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Abstract

What caused the U.S. economy�s shift from the Great In�ation era to the Great

Moderation era? A large literature shows that the shift was achieved by the change in

monetary policy from a passive to an active response to in�ation. However, Coibion and

Gorodnichenko (2011) attribute the shift to a fall in trend in�ation along with the policy

change, based on a solely estimated Taylor rule and a calibrated staggered-price model.

We estimate the Taylor rule and the staggered-price model jointly and demonstrate

that the change in monetary policy responses to in�ation and other variables su¢ ces

for explaining the shift.
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1 Introduction

What caused the shift from the Great In�ation era to the Great Moderation era in the

U.S. economy? Since the seminal work by Clarida, Galí, and Gertler (2000), a large body of

literature has regarded the Great In�ation era as a consequence of indeterminate equilibrium,

which lasted until determinacy was restored in the Great Moderation era.1 This literature has

established the view that the U.S. economy�s shift from indeterminacy to determinacy was

achieved by the change in the Fed�s policy from a passive to an active response to in�ation.

Clarida, Galí, and Gertler demonstrate this view by estimating a monetary policy rule of

the sort proposed by Taylor (1993) and combining it with a calibrated sticky-price model to

analyze determinacy. Lubik and Schorfheide (2004) reach the same conclusion as Clarida,

Galí, and Gertler using a distinct method. They estimate a Taylor rule and a sticky-price

model jointly using a Bayesian likelihood approach that allows for indeterminacy.2

The recent paper of Coibion and Gorodnichenko (2011) challenges this view by arguing

that the U.S. economy�s shift from indeterminacy in the Great In�ation era to determinacy

in the Great Moderation era was largely caused by a fall in trend in�ation along with the

increase in the Fed�s policy response to in�ation. According to recent studies, such as

Ascari and Ropele (2009), Hornstein and Wolman (2005), and Kiley (2007), higher trend

in�ation makes equilibrium more susceptible to indeterminacy in staggered-price models

where each period a fraction of prices is kept unchanged on the basis of micro evidence

on price adjustment.3 Particularly, to guarantee determinacy in such models, higher trend

1Our paper follows Coibion and Gorodnichenko (2011) to focus on the explanation of the Great In�ation

era from the perspective of monetary policy. Other explanations emphasize relatively high volatility of shocks

to the U.S. economy (e.g., Sims and Zha, 2006; Justiniano and Primiceri, 2008) or the absence of inventory

management that emerged in the Great Moderation era (e.g., Kahn, McConnell, and Perez-Quirós, 2002).

2Moreover, Boivin and Giannoni (2006) indicate, using a counterfactual experiment, that in order to

explain the U.S. economy�s shift from the Great In�ation era to the Great Moderation era, it is crucial for

the Fed�s policy to have changed the way it has, along with a change in shocks to the economy.

3See also Kobayashi and Muto (2013), Kurozumi (2014, 2016), and Kurozumi and Van Zandweghe (2016a,

b). Ascari and Sbordone (2014) review this strand of literature. For recent micro evidence on price adjust-

ment, see, e.g., Kehoe and Midrigan (2015), Klenow and Kryvtsov (2008), Klenow and Malin (2010), and

Nakamura and Steinsson (2008, 2013).
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in�ation calls for a stronger monetary policy response to in�ation, and for moderate-to-high

trend in�ation, such a policy response must be more aggressive than that suggested by the

Taylor principle, which claims that the nominal interest rate should be raised by more than

the increase in in�ation. In light of this �nding, Coibion and Gorodnichenko estimate a

Taylor rule� where the federal funds rate responds to its past rates, expected in�ation, the

output gap, and output growth� during a period before 1979 and a period after 1982, and

then combine it with a calibrated staggered-price model with trend in�ation to conduct a

counterfactual experiment on the Taylor rule�s responses and trend in�ation for the two

periods. According to their experiment, the U.S. economy was likely in the indeterminacy

region of the parameter space before 1979, whereas after 1982 the economy was likely in

the determinacy region, in line with the results of Clarida, Galí, and Gertler (2000) and

Lubik and Schorfheide (2004). However, Coibion and Gorodnichenko argue that the change

in the Taylor rule�s responses from their pre-1979 estimates to the post-1982 ones alone is

not su¢ cient to rule out indeterminacy, unless trend in�ation falls from their calibrated level

for the pre-1979 period to that for the post-1982 period.

This paper re-examines the role of trend in�ation in the U.S. economy�s shift from inde-

terminacy in the Great In�ation era to determinacy in the Great Moderation era. Speci�-

cally, our paper employs the method of Lubik and Schorfheide (2004) to jointly estimate the

Taylor rule and the staggered-price model with trend in�ation during a period before 1979

and a period after 1982, allowing for indeterminacy.4 Our approach with full-information

likelihood-based estimation of the whole model complements the limited-information esti-

mation of the Taylor rule by Coibion and Gorodnichenko (2011), as the approach of Lu-

bik and Schorfheide (2004) complements that of Clarida, Galí, and Gertler (2000). The

full-information likelihood-based estimation optimally adjusts estimates of the Taylor rule�s

responses for the endogeneity of its targeted variables. Moreover, because cross-equation

restrictions that link the Taylor rule and decision rules of other agents in the model are

exploited, it is possible to simultaneously identify other model parameters that characterize

4The Bayesian likelihood approach developed by Lubik and Schorfheide (2004) has been used in recent

studies, such as Benati and Surico (2009), Bhattarai, Lee, and Park (2012, 2015) and Hirose (2007, 2008,

2013).
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equilibrium determinacy, including the level of trend in�ation.5

Our estimation results show that the change in the Taylor rule�s responses to all the

targeted variables from the pre-1979 to the post-1982 estimates alone su¢ ces for explaining

the U.S. economy�s shift from indeterminacy to determinacy, regardless of the estimated

decline in trend in�ation. That is, the switch of the policy responses not only to in�ation but

also to the other targeted variables� in particular, the output gap and output growth� played

an essential role in the shift. This �nding extends the literature�s view on the U.S. economy�s

shift from the Great In�ation era to the Great Moderation era by emphasizing the importance

of the change in monetary policy responses to the targeted variables other than in�ation.

As Coibion and Gorodnichenko (2011) point out, a decrease in the policy response to the

output gap and an increase in the policy response to output growth, as well as a rise in the

policy response to in�ation, all made determinacy more likely in the Great Moderation era.

Our �nding contrasts starkly with the argument of Coibion and Gorodnichenko (2011).

Among several di¤erences between their paper and ours, what is crucial lies in the treatment

of the level of trend in�ation in the pre-1979 and post-1982 periods. Our full-information

estimation of the whole model can identify the trend in�ation level, whereas their limited-

information estimation of the Taylor rule cannot, and thus they calibrate it.6 Our estimates of

trend in�ation in the two periods are in line with those of Cogley and Sbordone (2008), while

the calibrated values of Coibion and Gorodnichenko (2011) are higher than our estimates.

Such higher calibrated values greatly increase the e¤ect of the decline in trend in�ation on

the shift from indeterminacy to determinacy, since higher trend in�ation makes equilibrium

more susceptible to indeterminacy in the model.7

5For the approach of Clarida, Galí, and Gertler (2000) that conducts a limited-information estimation of

a Taylor rule, Mavroeidis (2010) points to limitations of their approach and emphasizes the need to make

use of identifying assumptions that can be derived from the full structure of their model.

6Coibion and Gorodnichenko (2011) estimate a constant term of the Taylor rule, which contains not only

trend in�ation but also other factors. Consequently, the level of trend in�ation is not identi�able.

7An independent work by Arias et al. (2015) extends the analysis of Coibion and Gorodnichenko (2011) us-

ing the medium-scale model of Christiano, Eichenbaum, and Evans (2005). Speci�cally, their work estimates

the model without price or wage indexation for the long sample period 1960:I�2008:II and combines it with

the Taylor rule estimated by Coibion and Gorodnichenko to conduct the same counterfactual experiment as

in Coibion and Gorodnichenko. Consequently, they con�rm the conclusion of Coibion and Gorodnichenko
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The remainder of the paper proceeds as follows. Section 2 presents a staggered-price

model with trend in�ation and a Taylor rule as in Coibion and Gorodnichenko (2011). Sec-

tion 3 explains our strategy and data for estimating the whole model jointly. Section 4 shows

results of our empirical analysis. Section 5 concludes.

2 The Model

The model consists of a Taylor rule and a (discrete-time) staggered-price model of Calvo

(1983) that features a non-zero rate of trend in�ation. This is the same as the model of

Coibion and Gorodnichenko (2011) except for two modi�cations made for estimation. First,

our model incorporates a third shock, to preferences, in addition to the shocks to productivity

growth and the Taylor rule that are present in their model, because our estimation uses

three data series (in�ation, output growth, and the nominal interest rate). Second, our

model introduces (external) habit formation in consumption preferences to generate output

persistence, since the Bayesian likelihood approach of Lubik and Schorfheide (2004) may

have a bias toward indeterminacy if the model in question lacks su¢ cient persistence, as

discussed between Beyer and Farmer (2007) and Lubik and Schorfheide (2007).

This section presents the log-linearized model for estimation. Details of the model are

described in Appendix.

2.1 The log-linearized model for estimation

The log-linearized equilibrium conditions are given by

ŷt =
h

a+ h
(ŷt�1 � za;t) +

a

a+ h
(Etŷt+1 + Etza;t+1)�

a� h

a+ h
(r̂t � Et�̂t+1) +

a� h

a+ h
(zu;t � Etzu;t+1) ;

(1)

that the fall in trend in�ation from the level calibrated for the Great In�ation era to that for the Great

Moderation era played a crucial role in the U.S. economy�s shift from indeterminacy to determinacy, which

is in sharp contrast with our �nding.
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1 + �=�
zu;t +  t; (2)
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�
�Et t+1 +

�(�1+
�
� � 1)(1� ����1)

1 + �=�

�
��
� +

�

�

�
Et�̂t+1 +

�
1� ����+

�
�

���
1 +

1

�

�
Etŷt+1 + Etzu;t+1

��
; (3)

r̂t = �r1r̂t�1 + �r2r̂t�2 + (1� �r1 � �r2)
�
��Et�̂t+1 + �xx̂t + ��y (ŷt � ŷt�1 + za;t)

�
+ zr;t;

(4)

x̂t = ŷt � ŷnt ; (5)

ŷnt =
h�

a(1 + �)� h

�
ŷnt�1 � za;t

�
; (6)

where hatted variables denote log-deviations from steady-state or trend levels.

Eq. (1) is a spending Euler equation, where ŷt is (detrended) output, r̂t is the monetary

policy rate, �̂t is in�ation, zu;t is a preference shock, za;t is a (non-stationary) technology

shock, Et is the rational-expectations operator conditional on information available in period

t, h 2 [0; 1] represents the degree of habit persistence in consumption preferences, and a is

the steady-state gross rate of technological change, which equals the steady-state gross rate

of balanced growth. Eq. (2) is a generalized New Keynesian Phillips curve, where  t is an

(endogenous) auxiliary variable, � 2 (0; 1) is the subjective discount factor, � 2 [0; 1) is

the probability of no price adjustment, � is the gross rate of steady-state or trend in�ation,

� > 1 is the price elasticity of demand, and � � 0 is the elasticity of labor supply. Eq. (3)

describes the dynamics of the auxiliary variable  t. Note that Eq. (2) indeed generalizes the

New Keynesian Phillips curve because it can be reduced to

�̂t = �Et�̂t+1 +
(1� �)(1� ��)(1 + 1=�)

�(1 + �=�)
ŷt

when the trend in�ation rate is zero (i.e., � = 1), which implies  t = 0 in Eq. (3), and there

is no habit persistence (i.e., h = 0). Eq. (4) is a Taylor rule that adjusts the policy rate r̂t

in response to the past rates r̂t�1; r̂t�2, the expected in�ation rate Et�̂t+1, the output gap

x̂t, and the output growth rate ŷt � ŷt�1 + za;t, where �r1; �r2; ��; �x; ��y are the degrees of

monetary policy responses to these targeted variables and zr;t is a monetary policy shock.
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Eq. (5) is the de�nition of the output gap x̂t, while ŷnt denotes the natural rate of output (the

output that could be obtained if prices were �exible, that is, � = 0) and its law of motion

is given by Eq. (6). Note that a steady-state condition determines the subjective discount

factor as � = �a=r, where r is the steady-state gross policy rate.

Each of the three shocks zi;t, i 2 fu; a; rg is assumed to follow the stationary �rst-order

autoregressive process

zi;t = �izi;t�1 + "i;t; (7)

where �i 2 [0; 1) is the autoregressive parameter and "i;t � i.i.d.N(0; �2i ) is the innovation

to each shock.

3 The Econometric Strategy and Data

This section describes our strategy and data for estimating the log-linearized model presented

in the preceding section. Previous studies, such as Ascari and Ropele (2009), Coibion and

Gorodnichenko (2011), Kurozumi (2014), and Kurozumi and Van Zandweghe (2016a), show

that higher trend in�ation makes equilibrium more susceptible to indeterminacy in Calvo

staggered-price models where each period a fraction of prices is kept unchanged. Our paper

thus follows Lubik and Schorfheide (2004) to construct a likelihood function of the model

for the indeterminacy region of the parameter space as well as the determinacy region.8

This section �rst explains our method for solving linear rational-expectations (LRE) mod-

els under equilibrium indeterminacy and then presents our Bayesian method for estimating

the model presented above, in addition to data used in estimation.

8The estimation strategy of Lubik and Schorfheide (2004) allows for indeterminacy of equilibrium by in-

cluding a sunspot shock and its related arbitrary coe¢ cient matrix in solutions to linear rational-expectations

models. By estimating the arbitrary matrix with a fairly loose prior on it, a set of particular solutions that

are most consistent with data can be selected from a full set of solutions.

7



3.1 Rational-expectations solutions under indeterminacy

Lubik and Schorfheide (2003) show a full set of solutions to LRE models by extending

the solution algorithm developed by Sims (2002).9 Any LRE model can be written in the

canonical form

�0(#)st = �1(#)st�1 +	(#)"t +�(#)�t; (8)

where �0(#), �1(#), 	(#), and �(#) are conformable matrices of coe¢ cients that depend on

structural parameters #, st is a vector of endogenous variables including those expected at

time t, "t is a vector of fundamental shocks, and �t is a vector of forecast errors. Speci�cally,

in our model, these vectors are given by

st = [ŷt; �̂t;  ̂t; r̂t; r̂t�1; ŷ
n
t ; x̂t; zu;t; za;t; zr;t; Etŷt+1; Et�̂t+1; Et ̂t+1]

0;

"t = ["u;t; "a;t; "r;t]
0;

�t = [(ŷt � Et�1ŷt); (�̂t � Et�1�̂t); ( ̂t � Et�1 ̂t)]
0:

According to Lubik and Schorfheide (2003), a full set of solutions to the LRE model (8)

is of the form

st = �x(#)st�1 + �"(#; ~M)"t + ��(#)�t; (9)

where �x(#), �"(#; ~M), and ��(#) are coe¢ cient matrices, ~M is an arbitrary matrix, and �t

is a reduced-form sunspot shock, which is a non-fundamental disturbance.10 For estimation,

it is assumed that �t � i.i.d.N(0; �2�). When equilibrium is determinate, the solution (9) is

reduced to

st = �
D
x (#) st�1 + �

D
" (#) "t: (10)

The solution (9) possesses two important features under indeterminacy. First, the equi-

librium dynamics is driven not only by the fundamental shocks "t but also by the sunspot

9Sims (2002) generalizes the solution algorithm of Blanchard and Kahn (1980) and characterizes one

particular solution� which is called the �orthogonality solution�� in case of equilibrium indeterminacy. In

this solution, the contribution of fundamental shocks and sunspot shocks to forecast errors is orthogonal.

10Lubik and Schorfheide (2003) originally express the last term in (9) as ��(�;M�)�t, where M� is an

arbitrary matrix and �t is a vector of sunspot shocks. For identi�cation, Lubik and Schorfheide (2004)

impose the normalization M� = 1 with the dimension of the sunspot shock vector being unity. Such a

normalized shock is referred to as a �reduced-form sunspot shock�in that it contains beliefs associated with

all the expectational variables.
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shock �t. Second, the equilibrium representation cannot be unique due to the presence of

the arbitrary matrix ~M , that is, the model induces indeterminate solutions. Therefore, to

specify the law of motion of the endogenous variables st, the matrix ~M must be pinned down.

This paper infers the matrix ~M from the data, following Lubik and Schorfheide (2004).

In their approach, ~M is replaced with M�(#) +M , where M�(#) is selected so that equilib-

rium responses of the endogenous variables st to the fundamental shocks "t are continuous

at the boundary between determinacy and indeterminacy regions of the parameter space,

and where M is estimated with prior mean zero.11 While Lubik and Schorfheide (2004)

analytically calculate the matrix M�(#) for a prototypical sticky-price model, the present

paper numerically computes it for our model.

3.2 Bayesian inference

The model is estimated using Bayesian methods for both determinacy and indeterminacy

regions of the parameter space. Following Lubik and Schorfheide (2004), the likelihood

function for a sample of observations XT = [X1; :::; XT ]
0 is given by

L(#;M jXT ) = f# 2 �DgLD(#jXT ) + f# 2 �IgLI(#;M jXT );

where �D;�I are determinacy and indeterminacy regions of the parameter space, f(#) =

f# 2 �ig is the indicator function that equals one if # 2 �i and zero otherwise, and

LD(#jXT );LI(#;M jXT ) are likelihood functions of the state-space models that consist of

observation equations and the determinacy solution (10) or the indeterminacy solution (9).

Then, by Bayes� theorem it follows that updating a prior distribution p(#;M) with the

sample XT gives rise to the posterior distribution

p(#;M jXT ) =
L(#;M jXT )p(#;M)

p(XT )
=

L(#;M jXT )p(#;M)R
L(#;M jXT )p(#;M)d# � dM :

Markov Chain Monte Carlo methods are then used to generate draws from this posterior

distribution.12 Based on these draws, inferences about parameters of the model are made.

11The solution associated with the matrix M�(#) is referred to as the �continuity solution.�

12In the estimation, 200,000 draws are generated using a random-walk Metropolis-Hastings algorithm, and

the �rst 20,000 draws are discarded.
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3.3 The data

Three U.S. quarterly time series are used for estimation. The set of observables contains the

output growth rate 100� log Yt, the in�ation rate 100 log �t, and the nominal interest rate

100 log rt. These data are respectively the per-capita real GDP growth rate, the in�ation rate

of the GDP implicit price de�ator, and the federal funds rate. Moreover, like Coibion and

Gorodnichenko (2011), who follow Orphanides (2004) to conduct their estimation using real-

time data in the Federal Reserve Board�s Greenbook forecast, our paper takes into account

the fact that monetary policymakers make decisions based on contemporaneously available

information. Therefore, our estimation uses the contemporaneously realized rates of output

growth and in�ation in the Real-Time Data Set for Macroeconomists provided by the Federal

Reserve Bank of Philadelphia.13

Observation equations that relate the data to model variables are given by26664
100� log Yt

100 log �t

100 log rt

37775 =
26664
�a

��

�r

37775+
26664
ŷt � ŷt�1 + za;t

�̂t

r̂t

37775 ;
where �a = 100(a� 1), �� = 100(� � 1), and �r = 100(a�=� � 1) are the steady-state rates of

output growth, in�ation, and nominal interest.

To examine the sources of the shift from the Great In�ation era to the Great Moderation

era, the model is estimated for two sample periods: the pre-1979 sample from 1965:IV to

1979:II and the post-1982 sample from 1982:IV to 2007:III. The �rst sample period starts

in 1965:IV because the real-time data is available only from 1965:IV. As in Coibion and

Gorodnichenko (2011), the Volcker-disin�ation period 1979:III�1982:III is excluded from the

sample. The second sample ends in 2007:III, as our estimation strategy is not able to deal

with the zero lower bound constraint on nominal interest rates.

3.4 Prior distributions

Although the elasticity of labor supply is �xed at � = 1 to avoid an identi�cation issue, all of

the other parameters are estimated. The prior distributions of parameters to be estimated

13We have con�rmed that our main results do not change qualitatively even when we use revised data

instead of the real-time data.
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are shown in Table 1. For the spending habit persistence h and the probability of no price

adjustment �, the priors are set to be beta distributions with mean of 0:5. The prior of

the price elasticity of demand � is chosen to be a gamma distribution with mean of 10,

which is the same as the value calibrated by Coibion and Gorodnichenko (2011). For the

monetary policy responses to in�ation and the output gap ��; �x, our paper follows Smets

and Wouters (2007) to set each prior mean at 1:50 and 0:125 (= 0:5=4) respectively, while

it allows for twice larger standard deviations of 0:5 and 0:1 than theirs. The prior mean of

the monetary policy response to output growth ��y is set at 0:75, based on the estimate of

Coibion and Gorodnichenko. For the policy rate smoothing parameters �r1; �r2, our paper

assigns normal distributions with mean of 1 and 0, respectively, and standard deviation of 0:2,

as in Arias et al. (2015). The priors of the steady-state rates of output growth, in�ation, and

nominal interest �a; ��; �r are distributed around their averages over the sample from 1965:IV

to 2007:III. Regarding the structural shocks, the prior distributions of the autoregressive

parameters �i; i 2 fu; a; rg are beta distributions with mean of 0:7 and standard deviation

of 0:2, while those of the standard deviations of the shock innovations �i; i 2 fu; a; rg are

inverse gamma distributions with mean of 0:5 and standard deviation of in�nity. For the

indeterminacy-solution coe¢ cientsMi; i 2 fu; a; rg, our paper assigns relatively loose priors;

speci�cally, normal distributions with mean zero and standard deviation of unity. The prior

of the standard deviation of the sunspot shock �� is an inverse gamma distribution with

mean of 0:5 and standard deviation of in�nity.

According to these prior distributions, the prior probability of determinacy of equilibrium

in the model is almost even, i.e., 0:493, which suggests that there is a priori no substantial

bias toward determinacy or indeterminacy.

4 Results of Empirical Analysis

This section presents the results of the empirical analysis. First, the estimation results are

explained. Then, the main question of what caused the shift from indeterminacy of equilib-

rium in the Great In�ation era to determinacy in the Great Moderation era is addressed.
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4.1 Estimation results

Before interpreting the estimation results, it should be stressed that the U.S. economy was

likely in the indeterminacy region of the parameter space before 1979, whereas after 1982

the economy was likely in the determinacy region, in line with the existing literature, such

as Clarida, Galí, and Gertler (2000), Lubik and Schorfheide (2004), and Coibion and Gorod-

nichenko (2011). By analyzing the posterior distribution�s probability mass assigned to the

determinacy and indeterminacy regions, our paper �nds that the posterior probability of

determinacy is zero in the pre-1979 period, whereas it is unity in the post-1982 period.

Each parameter�s posterior mean and 90 percent credible interval for the pre-1979 and

post-1982 periods are reported in Table 2. As stressed by Coibion and Gorodnichenko

(2011), this table shows that trend in�ation fell to a marked extent. The posterior-mean

estimate of the annualized trend in�ation rate 4�� declined from 4:75 (= 4 � 1:19) percent

to 2:95 (= 4� 0:74) percent.14 This decline is comparable to that in the time-varying trend

in�ation rate estimated by Cogley and Sbordone (2008), who show that it fell from roughly

4:75 percent in the 1970s to around 1:65 percent at the end of their sample (2003:IV).

Regarding the monetary policy responses, there are two substantial changes in the esti-

mates from the pre-1979 to the post-1982 period that are signi�cant in that the 90 percent

credible intervals do not overlap between the two sample periods. First, the monetary policy

response to in�ation rose substantially, as indicated in the literature. The posterior-mean

estimate increased from �� = 1:31 to �� = 2:70. This increase is comparable to that esti-

mated by Coibion and Gorodnichenko, who show that the estimate of the policy response

to in�ation rose from 1:04 to 2:20 (in their mixed Taylor rule). One point to be stressed

here is that the pre-1979 estimate of �� = 1:31 satis�es the Taylor principle (i.e., �� > 1)

but induces indeterminacy in the staggered-price model with trend in�ation, depending on

the estimates of the other parameters.15 Second, the monetary policy response to the out-

14Coibion and Gorodnichenko (2011) estimate a constant term of the Taylor rule, which contains not only

trend in�ation but also other factors. Consequently, trend in�ation is not identi�able in their estimation,

and thus they calibrate the annualized rate of trend in�ation at 6 percent for the pre-1979 period and at 3

percent for the post-1982 period.

15Orphanides (2004) estimates a Taylor rule using real-time data in the Federal Reserve Board�s Greenbook

forecast and obtains the estimate of the monetary policy response to a one-period ahead in�ation forecast of
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put gap diminished considerably. The posterior-mean estimate decreased from �x = 0:43 to

�x = 0:11. Such a decrease is in line with the �ndings of Orphanides (2004) and Coibion and

Gorodnichenko. The estimate of the policy response to the output gap by Orphanides fell

from 0:12 (= 0:46=4) to 0:05 (= 0:18=4), and that by Coibion and Gorodnichenko declined

from 0:13 (= 0:52=4) to 0:11 (= 0:43=4). Moreover, the monetary policy response to output

growth increased (its posterior-mean estimate rose from ��y = 0:73 to ��y = 0:77), whereas

the sum of the policy responses to the past policy rates changed little.

As for the other structural parameters (i.e., h, �, �, �a, �r), their 90 percent credible inter-

vals overlap between the pre-1979 and post-1982 periods, indicating that these parameters

do not change signi�cantly between the two periods.16

The next subsection thus focuses on the changes in the monetary policy responses and

trend in�ation to investigate sources of the shift from indeterminacy of equilibrium in the

pre-1979 period to determinacy in the post-1982 period.

4.2 Sources of the shift from the Great In�ation era to the Great

Moderation era

This subsection addresses the main question of what caused the shift from indeterminacy

of equilibrium in the Great In�ation era to determinacy in the Great Moderation era in

the U.S. economy. Particularly, in light of the estimation results presented in the preceding

section, our paper examines sources of the shift by focusing on the changes in the monetary

policy responses and trend in�ation.

Figure 1 uses the posterior-mean estimates of the model parameters to illustrate how the

1:49, which satis�es the Taylor principle. Consequently, he claims that self-ful�lling expectations could not

have been the source of instability in the Great In�ation era. This claim, however, does not necessarily hold

for the staggered-price model employed in the present paper, because the Taylor principle is not a su¢ cient

condition for equilibrium determinacy when trend in�ation is relatively high, as also stressed by Coibion and

Gorodnichenko (2011).

16Although the posterior-mean estimate of the probability of no price adjustment decreased, its 90 percent

credible interval is relatively wide in both the pre-1979 and post-1982 periods and overlaps between these

two periods, and thus we can consider that this parameter does not change signi�cantly between the two

periods. This view is generally consistent with the literature reviewed by Nakamura and Steinsson (2013).
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determinacy region of the parameter space for the annualized trend in�ation rate 4�� and

the monetary policy response to in�ation �� expands with changes in the other parameter

estimates. In each panel of the �gure, the mark ���, ���, and �o�respectively represent the

pair of (4��pre79; �pre79� ), (4��pre79; �post82� ), and (4��post82; �post82� ), where ��pre79, �pre79� , ��post82,

and �post82� denote the posterior-mean estimates of the trend in�ation rate and the policy

response to in�ation in the pre-1979 and post-1982 periods.

Panel (a) shows the case in which values of all the model parameters (of course, except

trend in�ation and the policy response to in�ation) are �xed at the pre-1979 estimates. In

this panel, the pair of the pre-1979 estimates of trend in�ation and the policy response to

in�ation (4��pre79; �pre79� )� which is represented by ���� lies in the indeterminacy region of

the parameter space.

Panel (b) illustrates the case in which the values of the monetary policy responses to all

the targeted variables change from the pre-1979 to the post-1982 estimates, keeping the other

model parameters �xed at the pre-1979 estimates. In this panel, the pair of the pre-1979

estimates of trend in�ation and the policy response to in�ation (4��pre79; �pre79� ) are still in

the indeterminacy region, whereas the pair of the pre-1979 estimate of trend in�ation and

the post-1982 estimate of the policy response to in�ation (4��pre79; �post82� )� which is denoted

by ���� is within the determinacy region. Therefore, the change in the policy responses to

all the targeted variables su¢ ces for explaining the U.S. economy�s shift from indeterminacy

to determinacy, without the decline in trend in�ation.

One point to be emphasized here is that the di¤erence between panels (a) and (b) is

caused by the change in values of the monetary policy responses to the output gap and

output growth from the pre-1979 to the post-1982 estimates. Indeed, almost the same

panel as (b) can be obtained in the case where values of the policy responses to the two

targeted variables change from the pre-1979 to the post-1982 estimates, keeping the other

model parameters (including the policy responses to the past policy rates) �xed at the pre-

1979 estimates. Hence, the change in the policy responses to in�ation, the output gap,

and output growth is su¢ cient to attain the shift. This conclusion contrasts starkly with

that of Coibion and Gorodnichenko (2011), who argue that the switch of monetary policy

responses from their pre-1979 estimates to the post-1982 ones alone is not su¢ cient to rule

out indeterminacy, unless trend in�ation declines from their calibrated level for the pre-
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1979 period (i.e., 6 percent at an annualized rate) to that for the post-1982 period (i.e., 3

percent). One crucial source of the sharp contrast between their and our conclusions is that

their calibrated values of trend in�ation in the two periods are higher than our estimates.

Such higher calibrated values greatly increase the e¤ect of the decline in trend in�ation on

the shift from indeterminacy to determinacy, since higher trend in�ation makes equilibrium

more susceptible to indeterminacy in the model. Indeed, in panel (b), if the annualized

trend in�ation rate is 6 percent as Coibion and Gorodnichenko calibrate for the pre-1979

period, then the switch of the monetary policy responses to all the targeted variables from

the pre-1979 to the post-1982 estimates alone is not su¢ cient to achieve determinacy.

Panel (c) presents the case in which the values of all the model parameters change from

the pre-1979 to the post-1982 estimates. In this panel, the pair of the post-1982 estimates

of trend in�ation and the policy response to in�ation (4��post82; �post82� )� which is represented

by �o�� stays inside the determinacy region. The di¤erence between panels (b) and (c)

suggests that small changes in the estimates of structural parameters� although they may

not be signi�cant in terms of the credible intervals� have a combined e¤ect that further

made determinacy more likely in the Great Moderation era.

These panels demonstrate that, for the U.S. economy�s shift from indeterminacy in the

Great In�ation era to determinacy in the Great Moderation era, the estimated change in the

monetary policy responses to all the targeted variables� in particular, in�ation, the output

gap, and output growth� is su¢ cient and that the estimated decline in trend in�ation is

not necessary. This �nding extends the literature�s view on the U.S. economy�s shift by

emphasizing the importance of the change in monetary policy responses to the targeted

variables other than in�ation.

5 Conclusion

This paper has revisited the question of what caused the U.S. economy�s shift from indeter-

minacy of equilibrium in the Great In�ation era to determinacy in the Great Moderation

era. While a large body of literature, including Clarida, Galí, and Gertler (2000) and Lubik

and Schorfheide (2004), has established the view that the U.S. economy�s shift was achieved

by the change in the Fed�s policy from a passive to an active response to in�ation, Coibion
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and Gorodnichenko (2011) attribute the shift to a fall in trend in�ation along with the

Fed�s policy change, based on a solely estimated Taylor rule and a calibrated staggered-price

model with trend in�ation. The present paper has used the method of Lubik and Schorfheide

(2004) to estimate the Taylor rule and the staggered-price model with trend in�ation jointly

during the Great In�ation and Moderation eras. Our results of the full-information estima-

tion of the whole model have demonstrated that the change in monetary policy responses to

in�ation and other variables� in particular, the output gap and output growth� from the

pre-1979 to the post-1982 estimates alone su¢ ces for explaining the U.S. economy�s shift

from indeterminacy to determinacy, regardless of the estimated decline in trend in�ation.
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Appendix

A Details of the Model

In the model economy, there are a representative household, a representative �nal-good �rm,

a continuum of intermediate-good �rms, and a central bank. This appendix describes each

agent�s behavior in turn.

A.1 The household

The representative household consumes �nal goods ~Ct, supplies labor flt(i)g speci�c to each

intermediate-good �rm i 2 [0; 1], and purchases one-period riskless bonds Bt so as to maxi-

mize the utility function

E0

1X
t=0

�t exp(zu;t)

 
log( ~Ct � hCt�1)�

R 1
0
(lt(i))

1+1=� di

1 + 1=�

!
subject to the budget constraint

Pt ~Ct +Bt =

Z 1

0

PtWt(i)lt(i)di+ rt�1Bt�1 + Tt;

where Et is the rational-expectations operator conditional on information available in period

t, � 2 (0; 1) is the subjective discount factor, h 2 [0; 1] represents the degree of (external)

habit persistence in consumption preferences, � � 0 is the elasticity of labor supply, Pt is

the price of �nal goods, Wt(i) is the real wage paid by intermediate-good �rm i, rt is the

gross nominal interest rate on bonds, which is assumed to equal the monetary policy rate,

Tt consists of lump-sum public transfers and �rm pro�ts, and zu;t is a shock to the discount

factor.

In the presence of complete insurance markets, the �rst-order conditions for utility max-

imization with respect to consumption, labor supply, and bond holdings become

�t =
exp(zu;t)

Ct � hCt�1
; (11)

Wt =
l
1=�
t exp(zu;t)

�t
; (12)

1 = Et
� �t+1
�t

rt
�t+1

; (13)
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where �t is the marginal utility of consumption, Ct is aggregate consumption, and �t =

Pt=Pt�1 is the gross in�ation rate of �nal goods�price.

A.2 Firms

The representative �nal-good �rm produces homogeneous goods Yt by choosing a combina-

tion of di¤erentiated intermediate inputs fYt(i)g so as to maximize pro�t

PtYt �
Z 1

0

Pt(i)Yt(i) di

subject to the CES production technology

Yt =

�Z 1

0

(Yt(i))
��1
� di

� �
��1

;

where Pt(i) is the price of intermediate good i and � > 1 is the price elasticity of demand

for each intermediate good.

The �rst-order condition for pro�t maximization yields the �nal-good �rm�s demand for

intermediate good i

Yt(i) = Yt

�
Pt(i)

Pt

���
: (14)

Then, the CES production technology leads to

Pt =

�Z 1

0

(Pt(i))
1�� di

� 1
1��

: (15)

The �nal-good market clearing condition is given by

Yt = Ct: (16)

Each intermediate-good �rm i produces one kind of di¤erentiated goods Yt(i) under

monopolistic competition. Firm i�s production function is given by

Yt(i) = Atlt(i); (17)

where At represents the technology level and follows the stochastic process

logAt = log a+ logAt�1 + za;t; (18)
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where a is the steady-state gross rate of technological change, which equals the steady-state

gross rate of balanced growth, and za;t is a (non-stationary) technology shock.

The �rst-order condition for �rm i�s minimization of production cost yields its real mar-

ginal cost

mct(i) =
Wt(i)

At
: (19)

In the face of the �nal-good �rm�s demand (14) and the marginal cost (19), intermediate-

good �rms set prices of their products on a staggered basis as in Calvo (1983). In each period,

a fraction � 2 (0; 1) of �rms keeps previous-period prices unchanged, while the remaining

fraction 1� � of �rms sets the price Pt(i) so as to maximize the pro�t function

Et

1X
j=0

�jQt;t+j

�
Pt(i)

Pt+j
�mct+j(i)

�
Yt+j

�
Pt(i)

Pt+j

���
;

where Qt;t+j is the stochastic discount factor between period t and period t + j. For this

pro�t function to be well-de�ned, it is assumed that the two conditions �����1 < 1 and

����+
�
� < 1, where � is the gross rate of trend in�ation (i.e., the steady-state value of �nal

goods�price in�ation rate), are satis�ed.

The �rst-order condition for pro�t maximization of intermediate-good �rms that reset

prices in period t becomes

Et

1X
j=0

(��)j
�t+j
�t

Yt+j

 
p�t

jY
k=1

1

�t+k

!�� 
p�t

jY
k=1

1

�t+k
� �

� � 1mc
�
t+j

!
= 0; (20)

where the insurance-market equilibrium condition Qt;t+j = �j�t+j=�t is used and where

p�t = P �t =Pt, P
�
t is the price reset by the �rms and mc

�
t+j is their real marginal cost. From

(11), (12), (14), (16), (17), and (19), it follows that the marginal cost is given by

mc�t+j =

 
p�t

jY
k=1

1

�t+k

!� �
��
Yt+j
At+j

�1
�
�
Yt+j
At+j

� h
Yt+j�1
At+j�1

At+j�1
At+j

�
: (21)

Under the staggered pricing, the �nal-good price equation (15) can be written as

1 = (1� �) (p�t )
1�� + ����1t : (22)

A.3 The central bank

The central bank conducts monetary policy according to a Taylor (1993)-type monetary

policy rule. This rule adjusts the policy rate rt in response to the past rates rt�1; rt�2, the
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deviations of the gross rates of expected in�ation Et�t+1 and output growth Yt=Yt�1 from

their trend levels � and a, and the output gap xt:

log rt = �r1 log rt�1 + �r2 log rt�1 + (1� �r1 � �r2)

�
�
log r + ��(logEt�t+1 � log �) + �x log xt + ��y

�
log

Yt
Yt�1

� log a
��
+ zr;t; (23)

where the output gap is de�ned as

xt =
Yt
Y n
t

; (24)

Y n
t is the natural rate of output; zr;t is a monetary policy shock; r is the steady-state gross

policy rate; and �r1; �r2; ��; �x; ��y are the degrees of monetary policy responses to the past

policy rates, in�ation, the output gap, and output growth. By considering �exible prices

(i.e., � = 0) in the intermediate-good price equation (20) and the �nal-good price equation

(22) and combining the resulting two equations with the marginal-cost equation (21), we

have the law of motion for the natural rate of output�
Y n
t

At

�1+ 1
�

=
� � 1
�

+ h

�
Y n
t

At

�1
� Y n

t�1
At�1

At�1
At

: (25)

The equilibrium conditions are given by (11)�(13), (18), (20)�(24), and (25). Combining

these equilibrium conditions, rewriting the resulting equations in terms of the detrended

variables yt = Yt=At; y
n
t = Y n

t =At, and log-linearizing them yields the log-linearized model

consisting of (1)�(6).
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Table 1: Prior distributions of parameters

Parameter Distribution Mean Standard deviation
h Beta 0:500 0:200
� Gamma 10:000 2:500
� Beta 0:500 0:100
�� Gamma 1:500 0:500
�x Gamma 0:125 0:100
��y Gamma 0:750 0:100
�r1 Normal 1:000 0:200
�r2 Normal 0:000 0:200
�a Normal 0:295 0:100
�� Normal 0:953 0:500
�r Gamma 1:623 0:250
�u Beta 0:700 0:200
�a Beta 0:700 0:200
�r Beta 0:700 0:200
�u Inverse gamma 0:500 1
�a Inverse gamma 0:500 1
�r Inverse gamma 0:500 1
�� Inverse gamma 0:500 1
Mu Normal 0:000 1:000
Ma Normal 0:000 1:000
Mr Normal 0:000 1:000

Notes: The inverse gamma priors are of the form p(�j�; s) _ ����1e��s2=2�2 , where � = 2 and s = 0:282.
The prior probability of determinacy of equilibrium is 0:493.
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Table 2: Posterior distributions of parameters

Pre-1979 period Post-1982 period
Parameter Prior mean Mean 90% interval Mean 90% interval
h 0:500 0:561 [0:412; 0:727] 0:469 [0:345; 0:588]
� 10:000 10:610 [6:960; 14:104] 8:921 [5:207; 12:405]
� 0:500 0:577 [0:465; 0:693] 0:385 [0:279; 0:494]
�� 1:500 1:310 [0:876; 1:726] 2:705 [2:080; 3:279]
�x 0:125 0:428 [0:279; 0:612] 0:111 [0:002; 0:226]
��y 0:750 0:731 [0:569; 0:879] 0:767 [0:615; 0:922]
�r1 1:000 0:844 [0:683; 1:014] 1:038 [0:885; 1:195]
�r2 0:000 �0:094 [�0:243; 0:075] �0:312 [�0:454;�0:176]
�a 0:295 0:277 [0:140; 0:424] 0:349 [0:230; 0:476]
�� 0:953 1:188 [0:855; 1:496] 0:737 [0:595; 0:889]
�r 1:623 1:595 [1:356; 1:847] 1:554 [1:265; 1:848]
�u 0:700 0:679 [0:514; 0:847] 0:931 [0:897; 0:970]
�a 0:700 0:629 [0:370; 0:864] 0:301 [0:106; 0:482]
�r 0:700 0:304 [0:111; 0:487] 0:257 [0:110; 0:402]
�u 0:500 2:874 [1:559; 4:233] 2:203 [1:202; 3:300]
�a 0:500 0:523 [0:185; 0:857] 0:794 [0:609; 0:986]
�r 0:500 0:229 [0:177; 0:276] 0:155 [0:119; 0:190]
�� 0:500 0:206 [0:117; 0:292] - -
Mu 0:000 �0:019 [�0:078; 0:037] - -
Ma 0:000 �0:725 [�1:331;�0:217] - -
Mr 0:000 �0:462 [�1:005; 0:015] - -

Note: The posterior means and 90% credible intervals are calculated from the draws generated using the

Metropolis-Hastings algorithm. For the post-1982 sample, �� , Mu, Ma, and Mr are not identi�ed because

all the posterior draws lie in the determinacy region of the parameter space.
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Figure 1: Equilibrium determinacy region of the parameter space
Notes: The �gure shows the equilibrium determinacy region of the parameter space of the annualized trend

in�ation rate 4�� and the monetary policy response to in�ation ��. In each panel, the mark ���, ���, and ���
respectively represent the pair of (4��pre79; �pre79� ), (4��pre79; �post82� ), and (4��post82; �post82� ), where ��pre79,

�pre79� , ��post82, and �post82� denote the posterior-mean estimates of the trend in�ation rate and the policy

response to in�ation for the pre-1979 and post-1982 periods.
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