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Introduction

Over the recent years, there has been a great resurgence of interest on how to conduct monetary

policy. In a famous paper, Taylor (1993) showed that US monetary policy after 1986 is well

characterized by a simple rule wherein the interest rate – the nominal Federal funds rate –

responds positively to the inflation rate and the output gap. This rule presents the attractive

empirical feature to be robust across periods, monetary regimes and countries (see Clarida,

Gaĺı and Gertler, 1998, 2000, Judd and Rudebush, 1988 and Taylor, 1999). For example,

Clarida, Gaĺı and Gertler (1998) report estimates of monetary policy reaction functions for

Germany, Japan and US since 1979 and show that nominal interest rate has raised sufficiently

in order to increase real rates when expected inflation moves above its long-run target. Moreover,

despite some substantial differences across periods, the estimated slope parameter between the

nominal interest rate and the expected inflation generally has the expected sign and is significant.

Descriptive and prescriptive interpretations may be given to the estimated Taylor rule (see

Taylor, 1999). First, it can be used as a way to examine several episodes of monetary history.

In this case, the estimated rule does not necessarily represent the “true” central bank behavior,

but rather a description of the monetary policy in different historical time periods when there

were many different policy regimes. Taylor (1999) discusses how to use a Taylor rule in order

to interpret the parameter estimates in several types of regimes. Second, the estimated rule can

be considered as a guideline – or explicit formula – for the central bank to follow when making

monetary policy decisions. In this case, the Taylor rule describes how a central bank sets the

nominal interest rate in response to economic variables (the inflation rate and the output gap).

The aim of this article is to show that the previous estimations of Taylor rule should not be

thought of as an accurate representation of the central bank behavior but may just account for

an equilibrium relation between the nominal interest rate and the expected inflation rate in an

equilibrium of a monetary economy – consistent with the monetary transmission mechanism –

with exogenous money growth rule.

Any monetary rule must be estimated using aggregate data which are the realization of the

economic equilibrium, i.e a reduced form that defines a set of endogenous variables in terms of

exogenous and predetermined variables. Therefore, the econometrician must use a set of relevant
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instrumental variables in order to identify and estimate the structural equation that defines the

central bank behavior. Empirical studies on the Taylor rule generally use lagged inflation and

lagged nominal interest rate as instrumental variables (see Clarida, Gaĺı and Gertler, 1998,

2000).1 Using the same procedure, we estimate the relation between the nominal interest rate

and the expected inflation under a sticky prices model with an exogenous money growth rule and

technology shock. This model is chosen because it is consistent with the monetary transmission

mechanism. Using the Vector Autoregression methodology, the empirical literature usually find a

non–neutrality property of money in the short–run. More specifically, following a contractionary

monetary policy, there is a persistent decline in real GDP and prices are almost non responsive

in the very short–run but decrease. These results seem to be robust to different identification

schemes (see e.g. Sims (1992), Christiano, Eichenbaum and Evans (1996), (1999), Sims et Zha

(1995) and Leeper, Sims et Zha (1996)). We use this model with exogenous money growth rule

and technology shock as a Data Generating Process (DGP). This DGP allows to reproduce some

features of actual data, which are taken as the realization of an unknown – to the econometrician

– stochastic process. The features we are interested in include conditional moments on the

nominal interest rate and inflation.

In order to keep the results tractable, we use in a first step the following simple setting. First,

we consider a simple sticky prices model without capital accumulation. Second, we introduce

a simple Taylor type rule that aims at describing only the co-movements between the nominal

interest rate and the expected inflation. Third, we do not introduce overidentifying restrictions

for the GMM estimation. These simplifications allow us to explicitly express the GMM estimator

of the Taylor type rule as a non-linear function of the parameters of the forcing variables, i.e. the

parameters that describe the exogenous money growth rule and technology shock. Nevertheless,

without technology shocks, the GMM estimator takes a simple form as it is a decreasing function

of the persistence of the growth rate of money supply. We thus show that the estimated relation

between the nominal interest rate and the expected inflation is very close to the empirical

estimates from actual data spanning the period 1979.3–2001.1 (see Clarida, Gaĺı and Gertler

(2000)) for a reasonable calibration of the parameters of the forcing variables. This result thus

questions the previous estimates of the Taylor rule when they are interpreted as the central bank

behavior.
1See Hetzel (2000) for a critical survey on estimated Taylor rule.
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We then extend our simple setting in various ways. First, we use a sticky prices model with

capital accumulation. Second, we relax the restrictive specification of the interest rule that

implies an immediate adjustment of the actual Funds rate to its target level, by allowing to

a partial adjustment to the target. This partial adjustment may thus be interpreted as an

indicator of the degree of smoothing of interest rate changes. Third, we introduce overidentifying

restrictions for the GMM estimation. Using simulations, we compute the conditional moments

associated to this Taylor type rule under the sticky price model. We show that the model is still

able to match the estimated Taylor type rule including past nominal interest rate and expected

inflation.

The paper is organized as follows. A first section presents the sticky price model and char-

acterizes the estimated Taylor type rule under this model with exogenous money growth rule

and technology shock. In section two, we briefly present a sticky prices model with capital

accumulation and discuss the main results. A last section offers some concluding remarks.

1 Interest rate and inflation in a sticky prices model

This section is devoted to the exposition of the model. We set up a sticky prices model with mo-

nopolistic competition, consistent with the monetary transmission mechanism (see e.g. Hairault

and Portier (1993), Benassy (1995), King and Wolman (1996), Gaĺı (1999) and Ireland (1991)).

We assume two exogenous driving forces: technology and monetary supply shocks. The model

is deliberately stylized in order to deliver basic results on the nominal interest rate and expected

inflation co-mouvements. Thus, at this stage, capital accumulation, complete specification of the

Taylor rule and overidentifying restrictions for GMM estimation are ignored. Some assumptions

on the functional form – preferences and technology – make it possible to determine a closed

form expression of the Taylor type rule with exogenous money growth rule.

1.1 The monetary economy

We briefly present the main ingredients of the monetary economy.

Households

The economy is comprised of a unit mass continuum of identical infinitely lived agents. A

representative household enters period t with nominal balances Mt brought from the previous
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period and nominal bonds Bt. The household supplies labor at the real wage Wt/Pt. During

the period, the household also receives a lump–sum transfer from the monetary authorities in

the form of cash equal to Nt, profit from the firm Πt and real interest rate payments from bond

holdings ((Rt−1−1)Bt/Pt). All these revenues are then used to purchase a consumption bundle,

money balances and nominal bonds for the next period. Therefore, the budget constraint simply

writes as

Bt+1 + Mt+1 +
∫ 1

0
Pi,tCi,tdi = Wtht + Rt−1Bt + Mt + Nt + Πt

Money is held because the household must carry cash — money acquired in the previous period

and the money lump sum transfer — in order to purchase goods. She therefore faces a cash–in–

advance constraint of the form :
∫ 1

0
Pi,tCi,tdi 6 Mt + Nt + Rt−1Bt −Bt+1

Each household has preferences over consumption and leisure represented by the following in-

tertemporal utility function :

Et

∞∑
τ=t

βτ−t [log(Cτ )− hτ ] (1)

where β ∈ (0, 1) is the discount factor, ht denotes the number of hours supplied by the household.

Et denotes the expectation operator conditional on the information set available in period t. Ct

is a composite consumption index defined by :

Ct =
(∫ 1

0
C

(ε−1)/ε
i,t di

)ε/(ε−1)

where Ci,t is the quantity of good i ∈ [0, 1] consumed in period t and ε > 1 is the elasticity of

substitution among consumption goods. The price of good i is given by Pi,t and

Pt =
(∫ 1

0
P 1−ε

i,t di

)1/(1−ε)

The household determines her optimal consumption/saving, labor supply and money and bond

holdings plans maximizing utility subject to the budget and cash–in–advance constraint. The

quantity of good i consummed in period t is given by :

Ci,t =
(

Pi,t

Pt

)−ε

Ct

Consumption behavior together with labor supply yields

Pt

Wt
= βEt

Pt

Pt+1

1
Ct+1
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whereas nominal return of bond holdings is given by :

Rt =
Wt

PtCt

This last equation together with the CIA constraint determines the money demand where the

real balances are a decreasing function of the nominal interest rate for a given real wage.

Firms

In this economy, there is a continuum of firms distributed uniformly on the unit interval. Each

firm is indexed by i ∈ [0, 1] and produces a differentiated good with the previous linear technology

Yi,t = Athi,t

The technology shock follows an AR(1) process

log(At) = ρa log(At−1) + (1− ρa) log(Ā) + σεaεa
t

where εa
t is a white noise with unit variance, σεa > 0 and |ρa| < 1. At the end of period t−1, i.e.

before the observation of the realization of the money supply and technology shocks in period t,

firm i sets the price Pi,t at which it will be selling good i during period t, for a given aggregate

price Pt. The firm is owned by the household, and pays its profits out to the household at

the end of each period. Because of the CIA constraint on the household consumption, the firm

discounts its profit using Φt+1 = β/(Pt+1Ct+1). Therefore, the firm i will seek to maximize for

a given wage Wt

max
Pi,t

Et−1 [Φt+1 (Pi,tYi,t −Wthi,t)]

subject to

Yi,t =
(

Pi,t

Pt

)−ε

Ct

The first order condition associated with the firm problem is :

Pi,t = µEt−1 (Wt/At)

where µ = ε/(ε− 1).

Money Supply and Government Budget Constraint

Money is exogenously supplied according to the following money growth rule

Mt+1 = γtMt
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where γt follows an AR(1) process :

log(γt) = ργ log(γt−1) + (1− ργ) log(γ̄) + σεγεγ
t

εγ
t is a white noise with unit variance, σεγ > 0 and |ργ | < 1. The government issues nominal

bonds Bt to finance open market operations.2 The government budget constraint is

Mt+1 + Bt+1 = Mt + Rt−1Bt + Nt

with M0 and B0 given.

Equilibrium

An equilibrium is a sequence of prices and allocations, such that given prices, allocations max-

imize profits (when taking technological choice into account) and maximize utility (subject to

the savings behavior), and all markets clear. In a symmetric equilibrium, all firms will set the

same price Pt and choose identical output and hours. The equilibrium conditions are approxi-

mated using a log-linearization about the deterministic steady state. Using the cash constraint,

inflation is defined as

π̂t = γ̂t + ŷt−1 − ŷt (2)

whereas output is given by

ŷt = ρaât−1 + γ̂t − ργ(1 + ργ)γ̂t−1 (3)

Finally, the nominal interest rate is

R̂t = (1 + ργ)(γ̂t − ργ γ̂t−1) + ρaât−1 − ŷt (4)

A nice feature of this approximate economy is that the log-linear solution, i.e. aggregate fluctu-

ations in deviation from the deterministic steady–state, depends only on the parameters of the

forcing variables θ = {ρa, σεa , ργ , σεγ}. In what follows, we will assume that the two shocks are

serially and positively correlated (ρa ∈ (0, 1) and ργ ∈ (0, 1)).

1.2 The Taylor Type Rule

The monetary model with exogenous money growth rule and technology shocks constitutes the

Data Generating Process (DGP). This DGP allows to generate actual data3, which are taken
2These nominal bonds could also be used to finance government consumption. Nevertheless, this issue is

beyond the scope of the paper.
3Implicitly, we assume the our monetary model provides the ”true” DGP of actual data.
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as the realization of an unknown – to the econometrician – stochastic process. The features we

are interested in include conditional moments on the nominal interest rate and inflation. More

precisely, we specify the following Taylor type rule

R̂t = ηEtπ̂t+1 (5)

where the hat denotes the percentage of deviation from the long run value. As the previous

equation concerns demeaned variables, we have Cov(x̂, ŷ) = E(x̂ŷ) for any {x, y} = {R, π}.
This Taylor type rule incorporates only the expected inflation rate and aims at describing the

joint behavior of the nominal interest rate and the expected inflation. Previous empirical results

suggest that the estimated parameter of (expected) output gap is marginally significant for the

Volcker–Greenspan era (see Clarida, Gaĺı and Gertler, 2000). Conversely, the estimates of η are

significant, positive and exceeds unity in most cases (see Taylor, 1999 and Clarida, Gaĺı and

Gertler, 2000). We will consider further a more general specification, adding past nominal

interest rate in the rule. Equation (5) can be expressed in terms of observables :

R̂t = ηπ̂t+1 + εt+1 (6)

where εt+1 = −η (π̂t+1 −Etπ̂t+1). It is worth noting that the nominal interest rate R̂t and

the inflation rate π̂t+1 correspond to the equilibrium conditions of the monetary model with

exogenous money growth rule and technology shock. From equations (2)-(4) and the process of

the two exogenous variables, one gets :

π̂t = (1 + ργ(1 + ργ))γ̂t−1 − ργ(1 + ργ)γ̂t−2 − ρaât−1 + ρaât−2 (7)

R̂t = ργ γ̂t (8)

The observed values of the nominal interest rate R̂t and the inflation rate π̂t+1 are the realizations

of the sticky price model but we assume that the econometrician use these data as actual

data without any explicit knowledge about the DGP. In order to estimate the central bank

behavior, the econometrician will use a set of instrumental variables that aim at describing

informative shifts in money demand behavior. For simplicity and tractability, we assume that

she uses a single instrument. As we are interested in the nominal interest rate and inflation

co-mouvements, the necessary condition for identification of the central bank policy function

is fulfilled. Let zt denote a single instrument known in period t. This instrument verifies the

following orthogonality condition

E (εt+1zt) = 0
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or equivalently

E
((

R̂t − ηπ̂t+1

)
zt

)
= 0 (9)

Equation (9) is the basis of the GMM estimation of the parameter η. As the number of or-

thogonality conditions is equal to the number of parameter of interest, it follows that the GMM

estimator (or IV estimator in this simple case) is free from any weighting matrix and can be

obtained directly from (9). Following previous empirical works (see Clarida, Gaĺı and Gertler,

2000), the instrumental variable is one lag inflation rate.4 The orthogonality condition (9) is :

E
((

R̂t − ηπ̂t+1

)
π̂t−1

)
= 0 (10)

From (10), a GMM estimator η̂θ of η is thus given by :

η̂θ =
Covθ

(
R̂t, π̂t−1

)

Covθ (π̂t+1, π̂t−1)
(11)

The estimated parameter η̂θ depends on the parameters of the forcing variables θ, i.e. the

parameters that describe the exogenous money growth rule and the technology shock. From

equations (7)–(8), the two covariances can be easily deduced

Covθ (π̂t+1, π̂t−1) = ρ4
γ

(
1 + ργ(1− ρ2

γ)
)
σ2

γ − ρ3
a(1− ρa)2σ2

a

Covθ

(
R̂t, π̂t−1

)
= ρ3

γ

(
1 + ργ(1− ρ2

γ)
)
σ2

γ

where σ2
γ = σ2

εγ/(1− ρ2
γ) and σ2

a = σ2
εa/(1− ρ2

a). The GMM estimator η̂θ of η under the sticky

price model is given by :

η̂θ =
ρ3

γ

(
1 + ργ

(
1− ρ2

γ

)) (
1− ρ2

a

)
σ2

εγ

ρ4
γ

(
1 + ργ

(
1− ρ2

γ

))
(1− ρ2

a) σ2
εγ − ρ3

a (1− ρa)
2 (

1− ρ2
γ

)
σ2

εa

(12)

In the absence of technology shock (σεa = 0 and/or ρa = 0), the GMM estimator of η under the

monetary model depends only on the exogenous money growth rule parameter :

η̂θ = ρ−1
γ

The GMM estimator is strictly positive5, provided the growth rate of money supply displays

positive serial correlation. Moreover, given some estimates of ργ , it follows that the estimated

value of η is greater than one and is close to the ones of estimated Taylor rule (see Clarida,
4Clarida, Gaĺı and Gertler (2000) include lagged inflation rates up to four lags. To keep tractable results, we

do not introduce over–identifying conditions and consider only one lag inflation rate as the instrumental variable.
5Auray and Feve (2002) show that a flexible prices model provides a similar GMM estimator of the Taylor

type rule.
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Gaĺı and Gertler (2000), tables II and III, p 157 and 160 and Table 1 below). For example,

ργ ∈ (1/2, 2/3) – which corresponds to the range of estimates – implies a GMM estimator of the

Taylor rule between 1.5 and 2.

Without money supply shock (σεγ = 0 and/or ργ = 0), the model implies a zero value for the

GMM estimator of η. In this case, the nominal interest rate remains constant. This shows

the role played by money shock in order to replicate the observed positive relation between the

nominal interest rate and the expected inflation.

1.3 Empirical Results

In order to quantitatively illustrate these findings, we compute the GMM estimator of η with

respect to θ. For comparative purposes, the parameters vector θ is calibrated on U.S. data. For

the technology shock, we retain the standard values ρa = 0.95 and σεa = 0.007. Concerning the

money shock, we estimate an autoregressive process of order one for the sample period 1979.3–

2001.1 on quarterly data. We consider alternatively M1 and M2 as measures of the money stock.6

The estimated values are reported in the bottom of Table 1. In order to compare the model with

the actual U.S. data, we estimate the Taylor type rule (5) for the period 1979.3–2001.1. We use

as the nominal interest rate the Federal Funds rate. The measure of inflation is the rate of change

in the GDP deflator between two subsequent quarters. The GMM estimator is obtained with

the lagged inflation rate as the instrumental variable and the weighting matrix is computed us-

ing a VARHAC(1) estimator of the long run covariance matrix (see den Haan and Levin (1997)).

The estimated value of η (see the first column of Table 1) is significantly larger than unity and

is very close to previous estimates.7 Figure 1 illustrates this result, where the 45◦ solid line

corresponds to E(R̂t/π̂t−1) = E(π̂t+1/π̂t−1) or equivalently η = 1 in the Taylor type rule (5).

The slope appears greater than unity, i.e. the forecast of nominal interest rate based on past

inflation raises sufficiently in order to increase real rates when expected inflation based on past

inflation increases.

The GMM estimator η under the model is obtained using the formula (12). Table 1 shows that
6All the data were obtained from the Federal Reserve Data Bases available at

http://www.stls.frb.org/fred/data/. Money: m1sl and m2sl. Quarterly data are obtained by quarter
average. Federal fund rate: fedfunds, monthly frequency, average of daily figures. The quarterly rate is defined
as the first month of each quarter. GDP deflator: gdp for GDP in current dollars divided by gdpc1 for the GDP
of chained 1996 dollars, S.A.

7Clarida, Gaĺı and Gerler (2000) obtained an estimated value of η around 2 over the sample 1979.3–1996.4
(see table II p. 157 and table III p. 160).
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Figure 1: Interest Rate and Expected Inflation from actual data
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Table 1: GMM estimates of η

Data Model
Money supply with M1

1.834 1.473
(0.315) [25.1%]

Money supply with M2

1.834 1.648
(0.315) [55.4%]

Note : The GMM estimate from actual data is robust to both
heteroskedasticity and serial correlation, using a VARHAC(1) es-
timator. Money supply with M1: ργ = 0.691 and σεγ = 0.0104.
Money supply with M2: ργ = 0.647 and σεγ = 0.0065. Technology
shock: ρa = 0.95 and σεa = 0.007. Standard–errors in parentheses.
P-value of the Wald W statistic in brackets.
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this GMM estimator η̂θ largely exceeds the unity and is very close to empirical estimates on

actual data. Moreover, the change in the parameters of the forcing variable have a sensible

effect on η̂θ (see the difference between M1 and M2). We thus compare this estimator from

the structural model to the one obtained from the actual data. The Wald statistic for the null

hypothesis η̂T = η̂θ is given by

W = (η̂T − η̂θ)2σ̂ −2
T

where σ̂T denotes a consistent estimate of the standard-error of η̂T . The statistic is thus asymp-

totically distributed as a chi-square with one degree of freedom. The P-value of the Wald

statistics clearly shows that the model is able to match the actual conditional moments on the

nominal interest rate and the expected inflation.

2 Interest rate and inflation with capital accumulation

This section extends the previous one in various way. First, we introduce capital accumulation

in the sticky prices model. Second, we relax the restrictive assumption of immediate adjustment

of the actual Fund rate and thus consider interest smoothing in the Taylor rule. Finally, we

introduce overidentifying restrictions for the GMM estimation.

2.1 A sticky prices model with capital accumulation

In the previous section, we do not consider the accumulation of physical capital. The model

now incorporates capital stock in households’budget constraint and consider monopolistic com-

petition among intermediate–goods producers.

Households

The economy is comprised of a unit mass continuum of identical infinitely lived agents with the

same intertemporal utility function. The budget constraint of the household is given by :

Mt+1 + Bt+1 + PtIt + PtCt ≤ Mt + Nt + Rt−1Bt + PtqtKt + Wtht + Πt (13)

The household enters period t with some nominal balances, Mt, that corresponds to its money

demand at the end of period t − 1, and a stock of capital, Kt. The household supplies her

labor on the labor market at the real wage rate Wt/Pt and rents out capital at the real rental

rate, qt. During the period the households gets a lump-sum transfer of cash from the monetary

authorities equal to Nt, interest payments from bond holdings Rt−1Bt and returns from capital
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stock qtKt. These revenues are used to consume Ct, to invest, It, get money and bonds for the

next period, Mt+1 and Bt+1. Investment is used to form capital according to the following law

of motion :

Kt+1 = (1− δ)Kt + It (14)

where δ ∈ (0, 1) is the depreciation rate. Money is held because the household faces a cash–in–

advance constraint :

PtCt ≤ Mt + Nt + Rt−1Bt −Bt+1 (15)

The problem of the representative household is then to choose her consumption–savings, labor

and real balances plans to maximize (1) subject to (13),(14) and (15), given initial conditions.

The household’s optimal behavior is then given by the set of first order conditions :

Pt

Wt
= βEt

[
Pt+1

Wt+1
(qt+1 + 1− δ)

]

1 = βEt

[
Wt

Pt+1Ct+1

]

1
PtCt

= βEtRt

[
1

Pt+1Ct+1

]

Final good firm

In each period, a final good, Yt, is produced by a perfectly competitive firm using inputs supplied

by a continuum of intermediate–goods–producing firms indexed by i ∈ (0, 1) using the CES

technology :

Yt =
[∫ 1

0
Yt(i)θ

] 1
θ

with 0 < θ ≤ 1

where Yt(i) is the input of intermediate good i and 1/(1 − θ) is the elasticity of substitution

between goods. Let Pt(i) and Pt denote, respectively, the price of the intermediate good i and

of the final good. The demand for good i expresses as :

Y d
t (i) =

[
Pt

Pt(i)

] 1
1−θ

Yt

from which we get the following expression for the aggregate price index :

Pt =
[∫ 1

0
Pt(i)

θ
θ−1 di

] θ−1
θ
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Intermediate Goods Firms

There is a continuum of firm, i ∈ (0, 1), each firm produces a particular good by means of capital

and labor according to a constant returns–to–scale technology, represented by the production

function :

Yt(i) = AtKt(i)α
(
γtht(i)

)1−α with α ∈ (0, 1) (16)

where γ > 1 is the labor augmenting technical progress. Kt(i) and ht(i) respectively denote

the physical and labor input used by firm i in the production process. At is an exogenous

stationary stochastic process whose time series properties are the same than in the previous

model. Assuming that each firm i operates under perfect competition in the input markets, the

firm determines its production plan so as to minimize its total cost Wtht(i)+QtKt(i) subject to

(16), where Qt denotes the nominal rental rate. Producers are monopolistically competitive on

the good market, and therefore set prices for the good they produce. Since the price setting is

independent of any firm characteristic, all firms choose the same price. The intermediate price

index is given by :

Pt =
1
θ
Et−1

[
1
At

Qα
t W

(1−α)
t α−α(1− α)(α−1)

]
(17)

Equilibrium

An equilibrium of this economy is a sequence of prices {P∞t=0} = {Pt,Wt, qt, Rt}∞t=0 and a se-

quence of quantities {Q∞t=0} = {QH∞t=0, QF∞t=0} with {QH∞t=0} = {Ct, Bt+1,Kt+1, ht,Mt+1, Nt}
and {QF∞t=0} = {Yt, Yt(i),Kt(i), ht(i)} (i ∈ (0, 1)) such that: 1) for a given sequence of prices

{Pt}, and a sequence of shocks, {QH∞t=0} is a solution to the representative household’s problem;

2) for a given sequence of prices {Pt}, and a sequence of shocks, {QF∞t=0} is a solution to the

representative firms’ problem; 3) for a given sequence of quantity Qt and a sequence of shocks,

the sequence {P∞t=0} clears the markets Yt = Ct + It + Gt, ht =
∫ 1
0 ht(i)di and Kt =

∫ 1
0 Kt(i)di

and the money market, on which money is exogenously supplied; 4) prices satisfy equation (17).

2.2 The Taylor rule

We use this model as a DGP which allows to reproduce additional features of actual data, which

is still taken as the realization of an unknown stochastic process. The Taylor rule is now specified

as follows :

R̂t = ρR̂t−1 + ηEtπ̂t+1 (18)

14



This Taylor type rule incorporates the lagged interest rate and the expected inflation rate.

Equation (5) is rather standard as we follow the specification proposed by Clarida, Gaĺı and

Gertler (2000). The specification combines a partial adjustment of actual interest rate to the

target and a target specification which includes the expected inflation :

R̂t = ρR̂t−1 + (1− ρ)R̂?
t

where

R̂?
t = η̃Etπ̂t+1

and η̃ = η/(1− ρ). Equation (18) can be expressed in terms of observable :

Rt = ρRt−1 + ηEtπt+1 + εt+1 (19)

where εt+1 = −η (πt+1 −Etπt+1). Let Zt denotes a vector of instruments known in period t .

This instruments verifies a set of orthogonality conditions :

E (εt+1 ⊗ Zt) = 0

or equivalently

E ((Rt − ρRt−1 − ηπt+1)⊗ Zt) = 0 (20)

where ⊗ denotes the kronecker product. Equation (20) is the basis of the GMM estimation

of the parameters ψ = {ρ, η} given a weighting matrix that accounts for possible serial cor-

relation. Necessary identifiability conditions impose that the number of instrument will be

greater than equal to the number of parameters to estimate. We closely follow previous em-

pirical studies as our instrument set includes past values of the nominal interest and the in-

flation rate. More precisely, we use two sets of instrumental variables: Z1,t = {Rt−1, πt−1}
and Z2,t = {Rt−1, ..., Rt−4, πt−1, ..., πt−4}. In the first case, the number of moments conditions

is equal to the number of parameters to estimate, whereas in the second case there exists six

overidentifying restrictions. These restrictions can be tested in order to check for the validity

of this specification given the set of instrumental variables. Note that we need an estimate of

the weighting matrix before estimating ψ and we need an estimate of ψ before estimating this

matrix. An approach suggested by Hansen (1982) is to iterate back and forth between parameter

estimation and weighting matrix estimation until a fixed point for ψ is reached. A last point

concerns the weighting matrix estimation procedures. The weighting matrix is computed using

a VARHAC(1) estimator of the long run covariance matrix.
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Consider ψ̂T an estimate of ψ using equations (20). The estimated value summarizes a set of

conditional moments for the joint process {Rt, Rt−1, πt+1}. If the Hansen J–test does not reject

the model, we can consider that this simple parametric and parsimonious model account for

most of the features of the nominal interest and inflation rates. We use this description of the

data in order to assess the fit of the sticky prices model with respect to the specification (18).

Contrary to the previous section, we can not able to directly compute the estimated parameters

of the Taylor rule under the sticky price model, particulary when we introduce overidentifying

restrictions. We thus proceed as follows. First, from the approximate log-linear solution and

given the vector of the structural parameters θ (see table (2)), initials conditions and the shocks,

a simulated path of length T , denoted R̃t(θ) and π̃t(θ), t = 1, ..., T is performed. Second, an

estimate ψ̃T (θ) for ψ minimizes the quadratic form

g′T WT gT

where gT is the simulated sample analog of (9) :

gT =
1
T

T∑

t=1

((Rt − ρRt−1 − ηπt+1)⊗ Zt)

The weighting matrix WT is estimated using the same estimator than in actual data.

The simulation is only used to compute ψT (θ) because direct calculations are complicated. As

T becomes large, we may expect that ψ̃T (θ) ≈ ψθ. The estimated value of ψ obtained under

the model is then compared to the one obtained from the data. Moreover, using the covariance

matrix of ψ̂T , one may construct a Wald statistic

W =
(
ψ̂T − ψ̃T (θ)

)
Σ̂−1

T

(
ψ̂T − ψ̃T (θ)

)′

where Σ̂T denotes an estimate of the covariance matrix of ψ. In our case, the two parameters

of interest are ρ and η. The statistic is thus asymptotically distributed as a chi-square with two

degrees of freedom. Note also that we can construct a Wald statistic associated to each element

of ψ separately.

2.3 Empirical Results

Before any simulation experiments, we need to fix the structural parameters. This concerns the

deep parameters which represent preferences and technology and the parameters associated to

the forcing variables. The discount factor is set to 0.989 implying a long run real interest rate

16



equals to 4.4% per year. The labor share is fixed to 65%. The parameters of the forcing variables

are fixed as in the previous section (see the note below the table (1)).

Table 2: Calibration

Parameters Value Description
β 0.989 Subjective discount factor
δ 0.019 Rate of depreciation of the capital stock
α 0.65 Labor share
γ 1.015 Steady state growth rate

The GMM estimator of ψ under the model is obtained using T = 1000. In table 3, we report

the GMM estimates from actual data and from simulated data. The estimated value of ρ

is very close to previous estimates (see Clarida, Gali and Gerler (2000), Table II, p. 157).

The estimate of the smoothing parameter is high, suggesting considerable nominal interest rate

inertia. Moreover, the long run value of η is equal to 1.725 and is significantly greater than

one. Under the sticky price model, the estimated parameters of the Taylor rule present very

similar values. The estimate of the smoothing parameter exceed 0.5 and the long run value of η

is significantly greater than one using alternatively M1 and M2 as measure of the money stock.

However, the estimated long run value of η appears sensitive to the changes in the parameters

of the forcing variable. For example, using the calibrated value of ργ and σεγ for M1, the long

run value of η exceeds significantly two.

Table 3: GMM estimates of η with Z1,t

Parameters Data Model
Money supply with M1

ρ 0.581 0.551
(0.121) [80.7%]

η 0.723 1.266
(0.325) [9.4%]

W [0%]
Money supply with M2

ρ 0.581 0.574
(0.121) [95.7%]

η 0.723 0.714
(0.325) [93.8%]

W [97.2%]

Note : see Table 1.
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Using the calibrated values of the forcing variables for M2, the estimated parameters of the

Taylor rule are very close to estimated values on actual data. We obtain ρθ = 0.57 and η?
θ =

ηθ/(1 − ρθ) = 1.68. In this case, the P-value of the Wald statistic shows that the sticky price

model is able to match the estimated Taylor rule from actual data.

We now consider the case of overidentifying restrictions. Four lags of the nominal interest rate

and the inflation are used. Table 4 shows that these restrictions have a marginal effect on the

parameters estimates. Moreover, the Hansen J-test indicates that this specification cannot be

rejected at standard level.

Table 4: GMM estimates of η with Z2,t

Parameters Data Model
Money supply with M1

ρ 0.560 0.571
(0.051) [86.5%]

η 0.742 1.117
(0.100) [0%]

W [0%]
Money supply with M2

ρ 0.560 0.558
(0.051) [95.7%]

η 0.742 0.8689
(0.100) [77.9%]

W [95.9%]

Note : see Table 1.

Table 4 confirms the previous results. First, the estimated parameters of the Taylor rule are

close to estimated values on actual data. Second, the P-value of the Wald statistic clearly shows

that the sticky prices model with exogenous money growth rule is able to match the estimated

Taylor rule from actual data.
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3 Concluding remarks

In this paper, we show that a sticky prices model with exogenous money growth rule is able to

match the relation between the nominal interest rate and the expected inflation. This result

thus questions the previous estimates of the Taylor rule. They do not necessarily represent the

central bank behavior. They rather could represent a relation between the nominal interest

rate and the expected inflation in an equilibrium of a monetary economy with exogenous money

growth rule. From these preliminary results, several issues may be worth considering. First, the

Taylor rule must include output gap. Second, we have to check the robustness of the results

with respect to other specifications and market arrangements.
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