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Why do Markets Respond So Strongly to the Fed?
Truism: Stock market is highly attuned to monetary news. Empirical evidence is consistent.
Why?

I Large and growing literature offers myriad competing explanations (debate):

1. Classic view: surprise announcements proxy for Taylor rule shocks that have short-run effects
on real economy as in canonical New Keynesian models (creates a puzzle)

2. Return premia fluctuate b/c MP shocks cause effective risk aversion, shifts in wealth
distribution, or sentiment to change.

3. Announcements impart information about economic state “Fed information effect”

4. Markets surprised by Fed’s reaction to recent economic data.

I Empirical facts largely established from high-frequency event studies in tight windows
around Fed communications & reduced-form empirical specifications

I Interpretations of facts largely follow from carefully calibrated theoretical models
designed to show that one explanation fits some aspects of reduced-form evidence.
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Why do Markets Respond So Strongly to the Fed?

Yet, as this mushrooming debate indicates, many questions about interplay between
markets and monetary policy remain unanswered.

I In this paper we consider three of them:

1. Theories focused on single channel are useful for elucidating its marginal effects, but may
reveal only part of picture. To what extent are several competing explanations or others
entirely playing a role simultaneously?

2. Monetary announcements cover range of topics: interest rate policy, forward guidance,
quantitative interventions, macroeconomic outlook. How do these varied communications
affect investor perceptions of primitive economic sources of risk hitting the economy?

3. High-frequency event studies only capture the causal effects of the surprise component of
monetary policy, potentially a gross underestimate of overall causal impact. How much of
causal influence of shifting monetary policy occurs outside of tight windows around Fed
announcements?
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Why do Markets Respond So Strongly to the Fed?
Our contribution to these questions: Integrate a high-frequency event study into a
mixed-frequency structural model and estimation

I We examine Fed communications alongside high- and lower-frequency data through lens
of a structural equilibrium asset pricing model with New Keynesian style macro
dynamics.

I Model & estimation allow for jumps in investor beliefs about latent economic state, the
perceived sources of economic risk, and the future conduct of monetary policy (MP) in
response to Fed announcements.

I Structural approach allows to investigate a variety of possible explanations for why
markets respond strongly to central bank actions and announcements...

I ...not merely by delineating which expectations are revised, but also by providing
granular detail on perceived sources of risk responsible for forecast revisions

I Structural estimation permits us to quantify the causal impact of MP outside of tight
windows around Fed news events.
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Preliminary Evidence
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Model-Free Evidence of Breaks in Monetary Policy Conduct
I Define: mpst ≡ FFRt − Expected Inflationt − r∗t

I Data: deviations in mpst from 0 last decadesI N-state nonrecurrent regime-switching Markov process, i.e., “structural breaks” for mpstI GI, PM regimes: extended accommodative episodes. GM: extended restrictive episode

Policy regime sequence based on breaks in the mean of the Monetary Policy Spread

1970 1980 1990 2000 2010 2020

-0.06

-0.04

-0.02

0

0.02

0.04

Great Inflation Regime Great Moderation Regime Post-Millennial Regime Regime mean mps (data)

Burns accommodation

Greenspan put

Bernanke low for long

Volcker disinflation

Accommodative Accommodative

Restrictive

Note: Monetary policy spread mpst ≡ FFRt − Expected Inflationt − r∗t . r∗ is from Laubach and Williams (2003). Accommodative regimes have
mpst < 0; Restrictive regimes have mpst > 0. GI regime: 1961:Q1-1978:Q3. GM regime: 1978:Q4-2001:Q3. PM regime: 2001:Q4-2020:Q1. The full
sample spans 1961:Q1-2020:Q1.
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Preliminary Evidence: Dynamics of mps

I Take this as model-free evidence of breaks in the conduct of monetary policy over the
sample.

I Use structural model to assess: did Fed’s policy rule change across regime subperiods?

I Use breaks in mpst to pin down timing of monetary regime changes in sample.

I Avoids having to establish evidence on break dates that are contingent on details of structural
model.

I Use Bayesian model comparison of different structural models to decide on Np = 3
(number of regimes).
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A Mixed-Frequency Macro-Finance Structural Model
I Two blocks describe behavior of 2 rep agents:

I “Investors”: e.g., wealthy HH or large institution; small fraction of pop.; All income from
stocks & bond. Takes macro dynamics as given; form beliefs about MP.

I “Households”: workers invest in bonds only, whose beliefs are key drivers of macro
expectations, i.e. expected π, ∆gdp. HHs have “sticky”backward-looking expectations
consistent with survey evidence (Malmendier and Nagel (2016) (MN)).

I Why 2 agents?

I On one hand Macro expectations subject to inertia (MN, Bianchi, Lettau, and Ludvigson
(2016) (BLL))

I On other hand markets react swiftly to CB communications and actions, suggesting little
inertia in expectations of market participants

I Reconcile seemingly contradictory observations by considering 2 agents.

I Decision interval and attentiveness: both agents have monthly decision interval

I Investors attend within a month to Fed announcements⇒ jumps in investor beliefs

I Monetary Policy: time-varying nominal int rate rule⇒ breaks in conduct of policy

I Policy rule params treated as latent & freely estimated across nonrecurrent regimes ξP
t
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t
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Main Model Ingredients

I Two-agent model w/ NK macro dynamics & heterogenous beliefs

I MP rule subject to infrequent “structural breaks”→MP regime4.
I 2 Assets–RF bond, SM & 6 primitive Gaussian shocks:

1. Aggregate demand shock in real activity “IS”equation
2. Monetary policy shock in MP rule
3. Markup shock in Phillips curve
4. Trend growth shock on supply side
5. Earnings share shock (purely redistributive btw workers & investors)
6. “Liquidity premium” shock: time-varying preference for risk-free nominal debt over equity

I No bond-trade equilibrium: it set by MP rule; HH and investor cons/prefs adjust

I Estimate jumps in investor beliefs about economic state “nowcasts”, perceived sources
of risk, and future regime change in MP rule in response to Fed announcements.

I Numerous forward looking series at mixed frequencies to map theoretical implications
for beliefs, markets, & economy into data

I Structural estimation using Bayesian methods.

Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Main Model Ingredients

I Two-agent model w/ NK macro dynamics & heterogenous beliefs

I MP rule subject to infrequent “structural breaks”→MP regime4.
I 2 Assets–RF bond, SM & 6 primitive Gaussian shocks:

1. Aggregate demand shock in real activity “IS”equation
2. Monetary policy shock in MP rule
3. Markup shock in Phillips curve
4. Trend growth shock on supply side
5. Earnings share shock (purely redistributive btw workers & investors)
6. “Liquidity premium” shock: time-varying preference for risk-free nominal debt over equity

I No bond-trade equilibrium: it set by MP rule; HH and investor cons/prefs adjust

I Estimate jumps in investor beliefs about economic state “nowcasts”, perceived sources
of risk, and future regime change in MP rule in response to Fed announcements.

I Numerous forward looking series at mixed frequencies to map theoretical implications
for beliefs, markets, & economy into data

I Structural estimation using Bayesian methods.

Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Main Model Ingredients

I Two-agent model w/ NK macro dynamics & heterogenous beliefs

I MP rule subject to infrequent “structural breaks”→MP regime4.
I 2 Assets–RF bond, SM & 6 primitive Gaussian shocks:

1. Aggregate demand shock in real activity “IS”equation
2. Monetary policy shock in MP rule
3. Markup shock in Phillips curve
4. Trend growth shock on supply side
5. Earnings share shock (purely redistributive btw workers & investors)
6. “Liquidity premium” shock: time-varying preference for risk-free nominal debt over equity

I No bond-trade equilibrium: it set by MP rule; HH and investor cons/prefs adjust

I Estimate jumps in investor beliefs about economic state “nowcasts”, perceived sources
of risk, and future regime change in MP rule in response to Fed announcements.

I Numerous forward looking series at mixed frequencies to map theoretical implications
for beliefs, markets, & economy into data

I Structural estimation using Bayesian methods.

Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Main Model Ingredients

I Two-agent model w/ NK macro dynamics & heterogenous beliefs

I MP rule subject to infrequent “structural breaks”→MP regime4.
I 2 Assets–RF bond, SM & 6 primitive Gaussian shocks:

1. Aggregate demand shock in real activity “IS”equation
2. Monetary policy shock in MP rule
3. Markup shock in Phillips curve
4. Trend growth shock on supply side
5. Earnings share shock (purely redistributive btw workers & investors)
6. “Liquidity premium” shock: time-varying preference for risk-free nominal debt over equity

I No bond-trade equilibrium: it set by MP rule; HH and investor cons/prefs adjust

I Estimate jumps in investor beliefs about economic state “nowcasts”, perceived sources
of risk, and future regime change in MP rule in response to Fed announcements.

I Numerous forward looking series at mixed frequencies to map theoretical implications
for beliefs, markets, & economy into data

I Structural estimation using Bayesian methods.
Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Channels of MP Transmission to Stock Market
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︸ ︷︷ ︸

subj. risk premium

+ lpt︸︷︷︸,
liquidity premium

Perceived Equity Premium

I MP rule regime changes : parameters4 with discrete RV ξP
t , w/ breaks det. by prev estimated regimes

I Affects short rate component of discount rate

I Subjective equity premium can shift for two reasons:

1. Subj. risk premium changes with ξP
t & beliefs about future MP regime change→ the perceived quantity of

risk moves endogenously with MP

2. “Liquidity premium”changes due to a perceived4 in liquidity/safety attrib of bonds,4 in risk aversion,
flight to quality, jump in sentiment–Exog (filter data to discipline) but nowcasts can change with Fed news
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Investor Beliefs About MP Regime Change
I Investors understand ∃ infrequent, nonrecurrent regime changes in policy rule.
I Requires model of how expectations are formed in presence of structural breaks.
I They monitor CB communications, can observe/estimate current rule.
I They are uncertain about how long any regime will last and what will come next.

I For each realized regime ξP
t they contemplate an Alternative regime ξA

t they perceive
will come next:

it −
(

r + πT
ξA

t

)
=

(
1− ρi,ξA

t

) [
ψπ,ξA

t

(
πt − πT

ξA
t

)
+ ψ∆y,ξA

t
(∆yt)

]
+ρi,ξA

t

[
it−1 −

(
r + πT

ξA
t

)]
+ σiεi

I Investors form beliefs about the probability of staying in ξP
t versus switching to ξA

t .

I ξb
t = 1, 2, ...B: regimes rep. a grid of perceived probabilities that ξP

t will remain in t + 1
I Perceived prob of exiting ξP

t is 1 minus prob staying
I Investors know they might change beliefs; take into account when forming expectations

I Belief regimes ξb
t modeled as nonrecurrent Markov process with transition matrix Hb
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Model Solution
I Economic state:

St =
[
SM

t , mt, pdt, kt, lpt, Eb
t (mt+1) , Eb

t (pdt+1)
]

,

where SM
t ≡ [ỹt, gt, πt, it, πt, ft]

I Solution in form of MS-VAR:

St = C
(

θξP
t
, ξb

t , Hb
)

︸ ︷︷ ︸
level

+ T
(

θξP
t
, ξb

t , Hb
)

︸ ︷︷ ︸
propagation

St−1 + R
(

θξP
t
, ξb

t , Hb
)

︸ ︷︷ ︸
amplification

Qεt, (State Eqn)

where εt =
(

εf ,t, εi,t, εg,t, εk,t, εlp,t, εµ,t

)
is the vector of Gaussian shocks.

I Beliefs ξb
t about future conduct of MP & ξP

t affect equilibrium economy three ways:

1. Level C(θξP
t
, ξb

t , Hb): moves with changes in CB’s objectives and subj risk premium

2. Propagation T(θξP
t
, ξb

t , Hb): affect how today’s state is related to tomorrow’s

3. Amplification R(θξP
t
, ξb

t , Hb): endogenous heteroskedasticity of Gaussian shocks

I Investor beliefs about future conduct of monetary policy amplify and propagate shocks
that are entirely non-monetary in nature.

I Endog heteroskedasticity→ perceived quantity of risk & subj risk premia vary only with ξP
t

and expected future conduct of monetary policy via ξb
t .
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Structural Estimation: Bayesian Methods
I Mixed-frequency filtering: Kim’s (Kim (1994)) basic filter and approximation to the

likelihood for Markov-switching state space models (combine State Eqn with Obs Eqn)
I Mixed frequency structural estimation “zooms in” on revisions in estimates of St and

Pr(ξb
t |θ, Xt−1+di/nd) in tight windows around FOMC announcements; “zooms out” at

lower monthly frequencies when more data are available
I Filter high frequency, forward-looking data to infer, around Fed announcements:

1. Jumps in investor beliefs ξb
t about prob of exiting current regime

I => Endogenous jumps in perceived quantity of risk of stock market

2. Jumps in investor nowcasts of economic state St (Fed information effect)
I Granular detail: decompose market responses into perceived sources of risk that drive jumps in

forward-looking variables

I Higher and lower frequency Macro data informs the true policy regimes and structural
relations over full sample, including the Alternative Rule Alternative Rule

I Policy Rule Parameters estimated under flat priors
I Parameter uncertainty: Random-walk metropolis Hastings MCMC algorithm
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Data

Sample for structural estimation: 1961:M1-2020:M2. Data used for Obs Eqn Observation equation

I Fed news: 220 FOMC press releases spanning February 4, 1994 to February, 2020.

I Monthly/Quart/Biann: GDP growth, CPI inflation, fed funds rate (FFR), ratio of S&P 500
earnings to lagged GDP, the University of Michigan SOC 12- and 60-month ahead mean
inflation forecast, Bluechip (BC), Survey of Professional Forecasters (SPF), and Livingston
(LIV) survey’s of mean 12-month and 120-month ahead CPI inflation forecast; SPF mean
12-month GDP deflator inflation forecast; BC and SPF mean 12-month ahead GDP growth
forecasts. BC mean 12-month ahead FFR forecast.

I Daily: mean of the Bloomberg (BBG) consensus 12-month ahead inflation and GDP
growth forecasts; Moody’s Baa 20-year bond return minus the 20-year U.S. Treasury bond
(“Baa spread”).

I Minutely: ratio of S&P 500 market capitalization to lagged GDP, current contract and 6,
10, 20, and 35 month contracts of fed funds futures (FFF) prices.
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PARAMETER AND LATENT STATE ESTIMATES
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Policy Rule Parameter Estimates

I Large changes in policy rule across regimes

I GI vs GM regimes: GI has higher π target, lower activism on πI GM vs PM regimes: PM has higher π target, virtually no activism on π or ∆y.I Alternative rule in PM: lower π target than realized PM rule, but investors expect more
activism to stabilize economy => PM Alt regime is more hawkish and more active

Great Inflation Regime Great Moderation Regime Post-Millennial Regime
Realized Alternative Realized Alternative Realized Alternative

Infl. target πT
ξ

12.53 11.85 1.91 0.82 2.49 0.06

Infl. activism ψπ 1.48 2.07 3.00 3.61 0.00 0.67
Growth activism ψ∆y 1.20 0.03 0.00 0.68 0.08 0.53
Rel. activism ψπ /ψ∆y 1.24 59.41 6014 5.33 0.00 1.28
Autocorr. coef. ρi,1 + ρi,2 0.99 0.82 0.99 0.99 0.99 0.94

Notes: The table reports the posterior mode estimates of the parameters for the realized and perceived Alternative policy rules. GI regime: 1961:Q1-1978:Q3. GM regime: 1978:Q4-2001:Q3.
PM regime: 2001:Q4-2020:Q1. The estimation sample spans 1961:Q1-2020:Q1.
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Other Parameter Estimates

I High degree of inertia in household inflation expectations

I Constant gain param γ controlling speed with which LT π expecations are updated is
very low

I Inflation target signal param γT small→ changes in πT
ξP

t
had limited credibility to quickly

change LR πe of HHs→ policy rule changes require large, persistent changes in real rates
to substantially alter πt and growth.

I Risk aversion moderate

Parameter Mode Parameter Mode Parameter Mode Parameter Mode
σ 0.05 γT 0.01 σf 17.25 σlp 0.62
β 0.75 σp 6.01 σi 0.03 σg 1.91
φ 0.74 βp 0.99 σµ 0.13
γ 1× 10−4 ps 0.99 σk 6.13

Notes: The table reports the posterior mode estimates of the parameters named in the row. The estimation sample spans 1961:Q1-2020:Q1.
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Asset Pricing Moments

Asset Pricing Moments
Model Data

Mean StD Mean StD
Log Excess Return 7.71 14.92 7.42 14.85
Real Interest Rate 1.63 2.58 1.72 2.53
Log Real Earning Growth 1.97 16.57 1.96 17.24

Notes: All reported statistics are annualized monthly statistics (means are multiplied by 12 and standard deviations by
√

12) and
reported in units of percent. Excess returns are computed as the log difference in SP500 market capitalization minus FFR. The real
interest rate is computed as the difference between FFR and average of the one-year ahead forecast of inflation across different surveys
including BC, SPF, SOC, and Livingston. SP500 Earnings is deflated using GDP deflator and divided by population. The sample is
1961:M1 - 2020:M2
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STRUCTURAL ESTIMATION RESULTS:
MARKETS AND MONETARY POLICY
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Perceived Probability of Monetary Policy Regime Change

I Perceived prob of regime change fluctuates and increases before a realized rule changeI Anticipation happens even though investors cannot perfectly predict new ruleI Beliefs about regime change continuously evolve outside of tight windows around FOMCI Announcements contain forward guidance on likely triggers of change in policy conductI Key result: new data in between Fed communications cause revisions in beliefs about
future monetary policy that have consequences for markets

I Event studies underestimate causal impact of Fed on markets

End-of-month perceived probability of Monetary Policy Regime Change

Policy change Policy change
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Notes: The figure displays the estimated end-of-month perceived probability investors assign to exiting the current monetary policy rule within one

year, computed as the estimated perceived transition probability of being in the Alternative rule at t + 12 under each ξb
t = i, weighted by the smoothed

regime probabilities Pr(ξb
t = i|XT ; θ). The sample spans 1961:M1-2020:M2.
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Jumps in Markets & Expectations at FOMC Announcements

I Some announcements associated with declines within 30 min of an FOMC press release
in stock market that exceed 2% in absolute terms, or increases above 4%.

I But also some big professional forecast revisions in one-year-ahead inflation, GDP
growth.

I And some big jumps in futures markets.
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(h) SP500 cap. to lagged GDP ratio

Notes: For each FOMC meeting in our sample the figure shows the log change in the observed variables in a short time-window around FOMC meetings. For all but panels
(b) and (c), this corresponds to a change measured from 10 minutes before to 20 minutes after an FOMC statement is released. For panels (b) and (c), this corresponds to
one day before to one day after the FOMC statement is released. The full sample has 220 FOMC announcements spanning February 4th, 1994 to February 28th, 2020. The
sample reported in the figure is 1993:M1-2020:M2.
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What do Market’s Learn from Fed Announcements?
I Next results revisit debate in the literature. What do markets learn from monetary news?

1. About monetary policy shocks?

2. About the economic state? (What specifically about the state is learned?)

3. About the likely conduct of future monetary policy?

I The above endogenously affect perceived risk in the stock market, i.e., subjective risk
premia.

I Next: our estimate of contribution of revisions in investors’ perceived shocks and
beliefs about future policy to jumps in HF variables in tight windows around FOMC
announcements.

I Perceived shocks: HF filtering + structural model => infer investor updating not only
of St nowcasts, but also of the composition of shocks they perceive are hitting the economy. Detail

Granular detail on why beliefs about economic state are revised.

I Focus on 10 most quantitatively relevant announcements for a particular variable (e.g.,
the stock market).

Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Top Ten FOMC Announcements for Jumps in the Stock Market

I Most events→ downward revision in 6-mo FFF rate, implying policy more accommodative
than anticipated–see Cieslack ’18, Schmeling et. al., ’20; Bauer & Swanson ’21

I Biggest jump: FOMC of Jan 3, 2001 when FFR lowered by unusually large 50 basis pointsI Surprise movements not solely the result of perceived monetary policy shock.I Jan 3, 2001: downward revision in nowcast for liquidity premium upward revision in
nowcasts for agg demand & earnings share,

I Inflation expectations revised up (higher perceived demand).I Market up 4.2% in the 30 minutes around Jan 03, 2001 FOMC: higher nowcasts for
demand, earnings share & lower lpt as well as accommodative MP shock

I Shows “information effects”(Romer & Romer ’00; Campbell et. al., ’12; Nakamura &
Steinsson ’18); adds granular detail on why expectations were revised
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(d) SP500-lagged GDP
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Demand Monetary Policy Mark-up Trend growth Earnings share Liquidity premium Beliefs policy change

The figure reports the decomposition of movements in Bloomberg expected inflation, Bloomberg expected GDP growth, the 6-month FFF rates, and the stock market
attributable to revisions in the perceived shocks hitting the economy and in the belief regimes for the 10 most relevant FOMC announcements based on changes in the
SP500-lagged GDP ratio. Since there are no observation errors in the SP500 to lagged GDP observation equation, the black dot (data) and the red triangle (estimation) lie
on top of each other in panel (d). The sample is 1961:M1-2020:M2.
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attributable to revisions in the perceived shocks hitting the economy and in the belief regimes for the 10 most relevant FOMC announcements based on changes in the
SP500-lagged GDP ratio. Since there are no observation errors in the SP500 to lagged GDP observation equation, the black dot (data) and the red triangle (estimation) lie
on top of each other in panel (d). The sample is 1961:M1-2020:M2.
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Top Ten FOMC Announcements for Jumps in the Stock Market

I Most events→ downward revision in 6-mo FFF rate, implying policy more accommodative
than anticipated–see Cieslack ’18, Schmeling et. al., ’20; Bauer & Swanson ’21

I Biggest jump: FOMC of Jan 3, 2001 when FFR lowered by unusually large 50 basis points

I Surprise movements not solely the result of perceived monetary policy shock.I Jan 3, 2001: downward revision in nowcast for liquidity premium upward revision in
nowcasts for agg demand & earnings share,

I Inflation expectations revised up (higher perceived demand).I Market up 4.2% in the 30 minutes around Jan 03, 2001 FOMC: higher nowcasts for
demand, earnings share & lower lpt as well as accommodative MP shock

I Shows “information effects”(Romer & Romer ’00; Campbell et. al., ’12; Nakamura &
Steinsson ’18); adds granular detail on why expectations were revised
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I Biggest jump: FOMC of Jan 3, 2001 when FFR lowered by unusually large 50 basis pointsI Surprise movements not solely the result of perceived monetary policy shock.I Jan 3, 2001: downward revision in nowcast for liquidity premium upward revision in
nowcasts for agg demand & earnings share,

I Inflation expectations revised up (higher perceived demand).

I Market up 4.2% in the 30 minutes around Jan 03, 2001 FOMC: higher nowcasts for
demand, earnings share & lower lpt as well as accommodative MP shock
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I Most events→ downward revision in 6-mo FFF rate, implying policy more accommodative
than anticipated–see Cieslack ’18, Schmeling et. al., ’20; Bauer & Swanson ’21

I Biggest jump: FOMC of Jan 3, 2001 when FFR lowered by unusually large 50 basis pointsI Surprise movements not solely the result of perceived monetary policy shock.I Jan 3, 2001: downward revision in nowcast for liquidity premium upward revision in
nowcasts for agg demand & earnings share,

I Inflation expectations revised up (higher perceived demand).

I Market up 4.2% in the 30 minutes around Jan 03, 2001 FOMC: higher nowcasts for
demand, earnings share & lower lpt as well as accommodative MP shock
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I Most events→ downward revision in 6-mo FFF rate, implying policy more accommodative
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I Inflation expectations revised up (higher perceived demand).I Market up 4.2% in the 30 minutes around Jan 03, 2001 FOMC: higher nowcasts for
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Jumps in Stock Market Valuations When Beliefs Change
I Panel (a): Top ten FOMC for jumps in beliefs about monetary policy regime change

I Panel (b): decomposes price-payout fluctuations around FOMC into
pd = pdvt (∆d)− pdvt(rex)− pdvt (rir) , where pdvt(x) ≡ ∑∞

h=0 βh
pEb

t [xt+1+h]

I June 24, ’09 Fed announced: maintain FFR 0-0.25%, continued expansion of balance sheet,
rates kept “low for long”

I PM period: ↘ in perceived prob of exiting policy rule–panel (a) contributes to↘
market due to↗ subjective perception of SM risk–panel (b). Why?

I Lower perceived prob of moving to PM Alternative rule w/ more active Fed engaged in
stabilizing the economy⇒ higher volatility and perceived risk in market

I Dovish tone of announcement on June 24, 2009, supported the market through lower
expected real interest rates, but not enough to offset increase in subj risk premia

(a) Change in Perceived Probability of a Policy Regime Change
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PDV: Payout Growth
PDV: Subjective Return Premia
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Notes: Panel (a) shows the pre-/post-FOMC announcement change (10 minutes before/20 minutes after) in the perceived probability that financial
markets assign to a switch in the monetary policy rule occurring within one year, for the 10 most quantitatively important FOMC announcements based
on changes in investor beliefs about the future conduct of monetary policy. Panel (b) shows a decomposition of the model’s fluctuations in the log
price-payout ratio pd = pdvt (∆d)− pdvt(r

ex)− pdvt (rir) in 30 minute windows around these 10 announcements that are driven by subjective equity
risk premium variation, as measured by pdvt(r

ex) (yellow bar), subjective expected future real interest rate fluctuations, as measured by pdvt(RIR)
(blue bar), and subjective expected earnings growth, as measured by pdvt(∆d) (red bar). PD ratio is pdvt (∆d)− pdvt

(
rex)− pdvt (rir). The sample is

1961:M1-2020:M2.
Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach
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Jumps in Stock Market Valuations When Beliefs Change

I Panel (a): Top ten FOMC for jumps in beliefs about monetary policy regime changeI Panel (b): decomposes price-payout fluctuations around FOMC into
pd = pdvt (∆d)− pdvt(rex)− pdvt (rir) , where pdvt(x) ≡ ∑∞
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pEb

t [xt+1+h]

I June 24, ’09 Fed announced: maintain FFR 0-0.25%, continued expansion of balance sheet,
rates kept “low for long”

I PM period: ↘ in perceived prob of exiting policy rule–panel (a) contributes to↘
market due to↗ subjective perception of SM risk–panel (b). Why?

I Lower perceived prob of moving to PM Alternative rule w/ more active Fed engaged in
stabilizing the economy⇒ higher volatility and perceived risk in market

I Dovish tone of announcement on June 24, 2009, supported the market through lower
expected real interest rates, but not enough to offset increase in subj risk premia
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Fluctuations in the Stock Price-Output Ratio Over the Sample

I Earnings share eyt plays little role up to 2000, contributes to sharp drop in GFC, and
boosts market after (similar to Greenwald, Lettau, Ludvigson ’19).

I Difference between (a) and (b) show role of equity return premia, which play large role in
SM especially in PM period.

I Equity return premia, depend only on: ξP
t , beliefs ξb

t about future policy regimes, and
lpt; lpt plays small role, underscoring role of monetary policy in subj risk premia.

I Diff btw (b) and (c) show role of subjective expected real short-rates, which supported the
market in GI regime, but dragged it down during Volcker in GM regime.

I Volcker disinflation & GM set stage for high valuations in 1990s by reducing volatility
and lowering premia, but initially it tanked the market due to high real rates

I Diff btw (c) and (d) show role of expected cash-flow growth, which plays a small role in
SM fluctuations over time.

I Results underscore importance of investor expectations about future short rates and
return premia driven by ξP

t & beliefs about future policy in SM variation.
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Notes: The blue (solid) line shows the data for the SP500-to-lagged GDP ratio. The dashed (red) lines represent a component in the model. The log

ratio in the model may be decomposed as pgdpt = eyt + pdvt (∆d) − pdvt
(
rex) − pdvt (rir), where pdvt(x) ≡ ∑∞

h=0 βh
pEb

t

[
xt+1+h

]
and eyt is the

earnings-lagged output ratio plus linearization constant. Panel (a) plots pgdpt along with eyt . Panel (b) plots pgdpt with eyt − pdvt
(
rex) . Panel (c) plots

pgdpt with eyt − pdvt
(
rex)− pdvt(rir). Panel (d) plots pgdpt along with eyt + pdvt (∆d)− pdvt

(
rex)− pdvt (rir) . The sample spans 1961:M1 - 2020:M2.
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I Equity return premia, depend only on: ξP
t , beliefs ξb

t about future policy regimes, and
lpt; lpt plays small role, underscoring role of monetary policy in subj risk premia.

I Diff btw (b) and (c) show role of subjective expected real short-rates, which supported the
market in GI regime, but dragged it down during Volcker in GM regime.

I Volcker disinflation & GM set stage for high valuations in 1990s by reducing volatility
and lowering premia, but initially it tanked the market due to high real rates

I Diff btw (c) and (d) show role of expected cash-flow growth, which plays a small role in
SM fluctuations over time.

I Results underscore importance of investor expectations about future short rates and
return premia driven by ξP

t & beliefs about future policy in SM variation.
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Notes: The blue (solid) line shows the data for the SP500-to-lagged GDP ratio. The dashed (red) lines represent a component in the model. The log

ratio in the model may be decomposed as pgdpt = eyt + pdvt (∆d) − pdvt
(
rex) − pdvt (rir), where pdvt(x) ≡ ∑∞

h=0 βh
pEb

t

[
xt+1+h

]
and eyt is the

earnings-lagged output ratio plus linearization constant. Panel (a) plots pgdpt along with eyt . Panel (b) plots pgdpt with eyt − pdvt
(
rex) . Panel (c) plots

pgdpt with eyt − pdvt
(
rex)− pdvt(rir). Panel (d) plots pgdpt along with eyt + pdvt (∆d)− pdvt

(
rex)− pdvt (rir) . The sample spans 1961:M1 - 2020:M2.
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Conclusion
I We integrate a high-frequency monetary event study into a mixed-frequency

macro-finance model and structural estimation.

I Model more plausible nonrecurrent regime changes & use forward-looking data to infer
what agents expect from the next policy regime.

I Methodology provides rich, granular detail on why markets react to news & can be used
in other settings to assess responses to monetary or non-monetary news.

I Why do financial markets react strongly to central bank communications?

1. B/C beliefs about future policy react even if current policy is unchanged, affects perceived
quantity of stock market risk

2. Realized shifts in policy rule have a persistent influence on short rates & effect how active fed
is in stabilizing the economy, affecting valuations.

3. Occasional big revisions around announcements in beliefs about the economic state
(“information effects”) as with FOMC of January 3, 2001 when the market surged 4.2%.

I Much causal impact occurs outside of tight windows around Fed communications as
beliefs continuously evolve→ event studies understate the impact of policy on markets.
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Data Series and Model Counterparts
I Model-implied series track empirical counterparts well
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The figure displays the model-implied series (red, solid line) and the actual series (blue dotted line). The model-implied series are based on smoothed
estimates St|T of St , using observations through then end of the sample at date T, and exploit the mapping to observables in (2) using the modal

parameter estimates. The difference between the model-implied series and the observed counterpart is attributable to observation error. We allow for
observation errors on all variables except for GDP growth, inflation, the FFR, and the SP500 capitalization to GDP ratio. The sample is 1961:M1-2020:M2.

Observation equation
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Do Beliefs Matter? Counterfactual Simulation for PM Period

I Big gap between red and purple lines shows investor beliefs about future conduct of
policy play large role in SM fluctuations.

I Had investors counterfactually maintained the belief CB was very likely to exit the PM
policy rule, the SM would have been much higher than it was over most of the period.

I Panels (b)-(d) show beliefs matter b/c of affect on subjective return premia, rather than on
expected short-rates or payout growth.

I Subj return premia lower & SM higher had investors counterfactually believed Fed was
very likely to shift to a rule w/ greater activism in stabilizing the economy.
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Baseline Fixed beliefs: Most likely to exit Post-Millennial policy Fixed beliefs: Least likely to exit Post-Millennial policy

Notes: The red (dashed) line corresponds to a counterfactual simulation in which the (B+ 1)-dimensional belief regime probability vector πt|T is replaced by a counterfac-

tual vector equal to (1, ..., 0, 0)′ at each t. The purple (dashed-dotted) line corresponds to a counterfactual simulation in which πt|T is replaced by a counterfactual vector

equal to (0, ..., 1, 0)′ at each t. Panel (a) plots the price-lagged output ratio pgdpt = eyt + pdvt (∆d)− pdvt
(
rex)− pdvt (rir), where pdvt(x) ≡ ∑∞

h=0 βh
pEb

t

[
xt+1+h

]
. Panel

(b) plots eyt − pdvt(r
ex). Panel (c) plots eyt − pdvt(rir). Panel (d) plots eyt − pdvt(∆d). The sample spans 2000:M3 to 2020:M2.
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Why Markets React: Granular Detail

I High frequency data Xt−1+di/nd yield estimates Sj
t|t−1+di/nd and

Pr(ξb = j|Xt−1+di/nd, Xt−1) in the minutes, days surrounding an FOMC press release.

I Estimates for perceived shocks:

Sj
t|t−1+di/nd = C

(
θξP

t
, ξb

t = j, Hb
)
+ T(θξP

t
, ξb

t = j, Hb)St−1 + R(θξP
t
, ξb

t = j, Hb)Qε
j
t|t−1+di/nd,

I Decompose jumps in variables at FOMC into

1. Contribution of one particular perceived shock by setting all other shocks to zero and
integrating out the belief regimes.

2. Contribution of changing beliefs is the remaining part, with all shocks set to zero

I Announcement-related revisions are difference between di = dpost and di = dpre estimates

of Sj
t|t−1+di/nd and Pr(ξb = j|Xt−1+di/nd, Xt−1) in tight windows around FOMC

Back
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Using Forward-Looking Data to Infer the Alternative Policy Rule

I Forward-looking data used to infer agent’s perceived Alternative future policy rule.

I BBG, BC, SPF, and LIV survey forecasts discipline investor expectations of inflation,
growth

I FFF data and mean of BC survey of FFR discipline investor expectations of FFR

I Stock market data disciplines estimates of subjective risk premia, cash-flow expectations.

I Example 1: data may indicate investors expect lower values for inflation and growth in
the output gap but a higher future FFR in a manner would be inconsistent with the
current rule.

I Example 2: stock market data may indicate subjective risk premia are lower than
justified by the current rule, indicating investors expect a future rule with more active
stabilization.

I Combination of 1 and 2 then contribute to an estimated perceived Alternative rule
characterized by a lower inflation target and more activism against inflation and growth.

Back
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Monetary Policy and Beliefs About Policy Over the Sample
I Simulation: observables and estimated St are taken as at beginning of our sample with all

Gaussian shocks shut down.

I The red lines show marginal contribution of changes in policy rule and fluctuating
investor beliefs about the probability of exiting the current rule.

I MP regimes and beliefs about future MP conduct cause large fluctuations in the stock
market

I Large fraction of secular decline in FFR, expected inflation, and RIR since about 1980 due
to regime changes in conduct of MP (similar to BLL)
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Notes: The red dashed line shows the component of the series fluctuations attributable solely to realized regime changes in the policy rule and investor
beliefs about shifts in the rule. The observed series are in blue, dashed lines. The sample spans 1961:M1 - 2020:M2.
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Jumps in Beliefs at FOMC Press Releases

I Most FOMC announcements result in little change in beliefs about policy changeI Big jumps down post-GFC on April 29 & June 24, 2009, March 15, 2011.I These statements repeated the “low-for-long” mantraI Big jump on Oct 15, 1998 after collapse of LTCM and Russian Financial Crisis, when the
perceived probability of policy change sharply increased

Jump in perceived probability of policy rule change within 1 year at FOMC announcement

Policy change
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Monetary Policy Spread (mps) and Nonrecurrent Regimes

I True data generating process for ξP
t → infrequent, nonrecurrent regime changes in rξt

I rξt follows Markov-switching process modeled with transition matrix over NP
nonrecurrent regimes (NP − 1 structural breaks).

H =



p11 0 · · · · · · · · · · · · 0
1− p11 p22 0 · · · · · · · · · 0

0 1− p22 p33 0 · · · · · ·
...

... 0 1− p33
. . .

...
... 0

...
. . .

...
...

...
...

...
. . . pNP,NP 0

0 · · · · · · · · · 0 1− pNP,NP 1


, (1)

where Hij ≡ p
(
ξP

t = i|ξP
t−1 = j

)

Back
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Nonrecurrent Regime Changes: Motivating Example

I Example: If only one structural break (NP = 2),

H =

[
p11 0

1− p11 1

]

I If currently in regime 1...

I p11: probability remain in regime 1

I 1− p11: probability exiting to regime 2

I p12 = 0: probability of returning exactly to previous regime 1
I p22 = 1: probability of remaining in regime 2

I Econometrician observes historical sequence ξP
t of realized dovish or hawkish regimes for

the mpst. Use Bayesian model comparison in structural model to decide number of
structural breaks, NP.
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Investor Beliefs: Policy Rule

Investor beliefs key to how shifts in stance of MP affect asset valuations, return premia

I Investors closely monitor CB communications, so observe when shifts in policy rule occur.

I They are uncertain about how long any shift will last and must therefore learn about its
duration.

1. Market participants expend significant resources on “Fed watching.”

2. CBs telegraph their intentions when they seek to change policy stance

3. CBs comparatively vague about how long such a change will last

I FOMC, Aug 9, 2011: “economic conditions are likely to warrant exceptionally low levels for the federal funds rate at

least [emphasis added] through mid-2013.”

I FOMC, Sept 16, 2020: “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 expectations remain well anchored [emphasis

added] at 2 percent.”
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Structural Estimation: Overview

State Equation: St =
[
SM

t , mt, pdt, kt, zt, lpt, Eb
t (mt+1) , Eb

t (pdt+1)
]

Observation Equation:

Xt = Dξt,t + Zξt,t
[
S′t, ỹt−1

]′
+ Utvt

vt ∼ N (0, I)

I Xt: vector of data
I vt: vector of observation errors
I Ut: diagonal matrix w/ standard deviations of vt on main diagonalized Dξt,t
I Zξt,t: parameters mapping model counterparts of Xt into the latent discrete- and

continuous-valued state variables ξt and St

Back to plot Back to data
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Data

I Real GDP: in billions of chained 2012 dollars, quarterly frequency, seasonally adjusted,
annual rate from BEA, 1959:Q1 to 2021:Q2.

I GDP price deflator: Index base is 2012=100, quarterly frequency, seasonally adjusted
from BEA, 1959:Q1 to 2021:Q2. Interpolated to monthly frequency using method in Stock
and Watson (2010).

I Federal funds rate (FFR): effective FFR (percentage points, quarterly frequency, not
seasonally adjusted) from Board of Governors of the Federal Reserve System, 1960:02 to
2021:06.

I Capital Share: 1− LS, where LS is the nonfarm business sector labor share, measured as
labor compensation divided by value added. Quarterly, seasonally adjusted data from
1959:Q1 to 2021:Q2, interpolated to monthly frequency using method in Stock and
Watson (2010).

I Labor compensation: Compensation of Employees - Government Wages and Salaries - Compensation of Employees of
Nonprofit Institutions - Private Compensation (Households) - Farm Compensation of Employees - Housing
Compensation of Employees - Imputed Labor Compensation of Self-Employed

I Value added: Compensation of Employees + Corporate Profits + Rental Income + Net Interest Income + Proprietors’

Income + Indirect Taxes Less Subsidies + Depreciation
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Data: S&P500

I Tick-by-tick data on S&P500 index obtained from tickdata.com from 1986 to 2021; create
minutely data using close price within each minute. Construct S&P500 market
capitalization by multiplying S&P500 index by S&P500 Divisor within trading hours.

I S&P500 futures

I From CME group, supplemented S&P500 index using S&P500 futures in the off-market hours

I Baa Spread: difference between Moody’s Corporate bond yield and 20-year US
government yield

I Daily Moody’s Baa Corporate Bond Yield from FRED (series ID: DBAA), US Treasury
securities at 20-year constant maturity from FRED (series ID: DGS20), and long-term US
government securities from FRED (series ID: LTGOVTBD)

I Construct long term bond yields with LTGOVTBD before 2000 and DGS20 after 2000
I Excess bond premium obtained at URL:

https://www.federalreserve.gov/econresdata/notes/feds-notes/2016/recession-risk-and-
the-excess-bond-premium-20160408.html
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the-excess-bond-premium-20160408.html
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Data: Fed Funds Futures and Eurodollar Futures

Fed funds futures
I CME group, January 3, 1995 to June 2, 2020

I Priced at 100− f (n)t , where f (n)t is avg. effective FFR in month n of contract expiry.
I Monthly contracts that expire at month-end, with maturities ranging up to 60 months

Eurodollar futures
I CME group, January 3, 1995 to June 2, 2020

I f (q)t is avg. 3-month LIBOR in quarter q of contract expiry
I Quarterly, expiring two business days before the third Wednesday in the last month of the

quarter, with maturities ranging up to 40 quarters

For both types of contracts, the implied contract rate is recovered by subtracting 100 from
the price and multiplying by −1.
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Data: High Frequency Changes Around FOMC Meetings

Constructed as a cross-check on the construction of the high-frequency FFF data round
meetings

I Compile dates/times of FOMC meetings from 1994 to 2004 from ?. Dates of remaining
FOMCs collected from Federal Reserve Board website. Only include scheduled meetings
and unscheduled meetings with a statement release.

I Calculate changes in implied futures rates in tight window around each FOMC statement
release.

I Main specification uses inner window of 30 minutes, from 10 minutes before FOMC
announcement to 20 minutes after and outer window from 12am to noon the next day

I Use nearest trades on or outside the inner window, but inside of the outer window.

I Calculate surprise component of FFFs, following ? in unwinding avg. rate into a surprise
measure
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Data: High Frequency Changes Around FOMC Meetings

Implied rate from FFFs in inner window around current FOMC:
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Data: Bloomberg Survey Data

Daily quarter-over-quarter real GDP growth median and mean forecasts from Bloomberg
Terminal, starting in 2003:Q1. Construct annual GDP growth forecasts as follows:
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t+h : annualized quarter-over-quarter GDP growth in percent, h quarters ahead
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: median BBG forecaster’s prediction of this variable made at time t
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: reported at annual rates, so convert to quarterly raw units before
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I yt+4,t: four-quarter real GDP growth

I gY(Q/Q)
t+h : constructed four-quarter real GDP growth BBG forecast
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Data: Survey of Professional Forecasters (SPF)

I Long-run inflation (1991:Q4-present): median response for 10-year ahead CPI inflation
(CPI10)

I Quarterly and annual inflation (1968:Q4-present): level of GDP price index (PGDP)

I F
(i)
t [Pt+h]: forecaster i’s prediction of PGDP h quarters ahead, where h = 1 for quarterly

inflation and h = 4 for annual inflation
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Data: Michigan Survey of Consumers (SOC)

1. Annual CPI inflation: To get a point forecast, we combine the information in the survey
responses to questions A12 and A12b.

I Question A12 asks (emphasis in original): During the next 12 months, do you think that prices in
general will go up, or go down, or stay where they are now?

I A12b asks (emphasis in original): By about what percent do you expect prices to go (up/down) on the
average, during the next 12 months?

2. Long-run inflation: To get a point forecast, we combine the information in the survey
responses to questions A13 and A13b.

I Question A13 asks (emphasis in original): What about the outlook for prices over the next 5 to 10
years? Do you think prices will be higher, about the same, or lower, 5 to 10 years from now?

I A13b asks (emphasis in original): By about what percent per year do you expect prices to go
(up/down) on the average, during the next 5 to 10 years?
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average, during the next 12 months?

2. Long-run inflation: To get a point forecast, we combine the information in the survey
responses to questions A13 and A13b.

I Question A13 asks (emphasis in original): What about the outlook for prices over the next 5 to 10
years? Do you think prices will be higher, about the same, or lower, 5 to 10 years from now?

I A13b asks (emphasis in original): By about what percent per year do you expect prices to go
(up/down) on the average, during the next 5 to 10 years?
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Data: Bluechip Data (BC)
Quarterly and annual PGDP inflation (1986:Q1 - present) and CPI inflation (1984:Q3 - present): quarter-over-quarter percentage change

in the respective price index. Quarterly and annual inflation forecasts constructed as follows. Let F
(i)
t

[
gP(Q/Q)

t+h

]
be forecaster i’s

prediction of Q/Q % change in PGDP or CPI h quarters ahead. Annualized inflation forecasts for forecaster i in the next quarter:

F
(i)
t [πt+1,t] = 400× ln

1 +
F
(i)
t

[
gP(Q/Q)

t+1

]
100


1
4

Annual Inflation forecasts:

F
(i)
t [πt+4,t] = 100× ln

 4

∏
h=1

1 +
F
(i)
t

[
gP(Q/Q)

t+h

]
100


1
4


Quarterly nowcasts of inflation:

N
(i)
t [πt,t−1] = 400× ln

1 +
N

(i)
t

[
gP(Q/Q)

t

]
100


1
4

where N
(i)
t

[
gP(Q/Q)

t

]
is forecaster i’s nowcast of Q/Q % change in PGDP or CPI for the current quarter. Annual nowcasts of inflation

for forecaster i:

N
(i)
t [πt,t−4] = 100× ln

(
N

(i)
t [Pt]

Pt−4

)
,

where Pt−4 is the BEA’s most accurate estimate of PGDP or CPI four quarters back and N
(i)
t [Pt] is forecaster i’s nowcast of PGDP or

CPI for the current quarter, constructed as: N
(i)
t [Pt] = exp

(
N

(i)
t [πt,t−1] /400 + lnPt−1

)
.
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Computing Expectations with Regime Switching and Alternative
Policy Rules
Data on expectations provide info about perceived prob. of moving across belief regimes as
well as parameters of alternative regime.

For GDP growth, interested in avg. growth over certain horizon. State vector contains ỹt.

Eb
t
[
(gdpt+h − gdpt) h−1|ξt = j

]
= Eb

t
[
(ỹt+h − ỹt + hµ) h−1|ξt = j

]
= h−1Eb

t [ỹt+h|ξt = j]− h−1ỹt + µ

where µ is avg. growth rate in the economy and ỹt is GDP in deviations from trend. With deterministic growth,
gdpt+h − gdpt − hµ ≡ ỹt+h − ỹt. We then have

Eb
t
[
(gdpt+h − gdpt) h−1|ξt = j

]
= h−1Eb

t [ỹt+h|ξt = j]− h−1ỹt + µ

= h−1

eỹwΩ̃s
{1,nm},{n(j−1)+1,nj}︸ ︷︷ ︸

Zξt ,ỹt+s

St︸︷︷︸
(n×1)

+ eỹwΩ̃s
{1,nm},nm+j︸ ︷︷ ︸

Dξt ,ỹt+s

− eỹSt

+ µ

= h−1
[
eỹwΩ̃s

{1,nm},{n(j−1)+1,nj} − eỹ

]
︸ ︷︷ ︸

Zξt ,ỹt+s−ỹt

St︸︷︷︸
(n×1)

+ h−1 eỹwΩ̃s
{1,nm},nm+j︸ ︷︷ ︸

Dξt ,ỹt+s

+ µ
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Estimation
The model solution in state space form is:

Xt = D
ξb
t ,t + Z

ξb
t ,t [S

′
t, ỹt−1]

′
+ Utvt

St = C
(

θ
ξP
t

, ξb
t , Hb

)
+ T(θ

ξP
t

, ξb
t , Hb)St−1 + R(θ

ξP
t

, ξb
t , Hb)Qεt

Q = diag
(

σε1 , ..., σεG

)
, εt ∼ N (0, I)

U = diag (σ1, ..., σX) , vt ∼ N (0, I)

ξP
t = 1...NP, ξb

t = 1, ...B + 1, Hi,j = p
(

ξb
t = i|ξb

t−1 = j
)

.

where Xt is a NX × 1 vector of data, vt are observation errors, Ut is a diagonal matrix with standard devs. of observation errors on main
diagonal, and D

ξb
t ,t, and Z

ξb
t ,t are parameters mapping model counterparts of Xt into latent discrete- and continuous-valued state

variables ξb
t and St, respectively, where St =

[
SM

t , mt, pdt, kt, zt, lpt, Eb
t (mt+1) , Eb

t (pdt+1)
]
.

Perceived transition probabilities:

Hb =


p11 · · · p1B 0

...
. . .

...
...

pB1 · · · pBB 0
1−∑B

i=1 pi1 · · · 1−∑B
i=1 piB pB+1,B+1 = 1

 ,

where Hb
ij ≡ p

(
ξb

t = i|ξb
t−1 = j

)
.

C
ξP
t ,j = C

(
θ

ξP
t

, ξb
t = j

)
, T

ξP
t ,j = T

(
θ

ξP
t

, ξb
t = j

)
, R

ξP
t ,j = R

(
θ

ξP
t

, ξb
t = j

)
.
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Kim’s Approximation to the Likelihood

For t = 1 to T1 and θξP
t

relevant when ξP
t = 1:

1. Suppose we have information up through t− 1. Conditional on ξb
t−1 = i and ξb

t = j run
the Kalman filter given below for i, j = 1, 2, ..., B

S(i,j)
t|t−1 = C

ξP
t ,j + T

ξP
t ,jS

i
t−1|t−1

P(i,j)
t|t−1 = T

ξP
t ,jP

i
t−1|t−1T′

ξP
t ,j

+ R
ξP
t ,jQ

2R′
ξP
t ,j

with Q2 = QQ′

e(i,j)t−1+di/nd|t−1 = Xt−1+di/nd −Dj,t−1+di/nd − Zj,t−1+di/nd

[
S̃(i,j)′

t|t−1, ỹt−1

]
f (i,j)t|t−1 = Zj,t−1+d1/ndP(i,j)

t|t−1Z′j,t−1+d1/nd + U2
t−1+d1/nd

S(i,j)
t|t−1+di/nd = S(i,j)

t|t−1 + P(i,j)
t|t−1Z′j,t−1+di/nd

(
f (i,j)t|t−1

)−1
e(i,j)t−1+di/nd|t−1

P(i,j)
t|t−1+di/nd = P(i,j)

t|t−1 − P(i,j)
t|t−1Z′j,t−1+di/nd

(
f (i,j)t|t−1

)−1
Zj,t−1+di/ndP(i,j)

t|t−1
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Kim’s Approximation to the Likelihood

2. Run the Hamilton filter to calculate Pr
(

ξb
t , ξb

t−1|Xt
)

and Pr
(

ξb
t |Xt

)
, for i, j = 1, 2, ..., B

Pr
(

ξb
t , ξb

t−1 |X
t−1

)
= Pr

(
ξb
t |ξ

b
t−1

)
Pr
(

ξb
t−1 |X

t−1
)

`

(
Xt−1+di/nd |X

t−1
)

= ∑B
j=1 ∑B

i=1 f
(

Xt−1+di/nd |ξ
b
t−1 = i, ξb

t = j, Xt−1
)

Pr
[
ξb
t−1 = i, ξb

t = j|Xt−1
]

f
(

Xt−1+di/nd |ξ
b
t−1 = i, ξb

t = j, Xt−1
)

= (2π)−NX/2 |f (i,j)t+1|t |
−1/2 exp

{
− 1

2
e(i,j)′t−1+di/nd|t−1 f (i,j)t|t−1e(i,j)t−1+di/nd|t−1

}
L (θ) = L (θ) + ln

(
`

(
Xt−1+di/nd |X

t−1
))

Pr
(

ξb
t , ξb

t−1 |Xt−1+di/nd , Xt−1
)

=

`

(
Xt−1+di/nd , ξb

t , ξb
t−1 |X

t−1
)

`

(
Xt−1+di/nd |Xt−1

) =

`

(
Xt−1+di/nd , ξb

t , ξb
t−1, Xt−1

)
Pr
(

ξb
t , ξb

t−1 |X
t−1

)
`

(
Xt−1+di/nd |Xt−1

)

Pr
(

ξb
t |Xt−1+di/nd , Xt−1

)
=

B+1
∑

i=1
Pr
(

ξb
t , ξb

t−1 = i|Xt−1+di/nd , Xt
)
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Kim’s Approximation to the Likelihood

3. Using Pr
(

ξb
t , ξb

t−1|Xt−1+di/nd, Xt−1
)

and Pr
(

ξb
t |Xt−1+di/nd, Xt−1

)
, collapse the B× B

values of S(i,j)
t|t−1+di/nd and P(i,j)

t|t−1+di/nd into B values represented by Sj
t|t−1+di/nd and

Pj
t|t−1+di/nd:

Sj
t|t−1+di/nd =

∑B
i=1 Pr

[
ξb
t−1 = i, ξb

t = j|Xt−1+di/nd , Xt−1
]

S(i,j)t|t−1+di/nd

Pr
[

ξb
t = j|Xt−1+di/nd , Xt−1

]

Pj
t|t−1+di/nd =

∑B
i=1 Pr

[
ξb
t−1 = i, ξb

t = j|Xt−1+di/nd , Xt−1
](

P(i,j)t|t−1+di/nd +

(
S̃j

t|t−1+di/nd − S̃(i,j)t|t−1+di/nd

)(
S̃j

t|t−1+di/nd − S̃(i,j)t|t−1+di/nd

)′)

Pr
[

ξb
t = j|Xt−1+di/nd , Xt−1

]

4. If t− 1 + di/nd = t, move to the next period by setting t− 1 = t and returning to step 1

5. Else, store the updated Sj
t|t−1+di/nd, Pj

t|t−1+di/nd, Pr
(

ξb
t , ξb

t−1|Xt−1+di/nd, Xt−1
)

, and

Pr
(

ξb
t |Xt−1+di/nd, Xt−1

)
, and repeat steps 1-5 keeping t− 1 fixed.
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S̃j
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S̃j
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Kim’s Approximation to the Likelihood
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t|t−1+di/nd − S̃(i,j)t|t−1+di/nd

)′)

Pr
[

ξb
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Kim’s Approximation to the Likelihood

I At t = T1 + 1 use θξP
t

relevant when ξP
t = 2, set t− 1 = t, and repeat steps 1-5

I At t = T2 + 1 use θξP
t

relevant when ξP
t = 3, set t− 1 = t, and repeat steps 1-5

I
...

I At t = TNP−1 + 1 use θξP
t

relevant when ξP
t = NP, set t− 1 = t and repeat steps 1-5

I At t = TN = T stop. Obtain L (θ) = ∑T
t=1 ln

(
`
(
Xt|Xt−1)) .

The algorithm above is described in general terms; in principle the intermonth loop could be
repeated at every instant within a month for which we have new data. In application, we
repeat steps 1-5 only at certain minutes or days pre- and post-FOMC meeting.
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Observation Equation

Observation Equation: Xt = Dξb
t ,t + Zξb

t ,t [S
′
t, ỹt−1]

′ + Utvt

I ĝt = gt − g, and l̂pt = lpt − lp.
I ỹt = ln (Yt/At) , ∆ln (At) ≡ gt = g + ρg (gt − g) + σgεg,t ⇒ ỹt−

ỹt−1 = ∆ln (Yt)− gt ⇒ ∆ln (Yt) = ỹt− ỹt−1 + gt = ỹt− ỹt−1 + ĝt + g.
I Annualizing the monthly growth rates to get annualized GDP growth

=> ∆ln (GDPt) ≡ 12∆ln (Yt) = 12g + 12 (ỹt + ĝt − ỹt) .

Note that:

Em
t [πt,t+h] =

[
h + (h− 1) φ + (h− 2) φ2 + ... + φh−1

]
αm

t +
[
φ + φ2 + ... + φh

]
πt

=
[
h + (h− 1) φ + (h− 2) φ2 + ... + φh−1

]
(1− φ)πt +

[
φ + φ2 + ... + φh

]
πt
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Observation Equation
Xt is defined as:



∆ln (GDPt)
Inflation

FFR
SOC (Inflation)12m
SOC (Inflation)60m

f (0)t
BC (Inflation)12m
SPF (Inflation)12m
Liv (Inflation)12m

SPF (GDPDInfl)12m
BBG (Inflation)12m
Liv (Inflation)120m
SPF (Inflation)120m

BC (FFR)12m
BC (∆GDP)12m

BBG (∆GDP)12m
SPF (∆GDP)12m

f (n)t
Baat

pgdpt
egdpt



=



12g
0
0
0
0
0

D
πt,t+12,ξb

t
D

πt,t+12,ξb
t

D
πt,t+12,ξb

t
D

πt,t+12,ξb
t

D
πt,t+12,ξb

t
D

πt,t+120,ξb
t

D
πt,t+120,ξb

t
D

it,t+12,ξb
t

D
yt+s ,ξb

t
D

yt+s ,ξb
t

D
yt+s ,ξb

t
Dit+X ,ξt

CBaa
ln (K) + g

Cegdp



+



12 (ỹt + ĝt − ỹt)
12πt
12it[

h + (h− 1) φ + (h− 2) φ2 + ... + φ11
]
(1− φ)πt +

[
φ + φ2 + ... + φ12

]
πt[

h + (h− 1) φ + (h− 2) φ2 + ... + φ59
]
(1− φ)πt +

[
φ + φ2 + ... + φ60

]
πt

12it
Z

πt,t+12,ξb
t

St

Z
πt,t+12,ξb

t
St

Z
πt,t+12,ξb

t
St

Z
πt,t+12,ξb

t
St

Z
πt,t+12,ξb

t
St

Z
πt,t+120,ξb

t
St

Z
πt,t+120,ξb
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Computing the Posterior

Likelihood from Kim’s approximation combined with prior distribution for parameters to
obtain posterior. Block algorithm used to find posterior mode, with draws from posterior
using standard Metropolis-Hastings algorithm initialized around posterior mode.

I Step 1: Draw a new set of parameters from the proposal distribution: ϑ ∼ N
(
θn−1, cΣ

)
I Step 2: Compute α (θm; ϑ) = min

{
p (ϑ) /p

(
θm−1) , 1

}
where p (θ) is the posterior

evaluated at θ.
I Step 3: Accept the new parameter and set θm = ϑ if u < α (θm; ϑ) where u ∼ U ([0, 1]),

otherwise set θm = θm−1

I Step 4: If m ≥ nsim, stop. Otherwise, go back to step 1
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Computing the Posterior

Likelihood from Kim’s approximation combined with prior distribution for parameters to
obtain posterior. Block algorithm used to find posterior mode, with draws from posterior
using standard Metropolis-Hastings algorithm initialized around posterior mode.
I Step 1: Draw a new set of parameters from the proposal distribution: ϑ ∼ N

(
θn−1, cΣ

)
I Step 2: Compute α (θm; ϑ) = min

{
p (ϑ) /p

(
θm−1) , 1

}
where p (θ) is the posterior

evaluated at θ.
I Step 3: Accept the new parameter and set θm = ϑ if u < α (θm; ϑ) where u ∼ U ([0, 1]),

otherwise set θm = θm−1

I Step 4: If m ≥ nsim, stop. Otherwise, go back to step 1
The matrix Σ corresponds to the inverse of the Hessian computed at the posterior mode θ. The
parameter c is set to obtain an acceptance rate of around 30%. We use four chains of 540, 000
draws each (1 of every 200 draws is saved) and are used to form an estimate of the posterior
distribution from which we make draws. Convergence checked using Brooks-Gelman-Rubin
potential reduction scale factor.
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Risk Adjustment with Lognormal Approximation
Extend the approach in Bansal and Zhou (2002) of approximating a model with
Markov-switching random variables using a risk-adjustment while maintaining conditional
log-normality. Consider the forward looking log price-payout ratio, where applying the
approximation implied by conditional log-normality:

pdt = κ0 + Eb
t

[
mt+1 + ∆dt+1 + κpd,1pdt+1

]
+

+.5Vb
t

[
mt+1 + ∆dt+1 + κpd,1pdt+1

]

We follow Bansal and Zhou (2002) and approximate conditional variance as weighted avg. of
objective variance across regimes, conditional on ξt.

St = Cξt + TξtSt−1 + RξtQεt,
The approximation takes the form:

Vb
t [xt+1] ≈ exEb

t

[
Rξt+1QQ′R′ξt+1

]
ex

where ex extracts desired linear combo of variables in St.
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Real Interest Rate

I Bullets here Figure 1
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Notes: The real interest rate is measured as the federal funds rate minus a four quarter moving average of inflation. The left panel plots this observed
series along with an estimate of r∗ from Laubach and Williams (2003). The right panel plots the monetary policy spread, i.e., the spread between the
real funds rate and the Laubach and Williams (2003) natural rate of interest. The sample spans 1961:Q1-2020:Q1.
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HF Changes in State Variables

I Bullets here Figure 7
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Notes: The figure displays, for each FOMC announcement in our sample, the change in the perceived state of the economy from 10 minutes before to 20
minutes after an FOMC statement is released. The full sample has 220 FOMC announcements spanning February 4th, 1994 to February 28th, 2020. The
sample reported in the figure is 1993:M1-2020:M2.
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Asset Valuations and Monetary Policy

Table A.1: Other Parameters

Parameter Mode Parameter Mode Parameter Mode Parameter Mode
σ 0.0650 φ 0.7436 ρk 0.9980 scale BAA 0.3998
δ 0.5372 r∗ 0.0000 λk 26.9629 σd 23.4733
β 0.7161 γ3 0.0051 ρlp 0.8407 σi 0.0331
κ1 0.0036 K 0.0507 δ1 0.2338 σmup 0.1379
γ 0.0001 σAP 5.8542 δ2 0.1887 σk 6.2614
ρµ 0.0914 βAP 0.9936 λk,2 10.7499 σlp 0.5699
κ0 0.0026 lp -0.0130 b (persistence beliefs) 0.9876 σµ 1.7200
βa 0.3905 λπ,1 0.4244 0.9286
γπ 0.0000 λπ,2 0.3139 0.1090
ρd 0.5010 γ2 0.0383 int BAA 0.0140

Note: This table reports the key parameters of the model.

Bianchi Johns Hopkins, CEPR, NBER Ludvigson NYU, CEPR, NBER Ma Fed Board Monetary-Based Asset Pricing: A Mixed-Frequency Structural Approach



Top Ten FOMC: 6-month FFF rate

I Bullets here Figure 8
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(b) One y Bloomberg Expected GDP growth
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(c) FFF 6-month
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(d) SP500-lagged GDP
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Demand Monetary Policy Mark-up Trend growth Earnings share Liquidity premium Beliefs policy change

Note: The figure displays the decomposition of movements in Bloomberg expected inflation, Bloomberg expected GDP growth, the 6-month FFF rates,
and the stock market in revisions about the underlying shocks affecting the macroeconomy for the 10 most relevant FOMC announcements based on
changes in the 6-month FFF rate. Because we do not have measurement error in the equations for the S&P500 to lagged GDP ratio, the black dot (data)
and the red triangles (estimation) lie on top of each other, so the black dot is obscured.
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Top Ten FOMC: Bloomberg Expected Inflation
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(a) One y Bloomberg Expected Inflation
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(b) One y Bloomberg Expected GDP growth
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(d) SP500-lagged GDP
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Note: The figure displays the decomposition of movements in Bloomberg expected inflation, Bloomberg expected GDP growth, the 6-month FFF rates,
and the stock market in revisions about the underlying shocks affecting the macroeconomy for the 10 most relevant FOMC announcements based on
changes in the Bloomberg one-year inflation expectations. Because we do not have measurement error in the equations for the S&P500 to lagged GDP
ratio, the black dot (data) and the red triangles (estimation) lie on top of each other, so the black dot is obscured.
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Top Ten FOMC: Bloomberg Expected GDP growth
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(b) One y Bloomberg Expected GDP growth
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(d) SP500-lagged GDP
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Note: The figure displays the decomposition of movements in Bloomberg expected inflation, Bloomberg expected GDP growth, the 6-month FFF rates,
and the stock market in revisions about the underlying shocks affecting the macroeconomy for the 10 most relevant FOMC announcements based on
changes in Bloomberg Expected GDP growth. Because we do not have measurement error in the equations for the S&P500 to lagged GDP ratio, the
black dot (data) and the red triangles (estimation) lie on top of each other, so the black dot is obscured.
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