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Abstract

A number of countries have adopted inflation tergeting in various forms
as the framework for monetary policy. Even if the arguments for inflation
targeting have been widely accepted, many problems of how to implement
such a policy in practice remain to be solved. How shall the central bank
set its operating instruments in order to control its target(s)? For how long
can the actual and the targeted inflation rate be accepted to deviate under
different policy regimes? How does different stabilization goals affect the
variability in inflation, output and the short term interest rate? The purpose
of this paper is to shed light on such questions, using a simple model for the
Swedish economy.

1. Introduction

In recent years a number of industrialized countries have adopted inflation target-
ing in various forms as the framework for monetary policy, for example, Sweden,
Finland, The United Kingdom, Spain, Israel, Australia, New Zealand, Canada
and to some extent Germany and Switzerland.! Inflation targeting typically in-
volves an announcement of an inflation goal, usually with some tolerance band

*Tirst of all I would like to thank Lars E. O. Svensson and Anders Vredin to whom I am
indebted for heipful comments and suggestions. I also thank Hans Dillén, Per Jansson, Peter
Taundkvist, Jonny Nilsson, Anders Varne and participants in seminars at Sveriges Riksbank for
useful comments. The views in this paper are those of the author and do not necessarily reflect
those of Sveriges Riksbank.

!See Leiderman and Svensson (1995), Haldane (1995) and McCallum (1996) for detailed
analyses of how different countries have implemented inflation targeting.




around the target. In practice, however, inflation targeting does not seem to rule
out additional stabilization goals. A central bank can also wish to stabilize out-
put and/or the exchange rate and it can choose to smooth the short-term interest
rate.

Inflation targeting is supposed to make monetary policy more transparent to
the public and easier to evaluate. Even if the arguments for inflation targeting
have been widely accepted, many problems of how to implement such a policy
in practice remain to be solved. How shall the central bank set its operating
instruments in order to control the inflation rate? How large deviations between
the actual and the targeted inflation rate can be accepted, and for how long?

As was shown in Svensson (1997a) inflation targeting may imply inflation
forecast targeting”. When the central bank’s only objective is the inflation rate
then the inflation forecast for the shortest horizon at which the central bank can
control inflation (in his theoretical model the two year inflation forecast) should
equal the target. It is hence necessary for the central bank to know how long time
it takes before its instrument affects inflation. In order to know how to set the
interest rate so that the forecast equals the inflation rate target it is also necessary
to know the values of the coefficients in the structural model of the economy.

What forecast to focus on and the form of the reaction function is also affected
by the preferences of the central bank. In Svensson (1997a) it was shown that if
the central bank in addition to achieving its inflation target, wants to stabilise
output it should allow for a slower adjustment of the inflation forecast to the
target than if the inflation target is the only goal. But it is not obvious that the
central bank in practice really knows what its loss function looks like and what
relative weight on the different stabilization objects it has actually chosen. This is
partly because it is difficult for the central bank to foresee the actual implications
of different strategies. How will the short term interest rate and output develop
if the only objective for the central bank is low inflation?

In this paper it will be illustrated how the central bank’s stabilization goals
affect the speed with which the inflation rate adjusts toward its target after a
shock and how the goals affect the determination of the short term interest rate.
It will also be analysed how different policies affect the variability of different
variables. By varying the objectives of the central bank it is possible to derive
the " optimal policy frontier” defined in Fuhrer (1997) as ”the set of efficient com-
binations of inflation variance and output variance attainable by policymakers” 2
For this purpose a simple quarterly macro economic model of the economy is set

2 Another name for it, used by Taylor (1979) who was the first to do these kinds of studies,
is the "optimal trade-off curve”.




up together with a quarterly model of optimal monetary policy. It is assumed
that the central bank in a given period chooses & sequence of current and future
repo rates so as to minimize the expected sum of discounted squared future devi-
ations of the chosen stabilization object(s) from its (their) target(s). The macro
economic model is estimated on Swedish data, but it should be noticed that the
purpose of the paper is not to offer a complete description of Swedish monetary
policy or to make detailed policy recommendations. The macro economic model
used is too simple for that purpose. It is a standard model with a single aggregate
supply equation and a single aggregate demand equation. If the purpose were to
describe Swedish monetary policy it would be necessary to explicitly model the
impact of, for example, the exchange rate, foreign prices and foreign demand,
since Sweden is a small open economy. Further it would perhaps be desirable
to use an expectations augmented Phillips curve instead of the backward looking
Phillips curve used here. Such extensions of the model will be dealt with in future
research, where the purpose will be to analyse Swedish monetary policy in more
detail.

The purpose of this paper is hence to perform an exercise in quantitative
theory. It focuses on the question of how monetary policy performs under different
inflation targeting regimes. It is shown that in a strict inflation targeting regime,
where the central bank only has a goal for the annual inflation rate, inflation
is brought back toward its target already half a year after a shock has hit the
economy. This short perspective of monetary policy results in a high variability
in both the short term interest rate, output and the quarterly inflation rate. With
other goals in the central bank’s objective function the perspective is extended
quite substantially and the variability in output, the short term interest rate and
in the quarterly inflation rate fall dramatically. The cost is a moderate increase
in the variability of the annual inflation rate. What additional goal the central
bank chooses, an output goal or an interest rate goal, is not important for these
results. :

As follows from above, the paper does not analyse how different specifica-
tions of the central bank’s objective function affect credibility. The structural
model used in this paper is such that no discretionary inflation bias due to time
consistency problems appears. First of all, expectations are not explicitly mod-
elled. There is hence no difference between a commitment solution, where the
government internalizes the effects of its decisions on expectations and a discre-
tion solution, where the government takes inflation expectations as given. But
even if expectations should have been included in the model, the two solutions
would have been similar since the central bank, in case it stabilizes output, is




assumed to have a goal for output equal to the natural rate. Svensson (19974)
has shown that the average inflation bias then is eliminated. A state-contingent
inflation bias though remains which depends on the weight on the output target.
The same is true for the variability in inflation which is higher than the optimal
level.

In this model inflation will hence on average be on the inflation target re-
gardless of what weight is put on the output stabilization goal, while output on
average will be on the natural output level. As shown by Svensson (1997a) both
inflation and output will be mean reverting, where the weight on the output goal
determines the speed. The choice of the weight on output stabilization then only
effects the variability in the different variables. All solutions are hence first-best
equilibria, which makes it possible to construct the » optimal policy frontier”.

The remainder of this paper is organized as follows. In section 2 the structural
model is presented. In section 3 a strict inflation targeting regime is analysed.
Section 4 discusses the implications of additional goals. Section 6 summarizes and
concludes. In the appendix the results from the econometric study are presented
together with technical results.

2. The structural model

The model that is used to describe the economy is very simple. It consists of
a single aggregate price equation and a single aggregate demand equation. The
model looks as follows

me1 = op(L)me 4+ ap(D)ye + e (2.1)
) 1
yer1 = By(L)ye — B(L)(it — i (g + m—1 + Mg + 7e3)) + 1y (2.2)

where m; = 4 (p; — pt—1) is the annualiced quarterly change in inflation, p; is the
(log) price level, y; is the output gap, iz is the interest rate, and the measure
of the stance of monetary policy, €, 7 are i.id. shocks, known in period ¢,
and o (L), oy(L), By(L) and B.(L) are polynomial lag operators. The annual
change in inflation is, ©3 = 3 (me 41+ M2+ Te—3) = Pt — Pi-4, that is the
four-quarter change in inflation.

The first equation specifies a Phillips curve relationship. The lagged variables
in the inflation equation are included to capture inflation expectations, assum-
ing that people form their expectations based on recent observations. They also




capture the stickiness of inflation due to staggered pricing and overlapping con-
tracts. It is assumed that the coefficients on lagged inflation sum to one. This
is consistent with the Phillips curve being vertical in the long run; in the long
run there is hence no trade off between inflation and output.? The second term
is the deviation of output from its natural rate. Equation (2.2) specifies output
as a function of lagged output, which captures the persistence in output and the
lagged real interest rate. :

Estimating the model above using Swedish quarterly data resulted in the
following two equations for the quarterly inflation rate and for the quarterly
output ga,p:4

w1 = 0.34m 4+ 0.18m_1 + 0.36m;_p — 0.28my_3 + 0.4m; 4 + 0.3y (2.3)
+€t+1}

.1 .
yepr = 0.9ye —0.13(i ~ o (me+ Moy + 7z + Mes)) + Feaa, (2.4)

where 7y = (@t + Wpw1 + M- + M-8 + Tpes + m—5) /6, 7 is the quarterly change
in inflation (annual rate of the CPI, measured as the deviation from a constant
mean)®, v is the output gap®, 4; is the overnight interest rate (annual rate, mea-
sured as the deviation from a constant mean)’. In appendix A a more thorough
description of the empirical results are presented. For later purposes the system
is rewritten in matrix notation as

Xep1 = AXy + Big + €x.¢41, (2.5)

— ; ; T
where X; = (ﬂt,ﬂt—l,ﬂt-—z,ﬂt—s:Wt—4,ﬂt—s,ﬂ’t—es'fft—'r,’f'ft-s,Wt—g,yt,%t—l,zt—z) 18

31f some other nominal variable is included among the explanatory variables, for example the
money suply or foreign prices, then the coefficient on these variables and the own lags should
sum to one. In this case the Phillips curve is also vertical in the long run and the model is
homogenous.

“The output equation is estimated on quarterly data from the end of 1985 to 1996. The
reason for not using earlier data is that the Swedish financial markets were highly regulated
until 1085. Monetary policy was before 1985 conducted by changes in the regulation of banks
and other financial institutions. Since then the instrument of monetary policy has been the
short term interest rate. The inflation equation on the other hand is estimated using data from
1970.

5The inflation rate is seasonally adjusted.

8Calculated with a HP-filter (A=100000), using the log of GDP, seasonally adjusted.

"The overnight interest rate is used instead of the marginal interest rate and the repo rate.
It is then possible to run the regressions from the end of 1985. If instead the marginal interest
rate had been used, the start date would have been the first quarter of 1987,




a (13x1) vector of the thirteen predetermined variables at time ¢, & and

I Z_?:l aze; + E;U=5 2656_1' + agein |
€1
€32
€3
e4
€5
A = eg (2.6)
(13%13) er
€8
€9
Bg14 + Pren
€0
L €12 ._

where e; , j=1,2,...12 is & (1x13) row vector, with element 7 equal to unity and
all other elements equal to zero, g is a (1x13) row vector with all elements equal
to zero and where ey, is a (1x13) row vector, with elements 1 to 4 equal to unity
and all other elements equal to zero.

‘=0 0 0 000 —f 1 :
(1913)[ 0 0 0 0 B 10| (2.7)
e’x=[e,roooooooooey00]. (2.8)
(1x13)

As can be seen the quarterly inflation rate is increasing in four lags of it its
own, an average of lag five to lag ten and lagged output. Qutput is increasing in
lagged output and decreasing in the short term interest rate lagged one period.
This quarterly model hence suggests that monetary policy, measured by the short
term interest rate, starts to affect output after one quarter and prices after two
quarters, with a maximal effect on prices after around one and a half years.9

When first estimating the inflation equation the coefficient on the own lags
summed to 0.91. Tt was hence reasonable to assume that the inflation process,

8Two interest rates are included to be able to calculate the standard deviation for the interest
rate difference.

STf the system of the two estimated equations for the quarterly inflation rate and the output
gap is hit by a one-standard deviation shock in the nominal interest rate the maximal impact
on the annual inflation 1ate is after around one and a half year. The accumulated effect on the
annual inflation rate of course continues to rise but now at a slower speed.




using data from this period, was characterized by a unit root. In favour of this
assumption is the result from an Augmented Dickey-Fuller test which showed
that a unit root in the quarterly inflation rate could not be rejected. Adding an
exogenous variable as the output gap which is stationary - on a 5 % significance
level the hypothesis that the output gap contains an unit root was rejected -
should then not change the result. The constraint that the coefficients summed
to one was therefore imposed and the inflation equation was estimated in the
following standard form

Arrppr = o (D) Amry + oy (L)ys + €41, (2.9)

where of ; = ~ El ar; fori =1,2,3,... and for j = 1,2,3,.... and of (L) =
=it

ofp 1 L+ oh o I? + o 3L+ .., and ar (L) = ax 1 L+ arp L? + ar 3L + ... From this

equation it was then possible to derive equation (2.3) above.

The characteristics of this structural model are illustrated in figure 1. There
the dynamic responses of the variables to different shocks are shown. This case is
called the baseline-case. Here monetary policy is passive, the short term interest
rate is not adjusted in response to shocks.

First it is shown how inflation and output respond to a single one-standard
deviation shock to supply. If a supply shock, which here is equal to a shock in
inflation, hits the economy and monetary policy is passive there is no mechanism
to bring inflation back to its initial level. As a start the inflation rate rises as a
response to the price shock. As a consequence the real interest rate falls, since the
nominal interest rate is unchanged, and output increases. Inflation then continues
to rise. The result follows from the fact that there is a unit root in the inflation
process; with a unit root, there is no mechanism to bring inflation back to its
original level once inflation moves away from it.

If an output shock (a demand shock) hits the economy both inflation and
output will start to rise and continue to do that until some negative shock hits
the economy.

3. A strict inflation targeting regime

To this simple macro economic model, a model of optimal monetary policy is
added. When modelling the central bank’s behaviour it is as a start assumed
that the central bank’s only goal is to stabilize the annual inflation rate. The
inflation target is «*. It is hence assumed that the central bank uses a loss




function in period ¢ equal to

L) =5 [ - ). (3.1)

The instrument of the central bank is the short term interest rate. Formally
the objective for the central bank in period ¢ is then to choose a sequence of
current and future repo rates so as to minimize its intertemporal loss function,

oo
J(X:) = {_mior'; EtZﬁ’"t—;—(ﬂ'ﬂ — )2, (3.2)
frlret =t

subject to equation (2.3) and (2.4), where 0 < § < 1is a discount factor. The
central bank then minimizes the expected sum of discounted squared future de-
viations of the four quarter inflation rate from the annual inflation target. When
solving this optimization problem it is possible to rewrite it as a sequence of one-
period problems as shown in Svensson (1996). The central bank then finds the
optimal repo rate in year { as the solution to the one-period problem

1
min -2-}3@2 (7Y, — 7). (3.3)
The first-order condition is
.\ Ot
By [6%(ndyp — 7 )] 3:2 =0, (3.4)
or
g {it) — 7" =0, (3.5)
where ﬂg_l_z]t(it) is defined as
Ty g{ie) = Bt [0 | Xtrie] - * (3.6)

This is the inflation forecast made in period ¢ conditional upon information avail-
able in period ¢, X, and conditional on the repo rate set this period, i;. The repo
rate in quarter ¢ should hence be set so that the forecast of the four quarter infla-
tion rate quarter ¢+ 2 , conditional upon information available in period %, equals
the annual inflation target. The forecast for quarter ¢+ 2 is the first inflation
forecast that the central bank can control. The perspective of the central bank is
hence very short if the structural model is assumed to be given by equation (2.3)
and (2.4) and if the central bank is assumed to only have a goal for the inflation
rate.




To derive the reaction function for the interest rate from this result the FOC
has to rewritten. The annual inflation rate in period ¢ + 2 is given by

1
Wf_,_z = Z (71't+2 + Mer1 + T -+ ?Tt—l) (3-7)

or in matrix notations

’}Tg_l_z = 81:4Xt+2 (38)

where

emm[llllOOOOOOOOO] (3.9)
(1x13)

Further, from equation 2.5 it follows that

Xeya = AXpnn + By +expte (3.10)
A{AX; + Biy +ex41) + Bit1 +€xt+2
= AAX, + ABty + Aex 41 + Bity1 +€x 42

Expressed in terms of known variables in period #, the annual inflation forecast
two quarters ahead can hence be written as

ﬂf—m[a(it) = enaXsrop (3.11)
= 61:4A(AX-¢+B?£¢)

It depends on the repo rate set today and the present observations on the state
vector X, that is, the quarterly inflation rate today and ten quarters back. The
FOC can hence be rewritten in the following form

61:4Xt+2|g = e14d (AXt + Bit) =1 (3.12)

assuming the target is equal to zero. The reaction function for the interest rate
is then given by
ig = — (61;4AB)_1 61;4A2Xg (3.13)

The reaction function is hence written as a function of the state vector as of today.
Tt follows that output, besides the quarterly inflation, is important for how the
short term interest rate is set today. The reason that today’s output is included
in the reaction function is of course because it helps predicting future inflation.
If the central bank uses this reaction function the annual inflation rate forecast
two quarters ahead will always equal the target. How the interest rate shall be




adjusted in case the forecast is not on the target can easily be shown. Equation
(3.11) can be rewritten as

lae(it) = e1aA(AX; + Bigy + BAL)
= Tgyg(it-1) + e14AB A, (3.14)

where we have used (3.11).
From the first order condition and this expression for the forecast of the four
quarter inflation rate it follows that

LNig=D (ﬂfﬂlt@t—l) - 7"*) . (3.15)
where )
D= _31,4AB >0 (3.16)

If the inflation forecast before the repo rate in this period is set, is above the
target then the interest rate should be increased, if the forecast is below the
target the interest rate should be decreased.
Equilibrium inflation in period ¢ + 2 is then
Ty =T" +eradex i1 + etacx 42 (3.17)

Tt will deviate from the target with disturbances that occur after the repo rate is
set, that is the disturbances that occur within the control lag.
Using the estimated values of the coefficients, the reaction function is

?-.t = —102.671'* + 42.27& —+ 41.371’;_1 + 5.47‘&...,2 - 9.471'1,_3 (318)
+10.837s—a + 13.77_s + 17.2ys,

the interest rate will be adjusted according to
Nip = 1026 (. =", (3.19)
and the equilibrium inflation is
7y g = 7" + 0335611 + 0.075m841 + 0.25€¢4.4.9. (3.20)

The coefficients in the reaction function are hence very large and the interest rate
will change dramatically in response to deviations in the inflation forecast from
the inflation target.l® The reason and consequences of this will now be analysed
in the next section.

1014 chould be noted that the reaction function detrived is such that the interest rate can
become negative, which is a problem.
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3.1. Responses to shocks

To analyse the implication of a strict inflation targeting regime the dynamic
responses of the variables to different shocks will be analysed, that is, it will
be illustrated how inflation, output and the interest rate respond to a single
one-standard deviation shock to a demand or supply. Then the unconditional
variances for the different variables will be derived for the case where the central
bank only targets the inflation rate. For simplicity the target is set equal to zero.

Figure 2 shows the dynamic responses after a demand shock. A central bank
that only targets the annual inflation rate, raises the nominal and the real interest
rate substantially. This creates a massive output-gap which depresses inflation.
After only half a year the annual inflation rate is back on its target, which Is in line
with the results derived above. The interest rate and output fluctuate heavily. A
consequence of a strict inflation targeting regime is hence a high instability in the
interest rate, output and also in the quarterly inflation rate regardless of what
shock hits the economy. One reason for this instrument instability is that policy
is set only for one period at a time. When the central bank only cares about
inflation, the interest rate today, in this model, is determined only by the first
controllable inflation forecast which is the annual inflation forecast two quarters
ahead. The central bank does not take into account how the interest rate today
affects the annual inflation forecast three quarters ahead and forward since that
is not necessary. Instead the interest rate next period is set so that the annual
inflation forecast three quarters ahead is in line with the target and so on. The
central bank does not take into account that setting the interest rate so that the
first controllable inflation forecast equals the target means that the interest rate
and therefore output has to vary a lot since the injtial effects of a change in the
instrument are relatively small.

Assume for example that there is a one-standard deviation shock to the quar-
terly inflation rate (at an annual rate) in perjod ¢ = 0. The quarterly inflation
rate then rises with the shock, 1 percent, and the annual inflation rate increases
to 0.25 percent, (n¥,q = I (mte0 + -1 + M2 4+ Me-3) = 0.25) ). The forecast
of the next period’s quarterly inflation rate is hence 0.34 percent, since the only
known thing affecting the quarterly inflation rate in period £ + 1 is the quarterly
inflation rate the quarter before, (the coefficient on the first lag in the inflation
equation is 0.34). The forecast of the annual inflation rate in that period is
'”f+1|t = % (0.34 + 1 404 0) = 0.335 percent. The following quarter monetary
policy starts to affect inflation. Since it is the annual inflation rate that is targeted
and since the target is assumed to be zero, the nominal and real interest rate in
period ¢ have to be increased, to depress output in t+1, so that the quarterly infla-
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tion rate in £+2 is predicted to fall with around 1.34 percent. The annual inflation
rate in period t+2 will then return to target, #fyo =  (—1.34 +0.34 + 14 0) =0.
Since the effect of a rise in the interest rate in period ¢ on the inflation rate in
period t + 2 is small the rise in the interest rate has to be huge.

Given the persistence in output, also output in period ¢ + 2 will be low, with
unchanged policy and given that no other shocks hit the economy. Because of the
persistence in output and also in the quartexly inflation rate, the annual inflation
rate three quarters ahead falls below the target. The interest rate in quarter £41
hence has to be decreased below its trend for the annual inflation rate in ¢ + 3
to hit the target, and again since the impact is small after only two quarters the
f21] has to be of a substantial size. These fluctuations around the trend levels
will continue until the annual inflation forecast stabilizes around the target for
unchanged monetary policy.

As can be seen in figure 2 it is not only the interest rate and output that fluc-
tuate heavily but also the quarterly inflation rate. This is because the quarterly
inflation rate has to be adjusted so that the annual inflation rate hits its target.
As analysed above the quarterly inflation rate in period ¢ was 1 percent, in period
t 41 it was 0.34 percent and in £ + 2 it was -1.34 percent. In ¢+ 3 it thus has to
be almost 0 percent for the annual inflation rate to hit the target andinft+4it
has to be almost 1 percent. These swings will only slowly be reduced.

The high instability in the instrument is not only a result of the way policy
is set and the persistence in output and inflation, but of course also a result of
the way the economy is structured. If monetary policy had a larger impact on
output or if output had a larger impact on inflation, then the variability in the
interest rate would be reduced. The same is true for a longer monetary policy
transmission mechanism, as long as the inflation process is not characterised by a
unit root. If the transmission mechanism worked slower than in this model and if
the own lags summed to less then one, then the initial increase in the interest rate
would not have to be so large after for example a supply shock. This is because
the annual inflation rate by itself would move back towards its trend level. The
longer the transmission mechanism is, the closer would the annual inflation rate
be to the target the period that monetary policy started to affect inflation. The
fuctuations in the interest rate, output and slso in the quarterly inflation rate
would hence be smaller. With a unit root in the inflation equation the opposite
is true, monetary policy then has to react aggressively on shocks that hit the
economy.

In table 3.1 the calculated standard deviations are supmmarized for all vari-
ables.

12




Table 3.1: Theoretical unconditional standard deviations.
Quart. infl. Annual infl. OQutput Int. rate Int. rate diff.

66.73 1.27 341 3586 5195

The conclusion from the exercise made above is hence that the ouicomes
from a strict inflation targeting regime are quite extreme. The perspective of
monetary policy is then very short, only half a year. This is probably not the
perspective that central banks usually have. A perspective of one to two years is
probably what is more common. From the econometric study made here it was
suggested that this is when monetary policy has its largest impact on inflation.
Further the coefficients in the reaction function for the short term interest rate
were substantial, e.g. far from the weights suggested by Taylor (1993); this will
be analysed further below. Finally the variability in the short term interest rate
and output derived under an inflation targeting regime are probably not the kind
of outcomes that any central banker would find desirable.

One explanation for the discrepancy between the theoretical outcomes and
the outcomes that one can actually observe in the real world can be that the loss
function used above is incorrect, e.g. because central banks do care about other
things than price stability, such as output and/or interest rate stability. In the
next section the model of optimal monetary policy will therefore be rewritten
with additional goals in the loss function. Another possible explanation is that
the structural model is incorrect. This is discussed in section 5.

4. Additional goals

Solutions will now be derived for the case when the central banks loss function
includes additional goals. It is assumed that the central bank besides targeting the
annual inflation rate also targets output and/or the interest rate. It is assumed
that the central bank can choose to have a target for output equal to the natural
rate, or expressed differently, it can choose to minimize the output gap, ¥;. The
relative weight the central bank puts on the output goal is A. The central bank
can also have preferences concerning the interest rate. First it can be interested
in smoothing the quarterly changes in the interest rate, {(i; —i:~1). Second it can
have a target for the interest rate level equal to the interest rate’s long- run mean,
here normalised to zero. The relative weights on the interest rate goals are ¢ and
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v. The central banks loss function in period ¢ can then be written as

1 4 _ :
L(X:) = 3 [(Wf 2 yg 4 plis — i) + V7»t2] . (4.1)

The objective for the central bank in period ¢ is then to choose a sequence of
current and future repo rates so as to minimize its intertemporal loss function

. o= 11 ) . .
J(Xy) = {@_11}1510 E;> & 1—2— [(frf)2 4 Myf 4 pliey — ) + vzf] . (4.2)
t=1

2}_1

subject to equation (2.3) and (2.4). The central bank then minimizes the expected
sum of discounted squared future deviations of the four quarter inflation rate from
the annual inflation target, the expected sum of discounted squared future output
gaps, and the expected sum of discounted squared future variations in the interest
rate. Since the optimization problem now consists of more state variables it is
appropriate to rewrite the problem in matrix notation and use existing standard
solutions. In matrix notation the optimization problem can be written as

o0
J(X) = {m%g E. Y &1 [X;QXt + XUty + iU Xz + i;Rit] : (4.3)
t=1

'Lgl

subject to equation (2.5), where Q(13 x 13) is a square weighting matrix given
by

r 1 1 1 1
SRR SETEEIR N
1{3116116116
L L L L ooo0o000000
= & & £ 000000000
0 0 0 0 000000000
|0 00 0000000000
Q=50 0 0 0000000000 (4.4)
0 0 0 000000D0O0O0CGOCO
0 0 0 000000O0O0O00O
0 0 0 0000O00O0GCOT 0O
0 0 0 0 000000 XOUQO
0 0 0 00000000 poO
|0 0 0 0 0000000 0 O]
and ) ;
(lgls)m[00000000000—p/2 0] (4.5)
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R =[a/2+v/2]. (46)
(1x1)

The model is now in a standard linear-quadratic form to which existing opti-
mal control procedures can be used. In appendix B the solution to this problem
will be derived in detail. In short, a quadratic solution for the value function is as-
summed, then a Bellman equation is formed and the FOC derived. A feedback rule
for the control variable is then derived and substituted into the right hand side of
the Bellman equation. Identification gives the algebraic matrix Riccati equation.
A solution, V, to this equation is approached by iterations. The feedback rule is
then given by

iy = —(R+6B'VB) (U +6B'VA) X, (4.7)
or
iy = —FXq, (4.8)
where
F=(R+6B'VB)™ (U +5BVA). (4.9)

From equation (4.8) it hence follows that the short term interest rate is set accord-
ing to the feedback rule F and the present observations on the state vector Xy,
which consists of only predetermined variables. As follows from equation (4.9) the
feedback rule is independent of the initial value of the state vector X (0) and the
covariance matrix of disturbance vector. As a consequence of this, the feedback
rule is time consistent, that is, the feedback rule in equation (4.8) is the optimal
one regardless if the optimal rule is derived now at time ¢ or in some period s > .
Given the reaction function and the inflation and output equations it is then
possible to derive the solution for the equilibrium inflation and output and its
unconditional variance. This is done in appendix IL. The solutions are

Xt_q_l = (A — BF) Xf, + €X, 841 (4.10)
= MXi+exte1
and
Txx =MYxx M+ e (4.11)

In the sections that follows the numerical solutions using the algorithms above
for different specifications of the central banks objective function will be derived
and analysed.
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4.1. Responses to shocks

As a start the dynamic responses of the variables to different shocks will be anal-
ysed. In figures 3-6 it is shown how inflation, output and the interest rate respond
to a single one-standard deviation shock to demand and supply, for different val-
ues of A and .1

In figure 3 the dynamic responses to 2 supply shock are shown for A equal to
0.5 and zero, when v ~ 0.12 In figure 4 the dynamic responses to a price shock are
shown for A equal to 1 and zero, for v = 0.001, and in figure 5 the corresponding
responses are shown for v = 1.13 As can be seen in all diagrams both output and
the interest rate fluctuate much less when the central bank not only targets the
inflation rate. Further, longer time is used to reduce the annual inflation rate to
its target after a shock.

Tf a supply shock hits the economy and the central bank besides targeting the
anmual inflation rate also has a target for output, A = 0.5, then it again raises
the nominal and the real interest rate to create an output-gap which depresses
inflation, see figure 3, but less drastic than when it only targeted inflation. It
therefore takes longer time, almost two years or seven quarters, before the annual
inflation rate is back on its target. Putting some weight on the output target
then implies that the central bank more slowly returns the inflation rate to its
target. The longer perspective gives a smother development in the interest rate,
output and the quarterly inflation rate.

Tf the central bank has a target for the inflation rate and also wants to avoid
too large fluctuations in the interest rate, v = 0.001, and a supply shock hits
the economy, it also raises the nominal and the real interest rate less drastic,
see figure 4. In this case it takes around one and a half year, five quarters,
before the annual inflation rate is back on its target. Putting some weight on
the interest rate target, v = 0.001, thus implies that the central bank instead
of setting the repo rate so that the first controllable inflation forecast equals the
annual inflation target, sets the repo rate so that the inflation forecast equals the
target when the effect of the repo rate on the inflation rate is at its maximum.
The longer perspective again gives a smother development in all variables except
the annual inflation rate.

11, = 0 all through the analysis.

12The reason for not setting v exact equal to zero is that the program does not converge then.

13Phe standard deviation in the nominal interest rate for the period 1985 to 1997 is 3.70.
Given the simple model of the Swedish economy derived here, it is difficult to reach such a low
variability in the interest rate. For =1 and A = 0 the standard deviation of the interest rate is
6.23.
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Combining interest rate smoothing with output stabilization, » = 0.001 and
A = 1, reduces the variability in the interest rate and output even further. The
initial rise in the interest rate is smaller and consequently the initial fall in output.
As can be seen the annual inflation rate is now more volatile. The annual infla-
tion rate approaches its target level between the fourth quarter and the seventh
quarter, it then rises again and only slowly moves back towards the target.

‘When even more weight is put on the interest rate target, v = 1, the high
variability in the interest rate after a supply shock is totally gone, see figure 5.
The choice of lambda is no longer of any importance and it takes years to return
inflation to target.

In figure 6 the dynamic responses to a demand shock, which here is equal
to an output shock, are shown for A equal to 1 and zero, when v = 0.001. The
shock increases inflation and a policy focusing on inflation stabilization and to
some extent interest rate stabilization, » = 0.001 hence responds by increasing
the nominal and therefore also the real interest rate. The purpose is to push the
output gap down below the trend, to get annual inflation back on the target. A
policy that also tries to stabilise output raises the interest rate more sharply to
close the output gap faster, and then returns the interest rate to its trend level to
avoid creating a large negative output gap. With more weight put on the interest
rate target the output gap is closed more slowly.

The conclusion is hence that the development of the different variables after
a shock are much smoother if the central bank puts more weight on the output
and/or the interest rate targets. The consequence of this is that it takes longer
time to return the annual inflation rate to its target. Another conclusion is that
interest rate smoothing and output stabilization have similar implications. The
exact implications of the different objectives of the central bank in terms of the
volatility of the different variables will now be analysed.

4.2. The optimal policy frontier

In this section the theoretical unconditional standard deviation of inflation, out-
put and the interest rate will be derived for different specifications of the central
bank’s objective function. In table 4.1 the calculated standard deviations are
summarized for all variables and in figures 7-9 the standard deviations in the
annual inflation rate and output are shown for different values of A and v. The
standard deviations are calculated taking the square root of equation (4.11) for
the unconditional variance. The discount factor & is set to 0.9999. The dis-
count factor is set to almost one to get as close as possible to the unconditional
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variances.

Table 4.1: Theoretical unconditional standard deviations,

A v Quart. nfl. Annual infl. Output Int. rate Int. rate diff.
0 =0 66.73 1.27 341 3586 5195
1 =0 3.73 2.73 2.18 10.17 13.67
0 0.001 3.3b 2.03 4.51 27.26 36.27
1 0.001 3.74 2.74 2.18 9.76 12.73
0 1 4.16 3.32 2.15 5.52 2.35
1 1 4.22 3.39 2.03 5.5 2.42

From table 4.1 and figure 7 and 8 it follows not surprisingly that, the standard
deviation in the annual inflation rate increases when more weight is put on the
output goal, while the opposite is true for the quarterly inflation rate, the output
gap and the interest rate, regardless of what weight is put on the interest rate
target. As can be seen in figure 8 moving from no weight on the output target to
some weight substantially reduce its fluctuations, for » = 0. The impact on the
variability in output of a rise in the weight put on output then decreases for larger
values of ), the curves become increasingly flat as the weight on output increases,
for v =~ 0 and also for ¥ = 0.001. The increase in the variability in the annual
inflation rate when more weight is put on the output goals is, in comparison,
quite moderate.

A larger standard deviation in the annual inflation rate and a smaller standard
deviation in the other variables is also the result if more weight is put on the
interest rate goal. This means that the variability in output is substantially
reduced without any weight being put on the output goal. If the central bank
only cares about inflation the standard deviation in the annual inflation rate is
1.27 and in output it is 341. For A = 1 the standard deviation in inflation rises to
9.73 while it is reduced to 2.19 for output. For ¥ = 1 and A = 0 the corresponding
figures are 3.32 and 2.15. The weight put on the interest rate target hence has
a large impact on the variability in output. As a consequence of this the weight
put on the output target is more important for the outcomes of the standard
deviations the less the central bank tries to stabilise the interest rate. When
v = 1, the standard deviation for the annual inflation rate is almost unaffected
by the weight put on the output target. The decrease in the variability of output
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and the interest rate when more weight is put on the output goal is also less for
higher values of v. This is illustrated in figures 7 and 8. The curves showing
the different standard deviations for output and inflation for v = 1 are almost
horizontal.

The conclusion is hence that when more weight is put on the output stabi-
lization goal and/or on one of the interest rate goals the variability in both the
interest rate, output and the quarterly inflation rate are reduced substantially.
The cost is higher variability in the annual inflation rate, which is moderate in
comparison to the fall in the other variables variability. This is also illustrated
in figure 9. There the optimal policy frontier, that is the set of efficient combi-
nations of inflation variance and output variance attainable by policymakers for
v = 0.001 is plotted. As can be seen the curve is quite steep. Further, in figure
10 the optimal policy frontier is drawn for v =2 0, v = 0.001, and v = 1. As can
be seen the frontier is reduced in size as the weight put on the interest rate target
is increased. For v = 1 it looks almost as a point. The picture summarizes what
was discussed above, that the weight put on the output target is less important
for the outcome of the variability in the annual inflation rate and in output when
more weight is put on the interest rate target.

As already mentioned the purpose of this paper is not to evaluate Swedish
monetary policy, the structural model used is much too simple. Despite this it
can be interesting to compare the caleulated standard deviations for the different
variables with the actual standard deviations shown in table 4.2.

Table 4.2: Actual standard deviations.

Year Quart. infl.  Annual infl. Output Int. rate Int. rate diff.
1985-1996 3.74 2.91 278  3.70 (2.57)  3.44 (1.13)
1970-1996 4.15 3.27 2.33
The figures within the parantheses are the standard deviations excluding the

extreme observations in the autumn of 1992 when Sweden experienced a crisis
in the exchange market and the short term interest rate was rised substantial.

As can be seen the actual standard deviations in output, the quarterly in-
flation rate and the interest rate are much lower than the standard deviations
that the theoretical model with a strict inflation targeting regime produces. The
theoretical standard deviation in the annual inflation rate is on the other hand
lower than the actual one. It hence seems as if there has not been a strict in-
flation targeting regime in Sweden. The figures show that the Swedish central
bank historically has put a large weight on interest rate smoothing and/or output
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stabilization.

4.3. Reaction function

‘When looking at the different reaction functions derived from different specifica-
tions of the central bank’s objective function, the results are of course in line with
those derived above. As already shown in section 3, the coefficients in the reac-
tion function derived when the only object for monetary policy is to keep annual
inflation on target, A = g = v = 0, are huge. Written in a slightly different form
than in section 3 the reaction function isl4

iy = 421w +41.2mq + 54w o — 7.67¢.3 + (4.12)
4 (7e—g + M5 + Wpb + Fem7 + Mi—g) + 2.37—0 + 17-39z.

The inflation coefficients sum to 103.4 while the output coefficient is 17.3. The
large coefficients result from the facts that inflation is brought back to its target
very fast after a shock and that the effect of monetary policy after only half a
year is small. If the central bank also stabilises output, with A = 1, the reaction
function is

iy = 2.bm+1.6m1 +m—o+ 0.3mp3 + (4.13)
0.87—a + 0.77s_5 + 0.6m_g + 0.4m¢_7 + 0.3m¢—5 + 0. 170 + 7. Tys.

The weights put on inflation then decrease substantially. When output is also
taken into account, the inflation coefficients sum to 8.3. The weight on output also
falls, it is now 7.7. The dynamic response in the interest rate when a shock hits the
economy is then mmuch smoother, as was shown above. If the quarterly inflation

14T he reaction function in section 3 was written as

i = —102.67" + 42.23m: + 41.37%-1 + Bdm_o —9.4dms—a
+10.3%:__3 -+ 13.7’7'?1._4 -+ 1729

If the inflation target is set equal to zero and the expression is rewritten they coincide.

iy = 42.23m + 41.3m—1 -+ 54w — 9.4m _3
+1.7 (-3 + Te—a + Fo—5 ~+ Teg + W7 + -8}
+23 (Mea+ M5 + Mpog + Ty + Mg + my—g) + 17.20
= 4929%m, +41.3m; .1 + 5.4m_p — 94w 3
4 (=t + M5 + Tr_6 + Te—7 + Ti—s) +2.3m—0 + 1725
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rate today rises by one percentage point (at an annual rate}, and assuming for
example that the output gap today is closed and the inflation rate ¢ — 1 and
earlier has been on the target then the interest rate should be increased by 2.5
percentage points. The corresponding figure using the reaction function for A =0
is 42.1.

A less volatile interest rate is, as analysed earlier, also achieved if some weight
is put on one of the interest rate targets. Further, when the central bank puts
some weight on interest rate stabilization, the difference between the outcome
when the central bank stabilises output and not is rather small. The reaction
functions derived from the two different objective functions, where A = 0 and
A = 1, respectively, when v =1 are

ig = 0.7m+0.5m_q + 0.3m—2 + 0.1me_3 + (4.14)
0.2 (ms—g + ) + 0.1 (mwe—g + m—7 + 7e—s) + 1. 204

and

i = 0.7m +0.4my_g + 0.3m_g + 0.173 + (4.15)
0.2 ('fft_4 + e 4 'J’l't_g) -+ 0.17&..,7 -+ 0.1‘7&-8 + 1.4yt.

The coefficients on inflation and output sum in the first case to 2.3 and 1.2,
in the second case they sum 2.3 to and 1.4. The coefficients have hence decreased
both for A = 0 and A = 1, compared with the coefficients derived for a lower
weight on the interest rate target. Further the coefficient on output when output
is not stabilized, A = 0, has decreased more. Table 4.3 summarises the results.

Table 4.3: Weights in the reaction function

A B S inflation coefficient 3 output coeflicients
0 =0 103.4 17.3
1 8.32 7.7
0 0.001 20.6 6.7
1 8 7.3
0 1 2.3 1.2
1 2.3 1.4

The form of the reaction functions derived above is similar to the Taylor rule
(1993), with the difference that Taylor only included output and the inflation rate
today in the reaction function. Here also several lags of the quarterly inflation
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rate are included. Despite this it is interesting to compare the different optimally
derived weights for inflation and output in the reaction function above with the
weights suggested by Taylor. According to the Taylor rule the weights in the
reaction function on inflation should be one and a half and on output one half.
As can be seen above even when some weight is put on the interest rate target it
is difficult to reach these weights.

As analysed above the results are, besides being a result of the central banks
objectives, of course also dependent on the assumed structure of the economy.
The background for Taylor suggesting such low weights might have been that he
assumed that monetary policy has a much larger impact on output than what
the simple macro economic model presented here suggests.

4.4. Quarterly inflation rate smoothing

As analysed above, one reason for there being large swings in all variables but
the annual inflation rate was that the quarterly inflation rate had to be adjusted
so that the annual inflation target was achieved. The quarterly inflation rate
consequently fluctuated heavily. But a high fluctuation in the quarterly inflation
rate is probably not something that a central bank caring about inflation would
like to experience. Even though central banks usually explicitly only target the
annual inflation rate, it is possible that they implicitly also have some target
for the quarterly inflation rate. One possibility is that they are interested in
smoothing the quarterly changes in the inflation rate, (ms — me—1). To analyse
the implications of such a target the central bank’s objective function is now
rewritten to include a target for the quarterly inflation rate. Assuming that the
relative weight put on this goal is + the central bank’s loss function in period ¢ is

1 . .
LX) =3 ()% 4y (e = mo-2)” + 2 + p(ie — i +vid]. (416)
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The Q matrix now looks as follows

116+7$—71—16$000000000
-9 f+y & £ 000000000
Tllg L L L oooo0o00000
= & & L 000000000
0 0 0 0 000DO0DO0O0OO00O
) 0 0 0 0 000O0O0O0O0U 0O
Q=3 0 0 0 0 000O0O0CDOOOC O (4.17)
0 0 0 0 000O0O0CDO0O0OO0O
0 0 0 0 000O0O0O0O0UO0O
0 0 0 0 00O0O0CO0O0O0 00
0 0 0 0 0C0O0O0O0O0MXNO OO
0 0 0 0 000O0O0O0O0 O
0 0 0 0 00D0DO0OO0O0OGC O]

The theoretical unconditional standard deviations were then derived for dif-
ferent weights on the goals in the objective function. Not surprisingly it turned
out that if A = 1 or A = 0 and v = 0.001 or v = 1 the standard deviations
were almost the same for different values of ~, including a zero weight as in the
previous analysis. The fluctuations in the quarterly inflation rate in those cases
were already low, putting some weight on - therefore did not affect the results.

For the case of strict inflation targeting (A = 0 and v = 0) on the other
hand, the standard deviations are reduced substantially for all variables except
of course for the annual inflation rate when some weight was put on the quarterly
inflation smoothing goal. But the standard deviations in output and the short
term interest rate are nevertheless quite high. This is shown in table 4.1. The
standard deviation in the annual inflation rate is only marginally increased.

Table 4.4: Theoretical unconditional standard deviations
v  Quart. infl. Annual infl. Output Int. rate Ini. rate diff.

0 66.73 1.27 341 3586 5195
0.5 3.24 1.87 6.8 59.52 90.33
1 3.23 1.98 5.97 53.52 85.57
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5. Rational expectations

The Phillips curve derived for Sweden and used in the analysis above was a
standard backward looking Phillips curve. The own lags in the inflation equation
surnmed to one. One interpretation of this is that people form their expectations
on recent observations and/or that prices are sticky. An alternative approach is
to use an expectations augmented Phillips curve. It could for example be of the
following form

Tq1 = (1 = Or) Mpqge + Sz + Cy¥z + €241 (5.1)

where the coefficients on the inflation expectation term and the own lags are
assumed to sum to one and 6, captures the stickiness of inflation. If the central
bank only targets inflation, and its policy is credible, then the expected future
inflation is given by the target

ot =T (5.2)

The Phillips curve can then be written as

i1 = (1 — 6x) 7 + crme + 2y + €41 (5.3)
With no stickiness, é; = 0, the Phillips curve is

Myl =T + ayye + €41 (5.4)

With complete stickiness, é, = 1, the Phillips curve is

g1 = Tt + Y + €41 (5.5)

i

The coefficient on lagged inflation is hence unity in the last example. This implies
that if the estimated inflation equation used in this paper is a reduced form of an
expectations augmented Phillips curve then the results would imply that prices
are complete sticky, assuming that the only target for the central bank was the
inflation rate.

The question is then how the results in this paper would be effected if an
expectations augmented Phillips curve, where 0 < §; < 1, were used instead of a
backward looking Phillips curve. It follows from above that the persistence in in-
flation would fall. An implication of this is that the optimal policy frontier moves
towards the origin., It then follows that monetary policy can be less aggressive
under a strict inflation targeting regime than showed here. The cost of achieving
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the inflation target in terms of the variability in output can hence be reduced. In
the extreme case with no inflation stickiness, 8y = 0, it is hence possible for the
central bank to achieve the inflation target with no cost.’®The extreme results
derived here for only an inflation target would hence probably disappear. For the
cases when the central bank has additional goals the results would also be modi-
fied toward less volatility in the different variables, but probably not as much as
when only inflation is targeted.

‘What is then the motivation for not using an expectations augmented Phillips
curve in this paper? Theoretically it is straight forward to include expectations
in the model. Empirically, this is associated with quite a lot of problems, though.
The easiest way to include expectations in the model empirically is to use infla-
tion expectations data from surveys. The problem for the Swedish case in this
aspect is that there are no long series of inflation expectations. There is one
time series over households inflation expectations that starts in 1979.3¢ Further,
to use survey data tests have to be made to ensure that the expectations cap-
tured in the survey are rational. Roberts (1996) shows that the Michigan survey
of inflation expectations did not make econometrically efficient use of available
information. He further refers to a lot of other studies that also shows that infla-
tion expectations captured in surveys are not perfectly rational. If on the other
hand expectations are estimated, problems might arise if there has been mone-
tary policy regime shifts during the estimated period. To use this method it is
hence necessary to try to identify such shifts and try to control for them. What
is a priori known is that the ultimate objective for Swedish monetary policy has
been price stability for many years. An explicit target for the inflation rate was
not introduced until 1995 however. What the target was for inflation before that
is unclear. Further, it is unclear whether the Swedish central bank besides its
concern for the inflation rate also tried to stabilise for example output.

To summarize, to be able to estimate an expectations augmented Phillips
curve some econometrically complicated issues have to be solved. Since the main
purpose of this paper is not to estimate a complete macro economic model for
the Swedish economy this issue is not dealt with here. In a future paper these
questions will be addressed. The purpose of this paper is hence only to take a
first step in characterizing monetary policy in Sweden. For that purpose only a
very simple macro economic model is used.

15'his result follows from the New Keynesian models with sticky prices, since those models
do not predict that inflation will be sticky.

16Ty "Hushillens Inkdpsplaner”, the Consumer Buying Expectations report, published by
Statistics Sweden.
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6. Conclusions

Using a simple macroeconomic model of the Swedish economy and a model of op-
timal monetary policy it has been illustrated how the central bank’s stabilization
goals affect the perspective of the central bank, the determination of the short
term interest rate and the variability of inflation, output and the interest rate.

In a strict inflation targeting regime, where the central bank only has a goal
for the annual inflation rate, it focuses on the shortest controllable horizon. In this
model it is the forecast of the annual inflation rate half a year ahead. This is hence
a very short perspective and the consequence of this is that the short texm interest
rate has to be changed dramatically when deviations occur between the inflation
forecast and the inflation target. The fluctuations in the annual inflation rate in
this regime will be quite small while the fluctuations in the quarterly inflation
rate, output and the short term interest rate on the other hand will be huge.

When the objective function includes additional stabilization goals the results
are changed quite drastically. With some weight put on the output stabilization
goal, (here in this analysis a weight of 0.5) almost two years are used to adjust the
inflation rate back toward its target after a shock. This less aggressive monetary
policy resuits in a dramatic fall in the variability in the quarterly inflation rate,
output and the short term interest rate. The cost is a moderate increase in the
variability in the annual inflation rate.

Similar results are reached if more weight is put on the interest rate goal.
With a weight of 0.001 on this goal, in this analysis, one and a half year is used
to bring inflation back to its target after a shock, which is when the repo rate has
its largest effect on the inflation rate.

A strict inflation targeting regime that focuses on the annual inflation rate
turns out to have large implications for the quarterly inflation rate. Asin the cases
of output and the short term interest rate the quarterly inflation rate fluctuates
heavily. Assuming that such an outcome is not desirable suggests an inclusion of
a separate quarterly inflation rate smoothing goal in the objective function. The
variability in the quarterly inflation rate is then substantiaily reduced. Also the
variability in output and the short term interest rate is reduced, although they
still are high compared with the outcomes when some weight also is put on one
of these goals.

Finally, the theoretical standard deviations were compared with the actual
standard deviations in Swedish data 1985-1996. The results indicate, bearing the
simplicity of the macro economic model in mind, that the Swedish central bank
has put a lot of weight on interest rate smoothing and/or on output stabilization.
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Table A.1: Augmented Dickey Fuller Test.
Variable ADF Test statistic Critical Value LM-test”, F-st, P-val n'®

p—_— ~3.24 5% -2.9 0.98 [0.38) 1
T -2.25 10% -2.58 1.89[0.16} 3
y -2.81 10% -2.58 1.45 [0.24] 5

AXi=c+ Xt + D 1 BidXii e

A. Empirical results

First a unit root test, the Augmented Dicky Fuller test, was made to examine the
stationarity of the different time series. The results are presented in table A.1.

On a B % significance level the hypothesis that the real interest rate contains
a unit root can be rejected. On a 10 % significance level the output gap is also
stationary. On a 10 % significance level the hypothesis that the quarterly inflation
rate contains a unit root can not be rejected.

Since the series that will be used when estimating the output equation are sta-
tionary it is meaningful to apply standard inference procedures to this regression.
The following equation was estimated with the OLS-method,

X 1
yer1 = 0.9y, — 0.13(3; — 1 (mg — g1 — Wp—p — W=3)) + et (A1)

The output equation is estimated on quarterly data from the end of 1985 to
1996. The reason for not using earlier data is that the Swedish financial markets
were highly regulated until 1985. Monetary policy was before 1985 conducted by
changes in the regulation of banks and other financial institutions. Since then
the instrument of monetary policy has been the short term interest rate. The
inflation equation on the other hand is estimated using data from 1970. Since the
available number of observations was different for the two equations the equations
were estimated separately.

As discussed in section 2 the inflation equation was first estimated in the
following form

Mgyl = 0.347& + 0.18‘71’t—1 + 0.361Tt_2 - 0.287'&—-3 + 0.4’71';__4 -+ 033# + €t4-1- (A2)

The reason for using the variable 7y == (m + mg—1 + M2 + W—3 + Te—q + Tg—s5) /6
instead of using the variables separately is that the exact parameter values of lags
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Table A.2: Estimation results for the inflation and output equations.

Inflation equation, 7, Inflation equation, Am; Qutput equation

Constant -0.15 (-0.47) -0.14 (-0.45) 0.03 (0.22)
Lagged inflation, ¢ —1 0.33* (3.24) -0.67* (-6.66)

t—2 0.17%* (1.77) -0.48* (-4.10)

t—3 0.36* (3.62) -0.12 (-0.93)

t—4 -0.28* (-2.66)

(t—5+..+t—10)/6 0.33* (2.24) -0.4% (-3.32)

> 0.91

Outputgap, ¢ — 1 0.30* (2.11) 0.30* (2.19) 0.91* (21.16)
Real int.rate, t — 1 -0.13% (-3.94)
R? 0.51 0.45 0.93

S.E. of regression 3.05 0.78
Ljung-Box Q-st.1° 0.44 [0.998] 0.71 [0.99] 9.26 [0.16]
LM-test, F-st.20 0.58 [0.68] 0.69 [0.6] 1.81 [0.15]
White’s F-st 1.15 [0.33] 1.26 [0.27] 0.78 0.54]
Jarque-Bera [0.01] [0.04] {0.48]

Figures within parentheses are t-statistics, figures within brackets are p-values.
* Significantly different from zero at the 5 percent level. ** Significantly
different from zero at the 10 percent level.

further back is of little interest. By making an average measure it is also possible
to reduce the parameter space. A redundant variable test was also made for this
variable and the result was that it should be included in the estimation.

Given that the inflation process, using data from this period, was characterized
by a unit root, the inflation equation was estimated in the following standard form

A‘J’I'-H_l = O!;r(L)&‘?Tt + Qy (L)’yg + €414 (A3)

from which equation (2.3) was derived. Table A.2 summarizes the results.

As can be seen the different diagnostic tests reveal no evidence of poor spec-
ification apart from non-normality of the residuals in the inflation equations,
resulting from extreme values. The Ljung-Box Q-statistic that test the hypothe-
sis that the first six autocorrelations are zero is not rejected. The LM-test, also
testing for the existence of autocorrelation, show no evidence of serial correlation.
The White’s Heteroskedasticity test of whether the errors are homoskedastic is
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not rejected. The Jarque-Bera statistic, testing for normality, show sign of non-
normality of the residuals from the inflation equations regressions.

B. The central bank’s optimization problem

In matrix notation the optimization problem is

o
J(0) = min By S o6t [X;th + X Uiy + U X, + z';Rz't] , (B.1)
t=1 t=1

subject to
Xt-]-l == A.Xt + B'Lt + EX t+1- (B2)

The model is in & standard linear-quadratic form to which existing optimal con-
trol procedures can be used.?! One can then assume that the value function is
quadratic.

J(X:) = (X{VXe + W) (B3)

where V; is the value function at time t which is the discounted value of ex-
pected losses evaluated along the optimal program. The Bellman equation to
this problem hence becomes

[ XIOQX: + X Uiz + ,U' Xt + 1, Ri
XiVi X + Wi = min e AL T ¢ t . B.4
T T { +8B; (Xp11 Ver1 Xes1 + Wer) (B4)
The first-order necessary condition for the problem is;
X ' .
B—Jé%,-ﬁl ‘= X, U+U'X:+2Riy + 62B'Viyy (AX: + Biy) (B.5)
t

U'X¢ + Rig + 8B'Vy1 AX: + 6B' Vi1 Biy
(U +6B'Vi14) Xt + (R4 6B'V341B) i, = 0.

From the first order condition it is then possible to derive a reaction function for
the short term interest rate equal to

it=—(R+6B"Viy1B) " (U +6B'Vinr4) X (B.6)

Qr
is = —FXy, (B.7)

21Ip Chow (1975 ) and in Sargent (1987) a solution to this kind of a problem is presented.
Their solutions are used here.
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where

Fy=(R+06B'Vi1B) ' (U’ 4+ 6B'V;14) . (B.8)

To solve for V; and W;, the interest rate 7; is substituted into equation B.4.

(Xétht + Wt)

XIQX, + X, U (X)) + (—FEX) U'X, + (B.9)
(~EX:) R(—F.X;) + 6B (X1 Virr Xop1 + Weta)

XIQX, — X,UFRX; — X\FU' Xy + X{F{RF, Xy +

8B (X1 Vi1 X1 + Wiga)

X{(Q~UF, — FU' + F,RE) X; + 6B X311 Vi1 Xea

+6E;Wiy1 (B.10)
X (Q - UF;— FiU' + FiRE) X; +

§(AX; — BF:X;) Vig1 (AXy — BEX;) + btrace (Vg1 Sxx)

+OE Wiy (B.ll)
X, (Q~UF,— FlU' + F,RF) X: +

5X£ (A — .B.Ff;)'r Vit1 (A — BF;) X: + Strace (Vf,_|.1 ZXX)

+O0E: Wit (B.12)
X! (Q —UF,— FlU' + F/RF, +5(A— BF,) Vi1 (A — BF},)) Xy
+8trace (Vit1 Yoxx) + 0B:Wip1

using the solution for the state variable which is

Xt+1 = (A - BFt) Xt + €X -1 (Blg)
= MX¢+ex i1

Identification gives that

Vi = Q-UF,— FU +F.RFE+ (B.14)
§(A—BF,) Vi41(A— BE) (B.15)
Wt = {trace (1[4‘,—}-1 Eee) + 5Wt+1, (Blﬁ)

where . is the conditional variance-covariance matrix of € in X

Zee =K (Extht) . (Bl?)

A solution to equation B.14 and consequently B.7 can be approached by iter-
ations, starting from Vi1 =0.
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Next the theoretical unconditional covariance matrix of X; will be derived. It
15
Sxx = B(XX]) =B [(MXeo +exe) (MXem1 + exsf|  (Ba8)
= ME (Xe-1X; 1) M’ +E (exe€xs)
= MZXXM’ +Eee'

A solution to this equation can be obtained in terms of a vec operator. If a
vec operator is applied to both sides of the equation the result is

vee(Yxx) = (M®M)vec(Lxx)+vee (L) (B.19)
= Nvec (EXX) + vec (Zee) t
where N = M ® M and is of dimension (72x72). The solution is
vec (ZXX) = (172 - N)_l vec (Eee) ) (B.20)

provided that the matrix (I72 — N) is nonsingular and hence has an inverse.
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C. Graphs

of n¥ lo % Impulac

of n¥ (o y lmpuise

of n¥ io | impulse

= 5 L)
7 _,_/\____,_,_—’-'——"—"—/ W s
o ] [
-1g ) () (0} 70 -1 ry ] 1 0 7o 1 E] 5 7o
Quatiel
. of w 1o n ienpidse 5 af m {o y impulye " of n le iimpulse
s lW i w !
] [ °
=t £ ¥ 7 K3 - ¥ ¥ L3 To % ¥ EE] i Ta
avatiet quarier vorter
af ¥ 1o » Impuise of ¥ 1 impulye of ¥ lo | impulse
» ¥ " . ¥ 1= ¥ imp . ¥ imp
1 mt— e ——— 1
] [ ]
- ] 13 7 L] To '8 T T TZ Te To 1 (] T L3 70
quarter quorle: quaner
. of i o n impulse of i to y impuize 5 of i Lo i impuise
=
Tt T "
0 [ ]
=g z 11 iH L3 T4 17 T T [E] i3 To = ¥ L T 0
aveILer auser quotiel
. of i=n o % impulte . af I-w lo y impulye . of i-% 1o i impuise
w0 ¥ T
¢ _\/—_F‘_h‘—_'_‘_n—‘__‘“ ’ )
-1% 0 ] ¥ T Fo 1 0 ] 7 L) To % ¥ 3T iF Zo
quarisr auarter quarner

Figure 1: Dynamic responses in the baseline-case.
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Figure 2: Dynamic responses in a strict inflation targeting regime.
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Figure 3: Dynammic responses to a supply shock for A=0.5 and A=0 when v=0.
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