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ABSTRACT

We document large, longer term, joint regime shifts in asset valuations and the real
federal funds rate-r* spread. To interpret these findings, we estimate a novel macro-
finance model of monetary transmission and find that the documented regimes co-
incide with shifts in the parameters of a policy rule, with long-term consequences
for the real interest rate. Estimates imply that two-thirds of the decline in the real
interest rate since the early 1980s is attributable to regime changes in monetary pol-
icy. The model explains how infrequent changes in the stance of monetary policy can
generate persistent changes in asset valuations and the equity premium.

A GROWING LITERATURE DOCUMENTS THAT the real values of long-term fi-
nancial assets—including the stock market, a perpetual asset that endures
indefinitely—fluctuate sharply in response to the actions and announcements
of central banks. But this leads to a puzzle. Asset pricing (AP) theories can gen-
erally rationalize such large responses only if market participants believe that
something related to monetary policy will have a long-lasting effect on real
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variables.! Yet the notion that monetary policy shocks could have long-lived
effects on real variables is contravened by both foundational New Keynesian
macro theories and prior empirical evidence (e.g., Christiano, Eichenbaum, and
Evans (2005)).2 But if monetary policy shocks have at most short-lived effects
on real variables, how can monetary policy influence long-lived real assets?

One possibility is that some component of monetary policy has long-lasting,
first-order effects on the aggregate economy, on real interest rates, and on the
stock market, even if monetary policy shocks do not. In this paper, we present
new empirical evidence consistent with this hypothesis, and a new theoretical
explanation consistent with the evidence.

We begin by showing that the U.S. economy is characterized by quantita-
tively large, decades-long regime shifts in asset values relative to macroe-
conomic fundamentals. These movements coincide with equally important
regime shifts in the level of the real federal funds rate (FFR) in excess of a
widely used measure of the “natural” rate of interest r*, a spread that we refer
to hereafter as the monetary policy spread (mps). Since the Federal Reserve
targets the FFR but in theory has no control over the natural rate, a nonzero
value for the mps may be considered a measure of the stance of monetary pol-
icy, that is, whether monetary policy is accommodative or restrictive. We refer
to accommodative regimes with persistently negative values for the mps as
“dovish,” and restrictive regimes with persistently positive and high values for
the mps as “hawkish.”

Dovish regimes in our sample coincide with persistently high asset valua-
tions and low equity market return premia, while hawkish regimes coincide
with persistently low valuations and high equity market return premia. The
estimation identifies two hawkish subperiods characterized by low valuations
and a high mps: 1978:Q4 to 2001:Q3 and 2006:Q2 to 2008:Q2. The first period
spans the Volcker disinflation and its aftermath, while the second follows 17
consecutive Federal Reserve rate increases that left the nominal funds rate
standing at 5.25% in June 2006. All other subperiods of the sample are identi-
fied as dovish regimes with high valuations and low mps.

Taken together, this evidence suggests that low-frequency movements in
short-term real interest rates are directly linked to low-frequency regime shifts
in asset valuations and equity return premia. But how much—if any—of these
findings can plausibly be attributed to monetary policy, even theorestically?
After all, the canonical models described above would be wholly inconsistent
with this evidence, since monetary policy in those paradigms has only short-
lived effects on real variables.

To address this question, we specify and estimate a new macrofinance model
of monetary policy transmission with two “blocks.” The first block determines
risky asset prices and is driven by the optimal behavior of a representative
agent that earns income from investments in two assets: the aggregate stock

1We define a “real variable” here as any nonnominal variable, including risk premia and
credit spreads.
2 For a review of New Keynesian models, see Gali (2015).
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market and the one-period nominal bond market. This agent may be thought
of as a relatively sophisticated investor such as a wealthy individual or large
institution. Although she owns the overwhelming majority of highly concen-
trated financial wealth in the United States, she is small enough relative to
the overall population that she takes macroeconomic dynamics as given. We
refer to this agent interchangeably as the AP agent or investor.

The second block of the model determines macroeconomic dynamics and is
driven by a representative macro agent that has access to the nominal bond but
holds no stock market wealth. This block consists of a set of equations similar
to those commonly featured in New Keynesian models. But contrary to stan-
dard New Keynesian models, macro dynamics here are influenced by two dis-
tinctive features that, taken together, imply that the model can be consistent
with long-lasting (but not permanent) departures from monetary neutrality.

The first such feature is sticky macroagent expectations about inflation.
Specifically, we allow the evolution of expectations about trend inflation to be
influenced by both an adaptive expectations component and a signal about
the central bank’s inflation target. For the adaptive component, expectations
about future inflation are formed using a constant-gain learning algorithm, fol-
lowing the survey evidence established in Malmendier and Nagel (2016, MN).
To ensure that model expectations evolve in a manner that closely aligns with
observed expectations, we map the learning algorithm to data by filtering ob-
servations on household inflation expectations from the University of Michigan
Survey of Consumers (SOC).

The second distinctive feature of the macro block is that we allow for regime
changes in the conduct of monetary policy. These take the form of shifts in the
parameters of a nominal interest rate rule that include both the inflation target
and the activism coefficients governing how strongly the monetary authority
responds to inflation-target deviations and to economic growth. Such changes
in what we refer to as the conduct of monetary policy give rise to movements
in the nominal interest rate that are conceptually distinct from those gener-
ated by the monetary policy shock, an innovation in the nominal rate that is
uncorrelated with inflation, economic growth, and shifts in the policy rule pa-
rameters.

A key aspect of the model for explaining the stock market behavior docu-
mented in the first part of the paper is the evolution of investor beliefs about
infrequent shifts in the monetary policy rule. Investors in the model are pre-
sumed to closely follow central bank communications, so they observe when
shifts in the policy rule occur. However, investors have no way of observing how
long any observed shift in policy will last and must learn about its duration.
We further assume that, once investors have spent enough time in a partic-
ular policy regime, memory of past policy rules fades and investors come to
view the existing policy stance as the new normal. The combination of learn-
ing plus a fading memory distortion implies that investor beliefs evolve in a
history-dependent manner, with important consequences for how asset valua-
tions adjust in the wake of regime changes in monetary policy.
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We solve and estimate the full theoretical framework, with the macro block
parameters and latent states estimated using Bayesian methods under flat pri-
ors. The results imply that the parameters of the monetary policy rule differ
markedly across the previously estimated mps regimes. Specifically, we find
that the dovish, low-mps subperiods coincide with a dovish policy rule char-
acterized by a comparatively higher inflation target and less responsiveness
to inflation relative to growth, while the hawkish, high-mps subperiods coin-
cide with a hawkish policy rule characterized by a lower inflation target and
greater responsiveness to inflation relative to growth.

With the model estimation results in hand, we identify movements in real
variables that are attributable solely to the conduct of monetary policy, that is
to regime changes in the policy rule. Several results are worth noting.

First, the estimates imply that changes in the conduct of monetary policy
have generated large and persistent fluctuations in the short-term real interest
rate that last for decades. Indeed, the estimated model implies that two-thirds
of the secular decline in real interest rates observed since the early 1980s is
due to regime changes in the conduct of monetary policy. This result obtains be-
cause the policy rule parameters exhibit a decisive shift toward more hawkish
values around the time of Volcker’s appointment, but then exhibit an equally
decisive shift back to more dovish values in the aftermath of the near collapse
of Long-Term Capital Management, the tech bust in the stock market, and
the 9/11 terrorist attacks. The conduct of monetary policy has remained dovish
since, with the exception of a brief interlude from 2006:Q2 to 2008:Q2. These
results stand in contrast to those for monetary policy shocks, which are found
to have far more transitory effects, consistent with prior empirical evidence.

Second, our estimate of perceived trend inflation closely follows the adaptive
learning rule, which plays a crucial role in the results. If perceived trend infla-
tion is counterfactually set equal to the inflation target, regime changes in the
conduct of monetary policy have no effect on the real interest rate.

Third, the model parameter estimates imply that dovish policy rules gener-
ate persistently high asset valuations, a low mps, and low equity return pre-
mia, while hawkish rules generate persistently low valuations, a high mps, and
high return premia, consistent with our motivating empirical evidence. In ad-
dition, the conditional equity return premium estimated from historical data is
strongly positively correlated over our sample with the component of the real
interest rate that we find is driven by regime changes in monetary policy.

The success of the model in explaining these lower frequency AP phenom-
ena comes from the product of two forces: (i) sticky macroagent expectations
about inflation and (ii) revisions in investor expectations about future mon-
etary policy. Sticky inflation expectations are necessary for monetary policy
to generate the persistent movements in the real interest rate that in turn
trigger large and persistent fluctuations in asset valuations. Investor learning
about the persistence of regime shifts delivers a plausible, gradual adjustment
in valuation ratios after regime shift dates, while the fading memory distor-
tion of investor beliefs explains the behavior of stock market return premia
across the hawkish and dovish subperiods of our sample. Intuitively, fading
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memory of past policy rules means that investors extrapolate too much from
the observed continuity in the policy stance and are therefore surprised by the
inevitable transition out of the existing policy rule. It follows that an econome-
trician looking back on the historical sample would find that hawkish (dovish)
subperiods are predictably followed by a “surprise” (from the perspective of
investors) increase (decrease) in excess returns as policy switches back to a
dovish (hawkish) stance.

The research in this paper touches on several different strands of literature
that connect monetary policy to movements in asset values. Although not fo-
cused specifically on announcement effects, our work is related to a growing
body of evidence that finds that the values of long-term financial assets re-
spond to the actions and announcements of central banks.? Economists have
proposed various explanations for these responses, including the revelation of
private central bank information and the response of risk premia.* Yet no mat-
ter the channel, AP models can typically only rationalize such large responses
if something associated with the announcement is expected to have a long-
lasting influence on real variables or risk premia.® Our work contributes to
this literature by providing new evidence of regime changes in the conduct of
monetary policy that have long-lasting effects on real interest rates, asset val-
uations, and equity market return premia, and by providing a novel theoretical
explanation for these empirical findings.

Our empirical findings also relate to a theoretical literature in which shifts
in the risk-free interest rate coincide with shifts in return premia.® Our em-
pirical findings contribute to this literature by showing that persistently high
asset valuations and persistently low return premia are associated with evi-
dence of a persistently dovish monetary policy stance. In contrast to this lit-
erature, we provide a new explanation for low return premia in low interest
rate regimes based on the idea that investors may overextrapolate from the
observed continuity in the policy stance, thereby creating a wedge between the
subjective and objective persistence of policy regimes.

3 See Hanson and Stein (2015), Gertler and Karadi (2015), Gilchrist, Lopez-Salido, and Zakra-
jSek (2015), Boyarchenko, Haddad, and Plosser (2016), Jarocinski and Karadi (2020), Cieslak and
Schrimpf (2019), and Kekre and Lenel (2021). These studies follow on earlier work finding a link
between monetary policy surprises and short-term assets in high-frequency data (Cook and Hahn
(1989), Bernanke and Kuttner (2005), Giirkaynak, Sack, and Swanson (2005)). A separate litera-
ture studies the timing of when premia in the aggregate stock market are earned in weeks related
to Federal Open Market Committee (FOMC)-cycle time (Lucca and Moench (2015), Cieslak, Morse,
and Vissing-Jorgensen (2019)).

4See, for example, Nakamura and Steinsson (2018) on information effects and Gertler and
Karadi (2015) on risk premia effects.

5 For reviews of frontier AP models, see Cochrane (2005) and Campbell (2017).

6 Prominent examples in this literature include theories with a “reach-for-yield” motive either in
preferences or technologies (e.g., Rajan (2006, 2013), Diamond and Rajan (2012), Farhi and Tirole
(2012), Coimbra and Rey (2017), Drechsler, Savov, and Schnabl (2018), Acharya and Naqvi (2019),
Hanson, Lucca, and Wright (2021), Piazzesi and Schneider (2021)). Alternatively, a decline in real
rates driven by monetary policy could increase the fraction of wealth held by more risk-tolerant
investors, as in Kekre and Lenel (2021), driving down return premia.
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Our findings relate to a body of theoretical work that connects the low and
declining real interest rates of recent decades to risk premia.” In these theo-
ries, declining real rates are the result of shocks that increase the fraction of
wealth held by more risk-averse or more pessimistic investors, implying that
risk premia rise rather than fall as interest rates decline. Our findings differ in
two ways from these papers. First, our estimates imply that two-thirds of the
decline in short-term real interest rates since the early 1980s can be attributed
to shifts in the monetary policy stance. Second, we find that low interest rate
regimes coincide with lower rather than higher return premia. In this regard,
our findings for stock market returns are reminiscent of similar evidence for
the Treasury market (e.g., Hanson and Stein (2015)), U.S. prime money funds
(e.g., Di Maggio and Kacperczyk (2015)), and U.S. corporate bond mutual funds
(Choi and Kronlund (2018)).

Finally, our work is related to previous research that finds evidence of infre-
quent regime changes in the parameters of an estimated monetary policy rule
(e.g., Clarida, Gali, and Gertler (2000), Lubik and Schorfheide (2004), Bianchi
(2013)). In contrast to this work, we use a more recent sample and estimate
whether there are joint regime changes in asset valuations and the real FFR-
r* spread, and we show that such changes coincide with regime shifts in the
policy rule and equity return premia. We also present new evidence, relative
to this literature, of changes in the policy rule parameters that are consistent
with a persistently more dovish stance of monetary policy starting in the be-
ginning of the 21°¢ century.

This latter body of work also helps motivate why we use regime switching
over alternative procedures such as slowly drifting means to document joint
variation in valuations and policy rates. The papers cited in the previous para-
graph use regimes to identify different phases of U.S. monetary history. It is
quite natural to model changes in the conduct of monetary policy as occur-
ring with discrete regime changes. Different Chairs of the Federal Reserve
bring their own views and priorities to the conduct of monetary policy, sug-
gesting that data on policy interest rates are likely to be better described as
drawn from a mixture of distinct distributions with infrequent transitions be-
tween them, rather than from a single distribution in which a transition occurs
each period.

This paper is organized as follows. Section I describes the procedure and re-
sults for measuring and modeling regimes in asset valuations, the mps, and
return premia. Section II presents our macrofinance model of monetary trans-
mission, details of the structural estimation procedure, and estimation results.
Section IV concludes.

I. Regimes in Valuations, Interest Rates, and Equity Return Premia

This section describes how we model and estimate regimes in asset valu-
ations and the mps using a Markov-switching model, and how we evaluate

"Barro et al. (2014), Caballero and Farhi (2014), and Hall (2016).
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Figure 1. Real interest rate and monetary policy spread (mps). The real interest rate
is the difference between the nominal FFR (FFR) and expected inflation, where expected infla-
tion is computed as a four-quarter moving average of inflation. The mps is defined as mps; =
FFR; — Expected Inflation, —rf., where r; is the natural rate of interest from Laubach and
Williams (2003). The sample spans the period 1961:Q1 to 2017:Q3. (Color figure can be viewed
at wileyonlinelibrary.com)

whether these regimes are associated with movements in return premia. Be-
fore discussing the Markov-switching estimation, we begin by presenting pre-
liminary evidence that helps motivate the evidence for long-lived regimes in
these variables.

Figure 1 plots the behavior over time of a key monetary policy instrument,
namely, the real FFR, measured for the purposes of this plot as the nominal
rate minus a four-quarter moving average of inflation. The left panel plots this
series along with an estimate of r* from Laubach and Williams (2003). The
data are quarterly and span the period 1961:Q1 to 2017:Q3.8 The figure shows
that there are important lower frequency fluctuations in the real FFR over
the full sample, but little long-term trend. By contrast, the natural rate of in-
terest exhibits a clear downward trend over the full sample. The right panel
plots the spread between the real funds rate and the Laubach and Williams
(2003) natural rate of interest, a variable we refer to as the mps. The natu-
ral rate of interest captures the component of the real rate whose fluctuations
cannot be attributed to monetary policy.” Thus, the spread between the real

8 The 1961 start date is dictated by the availability of the natural interest rate measure.

9 Estimates of the natural interest rate apply theoretical restrictions on the behavior of real
interest rates to identify the natural rate component. In Laubach and Williams (2003) these
restrictions amount to estimates of the level of the real rate that are consistent with no change
in inflation.
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FFR and the natural rate is a measure of the stance of monetary policy, with
spreads above zero indicative of restrictive monetary policy and those below
zero indicative of accommodative monetary policy. Denote the time ¢ value
of this spread mps;."°According to this measure of the mps, monetary policy
in the sample was accommodative up until about 1980, then sharply restric-
tive from about 1980 to about 2000, and subsequently mostly accommodative.
While there is no secular trend downward in real interest rates over the full
sample, there is a noticeable downward trend in both the real interest rate and
the mps since about 1980, a point we come back to below.

Next, Table I reports the correlations between the real interest rate or mps;
and different asset valuation metrics. These correlations are reported both for
the raw series and for components of the raw series that retain fluctuations
with medium-term cycles, defined as cycles that take between 8 and 50 years
to complete, and business cycles, defined as cycles that take between 1.5 and 8
years to complete, computed with a bandpass filter. Panel A reports these cor-
relations with —cay,, the negative of the log consumption-wealth variable of
Lettau and Ludvigson (2001, LL), one of the broadest asset valuation metrics
available. With cay;, asset values are measured relative to two macroeconomic
fundamentals: log consumption ¢; and log labor income y;. The a; is total house-
hold net worth, which is highly correlated with the return on the aggregate
stock market. We use —cay; to put asset values in the numerator, and refer to
it simply as a “wealth” ratio. Panels B to D consider alternative valuation ra-
tios each of which has some measure of stock market wealth in the numerator:
Panel B uses the Shiller price-earnings ratio!!, Panel C uses the price-dividend
ratio for the corporate sector, and Panel D uses the price-earnings ratio for the
corporate sector.

Several observations in Table I stand out. First, correlations between the
valuation ratios and either the real funds rate or the mps are all negative
at medium-term frequencies. Thus, over cycles of 8 to 50 years, persistently
high valuations tend to coincide with indicators of monetary policy that are
persistently more accommodative. By contrast, the correlations are all positive
at business cycle frequencies and generally weaker in absolute terms.

Second, in all cases, the absolute correlation between the valuations and
mps; is greater than that between valuations and the real interest rate itself.
Thus, purging the funds rate of the component estimated to be unrelated to
monetary policy leads to greater negative comovement, which suggests that
monetary policy as opposed to real rates per se plays a role in this correlation.

Third, the largest absolute correlation is with —cay;, which has a correla-
tion of —0.83 with the real interest rate and a correlation of —0.84 with the

10 We compute mps; as
FFR; — (expected inflation), — ry,

where FFR is the nominal FFR, expected inflation is a four-quarter moving average of inflation,
and r} is the natural interest rate from Laubach and Williams (2003). The quarterly nominal funds
rate is the average of monthly values of the effective FFR.

1 http://www.multpl.com/shiller-pe/.
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Table I
Correlation between Valuation Ratios and Fed Funds—r* Spread

Results under “Medium”use series filtered to retain fluctuations with cycles between 8 and 50
years; “Business”retains cycles x, 1.5 < x < 8 years. r* is from Laubach and Williams (2003). Mon-
etary policy spread = FFR; — expected inflation, — r}, where expected inflation is a four-period
moving average of inflation. Corp. PD ratio is the ratio of market equity (ME) to net dividends for
the corporate sector from the flow of funds. Corp. PE ratio is the ratio of ME to after-tax profits
of the corporate sector. NVA is net value added for the nonfinancial corporate sector. The sample
spans 1961:Q1 to 2017:Q3.

Overall Medium Business

Panel A: Correlations with —cay;

Real interest rate —0.41 —0.83 0.25
Monetary policy spread —0.52 —0.84 0.16

Panel B: Correlations with Shiller PE ratio

Real interest rate -0.30 -0.19 0.22
Monetary policy spread —0.13 —0.30 0.18

Panel C: Correlations with Corp. PD ratio

Real interest rate —0.22 —-0.49 0.22
Monetary policy spread —0.25 —0.60 0.19

Panel D: Correlations with Corp. PE ratio

Real interest rate —0.28 —0.20 0.39
Monetary policy spread —0.04 —0.30 0.29

Panel E: Correlations with earnings—NVA ratio

Real interest rate —0.54 —0.38 -0.27
Monetary policy spread -0.35 —0.46 -0.16

mps at medium-term frequencies. This is followed by correlations of —0.49 and
—0.60, respectively, with the corporate sector price-dividend ratio, —0.19 and
—0.30 with the Shiller price-earnings ratio, and —0.20 and —0.30 with the cor-
porate sector price-earnings ratio. This finding—that lower frequency move-
ments in cay; are more highly correlated in absolute terms with short-term
interest rates than are other valuation ratios—is consistent with prior evi-
dence that cay; picks up more variation in expected stock market returns than
do other stock market valuation ratios, and other stock market predictor vari-
ables in general.'? One reason for this result is that some variation in expected
stock market returns appears to be positively correlated with expected growth
in stock market cash flows but not with expected growth in ¢; or y; (Lettau
and Ludvigson (2005)). These movements in expected returns are therefore
obscured in stock market valuation ratios where, unlike cay;, expected stock

12 See the review of the literature on expected stock market returns in Lettau and Ludvigson
(2013).
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market cash flows appear in the numerator. We observe this mechanism at
work in the current data in Panel E of Table I. At medium-term frequencies,
decreases in the real interest rate or mps, which tend to drive stock market val-
uation ratios up, are simultaneously associated with increases in the earnings
share of output, which tend to drive them down. Since cay; is not as subject to
this type of confounding cash flow effect, and since discount rate movements
are at the core of what we investigate in this study, we use —cay; as a measure
of valuations in our formal econometric analysis, discussed next.

A. A Joint Regime-Switching Specification

This section presents results for a joint Markov-switching model of breaks
in the means of cay and the mps.

The log valuation variable cay; is derived from an approximate formula for
the log consumption to aggregate (human and nonhuman) wealth ratio, and
its relationship with future growth rates of a; and/or future growth rates of
¢; and y; can be motivated from an aggregated household budget constraint.!?
An approximate expression linking ¢;, a;, and y; to expected future returns to
asset wealth, consumption growth, and labor income growth may be derived to
yield

cayr = ¢ — Yot — Yyyr X o + By Zi:l Pli; ((1 — Vlapyi — ACii + VAyt+1+i)s (1)

where v is the steady-state ratio of human wealth to asset wealth and r,; is
the log return to asset (nonhuman) wealth. Theory typically implies that ¢,
a;, and y, should be cointegrated, or that the linear combination of variables
in cay; should be covariance-stationary.

In the standard estimation without regime shifts in any parameters, the
stationary linear combination of ¢;, a;, and y; may be written as

cany =C — YaQt — VyYt = + 6,5FC, (2)

where the parameters to be estimated are «, y,, and y,. The residual €/ is
the mean zero stationary linear combination of these data, referred to as the
cointegrating residual. Note that €/C is not in general an i.i.d. shock. The su-
perscript “FC” stands for “fixed coefficients” to underscore the fact that no pa-
rameters in this relation are time-varying.

In this paper, we estimate a Markov-switching version of this variable, anal-
ogously written as

Cayiws =C — ,Baat - ,Byyt - Olgt + 6;, (3)

where € ~ N(O0, UA%[S). The intercept term, oy, is a time-varying mean that
depends on the existence of a latent state variable, &, presumed to follow a

13 This formula is derived under several assumptions described in LL and elaborated on in
Lettau and Ludvigson (2010). If labor income is modeled as the dividend paid to human capital,
we get the formulation below.
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two-state Markov-switching process with transition matrix H. Thus, o as-
sumes one of two discrete values, a; or as. The choice of two regimes is not
crucial, but provides a readily interpretable way to organize the data into low-
and high-valuation regimes. The residual ¢/ is a stationary, continuous-valued
random variable by assumption. The slope coefficients g, and g, are analogous
to y, and y, in the fixed coefficient regression (2). They are denoted differently
to underscore the point that the coefficients in (2) and (3) are not the same, just
as the parameters o and o;,, or the residuals €/'“ and €f are not the same. Be-
cause our procedure jointly recovers the slope coefficients 8, and g, the timing
of regime changes, and, as an implication, the decomposition of cay¥® into
and ¢/, all three statistical objects can differ.

We assume that regime changes in the mean of cay’’ coincide with regime
changes in the mean of the mps:

mps; =rg + €/, 4)

where €/ ~ N(0, 02). Unlike cay™S, mps; is an observed variable. Thus, in this
case we only need to estimate the Markov-switching intercept coefficient r,.
The same latent state variable, &, is presumed to follow a two-state Markov-
switching process with transition matrix H, and controls changes in both «;,
and r¢,. The regimes are therefore synchronized across the two means.

The econometric model may be succinctly stated as a joint Markov-switching
regression system with synchronized regimes,

¢t = ag, + Baas + Byy: +e€f, € ’\‘N(O, GI2WS)
mps; =re, + €, 6{~N(0,or2),

where &, is a latent variable that follows a Markov-switching process with tran-
sition matrix H. Let the vector 6 = (as,, Bq. By, s, 045, 0.2, vec(H)') denote the
set of parameters to be estimated collectively.

We use Bayesian methods with flat priors to estimate the model parameters
in (3) and (4) over the period 1961:Q1 to 2017:Q3. The sequence & = {§, ..., &,}
of regimes in place at each point is unobservable and needs to be inferred
jointly with the other parameters of the model. Estimates of «;, and r; are
formed by weighting their two estimated values by their state probabilities at
each point in time. Let T be the sample size used in the estimation and let
the vector of observations as of time ¢ be denoted by Z,. Let P(§ = i|Z7;0) =
”ti|T denote the probability that & =i, for i = 1, 2, based on information that
can be extracted from the full sample and knowledge of the parameters 6. We
decompose cay® into two components, namely, a discrete-valued time-varying
mean and a continuous-valued random variable,

Cayﬁws =ct — (ﬂaat + ,Byyt) =0; +¢ (5)

o = Zi:l ”ti\T(Xia (6)
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and thus @; is the probability-weighted average of the Markov-switching
means. An analogous bifurcation exists for mps;, where r;, may be computed
as Ty = Y g Tyt

The posterior distribution of the empirical model (3) and (4) and the cor-
responding regime probabilities T[ti|t and ntilT are obtained by computing the
likelihood using the Hamilton filter (Hamilton (1994)) and combining it with
priors. Since we use flat priors, the posterior coincides with the likelihood. Our
estimate of cayM® and its decomposition into @; and €f, and of mps; into 7;
and ¢/, use the posterior mode of the parameter vector # and the corresponding
regime probabilities. Uncertainty about the parameters, or about any transfor-
mation of the model parameters, is characterized using a Gibbs sampling algo-
rithm. The full statement of the procedure and sampling algorithm is given in
the Internet Appendix.™

The variable cay™S may be interpreted as log inverse asset valuation ratios,
akin to a log dividend-price ratio as opposed to log price-dividend ratio. For
brevity, we refer to cay® as an inverse wealth ratio, or equivalently define
the (log) wealth ratio as —cay™S = —[e¢ +@;]. Thus, a high «; corresponds to
a low wealth ratio, since ¢; — B,a; — Byy: is high whenever a; is low relative to
¢: — Byy:- In population, € and € C are mean-zero random variables and thus
the intercept term @; gives the mean inverse wealth ratio.!?

Since high values for mps; are indicative of restrictive monetary policy while
low values are indicative of accommodative policy, we refer to regimes with
a high value for r; as hawkish, denoted them with an H subscript, and to
those with a low value for r;, as dovish, denoted with a D subscript, that is,
rg > rp. Because the regimes in r;, and «¢, are synchronized, changes in r;, will
by construction coincide with changes in «;,. However, the magnitude by which
either variable changes, and whether «;, will be high or low when r;, is high,
are open empirical questions.

Table II reports the parameter estimates, while Figure 2 plots the probability
of a hawkish regime over time for the Markov-switching intercept r;, based on
the posterior mode parameter estimates. The results show that the sample is
divided into five subperiods characterized by the two regimes for « and r. The
hawkish regime with the high value for r;, = ry is also a high-a regime with
posterior mode point estimates equal to 77 = 0.0111 and ay = —0.7239. The
posterior mode estimates for the low r;, = rp dovish regime are &2 = —0.7500
and 73 = —0.0252. Since a high o for cay corresponds to a low valuation ratio,
this implies that the dovish mps regime coincides with high asset valuations,
while the hawkish mps regime coincides with low asset valuations.

The overall sample is divided into estimated regime subperiods using the
most likely estimated regime sequence, a T-dimensional vector denoted by

14 The Internet Appendix may be found in the online version of this article.

51n a finite sample, ELMS and etF C are not necessarily mean-zero because of the leads and
lags of the first differences included in the dynamic least squares regression used to correct for
finite-sample biases—see the Internet Appendix. In population, these variables are mean-zero

by definition.
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Table IT
Joint Regime Switching Model: Parameter Estimates

The top panel reports posterior modes, means, and 90% error bands of the parameters of the
Markov-switching cointegrating relation. Flat priors are used on all parameters of the model. The
lower panel reports parameter estimates for the fixed coefficient cointegrating relation. Standard
errors are in parentheses. The two distinct values for the Markov-switching parameters are de-
noted by H and D subscripts to indicate hawkish or dovish values. The sample is quarterly and
spans the period 1961:Q1 to 2017:Q3.

Parameter Mode Mean 5% 95%

o —0.7239 —-0.7121 —0.7796 —0.6465
ap —0.7500 —0.7376 —0.8034 —-0.6717
rg 0.0111 0.0132 0.0097 0.0165
rp —0.0252 —0.0244 —0.0266 —0.0222
o —ap 0.0262 0.0255 0.0212 0.0296
rg —TD 0.0363 0.0376 0.0342 0.0411
Ba 0.2762 0.2721 0.2414 0.3014
By 0.7619 0.7657 0.7286 0.8042
oc 0.0128 0.0143 0.0130 0.0157
oy 0.0141 0.0135 0.0123 0.0150
Hyy 0.9793 0.9696 0.9306 0.9943
Hpp 0.9830 0.9785 0.9539 0.9950

Smoothed probability of the Hawkish monetary policy regime
I I

0.6

0.4

| | |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 2. Regime probabilities. Smoothed probabilities of the hawkish monetary policy
regime. The sample is quarterly and spans the period 1961:Q1 to 2017:Q3. (Color figure can be
viewed at wileyonlinelibrary.com)

£T 16 Table III shows the resulting regime subperiods based on this estimated
regime sequence. The hawkish regime prevails for a prolonged period of time
from 1978:Q4 to 2001:Q3, during which the smoothed probability that r =7y
is very close to unity. By contrast, the pre-1978 and most of the post-2001
subsample are dovish subperiods with high asset valuations, where the proba-
bility that r = 7 is virtually zero. The hawkish regime briefly reappears from

16 The Internet Appendix describes how the most likely regime sequence is computed from the
filtered probabilities.
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Table IIT
Estimated Regime Sequence

The table reports the most likely regime sequence based on the posterior mode estimates. Dovish
refers to the low monetary policy spread regime and hawkish refers to the high regime.

1961:Q1- 1978:Q4— 2001:Q4—- 2006:Q2— 2008:Q3—
1978:Q3 2001:Q3 2006:Q1 2008:Q2 2017:Q3
Regime Dovish (2) Hawkish (1) Dovish (2) Hawkish (1) Dovish (2)
Wealth Ratio ( - cayMS ) Monetary Policy Spread
ﬂ; ] Volcker disinflation
0.04 My 1
W
'. iy, 7y
0.02 5. ] |,|‘ ,‘ :

-0.02 1
W1y ! Greenspan put u '
b R f
-0.04 f 1
L L Bernanke low for long
L) d
l: -0.06 | :: Burns accommodation
0.69 . . I . . P T . . .
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
‘ Low-Valuation Regime High-Valuation Regime Regime average = = Data‘

Figure 3. Wealth ratio and mps in the data. This figure plots the wealth ratio (—cay™S) and
the monetary policy spread mps; = FFR; — Expected Inflation; — r;. The series for r; comes from
Laubach and Williams (2003). The solid line corresponds to the estimated mean at the poste-
rior mode. The sample spans 1961:Q1 to 2017:Q3. (Color figure can be viewed at wileyonlineli-
brary.com)

2006:Q1 to 2008:Q2 following a string of 17 target FFR hikes by the Federal
Reserve that began on June 30, 2004, and ended with the nominal rate stand-
ing at 5.25% on June 29, 2006. The target funds rate remained above 4% until
January 2008, when it was lowered to 3%.

The 90% credible sets for 4z — @p and 7y — 7'p are nonzero and positive, in-
dicating that the data strongly favor changes in the mean of the log wealth
ratio and the mps across the estimated regime subperiods. The two regimes
are stationary but persistent, as indicated by the estimated diagonal elements
of the transition matrix H, also reported in Table II.

Figure 3 plots —cay® and the mps over time, along with the values —a;
and r; that arise in each regime over the sample. The figure shows that these
estimated values differ by quantitatively large magnitudes across regime sub-

periods. The wealth ratio —cay™® fluctuates around two distinct means in five
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separate periods of the sample: a high mean in the early part of the sample,
a low mean from 1978:Q4 to 2001:Q3, a high mean from 2001:Q4 to 2005:Q4,
a low mean in the shorter subperiod from 2006:Q1 to 2008:Q2, and a high
mean again at the end of the sample. The mps is a mirror image, fluctuating
around a low mean in the early part of the sample, a high mean in the middle,
and, with the exception of 2006:Q1 to 2008:Q2, a low mean everywhere else in
the sample.

Several narrative “events” in monetary history are labeled in the mps panel
of Figure 3. The first occurrence of the high-asset valuation/low-mps regime
from 1961:Q1 to 1978:Q3 coincides with the run-up of inflation in the 1960s
and 1970s and low real interest rates. Researchers have concluded that mone-
tary policy failed to react aggressively to inflation during those years (Clarida,
Gali, and Gertler (2000), Lubik and Schorfheide (2004), Sims and Zha (2006),
Bianchi (2013)). This is labeled the “Burns Accommodation,” after Arthur
Burns who chaired the Federal Reserve Board over much of this subperiod.
Real interest rates increased significantly during the “Volcker disinflation” and
remained high for a prolonged period of time, coinciding with low valuations
and high mps. The beginning of second occurrence of the high asset valua-
tion/low mps regime is labeled “Greenspan Put” in Figure 3, after the per-
ceived attempt of Chair Greenspan to prop up securities markets in the wake
of the IT bust, a recession, and the aftermath of 9/11 by lowering interest rates
and (allegedly) resulting in a perception of put protection on asset prices. The
high-valuation/low-mps subperiod at the end of the sample overlaps with the
explicit forward guidance “low-for-long” policies under Chair Bernanke, who
promised in 2011 to keep interest rates at ultra low levels for an extended pe-
riod of time, possibly longer than warranted by a 2% inflation objective. We
argue that narrative events such as these are likely to coincide with infre-
quent shifts in the stance of monetary policy, shifts that are well captured by
a Markov-switching specification.

B. Return Premia

The evidence above suggests that a persistently low mps; is associated with
persistently high asset valuations. A natural question that arises is whether
the estimated dovish/hawkish mps regimes influence asset valuations only
through the real interest rate, or whether return premia also change. To shed
light on this question, we estimate a Markov-switching vector autoregression
(MS-VAR) that takes the form

Zy =AsZ 1+ Ve,

where Z; is a column vector containing n demeaned variables observable at
time ¢.17 The variables in Z, are a measure of the return on the U.S. stock mar-
ket in excess of a short-term real interest rate along with predictor variables

171f the MS-VAR has more than one lag, the companion form can be used to recast the model
as illustrated above.
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relevant for the excess return.!® The MS-VAR coefficients and shock volatil-
ities vary with the discrete-valued random variable &, which evolves in our
application according to a two-state Markov-switching process with transition
matrix H. To establish whether return premia differ across the two previously
estimated regimes, we impose the estimated mps regime sequence &7 on the
MS-VAR. Note that there is no implication from this procedure that return
premia must necessarily show evidence of structural change across regimes.
All parameters other than the regime sequence (i.e., Ag,, V;,, H) are freely esti-
mated under flat priors and could in principle show no shift across the previ-
ously estimated regime subperiods.

It is instructive to consider how regime-switching can affect estimates of
return premia over time. We are interested in the behavior of the present
discounted value of all future return premia, which we denote pdv; =
Z(Jio ,ojIEtrHHJ-, where r; is a measure of the return on the market less a

proxy for the riskless real interest rate.'® To estimate the conditional expec-
tation terms, that is, E;ry 14, we use the MS-VAR to compute econometric,
time ¢ forecasts of excess returns multiple steps ahead. Since excess returns
are one element of Z;, these are all functions of E(Z; |I;). This expectation
conditions on I;, which includes the history of observations Z‘, knowledge of
the regime in place at time ¢, and the VAR parameters for each regime. With
regime-switching, the time ¢ conditional forecast also takes into account the
likelihood of future regime changes. Intuitively, this is done by computing
multistep-ahead VAR forecasts of returns at ¢ + s, conditional on every pos-
sible future regime path, &1, ..., &,s, and weighting these forecasts by the
probability Pr(&.1, ..., &4s|I;) of each path. (The Internet Appendix gives the
precise formulas.) The probability Pr(& .1, ..., &4s|l;) can be computed using
just two pieces of information, namely, the regime in place at ¢ and knowledge
of H. This shows that, as the horizon s grows, econometric forecasts reflect the
increasing likelihood of a future regime change and its consequence for the
variables in Z; ;.

Table IV reports the regime-average values of pdvi for each regime i, de-

noted 1%: The regime average 1%: is defined as the expected value of pdv;
conditional on being in regime i today and on the variables of the MS-VAR
being equal to their conditional steady-state mean values for regime i. The In-
ternet Appendix gives formal expressions for the regime average, and shows
how they are computed from the MS-VAR parameters. Table IV reports the

median and 68% credible sets for M;, computed from each draw of the VAR

18 The MS-VAR includes (i) the market excess return, computed as the difference in the CRSP
value-weighted stock market return (including dividend redistributions) and the three-month
Treasury bill rate; (i) —cay™$; (iii) the small stock value spread (log-difference in the book-to-
market ratio of the S1 value and S1 growth portfolio) following Campbell and Vuolteenaho (2004);
(iv) the SMB factor from Fama and French (1993); and (v) the HML factor from Fama and French
(1993). These variables are included because they improve the Akaike information criterion.

19 We follow Cohen, Polk, and Vuolteenaho (2003) and set p = 0.9898 at a quarterly rate, or the
annual rate used in Cohen, Polk, and Vuolteenaho (2003) raised to the power 0.25, p = (0.96)%-25,
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Table IV
Breaks in Market Premium

The first two rows report the regime averages of the present discounted value (PDV) of market
expected excess returns. The row labeled “Difference” reports the difference between the PDVs of
the hawkish and dovish regimes. The numbers in each cell are the median values of the statis-
tic from the posterior distribution, with 68% posterior credible sets in parentheses. The last row
reports the probability that premia decline when moving from the hawkish to the dovish regime,
computed as the fraction of draws from the posterior distribution for which the premia under the
dovish regime are lower than the premia under the hawkish regime.

Market
Hawkish regime 1.5896
(0.8960,2.2558)
Dovish regime 1.2848
(0.5652,1.9219)
Difference 0.2987
(—0.0367,0.7089)
Prob. decline 0.81
Odds ratio 4.26

parameters from the posterior distribution. The third row reports the differ-

ence between the M; in the hawkish and dovish regimes as implied by the
MS-VAR estimates. The last row reports the posterior probability that return
premia decline in the dovish, low-mps regime, computed as the percentage of
draws from the posterior distribution of regime-averages for which return pre-
mia are lower in the dovish regime than the hawkish regime.

Table IV shows that the median value of ﬁ; is larger in the hawkish regime
than in the dovish regime, implying that the difference between the two is al-
ways positive. This implies in turn that the estimated equity return premium
is on average lower in environments with persistently low real interest rates.
Although the 68% posterior credible sets include negative values for the differ-
ence in equity premium, this does not imply that negative values are likely. The
posterior distribution of the difference displays substantial negative skewness
and hence the probability assigned to a lower equity premium in the dovish
mps subperiods is 81%. The odds that the equity premium is lower in the
dovish mps regime is over four to one. In short, the mass of probability over-
whelmingly favors one particular interpretation, namely, that return premia
are lower in dovish mps subperiods than they are in hawkish subperiods.

Figure 4 depicts the median value of pdv; over our sample as solid (blue)
lines, with the regime average values indicated by the red (dashed) lines. Al-
though the equity premium is volatile, it fluctuates around distinct means
across the regime subperiods. The equity premium reaches lows or near-lows
in the postmillennial period, after rising modestly in the aftermath of the fi-
nancial crisis of 2007 to 2008. The equity premium then returns to historically
low levels in the postcrisis zero-lower-bound (ZLB) period of our sample.
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Figure 4. Evolution of return premia in the data. The figure reports the evolution of the
present discounted value of risk premia for the stock market and three different spread portfolios.
The blue solid line reports the evolution of the risk premia over time, while the red dashed line
corresponds to the conditional steady state of the present discounted value based on the regime
in place. Both are computed by taking into account the possibility of regime changes. The sample
spans the period 1964:Q1 to 2017:Q3. (Color figure can be viewed at wileyonlinelibrary.com)

II. A Macrofinance Model of Monetary Transmission

To interpret the evidence in the previous sections, we propose a new dynamic
macrofinance model of monetary policy transmission with two “blocks.” These
blocks describe the behavior of two different representative agents, “investors”
and “households.” In both blocks we work with a loglinear approximation of
the model that can be solved analytically in which all random variables are
conditionally lognormally distributed.

To understand the impetus for modeling two types of agents, note that the
motivating evidence of the previous sections suggests that monetary policy has
large and persistent effects on the real interest rate. Such persistent real ef-
fects are inconsistent with canonical New Keynesian models because agents’
rational expectations quickly adapt to changes in monetary policy. This sug-
gests that macro expectations may be subject to more inertia than what ra-
tional expectations would imply. However, financial markets react swiftly to
central bank communications and actions. This suggests that the expectations
of financial market participants are subject to little inertia, at least as per-
tains to beliefs about central bank actions. The framework below reconciles
these seemingly contradictory observations by considering two types of agents
with different beliefs. We now describe the two blocks of the model.

The first block is an AP block that determines equilibrium risky asset prices
in the model. This block is driven by the optimal behavior of a representative
agent whose income comes from investments in two assets: the stock market
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and the one-period nominal bond market. This agent may be thought of as
a relatively sophisticated investor that typifies a wealthy individual or large
institution, that is, an investor that constitutes a small fraction of the popula-
tion but owns the vast majority of highly concentrated financial wealth in the
United States.?’ We assume that this agent is small enough as a fraction of
the general population that she takes macroeconomic dynamics as given, in-
cluding the beliefs of households, which are assumed to be the key drivers of
expectations about macro variables. We refer to this agent interchangeably as
the AP agent or investor.

The second block of the model determines macroeconomic dynamics. This
block is driven by a set of reduced-form equations similar to those standard in
New Keynesian models. However, contrary to standard New Keynesian mod-
els, macroeconomic dynamics here are influenced by two distinctive features:
sticky expectations about inflation of the type documented in Malmendier and
Nagel (2016) (MN), and regime changes in the conduct of monetary policy. The
purpose of these departures is to arrive at a model that can generate persistent
(though not permanent) departures from monetary neutrality, as suggested
by the evidence above. The extent of sticky expectations in inflation is disci-
plined by forcing the model to match data on household inflation expectations
from the University of Michigan’s SOC. Thus, macroeconomic dynamics can be
thought of as driven by a central bank and an “average” household that typi-
fies the vast majority of the population with comparatively negligible financial
assets but whose expectations about inflation and aggregate economic activity
preponderate in the general population.

An important aspect of the AP block of the model is the evolution of investor
beliefs about infrequent shifts in the monetary policy rule. These beliefs are
central to how shifts in the stance of monetary policy affect asset valuations
and return premia. Investors in the model are presumed to closely follow cen-
tral bank communications, so they observe when shifts in the monetary policy
rule occur. However, we make two departures from the standard rational ex-
pectations assumption that the agent can observe the true transition matrix
for monetary policy regime shifts. First, we assume that agents are uncertain
about how long any observed policy shift will last and hence must learn about
its duration. Second, we assume that agents exhibit fading memory of past pol-
icy rules, similar to evidence uncovered in surveys of inflation by MN and Mal-
mendier and Nagel (2011). Specifically, if agents spend enough time in a partic-
ular policy regime, memory of past policy rules fades and they come to believe
that the existing policy stance will persist indefinitely, a form of overextrapo-
lation that overstates the true persistence of the regime shifts. As we discuss
below, the combination of these two features of investor beliefs (learning plus

20 Only about half of households report owning stocks either directly or indirectly in 2016 ac-
cording to the Survey of Consumer Finances (SCF). More importantly, even among those house-
holds that own equity, most own very little: the top 5% of the stock wealth distribution owns 76%
of stock market value and earns a relatively small fraction of income as labor compensation. See
Greenwald, Lettau, and Ludvigson (2019) for further discussion.
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a fading memory distortion) implies that asset prices in the model respond to
monetary policy regime changes by initially underreacting but eventually over-
reacting. These features of beliefs imply that the model is qualitatively consis-
tent with independent empirical evidence showing that survey expectations—
including those of professional forecasters—initially underreact to shocks but
subsequently overreact (Angeletos, Huo, and Sastry (2020), Bianchi, Ludvig-
son, and Ma (2020)).

A. Model Description

AP Block. The model allows for a continuum of identical investors indexed
by i who derive utility from consumption, C;'M, at time ¢. We use the suffix
“p” to denote variables pertaining to these AP agents. Investors trade in two
assets: a nominal bond and equity. The agents’ intertemporal marginal rates

of substitution in consumption takes the form

M1 =5(C,,11/C) 7,
where §; = § exp(¥/) is a time-varying subjective time discount factor. The time
discount factor is subject to an externality in the form of a patience shifter ¥/
that individual investors take as given, driven by the market as a whole. A
time-varying specification for the subjective time discount factor is essential
for ensuring that, in equilibrium, investors are willing to hold the nominal
bond at the interest rate set by the central bank’s policy rule as specified below.

We assume that investors derive income only from asset holdings and that
the nominal bond is in zero net supply. It follows that, in equilibrium, assets
are priced by a representative investor who consumes per-capita aggregate eq-
uity payout, D,. We further assume that aggregate payout is derived from a
constant capital share % of aggregate output Y;, implying D; = £Y,.2! We there-
fore drop the i superscript here forward and denote the consumption of the
representative investor as C,; = D; = kY.

Let lowercase letters denote log variables, for example, c,; = In(C,;). The
marginal rate of substitution M, is the stochastic discount factor (SDF), with
log SDF given by

m; = log (8) — Up(cp,t — Cp.t—l) + ﬁp,t—l-

The representative investor chooses consumption and optimal nominal bond
holdings to maximize the expected present discounted value of a stream of
utility derived from consumption and convenience benefits from the nominal
bond due to their liquidity and safety (Krishnamurthy and Vissing-Jorgensen
(2012)). The resulting first-order condition for optimal holdings of a one-period

21 The assumption of a constant capital share % is made in the current model for simplicity. An
extension of the model to allow for time-varying % could in principle account for evidence that factor
share fluctuations have influenced trends in equity valuations (Greenwald, Lettau, and Ludvigson
(2019)). Our focus here is to isolate the component due to monetary policy, so we keep % constant.



Monetary Policy and Asset Valuation 987

zero-coupon bond with a face value equal to one nominal unit is

LP '@, =EP[M, 111} ], <
where @; is the nominal bond price, E? denotes the subjective expectation of
the AP agent (discussed below), I1;,; = P;1/F; is the gross rate of general
price inflation, and LP > 1 is the convenience premium. We make the sim-
plifying assumption that this premium is constant over time, which helps the
model match a sizable average equity premium while ensuring that any time-
variation in the equity premium is driven solely by endogenous fluctuations in
investor beliefs about monetary policy, which is the central focus of this paper.

Taking logs of (7) and using the properties of conditional lognormality deliv-
ers an expression for the real interest rate as perceived by the investor:

it — EP[m1] = —EP[myi1] — 5V [my1 — mea] — Ip,

where the nominal interest rate i; = — In(Q;), m;41 = In(IT;,1) is net inflation,
and V?[-] is the conditional variance under the subjective beliefs of the investor.
This expression shows that 9, is implicitly defined as

Vpt = —[it - Ef[”tﬂ]] + Ef[UpACp.tH] - -5Vf[—0pACp,t+1 - 7Tt+1] - E —1In (5).
(8

Let PP denote the total value of market equity, that is, the price per share
times shares outstanding. Then with D, equal to the total equity payout, the
first-order condition for optimal shareholder consumption implies the Euler
equation

PtD = Ef[MHl( t+1 +Dt+1)]’

PP D1 P2, +D
o :Ef Mt+1 t+1 4 ¢41 t+1 .
Dt Dt Dt+1

Taking logs on both sides and using the properties of conditional lognormality,
we obtain an expression for the log price-payout ratio:

pd; = ko + E [my1 4+ Adyi1 + k1pdii1 ]
+ 0.5V’ [mys1 + Adpi1 + k1pdiia],

where pd; = In(P?/D,).
The log return obeys the approximate identity (Campbell and Shiller (1989))

’"?+1 = ko + k1pdi1 — pdy + Adyy1,
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where k1 = exp(pd)/(1 + exp(pd)) and ko = log(exp(pd) + 1) — k1 pd. Combin-
ing the above, the log equity premium is

. —5V[rP ] - COV[myiq, 1P ] —
P rD _ _ /P _ t L t+1 t t+1, Iy g
E [ Hl] (lt Ee [nHl]) o |:+-5Vf[ﬂt+1] - (C(O)Vf[mtﬂ, Te+1] \lp/,
Equity Premium Liquidity Premium

Risk Premium
9
where COV?[] is the conditional covariance under the subjective beliefs of
the agent.

Finally, we derive cay; as implied by the model. Let C; denote aggregate con-
sumption, and let ¢; = In(C;). To derive the model-implied cay;, note that the
coefficients y, and y, in (1), or B, and B, in (3), are approximately equal to
the shares of asset wealth and human capital in aggregate (human plus non-
human) wealth, respectively (see LL). LL show that if the streams of income
accruing to human and nonhuman wealth are discounted at the same rate,
these coefficients are identically equal to the capital and labor income shares
in models in which such shares are constant, an assumption we maintain here.
Recalling that £ is the presumed constant capital share of aggregate income Y;,
it follows that (1 — £)Y; = (1 — £)C; is implied labor income in the model, where
the last equality uses the fact that Y, = C;. Since payout is D, = kY;, we have
Adyi1 = Acir1 = Aln(Yy,1). Putting this together, the model-implied value for
the wealth ratio —cay; can be shown to be proportional to the log price-payout
ratio, pd;, plus a constant, that is, —cay; = kpd; + const.?

Summarizing, the model implies the following AP relations:

1. SDF:
m; =1og (8) — opAdy + Vps—1. (10)
2. Price-payout ratio:
pd; = ko + i+ EY [me1 + Adp1 + k1pdiia | (11)
+ .5V [mys1 4+ Adisq + k1pdiia ).
3. Log Euler equation for bonds:
i — B[] = —EP[mysa] — BV [mypq — mpa] — Ip. (12)
4. Wealth ratio, —cay:

—cay; = kpd; + const. (13)

22To keep the estimation tractable, the model abstracts from one aspect of the data here,
namely, that —cay; and pd; are not perfectly correlated. This is due to the simplifying assump-
tion that the “capital” share of Y, is a constant k. Future work could extend the analysis to allow
the capital share to be time-varying along the lines of Greenwald, Lettau, and Ludvigson (2019),
thereby breaking the perfect correlation.
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5. Log excess stock market return:

er® 1 =P — (s — m1) = ko + k1pds1 — pds + Adpi1 + o — (i — 7Te41)-
(14)

Macro Dynamics. Macroeconomic dynamics are driven by a set of equa-
tions similar to those commonly featured in New Keynesian models, but with
two distinctive features: sticky expectations about inflation and output and
regime changes in the conduct of monetary policy.?® In keeping with New Key-
nesian models, we assume that real variables grow nonstochastically along a
balanced growth path and we write all equations in the macro block in terms
of detrended real variables. Hereafter, detrended variables are denoted with a

tilde, for example, In(Y;) = y; denotes detrended log real output.

As in prototypical New Keynesian models, macroeconomic dynamics satisfy
a loglinear Euler equation. In our setting this Euler equation is driven by the
behavior of an average household referred to as the “macro agent.” The macro
agent can be considered typical of a household in the general population that
holds small amounts of wealth in the form of nominal bonds and no equity.
She consumes a fixed fraction (1 — &) of Y;, so that log detrended consumption
growth of the macro agent is Ay; 1 and the linearized Euler equation takes the
form

e =B Gev) = olie — B (1) =] + i (15)

where i; is the short-term nominal interest rate, E/*(7;11) is the subjective
expected inflation of the macro agent, ry is the steady-state real interest rate,
and f; is a demand shock, which follows an AR(1) process f; = prfi—1 + orey,
gr ~N(0, 1). The coefficient o is a positive parameter.

We introduce two equations for inflation and the nominal interest rate rule.
Inflation dynamics are described by the following equation, which takes the
form of a New Keynesian Phillips curve:

m = = BE a1 — Tl + kY1 —ia ] (16)

where 7; denotes the perceived long-term value of inflation that depends on the

agent’s information ;. We discuss how macro expectations are formed below.

The coefficients 8 and « are positive parameters and the variable y; denotes

the natural level of detrended output. Thus, y;_1 —y; ; is the output gap at

time ¢t — 1. We assume an AR(1) process for y; = p,-y; | + 0y:&y+, &+ ~ N(0, 1).
The central bank obeys the following nominal interest rate rule:

i = (ros +75) = (L= pig) [V (m = 7m5)) + Ve Ge —3e-0)] AT
+ pig [it—1 — (res + 1) ] + 0183, & ~ N(0, 1).

23 Outside of these two distinctive features, macroeconomic dynamics are identical to those that
arise from the prototypical New Keynesian model of Gali (2015), Chapter 3.
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Note that the interest rate rule is written in deviations from the steady state
conditional on being in a particular regime dictated by &. This means that
once inflation reaches the desired target, the economy stabilizes around it,
absent shocks.

An important feature of this interest rate policy rule, and a departure from
the prototypical model, is that it allows for regime changes in the conduct of
monetary policy. These manifest as regime shifts in the inflation target ng and
in the activism coefficients v, ¢, and ¥, ¢, that govern how strongly the central
bank responds to deviations from the target and to economic growth. The rule
also allows for potential regime shifts in the autocorrelation coefficient p; ¢ .
These coefficients are modeled with a Markov-switching process governed by
the discrete random variable &;, which is assumed to take one of two values,
& = H or & = D, corresponding to hawkish or dovish monetary policy. These
shifts are modeled as exogenous and random. However, it is important to rec-
ognize that the labels hawkish or dovish do not imply that the model imposes
constraints on the estimated values of parameters across the previously es-
timated regimes. Since we freely estimate the regime parameters under flat
priors, the parameters could in principle show no shift across regimes or even
shifts that go in the “wrong” direction with respect to the previously estimated
hawkish and dovish regimes.

We interpret equations (15) through (17) as equilibrium dynamics and not
a microfounded structural model. We consider an equilibrium in which bonds
are in zero net supply in both the macro and AP blocks and thus there is no
trade between the AP agent and the macro agent.

The macro agent’s expectations about inflation are formed using an adap-
tive algorithm, following MN. The representative macro agent forms expecta-
tions about inflation using an autoregressive process, 7; = o + ¢m;_1 + 1, but
must learn about the parameter «.?* Each period, agents form a belief about
o, denoted by ", that is updated over time. Updating affects not only beliefs
about next period’s inflation, but also beliefs about long-term trend inflation.
Define perceived trend inflation to be limj_, ., E/*[n;,,], which we denote by
7;. Given the presumed autoregressive process, the Internet Appendix shows
that 7; = (1 — ¢)~le/®. This implies that expectations of one-step-ahead infla-
tion are a weighted average of perceived trend inflation and current inflation,

Ef* [mei] = o + ¢m = (1 — ¢); + ¢ (18)

We allow the evolution of beliefs about «;* and 7; to potentially reflect both
an adaptive learning component as well as a signal about the central bank’s in-
flation target. For the adaptive learning component, we follow evidence in MN
that the University of Michigan SOC mean inflation forecast is well described

24 In principle one could introduce learning about ¢ as well. We forgo doing this to keep the esti-
mation tractable, since the most important learning aspects in the model involve those parameters
such as « that bear most closely on trend inflation.
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by a constant gain learning algorithm. For the signal component, we assume
that beliefs could be shaped in part by additional information the agent re-
ceives about the current inflation target. This signal could reflect the opinion
of experts (as in MN) or a credible central bank announcement. Combining
these two components yields updating rules for «,* and 7; that are weighted
averages of two terms:

o = (L=y")[e2 +y(m —dma — o)) | +y A=)l ], (19

mCG
@

7= (1= y")[Foa+yA =) — pm1 — A= ¢ | + ¢ [7]. (20)

¢

The first terms in square brackets, ¢/’ and ﬁtCG, are the recursive updating

rules implied by constant-gain learning, where y is the constant-gain parame-
ter that governs how much last period’s beliefs o} ; and 7;_; are updated given
new information, 7;. The second term in square brackets captures the effect of
the signal about the current inflation target ng; .If yT =1, the signal is com-
pletely informative and the agent’s belief about trend inflation is the same as
the inflation target. If y7 = 0, the signal is completely uninformative and the
agent’s belief about trend inflation depends only on the adaptive learning al-
gorithm. Overall, perceived trend inflation is a weighted average of the trend
implied by the constant-gain learning rule and the central bank’s inflation tar-
get. A weight of less than one on the target could arise because the target is
imperfectly observed or because central bank announcements about the target
are not viewed as fully credible. Note that the parameter y7 is closely related
to the speed with which the agent learns about a new inflation target. Since
yT is freely estimated, we can empirically assess the magnitude of this speed
and its role in macroeconomic fluctuations.

Agents form expectations about detrended output using a simple backward
looking rule:

E"(3i+1) = 0Yi-1- (21)

Unlike inflation, agents do not perceive a moving mean for detrended output.
This assumption is consistent with the equilibrium of the model implying that
the central bank cannot have a permanent effect on real activity. The Internet
Appendix proves that monetary neutrality holds in the long run.

Using equations (18), (20), and (21), we substitute out E}*[m:41], 7;, and
E(y;+1) in equations (15), (16), and (17) to obtain the following system of equa-
tions that must hold in equilibrium:

1. Real activity:

Ye =0Yi-1— 0l — ¢ — (1 — @) — rss] + [r. (22)
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2. Phillips curve:

T =T+ I_KW[}”VL‘A —5’?71]- (23)

3. Monetary policy rule with changes in target:
i = (ros +75) = (L= pig) [V (0 = 73) + ¥aye Ge = 50-0)] - 24)
+ pig i1 — (rss + 7)) + 0380, & ~N(0, 1).
4. Law of motion for f;:
fi = prfi-1 +orer, ep ~ N, 1). (25)
5. Law of motion for y;:
¥, = pyYi 1+ 0y, & ~N(O, 1). (26)
6. Perceived trend inflation:

7= (1= y [T+ v =) = dm — (L= )m )| + vl @)

Investors understand the macro block, can observe equations (22) to (27) and
take those dynamics as given. But investors form beliefs about the persistence
of any observed regime shift in the monetary policy rule (24).

Investor Beliefs. We now describe how investor beliefs in the model evolve
over time. This evolution is influenced by both a learning component and a
“fading memory” component.

For the learning component, we assume that investors closely follow central
bank communications and are therefore capable of observing when important
shifts in the policy rule parameters have occurred. They are uncertain about
how long any shift will last, however, and must therefore learn about its du-
ration. This assumption may be motivated by observing that sophisticated fi-
nancial market participants in the real world expend significant resources on
“Fed watching.” Moreover, for decades central banks have clearly telegraphed
their intentions when they seek to change the stance of monetary policy, but
have been comparatively vague about the length of time such a change will
last. The Federal Reserve’s FOMC statement of August 9, 2011, for example,
announced that “economic conditions are likely to warrant exceptionally low
levels for the FFR at least [emphasis added] through mid-2013.” Similarly, the
FOMC press release of September 16, 2020, stated “the committee will aim to
achieve inflation moderately above 2 percent for some time [emphasis added]
...” and expects to maintain “an accommodative stance” until “inflation expec-
tations remain well anchored [emphasis added] at 2 percent.” The emphasized
words in these sentences are murky and explicitly convey uncertainty about
the length of time such policy changes will last.
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For the fading memory component, we assume that expectations are shaped
most strongly by recently experienced data, motivated by evidence in MN and
Malmendier and Nagel (2011).

To model these two aspects of investor beliefs, we combine Bayesian learn-
ing about the persistence of regime changes with distorted beliefs. The key
elements of this specification are twofold. First, if a regime change occurs after
many periods in a previous regime, the investor will at first be almost cer-
tain that the deviation is temporary. However, as she observes more and more
periods in a row in which the new regime holds, she gradually updates her be-
liefs and increasingly views the deviation as likely to persist. Second, once the
agent spends enough time in a particular regime, memory of past policy rules
fades and she comes to believe that the existing policy stance is the new normal
that will persist indefinitely. Since the true policy regime transition matrix is
persistent but transitory, fading memory about past policy rules represents a
distortion in beliefs whereby agents extrapolate too much from recent continu-
ity in the policy stance. This overextrapolation implies that the investor will
always be surprised whenever there is a switch to a new policy rule after many
periods in a previous regime.

In the rest of this subsection, we provide the basic idea for how this is mod-
eled. The methodology is an extension of Bianchi and Melosi (2016). Technical
details on the evolution of beliefs within and across policy regimes, and on how
the model is solved under these beliefs, are provided in the Internet Appendix.

First consider the true data-generating process (DGP) for the monetary pol-
icy rule, which we presume follows a two-state Markov-switching process con-
trolled by the variable & € {H, D} with transition matrix H. Let & = H be the
state characterized by hawkish policy parameters, and & = D be the state char-
acterized by dovish policy parameters. Denote the true DGP transition proba-
bility matrix H as

H= |:pHH pHD:|’
PpH PDD

where p;;, i, j € {H, D}, is the probability of switching to regime j given that
the state is currently in regime i.

To model the idea that agents must learn about the persistence of regime
changes, we assume that agents believe regime shifts can be either long-
or short-lasting. This can be accommodated by introducing the notion of the
perceived regime process &’ € {1, 2, 3, 4}, with four states. Specifically, two of
the perceived regimes are characterized by hawkish monetary policy (¢, = H),
while two of the perceived regimes are characterized by dovish monetary policy
(& = D). Without loss of generality, we assume that regimes &’ = 1 and &/ = 2
belong to a hawkish block 1 associated with & = H, while regimes £ = 3 and
gP = 4 belong to a dovish block 2 associated with & = D. In the hawkish block,
g/ = 11is perceived as a short-lasting hawkish regime, while & = 2 is perceived
as a long-lasting hawkish regime. In the dovish block, &’ = 3 is perceived as a
short-lasting dovish regime, while £’ = 4 is perceived as a long-lasting dovish
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regime. The perceived probabilities of moving across these regimes are sum-
marized by the transition matrix

pu O ‘ 0 pu
0  po P23 D24

P _

H" = 0 p3 pss O [ (28)
P41 P42 0 pu

where p;; denotes the probability of switching to regime j given that we are
in regime i. Since &/ = 1 is the perceived short-lasting hawkish regime, while
gl = 2 is the perceived long-lasting hawkish regime, we have pys > p11 by def-
inition. Analogously, since &’ = 3 is the perceived short-lasting dovish regime
and &7 = 4 is the perceived long-lasting dovish regime, we have pss > pss. To
capture the idea that agents eventually “forget” about previous policy regimes
once they spend enough time in a regime, we set pyy = poo = 0.999. This im-
plies that once agents believe they are in a long-lasting regime of either type,
they come to view that regime as persisting almost indefinitely.?

Since the AP agent knows the structure of the macro block and can observe
both the endogenous variables and the shocks at time ¢, she can also determine
which set of policy parameters is in place at each point in time. That is, she
can back out the history {&, &_1, ...} of policy regimes and the block (dovish or
hawkish) in place at time . However, agents cannot exactly infer the realized
perceived regime &7, because the regimes within each block share the same
policy rule parameter values governed by &. Thus, after a switch to a new
policy regime, agents must learn about which element (short- or long-lasting)
of the block they are actually in.

Suppose that the economy is initially in a state where the agent’s perceived
probability that she is in the long-lasting hawkish regime &7 = 2 is unity. If pol-
icymakers then start conducting dovish monetary policy (¢ = D), investors ini-
tially believe that this likely represents a temporary deviation from the & = 2
regime. This idea is captured by the conditions pss > po4, p32 > 0. However,
because p44 > pss, if the dovish regime persists long enough, the agent’s per-
ceived posterior probability that she is in a long-lasting dovish regime goes to
unity. There are symmetric restrictions in the second block, corresponding to
P41 > Ppag, p14 > 0. Note that the purpose of the perceived short-lasting regimes
is merely to model the idea that once investors perceive they are in a long-
lasting regime of one type (hawkish or dovish), deviations from that policy rule
might initially be viewed as transitory. Thus, we rule out transitions from a
perceived short-lasting regime of one type to a short-lasting regime of the op-
posite type (p31 = p13 = 0) and transitions from a long-lasting regime of one
type to a short-lasting regime of the same type (p21 = psg = 0).

The fading memory distortion is captured by specifying po2 > pyy and pyy >
ppp- That is, once the agent spends enough time in a regime, she believes

25 We rule out setting this probability to unity, since without further assumptions it would not
be obvious how to model the evolution of investor beliefs when a shift out of the perceived long-
lasting regime inevitably occurs.
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that the regime will continue virtually indefinitely even though in reality it is
persistent but transitory, so any switch out of a perceived long-lasting regime
will be a surprise. This distortion leads the agent to eventually overstate the
true persistence of policy regimes.

More generally given arbitrary initial beliefs, the restrictions above on the
perceived transition matrix H? will have implications for how beliefs evolve
over time. The Internet Appendix gives recursive formulas for the perceived
state probabilities that are history dependent.

Equilibrium. An equilibrium is defined as a set of prices (bond prices, stock
prices), macro quantities (inflation, output growth, inflation expectations),
laws of motion, and investor beliefs such that equations (10) to (14) in the
AP block are satisfied, equations (22) to (27) in the macro block are satisfied,
and investors beliefs about the persistence of policy regimes are characterized
by Bayesian updating about a perceived Markov-switching process with tran-
sition matrix (28), under the parameter restrictions given in the previous sub-
section.

B. Model Solution and Estimation

The model is solved in two steps. First, we solve for the macro dynamics. This
returns an MS-VAR in the macro block state vector S; = [y;, ¥}, 7z, ir, 7}, 72, f].
Second, conditional on this solution and on the probability assigned by the AP
agent to moving across regimes, we derive the evolution of asset prices. This
second step takes the MS-VAR law of motion for the macroeconomy as an input
and combines it with the equilibrium AP relations (10) to (14), conditional on
the law of motion for agents’ beliefs outlined above. The final solution for all
variables (macro and asset block) takes the form of MS-VAR in the augmented
state space S; = [S;, m;, pd;, Ef(mtﬂ), Ef(PdHl)].

To estimate the model, we exploit the block structure of the solution to take
a two-step approach. First, we use Bayesian methods to estimate the macro
block by combining the MS-VAR solution for S; with an observation equation.
As data, we use four observable series: real per-capita gross domestic product
(GDP) growth, inflation, the nominal FFR, and the mean of inflation expecta-
tions from the SOC. Since we have only three shocks to match four observable
variables, we allow for observation errors on all variables. Second, conditional
on the estimated parameter values from the macro block, the AP block parame-
ters are chosen to minimize the sum (over ¢) of squared deviations between the
model-implied cay; and the observed series, cay¥S. Using an objective function
penalty, we also require the AP block parameters to return a sizable equity
premium. This two-step approach keeps the estimation tractable in the face of
both regime shifts in monetary policy and history-dependent beliefs that are
part of the AP block.

By using SOC data on inflation expectations, we ask the model to generate
realistic behavior for inflation expectations. Specifically, we map the perceived
law of motion of inflation into the Michigan survey. Below we show that the
model-implied inflation expectations track their empirical counterparts well.
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Parameter uncertainty is characterized using a random walk Metropolis—
Hastings algorithm. The parameters of the policy rule, ng s Vs Yays, and p; g,
are permitted to switch between two regimes according to a Markov-switching
process. Since we are interested in understanding the connection between the
previously estimated dovish/hawkish regimes, short-term interest rates, asset
valuations, and return premia, we force the regime sequence for the policy rule
parameters to correspond to the estimated sequence for «;, and r; reported
in Table III. Importantly, however, the parameters characterizing the policy
regimes as well as the transition matrix are freely estimated.?® Thus, there is
no implication from this procedure that the parameters of the policy rule must
necessarily show evidence of structural change. Moreover, since we freely es-
timate the parameters of the policy regime under flat priors, there is nothing
in the model estimation that restricts the low- (high-) mps subperiods to co-
incide with parameters of the interest rate rule that would imply relatively
accommodative (restrictive) monetary policy.

The sample spans the period 1961:Q1 to 2017:Q3, in line with our estimates
for the regimes in the means of cay and the mps. We use the full sample of data,
including observations from the ZLB period. The Internet Appendix shows that
our findings on the long-lasting real effects of changes in the conduct of mon-
etary policy are robust to replacing the FFR with either an estimated shadow
rate or the one-year Treasury bill rate. The reason is that the policy rule regime
changes that we uncover are not mainly tied to the ZLB period.

The Internet Appendix provides a detailed description of the data, model
solution, and estimation.

C. Model Estimation Results
C.1. Parameter and Latent State Estimates

Table V reports the prior and posterior distributions for the macro block
model parameters. For the policy rule parameter estimates for ng; s Ures Uiy
and p; ¢, where we use flat priors, a key finding is that the previously esti-
mated regime subperiods (given in Table III) are associated with quantitatively
large changes in the estimated policy rule. Specifically, the hawkish high-mps
regime is characterized by what we refer to as a hawkish monetary policy rule
with lower inflation target 7157; and strong activism v, ;, against deviations of
inflation from the target relative to activism 5, on growth. The dovish, low-
mps regime is characterized by a dovish monetary policy rule with an inflation
target that is comparatively higher and an activism against inflation that is
significantly lower. In fact, for the dovish, low-mps regime, the 90% credible
set for v, ; includes one, the threshold generally associated with the Taylor
(1993) principle, which prescribes that the central bank should raise nominal
rates more than one-for-one in response to deviations of inflation from target,

26 We use the regime sequence 7 = (&1, ..., &r) that is most likely to have occurred, given our
estimated posterior mode parameter values for . See the Internet Appendix for details.
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Table V
Macrofinance Model: Parameter Estimates and Priors

This table reports the posterior mode, mean, and 90% credible sets for the model parameters of
the model. Prior distributions are denoted as follows: N stands Normal, G for Gaussian, B for
Beta, and U for Uniform, where Para; and Paragy refer to hyperparameters of the prior. For the
Beta, Normal, and Gaussian distributions, the first parameter and second parameter correspond
to the mean and standard deviation, respectively. For the Uniform distribution they correspond to
the lower and upper bounds. The last four rows report the standard deviations of the observation
errors. The sample spans the period 1961:Q1 to 2017:Q3.

Mode Mean 5% 95% Type Para; Paray
nI_TI 0.8516 0.8411 0.7038 0.9642 U 0 10
Vel 2.3164 2.8146 1.9184 4.2444 U 0 10
PiH 0.8913 0.9080 0.8597 0.9494 B 0.5 0.2
YAy H 2.6387 3.6663 1.9532 6.2615 U 0 10
ng 2.8794 2.9040 2.7017 3.1626 U 0 10
Yz D 1.1089 1.1146 0.8266 1.4120 U 0 10
Pi.D 0.8978 0.9264 0.8579 0.9804 B 0.5 0.2
VayD 1.2320 2.6661 0.8990 6.5637 U 0 10
y 0.0017 0.0019 0.0008 0.0032 B 0.05 0.02
yT 0.0132 0.0131 0.0110 0.0152 B 0.2 0.1
o 0.7970 1.1462 0.5406 2.0439 G 2 1
1 0.9062 0.9008 0.8048 0.9696 B 0.9 0.05
B 0.7696 0.7156 0.5270 0.8909 B 0.8 0.1
K 0.0343 0.0317 0.0143 0.0520 G 0.4 0.2
Pd 0.7589 0.8208 0.6731 0.9368 B 0.5 0.2
Py 0.9457 0.9177 0.8474 0.9695 B 0.5 0.2

0.8057 0.8041 0.7924 0.8149 B 0.5 0.2
Tss 0.2540 0.3002 0.1210 0.5581 G 0.5 0.25
AYyss 0.3738 0.4126 0.3427 0.4912 G 0.5 0.2
oq 0.6033 0.6569 0.5431 0.7987 U 0 10
o; 0.1865 0.1950 0.1782 0.2153 U 0 10
Oy 2.7349 3.7875 2.1213 7.4099 U 0 10
Ooe. AGDP 0.2897 0.2857 0.2339 0.3366 U 0 10
Ooe INFL 1.2294 1.2514 1.1557 1.3547 U 0 10
Ove.FFR 0.0000 0.0006 0.0000 0.0015 U 0 10
Ooe. EXP 0.0686 0.0696 0.0517 0.0853 U 0 10

thereby raising the real rate and reducing inflationary pressure. The activism
coefficient Y, for output growth and the autoregressive parameter p; ; are
more similar across the two regimes.

These findings indicate that the policy rule parameters shifted to values con-
sistent with restrictive monetary policy in 1978:Q4 around the time of Volcker’s
appointment, consistent with an older empirical literature (e.g., Clarida, Gali,
and Gertler (2000)). However, the results here show that, starting in 2001:Q4,
parameters shifted back to values consistent with accommodative monetary
policy. With the exception of a brief interlude from 2006:Q2 to 2008:Q2, the
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Table VI
Regime Shifts in the Policy Rule
This table reports the posterior mode, mean, and 90% credible sets for the difference between the

monetary policy rule parameters across the two regimes, defined as hawkish (H) and dovish (D).
The sample spans the period 1961:Q1 to 2017:Q3.

Mode Mean 5% 95%
ng — ng -2.0278 —2.0629 —2.4647 —1.7533
Ve H —VrD 1.2074 1.7001 0.6990 3.1387
Pi.H — Pi.D —0.0065 -0.0184 —0.0911 0.0576
VayH — VayD 1.4067 1.0001 —3.3289 4.4279

relatively dovish policy rule has remained in place since, to the end of our
sample in 2017:Q3.

Shifts in the policy rule parameters across the two regimes are large in mag-
nitude. Table VI reports the posterior distribution for the differences in the
parameters across regimes. The mode of the distribution of the difference in
the quarterly JTg across the two regimes is around 2%. This large value im-
plies a difference in the annualized inflation target across regimes of almost
8%. The 90% credible set also indicates strong statistical evidence in favor of
a quantitatively large difference in the inflation target across the two regimes.
Similarly, the posterior distribution for the difference in the inflation activism
coefficient ¥/, ¢, is centered on 1.2 with posterior credible sets that are bounded
well away from zero, confirming evidence of a change in the degree of activism
aimed at stabilizing inflation around the desired target. Finally, the posterior
distributions for the difference in activism ¥, on growth and in the autore-
gressive parameter p; ;, show only weak evidence of change in these parame-
ters. To summarize, there is strong evidence of sizable shifts across the previ-
ously estimated regimes in the relative importance of inflation and economic
growth in the policy rule and a large shift in the tolerable level of inflation.

For the nonpolicy-rule parameters, it is worth emphasizing that the esti-
mates imply a very high level of inertia in inflation expectations. The constant
gain parameter y, controlling the speed with which beliefs about long-term
inflation are updated with new information on inflation, is estimated to be
low. Furthermore, the parameter y7, controlling the extent to which perceived
trend inflation is influenced by the central bank target, is estimated to be very
low. Taken together, these findings imply that agents revise their beliefs about
long term inflation only slowly over time and mostly based on past realizations
of inflation rather than on the inflation target itself.

Figure 5 shows that the model-implied series track their empirical coun-
terparts quite well. In general, observation errors play little to no role in the
dynamics of the model-implied series. The model generates a plausible mean
and volatility for the real interest rate. The dynamics of the model-implied
series for one-step-ahead inflation expectations tracks the SOC series virtu-
ally without error. This is relevant since inflation expectations play a key role
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Figure 5. Macroeconomic series and their filtered counterparts. This figure plots the
model-implied series and the corresponding observed series. Expected inflation comes from the
Michigan Survey of Consumers. The difference is due to observation errors. The sample spans
1961:Q1 to 2017:Q3. (Color figure can be viewed at wileyonlinelibrary.com)

in the model’s predictions, as we show below. Figure 5 underscores the ex-
tent to which those predictions are predicated on empirically relevant inflation
expectations. The other model-implied series also track their empirical coun-
terparts fairly closely. In particular, since the model fits the FFR and inflation
expectations well, it also fits the real rate as measured by the difference in the
two. For inflation, there are a handful of high-frequency spikes that the model
is not well positioned to capture. A richer model could account for these spikes,
but since the scope of our investigation is a study of lower frequency shifts in
the policy rule, we do not view this as an important drawback of the frame-
work.

A comment is in order about the estimated values for nf shown in Table VI.
Although this parameter plays the role of an “inflation target” in the inter-
est rate rule, unlike traditional New Keynesian models, ng is not a value to
which true inflation and inflation expectations in the model necessarily tend
in the long run. This is because the model here differs in two ways from the
traditional New Keynesian models: macro expectations are strongly backward-
looking and the policy rule parameters are not constant but instead vary over
time. This combination implies that the inflation target can deviate substan-
tially from actual inflation and inflation expectations for an extended period
of time. For example, consider the value for ng under the dovish policy rule
(! = n})), in the postmillennial dovish subperiod. In this case 7}) is quite high,
yet the model matches the observed low values for both inflation and inflation
expectations over the extended subperiod well (see Figure 5), and neither the
model-implied inflation nor inflation expectations tend toward the estimated
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Table VII
Parameters of the Asset Pricing Block

The parameters are chosen to minimize the distance between the fluctuations in cay implied by the
model as a result of regime changes and the actual cay™S. The values for Ip and equity premium
are annualized log units. The sample is quarterly and spans the period 1961:Q1 to 2017:Q3.

Parameter Value Parameter Value
k 0.4506 P11 0.6750
op (fixed) 3 Ppoo (fixed) 0.9990
5 0.9329 P33 0.7331
lp 5.8% Ppag (fixed) 0.9990
equity premium 5.5% pos/(p23 + p24) 0.9864

p41/(pa1 + pag) 0.9999

value for ng , which is 2.9% at a quarterly rate. This result is not attributable
to the two-state Markov-switching specification, which forces the early-dovish
(1960s and early 1970s) and late-dovish (postmillennial) subperiods to share
the same policy rule parameter values. Additional results given in the Internet
Appendix indicate that the early-dovish and late-dovish subperiods both ratio-
nalize a high value for ng , but for different reasons. In the early subperiod,
both observed inflation and inflation expectations were high, which the model
rationalizes with a high value for ng . In the late subperiod, observed inflation
is much lower and trending down, but expected inflation remains relatively el-
evated, causing a gap to open up between the two. This gap is also rationalized
in the model by a high value for .

To interpret this result, note that the postmillennial subperiod is character-
ized by negative demand shocks in the model (to account for the two sharp re-
cessions), subsequent sluggish economic growth, and sustained periods of low
and even negative inflation. Yet at the same time, data on inflation expecta-
tions remain elevated by comparison. The model reconciles this set of facts by
indicating that monetary policy was extremely dovish, as exhibited by a high
value for erT . In the real world, central banks have additional policy tools for
implementing accommodative monetary policy, such as forward guidance and
quantitative easing, two tools that were employed in the postmillennial sub-
period of our sample. These additional channels are absent from the stylized
model, but manifest as a high value for the inflation target policy parameter
al.
i:lTable VII reports the parameter values for the AP block. The procedure im-
plies a modest relative risk aversion coefficient of 6, = 3. The equity premium
implied by the model parameters is 5.5% at an annual rate, which is slightly
lower than the liquidity premium component [p = 5.8% at an annual rate, im-
plying that the risk premium component of the equity premium is slightly
negative. To understand why a (small) negative risk premium arises, first
note that the overall risk premium is a weighted average of the risk premia
in the dovish and hawkish regimes, where the weights are pinned down by
the ergodic regime probabilities. Premia are small in absolute terms in both
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regimes. However, in the hawkish regime, the central bank is very “active,” so
when the economy enters a recession (boom), it cuts (raises) real interest rates
aggressively because inflation decreases (increases). This drives the SDF up
(down) strongly due to a large change in ©¥,;, as seen from equation (8). Al-
though recessions (booms) also cause expected future cash flows to fall (rise),
the aggressive manipulation of the real interest rate in the hawkish regime im-
plies that these cash flow effects are outweighed by discount rate effects that
move stock returns in the opposite direction. Thus, in the hawkish regime,
central bank actions effectively mean that stocks provide insurance against
cash flow fluctuations, leading to a negative risk premium (but quantitatively
small in absolute terms). In the dovish regime, by contrast, the Fed is less ac-
tive and the standard cash flow effects on stock prices outweigh the discount
rate effects, leading to a small positive risk premium.?’” Because the estima-
tion chooses parameters to target the observed equity premium, the resulting
estimate of [p = 5.8% is high relative to estimates in, for example, Krishna-
murthy and Vissing-Jorgensen (2012). This could be addressed in the existing
setup by modeling payouts as levered, which would increase the risk premium
component of the equity premium and reduce [/ p. We choose not to do so in this
paper to keep the model simple, focusing on fluctuations in the equity premium
arising from distorted beliefs about monetary policy.

Table VII also reports parameters of the perceived transition matrix. The
estimated perceived probability of switching out of a long-lasting regime of one
type into a short-lasting regime of the other type is close to unity in both cases,
that is, pas/(pas + p24a) = 0.986 and p41/(pa1 + pa2) = 0.9999. This implies that
any switch to a dovish (hawkish) policy rule when the agent had previously be-
lieved she was in a long-lasting hawkish (dovish) regime is initially perceived
as a temporary deviation from the old rule.

Evolution of Beliefs. Figure 6 shows the estimated model’s implications for
the evolution of investor beliefs about future monetary policy over our sample,
under the assumption that the agent begins the sample believing with proba-
bly one that she is in the short-lasting dovish regime. The left panel plots the
perceived probability at each point in time of being in the long-lasting hawkish
regime (blue solid line) and the long-lasting dovish regime (red dashed line).
The right panel plots the perceived probability of being in a hawkish regime
(either short- or long-lasting) at some future horizon ¢ + A, where A~ = 1, 4, or
80 quarters in the future.

In the left panel we can see that, from the beginning of the sample onward,
it takes several years of continuously observing dovish monetary policy before
the perceived probability of being in a long-lasting dovish regime is close to
one. Likewise, as the economy switches into the hawkish policy rule under Vol-
cker, the agent initially places very low probability on the change persisting.
This can be seen in the right panel, where immediately after the change the

27 Inflation risk also contributes little to the equity premium since the conditional variance and
covariance terms in (9) involving inflation are small due to the high level of inertia in macroagent
inflation expectations.
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Figure 6. Evolution of investor beliefs under learning. The left panel plots the perceived
probability of currently being in the long-lasting hawkish regime (blue solid line in the top scale)
or the long-lasting dovish regime (red dashed line in the lower scale). The right panel plots the
perceived probability of being in either hawkish (long- or short-lasting) regime at ¢ + i, where
h =1,4, or 80 quarters in the future. We initialize the asset pricing agent’s beliefs in 1960:Q1
assuming that she assigns Pr ~ 1 to being in the short-lasting dovish regime. The sample spans
1961:Q1 to 2017:Q3. (Color figure can be viewed at wileyonlinelibrary.com)

perceived probability of being in the hawkish regime in one year’s (20 year’s)
time is less than 0.3 (effectively zero). The agent only eventually comes to see
the hawkish policy rule as a long-lasting feature after observing several years
of continuously restrictive policy. Beliefs about the long term are therefore
“sticky,”they change only when agents become convinced that monetary pol-
icy has experienced a structural break. By contrast, short-term expectations
about future monetary policy can change quickly, as agents take into account
the possibility of a temporary deviation from the current policy framework.
This implies that asset valuations can experience sudden but modest jumps in
response to changes in short-term expectations, followed by further changes as
investors revise the probability of remaining in the new policy framework.

At the same time, when regime shifts are observed more frequently, even
expectations about the long term can move quickly, as occurs right after the
switch out of the long hawkish subperiod from 1978:Q4 to 2001:Q3. When the
policy rule switches back to hawkish less than five years later in 2006:Q2, the
perceived probability of being in a hawkish regime 20 years later jumps to
unity almost immediately. Due to the history dependence in the evolution of
beliefs, investors in 2006:Q2 still have a strong recent memory of the previ-
ously lengthy hawkish regime and quickly perceive its return.
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Figure 7. The role of changes in the monetary policy rule and adaptive expectations.
The blue line corresponds to fluctuations generated by changes in both the target and the slope
coefficients of the policy rule. The red dashed line assumes that monetary policy starts under the
dovish regime and no regime changes occur. The black dotted line assumes that changes in the
target occurred, but that the slope coefficients in the interest rate rule remain fixed as in the
dovish regime. Finally, the magenta dashed-dotted line shows a counterfactual in which the policy
rule shifts but the macro agent’s perceived trend inflation equals the central bank’s target. The
dovish regime is defined by a high target 77 and low activism against deviations from 77. The
hawkish regime has a low 77 and high activism against deviations from 77. The sample spans
1961:Q1 to 2017:Q3. (Color figure can be viewed at wileyonlinelibrary.com)

C.2. Conduct of Monetary Policy, the Real Interest Rate, and Asset Valuation

In this section, we investigates how changes in the conduct of monetary pol-
icy affect the real interest rate and asset valuations over our sample. To do so,
we consider a number of simulations that isolate the effects of regime changes
in the conduct of monetary policy. All figures present the values of the variables
at the estimated posterior mode parameter values.

Monetary Policy and Macroeconomy Qver the Sample. Figure 7 shows re-
sults from a simulation in which the observables and estimated state vector
are set to their values at the beginning of our sample with all Gaussian shocks
shut down. Thus, the only source of variation in the variables plotted in the fig-
ure arises from changes in the conduct of monetary policy, that is, from changes
in the policy rule parameters.

For the baseline model, the portion of movements in output growth, inflation,
and the real interest rate over our sample that can be directly associated with
changes in the policy rule are shown in blue (solid) lines in Figure 7. The fig-
ure also considers three counterfactual simulations. The orange (dashed) line
assumes that monetary policy starts under the dovish regime and that no sub-
sequent regime change occurs. The black (dotted) line assumes that changes
in the target occurred, but that the slope coefficients in the policy rule al-
ways remain as they are in the dovish rule. The magenta (dashed-dotted) line
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assumes that the macro agent’s perceived trend value for inflation coincides
in every period with the inflation target 7, = ng , corresponding to the case in

which y7 = 1. This value is highly counterfactual, since the estimated value
7T = 0.013 implies that expectations of trend inflation as implied by the SOC
data place virtually no weight on the inflation target and instead are driven
mostly by the constant gain adaptive expectations rule.

A series of noteworthy results emerge from Figure 7 . First, if instead of
switching to a hawkish stance under Volcker the central bank had maintained
the dovish policy rule throughout our sample, the economy would not have
experienced the decrease in inflation that occurred in the early 1980s. Instead,
inflation would have continued to increase. What is more relevant and less
obvious is the behavior of the real FFR. The right panel of Figure 7 shows
that changes in the conduct of monetary policy generate fluctuations in the
real interest rate that last for decades. Comparing the estimated case with the
orange dashed line that counterfactually assumes no policy rule changes in
our sample, it is clear that the real FFR would have been substantially more
stable had there been no changes in the monetary policy stance.

Second, Figure 7 shows that large, persistent swings in the real interest rate
attributable to changes in the conduct of monetary policy were not solely the
result of shifts in the inflation target-shifts in the activism coefficients also
play a role. Comparing the baseline estimation (blue solid line) with the the
counterfactual in which the inflation target changes but there are no accom-
panying changes in the activism coefficients (black dotted line), it is clear that
the sharp increases in the real rate associated with Volcker would have been
far smaller had the activism coefficients remained constant. A similar result
holds in the short hawkish regime that precedes the Great Recession (2007:Q4
to 2009:Q2). Intuitively, since the hawkish regime exhibits both a lower infla-
tion target and increased activism against deviations from the target, the real
interest rate increases much more than it would have if only the inflation tar-
get had changed. The combination of the two contributed to sharp contractions
in output growth during the recessions of 1980 and 1981 and during the Great
Recession, as observed in the first panel. Without the concomitant shifts in
the activism coefficients, both inflation and inflation expectations would have
remained higher over the entire post-Volcker sample, as observed in the mid-
dle panel.

Third, the magenta (dashed-dotted) line of Figure 7 shows that the macro
agent’s highly adaptive expectations are crucial to understanding the long-
lasting effects of regime changes in monetary policy. In the counterfactual
economy where the perceived trend value for inflation coincides in every pe-
riod with the inflation target, inflation jumps immediately to the new target
whenever the policy stance changes, with no effect on the real interest rate.
Inflation jumps in the counterfactual case because the central bank does not
have to “convince” agents about the new inflation target. It is the interaction
between changes in the anti-inflationary stance of the central bank and sticky
macro expectations that generates long-lasting fluctuations in the real interest
rate.
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Figure 8. The Volcker disinflation. We start the economy as it was in 1980:Q1 and remove
all Gaussian shocks that occurred after that period but keep the estimated regime sequence. The
dashed line corresponds to the data. The real interest rate is computed as the difference between
the federal funds rate (FFR) and expected inflation. Expected inflation is obtained based on the
model solution. (Color figure can be viewed at wileyonlinelibrary.com)

The Secular Decline in Real Interest Rates. Figure 8 studies the implications
of our model for how regime changes in the conduct of monetary policy have
contributed to the secular decline in real interest rates observed since the early
1980s. For this purpose, we begin a simulation with the economy as it was
in 1980:Q1, at the beginning of the Volcker disinflation, when inflation had
reached its peak in our sample but before the peak in the real interest rate
reached in 1981:Q3. To isolate the effects of changes in the monetary policy
rule on the real interest rate under the Volcker disinflation and thereafter, we
set all Gaussian shocks after 1981:Q1 to zero. These movements are shown
in blue (solid) lines, and the actual values for each series are shown in red
(dashed) lines.

The right panel of Figure 8 shows that the sharp run-up in real rates in the
1980s, and much of its decline since that time, can be attributed to changes
in the conduct of monetary policy. Changes in the conduct of monetary policy
do not track the higher frequency fluctuations in the real rate. For example,
there is a sharp decline in the real rate that lasts for several years after the
Great Recession. These fluctuations in the real rate are not associated with a
shift in the policy rule parameters, but are instead due to a combination of the
model’s Gaussian shocks. By contrast, a substantial portion of the downward
secular trend in real rates since the early 1980s is due to regime changes in
the conduct of monetary policy. The peak of the real FFR in our sample is
10.22%, which occurs in 1981:Q3. Since that time, the real FFR has gradually
trended downward, with the last observation in our sample equal to 0.56% in
2017:Q3. This represents a decline of 9.67%. According to our estimated model,
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Figure 9. Regime changes versus policy shocks. Top row: curbing inflation. The economy
is initially in the dovish regime. The blue solid line presents the evolution of the macro variables
and the wealth ratio in response to a two-standard-deviation contractionary monetary policy shock
and no regime change. The black dashed line presents the evolution of the macro variables and the
wealth ratio in response to a regime change from the dovish regime to the hawkish regime. Bottom
row: lifting inflation. The economy is initially in the hawkish regime. The blue solid line presents
the evolution of the macro variables and the wealth ratio in response to a two-standard-deviation
expansionary monetary policy shock and no regime change. The black dashed line presents the
evolution of the macro variables and the wealth ratio in response to a regime change from the
hawkish regime to the dovish regime. (Color figure can be viewed at wileyonlinelibrary.com)

regime changes in monetary policy generate a peak in the real FFR of 6.55% in
1983:Q1 and an end-of-sample value of 0.20% in 2017:Q3. This translates into
a decline of 6.35%, or roughly two-thirds of the observed secular decline.
Regime Changes versus Policy Shocks. Figure 9 shows the implications of our
model for monetary policy shocks versus monetary policy regime changes, us-
ing two sets of estimated impulse response functions. In the top row, we assume
that the economy is initially in the dovish regime and consider the case of the
monetary authority attempting to curb inflation. The blue solid line in the top
row shows responses to a two-standard-deviation contractionary (i.e., positive)
monetary policy shock and no policy rule regime change. The black dashed
line in the top row shows responses to a regime change from the dovish to
the hawkish regime, with all Gaussian shocks (including the monetary policy
shock) set to zero. The figure shows the model’s implications for the response of
GDP growth, inflation, the real interest rate, and the log wealth ratio (—cay;) to
policy regime changes versus policy shocks. It is immediately evident that the
effects of a regime change in the policy rule parameters are long-lived and last
for decades, while those of monetary policy shocks are relatively short-lived,
consistent with empirical evidence using observed monetary policy shocks (e.g.,
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Christiano, Eichenbaum, and Evans (2005)). In response to a regime shift to
hawkish policy, asset valuations, as measured by the log wealth ratio, fall and
remain low for many years, while a contractionary monetary policy shock has
negligible effects on valuations.

Because the model is nonlinear, the duration of these effects can differ de-
pending on whether we begin in a dovish or a hawkish regime. In the lower
row of Figure 9 we assume that the economy is initially in the hawkish regime
and consider the case of the monetary authority attempting to lift inflation.
The blue solid line shows the impulse responses to a two-standard-deviation
expansionary monetary policy shock and no regime change in the conduct of
monetary policy. The black dashed line shows responses to a regime shift from
the hawkish to the dovish regime, with all Gaussian shocks set to zero. The
effects on the real interest rate of a policy rule regime change in this case are
even more long-lived than in the curbing-inflation case. The reason is that,
under the dovish policy rule, the central bank responds less aggressively to
fluctuations in inflation and output, as indicated by the smaller estimated ac-
tivism coefficients ¥, &, and ¥,z . Thus, when the central bank seeks to lift
inflation as opposed to curb it, it does so more gradually, so the real interest
rate and the log wealth ratio remain perturbed from their steady-state values
for a longer period of time.

In either the lifting- or curbing-inflation case, the effects on the real rate
attributable solely to regime changes in the conduct of monetary policy are ex-
tremely long lived, lasting more than 90 years in both cases, in sharp contrast
to a monetary policy shock. Monetary policy shocks have short-lived effects be-
cause they cause inflation to move away from target and are always quickly
stabilized, even in the dovish regime. By contrast, there is no reason for the
central bank to stabilize an intentional change in the stance of monetary pol-
icy, so the extent to which regime changes in monetary policy persist in their
real effects depends only on how quickly agents adapt their expectations about
long-term inflation. Since our parameter estimates imply that agents’ expec-
tations adapt very slowly over time, changes in the conduct of monetary policy
have effects that last for decades.

The Role of Investor Beliefs. What is the role of investor beliefs in the re-
sponse of asset valuations to policy rule changes? To illustrate their role, Fig-
ure 10 plots impulse responses implied by the model to policy rule regime
changes under different counterfactual simulations. The top row reports re-
sponses to a change from the dovish to the hawkish regime (curbing infla-
tion), with all Gaussian shocks set to zero. The bottom row shows analo-
gous responses to a change from hawkish to dovish (lifting inflation). The
blue (solid) lines in all figures of both rows plot the responses in the base-
line model. The red (dotted) line shows a counterfactual in which the AP agent
knows the true policy rule transition matrix H, a case we label “AP rational
expectations.” In this case there is no learning about the persistence of regime
shifts and no fading memory distortion. The black (dashed) line labeled “No AP
learning” shows a counterfactual that retains the fading memory distortion—
implying that investors act as if persistent shifts in the policy rule will
continue indefinitely—but we shut off learning about the persistence of
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Figure 10. The role of AP learning and of macro stickiness. The blue solid line corresponds
to the baseline model with the asset pricing (AP) agent learning about the probability of moving
across regimes, overreaction of the AP agent about the persistence of regime changes, and adaptive
expectations of the macro agent; the black dashed line shuts down learning of the AP agent; the red
dashed line is the case in which the AP agent observes the true transition matrix of the Markov-
switching process controlling policy rule regimes; the dotted-dashed magenta line shuts down both
learning of the AP agent and adaptive expectations of the macro agent. Top row: curbing inflation.
The economy is initially in the dovish regime and in period 20 moves to the hawkish regime. Lower
row: lifting inflation. The economy is initially in the hawkish regime and in period 20 moves to the
dovish regime. (Color figure can be viewed at wileyonlinelibrary.com)

regimes. The magenta (dashed-dotted) line is a counterfactual that combines
AP rational expectations with the case in which the macro agent’s perceived
trend value of inflation, 7;, coincides in every period with the inflation target,
T T .

&The AP agent’s beliefs play no role in the macro dynamics. Thus, the blue
(solid), black (dashed), and red (dotted) responses for GDP growth, inflation,
and the real interest rate in Figure 10 all lie on top of each other. By contrast,
investor beliefs play a large role in the responses of asset valuations (—cay;),
as shown in the last column. A switch to hawkish (dovish) policy drives the
wealth ratio down (up) as the real interest rate rises (falls). Because of learn-
ing, the initial jump is only the start of a gradual response and is followed by
further changes in the wealth ratio as agents revise upward the probability of
remaining in the new policy framework. Comparing the blue line to the red
dotted line that corresponds to AP rational expectations, it is clear that valua-
tion ratios in the baseline model initially underreact to the policy rule regime
shifts. Under AP rational expectations, the wealth ratio jumps on impact to its
maximal response in almost one period. The wealth ratio nonetheless moves
smoothly back toward its steady-state value even under rational expectations,
a reflection of the adaptive learning mechanism in the macro block that drives
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the persistent behavior of the real interest rate observed in the third column
of Figure 10.

The role of overextrapolation can be seen by comparing the red dotted
“AP rational expectations”line to the black dashed “No AP learning” line.
Overextrapolation amplifies the response of the wealth ratio to regime changes
in monetary policy, but it does not create gradualism in the response. Since the
baseline model has both learning and overextrapolation, the baseline wealth
ratio responds to regime shifts in the policy rule by initially underreacting but
eventually overreacting vis-a-vis the case of AP rational expectations.

The magenta (dashed-dotted) line of Figure 10 combines AP rational expec-
tations with 7; = ng for all £. When expectations of the macro agent are not
adaptive, regime changes in the policy rule have no effect on the real interest
rate or real GDP growth, as noted above. By contrast, a shift to the hawkish
policy rule slightly increases the wealth ratio, while a shift to the dovish policy
rule slightly decreases it. This result obtains because, although policy regime
changes in this case have no effect on the first moments of real variables, they
do affect second moments. A switch to the hawkish policy rule implies that
the central bank more aggressively stabilizes real activity, which reduces the
risk premium on equity and increases asset valuations. The opposite occurs in
a switch to the dovish rule. Thus, without adaptive macro expectations about
long-term inflation, the model cannot generate the right comovement of valu-
ation ratios with the monetary policy regime sequence observed in the data,
either qualitatively or quantitatively.

Monetary Policy and Asset Valuation over the Sample. Figure 11 shows the
implications of the model for —cay; and mps over our sample. To facilitate a
direct comparison with the data, this figure repeats the information from Fig-
ure 3, which plots the corresponding series —cay™S and mps; from the data,
along with horizontal lines that show the regime average values for these se-
ries. The figure also shows the component of the model-implied values for —cay;
and the mps that we estimate are due solely to regime changes in the conduct of
monetary policy, shown as black dashed-dotted lines. The magenta dotted lines
correspond to the same components under the AP rational expectations coun-
terfactual.

Figure 11 shows that fluctuations in the model-implied —cay; and mps due
to regime changes in monetary policy fluctuate closely around the data regime
average values for these series across the regime subperiods. Because the AP
agent understands the macro block, she knows that persistent regime shifts in
the conduct of monetary policy will generate persistent movements in the real
interest rate. This leads to large swings in the price of long-duration assets
as discount rates vary. The model-implied series show that learning about the
persistence of regime changes can coexist with jumps at regime shift dates
in the components of the wealth ratio and mps that are due to shifts in the
policy rule, consistent with the Markov-switching specification. For the wealth
ratio, the initial jump is smaller than its ultimate change due to learning.
This implies that the full change in the wealth ratio after a regime switch can
sometimes lag the full change in the mps, as it does, for example, after the
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Figure 11. Wealth ratio and mps: Data and model. The figure reports the time series of the
log wealth ratio and the monetary policy spread. The red dashed lines represent the data, the blue
solid line represent the regime means, the black dashed-dotted lines represent the fluctuations
that can be explained by regime changes in monetary policy under the baseline model, and the
magenta dotted lines represent the fluctuations that can be explained by regime changes in mon-
etary policy assuming that the asset pricing (AP) agent observes the true transition matrix of the
Markov-switching process controlling changes in monetary policy. The sample spans 1961:Q1 to
2017:Q3. (Color figure can be viewed at wileyonlinelibrary.com)

switch to the first hawkish subperiod of the sample. Since both beliefs and the
interest rate rule are history dependent, this does not necessarily happen after
every switch.

Under the AP rational expectations counterfactual, the model-implied —cay;
jumps after a regime switch to its final destination in almost one period, driven
by the revision in expected real interest rates. Investors in this case realize
that a prolonged period of high or low real interest rates will follow as the
central bank tries to alter inflation in the face of highly adaptive macro expec-
tations. Eventually, inflation adjusts and the wealth ratio reverts toward its
steady-state value as the real interest rate reverts.

Summarizing the lessons from the previous two figures, we show that the
large movements in the wealth ratio following monetary policy regime changes
are the result of the interaction between two forces: (i) sticky macro agent
expectations about inflation and (ii) revisions in investor expectations about
future monetary policy. Without stickiness in inflation expectations, the model
cannot generate persistent movements in the real interest rate that in turn
trigger large fluctuations in the wealth ratio. Without investor learning about
the persistence of regime shifts, the model produces implausibly large jumps in
valuation ratios at regime shift dates as the AP agent immediately and fully
revises her expectations. Without overextrapolation, the wealth ratio would
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Figure 12. Return premia and policy rule changes. The figure reports the time series of the
present discounted value (PDV) of expected stock market excess returns (dashed line, right axis)
together with fluctuations of the real interest rate (RER) due to changes in the monetary policy
rule (solid line, left axis). The sample is quarterly and spans the period 1961:Q1 to 2017:Q3. (Color
figure can be viewed at wileyonlinelibrary.com)

not respond to regime changes by overshooting the case in which the agent is
fully aware of the underlying transition matrix. This latter element of investor
beliefs has important implications for the present discounted value of equity
return premia. We turn to this next.

C.3. Monetary Policy and the Equity Premium QOuver Time

Figure 12 plots the estimated pduv; of forecasted excess returns (return pre-
mia) for the stock market analyzed in Section II.B (red dashed line, right
axis) together with the estimated component of the real interest rate due to
regime changes in the monetary policy rule (solid line, left axis). Denote this
component RIRMPE. There is discernible positive comovement between pdu;
and RIRMPE| reinforcing the result that low interest rates associated with
dovish monetary policy are also associated with low return premia. The cor-
relation between the two, 0.82, is systematically larger than the correlation
of 0.09 between pdv; and the residual component of the real interest rate,
RIR; — RIRMPE  and thus is also larger than the correlation of 0.43 between
premia and the real interest rate itself (RIR;). This result shows that shifts
in the monetary policy stance play an important role in generating the posi-
tive comovement between return premia and the real interest rate in the data,
while other movements in the real interest rate do not share this property.
This may be because persistent low- or high-interest rate environments that
are a consequence of shifts in the conduct of monetary policy have effects that
last for decades, in contrast to movements in real rates driven by more transi-
tory factors.
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Figure 13. Simulated wealth ratio, real interest, and implied present discounted value
(PDV) of expected excess returns. This figure plots results from simulating the dynamic macro-
finance model at the posterior mode parameter values 20,000 times using a sample length and
regime sequence equal to that in our historical data. Using data from each simulated sample, we
estimate an MS-VAR and use it to compute the PDV of expected (i.e., forecasted) future excess
returns. At each point in time we compute the average (across simulations) of the PDV of excess
returns (reported in both panels), the wealth ratio —cay; (left panel), and the real interest rate
(right panel). Since we average across sample paths, the observed movements in —cay; and the
real interest rate are attributable to changes in the policy rule. (Color figure can be viewed at
wileyonlinelibrary.com)

To evaluate the model implications for these comovements, Figure 13 plots
output from 20,000 model simulations of length equal to that in our historical
data set. To ensure that the artificial samples that we generate have a regime
sequence commensurate with that observed in the historical sample, we fix the
regime sequence across the simulations, drawing repeatedly from the model’s
Gaussian shocks. With each artificial sample, we construct a time series of the
model-implied values of several variables. These model-implied variables in-
clude the present discounted value of return premia on the stock market, pdv;,
which are computed from 20,000 Bayesian estimations of an MS-VAR using the
same methodology that produced the empirical pdv; reported in Figure 4. For
each ¢, we report the average (across simulations) of the model-implied pdv,
in both panels of Figure 13. The left panel superimposes the average (across
simulations) of the model-implied log wealth ratio —cay;, while the right panel
superimposes the average model-implied real interest rate. Since we average
across sample paths that differ only in the Gaussian shocks, the plotted se-
ries reveal fluctuations that are due solely to regime changes in the monetary
policy rule.
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Figure 13 shows that dovish monetary policy is associated with a high
wealth ratio and low pdv;, while hawkish monetary policy is associated with a
low wealth ratio and high pduv;, consistent with the data. When the economy
moves to the first hawkish subperiod of the sample, coinciding with the Volcker
disinflation, pdv; at first declines slightly before eventually rising to a new,
significantly higher level. The wealth ratio jumps down at the regime shift
date, but not all the way to its final destination (left panel). Instead, it gradu-
ally adjusts downward for several more periods before reaching its nadir.

To understand this result, consider what an econometrician armed with his-
torical data generated by the model would find. Because of learning, she would
find that asset prices initially decline predictably after a switch to a hawk-
ish regime, as investors gradually update their expectation that the regime
will last. This implies that, immediately after the switch, short-horizon return
premia are low rather than high. But because investors also overextrapolate
and eventually come to believe that the regime will persist indefinitely, asset
values ultimately overreact and fall by too much relative to what would be war-
ranted by the true persistence of the regime change. This means that investors
are inevitably surprised by the end of the existing regime. It follows that an
econometrician would find that long-horizon return premia are always high in
hawkish regimes, since returns jump predictably upward when the inevitable
switch back to dovish policy occurs.

Because pdv; is a weighted sum of return premia spanning short to long
horizons, it can initially drift in a direction opposite to its longer run trajectory
if the effect of learning on short-horizon premia outweighs the effect of overex-
trapolation on long-horizon premia. This occurs after the switch into the first
hawkish subperiod. But because beliefs evolve in a history-dependent man-
ner, this need not happen after all switches. Figure 13 shows that pdv; moves
monotonically after the subsequent switches in the sample. Regardless of the
initial trajectory of pdv;, the model implies that it is always higher on average
in hawkish regimes than in dovish regimes, consistent with the data.

The model-implied posterior probability that the regime average of pdv; is
lower in the dovish regime than in the hawkish regime is 73%.28 By contrast,
under the AP rational expectations counterfactual of the model, this same pos-
terior probability is 56%, providing only weak evidence of any change in premia
across the regimes. Intuitively, since policy rule regime shifts under rational
expectations affect asset valuations primarily by changing the real interest
rate, they leave return premia largely unaffected.?? If instead we consider a
counterfactual that retains the overextrapolation in investor beliefs but elim-
inates learning, we find that the posterior probability rises to 75%, slightly
higher than the baseline probability of 73%. This shows that learning, which

28 These probabilities are obtained as the fraction of draws from the posterior distribution for
which the average present discounted value is lower in the dovish regime than in the hawk-
ish regime.

29 Even under AP rational expectations the central bank’s policy rule has a small effect on
return premia due to the implications of the policy rule for macroeconomic stability.
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is crucial for explaining a gradual adjustment of valuation ratios after regime
shifts, works against the model’s ability to explain the behavior of return pre-
mia. The effect of learning on return premia is nonetheless small because, at
the estimated parameter values, the speed of learning is relatively quick com-
pared to the persistence of policy regimes.

ITI. Conclusion

We show that the U.S. economy is characterized by large, longer term regime
shifts in asset values relative to macroeconomic fundamentals that arise con-
current with equally important shifts in the level of the short-term real inter-
est rate in excess of a widely used measure of the “natural” rate of interest, a
variable we refer to as the mps. Our results identify two “hawkish” subperiods
of the sample characterized by a high mps and low asset valuations: 1978:Q4
to 2001:Q3 and 2006:Q2 to 2008:Q2. The first subperiod spans the Volcker dis-
inflation and its aftermath, while the second subperiod follows 17 consecutive
Federal Reserve rate increases that left the nominal funds rate standing at
5.25% in June 2006. All other subperiods through the end of our sample in
2017:Q3 are identified as “dovish” regimes with low mps and high asset val-
uations. We further document that the dovish subperiods are associated with
lower equity market return premia.

To investigate what part of these findings could be due to monetary pol-
icy, we solve and estimate a novel macrofinance model of monetary trans-
mission. Estimates of this model imply that the conduct of monetary policy
differed markedly across the previously estimated dovish and hawkish sub-
periods. Specifically, the dovish, low-mps subperiods are characterized by an
estimated interest rate rule that is consistent with accommodative monetary
policy, while the hawkish, high-mps subperiods are characterized by a rule
consistent with restrictive policy. In both the model and the data, subperiods
characterized by dovish policy rules are also characterized by persistently low
values for the mps, persistently high stock market valuations, and persistently
low equity market return premia, while subperiods characterized by hawkish
policy rules exhibit the opposite pattern. The model therefore provides a ratio-
nale for how monetary policy can have long-lasting effects on real variables,
equity markets, and return premia.

The model and its estimates speak to the origins of persistently declining
real interest rates over 40 years. A striking finding is that two-thirds of the
downward trajectory in short-term real rates observed since the early 1980s
can be attributed to monetary policy, that is, to regime changes in the conduct
of policy. This result obtains because the policy rule parameters exhibit a deci-
sive shift toward hawkish values around the time of Volcker’s appointment to
the Federal Reserve, but then exhibit an equally decisive shift back to dovish
values in the aftermath of 9/11. The estimated policy rule has remained dovish
since, with the exception of a brief interlude from 2006:Q2 to 2008:Q2.

The model fit for other data that were not a target of our estimation is
less tight. For example, the model implies that the AP agent’s five-year-ahead
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inflation expectations averaged about 4% at an annual rate from 2000 to the
end of our sample in 2017:Q3. By contrast, Blue Chip surveys of corporate
executives show five-year inflation expectations fluctuating in narrow bands
around values just above 2%. Future work could explore whether allowing for
a more general monetary policy reaction function that explicitly incorporates
roles for unconventional monetary policy could improve the models’ implica-
tions along these lines.
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