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SUMMARY
An Evaluation of Alternative Indicator Regimes for Monetary
Policy
The aim of this paper is to examine the usefulness of alternative

variables as indicators for the conduct of monatary policy.

The widespread adoption of monetary targets over the past decade
in a number of OECD countries has meant that movements in the
money supply (appropriately defined) are taken as a signal to the
monetary authorities to adjust interest rates 30 as to correct
any deviation of the money supply from its target level or target
range. Thus an excessive growth in the money supply will trigger
a rise in interest rates designed to dampen this growth. If
targeting is adopted wholeheartedly, the money supply represents
an iatermediate target of policy, being intermediate between the
final objectives of policy (such as output and prices) and the
instruments of policy (such as interest rates and other monetary
control variables). However, the monetary authorities may not be
willing to accept the degree of variability in interest rates and
Cther instruments required for strict short-term control of the
money supply, and may prefer to trade off variability in the
money supply against variations in interest rates. In this case,
responses to deviations of the money supply from target will be
more relaxed, and the money supply acts as an indicator of

policy.

The money supply is not the only variable that can act as an
intermediate target or indicator variable. The exchange rate
represented an intermediate target throughout the Bretton Woods

era, and continues to do so within the European Monetary System
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and in many third world countries; for many other countries, it
constitutes an important indicator variable for monetary policy.
The use of nominal income as an intermediate target has been
advocated for the US (by, for example, Tobin) and for the UK (by,
for example, Meade), as well as for other countries. A price
index or an index of nominal wages might similarly be used as an

indicator variable for policy.

An important aspect of the argument for monetary targets is that
they offer some assurance concerning the future course of
inflation. However, this is a general argument for targeting a
nominal wvariable rather than the money supply in particular,
since targeting other nominal variables offers similar
assurance. Each of the indicator wvariables discussed above
appears to be on an equal footing in this regard. A pessible
exception is the exchange rate where an adjustment to the target
is required for prospective inflation in the rest of the world.
This adjustment is, in principle, straightforward for the small
open economy; but is c¢omplicated for the large economy, such as
the US, because inflation in the rest of the world may not be

independent of domestic developments.

More generally, a good indicator variable will provide reasonably
reliable forward information concerning movements in target
variables {such as prices and output}, so that policy may respond
in time. Indicator variables rather c¢lose to final objectives
(such as nominal income or a price index itself) will provide
accurate inforasation, but possibly without early warning.

Variables furcher from final objectives (such as the money Supply
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or the exchange rate) may act as leading indicators, bat possibly

at the cost of providing a less reliable signal.

In the light of this, it is ¢lear that the evaluation of
indicator regimes requires a stochastic analysis in the context
of a fully specified macromodel. In this paper, a comparison is
made of the relative stabilisation properties of the indicator
regimes discussed above {using alternatively the money supply,
the exchange rate, nominal income and the price level) for the
small open econoamy. The comparison is made for a developed
stochastic analytical model, with dynamics arising from lags in
the expenditure and money demand functions, from the wage/price
sector, from asset accumulation via the government budget and the
balance of payments, from excharge rate behaviour, and from
persistence in some of the exogenous stochastic disturbances to
the system. Parameters are assigned on the basis of plausibility
and consistency with available econometric evidence. In
addition, considerable emphasis is placed on testing the
robustness of the results in the face of changes in parameter
values. The indicator regimes are evaluated on the basis of an
objective function that weights price and output variability
equally, but these weights are varied to test robustness. The
evaluation is carried out for five types of stochastic
disturbance: an aggregate demand shock: a money demand shock: an
aggregate supply shock: a foreign price level shock: and a

foreign interest rate shock.
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A major problem in evaluating such regimes is the fact that the
mechanism whereby the private sector forms its expectations of
future variables is unlikely to be independent of the regime in
force. Thus, for example, the adoptiocn of the exchange rate as
an indicator will generate guite different dynamic paths for the
exchange rate than, say, the use of the money supply- This
gifference is likely to be reflected in private sector
expectations, at least once the regime has been in force for some
time. Because of speculative influences and ¢ther mechanisnms,
different expectations about the future path of the exchange rate
will lead to different values for the current exchange rate, and
therefore generate quite different time paths for all the

endogenous variables of the system.-

This problem is best handled by assuming comnsistent or raticnal
expectations, so0 that all model simulations are carried out con
the assumption that the private sector makes no systematic errors
in prediction. This provides a useful test-bed for policy
regimes, since a policy which performs badly under consistent
expectations could perform well only by virtue of systematic
forecasting errors by the private sector, and this provides an

ill-founded and inherently unstable basis for policy.

The comparison of alternative indicator regimes is best carried
out in an optim- 1 contreol framework, so that the rule linking
interest rates to the indicator ¢an be chosen optimally.
However, the adoption of consistent expectations poses important
problems for standard ¢ontrol theory, which assumes the model
structure to be independent of the policy rule in force. The

first part of the paper is therefore devoted to developing the
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theory of stochastic optimal centrol in models of raticnal
expectations, thereby allowing for the dependence of
expectations on policy regime. This theory is then applied to

the model described abova.

The results indicate that the use of the exchange rate as an
indicater for monetary policy generates rather high variability
in output and prices, and is therefore unsatisfactory. The use
of the money supply performs roderately if the nature of the shock
to the system is known, but rather badly if the nature of the
shock is uncertain. The use of nominal income typically performs
better than both these regimes, and shows some robustness in the
face of uncertainty about the source of shock. However, the use
©f the price level as an indicator dominates all the other three
regimes in stabilising the system in the face of koth known and
unknown disturbances. Moreover, it is shown that the performance
of the price rule is only marginally inferior to the fully
optimal rule, where policy responds to all variables in the
system. These results hold true when the parameters of the model
are varied widely, indicating that the price level may provide a

rather robust indicator for nonetary policy.

Further work will pursue this line of inqguiry for more developed
models, including interdependent economies, and will also examine

the use of fiscal poliecy in conjunction with monetary policy.






1. Introduction

In this paper we are concerncd with the evaivation of alternative types of indicator
regimes for monetary policy In the context of a fairly developed stochastic macromodel
of the small open economy. There aze ln the lterature, two strands of work concerned
with assessing such regimes. The first, sprlnaging from the work of Poole {1970}, assesses
alternative regimes In the context of analytical models. (See, for example, Parkin (1978),
Artis and Currie (1981).) A weakness of this literature is that analytical tractability
necessarlly limits the model deployed 1o have, at best, rather rudimentary dynamics. The
second girand is concerned with alternative regimes in the context of the lazge estimated
mecroeconometric models. (See, for example, Artls and Karskitsos {1982), Currie and
Earakitsos {1983)) In assessing these results, advantages of using realistic estimated
models must be set against the highly model-specific charscter of the results and the
susceptibllity of such models to the Lucas (1976} critique.

In this paper, we steer an intermediste course between these two strands of
analysis. We analyse a model with developed money/price/wage output interactions,
which also takes account of the wealth Iinteractions sarisiag from the government budget
and the current account of the balance of payments. In this respect, the analysis
represents o step towsrds & grester degree of reallsm of model. At the same time, we are
able 1o apply control theory (developed in Section 2 of the paper) which takes sccount of
the interdependence between policy rules and private sector expectations mechanisms and
behaviour. Thus, we take account of the Lucas critique in assessing policy reglmes.

In this paper, we examine three alternative types of policy. The first is the fully
optimal policy, obtained by minimising the welfare loss subject to the constraints Lmposed
by the model and by the assumption that private sector expectations are formed

rationally. As we indlcate in section 1, such optimal policy cannot be properly defined by



& linear, time-invariant feedback rule in terms of the state variables of the model. The
second type of policy is where we optimise In a simliar fashion, but subject to the
additional constralnt that the policy should be properly defined by a linear, time-invariant
feedback rule. By comparing the increase in the loss functlon as we move from the First
to the second policy, we are adble to assess the cost assoclated with the insistence on a
lnear, time-invarlant rule. The third type of policy s where we limit the feedback rule
still further, to one expressable in terms of 2 lnear, time-invariant feedback rule on only
certain varlables of the system. Such quasi-optimal rules, 25 we may call them, may
correspond to intermediate target regimes if the varlables in question are suitably
chosen. Thus, we may consider as lndicators the use of the money supply, nominal
income, the exchange rate and the price level, where the instruments of poﬁ.cy are
constrained to feedback only on the relevant varisble. Agaln, the cost of further
restricting policy to these simple rules may be assessed by examining the Increase in the
loss function.

It should be noted that, on this interpretation, the Indicator reglme encompasses
the speclal case of intermediate targets where instruments are used to keep the
intermedlate varizble on 2 predetermined path. Thus, with Interest rates as the
instrument, 2 monetary target reghme corresponds 1o the case where the Interest rite is
adjusted to avold fluctuations in the money supply. But since In genersl the optimal
degree of response may be more muted, under the indlcator reglme the money supply need
not follow a predetermined path. The money supply acts as an indicator of policy, but is
not necessarily exogenously fixed by policy.

The first class of policy, fully optimal rules, exhibits certainty equivalence. so that
the design of pollcy is independent of the type of ztochastlc shocks. As we show in
Section 2, this is no longer 50 once we insist on defining policy in terms of & linear

time-invariant feedback rule {i.c. for the second and third types of policy). This




compleates the comparison of the alternative policies, It also increases the costs
assoclated with time-invariance, since a policy designed for one particular type of shock
may perform very badly in the face of other disturbances. This suggests that emphasis
should be placed on robust rules that work tolerably weil in the face of sll possible
disturbances. These disadvantages assoclated with time-invariance have 1o be set against
the advantages of simpHeity in policy design. In particular, we would note that the likely
gain In understanding of policy by the private sector makes the assumption of rational
expectations {which underlies our methods of policy evaluation) more tenable.

Our analysis is conducted in terms of 2 continuous time stochastic model. As
Phillips (1954, 1957) noted, the use of continmouns time glves an woduly optimistic view of
the efficacy of stadbiilsation policy. A future extenslon of this work will be to examine
the discrete tizne case. Other extensions sre to examine the use of monetary and fiscal
policy in conjunction, and to relax the assumption of perfect capltal mobility.

Section 2 develops the control theory needed for our subsequent analysls. Sectlon
3 reports results Erom a simnpler model without weslth effects and with 2 rudimentary
price sector. Section 4 sets out the model with wealth effects, whilst Section § presents

the results and conclusions.



1. The Solution Procedure

We consider the Eollowing gpeneral model:
dz z
= A 4t + Bwdt + dv (2.1}
dx® X
where z(t) 1s an (n-m} x 1 vector of variables predetermined at time t, xiti lsanmx )
wector of non-predetermined or “free’ variables, ax® = xB(t + dt, 1) ~ x(t) where x°(t,7)
denotes the expectation of x (V) formed at time T, wit) is an r x 1 vector of instruments, A
and B are nx 1 end n % r matzices respectively with tlme-inverlsnt coefficlents and dv is
ann x 1 vector of white noise disturbances independently distributed with distribution
N(0,Tdt} where £ is a positive definite matrix with time-invariant coetficlents. Variables
Z, x and w are all measured a3 deviations about the long-run equilibrium.
We seck a lnear time-invariant feedback rde,
z
w=D (.1
x
where D 1s an 1 x n matrix with time-invariant coefficients which minimises the
ssymptotic expected value, ssyB(W), where

z

W=(zixt1Q| | « wiRw (2.3
x

is 2 quadratlc cost function and Q end R arenxnand rxr timeinvariant positive
definite matrices respectively. w By mppropriate restrictions on the coefficlents of D,
(2.2) can represent 2 simple feedback rule on only some variables of the system.

The first step of the solution procedure is 1o obtain the rational expectations
solution to (2.1} for & glven feedback rule (2.2} which is assumed to be Imown by
economlc agents along with the model and the current endogenous variables, The
following s an outline of the solution presented in more detall in Currie and Levine (1932)
which, 1n turn Is a stochastic extension of the solution of Dixit (1980} Substituting (2.1}

into (1.3), we obtain




dz z
Lxc] = [A+ BD] [x] dt + dv (2.4)

We are toncerned only with solutions to (2.4) which have the saddle-point property that
the number of eigenvalues of A + BD with positive part equals M, the remaining n-m
elgenvalues having negative zesl parts. We shall assume that the palr (A,B) is 'stabillzable

in the ratlonal expectations sense’. By this we mean there exists at least one D such that

A + BD has the saddle-point property. Then stochastic stability follows since we only
heve additive disturbances (Turnovsky (1977)). We now require the Immedlste response of
the non-predetermined varlables x to the feedback rule (2.2). This is found by first
formlng the matrix of left elgenvectors of A + BD, M say, with rows ordered so that the

first a-m are the sigenvectotrs assoclated with the stable elgenvectors. We then partition

s0 that
M )
11 12
M= {2.5)
MZI Mﬁ

where Ml 11: an {n-m) ¥ {(a-m) matrix and Mn is m X m. Then, provided that A + 3D has
the saddle-point property, the raticnal expectations solution places the trajectory on the

unigue saddle path

-1
x:-Mnan:—Nz (3.86)

The feedback rule (2.2) now becomes
14»'.-,(1.'}]‘-1)2 Mz=Dz 2.0

where D = [D) Dz) with Dj of dimenslonz X (n - m) and D3 of dimensionr x m. We note
that (2.7) is a feedback rule only on the predetermined variables. Let A be partitioned

as for Bi, B = [B;iwhcre Bl isn-m)xzr B zis mxrand dv = [dv]‘%!where dvl s
B dvw

(n-m)xland dvz o x 1. Then substituting (2.6) and (2.7} into {2.1), we have

from the first (z-m) rows that



1 ~ 1
dz:[A“— A12N+B D]z dt + 4v . (2.8}

The solutlon to {2.8)} is

zw = [ 5% ade o o 2.9)

where C = [All - AnN + Bl ﬁl (see Currie 2nd Levine {1982), p. 25). Equatlons
(2.6) and (2.9) constitute the rational expectations solution to (2.1) for a glven feedback
rale {2.2).

The second step of the control problem is to optimise with respect to D. Before
proceeding to this, 1t is useful to conceptuallze the private sector's response to a
government feedbatk rule as 2 'response function’. Rational expectations imply that
private sector behaviour {conceptualised &35 & mapplng from varlables parametric to the
private sector to its decision varlables) is dependent upon choice of policy rule, In terms
of our general specification in (2.1), this dependence or response of private sector
behaviour to changes in the government policy rule is summarised by the relztionship (2.8)

-%
between free and predetermined variables, given by the matrix N = -Mn M 21"

that M znd N are functions of the matrix D defining the government rule. We write

We note

N = £ {D) and term f the ‘private sector’s response function'.

Consider for the time being the optimisation problem to be onc of sclecting the

optimal value of D rether than D with N = f('f)) (ie. put D = {5,01). The govermnment's rule
1z found by using 1ts knowledge of the private secter's response function to minlmise

asyE(W), where substituting (2.2) into (2.3), we have

BOWY = tr(ECW)) = tr ((Q + DT RDIYY 2.1
where ¥ = asy cov (:) and we heve used the result tr(ABC) = tr (CAB)

The ssymptotic covariance matrixz = asyE(zIz} satisfles
Z(:'r + CZ 211 = 0 (2.11}

where we recall that C = Au— AUN + 31 D and Eudt = cov {dv 1 ) (see, for example,




Currie and Levine {1981}, p. 25), Then combining (2.6) and (2.10) we obtain

asyEOW) = w{Q2) (3-12)
where 6 = Qll- N ‘IQ 2y NT Q 23 N o+ ”I')T rE. The welfare loss asyBCW) can
pow be miniraised with respect o 1) by a standard pemerical gradlient method. The
miniraisation provlem is ot unconstrained because A + BD = A + Bl T must have the
saddle-point property. Bormally, if for ecach D the mumber of eigenvalues of

A+ Bl D with positive real partis (D) then the constraint is (D) = m.

Two polnts are worth noting about our solution to the control problem. First, the
optimal value of B, D * say, may 0ot be unigue within a range of feasible coantrols, L.e.
there may be more than one solution to the global minimisation problem [though this is
unlikely). Let us suppose that it is unique. Thexn the control rule w = T z 15 unlgue
only within a class of rules scting only on the predetertained variables. It corresponds to
ap infinite number of control rules acting on all variables {ie. of the form (2.2)0 which

from (3-7) satlsfy

L ~l

* %
D. —D2 N =D (218

1

= %
where N = HD )
The second point ls that the optimal control rule is In geaeral dependent Gpon the

covariance matrix of the disturbance L (or, more precisely, on L n). This is an
important point because for stochastic models it means that the controller must know
:11 in order to calculate the appropriate feedback rule. How s controller could handle
a siteation where L i1 13, in fact, naknown is discussed in Sectlons 3 and 5.

We nave consldered, up 10 this point, optimel rules within the class of lnear time-
invariant feedback qules. We pow turm 1o tae Full optimasl contzol rule. The following is 3
solution procedure, employing Pontryagin's maxirmum principle, first proposedby Cslve
(1978) and later developed by Driffiil (19%2) and Miller and $slmon (1983). We considex

first the deterministic finite time-horizon problem with objective function



W= .r’; 35Qy + W Rwidt (2.14)

T
and ¥ © = [z x]. Then on introducing the costate row vector A1), by the maximum

principle we minimise

r-wu;‘ MAY + Bw - ¥ Mt (2.15)
with respect to w, ¥ and A. Define the Hamiltonian

H= (yT Qy + wr Bw) + L {Ay + Bw) (2.16)
Then

T eS80 - .17

Hence, considering srbitrary variations in ', 8} = 0 if and only if
oy @18
which, from (2.16, is slmply the model (2.1} in the deterministic case.

Now consider variations in | due to independent variations in w and y. Integrating

(2.17) by parts, we have

T == NOYD + WOV + r: (H+yhddt 219
Differentlating (2.193,
81 = - MY « X DEFQ ¢ SL L %;ﬂ Moy + %"ii""éw lat (2.20)

Partitlon W(0) = | xlm). 1240)] where 11 iz 1 x {n-m) znd 1.2 is 1 xm. Thezn
N(O¥y(0) = 7&1({})62(0) + lzm)éx(ﬂ) = '}.2(0)6%0) since (t) is predetermined (Lo, z{0) is

given). 1t follows thet &1 = 0 for arbitrary changes 5y(t), 5x(0), 8y and &w If and only if

i) =« @ (2.21)
Xz{ﬂ) = @ (2.22)
o)

Fonlil g (2.23%)
and

; 3H.

N o= - 3y (2.28)

The condition (2.22) can also be obtalned (Driffill (1982)) by using the standard resuit

L _aw_
that ot A{0) at the optimal point. Hence =0 " 12 ¢0). But the welfare




loss must be insensitive to changes in the injtial values of the non-predetermined
aw
wvarlables x (0). Thus 30 ° 0 and the result follows.

From (2.23) and (2.24) with H defined by (2.16), we obtain

1,-1,T.T
we-7 R "B " ’ (2.25)
and
S T
Moo= - (277 Q4 AAY (2.26)

1,7
Define p = 2 ", Then the optima) rule for the deterministic control problem is

given by

-1 T
w= - RVBYp 2.an
where
. 1T
il . A -3R TB ¥ =2 |7 (2.28)
P -Q ~-A P P

and 7, p satisfy the boundary conditions that z(0) is given, N {0) = 0 and p () = 0.

It is 2 standard result in control theory {see, for example, Kwakernask and Sivan, p
147) that provided H has In distinct eigenvaines, n of these assoclated with predetermined

varlables iz, pz }T will be stable snd n assoclated with non-predetermined varisbles

T

[z, pll wﬂlbcumtablcwherep’r =[p 1T N p;t 1

Then rearranging (2.28) we have

Ay <l o Byg E #
T T
-Qy Ry Ry O Pal ~ P2
- =H (2.29
T T
-Q,; Ay AL O Py Py
Ay Ty Ty Agp] L x

where J = BR'i BT and matrices A, | and Q are partitioned az before. Bquation (2.29)
expresses the model in a form anslogous to the standard deterministic rational
expectations model. The case of the infinite time horizon, T -+ ¢, is analytically

tractable. Por in this case {(using an argument analagous to that leading to {2.8) ) the
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rational expectations sassumption that y(t} + 0 &z t + oo {i.c. the mecdel is stable) together
with condition (2.21) which implics p (t) » 0 as ¢ -+ ¢, lmposes the relatlonship

Pl z z

— ], e —

- - MM, = -N (2.30)
x ! R

where M is the matrix of left-cigenvectors of H formed and partitioned as for M in (2.6)
except that this time we have n stable and n unstable roots.

The feedbzack rule (2.27) now becomes
-1_T = ~ T -1 z
w=-FR "B I-—Nllz-—NuPer:} =~ R 75 [2] (2.31)

- - T T
where S5 a [ —Bl Nll' Bl —Bl Nn} where B o | Bl' lennd [pl is given by

;2 - 1#, - 8, N) [:2] = € [:2] 2.3

and H i3 partitioned into four nx n biocks. The solution to (2.3 Ls

z - z(0) = z{0)
- e Ct - e Ct [ (2.33)
Py pz(ﬁ) 1]

which completes the optimsl control solution in sn 'open-loop’ form.

The optimal rule (2.33) is then in the form of & feedback rule on the vector

Iz » 2 ]T' It can be compared with rules of the forra (2.7) as follows:

pat B (L) = ¢ Ce and psrtition B 23 for A and M. Then from (2.35),
-1 -1
P zft.} = E n(t) z(0 = B 21 (UE 11 (¢) z(t) forallt for which B 11 (1} exists.

Hence (2.33) may be written a3
2! s B, (MEL @ (2.34)
w - [5)+§ By ME;, W]z .

partitioning S = [Sl. 52 1 wheze § 1 isrxo-mend Sz is ¢ x m. Thus the full optimal

fesdback rule on z has time-varying coefficients.
However the optimal rule can be expressed in terms of a lUnesr time-invarlant rule

on the vector [z x ]T . Thus from the lower block of (2.30), we have that
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Py = - Ny, (x s ﬁza 2 (2.35)

provided that ﬁu iz non-singular. Substituting from (2.35) for p2 in (2.31), we obtaln

LR ENEE vl 5,83 1 [:] (2.36)
which represents a linear time-lnvariant feedback rule for the instrument in terms of the
original endogenous variables of the ss'rstcm, z and x.

We now have an apparent paradox. Earlier we showed that 2 Unear time-invariant
feedback rule defined on{z x ] T is equivalent to one defined on z alone. (See the
discussion before (2.13) above.) Yet we have Just dermonstrated that the optimal rule Is
expressible In terms of a linear time-invarlant feedback rule on [z x] T » But only in
terms of s linesr time-varying rule on z.

The resciution of this paradox is follows. The optimel policy is defined by (2.31) and
{2.32) above. Given this polley, private sector expectations formation under rational
expectations ensures that the sysiem lies on the waique stable trajectory of (2.29), so that
{2.30) is satisficd. Under these clrcumstances, the varizbles of the system move such that
(2.36) is satisfled, sothat wand [z x ]T are related by & linesr relationship. But sioce
the dynsmics of the system under the optimal rule are of order 0, Z and X are not lnearly
dependent, so there is no Unear relationshlp between w and 2z zlone.

Now suppose that the authorities do not announce (2.31) and {2.32}, but instead
announce the linear rule defined by (2.36). Let the matrix product in (2.36) be D, Then
private agents can substitute this rule into (2.1) to obtain (2.4). Applying the standard
solution technique for rational expectations, we obtain o relationship of the form (2.6) and
the feedback rule reduces to (2.7). The dynamics of the systemn will be entirely different
from those under the optimal policy. Indeed the dynamics will be of order (n-m) Instead
of n; and, moreover, 1t may be the case that the matrix (A+BD) does not have the unique

saddle point condition 3o that a unique stable solution need not exist.

The upshot of this is that, although under the optlmal policy the instruments are
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Hnearly related to the endogenous varlables of the system, this linear relationship does
not define the optimal policy. The government. cannot snnouUNce finear feedback rule
and thereby lmplement the optimal policy. It must porsue the rule defined by (2.31) and
(3.32). Thisisin marked contrast with optimal control without rational expectations, and
appears to have gone unremarked in the literature hitherto. For reesons outlined in the
introduction, we &It interested in simple rules that are defined by a linear time invariant
feedback rule on observable yerisbles. What we have shown is that the optimal rale does
not f2ll into this class of rules, 30 that the Insistence oD evén this limited degree of
simplicity is not without cost.

To explore further the cost of constraining policy to e definesble in termas of simple
rules, we consider the stochastic contzol problem. I 15 a stenderd result of control theory
that “certainty equivalence” applies as between the determintstic and stochastic
optimisation problems. ‘This enebles vs 10 calenlate the loss u.ndet the optixnal pollcy for
the stochastic case. For the deterministic case wWe have that 7~ d:(n) = 1 1 (0}

But from (2.30) we bave By 0= -an(o) . Hence

We- 2 © N, «0 (2.35)
provided that N 11 js symmetric (which can be shown to be the cese). The gorresponding
welfare loss in the stochastic case is the same provided we pat 2(0) zT(O) = tnwhcrc

t:(w(thr1 I= '[.lldt. (See Appendix A of Curric and Levine (1983).) Thus glven that (2.31)

and (2.33) define the optimal rule for the deterministic problem, they slso define the
optimal rule for the stochastic counterpart quite independently of the covariance matrix
of the disturbances perturbing the system. However, this principle is violated ORCE WE
restrict poliey to {he class of simple rales defined by (2.7). Hence the optimal cholce of
linear fcedback rule iz got Independent of the covariance matrix of disturbances. This
greatly complicates poiley design, since it requires some estimates of the shocks likely to
hit the systern, a3 weli as some consideration of the consequences if such estimates aze in
error. Thest compiications represent some of the cosis accompanying the restriction of

simplicity in policy design.



13

3, A Basic Model of Money/Output/Price Interactions in an Open BEconoray

In this section we review an optimal ¢ontrol exercise considered in more detail in

Currie and Levine (1983). The model consists of the following four dynamic relationships:

.t

dy = ¥, i&l(c-p)— az(r—p )—y]ﬁt+dv1 (3.1}
dp = [Bly + ﬁz(e - pPidt + dv2 (3.2}
dm“‘ﬁ'zh'lv—’le’*?- m}dt+dv3 3.3)
ae® = it + dv, 3.4)

where m, ¢ and r are defined as before, v and p are logarithms of resl cutput and the price
_}.evel respectively, © i3 the agent's current expectation of current inflation, dvis a
white noise process as before and ¥, , ¥o, &3 I Yy Yy 31 and 8 5 3%¢
non-negative parameters. Again sil varlables are measured about their squilibrivm valaes.

Hquation (3.1} represents the IS curve, with output sdjusting sluggishly to competi-
tivensss and the real interest rate with & mean lag of v}-l. Equation (3.2} is a Phillips
curve with prices adjasting sluggishly to changes in output and import costs, the latier
with 2 mesn 1ag of 52—1. Bquation (3.3) represents +he LM curve. The money supply is
assumed to be demand determined for any given level of interest rates, and money
demand adjusts sluggishly to output and interest rate changes with s mean lag of 15:2"1
Equation {3.4) models the exchange rate as assel market determined under conditions of
perfect capital mobijity. The expected rate of depreciation of the exchange rate in an
interval dt (denoted by dce » ee(t + d%,1) - e(t)  where ce {1, t) is the expected exchange
rate at time T, formed at time 1) exactly offsets the intesest rate differential in favour
of the home currency. (Note that £ = 0 In equilibrium corzesponds to the domestic and
foreign Interest rates being equal.) Unllke the money stock, which adjusts slowly and is a
predetermined variable, the exchange rate is non-predetermined and can make discrete
jumps in response 16 changes in exogenous variables or policy rules. We conslder

av = (dv1 d\v2 dv3 dv, }T to be a vector made up of an aggregate demand disturbance, &
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supply disturbance, & money dernand disturbance and & forelgn exchange rate disturbance
respectively.

By the assumption of rational expectations, i>° 1s obtained from the model, i.e.
.t
P o= Bl'y + 32 {e - p) from (3.2). Substituting in (3.1) the system becomes, in

matrix form,

dy -vlu - B1 32) - v1(a1+ a.sz) i} *1‘"‘1 + 0y B 0¥ ¥y
dp Bl -B N 9 B2 P 0
= dat « rdt
dm "N ¥, 0 = ¥,y
ae® 0 ] 0 0 e 1

(3.5)

The model is now In the form (3.13 with ¥, p» m the predetermined varlables, e the
non-predetermoined varisble and r the instrument. We shall confine ourselves to a simple
form of objective function without covariance so that

'Y 0
Q = (3.6}

o
0 1

and B = 1. Plausible parameter values for the model ate aln 0.3, azs 0.1, Yln Yz- 1,
Bl = 0.15, B=0.25snd ¥, sq:z « 0.5,

FORTRAN programs have been developed to implement the solution procedure of
Section 2 using, in the case of the general time-iovariant rule, 2 NAG minimisation
subroutine. We also consider four more restricted feedback rules (Le. indicator reglmes) -
20 exchange Tate target (r = 8 (y + P) ), & monetary 1argect (r = Bm) and a price level Target
(r=fBptwhere Bis e non-negative parameter and the targets are the long-run equilibrium
velues of the relevant variables. For ecach of these rules, the same minimisatlon
procedure as for the general rule is used to obtain quasi-optimal time- invariant fecdback
rules.

An important feature of the general and quasi- optimal time-invariant rules is that,

with the exception of the exchange rate rule, they are dependent upoen the expected



15

disturbance {or combination of disturbances). Por an economy being continuously
sublected to shocks, thelr nature may be unknown and this raises a problem for
thepolcymaker. One approach is to attach probabilities 1o each of the disturbances and
then to minimise the welfare loss using an estimated covariance matrix L say. An alter-
native approach, adopted here, is to assume that the cconomy is subjected to only one
mejor disturbance at one time and to a3sess the correct strategy from a 'pay-off matrix’
in which the 1 j th element is the welfare loss when disturbance dvi 1s expected, but dv,
occurs. For our model, money 1s passive and & money demand disturbance does not affect
the welfare loss since money does not enter the objective function. For this reason, we
only consider expected disturbances dw1 and dvz. For all threc actual disturbances, the
results of the general and quasi-optimal time invariant roles are compared with those
obtained using the full optimal control rule. The results are displayed in Tabies 1 and 2
for two objective functions, the rules being in order of preference (decreasing welfare
loss) for the expected disturbance equal to the actua] disturbance {i.e. along the
diagonals). The disturbances all have variances egual to unity.

We may draw the following conclustons from these results. First, consider the results
where the disturbance is known oI, alternatively, where the aim is to retura the economy
to equilibrium from a given, known displacement of either output or the price level. In
this case, the welfare loss assoclated with using time-invariant optirmal a3 opposed to the
full optimal control rule is very small (in fact, undetectable to 2 decimal places in most
cases). The welfare loss associated with adopting the best quasi-optimal a3 apposed to
the optimal time-invariant rule is very slight for a r.h-"l disturbance and in the region of
129% fora dw2 disturbance. Within the class of quasi-optimal time invariant rules, the
money rule performs best for a dvl disturbance and a price level rule for & d\r2
disturbance.

Second, consider the economy near Or at equilibrium, subject to future unknown

disturbances. The cholee of policy withln the class of time invariant rules is now far more
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unit variance}
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table 1: Welfsre Loss for Loss Function esYyE
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Actual Disturbance

Control Bule® (unit variance)

Full Optimal

General (r = 0.15y~0.86p+1.04m)
¥onetary (r = 1.96m}

Nominal Income {(r = G.59{y+pl}
price Level (r = 40p)

Exchange Rate

Full Optizmal

General {r = -0.95y-0.07p+0.36m)
Price Level (r = 0.46p)
Mometary (r = 1.50m}

Nominal Income (r = 0.55¢y+p))
Exchange Rate

dvy

w B s b

w b b B WV B

.04
.04
.07
.16
.23
.00

.04
.90
.58
.07
.18
.00

(512 + 292 +* rz)

Expacted Actual Disturdance
Disturbance (unit verisnce) davy
(ualt variance} Control Rule™
Full Optimal 1.70
General (v = 0.06y-0.1p+0 . 5m} 1.7
sonetary (r = ©.61m} 1.71
¥ price Level (r = 19.5p) 1.73
Nominal Income (r = 0.34(y+p)) 1.75
Excheange Rate 2.12
Full Optimal 1.70
Genersl (r = ~1.03y-0.02p+0.21m} 3.60
price Level (r = 0.56p) 1.84
dv2 ¥onetary {c = 1.7Zm} 1.7
Mominal Income 1.84
Exchange Rate 2.12
Table 2: Welfare Lossz for Loss Function ast(?yz + 2p2 + gfl

= ALl rules,
feedback rules.

except the full optimsl rule, are linear

time-invariant

dvz

3.02
4.26
3.22
3.44
253.00
4.16

3.02
3.02
3.19
3.22
3.4
4.16

av2

2.98
2.79
84.60
2.94
3.80

3
.31
.59
69
.94
1

dvy

0.00
0.71
1.29
0.00
0.00
0.00
0.00
0.17
0.00
0.91
0.00
0.00

dva

.00
¥
.27
.00
00
.00

OOOQOO

e o = o o O
=]
'--l
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complex. It is now pecessary to consider the full pay-off matrix for each policy optlen.
1et us focus on one objective function asyB(Syz * 2p2 + rz y (Table 1). The general
time-invariant rule is now no longer clearly superior to simple rules. If the policy-makex
makes plans for a dvl disturbance but, in fact, & t‘!.v2 occurs, then the gencral rule turns
out to be worse than optimal monetaty, nominal income and exchange rate rules.

Planning for a dvz disturbance, using 2 general rule, is equally dizastrous if & d.w1
disturbance OCLUIS. For the simple time-Invariant rules, several reglmes arc *dorninated
strategies', i.e. out- performed by some other regime for any disturbance. These are, for
sn expected disturbance dvl. the price level and exchange rate rules and, for 2a expected
disturbance dvz. the latter reglme. Furthermore, the monetary rule for dvl (r = 1.96m) is
dominsted by that for c!.v'2 (r = 1.50m). This leaves us with four candidates for the best
time-invariant rule - the generz} rule, 2 nominal income rule between r = 0.55(y + pitor
= 0.5%(y + p), a monctary rule £ = 1.50m and 2 price level rule T = 0.46p.

To narrow the cholce further, one nceds estimates for the variances snd the
probability of occurrence for each disturbance. Proceeding in this way, the overall
conclusion arrived atin Cuzrie and Levine (1982} 1s that unless money demand shocks are
relatively insignificant compared with aggregate demend and supply shotks, then under
condltions of uncertalety, the policy-maker, confined to time-invarisnt roles, should
choose a nominsl income targer r = By + P where B is in the reglon 0.55,0.59. This
conclusion holds for an objective fonction asyE(Syz + 2p2 + rz); for the altemative
objective function asyE(zyz + 292 + rzl a similar znalysis reveals a preference for a price

targetl regime I = 0.56p.
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4. The Model with Wealth Interaction

The model analysed In this snd subsequent sections extends that of Sectlon 3 in three
main ways. First, it incorporates the wealth intersctions arising from the government
budget and the current account of the balance of payments, sllowing for wealth effects in
both the goods market and the financlal market. Hence, It Incorporates the cffects now
familiar irom the extensive literature on the government budget constraint. Second, It
develops the price sactor by modelling wages explicitly; by allowlng for higher order
dynamlics in the price/wage mechanism; and by allowing for the dependence of the
general price Index directly on import prices and hence the sxchapge rate, Third, we
allow for autoregressive foreign wage level and foreign interest rate disturbances to the
system. These changes are substantive, resulting In significantly higher order dynamic
processes; but they do not alter in any way the general method of ansiysis cutlined in
Section 3 and applied In Section 3.

The model 1s represented by the following set of equations:

dy = ¥ loyg - @@~ 3") + v - yidtedy, (4.1
. _ - 4.2
ém wzh'ly er+p+~%v m] dt+dv2 {4.2)
av = [- ¢1y - ¢2q]d.t ~-dp (4.3}
G = W, 187 P - wldt+ dvy (a.4)
2 ec WL e 4 o) 4.5
P =05t l-Owrs e (4.6)
dp = *a@ - prde a.n
det - (x-r*)de 2.8
L 4.9
dwr v.lw*dt + dva (4.9)
dr* x - u,redt+ &g (4.10)

q = W¥+eo-w (4.11)
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where the following notation s used:

¥ reel output

q competitiveness

r domestic nominal rate of interest

v real net financial wealth of the private sector
m nominzl money supply

b general price index

pd price index of domestic output

w nominal wages

w¥ nominal wages overseas

b ad foreign nominal rate of interest

ctvi white noise disturbance

All variables are measured ln terms of deviations of their logarithm from equilibrivm,
except for interest rates which are measured as deviations of proportlons. All parameters
are defined to be positive.

Equation (4.1) generalises (3.1), allowing for wealth to influence aggregate demand.
(4.2) generalises (3.3) by allowing for 2 wealth effect on money demand. (4.3) determines
the change in rez] wealth from the determinants of the sum of the government budget
deficit and the current account of the balance of payments. Neglecting Interest payments
and approximating this relationship log-Unearly, this makes the change In real wealth
depend positively on competitiveness and negatively on output and infiation. (4.4)
determines the rate of change of nominal wages. Long-run wage inflation 1s determined
by an expectations-augmented Phillips curve; but sctual wage Infiation adjusts slugglshly
towards this long-run relationship. The slupgishness of wage adiustment generates
fluctuations in real output in the face of demand disturbances, even under rational
expectations. {see, for example, Bulter (19500 Equation (4.5) i3 & partial equilibrium

relationship glving the price index of domestic output a3 & welghted average of domestic
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and foreign wages {the influence of the latter varlable working partly through s mark-up
on costs and partly through competitive pricing effects). The corresponding general price
index in partial equilibrium is given from (4.6) a5 2 weighted average of domestic prices
and forelgn wages. Actusl prices sdjust quickly but not instantly sccording to {4.7) whete
1:14 is large. (4.8) corresponds 1o (3.4), with foreign interest rates entering explicitly.
Bquations (4.9) and {4.10} specify exogenous first crder autoregressive processes for
foreign wages and forelgn interest rates respectively. Some persistente in these
disturbances is required if they are to have sny impact on domestic varizbles, and this
process involves the minimuwr sdditional complication, Finally, (4.11) defines

competitiveness, .

We treat (y, m, ¥, W, W, p, W%, 1%, e? a5 our state vector and ¥ as the instrument,
- -d
eliminating g, p and p .

Then
dp = vafeclw + {1 - 6::1) (w* + &) =) dt {431

and hence
5% = ¥, @cw+ (1-Oc))wh s &) - P,

Using (4.11) and (4.10), we may therefore write the system as:

g 4 3
dy v 1 d\r1

ém m dv2

dv v | -{l-¢c 1)6'"4
aw w av 3

= A dt + Brdt + {4.12)

dw w ]

dp P 1]

dw* w¥ dv 4
ar* * av 5
Ldee J \'e i L 0 |
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where
_wl 0 ‘VATS 0 wl(w“qzé—a) "”1’%"1 qufwduz(l—é)mj} 0 wlttlrduz(l—éhai)
VoY ¥, W O o ¥y o ¢ 0
-¢l 0 1} 0 ““5**45) 'ﬁ ¢2-¢a(1-6) 0 ¢2-¢£1~é)
v.B, 0 0 -v, Yo WY, W, (1-8) 0 ¥y 01-8
Alg o o 1 o c ] ¢ 0
8 0 0 0 Y 6 -, v f1-8) o v f1-8)
9 0 0 0 0 o ¥, ¢ 0
I T 0 o 0 0 -y 0
0 0 0 0 0 0 0 -1 ¢ ]
@1
¥ %58
Ny
(-8
Ba |,(1-8 (4.18)
¢
¢
¢
¢
r b

and we have put & = @cl. Equation (4.12) has the form of (1.1}, so that the analysis of
Sectlon 2 epplies directly.

The set of =ssuned parameter values are presented in Table 3. We sssume the same
objective function (with identical parameters) as in Section 3 so that the Q matrix is of

the form
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{4.1%5)

Lo o

As in the previous section, we consider three classes of policy rules: the optimal rule,

the optimal general Mnear time-invariant feedback rule; and the optimal Unear restricted

nge rate, nominal income,

feedback rules defined zlternatively with respect 10 the excha

the money supply and the price level.
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5. Results and Concluslons

Tables 4 to 11 present the results from the model of the previous section and ate

comparazble to tables 1 and 2. Money demand disturbances (dvz) have no impact under any
of the regimes, and so have no tabulated results. (This may appear paradoxical for the
case where the money supply is the intermedizte target, untll one notes that a sufficiently
relaxed application of this regime makes the effects of such disturbance negligible.} For
exchange rate targets, the loss Is Invariant with respect to the parameter of the feedback
rule except in the face of forelgn interest rate disturbances. Hence, the perametler of the
feedback rule is indeterminate except for dvs shocks. Apart from this difference, the

dv4 znd dv_ shocks have identical effects.

5
First consider central parameter values and loss function ssy2(2y2 + 292 < rz).

Comparing the optimal role and the general linear time-inveriant feedback rule G}, we

note that thelr performance ks similar for cw1 and dw3 shocks. However, the general rule

designed to cope with dv4 and dv_ shocks 1s not robust in the face of other shocks notably

5
the d\r?J shock. It would seem preferable 1o design policy on the sssumption of either d-.-i
or dv3 shocks: if other shocks then materialise, the costs (over snd above those of the
optimal rule) are not very large. Provided thet this is done, the costs of lmposing
time-invarisnce in the feedback rule is not very significant.

Turning now to the simple rules, we note that the exchange rate rale performs very
badly indeed in the face of f.i\r3 {supply) shocks, and 1s clearly not a serious contender.
(This result contrasts markedly with that of Artls and Currie (1581), and ililustrates the

importance of dynamics in the assessmeat of policy.} Nominal lncome snd monetary

targets perform badly in the face of dva {supply) shocks if deslgned with clv1 (demand)
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shocks in mind. (This contrasts with the case of the general rule.) But if designed for
other shocks, these reglmes are falrly robust, though in some cases the varlance is twe to
four times that of the optimal rule.

The simple rule that totally dominates the others Is the price rule. Itis superior in
every case when the shock is ¥nown and vastly supperior 1o the nearest contenders
(r=0.13%0 or £ = 2.26 {y+p)) In conditions of uncertainty.

Three other features of the price rule are slso striking. Its performance s rather
insensitive to the choice of feedback parameter, 30 that there 1s rather little difficulty in
chooslag an appropriste value for this parameter which performs well In the face of all
dleturbences. Thus for the price rule, the absence of certainty equivalence isnot 2
probiem. Moreover, the edditional loss over the folly optimsl mule is no;c great. Provided
the price rule is adopted, the costs of simplicity are not high. Pinslly, as table 5 shows,
the preference for a price rule holds for both oblective functions. This contrasts with our
simpler model where the more *Keyneslan’ objective function asyB(Syz + 292 + 1:2) lesds to
the superior performance of 2 nominal {ncome rule,

In tables 6 - 11, results are presented for aitemative parametler values, all evalusted
under the objective function which welghts output and price movements equally. Tabie 3
examines the effect of increased opeaness of the economy as measured by the parameters
8 and - In Table 7, the influence of demand on inflation, as wmeasured by the parametes
Bl' is increased. In Table 8, the wealth effect on expenditures, as measured by LA is
substantislly sugmented. Table ¢ examines the copsequences of an increased direct
cheannel for monetary policy, as measured by the interest seml-elasticity of expenditures,
&y Table 10 exaraines the consequences of slowing down the response of prices to costs,
as measuzred by the adjustment parameter ¥ & Finslly, in Table 11, the wealth effects on

both expenditures and money demand (a3 measured by a, end '13 respectively) ate
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substantially reduced. The striking result is thal the superiority of the price rule is not
greatly influenced by variations in these key parameters. The price rule appears to
exhibit a high degree of robustness, in contrast to the other rules, at least within the
context of the model of this paper.

We conclude by mentioning extensions of this work currently being undertaken by the
authors. Pirst, fiscal policy using as iastrument real goverament spending and/or tax
rates will be similarly analysed both on its own and jointly with moncta'ry policy. Second,
sensitivity analysis with respect to speciflcation {e.g. the wage equsation) wiil be 2 melor
extension of this work. Finally, an Irnportent development of the model Is the addition of
capltal immobllity a5 & specisl case. These developments will then throw light on the
dependence of policy design, involving both fiscal end monetary policy, on different

aspects of model specification and estimation.
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Rootnotes

1.

We ignore time discounting and we adopt ax infinite time horizon. Then

Y asyBOW) with W glven by (2.3) 1s the appropriate objective function. {3ce, for
example, Rwakermnasak and Sivan (1972), p 164.)

The general linear rule is computationally expensive to obtain and we have ormitted
this rule for tables § onwards.

The welfare loss Is invariant with respect to the parameter B for the dv f disturbance
ot not for the dv,_ disturbamce. The reported optimal feedback mule and sssotlated

5
welfzre loss is for the dvs distaurbance only .
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Table 3: Parameter Values

0.2

0.5
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Central

0.5
0.5
0.5
16.0
0.3
0.1
1.6
1.0
1.0
1.0
0.3
1.3
0.3
6.7
0.7
0.5
0.5

High

0.5
2.0

2.0
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Disturbance
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variance)

dv

dv

dv

and

dv,
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Actual Disturbance
(unit variance)

Control Rulex

Full Optimal

General (r=0.27y ~0.59m +0.03v
~ D.05Ww + 0.09w + 0.59p)
Price Level (r = 10p

Xonetary {(r = 0.00m)

Nomingl Income {r = 0.00{y+p))

Exchange Bete (Indeterminate)

Full Optimal
General {r = -1.1y + 0.67m +
0.41v+0.09%% —0.51w +0.47p
+ 0.01p*)
Price Level {(r = 2.15p)
Monetary (r = Q.12m)
Nominal Income (r = 1.02{y+p))

Exchange Rate (Indeterminete)

Full Optimal

General (r=2.20y ~1.03m -0.31lv
~2.40w +2.50w +0.69p +0.01px
-0.11lrcx)

Price Level (r=2.33p)

Neminal Income (r=2.26 {y+p))
Menetsry (r=10m})

Ezchange Rate<3)(:a1.91e)

Welfare Loss for Loss Function Asytzyz

Parametor Values: Central

dvy

2.28

2.28
2.31
2.44
2.44
2.44

3.57
2.32
2.67
3.90
2.44

6.30
2.32
6.07
6.73
2.44

[ T = N - BN - | o o o o o

o v O O W

dvp dvy

.00 2.

042 3.
W00 3.
.00 64,
.00 64,
W00 64,

L0002,

-4}
.00
.04
.00
.00 64.

(LT S

00 2

.28 63,
.00
.00
.13
.00 64.

o ow N

p +

10
12
19
44
20

78

.78
.97
.36
-16

80

.78

94

.97
L84

.68

80

o 6 0 O O [= B~ - B - A = ]

o o o o O

dvy

.09

.16
.19
-96
-96
.96

-09%

.27
15
-3
.19
.96

.09

.09
.15
.16
W17
.96

dvsg

0.338

Q.55
.75
3.83
3.83

Indeter-
minate

c.38

1.10
0.61
2.19
0.77

Indeter-
minate

0.38

0.40
0.61
(43913
0.68
.80
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Actual Disturbance

{unit varisnce) dvy
Coatrol Rule
Full Optimal 5.55
Price Level {r = 10p) 5.73
Honetary (r = 0.00m) £.02

¥ominal Income{r = 0.00{y + p}) &.02
Exchange Rate (Indeterminate} 6§.02

Full Optimal 5.55%
Price Level (r = Z2.48p) 5.78
Monetary {r = 0.1Zm) £.37

Nominal Income(r = 0.94{y + p)} 7.67
Exchange Rate (Indeterminaste) 6.02

Full Optimal 5.55
Price Level {(r = 2.54p) 5.717
- Nomianal Income(r = 2.50(y + 2}} 10.7¢
Honetary (r = 10m) 10.22
Exchange Rste(a)(r = 2.02e) 6.02

2
wWelfare Logs for Loss Function asy(3y

Parameter Values: Central

o 00 0 0

-

o O O O O

S v o O O

dvs

.00
.00
.00
-00

.00
L00
.04
.00
.00

00
.00
.00

.00

sz + rz)

dvy

6.47
6.81
68.66
69,10
69 .47

6.47
6.569
7.20
9.17
59.47

5.47
§.69
5.64
12.16
59.47

OO o 0 O

[ - -]

H» o 0o O O

dV4

215
.19
.03
.03
.03

.15
1)
.59
.22
.03

.15
.16
.18
.18
.03

dVS

0.40
0.17
4.1
4.11

Indeter—
minate

Q.40
0.64
2.38
0.838

Indeter—
mioate

0.4
0.64
0.71
0.74
0.91
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Disturbance
(unit
variance)

dv,
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Actual Disturbance

(unit verisnce)

Control Rule

Full Optimal 2
Price Level (r = 10p) 2
Mooetary (r = 0.00m) 2
Nominal Incomel{r = Q.00(y + pl} 2
Exchange Bate {Indeterminate) 2
Full Optimal 2
Price Level (r = 4.46p) 2
Monetary (r = ¢.04m) 2.
Nominal Income(r = 0.55(y + p)) 3
Exchange Rate (Indeterminate) 2
Full Optimel 2.
Price Level (r = 3.29p} 2.
Nominal Incomel(r = 5.23{y + p}) 1l.
Monetary (r = 10m) &,
Exchange Rate(S)(r = 3.l4e) 2.

2 2 2
Welfare Loms for Loss Functlon asy (2y + 2p + r© )

dvy

-1
.18
.25
.25
.25

.11
-19
32
.17
.25

11
19
54

25

L= 2K - B = B = R = |

o v o o O

o o o o O

dvz

-00

-

.00
.00
.0L
.00

WoH H M

.00 1&.

.00
.00
-0
.22

[- T TR

.00 14,

Paremeter VYalueg: Central exzcept € = 8= 0.5

.0 1.
W00 14,
.00 14,
00 14,

dva

-61
54
19
3
39

.61
.64
.88
.12
39

.61
.6a
.87
.18
39

-~ o O O O

[ R N -

H o H# O O

dvy

.12
.20
.53
.53

.12
.19
.19
.43

.12
.19
.23
.27
.53

dvs

Q.47
0.82
6.31
6.11

Indeter-
minate

0.47
0.76
4.76
1.7¢

Indeter-
minate

0.47
0.75
0.90
1.06
.87




Expected
Disturbance
{unit
variance

dv

dv
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Actual Disturbsnce

(unit variance) dvy  dvp dvy
Control Rule
Full Optimal 13.15 0.00 2.98
Price Level (r = 10p) 23.67 0.00 5.30
Monetary 44.22 9.27 7.10

Nominal Income (r =B(y + p})

Exchanze Rete {(r =Bel

Full Optimal 13.15 0.00 2.
Price Lewvel {r = 10p) 23.67 0.00 5,
Monetary (r = 10m} 44.22 9.27 7.
Nominal Iacome unstable
Exchange Rate as above
Pull Optimal 13.1% 0.00 2,
Price Level (r = 7.25p) 26.52 0.00 5.
Monetary (r = 10m) 44.22 9.27 7.
Nominal Income unstable
Exchange Rate as above

2 2 2
wWelfare Loss for Loss Functlon asy {2y + 2p + 1)

Parameter Values: Central ezcept Bl = 2.00

98
30
10

538
34
0

dvy

0.12
0.22
0.39

unstabie {3 unstable
roots for all B ¢{0,10))

0.12
0.22
0.39

.12
.22
0.39

dvsg

G.47
.88
1.54

Q.47
.88
1.54

Q.47
0.387
1.54



Expected
Disturbance
{unit
varisnce)

dv

av,

dv

and

dv
5
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Attual Disturbance

(unit variance)} dvy
Control Rule
full QOptimal 2.06
Price Level {r = 10p) 2.20

Nominal Income {r = G.00(y+p}) 2.34
Monetary {r = 0.00m} 2.34
gxchange Rate (Indeterminate) 2.34

Full Optimal 2.06
Price Level (r = 3.32p) 2.23
Monetary {r = 1L.19(y + p)? 3.86
¥ominal Income (r = 1.19{(y + p}) 4.91
Exchange Rate (Indeterminate) 2.34
Full Optimal 2.06
Price Level {r = 2.73p) 2.24
Monetary {r = 10m) 3.86
Nominal Income {(r = L.54{y + p))} 6.48
Exchange Rate (3 {r = 2.17e) 2.34

dvz

.00
0. 00
0.00
0.00
0.00

.00
0.00
9.13
©.00
0.00

0.06
0.00

.13
.00

0.00

dvy

2.%51
2.38
64.44
66.36
66.83

2.61
2.81
3.03
4.93
66.83

2.61
2.831
3.03
4,98
66.85

dvg

.10
0.19
1.06
1.06
1.96

0.10
0.%6
.19
0.21
1.06

0.10
0.16
0.19
.20
1.06

2 2 2
welfare Loss for Loss Function egy (2y + 2p + T )
Parsmeter Values: Central axcept o 3" 2.0

dvs

0.4
0.76
4.23
4,23

Iandeter—
minate

0.4
0.65
c.78
.84

Indeter-
minate

Q.43
0.64
0.78
.81

0.82




Ezpected
Digturbance

(unit
variaace)

dv,

dv,
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Actual Dlzturbance

(unit varlance)

Control Rule

Full Optimal
Price Level (r = 1.36p)
Nominal Income(r = 0.0%{(y + p))

donetary (¢ = 0.00m}
Exchange Rate (Indeterminate)

Full Optimal

Price Level (r = 1.48p)
Monektary {r = {.1llm)

Womina) Income(r = 1.0Ll(y + p})

Exchange Bate (Indeterminate)

Full Optimal

Price Level {(r = 2.29p)
Monetary {r = 10m}

Hominal Income{r = 1.76(y + )}
Exchaage Rate {(r = 1.78e)

RN NN LIS B S S

NoWwoe NN

dvy

.13
.38
L46

&7
AT

.13
.38
W14
.93
.47

.13
.38
.43
.44
W47

dvy

0.00
0.00

0.00
0.00
0.04
.00
.00

N W W N

0.00
0.00
10.31
.00

[ IR - B U

Q.00 65.

dvi

2.82
3.13
0.00 12,

0.00 65.
Q.00 65.

37

04
04

.82
.13
.28
.19
.82

.82
.16
.06
.42
04

EE + T = S ~ B =) Mo O O

H o o 0 O

' 2 2 2
Welfare Loss for Loas Function asy (2y + 2p + r )

Parameter Velues: Cemtral except o, = 0.5

dva

.12
.19
.69

.02
.62

.12
.19
.59
.24
.02

212
.18
.21
.23
.02

dvs

0.47
0.77
2.76

4.08

Indeter-
minate

O.47
0.76
2.38
3.93

Indeter-
minate

0.47
G.72
0.8a
.91
.50



Expected
Disturbance

{unit
veriance)

dv

dv
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S
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Actual Disturbance

{unit variance

Control Rule

Full Optimal

Price Level {(r = 10p}

Monetary {(r = 0.00m)

Nominal Income{r = 0.00{y + p}}

Exchange Rate {Indeterminzate)

Full Optimal

Price Level {r = 2.02p)
Monetary {r = 0.12m}

Xominal Income{r = 1.02(y + p})

Zrchange Rete {Indeterminate)

Full Optimal

price Level {zr = 2.31p)
Nominal Income{r = 2.30(y + p)?
Monetary (r = ilm)

Exchenge Rsteta){r = 1.83e)

2 2
Welfare Loss for Loss Function ssy {2y + 2p

NOWN NN NORNN N R

RO~ LN R

avi

.27
.30
.43
.43
.43

.27
.31
.69
.82
.43

.27
.31
.97
.29

.43

o o 0 O O [ T~ T~ B « B~

o w0 O O

dv2

.00
.03
.0

wmol NN

00
.00
211

w@w oW N R

Parameter Wslues: Central except v‘ = 5.0

.00 2.
00 3.

.00 64,

.00 64.

.00 64,

dvi

.75
.90
.24
.13
75

.13
.90
.83
.63

15

o 0 o0 06 O o e o o O

o o e O O

+r )

dva

.09
-1%
.92
.92
.92

.09
.14
.52
.18
.92

09
.18
.15
.16
.92

dvs

0.3%6
Q.71
3.67
3.867

Indeter-
minate

0.36
.56
2.07
1.07

Indeter-
minate

0.36
0.5
0.60
0.65

0.79




Expected
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variance

dv.

dv3
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Actual Disturbance
{unit variance)

Control Rule

Full Optimsal

Price Level (r = 0.94p)
Nominel Income(r = 0.71{y + p)J
Monetary (r = 0.00m)

Exchonge RBate (Indeterminate)

#ull Optimal

Price Level (r = 1.13p)
¥onetary {r = 0.07m)

Nomimel Imcome{r = 2.47{y + p)}

Exchenge Rate {Indeterminate)

Full Optimal

Price Level (r = 2.22p)
Nominel Incomelr = 2.32{y + p}}
Monetsry (r = 10m)

Exchange Rate(sj {r = 2.072)

Perametber Yalues: Central exzcept «

dvl

2.39
2.4%
3.37
3.74
3.74

2.3%
2.49
4.03
3.87
3.74

2.39
2.52
3.81
4.75

3

dvz

0.00
0.00
0.00
.00
0.06

0.00
C.00
0.02
0.0C
0.00

.00
¢.00
0.00
B.76
C.00

= £.1, ¥,

dv3

.23
6.39
13.09
49.67
50.31

6.23
.38
11.17
12.84
50.31

5.23
6.48
12.84
17.06
$G.21

3

dvy

0.10
0.18
0.24
1-14
1.35

0.10
.17

.79

0.15%
1.15

.10
G.15
.16
©.21
1.15

by

.

dvs

0.38
0.73
0.96
4.38

Indeter—
minate

D.38
.67
3.16
Q.65

Indeter-
minste

.38
G.5%
0.6
C.B84
.30











