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Abstract

This paper demonstrates how a target for money growth can be beneficial

for an inflation targeting central bank acting under discretion. Because the

growth rate of money is closely related to the change in the interest rate and

the growth of real output, delegating a money growth target to the central

bank makes discretionary policy more inertial, leading to better social out-

comes. This delegation scheme is also compared with other schemes suggested

in the literature. Although other delegation schemes are sometimes more ef-

ficient, the results indicate that giving a prominent role to a money growth

indicator can be a sensible strategy for monetary policy.
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1 Introduction

In the modern approach to monetary policy analysis, there is often no explicit role for

monetary aggregates. This is the case in theoretical analyses as well as in empirical

modeling.1 In these models, the central bank typically uses a short-term interest

rate as its policy instrument, and monetary policy is assumed to affect important

variables as inflation and output directly without any intermediate role for the money

stock. The amount of money which must be supplied in order to support the given

level of the interest rate can be determined by a money demand function, but this is

not necessary to characterize the economy. Thus, money is essentially superfluous

to the model.2

At the same time, central banks do watch monetary aggregates when pursuing

monetary policy, although to a varying extent (see the contributions in European

Central Bank, 2001). An interesting case in this regard is the European Central Bank

(ECB), which gives money “a prominent role” in its implementation of monetary

policy. This role takes the form of a reference value for the growth rate of M3 (at

4.5 percent) as one of the ECB’s two “pillars” in the pursuit of its ultimate goal,

price stability.3

Central banks offer several reasons for monitoring the developments of monetary

aggregates (see European Central Bank, 2001). First, money may be an indicator

of future inflation. Second, money can have an informational role if it is related to

other variables that determine inflation but are imperfectly observed. And third,

money is closely related to credit, and should thus be an important part of the credit

channel of monetary transmission.

This paper explores yet another avenue by which money may be helpful in an

inflation targeting regime when the central bank acts under discretion. As shown

by Woodford (1999b), discretionary policymaking in a world with forward-looking

agents is characterized by a “stabilization bias” in the sense that the optimal discre-

1For theoretical models, examples are Svensson (1997a), Svensson andWoodford (1999), Rotem-
berg and Woodford (1997), Clarida et al. (1999), and most of the models in Taylor (1999). As for
empirical models, the FRB/US model of the Federal Reserve largely ignores money, see Brayton
et al. (1997)

2McCallum (2001) argues that these models nevertheless are not “non-monetary,” since the
ability of the central bank to control the interest rate rests on its ability to control the monetary
base. McCallum also shows that although these models may be misspecified, this is quantitatively
unimportant (similar results are obtained by Ireland, 2000, and Dotsey and Hornstein, 2000).

3The second pillar is a “broadly-based assessment of the outlook for price developments and
the risks to price stability”. See, for example, European Central Bank (1998) or Angeloni et al.
(2000).
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tionary policy rule is less inertial than the welfare-optimizing rule obtained under

precommitment.4 Therefore, if commitments are not possible, assigning the central

bank with a mechanism that makes discretionary policy more inertial may lead to

better social outcomes. One such mechanism is an interest rate smoothing objective.

However, if money is demand-determined, the growth rate of money is related to

the change in the nominal interest rate and the growth rate of output. Therefore,

a suitably designed target for money growth may also introduce inertia into the

discretionary policy rule, leading to improved outcomes.5

The main purpose of this paper is to examine the gains from delegating a money

growth target to an inflation targeting central bank. A second purpose is to compare

the outcome with those from a number of other delegation schemes investigated in

the literature: a conservative central bank (Svensson, 1997b; Clarida et al., 1999),6

an interest rate smoothing objective (Woodford, 1999b), a target for the change in

the output gap (Walsh, 2001), a target for nominal income growth (Jensen, 1999),

and a target for average inflation over several periods (Nessén and Vestin, 2000).

In brief, the analysis shows that assigning an appropriately designed money

growth target to the central bank does improve on the outcome of discretionary

monetary policy, although in many of the parameter configurations analyzed, targets

for the change in the output gap or for the growth of nominal income are more

efficient ways of introducing inertia. Thus, even if money growth is not useful as

an indicator of future inflation, a prominent role for money can be helpful for an

inflation targeting central bank.7

The paper is organized as follows. The next Section describes the model and

the delegation of monetary policy to an instrument independent (but not goal inde-

pendent) central bank. Section 3 presents the results of the analysis, and Section 4

contains some final remarks. Appendix A contains some technical details.

4See also Svensson (1997b) for a discussion of the stabilization bias in a slightly different model.
5This mechanism is thus entirely due to money being related to other variables in the economy,

and not due to any indicator role for money.
6Appointing a conservative central banker was first suggested by Rogoff (1985) as a mechanism

for reducing the average inflation bias that arises when the central bank has an overly ambitious
output target, not the stabilization bias analyzed here. See more below.

7Many authors argue that since money growth is not a reliable indicator of future inflation,
central banks should not take movements in money growth into account when formulating monetary
policy, see, for example, Estrella and Mishkin (1997), Bernanke et al. (1999), Svensson (1999),
Gerlach and Svensson (2000), Rudebusch and Svensson (2000). However, these authors do not
consider the possibility that a monetary target could help stabilizing expectations in a model with
forward-looking expectations.
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2 A simple model of monetary policy

2.1 The economy

The model economy is of the New-Keynesian type which is extensively used in

the literature on monetary policy. Simple versions of this model are derived from

microfoundations by, for example, Woodford (1996) and Rotemberg and Woodford

(1997), and the model is thoroughly studied by Clarida et al. (1999). The version

used here includes more inertia than the simple versions, so as to be more closely

aligned with the empirical facts (see, for example, Estrella and Fuhrer, 1998). Thus,

the model is essentially the same as that used by Jensen (1999) and Walsh (2001)

in their closely related work.8

Denote by yt the log deviation of output from its “natural” level, that is, the

output gap, and by πt the rate of inflation between periods t − 1 and t (the log

change in the price level). The output gap is determined by the aggregate demand

relationship

yt = ψyEtyt+1 + (1− ψy)yt−1 − ϕ (it − Etπt+1) + ε
y
t , (1)

where it is the one-period nominal interest rate set by the central bank. The parame-

ter ϕ > 0 is the inverse of the intertemporal elasticity of substitution in consumption,

and 0 ≤ ψy ≤ 1 determines the degree to which agents are forward-looking in their

consumption decisions. When ψy = 1, equation (1) is a log-linear approximation

of the first-order Euler condition from a representative agent’s consumption choice.

The inclusion of the lagged output gap (with ψy < 1) can be due to habit formation,

as in Fuhrer (2000). The aggregate demand disturbance εyt can be interpreted as

variations in the Wicksellian natural rate of interest, that is, the real interest rate

that would keep output continuously at potential,9 and is assumed to be a white

noise shock with variance σ2
y .

Inflation is determined by the expectational Phillips curve

πt = ψπβEtπt+1 + (1− ψπ)πt−1 + κyt + ε
π
t , (2)

8Jensen’s model differs in that it adds the terms (1− ψy) and (1− ψπ) in front of ϕ (it − Etπt+1)
and κyt, respectively. Also, both models allow for autocorrelated output shocks and a time-varying
potential level of output, which here is implicitly kept constant.

9The output equation is sometimes (see, for example, Woodford, 1999b) written as

yt = Etyt+1 − ϕ (it − Etπt+1 − rn
t ) ,

where rn
t is the natural rate of interest. Thus, in equation (1), εy

t = ϕrn
t .
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where 0 < β < 1 is the discount factor of the representative agent, 0 ≤ ψπ ≤ 1

determines the degree to which imperfectly competitive firms are forward-looking

when setting their prices, and κ > 0 is related to the degree of price stickiness

(more stickiness implies a lower value of κ). When ψπ = 1 this is a standard

“New-Keynesian” Phillips curve, which can be derived from several different models

of staggered price-setting (Roberts, 1995). Again, the inclusion of inertia (ψπ <

1) is empirically motivated, and can be interpreted as workers being concerned

about relative real wages when setting their multi-period wage contracts (Buiter

and Jewitt, 1981; Fuhrer and Moore, 1995), or as some proportion of firms using

a univariate rule for forecasting inflation (Roberts, 1997). The disturbance term

επt is a supply shock that pushes the natural level of output (the level consistent

with price stability) away from the economically efficient level, and is assumed to

be white noise with variance σ2
π.

So far, the model does not include any monetary aggregate. When the nominal

interest rate is the policy instrument and the central bank aims to stabilize inflation

and output, the aggregate demand and Phillips curve relationships are a complete

characterization of the economy, and the model is closed by postulating either a loss

function or a policy rule for the central bank. There is no need for a money market

equilibrium condition, since the stock of money plays no independent role in the

monetary transmission mechanism.

To analyze the role of money in this model we therefore need to specify a money

demand relationship, which postulates how much money the central bank must

supply in order to support a given level of the interest rate. For simplicity we

use a standard specification, derived from microfoundations by Woodford (1996)

and McCallum and Nelson (1999b), where the demand for real money holdings is

positively related to the output gap and negatively related to the current nominal

interest rate (the opportunity cost of holding money).10 Taking first differences we

obtain an expression for the growth rate of the nominal money stock as

∆mt = πt + α∆yt − γ∆it + εmt , (3)

where ∆mt is the log change in the nominal money stock and the parameters α, γ > 0

both depend on the elasticity of substitution of money demand with respect to the

cost of holding money balances. The money demand disturbance εmt represents

10Empirical money demand functions (for example, Rudebusch and Svensson, 2000) are typically
of the error correction type. The analysis that follows will demonstrate that even the simple spec-
ification used here introduces inertia into the discretionary policy rule. Using an error correction
specification of money demand would likely lead to even more inertia in monetary policy.
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velocity shocks, and is assumed to be white noise with variance σ2
m.

2.2 Monetary policy delegation

Society is assumed to have preferences over inflation and the output gap according

to the intertemporal loss function

Lt = Et

∞∑
τ=0

βτLt+τ , (4)

where β is (again) the representative agent’s discount factor and Lt is society’s period

loss function. This function is assumed to be quadratic in deviations of inflation and

output from their respective target levels according to

Lt = π
2
t + λyy

2
t , (5)

where the inflation target is normalized to zero (so the model is formulated in

deviations from target) and the target for output is equal to the natural level, so the

target for the output gap is also zero.11 The parameter λy ≥ 0 measures society’s

preference for output stabilization relative to inflation stabilization. A quadratic

loss function like (5) is standard in the monetary policy literature, and as shown

by Woodford (2001), under certain conditions it represents a second-order Taylor

approximation of the utility of a representative agent.12 As the discount factor β

approaches unity from below, the loss function (4)–(5) approaches a value that is

proportional to the unconditional expected value of the period loss function, that

is,

ELt = Var(πt) + λyVar(yt). (6)

(See Rudebusch and Svensson, 1999, for details.) Thus, we can use (6) to evaluate

the social loss function (4)–(5).

The ultimate objective of monetary policy is to choose a path for the short

interest rate to minimize the loss function (4)–(5). However, the actual conduct

of monetary policy is delegated to a central bank, which is assigned the task of

minimizing the intertemporal loss function (4) but with the period loss function

L̂t = π
2
t + λ̂yy

2
t + λ̂ww

2
t , (7)

11In contrast to the traditional time-consistency literature originating from Kydland and Prescott
(1977) and Barro and Gordon (1983), society aims at stabilizing output around its natural level,
so there is no average inflation bias of discretionary policy. Nevertheless, as seen below, there is a
stabilization bias of discretionary policy which plays an important role in the model.

12This approximation is valid in a simple model similar to that used here, albeit without any
backward-looking features.
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where wt is an additional target variable with weight λ̂w. Thus, the loss function

assigned to the central bank may differ from that of society, both in terms of the

variables included and in terms of the relative weights on the different target vari-

ables.13

The reason for giving the central bank a different loss function than that of

society is that precommitments are assumed not to be feasible. If the central bank

could credibly commit to an optimal monetary policy rule, it would reach the optimal

outcome by minimizing the social loss function. However, when precommitments are

not feasible, this is often not optimal. As famously noted by Kydland and Prescott

(1977), when agents’ decisions depend on their expectations of the future state of

the economy (as in our model), the optimal policy rule obtained when minimizing

the social loss function (under precommitment) is not “time consistent,” and the

discretionary policy rule where the central bank chooses the best action given the

current state of the world does not minimize the social loss function.

Therefore, if the central bank cannot precommit to an optimal policy rule, but

must resort to discretionary policy, it may well be beneficial to assign a different

loss function to the central bank, since this may lead to better outcomes in terms

of the social loss function. The most well-known example of such monetary policy

delegation is given by Rogoff’s (1985) conservative central bank, which reduces the

inflation bias of optimal policy when society has an overly ambitious output target,

as in the models of Kydland and Prescott (1977) and Barro and Gordon (1983). In

this paper, society does not try to reach an output level above the natural level.

Nevertheless, as is implicit in the analysis of Kydland and Prescott (1980) and more

recently emphasized by Woodford (1999b), discretionary policy is inefficient also in

the absence of an average inflation bias, since it is less inertial than the optimal

policy under precommitment, that is, it suffers from a “stabilization bias.”14

The intuition behind the inertia of optimal policy is fairly straightforward.15

Suppose the economy is hit by an inflationary shock, for instance, a positive value

13Although the central bank is assigned its loss function from above (and so is not goal indepen-
dent), it is free to choose the path of its instrument as it likes to minimize the loss function (so it
is instrument dependent).

14Svensson (1997b) describes a similar stabilization bias in a model of the type used by Kydland
and Prescott (1977) and Barro and Gordon (1983), but with endogenous persistence in unem-
ployment. In the present model, however, there is a stabilization bias also without endogenous
persistence (that is, with ψy = ψπ = 1), as in Woodford (1999b). Note also that this second
inefficiency of discretionary policy implies that the “just do it” approach advocated by McCallum
(1997) and Blinder (1998)—setting the central bank’s output target equal to the natural level—is
not sufficient to reach the welfare-optimizing outcome.

15See Woodford (1999a,b, 2000) for details.
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of επt in equation (2). If agents expect a persistent policy tightening in response to

the shock, inflation expectations decrease, partly offsetting the effects of the shock

on current inflation (since Etπt+1 in equation (2) falls). Thus, a central bank which

can commit to following such a policy rule faces a more favorable policy trade-off

than under discretionary optimization, where past promises to keep policy tight

are not optimal and therefore not fulfilled (so the inertial policy rule is not “time-

consistent”). As a consequence, there may be gains from delegating a different loss

function to the central bank if this makes the discretionary (and time-consistent)

policy rule more inertial.16

The main issue to be investigated in this paper then is whether giving the central

bank a target for money growth (that is, setting wt = ∆mt in equation (7)) can im-

prove on the outcome by adding inertia to the policy rule. This particular delegation

scheme will also be compared with other schemes suggested in the literature.

2.3 Optimal policy

To calculate the central bank’s optimal policy rule and the resulting dynamics of the

economy using numerical methods, we rewrite the model on the standard compact

form

 x1t+1

Etx2t+1


 = A


 x1t

x2t


 +Bit +


 εt+1

0


 , (8)

where x1t is a vector of predetermined state variables; x2t is a vector of forward-

looking (jump) variables; εt+1 is a vector of disturbances to the predetermined vari-

ables; and A,B are a matrix and a vector containing the coefficients of the model.

The optimal policy rules obtained under precommitment and discretion can then be

calculated using the methods developed by Backus and Driffill (1986), Currie and

Levine (1993) and others, and described by Söderlind (1999).17

16Technically, the central bank’s policy rule under commitment depends not only on the current
state of the economy, but also on the Lagrange multipliers on the forward-looking (jump) variables
(see below). These “promise-keeping” multipliers (Hansen and Sargent, 2001) capture the effects
of the policymaker’s promises about future policy on agents’ past decisions, and thus depend on
lagged values of the state variables. The discretionary policy can therefore be improved by making
the central bank care also about the past, thus introducing lagged state variables in the policy
rule.

17The main Gauss procedures used were also provided by Paul Söderlind.
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With the optimal policy rule under precommitment, the dynamics of the system

resulting from the optimal rule are given by


 x1t+1

θ2t+1


 = Mc


 x1t

θ2t


 +


 εt+1

0


 , (9)




x2t

it

θ1t




= Cc


 x1t

θ2t


 , (10)

where θjt is a vector of Lagrange multipliers on xjt, j = 1, 2. Thus, picking out the

row in the matrix Cc corresponding to the policy instrument it, the optimal policy

rule under precommitment can be expressed as a linear function of the predetermined

variables and the Lagrange multipliers associated with the forward-looking variables

(see also footnote 16):

it = Fc


 x1t

θ2t


 . (11)

In contrast, under discretionary optimization, the optimal policy rule depends

only on the predetermined variables according to

it = Fdx1t, (12)

and the system develops according to

x1t+1 = Mdx1t + εt+1, (13)

x2t = Cdx1t. (14)

Appendix A shows in detail how to set up and solve the system and how to

calculate the unconditional variances of the state variables, needed to evaluate the

loss function (6).

2.4 Model parameterization

Empirical estimates of the model parameters vary considerably depending on es-

timation technique, sample period, country, and sample interval. Here, we choose

a benchmark set of parameter values, intended for a quarterly specification of the

model. These values are shown in Table 1. (Section 3.3 examines some alternative

parameter configurations.)
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Table 1: Benchmark parameter values

Output gap Inflation Money demand Loss function
ψy 0.50 ψπ 0.50 α 0.75 λy 0.50
ϕ 0.20 β 0.99 γ 0.15
σy 1.15 κ 0.05 σm 2.25

σπ 2.25

The parameters for the aggregate demand and money demand equations are

taken from McCallum and Nelson’s (1999c) estimates on quarterly U.S. data from

1955 to 1996. Thus, ϕ = 0.2, α = 0.75, γ = 0.15, σy = 1.15, σm = 2.25. In

the Phillips curve, the discount factor is set to β = 0.99, as in a large part of the

literature, and the short-run slope of the Phillips curve is set to κ = 0.05, similar

to the results of Lansing (2001) and Roberts (2001). The standard deviation of

the inflation disturbance is set to σπ = 2.25, since it is often estimated as larger

than the standard deviation of the output disturbance.18 The degree of forward-

looking behavior is set to ψy = ψπ = 0.50 (in the case of the Phillips curve, this is

broadly consistent with the estimates of Roberts, 2001). Finally, in the benchmark

specification we use a value of λy = 0.5, so the social loss function penalizes squared

inflation deviations from target twice as heavily as squared output deviations.

3 Stabilization outcomes in different policy regimes

3.1 The benefits of targeting money growth

We first want to investigate whether assigning to the central bank a loss function

that penalizes deviations of the money growth rate from a target rate (normalized to

zero) results in higher social welfare. In terms of the model, we want to know whether

a central bank minimizing (under discretion) the intertemporal loss function (4) but

with the period loss function

L̂MT
t = π2

t + λ̂yy
2
t + λ̂∆m (∆mt)

2 (15)

will reach a better outcome in terms of the social loss function (6) than if using

society’s period loss function (5). The weights λ̂y, λ̂∆m will be chosen optimally, to

reach the best possible outcome.

18See, for instance, Peersman and Smets (1999) or Rudebusch and Svensson (2000). The scale of
the standard deviations only affects the scale of the loss function: only their relative size matters
for the results.
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Table 2: Outcomes of different policy regimes in benchmark model

Regime Relative loss Var(π) Var(y) λ̂∗y λ̂∗∆m

Precommitment 100.00 19.26 17.37 – –
Pure discretion 135.55 34.19 7.37 – –
Optimized discretion 118.15 23.38 19.27 0.20 –
Money growth target 107.05 19.46 20.89 0.80 1.55

Note: The relative loss is the value of the social loss function (6) as percent of the loss under
precommitment. The parameters λ̂∗y , λ̂

∗
∆m are the optimized weights in the central bank’s loss

function. In the social loss function, λy = 0.5.

Table 2 shows the outcomes in the benchmark model of (i) the optimal policy

under precommitment; (ii) the case of “pure” discretion, where the central bank is

given the same loss function as society; (iii) the case of “optimized” discretion, where

the central bank is given society’s loss function, but with the preference parameter

λ̂y chosen to minimize social loss; and (iv) the case of money growth targeting, where

the central bank is given the period loss function (15) and the preference parameters

are chosen optimally. The table shows the value of the social loss function (6)

(expressed as percent of the loss under precommitment), the variances of inflation

and output, and (where applicable) the optimized preference parameters.

We first note that the stabilization bias of discretionary policy is fairly large:

a central bank acting under pure discretion obtains a loss 35 percent higher than

under the welfare-optimizing policy (precommitment).19 The reported variances

reveal that discretionary policy “over-stabilizes” the output gap, at the cost of a

highly volatile inflation rate. This suggests a possible avenue for improvement: to

appoint a conservative central banker, with a lower weight on output stabilization

than that of society as a whole (see Clarida et al., 1999, or Svensson, 1997b). The

third row shows that such a delegation scheme does improve on the outcome: with

a weight of λ̂y = 0.2 instead of λy = 0.5, the central bank stabilizes inflation

more closely (at the cost of higher output volatility), reducing the stabilization bias

approximately by half. However, giving the central bank a money growth target (in

the last row) improves things even more: an optimally chosen weight on the money

growth target leads to even lower inflation volatility, and a considerably lower loss.

A money growth target closes about 4/5 of the gap between discretionary policy and

the optimal policy under precommitment, a significant reduction of the stabilization

bias.20

19This is broadly consistent with the results of McCallum and Nelson (2000).
20It is not surprising that an optimally designed money growth target improves on the outcomes

of pure and optimized discretion, since these regimes are special cases of the money targeting
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Figure 1: Variance trade-offs and indifference curves in benchmark model

As an illustration of the results, Figure 1 shows the trade-offs between infla-

tion and output variability implied by the targeting regimes. These curves are con-

structed by varying the weight on output stability in the central bank’s loss function

and calculating the unconditional variances of inflation and the output gap that re-

sult from the optimal policy rule in the different regimes. The solid line represents

the trade-off available under commitment, the short-dashed line is the trade-off un-

der discretionary optimization of the social loss function, and the long-dashed line

shows the trade-off available with a money growth target (where the weight on the

money growth target is set to λ̂∆m = 1.55 as in the optimal regime in Table 2). The

straight lines are a family of iso-loss curves, that is, each line represents combina-

tions of inflation and output variance that give the same value of the social welfare

function (6), with λy = 0.5.21

The results from Table 2 are apparent also in Figure 1. First, the policy trade-off

under precommitment is considerably more favorable than under discretion. The

point “C” characterizes the optimal outcome under commitment, where an iso-loss

curve is tangent to the available trade-off curve.

Second, discretionary optimization of the social loss function (with λ̂y = 0.5)

does not correspond to an optimal policy under discretion: the outcome is repre-

sented by the point “PD”, where the trade-off curve is not tangent to an iso-loss

regime, setting λ̂∆m = 0. Nevertheless, the large improvement in welfare is encouraging.
21Thus, in Var(y)–Var(π) space the iso-loss curves have slope −1/λy = −2.
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curve. Instead, as noted by Svensson (1997b) and Clarida et al. (1999), appointing

a conservative central bank (moving along the discretionary trade-off curve in the

northwest direction) improves on the outcome, and the optimal outcome is given by

the point “OD” (where λ̂y = 0.2).

Third, assigning a money growth target to the central bank improves the trade-

off facing the policymaker, since it leads to a trade-off curve that is inside that

under discretion without a money growth target.22 Thus, for any value of the social

welfare parameter λy, there exists a policy with a money growth target that yields a

better outcome in terms of the social welfare function than does a policy without a

money growth target (although possibly with a different value for the central bank’s

preference parameter λ̂y).

The intuition behind these results is directly related to Woodford’s (1999b) dis-

cussion about optimal monetary policy inertia. In general, the welfare-optimizing

policy (under precommitment) is more persistent than the policy under discretion.

Therefore, any changes to the central bank’s loss function that makes its policy more

inertial has the chance of improving the outcome of discretionary policy. In this case,

the money growth target gives the central bank a reason to act more persistently

in response to shocks: because money growth depends on the change in output and

the interest rate, discretionary policy will respond not only to the current state of

the economy but also to lagged values of the output gap and the interest rate. Since

inflation is partially forward-looking, a credible persistent response to shocks has a

beneficial effect on current inflation via inflation expectations.

This mechanism is illustrated in Figure 2, which shows the response of the econ-

omy to a temporary “cost shock” (of unit size), that is, a one-period increase in the

inflation disturbance επt in equation (2). As seen in panel (a), the policy response

under precommitment is less aggressive than under pure discretion. However, pol-

icy under precommitment has the effect that inflation in panel (b) not only returns

gradually toward the target, but actually undershoots the target for a number of

periods. Since inflation is forward-looking, this expected under-shooting has a stabi-

lizing effect also on current inflation, which is less affected by the cost shock. With

a money growth target, the responses are fairly similar to those achieved under

precommitment. As a consequence, the central bank with a money growth target

reaches an outcome closer to that under precommitment than does the central bank

22Note that because the trade-off curve under a money growth target is constructed with a fixed
λ̂∆m, it does not represent the best possible outcome under a money growth target. Such a curve
could be constructed by calculating the optimal λ̂∆m for each λ̂y along the curve. Nevertheless,
the curve with a fixed weight on the money growth target still dominates that under discretion.
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Figure 2: Impulse responses to a one-period cost shock (επ)

acting under pure discretion.

These results indicate that there is scope in this model for a money growth target

to improve on discretionary policy. This is the case even though the money stock is

not directly related to inflation or output, and so is not used as an indicator of future

inflation or output, nor as an information variable for the central bank. Instead, a

money growth target is beneficial because it introduces inertia into the discretionary

policy rule.

3.2 Alternative delegation schemes

The realization that adding inertia to the discretionary policy rule may lead to

improved social outcomes has led researchers to suggest a number of delegation

schemes to deliver monetary policy inertia. First, Woodford (1999b) shows that an

interest rate smoothing objective improves on the discretionary policy, and almost

completely eliminates the inefficiencies of discretionary policy.23 In our model, an

interest rate smoothing objective can be added by assigning the period loss function

L̂IS
t = π2

t + λ̂yy
2
t + λ̂∆i (∆it)

2 (16)

23Woodford uses a purely forward-looking version of the model (that is, with ψy = ψπ = 1) and
also includes a penalty on the level of the interest rate in the loss functions.
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to the central bank, and choosing the parameters λ̂y and λ̂∆i optimally.24

Second, Jensen (1999) introduces inertia by letting the central bank target the

growth rate of nominal income.25 A simple formulation of nominal income growth

targeting is the loss function

L̂NIT
t = π2

t + λyy
2
t + λ̂NI (πt +∆yt)

2 . (17)

As in Jensen (1999) the central bank retains the inflation and output gap targets,

with the same weights as in the social loss function, while the weight on nominal

income growth is chosen optimally.

Third, Walsh (2001) shows that a central bank targeting the change in the output

gap, rather than the level, introduces policy inertia, and argues that this is a better

description of the policy actually followed by the Federal Reserve. Thus, the central

bank is given the period loss function

L̂∆Y T
t = π2

t + λ̂∆y (∆yt)
2 , (18)

where, again, λ̂∆y is optimized.

Finally, Nessén and Vestin (2000) demonstrate that letting the central bank

target the average inflation rate over several periods improves on the outcome of

discretionary policy. Here, a simple version of that delegation scheme is analyzed

using a target for average inflation over two periods. Thus, the loss function is

L̂AIT
t = π̄2

t + λ̂yy
2
t , (19)

where π̄t = 1/2 (πt + πt−1), and where λ̂y is optimized.

Many of these delegation schemes are similar, as is easily seen by substituting the

money demand equation (3) into the loss function under money growth targeting,

which yields

L̂MT
t = π2

t + λ̂yy
2
t + λ̂∆m (πt + α∆yt − γ∆it + εmt )2 . (20)

Since the growth rate of money depends on the inflation rate, the change in the

output gap and the change in the interest rate, the delegation schemes involving

24Note that the λ̂y’s have different interpretation in the different loss functions, depending on
which other variables are included. (Recall that λ̂y is the relative weight on the output gap.)

25A similar scheme, albeit using a direct “instrument rule” (when the interest rate responds to
deviations of nominal income growth to target) rather than the “targeting rules” used here, has
been suggested by McCallum and Nelson (1999a), and is analyzed further by Rudebusch (2000).
For simplicity the formulation in (17) assumes that potential output is constant, so the growth in
real output equals the growth in the output gap. Jensen and Walsh both allow for time-varying
potential output.
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Table 3: Outcomes of alternative delegation schemes in benchmark model

Scheme Relative loss Var(π) Var(y) λ̂∗y λ̂∗w
Precommitment 100.00 19.26 17.37 – –
Pure discretion 135.55 34.19 7.37 – –
Optimized discretion 118.15 23.38 19.27 0.20 –
Money growth target 107.05 19.46 20.89 0.80 1.55
Interest rate smoothing 106.36 19.74 19.95 0.15 0.15
Output gap change target 100.23 19.42 17.18 – 1.45
Nominal income target 104.08 17.97 22.23 – 1.05
Average inflation target 115.80 20.80 23.11 0.15 –

Note: The relative loss is the value of the social loss function (6) as percent of the loss under
precommitment. The parameter λ̂∗w is the optimized weight on the additional target. The first
four rows are the same as in Table 2.

money growth targeting, interest rate smoothing, output gap change targeting and

nominal income growth targeting are all related. Thus it is not surprising that

they should all yield similar results, that is, monetary policy inertia. It is also

apparent that money growth targeting differs from the other schemes in that a third

disturbance term (εmt ) now enters the loss function. The behavior of this disturbance

will of course have important implications for the performance of money growth

targeting relative to the other schemes.

Table 3 shows the results for each of the delegation schemes, using the benchmark

model. (For comparison, the first four rows replicate the results from Table 2. The

last column shows the optimized weight on the additional target variable, denoted

λ̂w as in the general loss function (7).) In this configuration, an output gap change

target leads to the best outcome, and almost replicates the outcome of the optimal

policy under precommitment. A nominal income growth target performs slightly

worse, and tends to over-stabilize inflation, leading to a higher variance of output.

An interest rate smoothing objective is slightly more efficient than the money growth

target, whereas the average inflation target performs worst of the delegation schemes

(except for optimized discretion).26

3.3 Sensitivity analysis

As a check on the sensitivity of the results to changes in parameter values, Table 4

shows the loss obtained from the alternative schemes as certain parameters are

26Nessén and Vestin (2000) analyze also longer averages of inflation, which lead to better out-
comes than the two-period average used here.
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Table 4: Loss in different parameter configurations

Scheme Benchmark ψπ = 0.25 κ = 0.3 σm = 4 λy = 0.25 λy = 2
Pure discretion 135.55 106.15 117.04 135.55 132.42 138.16
Optimized discretion 118.15 101.16 114.10 118.15 118.32 116.64
Money growth target 107.05 100.26 104.89 111.26 104.42 112.20
Interest rate smoothing 106.36 101.16 109.19 106.36 104.10 111.80
Output gap change target 100.23 111.83 100.36 100.23 100.30 100.06
Nominal income target 104.08 100.15 100.13 104.08 100.80 110.10
Average inflation target 115.80 100.96 106.78 115.80 114.75 115.21

Note: Value of the social loss function (6) as percent of the loss under precommitment. Entries in
bold are those with the lowest loss in each configuration.

changed from their benchmark value.27 The relative performance of the different

schemes varies across parameterizations, and comparing the outcomes gives some

further insights about the different delegation schemes.

In most cases, output gap change targeting and nominal income targeting per-

form better than the other schemes, as in the benchmark configuration. However,

when firms are not very forward-looking in their price-setting (so ψπ = 0.25), out-

put gap change targeting leads to a worse outcome than under pure discretion.28

In this case, the future path of the output gap is less important for inflation, so

when the central bank only aims at stabilizing the change in the gap, it chooses to

close the output gap more slowly.29 As a consequence, output gap change targeting

is less successful when inflation is primarily backward-looking. On the other hand,

nominal income targeting and money growth targeting are relatively successful in

this configuration, although the gains from improving on the discretionary outcome

are small.

When the Phillips curve is relatively steep (κ = 0.3), nominal income targeting

and money growth targeting are also successful, but money growth targeting per-

forms worse when the variance of the money demand disturbance is large (σm = 4),

so money demand is more unstable. (The other schemes are of course not affected

by the variance of money demand.)

Varying the social preference for output stabilization (λy) has no effect on the

relative ranking of the schemes. However, interest rate smoothing, money growth

27Several other configurations have also been analyzed, but do not alter the main insights.
The optimized preference parameters in the different configurations are shown in Table B.1 in
Appendix B.

28Varying the degree of forward-looking behavior in the determination of output has barely no
effect on the results.

29The output gap must still be closed in order to stabilize inflation.
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targeting and, in particular, nominal income targeting perform worse as the weight

on output in the social loss function increases. The performance of output gap

change targeting, on the other hand, is hardly affected at all by changes in the

social preference parameter λy.

The interest rate smoothing objective often performs slightly better than the

money growth target, while the average inflation target seems to be the least suc-

cessful of the delegation mechanisms.

In sum, these results suggest that although the performance of the different

delegation mechanisms to some extent depends on the parameters of the model,

targeting the change in the output gap seems to be the most efficient mechanism

on average, followed closely by nominal income growth targeting.30 At the same

time, the performance of output gap change targeting is very sensitive to the degree

of forward-looking behavior in the economy. Interest rate smoothing and money

growth targeting seem to perform slightly worse, while targeting average inflation

over two periods is the least efficient delegation mechanism in this setup.

4 Final remarks

In the simple model used in this paper, there are considerable gains to be made from

delegating a different loss function to the central bank than that of society as a whole.

In many of the configurations analyzed, the stabilization bias of discretionary policy

increases the social loss by 30–40 percent relative to the welfare-optimizing policy

under precommitment. While the different delegation mechanisms considered are

not equally efficient, most of them yield substantial improvements in social outcome

compared with the case of pure discretion. In particular, although other delegation

schemes may be more efficient, there is scope in this model for using a money growth

target to improve on discretionary monetary policy. In this sense, giving a prominent

role to a money growth indicator can be a sensible strategy for monetary policy.

30These results can also be confirmed by optimizing preference parameters in a nested loss
function, similar to equation (20), including the rate of inflation, the level and the growth rate of
the output gap, and the change in the interest rate. In most configurations, the optimal weights on
the level of the output gap and the change in the interest rate are zero, so the outcome coincides
with optimal output gap change targeting in Table 4. When ψπ = 0.25, however, there are positive
weights on both the level and the change of the output gap (of 0.3 and 0.2, respectively), leading
to a loss of 100.08. When κ = 0.3, nominal income growth targeting leads to a better outcome
than also the nested model, apparently due to the cross product of inflation and the change in the
output gap.
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A Model appendix

A.1 State-space representation

The pre-determined state variables in the model are ∆mt, ε
π
t , ε

y
t , ε

m
t , πt, yt and it.

The equations for the two forward-looking variables πt and yt can be written

ψπβEtπt+1 = πt − (1− ψπ)πt−1 − κyt − επt , (A1)

ψyEtyt+1 + ϕEtπt+1 = yt − (1− ψy)yt−1 + ϕit − εyt . (A2)

Defining the vectors of state variables and the vector of disturbances as

x1t =
[
επt εyt εmt ∆mt−1 πt−1 yt−1 it−1

]′
, (A3)

x2t =
[
πt yt

]′
, (A4)

εt =
[
επt εyt εmt 0 0 0 0

]′
, (A5)

the model can be written in compact form as

A0


 x1t+1

Etx2t+1


 = A1


 x1t

x2t


 +B1it +


 εt+1

0


 , (A6)

or

 x1t+1

Etx2t+1


 = Axt +Bit +


 εt+1

0


 , (A7)

where

xt =


 x1t

x2t


 , A = A−1

0 A1, B = A−1
0 B1. (A8)

The parameter matrices and vectors are given by

A0 =




I7 07×2

01×7 ψπβ 0

01×7 ϕ ψy



, (A9)

18



A1 =




0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 1 0 0 −α γ 1 α

0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0

−1 0 0 0 −(1− ψπ) 0 0 1 −κ
0 −1 0 0 0 −(1− ψy) 0 0 1




, (A10)

B1 =
[
0 0 0 −γ 0 0 1 0 ϕ

]′
, (A11)

and the vector εt of disturbances has covariance matrix Σε with σ2
π, σ

2
y, σ

2
m as the

first three elements on the diagonal and zeros elsewhere.

To analyze all different targeting regimes within the same framework, it is useful

to define a vector of potential goal variables as

zt =
[
πt yt ∆mt ∆it ∆yt πt +∆yt π̄t

]′
. (A12)

These goal variables can then be written in terms of the state variables as

zt = Cxxt + Ciit, (A13)

where

Cx =




0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 1

0 0 1 0 0 −α γ 1 α

0 0 0 0 0 0 −1 0 0

0 0 0 0 0 −1 0 0 1

0 0 0 0 0 −1 0 1 1

0 0 0 0 1/2 0 0 1/2 0




, Ci =




0

0

−γ
1

0

0

0




. (A14)

The central bank’s period loss function can be written as

L̂t = z
′
tKzt, (A15)

where K is a matrix of preference parameters with diagonal
{
λ̂π, λ̂y, λ̂∆m, λ̂∆i, λ̂∆y, λ̂NI , λ̂π̄

}
, (A16)

and zeros elsewhere. The loss function for the different targeting regimes are ob-

tained by assigning non-zero values for the following λ̂’s:
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1. Pure commitment and discretion: λ̂π = 1, λ̂y = λy;

2. Optimized discretion: λ̂π = 1, λ̂y optimized;

3. Monetary targeting: λ̂π = 1, λ̂y, λ̂∆m optimized;

4. Interest rate smoothing: λ̂π = 1, λ̂y, λ̂∆i optimized;

5. Output gap change targeting: λ̂π = 1, λ̂∆y optimized;

6. Nominal income growth targeting: λ̂π = 1, λ̂NI optimized;

7. Average inflation targeting: λ̂π̄ = 1, λ̂y optimized;

with all other λ̂’s set to zero.

In terms of the state vector xt, the loss function is

L̂t = z′tKzt

=
[
x′t i′t

]

 C

′
x

C ′
i


K

[
Cx Ci

]

 xt

it




= x′tC
′
xKCxxt + x

′
tC

′
xKCiit + i

′
tC

′
iKCxxt + i

′
tC

′
iKCiit

= x′tQxt + x
′
tUit + i

′
tU

′xt + i
′
tRit, (A17)

where

Q = C ′
xKCx, (A18)

U = C ′
xKCi, (A19)

R = C ′
iKCi. (A20)

Thus, the problem is rewritten on standard form, and we can go on to use the

methods described by Söderlind (1999) to calculate the optimal policy rule under

precommitment and discretion.

A.2 Unconditional variances

Under precommitment, the system develops according to (see Söderlind, 1999)

k1t+1 = Mck1t + εk1t+1, (A21)

k2t = Cck1t, (A22)
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where

k1t =


 x1t

θ2t


 , k2t =




x2t

it

θ1t



, εk1t+1 =


 εt+1

02×1


 , (A23)

and where θjt is the vector of Lagrange multipliers associated with xjt. Thus, letting

Σεk1 be the covariance matrix of εk1t, the covariance matrix of the state variables

and Lagrange multipliers in k1t is given by

Σk1 =McΣk1M
′
c + Σεk1, (A24)

or31

vec (Σk1) = vec (McΣk1M
′
c) + vec (Σεk1)

= (Mc ⊗Mc) vec (Σk1) + vec (Σεk1)

= (I −Mc ⊗Mc)
−1 vec (Σεk1) , (A25)

and the covariance matrix of k2t is

Σk2 = CcΣk1C
′
c. (A26)

Under discretion, the optimal policy rule is of the form

it = Fdx1t, (A27)

and the system develops according to

x1t+1 = Mdx1t + εt+1, (A28)

x2t = Cdx1t. (A29)

Thus, the covariance matrix of the predetermined varibles in x1t is given by

Σx1 = (I −Md ⊗Md)
−1 vec (Σε) , (A30)

and the covariance matrix of x2t is

Σx2 = CdΣx1C
′
d. (A31)

31Use the rules vec(A+B) = vec(A) + vec(B) and vec(ABC) = (C′ ⊗A) vec(B).
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B Optimized preference parameters

Table B.1: Optimized central bank preferences in different parameter configurations

Scheme Benchmark ψπ = 0.25 κ = 0.3 σm = 4 λy = 0.25 λy = 2
Optimized discretion

λ̂∗y 0.20 0.30 0.35 0.20 0.10 0.60
Money growth target

λ̂∗y 0.80 0.30 0.25 0.30 0.20 2.10
λ̂∗∆m 1.55 0.05 0.10 0.25 0.55 1.30

Interest rate smoothing
λ̂∗y 0.15 0.30 0.05 0.15 0.05 0.60
λ̂∗∆i 0.15 0.00 0.05 0.15 0.15 0.15

Output gap change target
λ̂∗∆y 1.45 3.30 0.40 1.45 0.55 10.60

Nominal income target
λ̂∗NI 1.05 0.50 0.95 1.05 1.00 1.45

Average inflation target
λ̂∗y 0.15 0.30 0.25 0.15 0.10 0.55
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Clarida, Richard, Jordi Gaĺı, and Mark Gertler, “The science of monetary policy: A
new Keynesian perspective,” Journal of Economic Literature 37 (4), 1661–1707,
December 1999.

Currie, David and Paul Levine, Rules, Reputation and Macroeconomic Policy Co-
ordination, Cambridge University Press, 1993.

Dotsey, Michael and Andreas Hornstein, “Is the behavior of money useful to a
discretionary policymaker?” manuscript, Federal Reserve Bank of Richmond,
September 2000.

Estrella, Arturo and Jeffrey C. Fuhrer, “Dynamic inconsistencies: Counterfactual
implications of a class of rational expectations models,” Working Paper No. 98-5,
Federal Reserve Bank of Boston, July 1998. Forthcoming, American Economic
Review.

Estrella, Arturo and Frederic S. Mishkin, “Is there a role for monetary aggregates
in the conduct of monetary policy?” Journal of Monetary Economics 40 (2),
279–304, October 1997.

European Central Bank, “A stability-oriented monetary policy strategy for the
ESCB,” Press release, October 13, 1998.

23



———, Seminar on Monetary Analysis: Tools and Applications, European Central
Bank, 2001.

Fuhrer, Jeffrey C. and George Moore, “Inflation persistence,” Quarterly Journal of
Economics 110 (1), 127–159, February 1995.

Fuhrer, Jeffrey C., “Habit formation in consumption and its implications for
monetary-policy models,” American Economic Review 90 (3), 367–390, June 2000.

Gerlach, Stefan and Lars E. O. Svensson, “Money and inflation in the Euro area:
A case for monetary indicators?” Working Paper No. 8025, National Bureau of
Economic Research, December 2000.

Hansen, Lars Peter and Thomas J. Sargent, Robust Control and Filtering for
Macroeconomics, book manuscript, Stanford University, April 2001.

Ireland, Peter N., “Money’s role in the monetary business cycle,” Working Paper
No. 458, Boston College, April 2000.

Jensen, Henrik, “Targeting nominal income growth or inflation?” Discussion Paper
No. 2341, Centre for Economic Policy Research, December 1999.

Kydland, Finn E. and Edward C. Prescott, “Rules rather than discretion: The
inconsistency of optimal plans,” Journal of Political Economy 85 (3), 473–491,
June 1977.

———, “Dynamic optimal taxation: Rational expectations and optimal control,”
Journal of Economic Dynamics and Control 2 (1), 79–91, February 1980.

Lansing, Kevin J., “Learning about a shift in trend output: Implications for mon-
etary policy and inflation,” Working Paper No. 00-16 (revised version), Federal
Reserve Bank of San Francisco, January 2001.

McCallum, Bennett T. and Edward Nelson, “Nominal income targeting in an open-
economy optimizing model,” Journal of Monetary Economics 43 (3), 553–578,
June 1999a.

———, “An optimizing IS-LM specification for monetary policy and business cycle
analysis,” Journal of Money, Credit, and Banking 31 (3), 296–316, August 1999b.

———, “Performance of operational policy rules in an estimated semiclassical struc-
tural model,” in Taylor, John B. (ed.), Monetary Policy Rules , Chicago University
Press, 1999c.

———, “Timeless perspective vs. discretionary monetary policy in forward-looking
models,” manuscript, Carnegie Mellon University, September 2000.

McCallum, Bennett T., “Crucial issues concerning central bank independence,”
Journal of Monetary Economics 39 (1), 99–112, June 1997.

24



———, “Monetary policy analysis in models without money,” Working Paper No.
8174, National Bureau of Economic Research, March 2001.

Nessén, Marianne and David Vestin, “Average inflation targeting,” Working Paper
No. 119, Sveriges Riksbank, December 2000.

Peersman, Gert and Frank Smets, “Uncertainty and the Taylor rule in a simple
model of the Euro-area economy,” International Finance 2 (1), 85–116, April
1999.

Roberts, John M., “New Keynesian economics and the Phillips curve,” Journal of
Money, Credit, and Banking 27 (4), 975–984, November 1995.

———, “Is inflation sticky?” Journal of Monetary Economics 39 (2), 173–196, July
1997.

———, “How well does the New Keynesian sticky-price model fit the data?” Finance
and Economics Discussion Paper No. 2001-13, Board of Governors of the Federal
Reserve System, February 2001.

Rogoff, Kenneth, “The optimal degree of commitment to an intermediate monetary
target,” Quarterly Journal of Economics 100 (4), 1169–89, November 1985.

Rotemberg, Julio J. and Michael Woodford, “An optimization-based econometric
framework for the evaluation of monetary policy,” in Bernanke, Ben S. and Julio J.
Rotemberg (eds.), NBER macroeconomics annual , The MIT Press, Cambridge,
Mass., 1997.

Rudebusch, Glenn D. and Lars E. O. Svensson, “Policy rules for inflation targeting,”
in Taylor, John B. (ed.), Monetary Policy Rules , Chicago University Press, 1999.

———, “Eurosystem monetary targeting: Lessons from U.S. data,” Working Paper
No. 7179 (revised version), National Bureau of Economic Research, May 2000.
Forthcoming, European Economic Review.

Rudebusch, Glenn D., “Assessing nominal income rules for monetary policy with
model and data uncertainty,” Working Paper No. 2000-03, Federal Reserve Bank
of San Francisco, February 2000.
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