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ABSTRACT

This paper povides an empirical assessment of the implications of delegating monetary
policy to a central bank. We argue that the theoretical literature justifying central bank
independence is highly stylised and is deficient in that it assumes there is only a single policy
instrument under the control of a single policymaking authority and it typically assumes
rational expectations. We are able to address all of these issuesin an empirical model based
analysis with expectations determined by learning. We apply new optimisation techniques to
investigate the possible loss in welfare from uncoordinated fiscal and monetary policies. Our
results seem to imply that such losses are small if the two authorities pursue congruent
objectives. However, we then show that a sub-optimal non-cooperative outcome can arise if
the authorities have competing objectives.
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1 INTRODUCTION

A lage empiricd literature has investigated the reaionship between centrd banking
independence and macroeconomic performance. This literature gppears to suggest that greater
independence is negativdly corrdated with both average inflation and its variability (see for
example, Grilli . d., 1991; Banaian et. d., 1983; Cukierman, 1992; Cukierman et. a. 1992
and Eijffinger and de Haan, 1996). Also, centrd bank independence shows no correlation
with red variables, such as average GDP growth or its variability (see Alesna and Summers,
1993). These findings have underpinned the intelectual support for reforms of centrd banks
aound the world. In the UK for example, one of the firg acts of the new Labour
government, was to grant the Bank of England operational independence to set monetary
policy. The reaction amongst commentators and academics, was generadly highly supportive
of thismove.

The empirical support for this mentioned above is, however, based on cross sectiond
comparisons of economic outcomes. there is much less evidence on the effects of ingtitutiona
changes within a given country, and this makes it difficult to make predictions about the
impact of a change in centra banking laws would have within a sngle country. Posen (1995)
has dso argued tha inditutions such as centra banks are endogenous, and their politica
independence is a function of the reative politicd srengths of competing interest groups.
Eijffinger and de Haan (1996) survey a number of papers that trest independence as
endogenous. This would suggest that one cannot use cross-sectiona evidence to predict the
outcome of a mgor change in regime such as making the centrd bank more independent. In
fact, Campillo and Miron (1996) have argued tha the empiricd corrdation between inflation
and centrd bank independence disappears once other potentiad explanatory variables that
might account for cross-sectiona variaions in average inflation rates are incorporated into
the andyss', athough De Haan and K 00i(2000) have found results to the contrary.

While mogt of the recent work relating centrad banking structures to economic outcomes has
focussed on variables such as average inflation or red growth, a number of authors (Debdle
and Fischer, 1994; Walsh, 1995a; Froyen and Waud, 1995; Fischer 1996) have found that
measures of centra bank independence are corrdated with measures of the short run output-
inflation trade- off and measures of the codts of dignflaion (ie. the sacrifice ratio). For
exanple, Debele and Fischer note that Grilli et. a.s (1991) index of centra bank
independence is pogtively corrdated to Bal's (1993) edimates of the output cost of
disnflation. Usng three dternaive measures of centrd bank independence, Walsh (1995)
edimates the effect of centra bank independence on the short-run output inflation trade-off
for twelve member sates of the European Community and finds that increesing independence
is asociated with a grester red output effect of changes in nomind income growth.
Somewhat surprisngly then, countries with relatively independent centrd banks seem to bear
the highest cogt of reducing inflation. This finding runs counter to expectations. Independent
centrd banks are expected to be more credible in their dis-inflationary policies, they shoud
therefore recave a credibility bonus that should reduce the output cost of lowing inflation.
Yet the short-run output-inflation trede-off faced by an independent central bank appears to
be larger (ie. a flatter short-run Phillips curve in output-inflaion space) than that faced by
more dependent central banks. We argue in this paper that one reason why this increased cost
of centrd bank independence results could be due to a non-cooperative “game’ where the
fiscd authority and the central bank pursue competing objectives for macroeconomic policy.



Few countries have experienced the mgor changes in ther centrd banking indtitutions that
would dlow one to determine whether inditutiond changes actudly do influence inflation
and other economic outcomes. This paper therefore examines changes to centrd bank
inditutional gructures in the context of a sngle country empiricd macro-modd. In particular,
we condder the applicability of the results from theoreticd models that underpin these
developments, usng an empiricd andyss game theoretic techniques to mode non
cooperative policy setting and in empirica testing we are able to show how the move to a
more “consarvative’ policy maker might reduce the inflationary bias in the economy, thus
confirming the theoretical ingghts of the modd. We dso show that when both authorities
pursue congruent objectives the stabilisation loss suggested by Rogoff (1985) appears to be
andl; off-st by the postive externdity of the increased credibility that delegeting monetary
policy brings. Findly, we examine the case of competing objectives between the authorities,
and this shows that adverse outcomes are possble. The resulting outcome of higher interest
rates and a drong exchange rae gppreciation is indeed drongly reminiscent of recent
experience of the UK. A related paper to this pat of our andyds is Demertzis, Hughes
Hallett and Viegi(1999).

The rest of the paper begins, in section 2, by very briefly setting out the background to our
esimates of the gains to independence. Apart from the Barro-Gordon modd of inflation bias
and its extenson by Rogoff, we outline the modd of Nordhaus (1994) of a non-cooperative
game between the fiscd authority and an independent centrd bank. Section 3 presents the
subgtantive part of the paper, an evaudion of the empirica importance of this issue using a
large empirical modd of the UK economy. Findly section 4 draws some generd conclusions.

2. THE THEORETICAL FRAMEWORK FOR DELEGATING
MONETARY POLICY

The idea that there is an “inflation bias’ to discretionary policy meking was firs formadised
by Kydland and Prescott (1977) and subsequently popularised in the monetary policy game
of Barro and Gordon (1983a, 1983b). As is wdl known, the inflation-bias problem derives
from the incentives of the policy maker to spring surprise inflation on economic agents in
order to secure a short term boost to output and employment. Rationa agents engage in pre-
emptive nomind bargaining in anticipation of this and the optima response of the authorities
is then to judify these expectations - hence the inflation bias. The familiar Baro-Gordon
framework will not be repeated here, except to note that it is based around a standard Lucas
supply function which is subject to shocks (e) where the policy makers have a quadrétic loss
function in inflation(d) and output (y) reldive to the naturd rate of output (y'). The weight on
inflation is a0, and the dedred vaue of output is above the naura rate by a factor k>1.
Fndly a paameter b>0 is the effect of surprise inflation on output. The resulting solution for
inflation forms much of the basis for the independent Centrd Bank debate. Under Rationd
expectations the standard solution for inflation is

p=(bla)z- (bl(a+12))e (1)

where z =(k-1)y*.



The firg term in (1) is the inflaion bias that results from the determinigtic solution to the
problem. The second term in (1) defines the authorities dabilisation effort in the face of
shocks which can be shown to be the equivdent to that under an optimal dtate contingent rule.
The freedom to respond to shocks under discretion therefore ensures that the discretionary
solution secures optima policy dabilistion (ie. lower output variance) but at the expense of
aninflation bias.

Vaious drategies have been suggested in the literature as ways of eradicating or diminishing
this inflationary bias. One of the best known is that by Rogoff (1985) which proposed the
delegation of monetary policy to an authority with grester inflation averson - a
“consarvative’ centrd bank. Such a modd probably comes closest to what many people think
of as centrd bank independence delegation of monetary policy to an inflation adverse
authority with insgrument independence. As the degree of inflation averson rises the firg
term in (1) goes to zero, S0 that in the limit inflation reaches its bliss point of zero but a the
cost of zero Sabilisation of shocks. However, Rogoff showed that when the degree of
inflation averson is chosen optimdly, delegation to the conservetive centra bank secures a
welfare outcome, which is preferable to ether discretion or the use of non-contingent rules
(such as zero inflation). This result is usudly taken as lending strong support to moves to
grant independence to a centra bank as a solution to the inflation bias problem.

Our argument is that these results depend on three key assumptions there is only a sngle
policy meker and a single instrument, (interest rates or the money supply) so it does not
address the losses that may arise from a failure to coordinate monetary and fiscal policy. The
mode is a closed economy modd, so there is no separate channel for monetary and fiscal
policy to act on inflation, they both work only through output. Findly, the modd assumes
fully retiond expectaions which means tha the monetary authority may rgpidly gan full
credibility and the trangtion process to full credibility and its associated cods are played
down. These three points are discussed briefly before the estimates of thelr possble effects
are given in the next section.

It is important to redise that Barro and Gordon modd is dways a single player game, dl that
is happening is that we force the one player to be more or less inflation avers. Part of the
essence of making a Centra Bank independent is however that we create a second policy
maker in the sysem who can exercise some degree of independent decison making. The
cregtion of an independent centrd Bank is therefore a fundamentad move from a sngle player
game to a two-player game and this raises important issues of co-ordination and co-operation.
Just cregting two players within the Barro and Gordon framework is not sufficient however to
cregte an interesting and redigic game dructure. The reason for this is that the Barro and
Gordon modd is a closed economy where inflation is generated by a standard Phillips curve.
Even if we have two players (say a fiscd authority controlling government spending and a
Centrd Bank controlling interest rates), there is only one route to affect inflation (output
relative to the naturd rate). So if the fiscad authority raises output the centra Bank can
exactly neutrdise this effect by rasng interest rates to exactly offset the rise in output. Once
the fiscd authority redise this, there is no reason for them to attempt to cheat, as they can
never profit in any way. However this Stuation changes fundamentaly when we develop the
model into an open economy with effects of the exchange rate on inflation. Then if the fiscd
authorities atempt to raise output at the cost of undesrable inflation, the Bank will raise
interest rates but this will have two channds to work through an output effect and a red



exchange rate effect. Hence the reduction in output to offset the inflation will dways be less
than the increese caused by the rise in fiscd expenditure and the government will adways
make a podtive gan in output & no cost to inflation. The costs come in the form of an
overvalued exchange rate and a loss of competitiveness to the tradable sectors of the
€conomy.

Nordhaus (1994) gives a forma andyss of a drategic policy game between the fisca and
monetary authorities usng a short run, non-repeated game with a differentiad impact of fisca
and monetary policy on inflation and growth which demondrates the generd point made
above. (see dso Blinder () for a genera analyss of possble drategic conflicts between
monetary and fisca policy setting)

The expectations formation mechanism is not made explicit in the Nordhaus framework but
this is cdearly an important eement of the whole story. Even if expectations are rationd the
uncoordinated game problem outlined above Hill exigts, but if expectations are less than fully
rationd then the period during which agents misunderstand the behaviour of the Centrd Bank
can be extremy costly in economic terms

To investigate how credibility may be built up gradudly it is necessay to introduce the
concept of endogenous learning , where past inflation is used by agents to form ther
expectations of future inflation. This introduces an important additiond feature, in that
accommodating temporary shocks may increase future expectations of inflation as credibility
is reduced (King 1996). In such a world the presence of nomind inertia and red rigidities
make private agents task even more difficult snce a any given paint in time, they have to
patition inflation into that caused by lags in the economy and that caused by profligacy on
the part of the centrd bank.

An andyss of the recent deflation in the UK would require us to determine how quickly
agents were able to come to understand the new regime created by making the Centra Bank
independent. So we must alow expectations to evolve over time to properly modd credibility
effects, by implementing a bounded ratiiond form of learning in our macro modd. Here
agents are assumed to use some ‘reasonable’ rule of learning and to use this rule to form
expectations where the form of the rule remains condant over time but agents learn the
parameters of the rule. This form of bounded rationdity entals that even in the absence of
regime changes the reduced form of the modd is a combination of the dable Sructurd
equations and the changing parameters of the expectations rule, so that it is time-vaying. It
is this form of learning - which we refer to as “adaptive learning” - which is goplied in the
solutions we give below'.

Before leaving these models of policy conflict it is perhgps indructive to condder ther
possble reevance to recent experience in the UK, since it ingtituted much greater centra
bank independence. As the figure 1 shows, the UK has experienced very sgnificant nomind
exchange rate apprecidions in its atempt to head off inflation. There is a very drong
presumption that fisca policy was set independently of the objectives of the centrd bank. For
example, successve Budgets since the Bank’s independence, have eased fiscd policy a a
time when interest rates were being rased. At the same time numerous policy Statements
have emphassed the Government’'s commitment to reducing unemployment and increasing
the rate of (long term) growth of the economy. In some ingances, for example, the adoption
of a minimum wage or increasing excise duties, the actions of the Government have been to



directly increese inflationary pressure. This is drikingly reminiscent of the sort of non
cooperative behaviour envisaged above. If this is the case then the conclusons are clear: the
non-cooperative solution will deliver the same rate of inflation but with higher interest rates
and a higher budget deficit.
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Figure 1. Exchange Rates and Interest rates in the UK.

To conclude this section, it is possble for theoreticd models to point to both benefits and
costs of an independent Centrd Bank. The baance between these costs and benefits is an
empiricd issue, which can only be addressed, in a wdl-founded empirica setting. It is this
we turn to in the next section.

3. AN EMPIRICAL ANALYSS OF MONETARY POLICY
DELEGATION

In this section we present an empirical andyss of the gains to inflation performance that
results from the delegation of monetary policy to an independent centrd bank. For this we
use the gsructural modd of the UK economy developed at the London Business Schoal. It is
particularly suitable for this purpose as it has a high degree of theoreticad consstence based
aound a complex supply sde sysem which is edimaed econometricdly and it fully
incorporate boundedly rationa learning as its main expectations formation hypothess. As the
mode is a large one, it is not possible to review even its man features here. We give a short
decription of the modds man features in gopendix A (See Allen and Hal (1997) for full
description). The policy exercises which follow using this modd, begin by consdering the
gngle policy ingrument andyss of Rogoff. We then turn to the issue of the losses which



may aise from [co-ordination] when the fiscd and monetary authorities have compdible
objectives. Finaly we analyse the Nordhaus case of incompetible objectives.

3.1 Theinflation biaswith a single policy maker

We begin by examining the Rogoff case where macroeconomic policy is conducted in order
to maximise a known objective function, but where policy is ddegated to a successvely more
conserveive authority. To do this we compare the results from three smulaions where the
objective function is maximised over a five ten, and thirteen year time horizons™ . This is
equivdent to reducing the authority’s discount factor or, in Rogoff's terminology, of
increesing the redive weght given to devialions of inflaion from target. This is smply
because the optimisation exercise gives no weight to events after the end of the smulaion
and so the shorter the smulation period the more myaopic the behaviour of the policy maker

We modd macroeconomic policy by an open loop control solution using the basc rae of
income tax and the short term interest rate. A single authority is assumed to maximise an
objective function that indudes inflation and growth but this authority, in the spirit of the
Nordhaus and Rogoff modds, ams for a combination that is incondstent with the long run
Phillips curve. In addition, the deficit-GDP ratio enters the objective function to insure that
whaever combination is chosen, it is not a the expense of fiscd solvency. The objective
function is completed by induding terms tha pendise excessve movements in the
indruments. The objective function for the policy maker isthen of the basic quadratic form,

V=8 [b,(0-py+b,@-d)+b,(y-kP+bDT+b0]@

i=1

where 0 is (underlying) retail price inflation, d is the public sector deficit retio, y is output, k
is a condant rate of growth assumed to be higher than the growth of potentid output, T is the
tax rate, i is the short term interest rate and N is the time horizon of the policymaker. Each
of the dements of the objective function is accorded the same weight, after taking account of
scding. All the weights are hed congtant in the following Smulations.

Figures 2 and 3 show the results of three experiments, when the policy maker's objective
function (21) is maximised over 5, 10 and 13 year time horizons respectively. Figure 2
shows the deviations of inflation target from a solution and figure 3 shows unemployment, as
the authorities attempt to trade off inflation for higher growth. In each case they ae
successful in achieving lower unemployment (see figure 3), and inflationary pressure only
builds up dgnificantly towards the end of the planning horizon. The results in this figure
show that as the time horizon is increased successvely from 5 years to 10 and findly to 13
years, the policy maker's ability to exploit this trade off is reduced and both average inflation
rate and the decreases in unemployment are reduced. These results illustrate empirically how
delegating policy to an authority with a lower discount rate or a greater aversion to inflation,
reduces the inflationary bias. There is an important feature of the inflation-unemployment
trgectives as the two span over which the solution is done is extended.
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Figure 2:The Increase in Inflation for varying time horizons

A rdevant empirica quedtion to ask is how limited that trade off is or more specificaly,
wha is the dope of the Phillips curve ? Our results for example, suggest that for modest
fiscal expansons (ie. for a government with an eye on fiscd solvency), the reduction in the
inflation biass may be reativedy modet and the Government does have some fadlity to
exploit the inflation-output tradeoff in the short run. This last property derives from the weak
effect of unemployment on wage settings, a “red inertid property which is a typica feature
of many wage equations estimated on UK data (see for example, Darby and Wren-Lewis,
1993; Hall and Nixon, 1997; Greendade, Henry and Jackman, 1998)
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3.2 Cooperative and non-cooper ative reactions with two policy makers

The other key feature of the Rogoff modd however, is that the reduction in the inflation bias
is only achieved at the expense of a loss in the optima degree of gabilisation. To andyse
this we andyse optima policy in a dochagic environment and this time compare
dabilisation under a single policy maker to the case where monetary policy is controlled by
the central bank, and fiscad policy is controlled the government. Each inditution’s objective
function is optimated numericaly, subject to the reaction of the other authority. This Nash
solution is then compared with a cooperaive solution where only one joint objective function
is minimised. As the issue here is one of dabilisation we assume both authorities set policy in
response to a shock, each aming a returning the economy to its long run sustainable date.
Their objective functions are taken to be combatable, athough not identicd. Thus the fisca
authorities seek to minimise the

following objective function:

V=3 [b,(p-p¥+b,@-d)+b,y-yF+b,0T+bDi]| (3

i=1

using jug the basc rae of tax as an indrument. This minimises deviations of inflation, output
and the deficit raio from base, as wel as pendisng ingrument ingability. The monetary
authority in turn concentrates solely on inflation, usng short term interest rates to minimise:
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The cooperative solution is achieved by minimisng the fiscd authorities objective function
using both short term interest rates and the tax rate jointly.

Figures 4 compare the performance of the two policy regimes (which we label cooperative
and the non-cooperative Nash solution), in response to a one period (domestic) demand shock
We find very little difference between the performance of the two regimes in dther case, a
result which seems to indicate that the potentid risks of falure to coordinate policy in the
delegated regime are smdl when the authorities are pursng congruent objectives. In the
present case both authorities wish to dtabilise the economy as fas as possble, so non
coordination appears to make little difference.

This appears to be a direct consequence of the ‘credibility’ thet is derived from dedicating the
interest rate indrument solely to inflation targeting. Hence, in our modd, agents ‘learn’ that
inflation will be targeted aggressvely and this reduces the output cost of uncoordinated
policy indruments. This may explan one of the puzzes of the Rogoff modd. The most
important prediction of that modd, namdy an inverse corrdation across countries between
inflation and various indices of centrd bank independence appears empiricaly wdll
established (see Bean (1998)). However, it does not seem to be the case that countries with
more independent central banks have achieved lower inflation a the cost of greater variability
in output - which is the trade-off for the reduced inflation bias implied by the Rogoff modd.
The empiricd results above suggest tha one possble explanation for this is that any
dabilisation lossis offset by the pogtive

externdlity due to increased credibility in monetary policy.

3.3. Competing Objectives

Findly, in the lagt set of amulations (shown in figure 5 and 6) we repesat the exercise but now
where it is assumed the fisca authority’s objective function is the same as in section 3.1 ie.
the fiscd authority is no longer concerned with the dabilisation of output in response to a
shock but instead atempts to inflate the economy. The monetary authority attempts to target
inflation as before. The result in this case is a sgnificant difference between the Nash and the
cooperative solutions. In the non-cooperative case interest rates are raised ggnificantly to
counter the expandonary policy of the fiscd authority. This leads to an gppreciation of the
exchange rate and a marked shift in the compostion of demand away from net trade to
domestic consumption as taxes are lowered. The inflation target is broadly achieved under
both policy regimes but the lack of co-ordination in the Nash game now leads to considerable
red imbadance in the economy, as compared with the previous example of complementary
objectives.

It is worth emphasisng that in both the cooperative and Nash game the authorities are very
successful a controlling inflation. The cogts of the lack of co-ordination do not appear as a
falure to control inflation but in the unnecessarily high exchange rates which results from the
lack of co-ordination.
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4.CONCLUSION

This paper has consdered the delegation and coordination of monetary policy in inflation
targeting regimes where insrument independence is granted to the centrd bank. In reviewing
the theoreticd modds used to justify moves towards grester centrd bank independence we
have highlighted three issues:

Firdly, that these models typicaly tend to be smple representations of the economy that do
not take into account the openness of the macro economy, exchange rate effects,
nomind inertiaor red rigidities.

Secondly, that these smple models ignore the possbility of two policy insdruments impacting
on the economy and that these may individudly be under the control of separate
authorities and crucidly that they work through different channels.

And findly that the usud assumption of Rationad Expectations limits the degree to which the
credibility of inflation targeting regimes can be investigated.

While much of the empirical literature on the effects of centrd bank independence focuses on

cross sectiond regressons of quantitative indices of independence, we have addressed the
three points above usng policy smulaions with an empiricaly etimaied macro modd. This
enables us to assess the implications of the theoreticd modds in a more redigtic framework.
In paticular we can dlow for the presence of dgnificant lags in policy responses that arise
because of nomind or red rigidities, we consder the case where there are two instruments,
monetary and fiscal policy and where they may not be coordinated, and findly we dlow for

16



learning in expectaions formation and therefore for monetary policy to gain credibility over
time.

At one levd, our results are very supportive of a deegdion regime we have shown
empiricaly that there are gains from deegaing monetary policy to an inditution with a more
hawkish gance on inflation in terms of a reduced inflationary equilibria Moreover, we have
goplied game theoretic techniques to andyse the possble reductions in efficiency that may
gem from the future inability to coordinate monetary and fiscd policy.  Our results appear to
indicate that such loses are amdll if the two authorities pursue

broadly congruent objectives, such as dabilisstion. In paticular we ague tha the
dabilisation loss suggested by the Rogoff modd can be off-set by the gain in credibility thet
isachieved if interest rates are assigned to targeting inflation.

However, in the find pat of our andyss we show that if the two authorities pursue
competing objectives then the resulting non-cooperative macroeconomic outcome can be
distinctly sub-optimd. Interest rates will tend to be higher and demand will be shifted away
from the traded-goods section. This leads us to conclude that the worsened trade-off or higher
sacrifice ratio associated with central bank independence may be related to policy reactions of
the fiscal authorities in these regimes and the competing objectives they pursue compared
with the monetary authority. For example, if the fiscd authority is not as concerned with
dabilisation as the monetary authority, then noncooperation leads to a distinctly inefficient
outcome. This latter result is important and seems to be particulaly rdevant in explaining the
sharp nomina exchange rate appreciations recently experienced in both the UK and New
Zedand.
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APPENDIX A, The LBSModd

The mode we employ has a high degree of theoretica consistency and seeks to modd the
economy a an aggregate leve, with the highest possble degree of data consgtency. Full
Oetalls of the modd can be found in Allen and Hal (1997) whilst its overdl sructure is
summarised in Allen, Hall and Nixon (1994) and Hal and Nixon(1998). The modd has a
number of advanced features including the ability to determine expectations usng an
esimated learning modd of expectations formation (see Garratt and Hdl (1996)).. This is an
empirica counterpart to the learning assumption made in the theoretica discussion above.

The supply sde of the mode is based around a trandog cost function which is used to derive
consgent factor demand and pricing equations and the whole system is then estimated
subject to the full set of nonlinear cross equation redrictions implied by economic theory.
The demand sde of the modd is made up of a fairly conventionad set of demand component
equations which have dl been fully estimated usng modern approaches to e.g. cointegration.

The modd is actudly quite large in terms of variables or the totd number of equations (there
ae aound 200 variables and 100 equations) but the main structura core of the modd
condsts of about thirty aggregate equations which cepture the overal behaviour of the
economy in atheoreticaly consstent way.
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NOTES

1 They find thet for asample of high income countries, average inflation from 1973
to 1994 is dgnificantly rdated to average inflation from 1948 to 1972, a measure
of palitical ingability, the ratio of imports to GDP, debt to GDP and income. The
addition of centrd bank independence or adummy for exchange rate regime has
no further explanatory power.

2. Garratt and Hall (1997) illugtrate how assumptions about learning are gpplied in a
large macro modd.

Each iteration of the control algorithm solves the model with interest rates given and then
compares the model solution to the objective function. This is effectively solving
the model under fixed interest rates. It is often not possible to calculate the optimal
control solution using this algorithm under rational expectations since the model
typically unique saddle-path solution. In this instance the learning solution
converges to the rational expectations solution in 13 years: this therefore represents
the maximum time horizon over which we can run this experiment.
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