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Abstract This paper derives the optimal monetary policy under discretion, taking into account
that aggregate spending depends on the long-term real interest rate rather than on the short-term
rate. It deduces optimal shock-dependent strategies for the monetary instrument, the nominal
interest rate and analyzes the influence of both the degree of persistence of supply and demand
shocks and the weight on output stabilization in the objective function of the central bank on the
optimal monetary reaction. The higher the degree of persistence of a supply shock, the stronger is
the reaction of the interest rate, whereas the opposite holds for a demand shock. The reaction on
demand disturbances is independent of weight given to output stabilization by the central bank; in
the case of a supply shock the reaction of the interest rate depends on this weight.

Introduction

The aim of this paper is to analyze how the optimal monetary policy of the ECB
should work. In contrast with many other papers dealing with this subject (see,
for example, Clark ef al., 1999; Svensson, 1997, 1999) we take into account that
investment decisions and therefore aggregate demand depend crucially on the
long-term real interest rate rather than on the short-term real rate.

To describe the term structure of interest rates we use the pure expectations
hypothesis (PEH). In contrast with other work, which found empirical failures
of the PEH, McCallum (1994), Rudebusch (1995), Fuhrer (1996) and Balduzzi ef
al. (1997) emphasized that changes in monetary policies explain many of these
failures and, taking into account these changes, the PEH significantly improves
its performance.

In this paper we use targeting in the sense of Svensson (1997, 1999) or
Rudebusch and Svensson (1999), meaning that the target variable is an
argument of a particular loss function that has to be minimized. We assume the
most realistic scenario, namely that the ECB has the same kind of inflation
target.

Inflation targeting has been adopted by the central banks of New Zealand,
the UK and some other countries in the last decade (for a detailed theoretical
and empirical analysis of these countries see Bernanke et al. (1999) or
Leiderman and Svensson (1995)).

The two major advantages of inflation targeting are transparency, in the
sense that policy objectives are highly visible to the public, and accountability,
Journal of Economic Studies, that is to provide a clear and measurable benchmark to evaluate the bank’s
Vol. 29 No. 2, 2002, pp. 98-108. performance. The disadvantage of inflation targeting is the long and variable
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only imperfect control of inflation. The effects of any change in the monetary Optimal
base will not be ascertained for one year or possibly longer. monetary policy

Therefore Svensson (1997) suggests that inflation targeting should be
implemented as inflation forecast targeting, such that the CB inflation forecast
is treated as an explicit intermediate target. The CB has to set its instrument,
the nominal interest rate such that the current inflation forecast equals the
inflation target. If the forecast is on target, monetary policy is appropriate. If 99
the inflation forecast is above (below) the target, the interest rate should be
increased (decreased).

Ellingsen and Soderstrom (1999) investigate in their paper the relationship
between monetary policy and the term structure of interest rates. They use a
backward-looking framework like Svensson to analyze the effects of monetary
policy on market interest rates. They find that, if monetary policy responds to
economic developments, in the model reflected by a shock, then interest rates of
all maturities move in the same direction. If monetary policy reveals a change
in the preferences of the central bank, in the model this means a change in the
weight given to output stabilization, then short-term and long-term interest
rates move in opposite directions.

The main results of our work are that optimal policy varies with the degree
of persistence in supply and demand shocks. The higher the degree of
persistence, the stronger is the optimal reaction of the monetary instrument.
The higher the degree of persistence of a supply shock, the stronger is the
adjustment of the nominal interest rate, whereas the opposite is true for a
demand shock. The reaction on demand disturbances is independent of the
weight given to output stabilization by the central bank; in the case of a supply
shock the reaction of the interest rate depends on this weight.

The model
We use a simple dynamic equilibrium model as the framework for our analysis:
m = Eympy + a1 = Y") + &, (1)
ye=y"— bR +m, (2)
7t =14 — Eymp, 3)
1 g s
R = D) (rt + Eyrea) = 3 (it — Eyme1 + By — Eymygo). 4)

The model contains a Phillips curve (Equation (1)) that relates inflation
positively to the output gap of the last period and an IS-curve (Equation (2))
that relates output negatively to the long-term real interest rate. Looking at
Equation (1) E;my,1 is the expected inflation rate of the next period based on the
information available in period £. ; denotes a supply shock.
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Journal of The expectation-augmented Phillips curve can be thought of as an

Economic approximation of a new Keynesian model like the models of staggered
Studies contracts (Taylor, 1979; Calvo, 1983) or the model of quadratic price adjustment
9292 (Rotemberg, 1982). These models are briefly summarized in Roberts (1995).

In Equation (2) " denotes the natural output and 7; a demand shock, not
correlated with the supply shock.
100 As opposed to Ellingsen and Soderstrom we specify a forward-looking
version of the Phillips curve rather than a backward-looking version and the
long-term real rate is the important interest rate for aggregate demand rather
than the short-term rate.

The long-term real interest rate (Equation (4)) follows the pure expectations
hypothesis (PEH) and is equal to the average of the current short-term interest
rate 7; and the expected next period short term rate E;7,. ;. The short-term rate
(Equation (3)) is simply the nominal interest rate minus the expected inflation
rate. All expectations are formed on the information available in period #:

Et = 081}-1 = §t, (5)

= PNe-1 + s (6)

Both disturbances follow a first-order autoregressive process with
0<8,p<1. &, are ii.d. random variables with zero mean and variance o‘g

and 02.
The central bank objective function is:
Et Jgo § &Lt+j1 (7)

where L;.; is a standard quadratic loss function:
Lysj = (w4 — 1) +@ (9145 — ). 8)

The loss of the central bank increases with deviations from natural output y*
and increases also if inflation deviates from an exogenously given inflation
target 7*. Since the target for output is the natural rate, there is no incentive to
create an inflation bias. & measures the weight policymakers give to output
stabilization relative to inflation stabilization and lies between 0 and infinity.
® =0 coincides with a regime that Svensson (1997) denominates as strict
inflation targeting, ® > 0 with flexible inflation targeting. The instrument of
the monetary authority is the nominal interest rate 7; and the central bank
controls the nominal rate to affect output and inflation.
Substituting Equation (4) into Equation (2) yields:

e =y"+m — B — Exmep1 + Egip 1 — Eymige), 9)

where 8 =§.

IR A1 EJL—i-ISI

er. Further reproduction prohibited without permissionyaanwy.m




Using this equation in Equation (1) and taking into account the time-lag Optimal

give: monetary policy
me1 = Erame +a(ne — B — Exmen + Eiipy1 — Eymey2)) (10)
+ Ot + &t

These two equations show the relationship between output and inflation and 101

the control variable 7. An increase in the current or expected future nominal
interest rate unambiguously reduces both output and inflation.

Optimal monetary policy
In this section we deduce the optimal policy of the central bank under

oM s I {<J

Dest Teality, SITCE N0 Cental DANK Wil INAKE any DINAME COMIMIUMNENTS Over the
future course of its policy.

Bernanke et al. (1999, Chs 1 and 2) suggest that inflation targeting should be
only a framework for monetary policy which allows for the exercise of
“constrained discretion”, but should not be interpreted as classical rule.
Without commitment the central bank takes expectations as given in the
optimization problem and chooses the nominal interest rate which minimizes
the loss function. The private sector forms its expectations rationally
conditional on the central bank’s optimal policy rule.

Since 7; affects only y; and ;1 and there is no endogenous state variable, the
optimization problem reduces to the following simple intertemporal
optimization problem:

E,% (((m — 4By, — y’)z) i 6((m+1 — P ®(ppyg — y")2>), (11)

subject to Equations (9) and (10).
Differentiating Equation (11) with respect to #; and taking expectations, we
obtain the following optimality condition:

q)(yt —y”) = —6d(Et7I'H_1 = 71'*). (12)

This condition can be interpreted as follows: expected inflation should be above
its target proportional to the deviation from current output from its natural
rate.

The proportionality coefficient depends on the weight given to output
stabilization, the discount rate and the sensitivity of inflation to excess demand.
If the central bank gives no weight to output stabilization, expected inflation
should always be on target, a result that is consistent with the strict inflation-
targeting scenario in Svensson (1997). The higher the weight the monetary
authorities give to output stabilization, the more inflation should be expected to
deviate from the target, if output falls short of its natural rate.
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Journal of From the optimality condition it follows for 7;:

Economic By = ;
; t = Nt + B(Eimyz + Eymey — Epip)
Studies - e i a i (13)
29.2 + (6a® + @) " 6a(fe; — 7 + Eymyyz).
From this Equation it is apparent that the nominal interest rate 7; will be of the
102 form:
It = @oet + @y + agm*. (14)

Shifting the time index one period ahead and taking expectations give the
expected next period interest rate:

Ei; 1 = apbs; + arpny + asm”. (15)
Substituting Equations (14) and 15) into Equation (10) yields:

1 = Epams 4+ any — a8

16
(aost(l i 9) a5 dlm(l + p) + 2as7* — Eymyyq ~ Etﬂ'prz) + Oes + &41. ( )

To determine 7;,; we employ the technique of undetermined coefficients,
where the bubble-free solution is obtained via a minimal-state-variable
procedure (McCallum, 1983). The relevant state variables in Equation (16) are
ety M, ™, §+1 and vy (Which will enter the solution via Ey,17149), so it is
apparent that 7,1 will be of the form

1 = boer + bumy + bow* + b3&p iy + by, (17)

For the expectations we get:
Eymii1 = bogr + bimy + ber®,

Eymyio = bober + brpmy + bor™,

Ey1mivo = bo(Oer + &41) + b1(ome + viga) + o™

Substituting these expressions for Eym;1, Eym i and Ey 17,2 into Equation
(16) and comparing it with Equation (17) yield the equations for the
undetermined coefficients &;; solving these equations for b;, we obtain:

bo=(1—6—aB(l+0)"' (6 —aBao(1+0))
by =(1-p—apl+p) " (a—aar(1+p))

by = ay
b3=b0-|—1
baii=bj.
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Substituting this solution into Equation (17) gives the solution for m;,; as a Optimal
function of the coefficients g;. In the same way we calculate the expected values monetary policy
of future inflation and current output y; as functions of a;.

To deduce the coefficients a; we use the optimality condition, substituting
for Eymy and y; and determine the values for the coefficient @; such that
Equation (12) is satisfied. After some algebra we get:

ao = 0(B(1 + 6) (®(1 — 0) + 6a%)) ' (BB(1 + 0) + 6a),

a=8"1+p7",
ag = 15

103

Optimal policy requires the following rule for the nominal interest rate:
i = aer + B (L +p) e + 7" (18)

We see that the nominal interest rate rises with both a positive supply or a
demand shock in the current period. The higher the degree of persistence of a
supply shock (a larger 6), the stronger is the reaction of the interest rate. On the
other hand, a higher persistence of a demand shock (a larger p), to a smaller rise
in the interest rate. The reaction on demand disturbances is independent of ®;
in the case of a supply shock the reaction of the interest rate depends on @, but
is not unambiguous.

Shifting the time index one period ahead and taking expectations yield the
expected interest rate for period f + 1 :

Ejip1 = agbe + pB (1 + P)—lﬂt i i

The expected next period nominal rate rises also with a positive supply or
demand shock in the current period, but the expected reaction of the interest is
smaller than the reaction of the current interest rate and with increasing # and
increasing p the degree of persistence of the shock increases. If there were only
transitory shocks (6 = p = 0), the expected interest rate would simply equal
the inflation target.

Now substituting the coefficients of the interest rate rule into the coefficients
b; gives immediately the solution for 7;1:

1 = (81— 0) + 6a%) " (@b + (@ +8a)6r1) + 7. (19)

We see that m;,; increases with a higher target for the inflation rate and
increases also with a higher preference for employment stabilization, i.e. if ®
increases. Moreover, one sees that demand shocks do not affect the inflation
rate, since they are perfectly offset by an appropriate reaction in the interest
rate. Since # < 1, the influence of a supply shock is gradually reduced and =
converges to the target 7* in the long run, if no new shock occurs.
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Journal of For the expected future inflation rates we obtain:

Economic -1 .
Studies Em = (2(1 - 0) + 6a®)  0De; + 7,
29,2 £

Eymyo = (®(1 - 0) + 6a°)  ®6°; + 7,
104

)
Eramye = (®(1 - 6) + 8a%) " 6(0=; + &41) + 7.

Expected future inflation goes up with a higher target and also with a higher
weight ®. Furthermore, expected inflation increases more, if the current supply
shock is high (for > 0), due to the persistence of supply shocks. The higher
the degree of persistence (a larger ), the higher the expected inflation rate for a
given supply shock. Demand shocks do not affect the expected inflation rate,
since the private sector takes into account the adjustment of the nominal
interest rate, which offsets the demand shock.
For the current short-term real rate we obtain:

7= (®(1 - 0) + 6a%) " 6abe; + B (1 + p) L.

The nominal interest rate adjusts more than expected inflation, so the real
short-term rate moves in the same direction as the nominal rate. This policy is
also adopted by the Federal Reserve during the Volcker-Greenspan era to
control inflation (Clarida et al., 1998a, b). Since the early 1980s the Fed has
raised systematically real and nominal short-term rates in response to higher
expected inflation.

Deducing expected next period real rate we get:

B = (9(1 - 0) + 6d%) " 6abPe, + B~ (1 + p) '

The expected next period short-term rate also rises with a positive realization
of a supply or demand shock, since the nominal rate increases more than
expected inflation for period ¢ + 2, but the rise is smaller than the increase in
the current short-term rate. Without persistence in the shocks the expected
short-term rate is equal to zero, since both the expected nominal interest rate
and expected inflation are equal to the inflation target.
What about the reaction in the long-term rate?:
B % ((<1>(1 — 0) + 62%) ' aB6(1 + 6)e; + b—ln,).

Clearly the long-term rate rises, if demand or supply shock occurs in response
to higher expected inflation. The reaction in the long-term rate offsets demand
shocks and reduces the impact of supply shocks. Comparing long-term and
short-term rates we obtain that the direction of adjustment is equal for the two
rates, but the reaction of the short-term is stronger than the reaction of the long-
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term rate. This result gives support to the result of Ellingsen and Séderstrém, Optimal
who find that a response of monetary policy to a shock leads to a movement of monetary policy
interest rates of all maturities in the same direction.

Finally we use expected future inflation and interest rates in equation (9) to
determine current output y;:

v =y — (®(1 — 6) + 6a%) " Sabder. (20) 105

Since the long-term rate offsets demand shocks by reducing aggregate demand,
output is only influenced by supply shocks. Deviation from the natural output
increases with the degree of persistence of the supply shock and clearly
decreases with weight on output stabilization.

Calculating the standard deviation of inflation 7 and output y, we get:

or = (B(1 - 0) + 6a%) " (@ + 6a) o,

oy = (®(1 - 0) + 6a%) " Sabor,

where o¢ is the standard deviation of the random component of the supply
shock. There is a trade-off between output and inflation variability; with ®
increasing there is a lower standard deviation of output but the standard
deviation of inflation increases.

Let us briefly turn to some special cases. First assume that the central bank
follows a strict inflation target, i.e. ® = 0. In this case the solution reduces to:

i = (@B + 0)) e + 811+ p) Iy + 7,
M1 = &1 + 70,

=y —a 0.

All expected inflation rates and the expected nominal rate are equal to 7*, the
inflation target. Since the monetary authorities do not care about output
stabilization, deviations from the natural output are larger than for a flexible
inflation target. The rise in the nominal interest rate is larger than in the case of
flexible inflation targeting and is strong enough to offset the effect of current
period supply and demand shocks on inflation. In the case of strict inflation
targeting the standard deviations of output and inflation are:

Ox = 0g,

oy = a 00

Next think about a situation where the central bank only cares about output
stabilization but not about inflation stabilization, i.e. ® — oo:

SR @L—*I
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Journal of ir = 01— 0)"er + 1+ p) T +

Econpmic
g;uzdles m1 = ((1 - 9))_1(65t + &) + 77,
106 =y

Under this scenario the rise in the current and expected nominal interest rate is
exactly equal to the rise in expected inflation and real rates remain unchanged,
a situation that occurred in a similar way in the USA in the pre-Volcker-era
(Clarida et al. 1998a, b). Owing to unchanged real rates output is always on its
natural level at the expense of higher inflation. Looking at standard deviations,
we obtain:

or = (1-0)"o,

gy =0.

Another interesting extreme case is the situation where both kinds of shocks
are completely transitory.
Substituting & = p = 0 into the general results leads to

it =7+ /B—lvh
*
=& +7,

=y

The most interesting point in this case is that the result does not depend on the
weight on output stabilization. Now there is no trade-off between inflation and
output and therefore it does not matter whether the central bank follows strict
or flexible inflation targeting. If the shocks are only transitory, expected
inflation rates as well as the expected nominal interest rate are equal to the
inflation target. Therefore the expected next period short-term real rate is equal
to zero and the long-term real rate equals the current short-term real rate. The
nominal rate does not react to current period supply shocks and the adjustment
of the instrument is appropriate to offset the current demand shock completely.
Output is always at its natural level and the inflation rate in (f + 1) deviates
from the target in the amount of the transitory supply shock in (¢ + 1). For the
standard deviations we obtain:

Op = 0'5,

ay =0,

ST ZyLJ.lsl
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Conclusions Optimal
In this paper we derived the optimal monetary policy, taking into account that monetary policy
aggregate spending depends on the long-term real interest rate rather than on

the short-term rate. We assumed that supply and demand shocks are not purely

transitory but follow an AR(1)-process. Furthermore, we analyze both strict

and flexible inflation targeting.

The main findings of this work are: first, optimal strategies lead to a shock- 107
dependent feedback rule. The optimal reaction of the monetary instrument, the
nominal interest rate offsets demand shocks completely.

Second, optimal policy varies with the degree of persistence in supply and
demand shocks. The higher the degree of persistence of a supply shock, the
stronger is the reaction of the interest rate, whereas the opposite holds for a
demand shock. The reaction on demand disturbances is independent of weight
given to output stabilization by the central bank; in the case of a supply shock
the reaction of the interest rate depends on this weight.

Third, there is a trade-off between output and inflation stabilization. This
trade-off increases with the degree of supply shock persistence. Most
interestingly we obtain that the trade-off between inflation and output
stabilization vanishes, if shocks are only transitory. In this case output is
completely stabilized and the deviation of inflation from the target is equal to
the supply shock.
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