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1. Introduction

The rise and subsequent fall of inflation in the United States during the 1970s
and 1980s —the “Great Inflation”— has been the subject of extensive research.
There are a number of hypotheses on the causes: bad monetary policy, bad luck
due to the sequence of shocks, lack of commitment to low inflation policies, an
overly optimistic view of potential output and erroneous beliefs about the struc-
ture, or a change in policymakers’ preferences towards inflation stabilization.
Cecchetti et al. (2007) argue that none of these factors fully explain the drastic
and sudden disinflation process experienced in the United States in the 1980s.
They acknowledge that deviations from potential output and policy learning con-
tribute to the Great Inflation, but these factors are not sufficient to account for
the whole phenomenon. Cecchetti et al. propose that a key factor in explaining
the Great Inflation was a change in preferences towards output gap stabilization
by officials at the Federal Reserve. This paper combines two potential approaches
regarding how monetary policy might have played a role in the rise and fall of
inflation in the United States during the 1970s and the 1980s.

One approach holds that monetary policymakers during the late 1960s and
throughout the 1970s preferred stabilizing output, while after 1979 they preferred
inflation stabilization. The notion that there was such a shift in preferences
between the late 1960s and the appointment of Paul Volcker as chairman of the
Federal Reserve finds support in De Long (1997). He argues that the Federal
Reserve between the late 1960s to the late 1970s, with the Great Depression
fresh in their memories, “lacked the mandate to fight inflation by inducing a
significant recession,” (De Long 1997 p. 273).

An alternative approach holds that the Federal Reserve misperceived the state
of the economy and the transition equations for the economy. Such erroneous
beliefs could induce policymakers to create excessive inflation that would be re-
versed once beliefs are aligned with outcomes via an adaptive learning process.
The previous literature, including Romer and Romer (2002), Sargent (1999), and
Primiceri (2006), has argued that misperceptions regarding the standard features

of the U.S. economy (such as how to measure the natural rate of unemployment,

! An additional explanation to the Great Inflation was examined in Romer and Romer (2002) and Nelson
(2005). The authors conclude that policymakers during the 1970s dabbled in non-standard policies to control
inflation, such as price and wage controls, because they believed that inflation was impervious to slack.



or the existence of a Phillips curve and its coefficients) were important factors in
the Great Inflation. In the models of Sargent (1999) and Primiceri (2006), pol-
icymakers learn about the parameters overtime, updating their beliefs through
constant-gain learning (CGL).?

This paper studies the Great Inflation in a medium scale macroeconomic
model that embeds both, a possible change in policymakers’ preferences from the
Great Inflation into the inflation stabilization era and changing beliefs, through
learning, about the state of the economy. It is left to the data to disentangle
whether a change in preferences contributed to the prolonged inflationary period,
or if the episode was solely due to policymakers’ beliefs. Specifically, this paper
combines the policymakers’ (potential) shift in preferences view of Cecchetti et
al. (2007) and Dennis (2006), and the learning hypothesis in Primiceri (2006).
By combining both elements, the learning hypothesis with the policymakers’ shift
in preferences, the empirical results illustrate the extent to which changes in the
perceived inflation — output trade off or the preferred inflation — output trade off
can help explain the Great Inflation.

In order to gauge to what extent these two hypotheses contribute to explain
the Great Inflation I estimate a New Keynesian DSGE model that includes wage
and price stickiness as the ‘true model’ of the economy. I assume that poli-
cymakers have imperfect information about the model of the economy and its
parameters. Policymakers use historical data to learn the parameters over time,
updating their beliefs through constant gain learning (CGL). Subsequently, poli-
cymakers solve the optimal control problem using beliefs derived from their model
in order to formulate and implement a policy variable. The preference parame-
ters and the coefficients of the ‘true’ model are jointly estimated using Bayesian
methods.

One contribution of this paper is to use likelihood-based Bayesian methods to
estimate the weights of the central bank’s loss function along with a structural
model for the U.S. economy. I estimate the weights of the loss function for the
periods pre- and post 1979, 1979 being the year that Paul Volcker was appointed

Chairman of the Board of Governors of the Federal Reserve System. The change

2Primiceri associates the Great Inflation with the policymakers’ belief that disinflation policy was very
costly, view shared in Romer and Romer (2002), Cogley and Sargent (2005), Carboni and Ellison (2009)
and Pruitt (2010). Primiceri concludes that a change in the perceived inflation-unemployment trade off was
what put an end to the Great inflation.



in preferences or lack thereof between the two periods will be identified by the
change in the weights of the central bank loss function. This approach builds
on Dennis (2006) and Salemi (1995) who estimate parameters in the objective
function jointly with parameters in the optimizing constraint using maximum
likelihood methods. They conclude that the appointment of a different chairman
of the Federal Reserve is consistent with policy regime changes or changes in
policy preferences.

The empirical results of this paper show that policymakers’ beliefs about the
state of the economy, in addition to a change in policymakers’ preferences at the
beginning of the disinflation era, played key roles in propagating and ending the
Great Inflation in the United States. Policymakers in the estimated model do
not react strongly enough to inflation during the Great Inflation because they
perceived a downward biased estimate of the persistence of inflation that will
revert to its mean value at any time. Moreover, the estimated coefficients of
the policymakers’ model indicated that they perceived an unfavorable trade off
between the output gap and inflation for most of the 1970s. Thus, policymakers
did not fight inflation because they did not believe that it would work at a
reasonable cost. The perceived trade off between the output gap and inflation
did not improve until the 1980s.

More importantly, the empirical results show that there was a shift in prefer-
ences for stabilizing inflation and the output gap after Volcker’s appointment as
chairman of the Federal Reserve, even in the presence of policymakers learning
about the structure of the economy. The weight that central bankers in this
model put on stabilizing the output gap approaches zero in the post-1979 period.
As a result, the central bankers’ response to inflation increases considerably after
1979. In addition to these changes, there is a gradual but substantial increase
in the interest smoothing parameter that peaks in the early 80’s. Therefore,
as pointed out in Cecchetti et al. (2007) even in the face of an overestimated
sacrifice ratio, inflation proved so damaging that central bankers acted to dis-
inflate. Therefore, a monetary policy regime change was important to observe

large movements in the trend of inflation in the United States.?

3The change in preference hypothesis has been supported in papers that estimate the objective function
of the Fed such as Dennis (2006) and in regime switching models such as Owyang et al. (2004). Owyang et
al. conduct a study of the use of regime switching for estimating monetary policy preferences. The estimates
display switches to dove regimes that Granger-cause the Romer dates. The Romer dates demarcate the Fed’s



2. The Model

The following optimizing model is a DSGE model in the spirit of Erceg et al.
(2000), Woodford (2003), Giannoni and Woodford (2005). This model includes
internal habit persistence, wage stickiness, and inflation inertia, which have
proven to improve the empirical properties of the model, giving more realism
to the transmission mechanisms. *

In a standard New Keynesian model, nominal price rigidities give rise to the
key frictions that makes monetary policy non-neutral. Recent work has shown
that staggering of nominal wage contracts is important as well. Models that only
consider sticky prices and not sticky wages have been criticized for producing
“too sharp a real-wage decline in response to a tightening of monetary policy”
as addressed in Christiano et al. (1999). The main result is that even with
the decrease in sales, producers’ profits increase. Furthermore, Christiano et
al. (1999) analyze impulse responses to an unexpected interest rate reduction,
and they finds a slightly pro-cyclical real wage movement. The explanation to
this modest response of real wages is that there is slow wage adjustment to any
given change in labor demand. This explanation validates wage stickiness as
an important piece in explaining real effects of monetary policy. Erceg et al.
(2002) extend the New Keynesian model to account for nominal wage inertia. In
this model monopolistically competitive producers set prices in staggered wage
contracts. Christiano et al. (2005), Altig et al. (2002) and Smets and Wouters
(2002) conclude that impulse response functions after a monetary policy shock
are best fit by the model with staggered wage contracts. The model’s impulse
response functions are close to the ones obtained by fitting a VAR, and the
model best fits the humped shaped dynamics of output and real wage. Lastly,
Christiano et al. (2001) conclude that wage stickiness and not price stickiness
appears to be more important in explaining output and inflation dynamics.

This model incorporates optimal wage setting in a DSGE context, as well as a
measure of wage inflation in the policymakers’ loss function. This segment of the
model is important because the behavior of wages and wage inflation provides

information about the rate of core inflation during the late 1960s and most of

intent to exert contractionary monetary policy to reduce inflation, thus supporting the view that there has
been changes in policymakers’ preferences, especially around 1979.
4Details on the model derivation are provided in the Appendix



the 1970s as in De Long (1997). He proposes that historically there had been
a 1.5 percentage point gap between wage and price inflation in the 1950s and
1960s (wages always higher). Moreover, he compares the patterns of wage and
price inflation and notices an ambiguity in the character of inflation in the 1970s.
In prices, inflation rose after 1968, from 5 percent in 1968 to over 10 percent
in 1981. In wages, inflation emerged by 1968, rising from 6.5 percent to a peak
of a little more than 8 percent at the end of the 1970s. Thus, he suggests that
while the “magnitude of the inflation control problem” changed between the late
1960s, when policymakers realized the problem, to the beginning of Volcker’s
disinflation, the “qualitative nature of the problem did not.” Paul Volcker at the
end of the 1970s and Arthur Burns at the beginning of the 1970s had to confront
the same issue of how to slow wage inflation, and therefore the core of inflation.
These issues make it relevant for the study of the Great Inflation to include wage
and wage inflation into the model of the economy.

The structural equations that give the aggregate dynamics of output, price,
and wage inflation consist of equations (1), (2), (3), (4), and (5) reproduced here

for convenience. The demand block is represented by:

'%/t = Et§t+1 — Qpil[it - Etﬂ-tJrl - T?]’ (1)

where

Ty = (2 — nre1) — BnE(Te1 — n2t) (2)

and ¢ = [(1 —nB)o]™".
The supply side model is given by equations:
T — YuTi—1 = Swlwws + pTi] + Lo(wi' — we) + BE(m — Yom) +uf’ (3)

T — YpT—1 = kipZy + Ep(wy — wy') + BE(T — ) +uf (4)

where K, = £, * w,,
and the identity

wy = wy_q + 7w — . (5)



Equation (1) is the log-linearized Euler equation. Equations (3) and (4) are
Phillips curves for prices and wages. Equation (5) is an identity for the real
wage (w; = W,/ F;) expressed in logs and rearranged to provide a law of motion
for the log of nominal wages. Here x; represents the output gap, m; and ;" are
nominal price and wage inflation, w; is the log of the real wage, w;' represents
exogenous variation in the natural real wage, ¢; denotes the monetary policy
variable determined within the model, and E; represents rational expectations.
o > 0 is the inverse of the intertemporal elasticity of substitution, 5 € (0,1) is
the household’s discount factor, 0 < 1 < 1 is the measure of habit persistence
in consumption, and 0 < v, < 1 and 0 < 7, < 1 represent the degree of
indexation to past inflation for price and wage inflation respectively. However,
as in Giannoni and Woodford (2005) the parameter ¢ that has been called the
inverse of the pseudo-elasticity of intertemporal substitution will be estimated
instead of 0. ¢~ 1 measures the sensitivity output to changes in the interest
rate. The terms &,, &,, are all positive. Prices and wages are adjusted a la
Calvo, where 1 — oy, (1 — ) is the probability that the price (wage) is adjusted
each period.” The parameter &, represents the sensitivity of goods-price inflation
to changes in the average gap between marginal cost and current prices; it is
smaller as prices are stickier (). The parameter &, indicates the sensitivity of
wage inflation to changes in the average gap between households “supply wage”
(the marginal rate of substitution between labor supply and consumption) and
current wages, and it is a function of the Calvo parameter that denotes wage
stickiness in the economy (av,). w, > 0 represents the elasticity of marginal cost
with respect to the quantity supplied at a given wage; while w,, > 0 measures
the elasticity of the supply wage with respect to the quantity produced, holding
fixed households’ marginal utility of income. In order to estimate the system of
equations, I substitute the law of motion for wages, equation (5), into the Phillips
curve for wages, equation (3). In addition, I rewrite the Phillips curve for prices
and wages in terms of W, = w; — w;’ where the shock in the Phillips curve for
wages becomes v’ = —w} —wi | + SEw, | — BEw}.

r, uf, ul, are the demand shock and supply shocks and they follow AR(1)

processes.

5The probability is independent of the time since a given price (wage) was last adjusted.



T:L = prTgL—l + U:7 (6)
uy = ppuy_y + g, (7)

u:fv = pwu:tﬂ—l + Uzua (8)

where v} ~ iid(0,07), vf ~ #d(0,07), v’ ~ iid(0, o).

3. Policymaker’s Beliefs

Policymakers have imperfect information about the model of the economy and
about the model’s parameters. For that reason, policymakers approximate the
true model of the economy by estimating a vector autoregressive (VAR) model.
After estimating the value of the parameters in the VAR model every period,
they implement optimal monetary policy summarized by ¢. The policymakers’
beliefs about the state of the economy are characterized by their estimate of
the parameters in the VAR. As in Primiceri (2006), policymakers estimate the
coefficients of the model every period, and they expect that the parameters will

remain the same in the future, leaving no room for experimentation.

3.1. The Policy Objective Function under Imperfect Infor-

mation

Policymakers set monetary policy optimally according to the quadratic loss func-

tion described below.

E; {Zﬁj[)\p(ﬂt+g‘)2 + X (1) 4 A (@4 5) 4 Ny — it+j—1)2]} : 9)
=0

Policymakers’ preferences parameters are Ay, A, Az, and A;. As described earlier,
the preferences parameters will be estimated assuming that there is a potential
structural break in the third quarter of 1979. For that reason, two sets of prefer-
ence parameters will be estimated, one that ends with the appointment of Paul

Volcker to the Federal Reserve and the second regime starts right after.



The policy objective function takes the standard quadratic form with a pref-
erence for interest rate smoothing studied in previous papers that assume that
U.S. monetary policy is set optimally, Dennis (2006). In this model, the central
bank’s objective is to minimize a quadratic loss function that reflects the goals of
stabilizing wage and price inflation, the output gap and deviations of the nominal
interest rate from its lagged value.’

Policymakers minimize their welfare loss function subject to the following

constraints written in VAR form.

Yo =+ Ty + Til | + e, (10)

where y; = [z, T, W] and 2,{ is the short term interest rate. The matrices
i, I', and T' contain the coefficients ¢, ¢, Cy, 61,@1,&1,82,@2,&2,133,@3,d3, and
134, c4, d4 that represent the policymakers’ beliefs. Policymakers beliefs about the
model’s coefficients are represented by circumflexes.”
Following Sargent (1987) the solution to this stochastic linear optimal regu-

lator problem is the optimal policy rule:

it = F(Qgt)zt, (11)

The solution to the problem is a function of the parameters from the VAR esti-
mated by the policymakers every period ¢; = ¢y, b1,b2,03,b4, ¢, C1, 62, 63,84, 6y, d1, d2, d3, 024]’.

1; will also be determined by the pertinent state variables. The value for 7; will

embed the policymakers’ beliefs about the state of the economy.
The policy solution’s structural form representation is the equation:

iy = Fpxy + Frmy + Furl” + Fyil . (12)

Furthermore, 7; will be used to estimate the parameters of the model of the

economy including the preference parameters. The structural model consists

6There are several reasons why interest rate smoothing is a compelling property of the loss function.
One reason is that maturity mismatches between banks’ assets and volatilities make financial volatility an
undesirable property as addressed by Cukierman (1989). In addition, if policymakers have to retract from a
large interest rate movement it may lead to lost credibility and reputation as described by Brainard (1967).
These and other reasons why interest rate smoothing is a desirable feature of the loss function are outlined
in Dennis (2006).

"The central bank model of the economy was also estimated using a VAR(2). The results are presented
in the Robustness section. The results also support a change in preferences for inflation stabilization in a
model where the central bank perceives a costly trade off between inflation and the output gap in the 1970s.



of equations (1)-(5) along with the solution to the optimal policy problem ex-
pressed in structural form given by equation (12). In order to solve and estimate
the model some assumptions are made in regards to the private sector’s expec-
tation formation process. As in Primiceri (2006) and Sargent (1999), the private
sector knows policymakers’ actions. In particular, private agents in the econ-
omy know policymakers’ model given by equation (10) as well as policymakers
loss minimizing problem that yields the policy variable i. I follow most of the
adaptive learning literature in that the private sector assumes policymakers are
“anticipated utility” decision makers who will not revise their future estimates of
the parameters in the model as in Kreps (1998). Agents think that policymak-
ers will continue to implement policy based on their last estimate of equation
(10).8 Therefore, assuming that estimates F(¢;) in (11) will remain fixed into
the future, equations (1)-(5) along with the solution to the optimal policy prob-
lem given by equation (12) are a linear rational expectations model.? Since the
parameters in F(gzgt) are estimated and therefore change every period as more
information becomes available, the linear rational expectations model must be
solved every period in order to find the time varying data generating process. |
estimate jointly the full set of structural, non-structural and policy preference

parameters along with the standard deviations of the shocks.

3.3. Learning

Policymakers estimate the parameters of the policymakers’ model by Constant
Gain Learning (CGL). CGL gives less value to past and more value to current
observations. As addressed in Milani (2004), it represents a simple way to model
learning when we know that there could be coefficient drifts, but we do not know
when these drifts happen. The larger is the gain coefficient, the faster is learning
of structural breaks. However, a larger coefficient also implies greater volatility
around the steady state.

The VAR coefficients will be computed by updating previous estimates as

additional data on output, inflation, wages, and lagged short term interest rates

8 An alternative specifications would be to have a “fully rational” private sector that takes into account
that policymakers revise their estimates about the model on the base of future data. However, Primiceri
(2005) concludes that having fully rational agents is probably too strong and at odds with the data on the
disinflation period

9The rational expectations model was solved using Sims (2002)

10



become available. Policymakers estimate their model using constant gain learning

algorithms. The formulas used are specified below.

¢i = 5—1 + gRj_,tlﬂXt(Cg - X;¢‘z—1) (13)
Rji = Rj; 1 +gxixi — Rji1), (14)
where j = {x,m, W}, ¢ = [x, m, Wi is a vector of endogenous variables

and x; = {1,{;—1,7%,1} is a matrix of regressors, g is the gain coefficient and
ot = [2,,01,b2,03,b4), ¢ = [y, CL,E2,E3,¢4), 4 = [Cu, d1,d2,d3,d4)’ collect
the reduced form parameters. Equation (13) shows the updating rule for the
central bank’s beliefs, while equation (14) describes the updating formula for the
precision matrix of the stacked regressors R, ;. The updating formulas correspond
to a weighted least squares estimator. As described in Milani (2010), policymak-
ers revise their estimated coefficients in the direction of the most recent forecast
errors. Lastly, the gain coefficient g governs the rate at which policymakers

discount past information.

4. Bayesian Estimation Strategy

The model is estimated using Bayesian Techniques following An and Schorfheide
(2007). T estimate both, the set of private sector model parameters and the policy
preference parameters. The private sector model parameters include the struc-
tural and non-structural parameters, and corresponding standard deviations of
the shocks, and the gain coefficient g. I estimate the private sector parameters
for the whole sample from 1960:11 to 2008:1. However, to characterize the change
in policymakers’ preferences I estimate the policy parameters for two samples:
the first sample runs from 1960:11I to 1979:11, and the second sample runs from
1979:11T to 2008:1. The second sample begins with Volcker’s appointment as the
Federal Reserve chairman. The superscript 1 denotes the first sample of esti-
mated policy parameters, and the superscript 2 represents the second sample. I
estimated the gain coefficient jointly g with the rest of the parameters in order
to avoid obtaining results that are completely dependent on the central bank’s
learning process. The gain coefficient provides a link between the parameters

estimated from the true model and the central bank’s learning model in order

11



to balance out the two possible explanations of the competing hypothesis. The
initial beliefs correspond to OLS estimates of the policymakers’ model using data
from 1954:11 to 1960:1. The estimation of the initial precision matrix for the learn-
ing rule would add too many degrees of freedom to the estimation and possibly
favoring changes in beliefs over changes in preferences in this model.

The parameters are represented in a vector of 23 x 1 parameters denoted

6. The vector 6 is composed by:

0 = (10,1, €p, Wy, W, Vo Yaos Ags Ay Aus ALy Az Ay Ay AT (15)

x) " p? x) 7 'p)y
/
Pr Pp, Pw, Umpa Or, Upa Ow, g}

The vector of observed variables consists of the output gap, the inflation rate,
the deviation of log real wage from trend and the optimal policy variable i,
obtained within the model. Yy=[x,, m;, W}, 4;]. A prior distribution is assigned
to the parameters of the model and is represented by p(f). The Kalman filter is
used to evaluate the likelihood function given by p(Y710), where Y7 = [Y1, ..., Y7|.
Lastly, the posterior distribution is obtained by updating prior beliefs through
Bayes’ rule taking into consideration the data reflected in the likelihood.

I estimate the posterior distribution through a Metropolis Hastings algo-
rithm.’® The specific simulation method that I use is random walk Metropolis

Hastings for which I ran 120,000 iterations, discarding the initial 20% as burn-in.

4.1. Data

The estimation was performed using quarterly data on output gap, inflation, real
wage, and nominal interest rates. The data consists of two periods. The first
period runs from 1960:1 to 1979:11. The second period, which begins with Vol-
cker’s appointment as the Federal Reserve chairman, runs from 1979:111-2008:1.
Inflation is measured by the annualized rate of change of the GDP implicit price
deflator. The output gap for the private sector model is the log difference of
the GDP and potential GDP estimated by the CBO. The real wage is measured
by the log of the Non-farm business sector real compensation per hour from the

BLS. Lastly, the nominal interest rate is represented by the federal funds rate.

0For details on the specification of the Metropolis Hastings algorithm refer to Chib and Greenberg (1995)

12



All data used were taken from the St. Louis Federal Reserve Economic Data

website (FRED).

4.2. Priors

I estimated ¢ = [(1 — Bn)o|~'. The prior for the parameter ¢ has a Gamma
distribution with mean 1, and a standard deviation of 0.50 that is slightly lower
than in Milani (2007a). The priors for habit persistence, price and wage inflation
indexation, and price and wage inflation indexation in the loss function, follow a
Beta distribution with mean of 0.50 and standard deviation of 0.22. This prior
aids at estimating the parameters because it prevents posterior peaks from being
trapped at the upper corner of the interval. I use an Inverse Gamma as prior
density for the shocks’ standard deviation . The prior for §,, which is a function
of price stickiness, follows a Normal distribution centered at 0.015, which was the
value assigned in Milani (2007a). Furthermore, w, and w,, follow a Gamma dis-
tribution with mean 0.89 and a large standard deviation; a Gamma distribution
was assigned in this case because the model assumes that this parameters take a
positive value.

The priors for the weights on the stabilization objectives of the policymakers’
loss function are informative. They are centered at the values implied by the
microfounded weights derived by Giannoni and Woodford (2005). The implied
microfounded weights are functions of the underlying model parameters. The pri-
ors of the loss minimizing rates of wage and price inflation, dead weight loss, and
interest smoothing parameter follow a gamma distribution. The loss minimizing
rates of wage and price inflation, as well as the dead weight loss, are centered
at 0.30, 1.00, and 0.30. These are means approximated by taking the values of
the structural estimates in the model and calculating the various stabilization
objectives as functions of the underlying model parameters, implied by the mi-
crofounded loss function. The prior of the interest rate smoothing parameter
finds its mean at the value obtained by Dennis (2006). The standard deviations
of the priors for wage and price inflation are 0.25 and 0.50, while the standard
deviation for the dead weight loss and the interest rate smoothing prior take the
values of 0.25 and 3.50.

13



5. Results

Table 2 presents the estimation results. The weights on price inflation on the
policymakers’ loss function for the period before the appointment of chairman
Volcker to the Federal Reserve measured by )\11) equals 1.165. After 1979, the
estimate of the weight that policymakers give to price inflation )\12) increased
considerably to 3.563. The reported posterior probability intervals indicate that
the estimates for the price inflation stabilization weights are different from one
another in the pre and post-Volcker appointment eras. Therefore, there was a
substantial change in preferences for inflation stabilization before and after the
appointment of chairman Volcker to the Federal Reserve. This result is in line
with the notion that interest rate policy in the Volcker-Greenspan period appears
to have been much more sensitive to changes in inflation than in the pre-Volcker
period as concluded in Clarida et al. (2000).

Policymakers’ changed their preferences away from output gap stabilization
from pre-Volcker’s appointment to post-Volcker’s appointment. Pre-Volcker the
weight given to output stabilization (\L) was 1.397, this value decreased notice-
ably in the post-Volcker’s appointment period to (A?) 0.340. This change in
preferences coincides with the results reported in Dennis (2006). Dennis esti-
mates the parameters in the Federal Reserve’s policy objective function along
with the parameters in the optimizing constraints. Dennis concludes that the
estimated weight on the output gap in the objective function is not significantly
different from zero in the post-Volcker era. He suggests that the Federal Reserve
does not have an output stabilization goal during this period and that the rea-
son the output gap is significant is because it contains information about future
inflation. However, in the pre-Volcker era, the value estimated for the weight
on the output gap is higher than in the post-Volcker period. The parameter
values for dead weight loss in Dennis (2006) take values of 2.94 before 1979 and
it increases to 3.14 after 1979. The weights that policymakers give to interest
rate smoothing do not appear to be considerably different from the period be-
fore to after 1979 as perceived in the reported posterior probability intervals.
The weight estimated for the interest rate smoothing parameter \; between the
pre-Volcker period and the Volcker-Greenspan period take values of 0.326 and
0.335. Lastly, the weight that central bankers give to wage inflation stabilization
decreases from the pre-Volcker period AL = 0.836 to A2 = 0.050 in the Volcker

14



Greenspan period.

5.1. Policymakers’ Beliefs and the Great Inflation

The Great Inflation that is the episode of high inflation that began in the late
1960s and ended in the early 1980s, can be explained in part by a change in beliefs
about the state of the economy as in Primiceri (2006). Furthermore, there was a
also a change in preferences reflected by changes in the weights given to output
gap stabilization and inflation stabilization. The estimation suggests that there
was an important change in the magnitude of the weight that central bankers in
the U.S. give to inflation stabilization. Pre-1979 the weight that policymakers
gave to inflation was much lower than post-1979. This implies that the beliefs
of policymakers towards the persistence of inflation in the Phillips curve, and
the beliefs toward the slope of the Phillips curve estimated in this paper support
the “Overoptimistic” and “Overpessimistic” interpretation of the Great Inflation
given by Primiceri (2006), and Romer and Romer (2002). In particular, The low
value of the stabilizing weight on inflation estimated for the sample before 1979
supports the “Overoptimistic” and “Overpessimistic” interpretation of the Great
Inflation

Figures 1 plots the real-time estimates of the AR(1) coefficient ¢2 which rep-
resents a measure of perceived inflation persistence. During the early stages of
the Great Inflation, policymakers in the model do not react strongly to inflation
because they perceived a downward biased real time estimate of the persistence
of inflation. Policymakers perceived that inflation would revert to its mean value
at any time. Their estimates of the persistence of inflation were slowly revised
upward.!!

Figure 2 plots the real time estimates of the sensitivity of inflation to changes
in the output gap ¢l of the perceived Phillips curve starting from 1960. During
the later stages of the Great Inflation policymakers do not react strongly to the
rise of inflation because they perceive a very unfavorable output gap — inflation
trade off during the 1970s. Policymakers perceived that pushing output below its
potential would only reduce inflation slightly. As discussed by De Long (1997)
the cost of fighting inflation was not acceptable (during the 1970s), until the

HPotential misperceptions about the trend of output were captured by the intercept in the output equation
in the learning rule.
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perceived trade off between the output gap and inflation improved in the 1980s.
Notice that Figure 2 suggests that only after policymakers started to pursue
policy devoted to bringing inflation down, the perceived cost of fighting inflation
decreased. This finding implies that policy directed to stabilize inflation was
put in place before the perceived output gap - inflation trade off improved. In
other words, preferences toward inflation stabilization had to change in order to
explain the disinflation episode. This result supports the finding in Cecchetti et
al. (2007), where central bankers in the Inflation Stabilization era were willing
to disinflate even if that translated into a “painful” unemployment episode. The
results in this model conclude that entering into the Inflation Stabilization era
the central bank focus shifted towards stabilizing inflation relative to the output
gap. Therefore, monetary policy regime changes were, in fact, important to large

movements in the trend of inflation in the U.S.
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Figure 1: Policymakers’ Beliefs about the Persistence of Inflation in the Phillips
Curve

In order to grasp the monetary policy followed by policymakers in the model,
Figure 3 plots the evolution of the estimated model’s optimal policy variable over
time. In addition, the federal funds rate is plotted for comparison. As we can
observe, the model’s optimal policy variable follows closely the behavior of the
federal funds rate in the period of study.

The contribution of this paper is to estimate the weights in the central bank
loss function along with the structural parameters in a model that embeds pol-

icymakers’ beliefs about the state of the economy. The estimates on the habit
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Figure 2: Policymakers’ Beliefs about the Slope of the Phillips Curve

formation in consumption (n = 0.030), and (y, = 0.032) the degrees of index-
ation in price inflation are closely in line with the estimates in Milani (2007a).
Substantial degrees of habit formation in consumption, and indexation in infla-
tion are necessary to improve the fit of rational expectations models. However,
when rational expectations are replaced by learning, mechanical sources of per-
sistence are no longer needed to generate persistence in the economy as in Milani
(2007a). In this model where the central bank is learning adaptively the degrees
of habit formation and inflation indexation drop to lower values than what has
been estimated for rational expectations models. The data is also informative
in the estimation of the gain coefficient g. The gain coefficient g = 0.016 is
consistent with previous estimations of this parameters in a similar setting as
in Milani (2007a). This gain coefficient entails that the speed of learning of
the central bank in this model is somewhat sluggish. The value estimated for
the pseudo-intertemporal elasticity of substitution ¢ = 6.045, is higher than the
value obtained in Giannoni and Woodford (2005) of 0.66 but in line with the
value obtained in Milani (2007a). The rest of the parameters take similar values

to previous Bayesian estimations of DSGE models for the U.S.
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Figure 3: Federal Funds Rate and Estimated Optimal Monetary Policy Variable

5.2. Change in preferences, changes in policymakers’ be-

liefs and their implied Taylor rule coefficients

In order to interpret the changes in the values of the stabilizing weights for infla-
tion and output and the more stable weight estimated for interest rate smoothing
this paper looks at their implied optimal interest rate responses. In particular,
I present the response to inflation, the output gap, wage inflation, and inter-
est rate smoothing, in the time-varying policy reaction function implied by the
model given by equation (12). The results obtained from the time varying policy
reaction function implied by the model can account remarkably for the Fed’s
time-varying responses to inflation (wage and price) in the period of study. This
conclusion is reached after comparing the time-varying responses to the estimates
in Ang et al. (2009). The authors present a model in which the short rate follows
a version of the Taylor (1993) rule where the coefficients on inflation and output
can vary over time. They find that monetary policy loading on inflation, but
not output, changed substantially over the last 50 years. In a previous version of

Ang et al. (2009) they find significantly more variation in the output gap loading
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when the term structure information included in their model is ignored.

Figure J represents the time-varying responses to the output gap and infla-
tion from 1960 to 2008. During most of the 70’s policymakers had a preference
for using the policy instrument to stabilize output gap as discussed earlier in
the paper, but this changes after 1979. We can observe that during Volcker’s
disinflation, the response of the interest rate to the output gap decreases. Later
on, the response of the interest rate to the output gap increases.

The time-varying coefficients on inflation (price and wage combined) implied
by the estimated weights of the central bank loss function are very similar to
the time-varying coefficient on inflation obtained in Ang et al. (2009). Ang
et al. (2009) comments on the time varying coefficient that reflects the time-
varying policy response to inflation. The authors find that the Fed’s inflation
coefficient starts to decrease during the 1960’s. The coefficient stays low through
the 1970s until 1979-1980. I obtain a similar easing of monetary policy pattern
in the time-varying coefficient on inflation (price and wage combined) during the
1960s and 1970s. In Ang et al. (2009) the Fed’s inflation response starts to
increase in the late 1979. As in Boivin (2006) they do not observe that the most
pronounced increase in inflation response in the late 1979 (with the appointment
of Volcker to the Fed) as is often assumed. The highest response to inflation was
reached in 1984. In this paper also the Fed’s response to inflation starts rising
in the early 1980s. The response to wage inflation reaches a high response some
time in the mid 1980s. Furthermore, Ang et al. (2009) obtain a response to
inflation that starts to decrease in the 1980s, subsequently the response starts
to increase some time close to the mid 1990s and stays high during most of
the decade. The parameters in this paper follow a similar pattern. The 2001
recession is accompanied by a low response to inflation in this paper and in Ang
et al. (2009) followed by an increased response to inflation by the Fed in 2003.
Lastly, the low response to inflation during the current financial and economic
crisis is consistent with the estimates obtained in Ang et al. (2009).

The time-varying interest rate smoothing parameter is depicted in Figure 5
. The interest smoothing time varying parameter increases gradually during the
whole period. However the stabilizing weight for interest rate smoothing in the
policy objective function does not change from before to after 1979.

The paper’s empirical results show that the implied time-varying Taylor rule

19



coefficients depend, in fact, not only on the weights, but also on the policymak-
ers’ beliefs of the structure of the economy. In an attempt to understand the
contribution of the change in policymakers’ preferences compared to the changes
in beliefs, two counterfactual experiments were conducted. The counterfactual
experiments are plotted in Figures 6, 7. Figure 6 reports the time-varying Tay-
lor rule coefficients when the weights in the central bank’s objective function are
held constant over the whole period at the first sample’s estimates in a model
where the central bank is learning.

Figures 6.b and 6.c show the time-varying Taylor rule response to inflation
(wage and price). In both figures, the average time varying response to inflation
after 1979 is too low compared to the benchmark model. Therefore, changing
policymakers’ beliefs by themselves and fixing the policymakers’ preferences to
pre-1979 values cannot fully account for the shifts in the policy dynamics of the
inflation responses in the benchmark model.

Figure 7 represents the case where the preference parameters are fixed to their
post 1979 levels during the whole sample, with policymakers’ learning. Figures
7.b and 7.c show the time varying coefficient on inflation (price and wage). In
this case I find a strong response to inflation during the 1960s and 1970s, which
is not consistent with the policy dynamics present in the benchmark model or

with previous estimates of the time varying response to inflation.

5.2. Robustness

This section examines the robustness of results to a different assumption in regard
to the number of lags in the central bank’s model. The central bank’s model of
the economy is now portrayed as a VAR(2) in which the output gap, inflation,
and detrended wages are responding to two lags of the output gap, inflation, and
detrended wages, as well as two lags of the short term interest rate. Primiceri
(2006) and Pruitt (2010) estimate models that include two lags in their central
bank models. All conclusions are robust to having a model of the central bank
in which a different number of lags is considered. I find that there was a change
in preference for inflation stabilization from the period before to after 1979. The
weight on price inflation increased from )\11) = 0.0158 to )\Z = 2.471 after 1979. In

addition, I find that policymakers perceived an unfavorable output gap - inflation
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Figure 4: (a) Output Gap and (b) Inflation Responses in the Model’s Time-Varying
Policy Reaction Function

trade off, 12 as measured by the sensitivity of inflation to the output gap in the
inflation equation. This perceived inflation-output gap trade off coincides with
the dynamics observed in Carboni and Ellison (2009). The perceived cost of
fighting inflation did not improve until the 1980s after policymakers started to
pursue disinflationary policy. This was after the shift in preference for inflation

stabilization took place.

6. Conclusions

The rise and subsequent fall of inflation in the United States during the 1970s and
1980s —the “Great Inflation”— has been subject of extensive research. One ap-
proach holds that monetary policymakers during the late 1960s and throughout
the 1970s preferred stabilizing output, while post 1979 they preferred inflation
stabilization. An alternative explanation contends that the Federal Reserve held
misperceptions about the state of the economy and the transition equations for

the economy. This paper studies the Great Inflation in a medium scale macroe-

12 Figure 10plots of the sensitivity of inflation to the output gap in a VAR(2) model of the central bank.
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Figure 5: (a) Wage Inflation and (b) Lagged Interest Rate Responses in the Model’s
Time-Varying Policy Reaction Function

conomic model that embeds both a possible change in policymakers’ preferences
from the Great Inflation into the inflation stabilization era and changing beliefs,
through learning, about the state of the economy. By combining both elements,
the learning hypothesis with the policymakers’ shift in preferences, the empirical
results illustrate the extent to which changes in the perceived inflation — output
trade off or the preferred inflation — output trade off explain the Great Inflation.

This paper provides evidence of a change in the estimated weights that central
bankers give to output gap stabilization, and inflation stabilization after 1979,
even in the presence of a model where policymakers are learning about the state
of the economy over time. However, there is not much evidence that the weight
estimated for interest rate smoothing change from pre-Volcker to post-Volcker’s
appointment. The weight that central bankers in this model put on stabilizing
the output gap approaches zero in the post-Volcker’s appointment period. This
shows that policymakers in the 1970s bore in mind the Great Depression and
did not make policy decisions that would translate into a sizable recession. Even
though there was no mandate to fight inflation by allowing the unemployment
rate to rise during the late 1960s and most of the 1970s, this changed by 1979.
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Policymakers then fought inflation by inducing a significant recession as a result
of fears about the cost of inflation.

Policymakers changed their preference for inflation stabilization as well. The
inflation stabilization weight increased in the Volcker-Greenspan period. This re-
sult is in line with the notion that interest rate policy in the Volcker-Greenspan
period had been more sensitive to changes in inflation than in the pre-Volcker pe-
riod. But more importantly, the responses of the output gap and inflation (wage
and price) in the time-varying policy reaction function implied by the model are
very similar to previous estimates of time-varying Taylor rule coefficients. This
paper concludes that although there were changes in the estimated stabilizing
weights on price inflation and the output gap, there were no significant changes
in the stabilizing weights estimated for interest rate smoothing. Therefore, both
policymakers’ learning and changes in preferences, aid in representing the Fed’s
time-varying policy response to inflation, and to explaining the dynamics present

in the Fed’s policy instrument.

7. Appendix

7.1. Appendix I. on Model Derivation (Provided for the
Reader’s Benefit)

The following optimizing model is a DSGE model in the spirit of Erceg et al.
(2000), Woodford (2003), Giannoni and Woodford (2005). This model includes
internal habit persistence, wage stickiness, and inflation inertia, which have
proven to improve the empirical properties of the model, giving more realism
to the transmission mechanisms.

The structural equations that give the aggregate dynamics of output, price,

and wage inflation are described in the following section.

7.1. Optimal consumption decisions

The economy is composed by a continuum of households h distributed uniformly
on the [0,1] interval. Each household supplies a differentiated labor service to
the production sector. Thus, firms regard each household’s labor as an imper-

fect substitute of the other household’s labor. A labor aggregator bundles the

23



household’s labor hours in the same proportions as firms would choose. Each

household h maximizes a lifetime expected utility that can be written as follows.

E; Z 6T_t[u(0§£ - 770§3_1; ¢r) — U<H§E§ ¢r)l, (16)

T=t

where 3 is the household’s discount factor, CI is a Dixit-Stiglitz index of
household’s consumption of each of the differentiated goods supplied at time t,
and H}* is the amount of labor (type h) supplied by the household k at time t. The
parameter 0 < n < 1 represents the degree of habit formation. Each household
obtains utility from the excess consumption at date t relative to some habit stock
nCy_1. (r is a vector of exogenous preference shocks. The function wu(-;(r) is
increasing and concave for each value of (7, while v(-; {r) is increasing and convex.
This model assumes that capital is fixed and cannot be instantaneously relocated
among firms in order to equalize the return to capital services across firms that
change their prices at different prices. The CES Dixit-Stiglitz consumption index

is given by:

cr=([ do ] a7)

and the price index is:

1 Tt

p=| [ noyea]” (13)

where c'(j) aggregates consumption of each good (j) and 6, > 1 stands for the

elasticity of substitution between differentiated goods. Optimal consumption of

good j is given by cl(j) = CM(pi(5)/P;) %, where p;(j) is the price of good j at
date t.

In this model, financial markets are complete so that risks are efficiently

shared. As a result, each household faces a single intertemporal budget con-

straint given by:

PC! + B Qi1 AN < Al +wi(h)H] + T, (k) — T, (19)

where Al is the nominal value of the household’s beginning-of-period financial

wealth, w;(h) denotes nominal wage of labor h, II;(h) stands for the profits from
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sales of good h, and T} represents the nominal value of (net) lump-sum taxes. Qr
is the stochastic discount factor that defines the market valuations of alternative
random income streams. The riskless one-period nominal interest rate, i;, must

satisfy

(1+i)™" = EQuin (20)

The first order conditions for the optimal choice of consumption is given by

M P, = u (Cpr —nCr_1; Cr) — Bnue(Crir — nCy; Cria)- (21)

A; that denotes the representative household’s marginal utility of real income
at time t."

The marginal utilities of income at different dates and states must satisfy

MNQir = BT A, (22)

for any possible state at any date T' > ¢t. Equations (22) and (20) results in
the Euler equation for optimal timing of consumption. The Euler equation links
the interest rate to the evolution of the marginal utility of income in the following

equilibrium relationship:

P
AtPt = 5Et[(1 + Zt>P_tAt+1RE+1]~ (23)
t+1

Log-linear approximations of these relationships were performed around steady

state equilibrium with no inflation. Log-linearizing equation (23) yields

M = EyAer + i — mia), (24)

)
and log-linearizing equation (21) yields:

where )\, = log 1y = log (%), and 7 Elog(%) Using equation (29)

at = Et5t+1 - (1 - ﬁn)o_(it - EtﬁtJrl) + gt — Etgt+17 (25)

13As in Giannoni and Woodford (2005) the problem is the same for each household since the initial level
of wealth is assumed to differ among households in a way that it compensates for any differences in their
expected labor incomes. All households choose identical state-contingent plans of consumption, thus, I drop
the index “h” in the consumption variable.
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where

C, = (Cy = 1Ci—1) — BnE(Crr — nCy) (26)

o is the intertemporal elasticity of substitution of consumption in the ab-
sence of habit formation, exogenous preference shocks are represented by ¢;, and
C’t, ir,and7, represent log-deviations of consumption, nominal interest rates, and
inflation from their steady-state values.'* Aggregate demand is Y, = C;. Rewrit-
ing (26) in terms of the output gap z; = Y; —Y;"* where Y;" indicates log deviations

from in the natural rate of output, ' I obtain the intertemporal IS relation:

Ty = BT — (1= Bn)oliy — By — 11, (27)
where

Ty = (2 — nre1) — BnE(Te1 — N2t (28)

and r} = [(1 — n8)o] (Y — gi41) — (Y* — g¢)] is the flexible price real
interest rate that represents the real interest rate when x; = 0 at all times where

g; represents exogenous preference shocks.

7.2. Equilibrium Wage Setting

Following Erceg et al. (2000), Amato and Laubach (2003), Woodford (2003), and
Giannoni and Woodford (2005) I assume that there is a single labor market in
the economy. Firm j is a monopolistic supplier of good j, which has the following

production function

ye(j) = AtF(Fa Hy(j)) = Acf(H(7)), (29)

where A, is an exogenous technology factor, the function f is increasing and
concave, and capital is fixed so that labor is the only variable input. The labor

index Hy(j) used to produce each good j has the Dixit-Stiglitz form:

14The " designation will be omitted in the rest of the paper for conciseness.
15The natural rate of output means the equilibrium level of output under flexible prices, flexible wages,
and constant levels of distorting taxes and of desired markups in the labor and product markets.
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)= | ()" an] o (30)

for some elasticity of substitution 6,, > 1 where H[(j) is the labor of type h
that is hired to produce a given good j. The demand for labor type h by firm j is
obtained by the maximizing of index (30) for a given level of wage payments. It

we (h)

_gw
is characterized by H'(j) = Hy(j) (W) , where wy(h) is the nominal wage

of labor of type h, and W, is a wage index

W, = Vol wt(h)”wdh]} " : (31)

The monopolistic supplier of each type of labor sets the wage for each type
of labor. Each monopolistic supplier is ready to supply as many hours of work

to be demanded at that wage. Integrating across firms, the demand for labor

faced by households h is H!(j) = H, (%@) o where H; = fol Hy(z)dz. Each
monopolistically competitive worker of type h , sets wage w;(h) assuming that
it has a negligible impact on the wage index W;. In addition, analogous to the
Calvo model of staggered pricing, each wage is unchanged with a fixed probability
1 — o, each period. As in Christiano, Eichenbaum, and Evans (2005), Smets and
Wouters (2003), Altig et al. (2004), and Woodford (2003, ch. 3) if a wage is
not reoptimized, it is adjusted according to the indexation rule logw;(h) =log
wi—1(h) + Yume—1 for some 0 < v, < 1 that represents the degree of indexation
to past inflation.

A worker of type h who chooses a new wage w,;(h) at date t, expects to have
a wage wy(h)(Pr_y/P;_1)? with probability aZ~* at any time 7" > ¢. Giving this
wage profile the worker will face a demand of
wt(h)%% _
T)) o (32)

for his work. Newly optimized wages, which take effect immediately wy, are

HT(

chosen at the end of period t-1, with information available at t-1. A new wage

w; adjusted in period t should be selected to maximize
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E, i(awﬁ)T‘t[AT(l + 7w)w; (h) (P ’“)7 Hr ot (P_) (33)

T=t
— 0y
we(h)(ZX=1)"
—v | Hy (%) & |-

0 < 7 < 1is a subsidy for employment that offsets the effect on imperfect

competition in labor markets on the steady- state level of output. As is the
representative household’s marginal utility of nominal income at date T. The

solution to this problem satisfies the first order condition

mfty(awB)T7t [HT(wf)ewl (W) —bw (1_6w):| (34)

0= Ef >

T=t

il * w —ew
[ATw: (if:f) - :uw'Uh (HT <wt (PT}/lV/ftil)’y ) ; £T>:| }7

where v; is the geometric average of the marginal rate of substitution (MRS)

between work and consumption for the supplier of a given type of labor, and
fw = 04/(0, — 1) > 1 is the desired markup of household’s real-wage demand
over its marginal rate of substitution owing to its monopoly power. The optimal
wage w; is equal across all h, since the function v(H,€) is the same across all
h, and the optimization problem solved by the each household is the same. The
optimal wage w; is determined implicitly by the previous equation. Given the

choice of wy each period, the overall wage index evolves according to

1
w 1_9w —Yw
W= |(1- +1-6u T ' o 35
¢ = Q) W, +« t—1 Py . (35)

The log-linearization will be performed under the assumption that W, /P, P,/ P;_1,

and w; /W, will remain close to their steady state values , w, 1, and 1 respectively.
Log-linearizing equation (35) results in

~k Aoy

We =712 oty (7 = YwTi-1), (36)
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where @} =log(w; /W;), w1 = log(W;/W; — 1). A log-linear approximation to
the first-order condition yields

0=E {Z(O‘wﬂ)Tt

T=t

(14 v6,)) (w;: - > (- WTH> + O — ﬁT] } ,

T=t+1
(37)
where v = %, H= logH,;/Hand @&, = log (Wt/Pt> is the percent deviation

of the real wage from steady-state, and

o, = vH, + ﬁft (38)

is the geometric average of the deviation from steady state of the MRS between

work and consumption. Solving the log-linearized first-order for w; yields
> 1—aub,. R w
{ Tz: af3) = { T — %ﬂTT—l) + Tv@f(MT - UT)H — (7" — %uﬁ—l)} .
(39)

Quasi-differencing this equation and making use of equation (36) results in

qu — YwTt—1 = gw(@t - d}t) + /BEt<7TE§-1 - ’Ywﬂ-t) + U;U, (40)
where &, = %. The production function was log-linearized, and

taking into consideration that the steady-state value of A; is 1 results in
Ue(J) = as + ¢_1f:ft<j)7
where §,(j) = log(y:(j)/Y), a; =log(A,), H, =log(H,(j)/H), and ¢ = )

Hf’(H)

1. Solving for H, yields
]_ilt = ¢(}A/t — at).

Substituting this into equation (38) the following is obtained

vEe
Ut = ww(th — at) + —ft (41)
Up
The parameter w,, = v¢ > 0 indicates the degree to which higher economic
activity increases workers’ desired wages for given prices. The expression of the

natural rate of output is given by
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wye Y = (1 +w)a; — ?—5{;} + A (42)
h

Taking into consideration the previous equation, the marginal rate of substi-

tution between labor and consumption can be expressed as

b = woay + [((1— Bn)o)~'T + 0}, (43)
where
Wy = (1+wp)ay — wpf/tn (44)

represents percent deviation from the steady state natural real wage. Lastly,
the wage-inflation equation (40) can be written as an aggregate-supply relation

of the form

T = Yo = Sulwoms + [(1—1B8)0] '] + o (wf —we) + BE(m'y — yume) + 0y,
(45)

(Aow)=awf) o o function of the degree of wage stickiness, the

o (14+v6y) _
elasticity of marginal disutility of labor supply at the steady state, v = % and

where &, =
the elasticity of substitution for different types of labor.

7.3. Equilibrium Price Setting

Similarly, the suppliers of goods are monopolistically competitive and each price
is chosen optimally with probability 1 — c, in a given period. As in Christiano,
Eichenbaum, and Evans (2005), Smets and Wouters (2003), Altig et al. (2004),
Giannoni and Woodford (2005), and Woodford (2003, ch. 3) if a price is not

reoptimized, it is adjusted according to the indexation rule

logpt(j) = Ingtfl(j) + VpTe—1- (46)

Every firm solves the same decision problem, and when they change their

price, they set a common price at p;. The aggregate price evolves according to
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P, o\ 1—0p ﬁ
=l (P (F2)7) - (47)
t—2

for some 0 < =, < 1. Log-linearizing equation (47) results in

Qp
1l -«

ﬁ: = <7Tt - ’Ypﬂ't—l)- (48)

P
Each firm selects its new price p; in order to maximize the expected present

discounted value of future profits

{Z oy ' Qur [T ( pt)]} (49)

where Q; 1 is the stochastic discount factor that defines the market valuations

of alternative random income streams. Nominal profits Il are given by

Vo N o\~
lr(p) =p (%) (p(PT_lléft_l) ) V=W, f ((p(PT—IP{TPt—l) ) X_j;) .

(50)
The solution to this problem satisfies the first order condition
Pr_y/Py)»\ "
o= Ea( e |00 () R oo
P (PT—I),YP — Wr/Pr }
% P * v\ —f )
Pr\ Pia Apf! (f_1<(Pt(PT}13;Pt1) ) }4’;))
where p,, = 6,,/(0, — 1) > 1. The optimization problem is the same for all

firms, therefore the optimal price p; is the same for all firms. Log-linearizing the

previous equation around a steady state results in

0=E; {Z(%B)T_t

T=t

(1 + wpbp) (ﬁ: - Z (m — 7p7rt—1)> — Wy — &T] } 5

T=t+1
(52)
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wp indicates the degree to which higher economic activity increases producers’

desired prices given wages, p; = log(p;/P,),w; = log(Wt/ Py and
b = wpVy — (1 4+ wp)as (53)

121,5 represents minus the average deviation across firms of log of the marginal
product of labor from its steady state. Solving the log-linearized first-order con-

dition equation (52) yields

-

;i; )" [ T — YpTr-1) M. 74 1= b (wr — wT)H — (m — vatl)} .

1+ wpt,
(54)
Quasi differencing this equation and making use of equation (48) gives
— Y1 = &p(Wr + &T) + BE(Try1 — Ypme) + uy. (55)

Writing the previous equation in terms of deviations from steady state output

and the natural rate of output gives

= VpTt—1 = KVP(Y; ) + fp( — ;) + BE (1 — ’Ypﬂ't) + uy (56)

Wy = (1+ wp)a — wpf/t”, (57)

where w}' represents the percent deviation from steady state value of the
natural real wage and wj' is defined as the log of the natural real wage and w; is
the log real wage. Therefore, equation (53) can be further expressed as relation
of the form

— -1 = KpZt + Ep(wy — wi) + BE(Tpp1 — Ypme) + uf, (58)

where K, = §w,, &, = %}ﬁ is a function of the degree of price sticki-
p

1ness.
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7.2. Appendix II. State Space Form and Optimal Policy

The optimization constraints have the following state space representation.

Zt+1 = Ct + Atzt + Btit + €11 (59)

where

2t = [:Cta Tp—1, Ty Tp—1, Tt—2, Wt7 Wtfla Wt727 Z'tfla it72], is the state vector €ty1 =
lef1,0,ef,1,00, €% ,0,0,0,0] is the shock vector, and ¢, is the control variable
and the matrices in the state-space form are C' = [ ¢y 0 ¢ 0 0 ¢ 0 0 0 O
B:[B40&400£40010]

bl

and A =

O 00 o0 o o o o o
=R A ===

O 00 o0 o o o oo

Q oo

o o o~ oo o
O~ 0O 0 oo o o o

O 00 o o o o o o

O 00 o0 o o o o o

O 00 o0 o0 o o oo

o oc oo o r Yoy

o
o o o0 o o o X+

0 0 0 0 010
The quadratic loss function is characterized in terms of the state and control

vectors in the following form:

Ey {Z B(2015)' Q(245) + (ier) Rlings) + 2(Zt+j)/U(it+j)]} (60)

In this representation the matrices Q,U, and R contain the policy preference

parameters represented as below:
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Following Sargent (1987) the solution to this stochastic linear optimal regu-

lator problem is the optimal policy rule:

~

iv = F(¢y)z, (61)

where
F=—(R+ BBPB) Y (V + BB PA) (62)
P=Q+BAPA— (BAPB+U)(R+ BB PB) " (BB'PA+U). (63)

Equation (63) is a matrix Riccati equation. In order to obtain a solution for P
it was iterated to convergence. i; will be implemented every period. The solution
to the problem is a function of the parameters from the VAR estimated by the pol-
icymakers every period ¢y = [&,,b1,b2,b3,b4, éx, 1,62, E3, ¢4, ¢y, d1, d2,d3, d4)'.
1; will also be determined by the pertinent state variables. The value for i; will
embed the policymakers’ beliefs about the state of the economy.

The policy solution’s structural form representation is the equation:

it = Fpoy + Frme + Fwﬂ'zﬂ + Fili{_y (64)

Furthermore, i; will be used to estimate the parameters of the model of the

economy including the preference parameters.
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7.3. Appendix 3. Model Overview

It is useful to provide a brief overview of the economic model. Policymakers utilize
the time series data on the variables in the economy in order to estimate the
parameters in their model . The policymakers’ perceived VAR is estimated over
time by CGL. Policymakers solve their optimal control problem using the beliefs
derived from their recursively estimated model in order to formulate a policy rule
for 7;. The private sector takes that policy rule and forms rational expectations.
Lastly, the preference parameters, gain coefficient and the structural coefficients

of the true model are jointly estimated using Bayesian methods.
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