

19 The methods used for cd culating the own rates of return to the cmmponent asets, and later, the price dual for
the Divisamoney are dso ariginally from Stracca(2001).
M For amore detail ed description of the data set, see Stracca(2001).
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where r,,,, the own rate of return of the euro areaM 1, is originally from Stracca(2001b.

The own rate of return for the short-term deposits other than owernight deposits (ry) is

obtained likewise, using the r,,, and the estimate for the own rate of return of M3, ariginaly
estimated in Calza d a. (2001). The own rate of return for the marketable instruments (r,, ),

is approximated by the short-term market interest rate cdculated as the weighted average over
the 3-month money market interest rates of the member states. The yield of a pure investment
ast that is dso nealed for the cdculation d the Divisia index, finaly, is approximated by
the long-term market rate, which is cdculated as the weighted average of the 10-yea

government bondyields.

Figure A.1 in Appendix A shows the ainual growth rates of the M3 Divisia money and the
simple sum M3 aggregate. The @rrelation between the two monies ans to have become
stronger in the latter half of the nineties. Before the mid-nineties the growth rate of the
traditional M3 money tended to be higher than that of the Divisia money, bu towards the end

of our sample period the stock of the Divisiamoney starts to grow faster.

Figure A.2, in turn, dots the aanual inflation and the growth rate of the Divisia money in the
same figure*2. By visual inspedion, the time-paths of the variables were more dosely
conreded duing the first half of the sample period than duing the second. The relation
between the variables ans to have been particularly loose during the last five yeas of the
sample period. During this period the inflation was at a record low level, while the growth

rates of bath the Divisia and simple sum M3 aggregates increased sharply.

The series for the Divisia M3 and its price dual in logarithmic levels are seen in Figures A.3
and A.4 Theinitia level of the Divisia money was dandardized as 100 and the cdculation o
the price dual using formula (2.7) is aso based on this dandardization d the level of the

Divisia money. Other time-series data used in the study consist of quarterly series for the red

12 Note that the estimations are based on quarterly series for the inflation, however.
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GDP (seeFigure A.6) and the GDP deflator (seeFigure A.5) aggregated for the euro areg as
well as of the estimates for the potential output of the euro areaneeded for caculating the red

money gap series '3,

The problems in cdculating reliable estimates for the potential output are well known. To
control for the sensitivity of the results to the way the potential output is measured, three
different potential output series were used in cdculating the red money gap series. The first of
the series was obtained ssimply by Hodrick-Prescott filtering the red GDP series. The other
two pdential output series were provided by the ECB and the OECD and were derived using
more structural methods. The ECB estimates are based onthe ECB’s areawide model, where
the potential output is obtained from a @nstant-return-to scde Cobb-Douglas production
function with cdibrated fador share parameters. The OECD estimates are dso based onthe
Cobb-Douglas production function. All the three measures of the potential level of the red
GDP aong with the red GDP itself, are seen in Figure A.7 in Appendix A. Figure A.8in turn
plots the arrespondng output gaps for the three potential output series. It can be seen in the
figures that the output gap estimates based on pdential output series based onHP-filtering and
the ECB follow eat ather quite dosely, athowh the HP-filter based estimate lies abowve,
whil e the output gap series based onthe OECD data fluctuates more wil dly.

3.4.Money demand equations

3.4.1. Estimation of the long-run money demand equations for the euro area

Eadh reaursive step for caculating the red money gap and the monetary overhang series for
bath the Divisia and simple sum M3 monies to be used in the forecasting equations (3.7) and
(3.8 requires new, updhted estimates of the parameters of the respedive long-run money
demand function. There have been numerous attempts to estimate a stable money demand
equation for the auro areain the previous literature. Stracca(2001) and Reimers (2002, for
example, provide stable estimates for the long-run money demand equation for the DivisaM3
money. Coenen and Vega (1999, Brand and Cassla (2000, Calza d a. (2001 and Treaoci
and Vega (2000, among others, provide evidence for the possbility of estimating a stable

13 The arro areawide aygregates for the GDP and its deflator are the same & in Stracca(2001)
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money demand equation for the auro areawide simple sum M3 money. Table A1 in Appendix
A presents a short review of the recent estimates for the income dasticity and the interest rate
semi-elasticity parameters for the long-run money demand equation estimated for the airo
area(for both the Divisia and the simple sum M3 money). The value of the income wefficient
in particular has been under discusson, sinceif its value exceals unity, the observed dedining
trend in the Euro areamoney demand could be dtributed to the trend in the GDP growth. Asiit
appeas in the table, most estimates, including those of Stracca(2001) and Reimers (2002,
indeed exceal unty. On the other hand, nd all the studies included a formal statisticd test of

whether the income wefficient differs sgnificantly from unity.

In our simulated ou-of-sample exercise, the estimation d money demand equation for eat
reaursive step o creaing new series for the red money gap and the monetary overhang is
conduwcted simply by OLS. When the Divisia M3 money was considered, ou money demand
spedficaion included a mnstant term, the red GDP the pricedual of the Divisiamoney along
with its gyuare. The price dual measures the oppatunity cost of hading the red Divisia
money balances and its guare is included in the spedficaion to cgpture possble non
lineaities in the money demand. With this gedficaion we ajain follow the pradice of
Stracca(2001).*

Since the variables of the money demand equations for both the Divisia and simple sum M3
monies are dl I(1)-variables, estimating the money demands smply by linea regressons
adualy corresponds to the Engle-Granger cointegration analysis. Using linea regressons
instead of the more daborate Johansen procedure is further justified by the fad that, acording
to the eonamic theory, there shoud be no aher cointegration relations between the variables

than that defining the money demand equation.

When the full sample was considered, the money demand equation for the Divisia money was
estimated to be

“n faa, including the sguare of the price dual in the money demand spedficetion hes been cdled into question
by Reimers (2002 both on the grounds of some methoddogicd considerations (seeReimers (2002 p.19.) and on
empirica grounds (seeReimers (2002 p. 34). Including the square term in our spedfication was partly motivated
by an estimation exercise with the Johansen procedure, which suggested that the square term is included in the
cointegration space
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(m- p), =k +1.2hdp, - 0.43[DUAL, +0.01(DUAL,)?

Thus, in the study at hand the income dasticity of the red Divisia money also exceels unity,
which is in line with Stracca (2001 and Reimers (2002. The overal stability of the
parameters of the money demand equation was examined by plotting the wefficient estimates
against time (seeFigure A.9 in Appendix A). The income dasticity and the squared price dual
elasticity seem to be remarkably stable, while there seans to be astructural shift in the price
dual easticity and in the constant term at around1991. Corredly estimating the value for the
pricedua easticity matters only for cdculating the monetary overhang series, however. Since

the auili brium value for the price dual is measured as a sample average, the product of the
price dual elasticity and the eguili brium rate of the price dua (k;i; in Eq. (3.4)) becomes a
part of the cnstant term of the eguation defining the red money gap. Accordingly, the
forecasts based onthe red money gap series are unaffeded by the value of ki, , sinceit does
not affed the variation o the red money gap series.™

Caza d al. (200]) argue that the crred oppatunity cost variable to be used in the money
demand spedfication for the euro areasimple sum M3 money is the spreal between the short-
term interest rate and the own rate of interest of the M3 money. This oppatunity cost variable
for the simple sum M3 money is aso adopted here. Thus, when the full sample was
considered, the money estimated money demand equation for the simple sum M3 money of
the auro areatakes the form

(m-p), =k +1.50gdp, —0.005liserm3,

The line graph representing the reaursive estimates of the parameters of the money demand
equation is presented in Figure A 10. The estimate for the income dasticity again seamsto be
remarkably stable and exceals unity, just as was the cae in Caza & a. (200)) referred to
abowve, as well as in the studies e.g. by Coenen and Vega (1999 and Brand and Cassola
(2000. The interest rate dasticity however, takes a value nea zero, which does naot sound

plausible. However, the same agument applies here @ in the cae of the Divisia money, so

15 Likewise, the value of the mnstant term k does not affect the inflation forecasts based on the residuals of the
money demand equations (monetary overhang series).
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that the interest rate dasticity term matters only for caculating the monetary overhang series,
the stability of which will be discussed later.

3.4.2. Time series properties of the monetary indicator variables

Line graphs of the five different monetary indicaor series for the Divisia money are shown in
FiguresA.11—-A.14in Appendix A, while Figures A.15— A.18 show them for the simple sum
M3 money. The results of the formal unit roat tests for al the monetary indicaor series are
reported in Table A.4. Beginning with the nomina growth rates of the monies, acerding to
the ADF and the PP tests, the growth rate of the nomina Divisia money seans to be 1(0)
process Inspedion d Figure A.1 havever suggests the series rather to be trend-stationary or
even following stochastic trend. Since the linea trend aso turned ou to be statisticdly
significant in the unit roct tests, | ended upwith removing the trend —whether it ultimately is
stochastic or deterministic in nature- by differencing the series. Likewise, acording to the
Figure A.1 the growth rate of the smple sum M3 money behaves much like the growth of the
Divisia money in the sample period. Since now the ADF- test also suggests nonstationarity,
the trend was a so removed from the simple sum M3 series by differencing.

Figures A.11 - A.13 and A.15— A.17 show that, as might be expeded, the red money gap
series are somewhat sensitive to the underlying estimate of the potential output. According to
the unit roat tests then, al the red money gap series for both the Divisia and the the simple
sum M3 monies ®an to be (1) processs. Beginning with the red money gap series for the
Divisia money, a doser inspedion d Figure (A.11) suggests that in the cae of the series
based onthe potential output estimates from HP filt ering, the non-stationarity suggested by the
unit root tests may follow from the structural bre&k at the end d the series. Thus, the
stationarity of the series was re-examined ignoring the last three yeas of the data
Accordingly, the tests now indicaed stationarity. Thus, in the forecating exercise the
spedficaion (3.7) was used for this sries.

In the cae of the the red money gap series based onthe ECB estimate of the patential output,
Figure (A.12) in fad suggests a deterministic trend in the data. For the red money gap series
based onthe OECD estimate of potential output, in turn, the passhility of a stochastic trendin
the data is also suppated by inspedion d the line-graph d the series (Figure (A.13)),
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acording to which the series contains relatively large upswings and davnswings. The
volatility of the series aso seans to be largest of al the three red money gap measures
considered.'® Thus, the red money gap series based onthe ECB and the OECD estimates of
the potetential output were @nsidered as nonstationary series and spedfication (3.8) was
used in the forecasting exercise for these series. On puely a priori grounds, the red money
gap series are in fad expeded to be I(0) variables, sincethe gap refleds only deviations of the
red money stock from its equili brium level and this gap shoud be dosed in the long-run.
Because of the short sample period, modelli ng the series as (1) processes can, howvever, be

considered as agoodapproximation d the data generating processduring this period.

The monetary overhang series for the Divisia money is $own in Figure A.14. Testing the
stationarity of the monetary overhang series in fad means smply that our Engle-Granger type
of cointegration anaysis is completed. Since the monetary overhang series consists of
residuals of the money demand equation, the series houd be stationary or otherwise no stable
cointegration relationship between the variables would exist at all. According to Figure A.14
the series looks gationary even in ou short sample period considered, except an obvious
structural breék in the end d the sample. When the full sample was considered, bah the ADF
and PPtests suggested nonstationarity, but when the last four observations were excluded, the
tests also suggested stationarity.

The red money gap series for the smple sum M3 red money gaps are plotted in Figures A.15
— A.17. The unit root tests of Table A.4 suggest nonstationarity as in the caes of the
correspondng Divisia money series, and acaording to the figures, there ae & least as good
reasons for considering the red money gap series for the ssmple sum M3 as non-stationary as
in the cae of the Divisia M3 based series. The HP-filter based red money gap series is,
however, again included in the forecast equation in levels (spedficaion 3.7 to make eaier
the mparison d the performanceof this sries with its Divisiamoney courterpart'’. Theline
graph d the monetary overhang for the simple sum M3 series, in turn, is plotted in Figure
A.18. A notable fedure in the figure is the large structural bre&k between 1992 - 1994,
although the series otherwise looks as dationary. The unit root tests mostly reported non

16 Note that because of some measurement isaes, the mnstant terms of the red money gap and the monetary
overhang series are probably not corredly estimated. The “wrong’ value for the mnstant term does not affed the
results of our forecasting exercise, but there is now no sense in off ering any interpretation for the asolute values
of the red money gap and monetary overhang series.
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stationarity, bu this may well be due to the structural bre&. Since there ae dso many
previous gudies reporting a stable money demand equation for the M3 money in the euro area
we interpret the nonstationarity suggested by the unit root tests as being due the structural

break and the small sample mnsidered.

4. RESULT S

The (out-of-sample) forecating performance of the monetary indicaors is discussed by
examining the ratios between the MSE of the forecats based on the forecasting equations
(3.7) and (3.8) and the MSE of a univariate forecast based orly on the own history of the auro
areainflation. Clealy, if the MSE ratio is assgned a value below unity, the indicator studied
contains ome alditional predicting power for inflation. The results are reported in Tables 4.1
and 4.2 ®low. In addition, the MSE ratios have been plotted against the forecanst horizonin
line graphs of Appendix B.

Table (4.1) reports the MSE ratios for the monetary indicaor series for both the Divisia and
the simple sum monies that are nsidered as dationary and thus included as levels in the
forecasting equation (spedficaion 3.7). These series include monetary overhang series and the
red money gap series caculated with HP-filter estimate for the potential output. In addition,
Table 4.1 reports the forecasting performance of the growth rate of the nominal money.
Although the growth rates of the two naminal monies have been considered as I(1) variables
so that the levels of the monies oud be included as smnd dfferences in the forecasting
equation, it is neverthelessill uminating to aso study the forecasting performance of the first
differences of the series, since dter al, the growth rate of the nomina M3 money is the
variable that the ECB has given the spedal role in its annourced monetary policy strategy.
Thus, the growth rates of the two monies are kind d benchmarks against which to compare

the performance of the red money gap and monetary overhang series.

Y The robustnessof this pedfication will | ater be chedked, however, by making alternative forecasts, using row
differenced series for the HP-filter based red money gap series for the simple sum money (spedfication 3.8).
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Table (4.2) in turn reports the results for the series considered as 1(1) varibles and thus
included as differences in forecasting equation (spedfication 3.§. In Table (4.1) the forecasts
aremadel- 12andin Table (4.2) 1 - 11 quarters ahead and the evaluation d the performance
of ead indicator is based onthe period 19911- 20014. The results can be inspeded visually
in the graphs in Appendix B, where the MSE ratios are plotted against the length o the
forecast horizon.

Table 4.1. M SE-ratios of both the Divisa M3 and simple sum M3 money based monetary indicators for
spedfication (3.7).

DivisaM3

Period 1 2 3 4 5 6 7 8 9 10 1lavg |count
RMSE univ % 04 04 043 045043 042 042 042 0,43 0,45 0,46/ 0,39
RMSE univ pp 093 18 14 123 11 0,99 0,95 0,97 0,97 1 1 1,03

Real money gap HP| 0,78 0,79 0,98 0,63 0,73 0,94 1,11 114 142 154 193 1,00 5
Monetary overhang | 1,06 1,07 104 0,89 0,89 0,88 09 085 099 0,9 0,97 087 11
Diff nominal money | 0,43 0,48 0,45 0,46 0,58 0,63 0,68 0,76 0,82 0,85 0,89 0,59 11

Simple sum M3
Period 1 2 3 4 5 6 7 8 9 10 1lavg [count
Real money gap HP| 0,84 0,71 0,82 0,9 1,26 1,33 1,25 1,15 1,15 1,18 1,22/ 0,98 6
Monetary overhang | 1,16 1,35 1,16 1,09 1,33 1,52 1,39 1,34 1,38 1,38 1,39 1,21 0
Diff nominal money | 0,58 0,74 0,67 0,7 0,84 0,98 0,82 0,86 0,89 0,91 0,95 0,75 0

The upper table gives the MSE ratios for the Divisia M3 money based indicators, while the lower table gives
them for the indicaors based on the smple sum M3. The first line gives the relative magnitude of the forecast
error of the univariate forecast and the second row gives the asolute values of the univariate forecast error (in
percentage points). The rest of the figures tell the ratios between the MSE of the respedive bivariate inflation
forecasts based on the forecasting equation (3.7) and the MSE of the univariate forecast, based only on the own
history of inflation. HP refers to the red money gap series based on patential output estimate from HP filtering.
“Diff nominal money” refersto the growth rates of the two monies (the first diff erence of the series).
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Table 4.2. MSE-ratios of both the Divisa M3 and the simple sum M 3 based indicators for spedfication
(3.8).

DivisaM3

Period 1 2 3 4 5 6 7 8 9 10 11 avgcount

Real money gap ECB 1,02 101 0,97 0,75 0,77 0,77 0,75 0,75 0,7 0,7 0,75 0,82 9

Real money gap OECD| 1,38 1,07 098 0,73 0,71 0,72 0,7 0,74 0,7 0,8 0,76 0,84 8

2" diff nominal money | 0,95 085 084 085 101 1,11 105 106 11 11 11 1 6

Simplesum M3

Period 1 2 3 4 5 6 7 8 9 10 11 avgcount

Real money gap ECB 102 09 101 096 1,11 1,15 093 0,87 0,8 0,8 0,86 0,96 1

Real money gap OECD| 1,47 103 0,9 0,68 0,89 1 0,99 0,98 1 0,9 0,96/ 0,98 3

2" diff nominal money | 098 0,81 1,12 132 178 1,13 1,31 094 0,9 0,9 0,86 1,09 5

The upper table gives the MSE ratios for the Divisia M3 money based indicators, while the lower table gives
them for the indicaors based on the smple sum M3. The ratios between the MSE:s of the forecasts based on the
forecasting equation (3.7) and monetary indicators cdculated for the simple sum M3 money, and the MSE of an
univariate inflation forecast. ECB and OECD refer to the red money gap series based on the potential output
estimates provided by the ECB and the OECD. 2" diff refers to the growth of growth rates (the second

differences) of the two types of nominal monies

The first lines of Table (4.1) reports the mean square erors (MSE) of the univariate forecasts
for the change of inflation, dvided by the cncurrent adual values of the change of inflation,
whereas the second line tells the MSE of the univariate forecasts in percentage points. The
change of inflation appeas to be rather difficult to predict, since the forecast errors for the
change of inflation exceealds 100 % of its adual value in all periods. The two columns in the
extreme right in the tables report two smple summary statistics to help making the
comparison between the performances of the two monetary aggregates. Column (avg) gives
the average of the MSE ratios over the forecast horizons, while @lumn (court) reports the
number of the forecast horizons in which the given series has yielded lower MSE ratio than its

courterpart based onthe other sort of money.

When the Divisia M3 based indicaors are ammpared with ead aher, it can be seen in Tables
(4.1) and (4.2 that the Divisia M3 based indicators perform fairly well, tending to bea the
univariate forecasts in most cases. Both becaise the relation between money and inflation
should be seen orly with lag and kecause the univariate forecasts shoud perform best in the
short run, it shoud be epeded that the relative performance of the monetary indicaors is
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increasing in the length of the forecast horizon. This sams, however, not to be the cae ais
also shown hy the mostly flat or upward sloping graphs of Appendix B. Interestingly, among
al the Divisia money based indicators based on spedficaion (3.7) the best forecats are
yielded by the growth rate of the nominal Divisia M3 money, even though the series clealy
did na even sean to be stationary. The finding is aso interesting in light of the previous
findings by Altimari (2001), Gerlach and Svensson (2007), and Treaoci and Vega (2000 for
the relation ketween the simple sum M3 money and inflation, since acording to these studies
the growth rate of nominal money shoud be outperformed by the red money gap series. On
the other hand, in Reimers (2002 the growth rates of both the Divisia money and the simple
sum M3 seaned to perform equally as well as the P-star indicaor, when the inflation was
defined as GDP inflation. Moreover, al those studies focused on forecasting inflation itself
rather than changes in it asit is the cae in the paper at hand. For spedfication (3.8) the best
forecasts are yielded by the red money gap series based onthe ECB estimate of the potential
output.

Turning next to comparing the simple sum indicaors with ead ather, it can be seen in the
tables that now the univariate forecasts more often have outperformed the monetary indicators.
The best forecasts in spedficaion (3.7) are in fad again given by the growth rate of nominal
money, while bothe the red money gap series based onthe HP-filter based estimate of the
patential output and the monetary overhang are mostly outperformed even by the univariate
inflation forecasts. Among the forecasts based onthe spedfication (3.8) the red money gap
based onthe patential output estimated by the ECB and OECD seam, however, perform better
than the the “growth of the growth rate” of the nominal simple sum M3 money.

Overal comparison between the forecasting performance of the Divisia M3 based indicaors
and the indicaors based onthe simple sum M3 suggests that the Divisia money indicators
dightly outperform their simple sum M3 courterparts. The conclusion is suppated bah by
the average MSE ratios and the number of forecat horizons in which the Divisia M3
indicaors are assgned lower M SE ratios than their smple sum M3 counterparts. The Divisia
money based indicaors yield better forecasts in cases of the monetary overhang and the red
money gaps based onthe potential output estimates provided by the ECB and the OECD. The
differencein favour of the Divisia money based indicaors does not sean to be large, however.
The caes of the second dfference of the nominal M3 monies and the red money gap series
based on pdential output estimates from HP-filtering, in turn, seem unclea, regardiess of
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which of our two criteria to asessthe relative performance of the indicaors is applied™®. Asiit
was previously noted, the Divisa money is expeded to contain more information abou future
inflation espedally in the short run, while in the long run the forecasts are likely to converge.
This pattern is, however, na seen in the results. Except the cae of the growth rates of the
nominal monies, the difference in the forecast performance in favor of the Divisa money
indicaors does not seam to be notably larger in the short end than in the long end d the

foreast horzons.*®

Interestingly, the growth rate of the nominal Divisia M3 na only beds the othe Divisia M3
based indicaors but also yields the best forecasts among al the diff erent monetary indicaors
considered. In haizons between ore and four quarters, the forecast MSE:s of the growth rate
of the nominal Divisia money remains below 50 % of the MSE of the univariate forecast. It is
notable that the growth rate of the smple sum M3 money, the ECB’s adual “target variable”,
also performs fairly well, athouwgh remains outperformed by its Divisia money courterpart in

every forecast horizon.

5.CONCLUSIONS

The ECB has given the M3 monetary aggregate an important role a an indicator variable for
the future inflation in the euro area This dudy has discussed, whether the synthetic Divisia
M3 monetary aggregate, computed as a weighted average of its comporent assts, could
provide more information onthe future price developments than the ordinary M3 aggregate,
which does nat take into account the differing degrees of liquidity of the componrent assts of
the aggregate. Although in the long run the predictions based onthe two aggregates are likely
to converge, it isapriori assumed that the Divisia money may yield more acarate forecasts in
the short-run. As an econametric method | have used simulated ou-of-sample forecasting. The
study differs from the previous gudies on the information content of the Divisia money onthe
euro areainflation in that here inflation is assumed as 1(1) variable and thus the dange in
inflation, rather than inflation itself, has been the variable to be forecasted. In addition to

18 The forecasting performance of the HP-filter based red money gap series for the simple sum money was in fadt
significantly improved when it was included in the forecast equation in differences, using spedficaion (3.8). The
relative performance between the HP-filter based red money gap series for the two monies remained unclea,
however.
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comparing the forecasting performance of the growth rates of the two naminal M3 monies, the
study has focused on the performance of the red money gap and the monetary overhang

variables cdculated for the two types of monies.

It was found,firstly, that some of the monetary indicaor series based onthe synthetic Divisia
M3 monetary aggregate redly improved the out-of-sample forecasts for the (change in) the
euro area inflation, when compared to the forecasts based on simple univariate forecasts.
Seoondy, comparison between the forecasting performance of the different monetary
indicator series caculated for our two sort of monetary aggregates reveded that the Divisia
money based indicators tend to ouperform their smple sum money based courterparts at least

in some cases.

It was also an interesting finding that the growth rate of the nominal Divisia money seamed to
perform surprisingly well, even though the growth rates of both type of nominal monies were
considered nonstationary variables and although it was the cange in inflation rather than
inflation itself that was to be forecasted. The growth rate of the Divisia money yielded the best
forecasts nat only within the Divisia money based indicaors but it also ouperformed the
simple sum M3 beased indicators. The finding contradicts the previous findings based onthe
simple sum M3 money, acording to which red money gap and money overhang — variables
that measure the gap between the desired and adual level of real money holdings, suit best for
the forecasting purposes. From atheoreticd perspedive, the performance of the growth rate of
the Divisia money is even more interesting, when taking into acourt the recent arguments
acording to which the estimations based on simple linea regressons in fad understate the
relations between money and inflation, sincethis relationis probably too subtle to be reveded

by asimple linea one-equation model%°.

All in al, the results suppat the previous findings by Stracca(2001) and Reimers (2002,
acording to which the synthetic Divisia M3 monetary aggregate ould play a role & a
valuable indicaor variable on the future price developments in the auro areg at least when
used along with the ordinary, smple sum monetary aggregates. A longer inflation history will

be nealed, however, to ascetain whether it is the growth rate of the nominal Divisiamoney or

¥nfaa, e.g. the “growth of growth rate” of the Divisia M3 also yields better forecasts in short horizons, but at
the long end of the forecasts the ssimple sum M3 indicaors now perform significantly better.
2 see @ King (2002
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some Divisia money based measure for the excessliquidity in the eonamy, that the ECB
shoud adually be looking at.

Some caition is nealed in interpreting the results, however. Firstly, because the study is based
on aggregated euro areawide data, all the relations between money and rices that the study
suggests represent averages of these relations over the EMU member courtries. Most of the
time in the sample period, the transmisson processbetwean money and prices has been based
on independent monetary palicies in the member states, however. The average of these
transmisson pocesses may differ from the transmisson processunder the regime of common
monetary palicy, which may also have caused a structural shift in the relation between money
and pices. Seaondy, in the end d the sample period there might have occurred pue portfolio
shift in the money demand, dwe to changes in the oppatunity costs of holding money. This
portfolio shift may in its part have obscured the link between money and inflation duing the
sample period. Thirdly, the relatively short sample period and some obvious dructural bregks
in the period resulted in some uncertainties concerning the time series properties of bath the

euro areainflation and the monetary indicator series.
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APPENDIX A
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Figure A2. Annual GDP inflation (ANNINF) and the annual growth rate of the DivisiaM3 (GRDIV).
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Figure A3. Log of the Divisia M3 money
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gure A4. Log of the price dual for Divisa M3 money
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Figures A7 and A8. Threemeasures for the euro 11 pdential output, along with the euro 11red GDP (A7.) and
the crresponding output gaps (A8.). OUTPINDEX denotes to the red GDP of the euro areg ECB and OECD
correspond to the estimates for the potential output provided by the ECB and OECD respedively, while HP
denotes to the potential output estimate obtained by Hodrick-Prescott-filtering. GAPOECD, GAPECB and
GAPHP denote to the output gap estimates based on the respedive series for the potential output. All the series
have dso been adjusted for German reunification. The OECD data for the potential output, (provided by the
OECD Economic Outlook database) consists adualy of semi-annual series, and the missng observations have
been obtained by interpolation. Note dso that all the series for the potential output are reported as index numbers
with the first observation (198Q1) as gandardised to 10Q Thus, the figures tell only on the variability of the
potential output and the output gap during the sample period, but it is not possble to make conclusions on the
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Table Al. Parameter values of some previous estimated money demand equations for both the simple sum and
the Divisia M3 aggregates of the Euro area

The model

The simple sum M3/ income long interest  |short interest  |short own
Calza et al. (2001) 1,34 -0,86
Brand and Cassola (2000) 1,33 -1,61

Trecroci and Vega (2000) 1,158

Fagan and Henry (1998) 1,55-1,61 [-0,20 - (-0,58)* |0,32

Coenen and Vega (1999) 1,17 -1,26

Gerlach and Svensson (2000) (1,51

Kontolemis (2000) 1 -1,89

Kontolemis (2002) 1 -1,45

The Divisia money/ income price dual

Stracca (2001) 1,19 -1,72

Reimers (2002) 1,00-1,36  |-0,06 - (-0,11)

“income” refers to the income dasticity, while “long interest” and “short interest” refer to the dagticity of the
money demand on the short-term and long-term interest rate. “short own” in turn denotes to the dasticity on the
spreal between the short-term interest rate and the own return of M3. Fagan and Hendry (1998 and Reimers
(2002 provided a number of estimates, ead corresponding to a different spedficaion of the model. Thus, in
these cases the table reports the range where the estimates were located.

Table A2. Unit root tests for the variablesin the Divisia M3 money demand equation.

Variable |specif. ADF PP

rdiv 1,ct -1.802741 -1.517845
GDP 1-4,c,t -2.404955 -2.310080
Dual 1,c -1.621749 -1.309498
Sqdual  [1.cit -2.798961 -2.399084
Variable |specif. ADF PP

d(rdiv) - -2.872840 xx |-2.546454 x
d(GDP) 11 -2.654105 xx |-3.987920 xx
d(Dual) [1 -5.205564 xx |-5.998268 xx
d(sgdual) [1-2 -5.082891 xx |-6.052015 xx

The figures in the olumn “spedf” denote to the lag length used in the unit roat test, while ¢ ad t refer to a
constant and a linea trend if they were included into the spedfication. The upper table reports the unit root tests
for the variables in levels and the lower table reports them for differences. “rdiv” denotes to the level of the red
Divisa money, “GDP” denotes to the red euro area GDP, while “Dual” and “Sqdual” refer to the level and
square of the price dual of the Divisia money. xx (x) in tables refers to the cae when the null-hypothesis of unit
root is rejeded at 1 % (5 %)confidence level. The criticd values for the ADF- and PPtests are based on
McKinnon (1991).
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Table A3. Unit root tests for the variable in the simple sum M3 money demand spedficaion..

\variable |specif. ADF PP

rm3 1,c.t -1.797982 -1.604266
GDP 1-4,c,t -2.404955 -2.310080
userm3 |1,c;t -3.184589 -2.640535
\variable |specif. ADF PP

d(rm3) 1,c -3.762986 xx |-4.548070 xx
d(GDP) 11 -2.654105 xx |-3.987920 xx
d(userm3)[1,c,t -5.966100 xx [-6.388816 xx

For an explanation for the mlumn “spedf.”, see Table A2. “rm3” refers to the level of the simple sum red M3
money, “GDP” refers to the auro areaGDP, while “userm3” denotes to the spread between the short-term interest
rate and the own rate of interest of the M3 money. xx (x) in tables refers to the cae when the null-hypathesis of
unit rocot is rejeded at 1 % (5 %)confidence level The aiticd values for the ADF- and PPtests are based on
McKinnon (1997).
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Figure A9. Reaursive estimates for the wefficients of the money demand equation estimated for the Divisia
money. B1VEC = constant term, B2VEC = coefficient for the log of output, B3VEC = the wefficient of the price
dual and B4VEC = the mefficient of the squared price dual.
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Figure A10. Reaursive estimates for the mefficients of the money demand equation estimated for the simple sum
M3 money. B1VEC = constant term, B2VEC = coefficient for the log of output and B3VEC = the wefficient of
the interest rate variable. Note that the mefficient estimate for the interest rate dasticity is © close to zero that it
is almost indistinguishable from the zeo-line in the figure.
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Figures of the real money gap and monetary overhang measures calculated with the full

sample and the Divisa M3 money.
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Figures A11 — A13 dot the series for the red money gap series and Figure A14 represents the monetary
overhang series. HP refers to the patential output estimate obtained by Hodrick-Prescott filtering, while ECB and
OECD refer to the potential output estimates provided by the ECB and the OECD, respedively.
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Figures of the real money gap and monetary overhang measures calculated with the full

sample and the simple sum M 3 money.
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Figure A. 18

Figures A15 — A17 dot the series for the red money gap series and Figure A18 represents the monetary

overhang series. HP refers to the potential output estimate obtained by Hodrick-Prescott filt ering, while ECB and
OECD refer to the potential output estimates provided by the ECB and the OECD, respedively.
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Table A.4.Results of theunit root testsfor the monetary indicator series

\Variable ADF PP specific.
inf -2.964352  |14.925672 xx(c,t,1
diM3 -2.604535  |-3.414204 x [c,t,1
Iddiv -6.214867 xx|[-6.244935 xx[c,t,0
div money gap hp -1.166549 -0.834533 |1

div money gap ecb -1.578305 |-0.916825 [c,1
div money gap oecd -2.177563 |F1.477843 [c,1
money gap hp -2.380200 -1.957308 [c,1
money gap ecb -1.552156 |-1.165160 |1
money gap oecd -1.888206 [-1.815010 [c,t,1
div monetary oh -2.501796 1
monetary oh -3.057139 1
\Variable ADF PP specific.
inf -5.655746 xx |115.65367 xx |1-4
dd(IM3) -8.228830 xx  [114.10893 xx |1
dd(ldiv) -7.721356 xx  |114.93213 xx [1-2
d(div money gap hp) -4.759501 xx  |-5.753575 xx |1-2
d(div money gap ech) -5.202541 xx  |-5.588230 xx |1
d(div money gap oecd) -5.000505 xx [-5.031300 xx [0
d(money gap hp) -5.289685 xx -5.274300 xx |0
d(money gap ecb) -5.488183 xx  |-5.807593 xx |1
d(money gap oecd) -4.489724 xx  |-4.476430 xx |0

Results of the unit roat tests for the different monetary indicaors for both the Divisia M3 money (denoted by
“div money” in the table) and the simple sum M3 money (denoted by “money” in the table). Money gap refers to
the red money gap series and money on to the monetary overhang series. Hp, e and cea again denote to the
source of the series for the potential output. Lm3 and Idiv denote to the levels of nhominal Divisia and the simple
sum M3 monetary aggregates, “d” in the front of the variable name stands for the first difference ad “dd’ the
seoond dfference of that variable. xx (x) in tables refers to the cae when the null-hypaothesis of unit root is
rejeded at 1 % (5 %)confidence level. The aiticd values for the ADF- and PRtests are based on McKinnon
(199)).
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APPENDIX B. LINE GRAPHS OF THE MSE RATIOS.

Relative MSE:s of the indicaors based on forecasting equation (3.7) for bath the Divisia and the simple sum M3 money.
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Thefirst pair of figures sows the M SE ratios for the red money gap series based on the potential output estimate from
HP-filtering, the seacond pair shows them for the monetary overhang series, whil e the last pair shows the ratios for the
growth rates of the nominal monies.
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Relative MSE:s of the indicaors based on forecasting equation (3.8) for bot the Divisia and the simple sum M3 money.
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Thefirst two pairs of figures plot the M SE ratios for the red money gap series based on the potential output estimates
provided by the ECB and the OECD, respedively, whil e the last pair shows the M SE ratios for the growth of the growth
rates of the nominal monies.
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