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ABSTRACT

In this paper we analyze changes in the Federal Reserveibehad objectives since the
1960s justified by potentially evolving beliefs—throughealrtime learning process—about
the structure of the economy and/or shifts in policymakeefgoences in the late 1970s. In
addition, we allow for changes in the volatility of the stiw@l shocks in a medium scale
DSGE model. The empirical results show that accounting fianges in the volatility of the
shocks in a model that allows for real-time learning by patiakers improves the fit of the
model to the U.S. data. In fact, the model captures the néinypelated high volatility periods
experienced in the 1970s and early 1980s. To conclude, wanabthat a change in monetary
policy objectives, assumptions about policymakers’ legyprocess, and Markov-switching
volatility are key to fit the model to the U.S. data, and to ustind Federal Reserve behavior
during the Great Inflation.
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1 INTRODUCTION

The evolution of U.S. macroeconomic dynamics and its péssburces have been the subject
of extensive research. Starting with the Great Inflationther period of rising inflation in the
1970s and its subsequent fall in the early 1980s, followethbyperiod of remarkable economic
stability—The Great Moderation—until the events leadiogthte Great Recession, have sparked
considerable interest on the role played by U.S. monetdigypdn fact, monetary policy has often
been perceived as an important driver of the U.S. econonrforpeance in the period described;
notable examples afBaylor (1999 andClarida et al(2000. However, understanding the deter-
minants that explains shifts in the monetary policy insteats is an area of research that deserves
further attention. Are shifts in the policy instrument dwechanges in macroeconomic under-
standing of the structure of the economy [eSargent(1999 andPrimiceri (2009§] and/or were
there changes in policymakers preferences toward outpuganflation stabilization at key turn-
ing points in the conduction of monetary policy? The comboraof both possible explanations
has been discussedBest(2016, and time-varying changes in the latter have been coresidar
Dennis(2006 andLakdawala(2019.

On the other handSims and Zhg2006 find evidence of time variation in the disturbance
variances of the shocks that hit the economy as the mainndietant of U.S. macroeconomic
performanceBianchi(2013 makes an important addition to this literature by consideregime
changes not only in the volatilities of the structural shgdbut also time-variation in the Taylor
rule parameters—as the expression of the evolution of naopgtolicy. Bianchi (2013 finds
that both, changes in the monetary policy stance and thdiliteda of the shocks contribute to
macroeconomic dynamics in the U.S. post war period.Bianchi (2013, monetary policy is
contextualized in a Markov-switching interest rate ruleiththe advantage of being able to pick
up changes in the Fed behavior over time. However, as disdus®ebortoli and Nune§2014),
the interest rate responses are reduced-form represergati policymakers’ behavior and their
responses often hide the difference between policymakbjsttives: factors that the central bank
can control and those it cannot control.

In this paper we build on the existing literature that coneithe bad policy vs bad luck hy-
potheses. The contribution of this paper is to study if thé’$=evolution of policy decisions is
the product of a real timkarning process about the structure of the econofgriceri (2006;
Sargent(1999; Orphanides (2005).ubik and Mattheg2016] and/or if there were changes in
preferencesoward inflation stabilization by the Fed in the post-1978iquk[e.g.,Dennis(2006
andBest(2016)], in the presence of possible changes invb#tility of the structural monetary
and non-monetary shocks [e.@ianchi (2013 andHur (2016]. We contribute to the literature



by combining the three possible hypothesis which allowswevaluate the relative contribution of
each one to the explanations to the Great Inflation—speltyficethe disinflation process—and to
the Great Moderation.

In regard to thdearning and change ipreferencenypotheses, we make additional contribu-
tions by dissecting their role in the monetary policy instants as well as the part played by the
time varying volatility of the monetary policy shocks—inpeeted as deviations from the mone-
tary rule—in the post-war US macroeconomic dynamics. Ouliriigs suggest that i) the interplay
between changes in preferences and learning behaviotsaffex determinacy conditions in the
model and consequently the response of the output gap aatianfto a monetary policy shodk;
i) monetary and non-monetary policy shocks are tantamoantributors to the Great Inflation.
Therefore, monetary policy determinants and non-mongtaligy shocks explain the Great Infla-
tion.

We are also able to tebakkio (2013 hypothesis that better monetary policy was a key contrib-
utor to the period of relative calm after the volatility oktkreat Inflation—the Great Moderation.
The literature has looked at three possible sources of tkat@loderation: (i) changes in the
structure of the economy, (ii) good luck and (iii) good pwglie\s Bernanke(2004) noted, each of
the three classes of explanation most likely “contains el@mof truth.” This point is further illus-
trated bySims (2012 kitchen fire analogy: effective monetary policy or struedichange in the
economy—Iike a good fire extinguisher—may limit the advensgact of even a major shock. We
perform a series of counterfactual experiments underrgtime learning, monetary preferences,
and shock assumptions to assess the role of better polidyed@reat Moderation pericd.

Results show that learning, monetary policy preferenaes valatility changes played an im-
portant role at explaining macroeconomic dynamics for theéed States from the 1960s to 2008.
We find that learning and a change in policy preference aradkeparacterize movements in the
Fed’s monetary policy instrument during the period of stuBglicymakers’ learning about the
structure of the economy along with a change in the stance ®f pblicymakers toward inflation
in 1979 with the appointment of chairman Volcker, can chiéze the time varying response to
inflation by the Fed. We find support to the widespread bdtiaf tU.S. monetary policy history can
be described by a regime change pre- and post-Volcker inrdsepce of possible time-varying
changes in the Fed’s understanding about the structureeadabnomy. Consistent with previous
studies, we are able to capture the accommodative respomnsiation during parts of the 1960s

!Determinacy is deemed the existence and uniqueness afiahérpectations equilibrium (REE).

2Although we admit that this paper abstracts from modelliegents that would capture specific structural change
in the economy, we believe that it can still shed light on thetdbution of possible improvements in monetary policy
and “good luck” to the decline in macroeconomic volatility.



and 1970s and before the Great Recession.

Lastly, we are also able to disentangle the contributionhef tarious shocks to the Great
Inflation. We find that supply shocks were definitely destainity forces driving inflation and
output during the 1970s but demand and monetary policy shball key contributions to output
and inflation dynamics after 1975; especially during Volskexperiment.

2 THE MODEL

The model estimated builds dfrceg et al(2000 and Woodford (2003. This model is a New
Keynesian medium scale model with internal habit perstgewage stickiness, and inflation iner-
tia. It has been used as the basis for the study of monetaigypolthe literature [e.g.Christiano
et al.(2005; Smets and Woutel2007)]. The feature of wage rigidity is important to enhance the
realism of the transmission mechanisms resulting from tbdehand is considered to be key ele-
ment in explaining output and inflation dynamics (e.g., €no, Eichenbaum, and Evari®09
and2005, Smets and Woute2003, andAltig et al. (2011). In addition, the central bank has the
potential to respond to wage inflation in its policy objeetiunction;DelLong (1997 documents
its importance during the 1960s and 1970s specially bedbps®rides information about the core
of inflation which attests to the qualitative nature of the&rinflation.

The economy can be represented by the following system aftes:

5t = Etit-f—l — ()O_l[it — Etﬂ-t_i_l - T?], (l)
where

Ty = (1 — nw—1) — BnE (001 — n2y). (2)

andp~! = [(1 — n8)o] captures the sensitivity of output to changes in the inteegs?® The log-
linearized Euler equatiorl) includesz; that represents output gap, is price inflation, and; is
the nominal interest rate set by the central bank (detemivithin the model), and’; represents
rational expectation.

The supply-side model is given by the following equations:

T = YoTi—1 = §wlWw®e + @] + Eu(wi' — wy) + BE(T ) — Ywme) + uyf (3)

Tt = VYpTi—1 = KpTt + fp(wt —wy') + BE(m1 — ”Ypﬂt) + uy, (4)

30 > 0 is the inverse of the intertemporal elasticity of subsititat 3 € (0, 1) is the household’s discount factor,
and0 < n < 1 is the measure of habit persistence in consumption. ASiannoni and Woodfor@2003, the
parameter has been estimated insteadof



wherer, = {,w, and @) and @) are New Keynesian Phillips curves for price and wage irftati
and

Wy = Wy—1 + 7 — T (5)

is an identity for the real wagev, = W,/ P;) expressed in logs and rearranged to provide a law of
motion for the log of nominal wages. Heteg is the log of the real wagey; represents exogenous
variation in the natural real wage, antf is nominal wage inflation. This is a cashless economy
as inWoodford (2003. The parameter8 < v, < 1 and0 < v, < 1 represent the degree
of indexation to past inflation for price and wage inflatioaspectively. Prices and wages are
adjusted: la Calvo. The parametgy, represents the sensitivity of goods-price inflation to ¢jesn

in the average gap between the marginal cost and curremisprias smaller as prices are stickier
(o). The parametef,, indicates the sensitivity of wage inflation to changes inaterage gap
between households’ “supply wage” (the marginal rate osstiion between labor supply and
consumption) and current wages, and it is a function of thedCparameter that denotes wage
stickiness in the economyy(,). The expressiow, > 0 represents the elasticity of the marginal
cost with respect to the quantity supplied at a given wagdewh, > 0 measures the elasticity of
the supply wage with respect to the quantity produced, hglfiked households’ marginal utility
of income.

We substitute the law of motion for wagéds (into the Phillips curve for wage8)Y and rewrite
the Phillips curve for prices and wages in termsf = w; — wy', where the model consistent
shock in the Phillips curve for wages becomgs= —w; — w;' | + fEwy, , — BEwy.

For estimation purposes, we assume that the demand stio@nd the supply shocks} and
uy’ follow AR(1) processes:

= e U (6)
up = ppiy—y + 7, (7)
uf = puty g + 0y, (8)

wherev; ~ iid(0, 07), vf ~ d(0,07), andvy” ~ iid(0, ).

3 POLICYMAKERS’ BELIEFS

In order to disentangle the potential role that the evotutwd policymaker’'s understanding of
the economy on the post-war macroeconomic dynamics, werasghat policymakers have an
imperfect model of the economy. Policymakers approximiagettue model of the economy by



estimating a vector autoregressive (VAR(2)) model aRrimiceri(2006.* Policymakers estimate
their parameter values using constant gain least-squaaesihg (CGL). The resulting evolving
policymakers’ beliefs about the economy are then used tanmee the central bank’s loss func-
tion.

3.1 THE PoLicy OBJECTIVE FUNCTION UNDER IMPERFECTINFORMATION The policy ob-
jective function takes the standard quadratic form with eference for interest-rate smoothing
as inDennis(2006 andBest(2016. In this model, the central bank’s objective is to minimize
a quadratic loss function that reflects the goals of stabdithe output gap, wage inflation, and
deviations of the nominal interest rate from its lagged @aklative to inflation stabilization.

E, {Z 5j[(7ft+j)2 + /\w(7r2”+j)2 + )\z(wt+j)2 + )\z‘(itﬂ - it+j1)2]} : (9)

j=0

Policy preference parameters are illustrated by the weigésigned to the different stabilizing
objectives represented by,, \,, and ;. Dennis(2006 outlines the reasons why interest rate
smoothing is a desirable feature of the loss function, hewem this setting it allows us to obtain
a monetary policy instrument that embeds both, policynslkezliefs and preferences about the
structure of the economy. The weight assigned to inflatiahibtation has been normalized to 1
following the convention of the previous literature.

Policymakers minimize their welfare loss functid) 6ubject to the following perceived con-
straints, written in VAR form:

Yo = fis + Do(L)yer + Zo(L)i]_; + e, (10)

for t > s+1 wherey, = [z, 7, W;]" and z[ is the actual short-term interest r&teThe matri-
Cesfi = [¢y,¢r, Cu)s T = [by,ba, bs, bs, b, br; é1, G, C3, C5, C6, E7; dy, da, ds, ds, dg, d7], and Z =
by, ¢4, dy, bs, &, ds)’ contain the coefficients that represent the policymakeetiefs about the
reduced-form parameters in the econometric model of theay for the output gap, price infla-
tion, and wage inflation, respectively.

The optimization constraints have the following stateegp@presentation:

21 = Cp + Ayzy + By + e (11)

4We also estimated a VAR(1) model for the central bank, whiclulet better match the structure and dynamics
present in our medium scale DSGE model, however we foundhibafAR(2) has a better fit to the data. Results with
VAR(1) beliefs are available upon request.

5In the estimation, the lagged federal funds rate was usegesxg for the previous short-term interest rate.



wherez, = [z, x4 1, T4y T_1, Toy Wiy W1, Wilo, 41, 4" iS the state vector,,; =
lef 1,0, ef, 1,00, e, ,0,0,0,0]" is the shock vector, and is the control variablé&. Policymakers’
beliefs about the model’s coefficients are represented fioymiflexes. This imperfect model of
the economy is estimated on inflation, output gap, detremdegts, and lagged short-term interest
rate data.

3.2 LEARNING Policymakers estimate the parameters of the VAR model by OQGGEL is
a form of discounted recursive least-squares learningitsen$o environments with structural
change of unknown form.The constant gain parametggoverns how strongly past data are dis-
counted; the larger the gain coefficient, the more rapidadehrning of structural breaks, and the
more volatile are the learning dynamics.

The VAR(2) coefficients are computed by updating previousreges as additional data on
output, inflation, wages, and lagged short-term interegisraecome available. The recursive
formulas used are

QAﬁ = Agfl + gRj_,tl—IXt(Cg - X;&E{fl) (12)
Rj;=Rj; 1+ alxex; — Rji1), (13)

wherej = {z, 7, W}, (; = [z, m;, W;]" is @ vector of endogenous variables and= [1,¢;-1,(—2,

P T N N N

A~ N AN AN AN A A~

Aft = [ér, C1, Ca, C3, Cy, C5, Cg, Cr, C3)' A;”t = [, d1,ds, ds3, dy, ds, dg, d7, ds]’ collect the reduced-
form parameters. The updating rule for the central bankietseis represented bylp), while
(13) describes the updating formula for the precision matrixhef stacked regressofg; ;. The
updating formulas correspond to a discounted least-sg@stanator.

3.3 OpTIMAL PoLicy Policymakers minimize their welfare loss functid®) Gubject to the
VAR model of the central bankl(Q). Following Sargent(1987, the solution to this stochastic
linear optimal regulator problem is the optimal policy rule

~

iv = F(¢1)z, (14)

The solution to the policy problem is a function of the peveei VAR parameters, =
[y, b1, ba, bs, by, bs, bg, by, bs, . &1, Co, E3, Ca, G5, Co, €7, s, Gy dy, da, ds, dy, ds, dg, dr, ds]’ and the state
variablesz;. The value for the optimal monetary policy variabevill embed the policymakers’
beliefs about the state of the economy. Notice that thedefbahfluence the direction of the

5The matrices in the state-space form are available uporestqu
“Under CGL, learning dynamics will converge to a distribataround the rational expectations equilibrium.



economy through.
The policy rule 4) can be rewritten as

iy = Fpixy + Fpowy—1 + Frimg + Fromat + Funmy’ + Fuomy’ | + Fiﬂ'{,l' (15)

The structural model consists df)¢(5) along with the solution to the optimal policy problem
expressed in structural form given Hy5). To solve and estimate the model, some assumptions are
made with regard to the private sector’s expectation foilongirocess. As ifPrimiceri(2006 and
Sargent(1999, the private sector knows the policymakers’ actions. Irtipalar, private agents
in the economy know the policymakers’ model given bg)( as well as the policymakers’ loss-
minimizing problem that yields the policy variable We follow most of the adaptive learning
literature in that the private sector assumes policymaderSanticipated utility” decision makers
[Kreps (1998].8 Agents believe that policymakers will continue to implempalicy based on
their last estimate ofl5).° Notice that the private sector in this economy has ratioxpéetations
and takes the central bank’s optimal policy rule as givemjlar to Sargent(1999. Therefore,
assuming that estimatéé(ét) in (14) will remain fixed into the future. Since the parameters in
F(gEt) are estimated and therefore change every period as morenation becomes available, the
model must be solved every period to find the time-varyin@ d@nerating process.

3.4 MoDEL OVERVIEW It is useful to provide a brief overview of the economic molefore
turning to the estimation results. Policymakers use the{series data on the variables in the
economy to estimate the parameters in their model. Theywohg&ers’ perceived VAR is estimated
over time by CGL. Policymakers solve their optimal controbllem using the beliefs derived
from their recursively estimated model to formulate a ppoligle fori;. The private sector takes
that policy rule and forms rational expectations. The nextisn jointly estimates the model’s
parameters using Bayesian methods.

4 ESTIMATION STRATEGY

We estimate the set of private sector structural paramdteegolicy preference parameters, the
gain coefficientg along with the corresponding SDs of the shocks. The SDs oslioeks are
allowed to moved across different shock volatility regimes

8Policymakers estimate the parameter in their model and thean as true vales, neglecting the possibility of
future updates.

%An alternative specifications would be to have a “fully raad’ private sector that takes into account that policy-
makers revise their estimates about the model on the bafisuré data. HoweveRrimiceri(2006 concludes that
having fully rational agents is probably too strong and atdith the data on the disinflation period



The gain coefficient that measures the speed at which theatbahk learns the economy’s law
of motion is estimated and not fixed. It is important to estertais parameter of the model—and
a contribution taPrimiceri(2006 andLubik and Matthe$2016— because it leaves it to the data
to disentangle if learning was an important determinanhefrhovements in the monetary policy
instrument during the period of study. FollowiMparcet and Nicolin(2003, Milani (2014 and
Best (2016, we allow for a potential break in the speed of policymakkarning. The intuition
behind this potential break is that if central bankers wereerned that the economy was subject to
structural breaks, then they will assign a larger weighew mformation, consistent with a higher
gain. Thus, in this setting we contemplate the possibilitg change in the speed of learning in

, t <1979 : Q3
1979 as ing, — Opre—1979 Q
Opost—1979 £ = 1979 : Q3.

The preference parametexs, A\,, and)\; are estimated allowing for a (potential) structural
break in 1979:Q3(;) coincident with the appointment of Paul Volcker as chammathe Fed-
eral Reserve. We focus on the 1979 break because of the osfenwlg evidence in favor of said
regime change and general consensus of its existeBo®in (2006 using drifting coefficients
and real time dataDuffy and Engle-WarnicK2006 using nonparametric methods, aRomer
and Romer(1989—RR henceforth—using the narrative approach, also ifleatpolicy switch
in the 1979:Q3, among many othéfsThe preference parameters evolve according to the follow-
1 Awpre—1979 1960 : Q2 <t <1979 : Q2

Awpost—1979 1979 : Q3 <t <2008 : Q1
structural parameters are estimated for the full sample.

iNg: A\t = wherew=x, w, 7. The remaining

The main contribution of this paper is to include the podisybof Markov-switching regime
changes in the volatility of the shocks that hit the economgrd) the sample. We propose that
the economy experienced a mix of high volatility and low ity shocks, as irBianchi(2013,
because this could have large implications for the postidwear U.S. macroeconomic dynamics,
and could improve the fit of the data to the mod&ést(2016 finds that the model that accounts
for a change in the volatility of the SDs in 1984 fits the dattidse HoweverBest(2016 only
considers the possibility of a discrete change in volgtilit 1984. In the present paper we allow
for multiple regime changes at different points in time witie potential of capturing numerous
shocks that hit the U.S. economy during the period of studgdi##onally, it allows us to test
explicitly the role of changes in the volatility of the shaectturing the period, and compare their
contribution relative to monetary policy in propagatingdlaanding the Great Inflation. In fact,
we can disentangle if “good policy” or “bad policy” were theoduct of monetary policymakers’

0There is a possibility that there were additional monetaljcg regime changes during our sample of study,
however, accounting for those in the present setting withplicate the estimated algorithm considerably.



preferences toward inflation/output gap stabilizationif ar was due to their real time learning
about the structure of the economy.

4.1 ESTIMATION OF THEMS-DSGE MoDEL The article uses U.S. quarterly data on the output
gap, price inflation rate, wage inflation rate, and nomintdriest rate from 1960:Q2 to 2008:Q1
as observable variables. The output gap is the log differefthe gross domestic product (GDP)
and potential GDP estimated by the Congressional BudgeteOfftrice inflation is measured by
the quarterly change of the GDP implicit price deflator at anualized rate, while wage inflation
is calculated by the log difference of the nonfarm busines$os real compensation per hour from
the Bureau of Labor Statistics. Finally, the nominal ins¢mate uses the federal funds rate. The
nominal variables (price inflation, wage inflation, and et rate) are treated as deviations from
their sample mean.

As a first step for the estimation procedure, the log-lirestisystem of the DSGE model in
the previous section is solved by Sims2002 gensysalgorithm. Notice that the solution of the
DSGE model associated with regime-dependent heterodkedhscks does not hinge upon the
stochastic volatility regime. This is due to the usage offits-order approximation in deriving
the equilibrium conditions of the optimizing agents.

In order to detail the solution procedure, ktto be the DSGE state vector which contains all
the model endogenous variables. Then the log-linearizet@gycan be expressed as

I-‘O‘S't - Flst—l + \I/M(ftpa @P7 HP7 tha @Q7 HQ)et + HT]t) (16)

where©” and©® denote the regime-dependent standard deviations of nixy@md monetary
policy shocks, respectively. The vectgrcontains all the exogenous shocks of unit variance de-
fined in the previous section, angl is the vector of the expectations errors. EXxisting literatu
ascribes a significant role in the remarkable stability & thS economy since the mid-80s to
changes in the volatilities of theon-policyshocks §ims and Zhg2006]. In contrast,Clarida
et al.(2000 andLubik and Schorfheid€2004) argue that the stabilization of the U.S. economy is
largely accounted for by a pivotal switch in the Fed’s polstgnce. The distinction between the
policy and non-policy shock volatility regimes ia) is guided by the discourse in the previous
studies.

If there exists a solution tdlE), the output of the solution algorithm is expressed in amegi
switching vector autoregression form:

St - TStfl +RM(€?7@P7HP7€?7@Q7HQ>€M (17)



where H” and H? are the probabilities of moving across difference nongyoiind monetary
policy shock volatility regimes, respectively. We posiathi/” and H are governed by two
unobserved regimes associated with the shock volatilitiesarticular, the state variabled; and
th, follow a first-order Markov chain with the following trarisin probability matrix:

Pll P12
P21 P22

H" =

and HQ _ [ Qll Q12 ]

Q21 Q22

whereP,; = Prol(&/” = j|&f ) = i) andQ; = Pro(&? = jl&? ) = i).
Let X, denote the observable data used for the estimation. Thanehsurement equation is
given by
X, =25, (18)

whereZ is a matrix that maps the DSGE model’s law of motion1)(into the observable vari-
ables.

The next step is to use the Sims’s optimization routisminweko maximize the log posterior
function, which combines the priors and the likelihood cf thata. In evaluating the likelihood
for the model, we use the Kalman filter developeddimn and Nelson(1999 due to the presence
of the unobserved Markov states§ andftQ . Inferences associated with Kim and Nels@899's
algorithm are conditional both on current and past stgitgsvhereas the standard Kalman filter is
based only on information evaluated at the current periadally, the random walk Metropolis-
Hastings (MH) algorithm simulates 150,000 draws with thst 50,000 used as a burn-in period
and every 20th thinned, leaving a sample size of 5,000.

We estimate the set of private sector structural parametegolicy preference parameters,
and the gain coefficierg using Bayesian techniqueAn and Schorfheid€2007)]. The private
sector model parameters include the structural paramatersorresponding standard deviations
of the shocks.

The VAR model parameters, estimated using the learningighgo constitute the policymak-
ers’ beliefs about the structure of the economy. The gaifficant was estimated and not fixed to
avoid obtaining results (including preference paramesénates) dependent on parameters cho-
sen by the researcher. The estimation approach balancesdlvempeting hypotheses, ensuring
that neither hypothesis (beliefs or preferences) is faliofée initial beliefs correspond to ordinary
least-squares (OLS) estimates of the policymakers’ mosialgudata from 1954:Q2 to 1960:Q1;
this sample coincides witSlobodyan and Woute2014), who conclude that this sample choice
for initial beliefs improves the fit of the model.

10



4.2 RRIORS Tablel presents prior distributions along with their means and &Dshe pa-
rameters estimates. The prior for the parametéias a gamma distribution with a mean 1, and
an SD of 0.50 that is slightly lower than Milani (2007). The priors for habit persistence, and
price and wage inflation indexation follow a beta distribatwith mean of 0.70 and SD of approx-
imately 0.20. This prior aids at estimating parameters b&eat prevents posterior peaks from
being trapped at the upper corner of the interval. The pookf, which is a function of price
stickiness, follows a normal distribution centered at 8,04hich was the value assignedM-

lani (2007). Furthermorew, andw,, follow a gamma distribution with a mean 0.89 and a large
SD of 0.40; a gamma distribution was assigned in this case becausedtiel mssumes that these
parameters take positive values.

The priors for the weights on the policymakers’ loss functawe informative. They are cen-
tered at the values implied by the microfounded weights/édrinGiannoni and Woodfor(2003.
The implied microfounded weights are functions of the uhydieg model parameters. The priors
of the loss-minimizing rates of wage inflation, deadweigigsl, and interest-rate-smoothing pa-
rameter follow a gamma distribution. The loss-minimiziages of wage inflation, as well as the
deadweight loss, are centered at 0.30. These means ariapgied by taking the values of the
structural estimates in the model and calculating the uargiabilization objectives as functions

Table 1: Prior distributions for the estimated parameters.

Description Parameter Density Mean SD 95% Prior
Probability Interval
Intertemporal elasticity of substitution %) Gamma 1.00 0.50 [0.27,2.19]
Habit formation n Beta 0.70 0.20 [0.25,0.98]
Function of price stickiness &p Normal 0.01 0.01 [0.00,0.03]
H. econ. inc. price Wp Gamma 0.89 0.40 [0.28,1.83]
H. econ. inc. wage W Gamma 0.89 0.40 [0.28,1.83]
Price inflation indexation Yp Beta 0.70 0.17 [0.32,0.96]
Wage inflation indexation Yw Beta 0.70 0.17 [0.32,0.96]
MP weight on output gap Az Gamma 0.30 0.25 [0.02,0.95]
MP weight on wage inflation Aw Gamma 0.30 0.25 [0.02,0.95]
MP weight on the interest smoothing parameter Ai Beta 0.50 0.25 [0.06,0.94]
Demand shock AR(1) pr Beta 0.50 0.20 [0.13,0.87]
Supply shock AR(1) Pp Beta 0.70 0.10 [0.13,0.87]
Wage shock AR(1) Pw Beta 0.50 0.20 [0.13,0.87]
MP shock standard deviation Omp Inv. Gamma 0.20 0.20 [0.05,0.63]
Demand shock standard deviation or Inv. Gamma 1.00 1.00 [0.28,3.35]
Supply shock standard deviation op Inv. Gamma 0.10 2.00 [0.02,0.44]
Wage shock standard deviation ow Inv. Gamma 0.10 2.00 [0.02,0.44]
Constant gain g Gamma 0.03 0.02 [0.003,0.08]

Note: H. econ. inc. price, elasticity of the supply wage wétbpect to the quantity produced, holding fixed househaitdsyginal utility of income;
H. econ. inc. wage, elasticity of the marginal cost with exgfo the quantity supplied at a given wage.
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of the underlying model parameters, implied by the micrafibed loss function. The prior for the
interest-rate-smoothing parameter has its mean approedynat the value at 0.50 and its SD at
0.25. which is consistent with a prior probability interetween 0 and 1

The priors for the regime switching probability impose twanditions: non-negativity and
sum-to-one constraints. The priors used folB\anchi(2013, and they are Dirichlet prior distributions—
for details refer tdHur (2019.

5 RESULTS

5.1 POSTERIORESTIMATES Table2 presents posterior probability means for the structural pa
rameters in the DSGE model. The results show a shift in poladers’ preferences away from
output gap stabilization after the appointment of Chairfvalcker. In the pre-Volcker period, the
estimated weight on output stabilizatiOh, ,,.._1979) Was0.41; this value decreased significantly
in the post-Volcker period\, ,.s:—1979) t0 @ value close to zer@03. This change in preferences
for output gap stabilization relative to inflation is akinRennis(2006. He finds that the estimated
weight on the output gap is not significantly different froera in the post-Volcker era. He sug-
gests that the Federal Reserve did not have an output gtdlmh goal during this period and that
the reason the output gap is significant is because it canitafiormation about future inflation.

The estimated interest-rate-smoothing weights)arg. 1979 = 0.93 and A, ,p5t—1979= 0.77,
which are similar; their posterior probability intervalgevlap between periods. Nevertheless, the
time varying interest-rate-smoothing parameter consistéth these weights see an increases in
the post-Volcker period consistent witoibion and GorodnichenkK@012; they provide evidence
that strongly favors the interest smoothing explanationvbg are target interest rate changes so
persistent in the recent period.

Finally, the weight that central bankers assigned to wafi@ion increases from,, ,,._1979 =
0.10 to Ay post—1979 = 0.25 in the Volcker-Greenspan period; this is consistent with tiflation
stabilization goals persistent in the post-Volcker pedodumented in the literature.

The structural parameters in the DSGE model assume plaugdblies similar to previous
Bayesian estimations of New Keynesian DSGE models for theed Stateslubik and Schorfheide
(2004, Milani (2007, 2011, Milani and Treadwel[2012, Smets and Woutel(2007), Slobodyan
and Wouterg2014)].

The benchmark model also captures shifts in the volatifityhe non-policy and policy shocks

\We had previously experimented with a prior distributiontfte interest rate smoothing weight with a high mean
as inDennis(2006, however, the posterior parameters led to indeterminacthie entire sample, which is not what
has been found in the previous literatui@ennis (2006 estimates the parameters in the Federal Reserve’s policy
objective function along with the parameters in the optingzonstraints.
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Table 2: Posterior distributions for the estimated paranset

Description Parameter Mean [2.5%, 97.5%)]
Intertemporal elasticity of substitution %) 3.17 [2.44,3.91]
Habit formation n 0.13 [0.05,0.22]
Function of price stickiness &p 0.08 [0.06,0.09]
H. econ. inc. price Wp 0.09 [0.03,0.16]
H. econ. inc. wage W 0.78 [0.25,1.46]
Price inflation indexation Yp 0.87 [0.79,0.94]
Wage inflation indexation Yw 0.96 [0.91,0.99]
MP weight on output gap, pre-1979 Az, pre—1979 0.41 [0.31,0.53]
MP weight on wage inflation, pre-1979 Aw,pre—1979 0.10 [0.01,0.27]
MP weight on the interest smoothing parameter, pre-1979 Xi,pre—1979 0.93 [0.82,1.00]
MP weight on output gap, post-1979 Az, post—1979 0.03 [0.01,0.07]
MP weight on wage inflation, post-1979 Aw,post—1979 0.25 [0.02,0.73]
MP weight on the interest smoothing parameter, post-1979 Ai,post—1979 0.77 [0.46,0.97]
Demand shock AR(1) or 0.74 [0.70,0.78]
Supply shock AR(1) Pp 0.37 [0.23,0.50]
Wage shock AR(1) Pw 0.28 [0.08,0.49]
MP shock standard deviation, regime 1 (low vol. regime) Omp,regimel 0.07 [0.05,0.11]
Demand shock standard deviation, regime 1 (low vol. regime) Or regimel 1.95 [1.40,2.61]
Supply shock standard deviation, regime 1 (low vol. regime) Op,regimel 0.02 [0.01,0.03]
Wage shock standard deviation, regime 1 (low vol. regime) Ow,regimel 0.01 [0.01,0.02]
MP shock standard deviation, regime 2 (high vol. regime) Omp,regime? 1.75 [1.14,2.69]
Demand shock standard deviation, regime 2 (high vol. regime Or,regime2 15.26 [10.90,20.06]
Supply shock standard deviation, regime 2 (high vol. regime Op,regime2 0.20 [0.10,0.42]
Wage shock standard deviation, regime 2 (high vol. regime) Ow,regime2 0.21 [0.10,0.42]
Prob. of volatility regime 1, non-policy shocks Pi1 0.95 [0.91,0.99]
Prob. of volatility regime 2, non-policy shocks Pao 0.91 [0.83,0.97]
Prob. of volatility regime 1, MP shock Q11 0.96 [0.92,0.98]
Prob. of volatility regime 2, MP shock Q22 0.91 [0.67,0.93]
Constant gain, pre-1979 Opre—1979 0.013 [0.013,0.013]
Constant gain, post-1979 Opost—1979 0.009 [0.007,0.012]

Note: H. econ. inc. price, elasticity of the supply wage wétbpect to the quantity produced, holding fixed househatdsyginal utility of income;

H. econ. inc. wage, elasticity of the marginal cost with exgfo the quantity supplied at a given wage.

motivated by the literature on the Great Moderation. Thelltegpresented in Figuré, show

the smoothed probability of high volatility regime for thempolicy shock (top panel) and the

smoothed probability of high volatility for the monetarylipy shock (bottom panel). We observe

periods of high volatility of the non-policy shock clustdraround the late 1960s through the

1970s coincident with the energy crisis that increasedasts; and before the Great Recession.

We observe an especially long period of high volatility ie tiirst half of the 1970s; and a long

period of low volatility of the non-policy shocks that indes the Great Moderation era. Thus, our

model finds are role to “good luck” in the determination of Udg$namics.

With reference to the bottom panel, we observe short occoeseof high volatilty in the early,

mid, and late 1970s, and a prolonged period that includekcReo's experiment,” and ends at the
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Figure 1: [Upper panel] Posterior smoothed probabilityneates of the high non-policy shock volatility regime.
[Lower panel] Posterior smoothed probability estimatethefhigh monetary policy shock volatility regime. In each
figure, mean (solid line) and 95% interval (shaded area)eperted.

onset of the Great ModeratioRakkio (2013 outlines a list of potentially large shocks that hit the
U.S. economy during the Great Moderation. He includes thiamlfamerican debt crisis of 1980s,
and the failure of Continental lllinois Bank in 1984 posgildading to monetary policy responses
that deviate from the policy rule and increased the votgii our model. Furthermore, we observe
a short period of increased volatility in the early 1990s arldngthy period from the mid 1990s
to the early 2000s that ends with the 2001 recession. Thg #880s peak began around 1988,
following the 1987 stock market crash.

The data are also informative in the estimation of the gaeffaxentg. The speed of learn-
ing decreased frorg,,,. 1979 = 0.013 t0 g, 1979 = 0.009 in the post-Volcker era. Intuitively,
before 1979, policymakers were responsive to their suspicf potential structural breaks in the
economy, supported by the uncertain economic climate ighesitirely consistent with Figurg.
Furthermore, after 1979, with the change in preferencermwdlation stabilization, but most im-
portantly, with the unfolding of the Great Moderation, gahbankers increased their trust in their
model of the economy and responded more moderately to n@smiation, resulting in a lower
gain. The values estimated for the gain parameter are plawsnd are within the range of previ-
ous estimations (i.eSlobodyan and Woute(2014) find a gain between 0.001 and 0.03Mbilani
(2014 also estimates the gain coefficients that are allowed tosadjccording to past forecast er-
rors in a model that generates time-varying macroeconooiatility. His estimation results show
that private agents switched to a constant gain with higimieg during the 1970s into the early
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Actual and model-implied federal funds rate

Actual Model
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Figure 2: Actual (solid line) and model-implied (solid liméth circles) federal funds rate. The model-implied series
is evaluated at the mean of posterior parameter estimates.

1980s to revert to a decreased gain later. Thus, policyredkarning in this paper coincides with
agents’ speed of learning patterns (Mitani (2014) over the sample studied.

In sum, we observe a monetary policy regime change from #&/picker era into the Volcker-
Greespan era, even in the presence of policymakers evobehgfs about the structure of the
economy and a Markov switching process for the volatilitytleé shocks capturing the Great
Moderation.

To grasp the monetary policy strategy followed by policyerakin the benchmark model, the
bottom panel of Figur@ plots the evolution of thestimated model’s optimal policy variakbeer
time. The federal funds rate is also plotted for comparigmshown, the model’s optimal policy
variable closely follows the behavior of the federal fundterin the period of study, a notable
exception is a higher peak in the model implied optimal manepolicy variable in 1974. The
1974 peak has been addressed in paper suchlak and Matthef2016); in fact, they call it “the
Volcker disinflation of 1974.” Authors find that Volcker'ssinflation and the Great Moderation
were the product of policy actions taken in 19Rbmer and Romgi1989), following a narrative
approach, provide evidence that the Fed was faced with afratiation considered as excessive—
following the oil embargo—and responded with an active ref&d contraction, even when little
or not growth was occurring or expected. Note that this ogtipolicy variable is a product of
policymakers’ learning and the change in the policy prefeegparameters 1979 estimated in the
paper.

5.1.1 HsTORICAL DECOMPOSITIONS Figure3shows the posterior mean estimates for the his-
torical contribution of the exogenous shocks to fluctuaimnoutput, inflation, the model implied
policy variable, and wage inflation.

Our analysis yields that supply shocks play an major roléédetermination of output before
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Figure 3: Shock decompositions. Posterior mean estimagagported.

the 1980s, demand shocks seem important after 1980’s, winiteetary policy shocks played an
important role in sporadic episodes in the mid 1960s, ank 4870s, mid 1990s and before the
Great Recession. Monetary policy shocks has a significamoitance in the early 1980s during
Volcker’s disinflation.

Inflation is an interesting variable, before approximatedy' 3 supply shock seemed to be the
dominant force driving inflation variability, however, giag from 1974 demand and monetary
policy shocks become important. Monetary policy becamestile driver of inflation during the
mid 1980s and as important as supply shocks during the 199f&ld. Moreover, wage inflation
seem to be driven by supply shocks.

Lastly, supply shocks influenced monetary policy during@reat Inflation, however shortly
before the mid 1970s and after 19777 monetary policy appeaetdriven by demand shocks
and/or exogenously driven.

5.1.2 (HANGE IN PREFERENCES LEARNING, AND THE MODEL IMPLIED TAYLOR RULE CO-
EFFICIENTS To interpret the changes in the stabilizing weights for tifation rate, output gap,
and interest rate change, we study their implied optimakegt rate responses. Of note, the inter-
est rate responses are reduced-form representationsofrpakers’ behavior and their responses
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Figure 4: Model-implied Taylor rule coefficients for inflati, output and lagged interest rate. The model-implied
series is evaluated at the mean of posterior parameteragssm

often hide the difference between policymakers’ objestifactors that the central bank can con-
trol and those it cannot control. Therefore, the policymakpreference parameters can better
capture the changes in central bank objectives.

Figure 4 (top) presents the response to inflation (price and wage ce@d)y and (bottom)
presents the response to the output gap and interestrmatetising term in the time-varying policy
reaction function implied by1().%?

The results obtained from the optimal time-varying polieaction function implied by the
model follow a similar pattern as the Fed’s time-varyingo@sses inAng et al.(2011). These
authors estimate a time-varying policy reaction functitireg accounts for and the term structure
of interest rates. The time-varying coefficient on inflatisralso consistent with the narrative
evidence of the evolution of monetary policy theory and usténding provided irRomer and
Romer(2002. The time-varying coefficient for inflation evolves as @lls: The Fed pursues a
monetary policy easing strategy represented by a low resgptminflation during the 1960s and
1970s, until 1979. In this paper, we observe a sharp inclieate response to inflation in 1974,
possibly capturing a pronounced but brief increased responlight of the oil price shock. We
observe during the earlier part of the sample—before 19H@atthe Fed'’s response to inflation
was low(< 1), indicating that the Fed accommodated inflation in sevareasions.

The Fed raised its inflation response in the late-1970saitest at a high level during the

2The combination of price and wage responses is the simpleadure price and wage inflation coefficients,
Best (2016 shows that the sum of these two coefficients determineséterminacy and learnability properties of
the model. Moreovelzrceg et al.(2000 results suggest that the combination of both coefficieatelimportant
implications for social welfare.
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1980s, and started a sharp decrease in the early-1990< iEheefurther increase in the inflation
coefficient starting in the mid-1990s, consistent with tiee’s desire to use pre-emptive measures
to fight inflation. Moreover, the 2001 recession is also aquamed by a decreased response to
inflation, the dynamics matched what has been describAdgret al.(2011).

We found evidence of bad policy during the Great InflationCksida et al (2000, Lubik and
Schorfheidg2004), andAng et al.(2011) propose. The Fed systematically failed to respond suffi-
ciently strong to inflation, leaving the economy vulnerabléluctuations driven by self-fulfilling
expectations. This bad policy response could be justifiethbyFed’s explicit preference for out-
put gap stabilization during the Great Inflation. We find et support tdelLong (1997 that
policymakers, during that time, did not make policy deaisithat would translate into a sizeable
recession to reduce inflation, because they still had that®epression fresh in their memories.
We also find evidence of perceived changes in the structuteeaconomy by policymakers in the
model that could contribute to the so called bad policy. Feduplots our determinacy indicator
evaluated at the mean of the posterior parameter estiméi@eN= determinacy. Determinacy
is prevalent in the post-Volcker period and during the 19i&nflation policy. Although this is
not the main focus of this paper, subsect®a further explains how the determinacy results (i)
change with the policy preference parameters and learrasignaptions considered, and (ii) have
implications for the transmission mechanisms for monepaticy, therefore they are key element
to explain macroeconomic dynamics.

Figure4 (bottom) represents the time-varying policy coefficienttfte output gap from 1960
to 2008. During most of the 1970s, policymakers used thdicypanstrument in an attempt to
influence the output gap, especially after 1975 but this @ggr changes after 1979 (sBeivin
(2009). In Volcker’s disinflation period, the response of thesmatst rate to the output gap decreases
and was half of its pre-1979 magnitude. Once inflation wdsilstad, the Fed increased its reaction

Determinacy indicator
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Figure 5: Determinacy of the model, evaluated at the meawstipior parameter estimates.
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to real economic conditions during the 1990s. The timeingryesponses of inflation and the
output gap generally move in opposite directions; this tsion follows from the fact that these
coefficients are derived using policy preference paramgéerd intuitively, reducing the volatility
of one variable in the policy frontier would imply increagithe volatility of another variable (see
Debortoli and Nune§2014).

The time-varying interest-rate-smoothing parameter awvshin Figure4 (bottom). This pa-
rameter increases after 1979 consistent \Bitivin (2006, Kim and Nelson(2006, andCoibion
and Gorodnichenk(012).

5.2 COUNTERFACTUALS AND IMPULSE RESPONSEANALYSES Counterfactual analyses were
conducted to investigate the effect of alternative moygpaticy regimes, learning assumptions,
and shocks processes.

5.2.1 QGOUNTERFACTUAL ANALYSIS FOR ALTERNATIVE WEIGHTS IN THE CENTRAL BANK
LossFUNCTION Figure6 present the counterfactual series obtained by fixing thieyplef-
erence parameters to their pre-1979 valges = 0.41), (A, = 0.10), and(\; = 0.93). The
relatively higher response to output, and relatively lovesponse to wage inflation, results in an
optimized policy rate that is lower than the fed funds rate] eompletely misses the Volcker dis-
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Figure 6: Actual (solid lines) and counterfactual (dashrdd) model-implied series. The counterfactual scenario
assumes that the pre-79 MP is maintained over the entirelegrapod. Posterior mean estimates are reported.
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Figure 7: Actual (solid lines) and counterfactual (dashirdd) model-implied series. The counterfactual scenario
assumes that the post-79 MP is maintained over the entirplesgariod. Posterior mean estimates are reported.

inflation effort of the late 70s and early 80s. It also impkekigher policy rate in the 1990s and
2000s. The inflation response to this low policy parameteoissistent with the price puzzle and
our impulse response analysis further explains this point.

Figure7 presents the counterfactual model implied series for peafe parameters set to their
post-1979 leve(\, = 0.03), (A, = 0.25), and(\; = 0.77). The relatively higher preference for
inflation stabilization as well as the lower interest smaajtparameter result in optimized policy
rate that is more volatile and in many occasions higher thamttual federal funds rate from 1965
to the late 1970s. However, even under this post-1979 opfiolizy preference parameters in the
pre-1979 period indeterminacy is present, leading to tleemuzzle.

5.2.2 IMPULSE RESPONSEANALYSIS FORALTERNATIVE WEIGHTS IN THE CENTRAL BANK
Loss FUNCTION There is an additional result associated with our policyntedactuals: As
previously discussed ihubik and Mattheq2016,we find indeterminacy prevailing in several
periods before Volcker’s disinflation as @larida et al.(2000, Lubik and Schorfheid¢2004),
andAng et al.(2011). Our results also suggest that pre-1979 indeterminacysis@ated with the
emergence of the price puzzle. This is consistent @i#stelnuovo and Suricg2010 where a
positive response of prices to a monetary shock is limitexitbsamples (pre 1979:Q3 before the
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Figure 8: Impulse responses to a monetary policy shockuated at the mean of posterior parameter estimates. The
counterfactual scenario assumes the pre-1979 monetacy poéference. The x-axis is in quarters.

-0.04

appointment of Chairman Volcker to the Fed) where a weakesteaate response to inflation has
been found.

Figure 8 shows that the benchmark parameters, with a relativelydgaécy preference for
output gap stabilization and a higher preference for iftastabilization estimated for the post-
Volcker sample lead to determinacy, and impulse responsai@ins supportive of the traditional
demand channel of monetary policy. In fact, Figugeand 10 for our benchmark parameters
are capable of producing responses of inflation, output,iatedest rate to other shocks that are
consistent with economic intuition. We find that a demand&lpoduces a non-negative effect on
the interest rate and price and wage inflation, and a nontineggfect on the output gap. A shock
to the Phillips curve for has non-negative effect on therggerate and inflation and a non-postive
effect on the output gap. However, pre-1979 policy prefeesnn the post-1979 period would
have led to indeterminacy and to the occurrence of the pueelp.
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Figure 9: Impulse responses to a demand shock, evaluatiee idetan of posterior parameter estimates. The counter-
factual scenario assumes the pre-1979 monetary policgmemde. The x-axis is in quarters.
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Figure 10: Impulse responses to a price shock, evaluatée ahéan of posterior parameter estimates. The counter-
factual scenario assumes the pre-1979 monetary policgnamte. The x-axis is in quarters.
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Figure 11: Impulse responses to a monetary policy shockjates at the mean of posterior parameter estimates. The
counterfactual scenario assumes the post-1979 monetley preference. The x-axis is in quarters.

Figure11 shows the impulse responses to a monetary shock for a céasttexl scenario that
assumes post-1979 optimal policy preferences in the plek®bperiod. The results are somewhat
negative but not surprising. Even under a stronger preterér inflation stabilization the picture
is still consistent with indetermiacy and the price puZ2lélhis result gives a pre-amble to our
counterfactual section that suggest that learning is @ssén our policy understanding and its
effect on the post-war economic dynamics.

5.2.3 QGOUNTERFACTUAL ANALYSIS FORALTERNATIVE LEARNING ASSUMPTIONS We will

start by describing the effect of alternative learning sec&s on output gap, price and wage infla-
tion, and the optimal policy rate. Figule shows the counterfactual scenario where the pre-1979
gain coefficient of 0.013, that governs the speed of learmprgyails over the entire sample. This

3peterminacy indicators for the counterfactual experiraavith pre and post-1979 weights in the post and pre-
1979 periods respectively are included in the Appendix.
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Figure 12: Actual (solid lines) and counterfactual (daslies) model-implied series. The counterfactual scenario
assumes that the pre-79 learning is maintained over theeesatmple period. Posterior mean estimates are reported.

gain is relatively higher to the gain estimated for the pi&t9 period, and the former implies that
policymakers would assign higher weight to more recent mfasi®ens due to the suspicion of an
unstable economic environment; such economic climate earobfirmed by the persistently high
volatility shocks present in the pre-1979 period. The eftéa higher gain in the counterfactual
post 1979 series is almost negligible; the difference betwtae actual and counterfactual series
are small and oscillate around zero. The most noticealsetsdf a higher gain would have been a
slightly higher optimal policy variable than the federahéls rate in the late 1970s.

Figurel3shows the effects of the counterfactual scenario fixing e @ its post 1979 (0.009)
value over the entire sample. We can observe that a lower gsirally estimated for periods of
less economic instability, would have resulted in a lowdrgyanstrument during the late 1960s,
but most importantly during the 1970s. This lower policyp@sse may have increased the output
gap but would have also exacerbated the inflationary prolntetine mid 1970s. We also note a
slightly lower optimal policy rate in the late 1970s.

We conclude that a change in the speed of learning is negesseproduce the movements
in the policy rate especially during the 1970s and the eadinfilation effort of the 1980s. Our
counterfactual model implied series shows that a lower igetme pre-1979 era would have resulted
in a considerably lower policy variable in the 1970s that lddwave further increased inflation in
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Figure 13: Actual (solid lines) and counterfactual (daslies) model-implied series. The counterfactual scenario
assumes that the post-79 learning is maintained over tive sample period. Posterior mean estimates are reported.

the mid 1970s; moreover a higher gain of 0.013 early in theké@fs disinflation period would
have resulted in a somewhat higher policy rate. In fact, dspaonse of the output gap, and wage
and price inflation to a monetary policy shock varies withdleéerminacy regime at hand, which
is the product of changes in policy preferenees changes in beliefs about the structure of the
economy.

Figure 14 shows impulse responses to a monetary policy shock unddrethenmark model
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Figure 14: Impulse responses to a monetary policy shockjates at the mean of posterior parameter estimates. The
counterfactual scenario assumes post-79 learning overtire sample period. The x-axis is in quarters.
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Figure 15: Impulse responses to a monetary policy shockjatea at the mean of posterior parameter estimates. The
counterfactual scenario assumes no learning over theesaimple period. The x-axis is in quarters.

and the counterfactual scenario that assumes learning anpest-1979 gain coefficient in the
pre-1979 period. The price puzzle emerges in here as wellhenidhpulse responses are sensitive
to the gain parameter assumed. To further illustrate theigue point, we also conduct impulse
response analyses under the counterfactual scenario @aneirig, meaning that policymakers’
beliefs about the structure of the economy remained staéicthe sample and the gain coefficient
is 0; Figuresl5 and16 show responses to a policy shock pre-1979 and post-1978atasgy. In
Figure 15, a period consistent with indeterminacy, we can observedappearance of the price
puzzle, and that the counterfactual impulse responsesféeeedt from the benchmark due to our
alternative learning assumption. Figdri@ moreover, illustrates that in the post-Volcker period, no
change in beliefs about the structure of the economy would hesulted in indeterminacy and the
appearance of the price puzzle, while the benchmark paeasate consistent with determinacy
and the traditional response to a monetary shock. Thus elsanghe speed of learning, have an
effect on determinacy and the response to a monetary shabk pre-and post 1979 periods.

This finding shed light on some important fact emphasizddiiik and Matthe2016, Sar-
gent(1999 andPrimiceri(2006: learning plays a key role in the determination of policyidg
the Great Inflation, even when the central bank would havéopective to stabilize inflation rela-
tive to output. Learning was essential to the transmissiealranism of monetary policy, because
even under post-1979 policy preferences, we would haverexmed multiple equilibria and un-
desirable amplified economic fluctuatiotis.

4The large multiplicity of solutions and its harmful implig@ns including equilibrium responses to shocks to
fundamentals and sunspot states that could lead to ailyiti@ge fluctuations in endogenous variables, have been
widely discussed iBullard and Mitra(2002 andWoodford(2003.
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Figure 16: Impulse responses to a monetary policy shockjateal at the mean of posterior parameter estimates. The
counterfactual scenario assumes no learning over theeesaimple period. The x-axis is in quarters.

5.2.4 QGOUNTERFACTUA ANALYSIS FOR ALTERNATIVE NON-POLICY SHOCK VOLATILITY
REGIME Figure 17 explores the counterfactual scenario that assumes thaghanioin policy
shock volatility regime prevails over the entire sampleiguér The results show that output gap
would have been more volatile over the entire sample, ayptifthe recessions of 1975, early
1980s, and 1991. We also observe a period of higher posititgibgap in 1965 and in the second
half of the 1990s.

The price inflation counterfactual is interesting in thessetihat a higher shock would have led
to a more pronounced Great Inflation episode from the mid $96Q@he early 1970s and in the
second half of the 1970s and early 1980s. Conversely, dthenGreat Moderation, the effect of a
higher volatility shock would have been insignificant.

Regarding the wage counterfactual series, we observe avolaie series during the entire
period, with a positive bias. Lastly, the policy rate, catesnt with a positive response to eco-
nomic conditions, have been higher during the Great Infiatbut very stable during the Great
Moderation.

Figure18 presents a counterfactual scenario that assumes the loywotoy shock volatility
regime prevailing over the entire sample. The effect on thenterfactual series is zero after the
Great Inflation and during the Great Moderation period, pkéer a less pronounced output gap
and slightly lower inflation during the early 1990s recessidHowever, during the late 1960s
and the 1970s the effect is considerable—especially impoduring the mid 1970s inflationary
period—confirming that non-policy shock also played an miggkrole at explaining output and
inflation dynamics during the Great Inflation.

5.2.5 SANDARD DEVIATIONS OF ACUTAL AND COUNTERFACTUAL SERIES In this section,
we compute the volatilities of actual and counterfactuapatigap and inflation for the scenarios
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Figure 17: Actual (solid lines) and counterfactual (dasles) model-implied series. The counterfactual scenario
assumes that the high non-policy shock volatility regimevpils over the entire sample period. Posterior mean
estimates are reported.

considered in the previous sections. Pre-79 learning,istems with Figurel2, does not increase
the SD of output gap and inflation, however post-1979 learmareases the volatility of the output
gap. Of note is that post-1979 learning increase9#i€ confidence bands considerably, leaving
the economy subject to potentially large volatility. Fetimore, no improvement on our macroe-
conomic understanding (no learning) would have led to adrigkandard deviation of output gap
and inflation.

Pre-79 policy in the post-79 period, and post-79 policy ie gre-1979 period would have
primarily increased the volatility of inflation. It is esg& to point out that pre-79 monetary

Table 3: Conditional standard deviations of actual and tamctual series.

Actual Pre-79 Post-79 No Pre-79 Post-79 High shock Low shock
learning learning learning MP MP non-policy non-policy
X 2.42 2.42 3.17 3.18 2.92 2.45 7.58 2.26
[2.37, 2.50] [2.36, 2.50] [2.49, 23.61] [2.67, 4.10] [2.6251] [2.41, 2.53] [5.92, 10.25] [2.17, 2.35]
T 2.39 2.32 2.07 9.67 13.29 3.71 7.39 2.09
[2.35, 2.48] [2.25, 2.43] [1.83, 16.59] [6.06, 19.48] [9,38.93] [3.42, 4.23] [5.66, 10.73] [2.02, 2.18]

Note: Posterior median and [2.5%, 97.5%)] intervals are repd.
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Figure 18: Actual (solid lines) and counterfactual (dadivexs) model-implied series. The counterfactual sceresio
sumes that the low non-policy shock volatility regime piits/aver the entire sample period. Posterior mean estimates
are reported.

policy present through the whole period would have resutiéds times the volatility of inflation.
Lastly, a high non-policy shock present during the whole @amwould have tripled the volatility
of inflation and output. While a low volatility non-policy ebk would have cut output gap’s
volaitlity by 7% and inflation volatility by12%. Therefore, 1979 policy preferences during the
whole sample would have had the most pronounced effect oatioril volatility, while a high
volatility shock would have had the strongest impact on otgstandard deviation.

6 CONCLUSION

Learning, monetary policy preferences, and volatilityrades played an integral role at explaining
macroeconomic dynamics for the United States from the 186@908. In particular, we find
evidence of the three sources as important contributorst&teat Inflation and the Great Moder-
ation. We found evidence of a marked preference for outgustabilization during the 1970s, and
a shift in policy in 1979 with the appointment of Chairman &k#r to the Federal reserve captured
by a change in the stabilizing weights in the Central Bank fasiction. We also find supporting
evidence of having rational policy-makers that are leagrabout the economy in real time and
subject to their beliefs, set policy optimally.
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Policy preferences and learning are essential in the detation of the policy instrument,
however, its effect on inflation and output depend on its pidéto induce indeterminacy. Re-
gardingSims(2012 kitchen fire analogy, our results suggest that good moypetalicy may limit
the adverse effect of even a major shock, as our counteaieaalysis shows. Pre-1979 policy in
the post-1979 period would have left the economy vulnertdenplified economic fluctuations in
the presence of multiple equilibria. This could have alscuoed if our economic understanding
would have not improved over time as describe®omer and Rome2002 and illustrated with
our learning counterfactuals.

In regards to the effect of the volatility of the shocks, aesults show that supply shocks were
definitely a destabilizing force during the 1970s but demand monetary policy shocks were
main drivers of output and inflation after 1975; especiallying Volckers’ experiment. A lower
volatility non-policy shock through the whole sample wobale resulted in lower inflation during
1970s, providing evidence of the contribution of the "goack’ hypothesis to the Great Inflation.
The effect of the high non-policy volatility shocks on inftat and the output gap during the Great
Moderation would have been less pronounced.

A COUNTERFACTUAL DETERMINACY

Counterfactual determinacy indicator: Pre-1979 monetary preference over the entire sample

15
1 ! 7 i = imEmnann r --------- | EEEEEEEEN T ------------- -
1965 1970 1975 1980 1985 1990 1995 2000 2005
Counterfactual determinacy indicator: Post-1979 monetary preference over the entire sample
2 EEREm . SR
l: n
EE ]
1.5 ]

- Actual
~ J N 1 Counterfactual
1 1 1 ] i | | | | |

1965 1970 1975 1980 1985 1990 1995 2000 2005

Lt

Figure 19: Actual (solid lines) and counterfactual (dashees) determinacy indicators, evaluated at the mean of
posterior parameter estimates. The counterfactual Sceassumes the pre-79 (upper panel) and post-79 (lower)panel
monetary policy preferences, respectively, over the estimple period.
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