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1 Introduction

Does monetary policy impact the long-run growth of the economy? We provide an answer

to this question by measuring financial markets’ expectations about the long-run impact of

monetary policy. Let T denote the time of an FOMC announcement and let T− denote the

time right before the announcement. Let Yt denote aggregate output and Et

[
YT
Yt

]
denote

markets’ expectation about the growth rate of the economy from time t to T . Over a short

FOMC announcement window, investors update their expectation about economic growth

from E−T

[
YT
YT

]
to ET

[
YT
YT

]
, where ET incorporates the information about monetary policy

announcement, and E−T does not. We show that limT →∞
ET

[
YT
YT

]
E−T

[
YT
YT

] can be directly inferred

from the difference in the return on long term equity and that on long term bond over short

FOMC announcement windows. Empirically, we construct a long term equity portfolio

and long term bond portfolio and use our methodology to measure the financial market’s

expectation about long-run growth over short FOMC announcement windows. We find

evidence for permanent impacts of monetary policy with a standard deviation of 60 basis

points per FOMC announcement. We follow Jarociński and Karadi (2020) to construct

monetary policy shock and central bank information shock. We document that a 25-basis-

point expansionary monetary policy shock and a 25-basis-point central bank information

shock are on average associated with 100-basis-point and 200-basis-point upward revisions

in long-run economic growth, respectively.

Presumably, stock market reaction over a short FOMC announcement window incorpo-

rates the market’s belief about the impact of monetary policy on future economic growth.

However, using stock market reaction to measure the market’s expectation about long-run

economic growth faces two challenges. First, stock market valuation reacts to monetary pol-

icy either due to a discount rate effect or a cash flow effect. It is hard to separately identify

the cash flow effect. Second, even if we find a cash flow effect, stock market dividend payout

is only a small fraction of the aggregate economy. It may be difficult to generalize.

We develop an asset pricing framework with FOMC announcements and use the operator

approach of Hansen and Scheinkman (2009) to address both of the above challenges. First,

we define long term equity as the claim to dividends paid far into the future. We show by

computing the difference in the returns on long term equity and that on long term bond,

we can completely eliminate the impact of discount rate on stock prices and the residue

2



reflects the market expectation about long term cash flow. Second, we show that as far as

measuring Et

[
YT
Yt

]
is concerned, the difference between dividend cash flow and aggregate

output is negligible for large values of T , i.e. as T → ∞, as long as the dividend payout and

aggregate GDP are cointegrated.

We present two key theoretical results to link returns on long term equity and long term

bonds to expectations about long-run growth. Our first result, Proposition 1, states that if

monetary policy does not have a long-run impact on the economy, the returns on long term

equity and long term bond will be perfectly correlated over short FOMC announcement

windows.

Our second result, Proposition 1, provides conditions under which the difference between

the return on long term equity and that on long term bond can be expressed as the sum of

announcement premium and an innovation in market expectation of long-run growth. The

key assumption for the exact identification is that growth rates and the stochastic discount

factor are log linear functions of state variables. Even when this condition fails, it is still

possible to use the difference between the return on long term equity and that on long term

bonds to approximate expectations about long-run growth. We provide several examples

and show that the approximation errors are typically negligible under plausibly calibrated

parameter values.

Empirically, we construct long term equity by using a portfolio of non-dividend paying

stocks as a proxy.1 We use futures on the 30-year T-bond as the proxy for long term bond

following Alvarez and Jermann (2005). We show that empirical evidence strongly rejects

the null hypothesis of zero long-run impact of monetary policy. Quantitatively, the standard

deviation of changes in long-run growth expectations is around 60 basis points on an average

FOMC announcement day. Our evidence highlights the need to study monetary models with

long-run impact. In most models of monetary policy, including the New Keynesian models

(Gaĺı (2015) and Woodford (2003)), the economy has a steady state, and monetary policy

has a temporary impact on deviations from the steady state but no permanent impact on

the level of output.

The unconditional correlation between our measured innovations in long-run growth ex-

pectation and Fed funds rates, a conventional measure of monetary policy shock, is low.

We show that this is due to the Fed information effect. We follow Jarociński and Karadi

1We thank Sang Seo for advising us on non-dividend paying stocks to construct the long-equity portfolio.
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(2020) to construct monetary policy shocks and central bank information shocks and show

that changes in long-run growth expectations are highly correlated with both components

of monetary policy surprises. A 25-basis-point monetary policy shock on average leads to

100-basis-point upward revisions in long-run economic growth. The impact of Fed informa-

tion shocks is stronger. A 25-basis-point central bank information shock typically leads to

200-basis-point revisions of long-run economic growth.

Literature Our identification methodology builds on the operator approach to long term

pricing pioneered by Hansen and Scheinkman (2009) and is closely related to the literature on

recovery of probabilities from asset prices (Ross (2015), Borovička, Hansen, and Scheinkman

(2016),Qin and Linetsky (2017) and Bakshi, Chabi-Yo, and Gao (2018)). Borovička, Hansen,

and Scheinkman (2016) demonstrates that in general it is not possible to recover subjective

probabilities from asset prices when there exists a permanent component in the pricing kernel.

Cieslak and Khorrami (2025) shows that under the Long-Run Neutrality (LRN) condition,

changes in expectations under the subjective belief and expectations under the long-run risk

neutral measure are identical, and as a result, changes in all subjective expectations can be

identified from asset prices. The LRN is a strong requirement and is not satisfied in most of

the models we examine in this paper. Due to the failure of LRN, we cannot recover a full set

of expectations. Nevertheless, we demonstrate that the recovery or approximate recovery of

long-run growth expectations is possible under much more general conditions.

Much of the empirical work in long term pricing focuses on the permanent and transitory

components of the stochastic discount factor (SDF). Bansal and Lehmann (1997) provides a

decomposition of the SDF into permanent and transitory components. Alvarez and Jermann

(2005) and Bakshi and Chabi-Yo (2012) develop volatility bounds on these two components.

Christensen (2017) estimates them with a structural model and a non-parametric approach

to the Perron-Frobenius eigenfunction problem. Lustig, Stathopoulos, and Verdelhan (2019)

links the carry trade risk premium of long-term bonds to the cross-country differences in

the volatility of the permanent components of the SDF. Cieslak and Khorrami (2025) finds

evidence that the permanent component of the SDF shifts around the FOMC announcement.

Different from the focus of the literature, our paper develops a measure of investors’ revisions

to long-run output expectation around short announcement windows by characterizing the

relationship between the eigenfunctions of the relevant multiplicative functionals.
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Our paper connects to the literature on the high-frequency identification of monetary

policy surprises over FOMC announcements and their causal effects on asset prices. In

early work, Bernanke and Kuttner (2005) and Kuttner (2001) identify the surprises as the

daily changes in the current-month or next-month federal funds futures rate and study the

responses in stock prices and Treasury yields, respectively. More recent studies exploit nar-

rower windows around announcements to identify monetary policy surprises. Gürkaynak,

Sack, and Swanson (2005) constructs a target factor and a path factor from high-frequency

responses of several federal funds and Eurodollar futures with one year or less to expiration.

Nakamura and Steinsson (2018) provides evidence for the Fed information effect and esti-

mates the non-neutrality from the responses of real rates, expected inflation and expected

output growth to the high-frequency surprises. Jarociński and Karadi (2020) decomposes

the surprises into a pure monetary policy component and a Fed information component.

Bauer and Swanson (2023) highlights the importance of removing predictable components

from these surprises. Also related is the literature that aims to explain the responses in

asset prices. Kekre and Lenel (2022) and Pflueger and Rinaldi (2022) highlight the risk pre-

mium channel in the models with wealth redistribution and habit formation, respectively.

Bauer, Pflueger, and Sunderam (2024) shows that perceptions about the Fed’s policy rule

have shaped the transmission of monetary policy to financial markets. Kekre, Lenel, and

Mainardi (2025) explains the responses of long term Treasury yields in a segmented markets

model. Nagel and Xu (2025) attributes the responses of stock prices to movements in the

yield curve.

To study the impacts of monetary policy on the macroeconomy, several papers, for ex-

ample, Cochrane and Piazzesi (2002), Gertler and Karadi (2015), Ramey (2016) and Stock

and Watson (2018), exploit the exogeneity of high-frequency surprises, using them either

as regression variables or instruments in structural VARs or local projection methods. A

related paper by Golez and Matthies (2025) also leverages intraday financial market data

to measure the impact of monetary policy on cash flows. They provide evidence for the

Fed information effect on short-term growth by finding that the announcement returns of a

six-month dividend strip constructed from options load positively on the monetary policy

surprises. Different from the above paper, our purpose is to identify the long-run component

of monetary policy shocks, and more importantly, quantify the long run impact.

Our paper is broadly related to the literature that uses asset market data to identify
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macroeconomic risk factors. Giglio, Kelly, and Kozak (2024) employs a large cross-section of

equity returns to identify the priced latent factors and then estimate the term structure of

dividend yields. Bryzgalova, Huang, and Julliard (2025) adopts a similar approach to study

the term structure of the risk premia associated with macroeconomic processes.

The importance of long-run growth in asset pricing is emphasized by the long-run risk

asset pricing literature. Bansal and Yaron (2004) demonstrates how low-frequency variations

in expected consumption growth and its volatility can account for leading asset pricing

puzzles. Bansal, Kiku, and Yaron (2016) provides empirical support for this framework.

Hansen, Heaton, and Li (2008) formalizes how long-run growth variation in consumption

and asset cash flows contributes to cross-sectional differences in valuation and risk premia.

Croce (2014), Kaltenbrunner and Lochstoer (2010) and Kung and Schmid (2015) develop

macro asset pricing models where long-run consumption risks arise as an equilibrium outcome

in production economies.

The rest of the paper is organized as follows. In Section 2, we develop a no-arbitrage

model with FOMC announcements. In Section 3, we prove our main result, that is, the

difference between the return on long term equity and that on long term bond includes a

predictable macroeconomic announcement premium and an unpredictable component, which

represents changes in the market’s expectation about the long run growth of the economy. In

Section 4, we use non-dividend paying stock and long-maturity Treasury bond as empirical

proxies for long term equity and long term bond to estimate the long-run impact of monetary

policy. In Section 5, we demonstrate that even in the cases where the sufficient conditions

do not hold, our measure can still provide a good approximation. Section 6 concludes.

2 Model setup

A Hidden Markov Environment Let (Ω,F , P r) be a probability space and let {Ft}t≥0

be a filtration. Let W be a k dimensional Brownian motion adapted to {Ft}t≥0 and let Xt

be a k−dimensional continuous-time VAR process defined as

dXt = (x̄− AXt) dt+ ΣXdWX,t,
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where x̄ ∈ Rk is a k dimensional vector, A is a k × k matrix with k strictly positive and

semi-simple eigenvalues,2 ΣX is a k × k matrix of local volatility of the VAR process, and

WX is a k dimensional standard Brownian motion. We assume that A has strictly positive

eigenvalues so that Xt has a unique stationary distribution that is a multivariate normal

distribution. Here, we allow the Brownian motions WX,t to be multi-dimensional. Some

elements in WX,t may be aggregate shocks and some may be purely idiosyncratic, depending

on whether they are priced by the stochastic discount factor, which we describe later in this

section.

We interpret Xt as a vector of state variables for the macroeconomy in a recursive com-

petitive equilibrium (Mehra and Prescott (1985)). We allow some or all of the elements in

Xt to be influenced by monetary policy. To incorporate monetary policy announcements,

we allow Xt to be partially unobservable, and we model monetary policy announcements as

revealing information about Xt. One such example is that monetary policy is set by a Taylor

rule with unknown parameters, and FOMC announcements reveal information about these

parameters, which we discuss in Example 1 below. Because Xt is not fully observable, our

general framework allows agents to update their beliefs about Xt based on observables both

on and off FOMC announcement days.

Information and announcements We assume that agents in the economy observe an l

dimensional vector of noisy signals of Xt, denoted ξt, where

dξt =
(
ξ̄ +BXt

)
dt+ ΥXdWX,t + ΥξdWξt, (1)

where B is a l × k matrix and ΥX is a l × k dimensional matrix, Υξ is a l × l dimensional

matrix, and Wξ is a l-dimension standard Brownian motion such that elements in WX and Wξ

are pairwise independent. This setup allows the innovations in the signals to be correlated or

independent on the innovations of the Brownian motion WX,t. It also allows some elements

of Xt to be contained in ξt, so that only a subset of Xt is not observable.

In addition to the continuous signal process ξt, we assume that there are pre-scheduled

FOMC announcements that occur at 0,T , 2T , 3T , . . . . Every announcement provides a

j-dimensional noisy signal about Xt in the form of snT = CXnT + εnT , where C is a j × k
2An eigenvalue is semi-simple if its algebraic multiplicity equals its geometric multiplicity. This condition

guarantees that A is diagonalizable and we can rotate X into a vector of Ornstein–Uhlenbeck processes.
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matrix and ε is a j-dimension standard normal distribution.

In our setup, X is the hidden Markov state of the economy including state variables that

can be influenced by the Federal reserve bank’s decisions. The main assumption we make is

that state variables that govern the Federal reserve bank’s decision rules are not perfectly ob-

servable and FOMC announcements provide information about those state variables. These

state variables could be the Fed’s private information about its own policy objectives, or its

private information about the future prospects of the economy. Whatever the interpretation

may be, we allow these state variables to impact future economic growth and asset valuation

as we specify below.

Learning and information processing Because Xt is not observable, agents in the

economy need to make their decisions based on their beliefs about Xt. Thanks to the

conditional Gaussian setup, the posterior belief about Xt can be characterized by its first

two moments,
(
X̂t, Qt

)
, where X̂t = E [Xt| ξt, st] represents the conditional mean of Xt

based on all observed information up to time t. Here, we use superscripts to denote history:

ξt = {ξs : 0 ≤ s ≤ t}, and st = {ss : 0 ≤ s ≤ t}. In addition, Qt = V ar [Xt| ξt, st] is the

conditional variance-covariance matrix.

We describe investors’ learning problem on non-FOMC announcement days and on FOMC

announcement days separately. In between FOMC announcements, using the results in

Liptser and Shiryaev (2001), if we define a vector of innovation processes as

dŴt = (Υ ◦Υ)−
1
2

[
dξt −

(
ξ̄ +BX̂t

)
dt
]
, (2)

where Υ◦Υ = ΥXΥ′X +ΥξΥ
′
ξ, then Ŵt is a vector of standard Brownian motions adapted to

investors’ information set generated by the history of observations, F̂t = (ξt, st). Using this

notation, the law of motion of X̂t can be written as a diffusion process adapted to
{
F̂t
}

:

dX̂t =
(
x̄− AX̂t

)
dt+ (ΣXΥ′X +QtB

′) (Υ ◦Υ)−
1
2 dŴt, (3)

and Qt evolves deterministically according to

dQt =
[
ΣXΣ′X − (AQt +QtA

′)− (ΣXΥ′X +QtB
′) (Υ ◦Υ)−1 (ΣXΥ′X +QtB

′)
′]
dt.
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At a typical FOMC announcement at time nT , investors receive noisy signals snT =

CXnT+εnT . We denote investors’ beliefs about XnT before the announcement as
(
X̂−nT , Q

−
nT

)
and their beliefs after the announcement as

(
X̂nT , QnT

)
. Using formula for the conditional

distribution of multi-variate normal distributions, we have

X̂nT = X̂−nT +Q−nTC
′ (CQ−nTC ′ + I

)−1
(
snT − CX̂−nT

)
,

and

QnT = Q−nT −Q
−
nTC

′ (CQ−nTC ′ + I
)−1

CQ−nT .

Because the Markov state variable Xt is not observable, equilibrium prices and quantities

cannot depend on Xt. Thanks to the conditional Gaussian setup,
(
X̂t, Qt

)
can instead be

used as the Markov state variable to construct equilibrium prices and quantities. Thanks

to the assumption of constant volatilities for both the hidden Markov chain and the signals,

Qt will be a deterministic function of time. Because the distance between two FOMC

announcements is constant over time, in the learning steady state, Qt will cycle across

announcements, that is Qt = Qt+T for all t. This property allows us to replace Qt with Qτ(t),

where τ (t) = t mod T as the state variable. In what follows, we will construct equilibrium

prices by using the pair of state variables
(
X̂τ , τ

)
. Under this formulation, τ ∈ [0, T ], and(

X̂τ , τ
)

is jointly Markov. Our convention is that FOMC announcements are made at τ = T

and τ = T− is the instant right before an announcement. Because we focus on the learning

steady state, Qt increases monotonically on [0, T ). At an announcement time T , the signal

sT reduces uncertainty, and resets QT to Q0.

Asset markets We specify the dynamics of GDP of the economy, denote {Yt}t≥0 by using

the state variables
(
X̂τ , τ

)
and the innovation processes Ŵt:

d lnYt =
[
µY

(
X̂t, τ (t)

)
− b lnYt

]
dt+ σ′Y dŴt, (4)

where µY : Rk+1 → R is a continuous function that models how the state variables
(
X̂, τ

)
impact the expected growth rate of aggregate output, and σY is a l-dimensional vector. We

consider two cases for the parameter b, b > 0 and b = 0. When b > 0, Yt is stationary and
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our model does not allow long-run growth. When b = 0, Yt grows without bound in the

long run and information about Xt will potentially impact the expected long-run growth of

Yt. In this setup, Yt is a multiplicative functional with respect to {Xt}t≥0 in the sense of

Hansen and Scheinkman (2009).3 We specify the dynamics of Yt in terms of the observable

processes,
{
X̂t, Ŵt

}
, because in equilibrium models where Yt is endogenously determined as

equilibrium outcomes, it needs to be adapted to the agents’ information filtration.4

We think of Yt as a model of the fundamental growth process of the economy. In the

short run, other cash flows in the economy, such as aggregate consumption, investment, labor

income, dividend payout, etc. may have very different dynamics from Yt. In the long run,

they will need to be cointegrated with Yt in the sense that the ratios of the above cash flows

with respect to Yt need to be stationary. We interpret the dependence of the growth rate

of Yt on Xt, captured by µY

(
X̂, τ

)
as determined by some equilibrium mechanism where

production decisions are functions of the Markov state variables
(
X̂, τ

)
. We are particularly

interested in the case where state variables that govern the dynamics of monetary policy are

included in Xt, and as a result, signals about Xt are potentially informative about monetary

policy and its impact on economic growth. The specifications of b > 0 and b = 0 allow our

framework to encompass stationary models, such as the standard textbook New Keynesian

models, for example, Woodford (2003) and Gaĺı (2015), and models with long-run economic

growth. Over a very short FOMC announcement window, information about monetary

policy-relevant state variables is revealed. Investors’ belief about the long-run growth of

the economy responds to such information, and so do asset prices. The primary focus of

the paper is to develop a methodology to infer the long-run impact of monetary policy

announcements from asset pricing moments.

In the above environment, we focus on two classes of assets: a long term bond that pays

one unit of consumption good at time T , where T is a distant future date, and a long term

equity that pays ψ
(
X̂T , τ (T )

)
YT at time T . We assume that ψ (X, τ) ∈ (0, 1), so that

the only restriction we put on dividend is that it has the same growth trend as total output

3In the case of b > 0, we need to augment our state space to include lnYt to make sure Yt is a multiplicative
functional.

4Another special case of interest is that µY (X) is a linear function, in which case the above equation
can be interpreted as the outcome of learning. That is, the GDP is determined by the state variable Xt:
d lnYt = (µ′YXt − b lnYt) dt + σ′Y,XdWX,t + σ′Y,ξdWξ,t and lnYt is part of the vector of signal process, ξt.
Equation (4) can then be interpreted as rewriting the law of motion of Yt by using the innovation process
consistently with (2). The Veronesi (2000) model can be interpreted in this way.
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and the dividend-to-output ratio is between 0 and 1. As shown by Hansen and Scheinkman

(2009), and as we will make precise in the rest of this paper, if our interest is in the long-run

growth rate of the economy, details of the functional form of ψ
(
X̂, τ

)
are unimportant.

This implies that empirically, the details of the construction of the long term equity are not

important, as long as we believe the associated cash flow is cointegrated with Yt.

Stochastic discount factor To compute asset prices, we assume a stochastic discount

factor that follows the following law of motion on non-announcement days:

dSt
St

= −r
(
X̂t, τ (t)

)
dt− σS

(
X̂t, τ (t)

)
dŴt, (5)

where r
(
X̂, τ

)
is the instantaneous risk-free rate and σS

(
X̂τ , τ

)
is a vector a market prices

of risk associated with the Brownian motions. We allow some elements of σ
(
X̂, τ

)
to be

zero, in which case, the corresponding Brownian motion represents idiosyncratic risk. On

FOMC announcement days, we assume that the stochastic discount factor takes the form of

ST
S−T

=
e−α(X̂T ,T)

E
[
e−α(X̂T ,T)

∣∣∣X−T , T−] . (6)

Equations (5) and (6) allow a very general specification of the SDF as functions of the

Markov state
(
X̂τ , τ

)
. The specification of the announcement SDF, Equation (6), imposes

the restriction that the instantaneous risk-free rate from time T− to T is zero. This restriction

is motivated by the fact that empirically, the return on risk-free assets over a short FOMC

announcement is virtually zero. The dependence of ST
S−T

on X̂T allows for an announcement

premium, which is motivated by the empirical evidence of the large FOMC announcement

premium, for example, Lucca and Moench (2015). The announcement stochastic discount

factor in the continuous time model in Ai and Bansal (2018), for example, is a special case

of (5) and (6).

The challenge for inferring the impact of monetary policy on economic growth from asset

prices is that monetary policy potentially impacts asset prices through both the discount

rate channel, which is encoded in the stochastic discount factor, and growth expectations.

We are interested in conditions under which, for large values of T , the impact of monetary
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policy on the stochastic discount factor can be differenced out by comparing equity and bond

returns over short FOMC announcement windows.

3 Theoretical Foundations

We focus on three quantities: the price of a long bond, the price of a long equity, and the

expectation of the long-run growth. Given our setup, the price of a long term bond at time

τ with maturity date T , denoted pB,t (T ), can be computed as

pB,t (T ) = Et

[
ST
St

]
.

The price of a long term equity with maturity date T is

pE,t (T )Yt = Et

[
ST
St
YT ψ

(
X̂T , τ (T )

)]
.

Here, we use the notation pE,t (T ) for the price of the equity normalized by the growth

trend Yt. The expectation of long-run GDP growth with maturity T is Et

[
YT
Yt

]
. In our

setup, {St}t≥0, {Yt}t≥0, and {StYt}t≥0 are all multiplicative functionals. To investigate how

updates of Et

[
YT
Yt

]
over short FOMC announcement windows can be computed from pB,t (T )

and pE,t (T ) and thus used as a measure of the impact of monetary policy on growth, we

rely on the study of the Perron-Frobenius problems for multiplicative functionals developed

by Hansen and Scheinkman (2009).

3.1 Eigenfunctions for Multiplicative Semigroups

General analytical framework We first provide a review of the general analytical frame-

work of Hansen and Scheinkman (2009) to provide a definition of the relevant eigenvalue

problems which provides a foundation for our analysis. We start from a vector of contin-

uous time, strong Markov processes {Zt : t ≥ 0} defined on a probability space {Ω, F, Pr}.
We denote Z as the state space of {Zt}. We assume that {Zt : t ≥ 0} is stationary and

ergodic under measure Pr. Let {Ft : t ≥ 0} be the filtration generated by {Zt : t ≥ 0}. A

functional is a real-valued process {Mt : t ≥ 0} that is adapted to {Ft : t ≥ 0}. We as-
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sume that Mt has a version with sample paths that are continuous from the right with left

limits. Because the functional Mt is constructed from Zt, we can write the full notation

Mt ({Zs : s ∈ [0, t]}) to indicate that for each t, Mt is a function of the history of Z from

time 0 to t. We use θ to denote the shift operator. That is, Mu (θt) denotes the time-shifted

process: Mu (θt) = Mu ({Zs : s ∈ [t, t+ u]}). A functional M is multiplicative (with respect

to {Zt : t ≥ 0}) if M0 = 1 and Mt+u = Mu (θt)Mt, for all t, u > 0.

Given any positive multiplicative functional, Mt, we can construct a semigroup of linear

operators, {Mt}t≥0, indexed by t, in the following way. For any measurable function ψ :

Z→ R such that E [|Mtψ (Zt)|] <∞ for all t, Mt is defined as

Mtψ (Z) = E [Mtψ (Zt)|Z0 = Z] . (7)

Let ρ be a real number and e (Z) be a measurable function of Z. We say ρ is an eigenvalue

of the multiplicative semigroup {Mt}t≥0 and e is an associated eigenfunction if for all t > 0

and for all Z ∈ Z,5

eρte (Z) = E [Mte (Zt)|Z0 = Z] . (8)

A eigenfunction e is a principal eigenfunction if e (Z) > 0 for all Z ∈ Z.

Given a multiplicative functional Mt and the associated solution to the eigenvalue prob-

lem (8), (ρ, e), we define

M̂t = e−ρtMt
e (Zt)

e (Z0)
. (9)

It is straightforward to verify that Equation (8) implies M̂t is a martingale. We can use

this martingale to construct a conditional probability system, represented by Ê such that

Ê [f | Ft] = E
[
M̂t+s

M̂t
f
∣∣∣Xt

]
for any f measurable with respect to Ft+s. As in Hansen and

Scheinkman (2009), we focus on principal eigenfunctions such that the original process Zt is

stationary under the measure P̂ r induced by the martingale defined in (9).

We are primarily interested in the eigenvalue problem for three multiplicative semigroups.

The first one is the semigroup induced by the stochastic discount factor St, which we denote

5Hansen and Scheinkman (2009) defines eigenvalues and eigenfunctions with respect to the generator of
the semigroup. Our definition is equivalent to theirs under the conditions of Proposition 6.2 of their paper.
We define the eigenvalue problem with respect to the semigroup but not the generator, because the generator
may fail to exist in some of our examples with FOMC announcements, in which case, we need to rely on this
more general definition.
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as (−r̄, êS). By definition, (−r̄, êS) satisfies

e−r̄teS (Z) = E

[
ST
St

eS (ZT )

∣∣∣∣Zt = Z

]
.

This equation helps us compute the price of a long bond, which is the claim to one unit of

consumption goods paid at time T :

E

[
ST
St

∣∣∣∣Zt] = e−r̄(T −t)eS (Zt)E

er̄(T −t)STSt eS (ZT )

eS (Zt)︸ ︷︷ ︸
martingale

1

eS (ZT )

∣∣∣∣∣∣∣∣∣Zt
 .

The term er̄(T −t) ST
St

eS(ZT )
eS(Zt)

is a martingale by Equation (9). The probability induced by this

martingale is termed the long-run risk-neutral probability by BHS (2015). This allows us

to write the price of the long term bond as e−r̄(T −t)eS (Zt) Ê
[

1
eS(ZT )

∣∣∣Zt], where Ê is expec-

tation induced by long-run risk-neutral probability. Assuming that the change of measure

preserves the ergodicity of the process Zt, a condition that needs to be verified in applica-

tions, limT →∞ Ê
[

1
e(ZT )

∣∣∣Zt] = Ê∗
[

1
eS(Z)

]
, where Ê∗ denotes the stationary distribution of

Zt under Ê. This implies

lim
T →∞

er̄(T −t)E

[
ST
St

∣∣∣∣Zt] = eS (Zt) Ê
∗
[

1

eS (ZT )

]
. (10)

Because eigenfunctions are unique up to a multiplicative constant, changes in the price of

the long term bond, or in its return, depend only on the eigenfunction eS.

The second multiplicative semigroup is the one induced by StYt, which helps us compute

the price of long term equity. Let (ρSY , êSY ) be the solution to the eigenvalue problem (8)

with Mt = StYt. We can write the price of long term equity as the present value of YT ψ (ZT ):

Et

[
ST YT
St

ψ (ZT )

]
= eρ(T −t)eSY (Zt)YtE

[
M̂T

M̂t

ψ (ZT )

eSY (ZT )

∣∣∣∣∣Zt
]
, (11)

where M̂t = e−ρ(T −t) ST YT
StYt

eSY (ZT )
eSY (Zt)

is the martingale constructed from StYt by using (9). If

we assume the distribution of Zt under the measure induced by M̂t is ergodic, then for large
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T , limT→∞E
[
M̂T
M̂t

1
eSY (ZT )

∣∣∣Zt] = Ê
[

ψ(ZT )
eSY (ZT )

∣∣∣Zt], where Ê denotes expectation under the

measure induced by M̂t = e−ρ(T −t) ST YT
StYt

eSY (ZT )
eSY (Zt)

.

The final multiplicative semigroup is the one induced by Yt, which we use to compute

expectations of future economic growth. Let (ρY , êY ) be the solution to the eigenvalue

problem (8) with Mt = Yt and use the same calculation as above to compute the expectation

of future growth:

Et

[
YT
Yt

]
= eρY (T −t)eY (Zt)E

e−ρY (T −t)ST
St

eY (ZT )

eY (Zt)︸ ︷︷ ︸
martingale

1

eY (ZT )

∣∣∣∣∣∣∣∣∣Zt


=eρY (T −t)eY (Zt) Ê

[
1

eY (ZT )

∣∣∣∣Zt] , (12)

where Ê denotes the measure induced by the martingale e−ρY (T −t) ST
St

eY (ZT )
eY (Zt)

. Under the

ergodicity condition, Ê
[

1
eY (ZT )

∣∣∣Zt] converges to a constant and the expectation about future

growth can be computed from the eigenfunction eY (Zt).

Relationship between eigenfunctions In the context of our model, the relevant state

variable is
(
X̂, τ

)
. We are primarily interested in investors’ update of Et

[
YT
Yt

]
over short

FOMC announcement windows. We denote the update of this expectation over an FOMC

announcement window as

∆E∞ (T ) ≡ lim
T →∞

E
[
YT
YT

∣∣∣ X̂T , T
]

E
[
YT
YT

∣∣∣ X̂−T , T−] =
eY

(
X̂T , T

)
eY

(
X̂−T , T

−
) , (13)

where the second equality is true if
(
X̂τ , τ

)
is ergodic under the probability measure induced

by the relevant martingales. We also define the announcement return on long term bond as

R∞B (T ) ≡ lim
T →∞

E
[
ST
ST

∣∣∣ X̂T , T
]

E
[
ST
S−T

∣∣∣ X̂−T , T−] =
eS

(
X̂T , T

)
eS

(
X̂−T , T

−
) , (14)
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and the announcement return on long term equity as

R∞E (T ) ≡ lim
T →∞

E
[
ST
ST
YT ψ (ZT )

∣∣∣ X̂T , T
]

E
[
ST
S−T
YT ψ (ZT )

∣∣∣ X̂−T , T−] =
eSY

(
X̂T , T

)
eSY

(
X̂−T , T

−
) , (15)

provided that the distribution of
(
X̂τ , τ

)
in (14) and (15) are ergodicity under the relevant

probability measures.

We are primarily interested in investors’ updates of expectations about future growth,

∆E∞ (T ) over short FOMC announcement windows. Equation (13) implies that updates

of expectations of long-run growth can be computed from the eigenfunction eY . However,

neither expectations nor eigenfunctions are directly observable, while asset returns over a

short FOMC announcement window can be accurately measured. The main result of the

paper is to provide conditions under which the eigenfunction eY can be recovered from the

eigenfunctions eS and eSY . In general, if the three eigenfunctions satisfy

eSY

(
X̂, τ

)
f (τ) = eS

(
X̂, τ

)
eY

(
X̂, τ

)
, (16)

for some function f that depends only on τ , then

∆E∞ (T ) =
eY

(
X̂T , T

)
eY

(
X̂−T , T

−
) =

eSY (X̂T ,T)
eSY (X̂−T ,T−)
eS(X̂T ,T)
eS(X̂−T ,T−)

f (T )

f (T−)
(17)

can be computed from the ratio of the return on long term equity and the return on long term

bond over short FOMC announcement windows by using Equations (14) and (15). In the

rest of the paper, we provide sufficient conditions under which (16) holds so that inference

about the long-run impact of monetary policy from asset prices using (17) is exact. We

also demonstrate through examples that even if Equation (16) fails, the inference equation

remains a good approximation.

The setup of FOMC announcements in our measurement exercise is important for two

reasons. First, we are primarily interested in measuring the impact of monetary policy

and the short FOMC announcement window allows us to identify monetary policy shocks.

Second, using the return on long term equity to identify the eigenfunction eSY is valid only if
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we focus on short FOMC announcement windows where changes in GDP Yt are negligible. To

see this, note that the return on long term equity, (15) from t to T is
eSY (X̂T ,T)YT
eSY (X̂t,t)Yt

in general

depends both on the eigenfunction eSY as well as shocks to the growth rate of Yt. By focusing

on short FOMC announcement windows, we set t = T−, and
eSY (X̂T ,T)YT
eSY (X̂t,t)Yt

=
eSY (X̂T ,T)
eSY (X̂−T ,T−)

because Yt is a continuous process. The assumption that Yt is continuous is a reasonable

one because the changes in the level of aggregate output over short FOMC announcement

windows are quantitatively negligible.

3.2 The stationary case

We first focus on the case where Yt is stationary, that is, b > 0. Because b > 0, the growth rate

of Yt depends on yt = lnYt. To make Yt a multiplicative functional, we need to augment the

state space to include yt:
(
X̂, τ, y

)
. In this setup, the eigenfunctions in general take the form

of e
(
X̂, τ, y

)
. Under our assumptions,

(
X̂t, τt

)
clearly has a unique ergodic distribution.

We also assume that µY

(
X̂, τ

)
is such that yt also has a unique ergodic distribution. Under

these assumptions, we obtain two main results. First, Equation (16) holds with f (τ) = 1

and, therefore, by (17), changes in growth expectations can be directly computed from the

ratio of the return on long term equity and that on long term bond:

∆E∞ (T ) =
R∞E (T )

R∞B (T )
. (18)

Our second result is that over a short FOMC announcement window, the above ratio is

always equal to 1. This is not surprising, because aggregate GDP is a stationary process,

it converges to a steady state in the long run. Monetary policy or any policy might have a

temporary impact on the level of output, but does not have a long-run impact on the economy.

The textbook version of the New Keynesian model has this feature. We summarize our main

result in the following proposition.

Proposition 1. Suppose
(
−r̄, eS

(
X̂, τ

))
solve the eigenvalue problem (8) for the stochastic

discount factor. Suppose also that under the measure induced by the associated martingale,

the process
(
X̂t, τt

)
is stationary and ergodic. Then

(
−r̄, eS

(
X̂, τ

)
e−y
)
solves the eigen-

value problem (8) for the multiplicative functional StYt, and (1, e−y) solves the same problem
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for the multiplicative functional Yt. In addition, the distributions of
(
X̂t, τt, yt

)
are station-

ary under the respective measures constructed from the martingale (9).

Proof. See Section 7.1 in the appendix.

Clearly, Proposition 1 implies that eY = eSY
eS

. By Equation (18), we can compute the

announcement return implied expectation update by normalizing the announcement return

on long term equity by the announcement return on long bond. Because eY

(
X̂, τ, y

)
= e−y,

under the assumptions of Proposition 1,

∆E∞ (T ) =
R∞E (T )

R∞B (T )
=
eyT

ey
−
T

= 1, (19)

because yt is a continuous process. That is, monetary policy cannot have any long-run

impact. This is intuitive, because the economy converges to a stationary distribution in the

long run and does not have long-run growth. Monetary policy in this economy cannot have

an impact on the long-run growth rate.

An immediate implication of our result is that if we observe that the ratio of the return

on long term equity and that on long term bond are not identical over short FOMC an-

nouncement windows, we should reject the hypothesis that monetary policy does not have

a permanent impact on aggregate economic growth. We next provide an example of a New

Keynesian model where Equation (18) holds.

Example 1. A New Keynesian model of FOMC announcement

We slightly modify the textbook New Keynesian model to fit our general analytical

framework.

3.3 Measuring long run impact on growth

As we will see in Section 4 below, the data strongly reject the hypothesis of zero long run

impact of monetary policy. To provide a framework by which we can quantitatively measure

the long-run impact of monetary policy, we set b = 0 so that our model allows for long-run

growth. While the relationship between updates of expectation and returns on long term

assets (18) holds generally in stationary economies, a similar relationship in economies with

long-run growth requires more assumptions. In this section, we derive a version of Equation
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(18) by assuming log linear dynamics of the SDF and the cash flow process. We make the

following assumptions.

Assumption 1: r (X, τ) = r0 (τ) + r′1X, σ (X, τ) = σ (τ) . That is, the risk-free rate is

linear in X and the market price of risk is only a function of τ .

Assumption 2: The SDF that prices announcement return is exponentially linear in X:

ST
S−T

=
e−αX̂T

E
[
e−αX̂T

∣∣∣X−T , T−] . (20)

Assumption 3: b = 0 and µY

(
X̂t

)
= µ′Y X̂ is also linear in X̂.

Proposition 2. Under Assumptions 1-3, the eigenfunctions of the eigenvalue problem for

the multiplicative functionals, St, Yt and StYt all take the following form:

ei

(
X̂, τ

)
= eβ

′
iX+gi(τ), (21)

for i = S, SY, Y with βSY = βS + βY . In addition

R∞E (T )

R∞B (T )
= ∆E∞ (T ) eβY Q

−
T α, (22)

where eβY Q
−
T α is the announcement risk premium on long term equity over long term bond.

Proof. See Appendix.

Equation (22) generalizes the stationary case, (18). The update of expectation of long-run

growth can be computed from the difference in the return on long term equity and the return

on long bond with an adjustment term, eβY Q
−
T α which can be interpreted as the announcement

premium of long term equity over long bond. By construction, E [∆E∞ (T )] = 1, because

it is an update of expectation. On the left side, the expected return on long term equity,

E [R∞E (T )] in general is different from the expected return on long term bond, E [R∞B (T )],

because our stochastic discount factor, (20) allows for an announcement premium. The

above proposition implies that after adjusting for a risk premium, the return on long term

equity normalized by the return on long term bond equals the update of belief about long-

run growth. In other words, deviations of
R∞E (T )

R∞B (T )
from its expectation can be used to infer
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the long-run impact of monetary policy during short announcement windows.

In general, monetary policy may affect asset valuations through both a discount rate

channel and a cash flow expectations channel, and it is hard to separately identify the two.

The above proposition implies that if we are interested in long-run cash flow expectations,

then under Assumptions 1-3, the discount rate effect can be completely eliminated by com-

puting the ratio of the return on long term equity and that on long term bond. The residue,

after subtracting an announcement risk premium, reflects the market expectation about long-

run growth. The key assumption for the above result is the linearity of risk-free rate and

the linearity of expected growth in state variables. This can be interpreted as coming from

the log-linearized solution of equilibrium models. In the rest of this section, we will discuss

several general equilibrium models where Assumptions 1-3 hold and the ratio of the long

term equity return and long term bond return identifies exactly growth rate expectations.

Example 2. Ai and Bansal (2018)

Section 5 of Ai and Bansal (2018) presented a continuous-time model with macroeconomic

announcements and recursive preferences. The unit IES version of the model satisfies the

assumptions of Proposition 2, which we briefly describe below. The aggregate consumption

follows
dCt
Ct

= xtdt+ σdBC,t, (23)

where xt is an Ornstein–Uhlenbeck processes of the form:

dxt = a (x̄− xt) dt+ σxdBx,t, (24)

and BC,t and Bx,t are independent standard Brownian motions. The true value of xt is

not observable but investors can learn about xt through two sources. First, investors can

update their beliefs about xt through their observations of Ct. Second, upon pre-scheduled

FOMC announcements at t = 0, T, 2T, · · · , investors receive additional signals of the form

snT = xnT + εnT , where εnT ∼ N (0, σ2
S). In this setting, the posterior distribution of xt is a

Gaussian distribution with mean x̂ and variance q. For t ∈ (nT, (n+ 1)T ),

dx̂t = a (x̄− x̂t) dt+
qt
σ
dB̂t, (25)
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where the Brownian motion B̂t is defined as dB̂t = 1
σ

[
dCt
Ct
− x̂tdt

]
. The posterior variance qt

satisfies a Riccati equation in the form

dqt =

[
σ2
x − 2aqt −

1

σ2
q2
t

]
dt. (26)

On the boundary, x̂T = 1
qnT

[
1
σ2
S
snT + 1

q−nT
x̂−nT

]
. In addition, qt cycles deterministically across

announcements and satisfies qt = qτ(t) with 1
qnT

= 1
σ2
S

+ 1
q−nT

.

The representative investor has a recursive preference with unit IES. For t ∈ (nT, (n+ 1)T ),

the SDF takes the form of

dSt = St

[
−r (x̂t, τ (t)) dt− σS (τ (t)) dB̂t

]
,

where r (x̂, τ) = β + x̂− γσ2 − γ−1
a+β

q (τ), and σS (τ) =
(
γ + γ−1

a+β
q(τ)
σ2

)
σ. On the boundary,

SnT
S−nT

= e−
1
2( γ−1

a+β )
2
q(τ(nT−))− γ−1

a+β (x̂nT−x̂−nT ).

In the above setup, we consider a slightly more general dynamics of aggregate output

than (23):
dYt
Yt

= bx̂tdt+ σY dB̂t. (27)

The interpretation is that we allow the consumption of marginal investors to be potentially

different from aggregate output. The two are equal if we set b = 1 and σY = σC . The

dynamics of the aggregate output (27) and the equilibrium stochastic discount factor in this

example clearly satisfy the assumptions of Proposition 2. As we show in the appendix, the

three eigenfunctions take the form of (21) with

βS = − 1

ax
, βSY =

b− 1

ax
, βY =

b

ax
.

Clearly, Equation (22) holds with α = γ−1
a+β

. In this case, innovations in growth rate expec-

tations can be directly recovered from the ratio of long term equity returns and long term

bond returns after adjusting for an announcement premium.

We make several observations on the above example. First, in the above example, the
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eigenvalue problem (8) is well-defined for any t. However, the limit

lim
∆→0

1

∆
Et

[
St+∆

St
ψ (x̂t+∆, τ (t+ ∆))− ψ (xt, τ (t))

]
is not well-defined for every ψ at t = T−. As a result, the extended generator in the sense

of Hansen and Scheinkman (2009) is not well-defined at announcement times, nT−, even

though the eigenvalue problem (8) is. This is why we use (8) to formulate the eigenvalue

problem instead of using the generator definition as in Hansen and Scheinkman (2009).

Second, the above example does not satisfy the long-run neutrality (LRN) condition of

Cieslak and Khorrami (2025). The LRN condition requires the monetary policy news to

be independent of the permanent component of the pricing kernel. In the above example,

let M̂t = e−ρtSt
eS(x̂t,τ(t))
eS(x̂0,τ(0))

be the permanent component of the SDF, i.e. the martingale

constructed form the multiplicative functional St using formula (9), then

M̂nT

M̂−
nT

= e
− 1

2( 1
a

+ γ−1
a+β )

2
q
τ(nT−)e−( 1

a
+ γ−1
a+β )(x̂nT−x̂−nT ),

where x̂nT − x̂−nT is the monetary policy shock. That is, the monetary policy shock in the

above example is perfectly correlated with the innovation in the permanent component of

the pricing kernel at announcements. Despite the failure of the LRN condition, our formula

perfectly recovers the innovation in the subjective belief about long-run growth. The reason

for this is that LRN is a condition where changes in all expectations under the physical

probability can be recovered from changes in long-run risk-neutral expectations. This puts a

very strong requirement on the relationship between monetary policy news and the pricing

kernel. Our objective is not to recover all expectations, but just the expectation of long-run

growth. The latter is possible under much more general conditions.

Our next example is adapted from the Veronesi (2000) model.

Example 3. Veronesi (2000) with Gaussian shocks

Veronesi (2000) also considers a model where the consumption process takes the form of

(23) and xt is not observable. Veronesi (2000) assumes that xt is a finite state Markov chain,

in which case the dynamics of the posterior mean of xt do not satisfy the linear stochastic

differential equation in (3). We will study the case of a finite-state Markov Chain in Example
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6 below. Here, we modify the Veronesi (2000) model and assume that xt is an Ornstein–

Uhlenbeck process of the form (24) and therefore the posterior beliefs follow (25) and (26).

The Veronesi (2000) model assumes a representative agent with CRRA utility and constant

risk aversion γ. Under expected utility, the stochastic discount factor is of the form

dSt = St [−r (x̂t) dt− γσdBt] , (28)

where the risk-free r (x) takes the form of

r (x) = β + γx− 1

2
γ (1 + γ)σ2.

We allow aggregate output to be different from the consumption of marginal investors. Again,

Proposition holds with

βS = − γ

ax
, βSY =

b− γ
ax

, βY =
b

ax
.

Due to expected utility, in this example, there is no need to adjust for announcement risk

premium.

The last example is the Brennan and Xia (2001) model.

Example 4. Brennan and Xia (2001)

Brennan and Xia (2001) is a model where the consumption of the marginal investor is

a geometric Brownian motion with constant drift. As a result, the pricing kernel takes the

form of

dSt = St [−rdt− σSdBt] ,

for some constant r and σS. However, the cash flow takes the form of (23). In this case,

Equation holds with

βS = 0, βSY =
1

ax
, βY =

1

ax
.

In this example, monetary policy announcements do not affect the permanent component

of the SDF and the LRN condition in Cieslak and Khorrami (2025) holds. Our formula

(22) recovers expectations about long-run growth. In fact, due to the LRN condition, it is

possible to recover innovations of all expectations upon announcements from asset prices.
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4 Evidence for the long-run impact of monetary policy

Our empirical exercise is guided by Equation (22). Taking log on both sides of this equation,

we have:

ln ∆E∞ (T ) = βYQ
−
Tα + lnR∞E (T )− lnR∞B (T ) . (29)

In the above equation, ln ∆E∞ (T ) is the market’s update of long-run growth expectations.

lnR∞E (T ) and lnR∞B (T ) are announcement returns of long term equity and long term bonds.

All three quantities are measurable functions of XT , that is, they are functions of the con-

tent of announcements. The term βYQ
−
Tα is the announcement premium and is measurable

with respect to pre-announcement information. The above suggest the following measure-

ment of update of long-run growth expectation upon FOMC announcements based on linear

regressions:

lnR∞E (T )− lnR∞B (T ) = ξ0 + ξ′Z−T + εT , (30)

where Z−T is a vector of macro variables that are know pre-FOMC announcements and

lnR∞E (T ) and lnR∞B (T ) are long term equity return and long term bond return over short

FOMC announcement windows. The residue of the above regression, εT , is our measurement

of markets’ expectation of the long-run impact of monetary policy.

Using the above methodology, our empirical exercise has two key findings. First, the

hypothesis that surprises contained in the FOMC announcements do not have a permanent

impact on output is strongly rejected by the data. Second, we find that a 25 basis point

surprise cut in nominal rates from a conventional monetary policy shock (Fed information

shock) is, on average, associated with a 1% upward revision (2% downward revision) in long-

run economic growth expectation. In what follows, we first introduce our empirical proxies

of long term equity and long term bond and present the empirical findings.

4.1 Proxies for long-term equity and long-term bond

Following the literature on high-frequency identification, for example, Gürkaynak, Sack, and

Swanson (2005), we examine asset returns in a short window spanning from 10 minutes

before to 20 minutes after each FOMC announcement. The sample covers the period from
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February 4, 1994, when the FOMC began publishing its federal funds rate target decisions

after each meeting, through December 13, 2023.

Consistent with the literature, for example, Alvarez and Jermann (2005), we proxy the

long term bond with the Treasury bond of the longest maturity available. Given our focus on

the high-frequency price responses, we use futures on the 30-year Treasury bond, as in Cieslak

and Khorrami (2025). We proxy the long term equity with a portfolio of non-dividend paying

stocks. We obtain the intraday price data for individual stocks from TAQ and for 30-year T-

Bond futures from Tick Data. The tick-by-tick price data are aggregated to the minute level

by taking the median of all prices within each minute. We define the closest available minute-

level prices 10 minutes before and 20 minutes after the announcements on FOMC days as

the pre- and post- announcement prices. Then, we compute the announcement returns as

the log price difference for the 30-year T-Bond futures and each stock. To mitigate concerns

about microstructure noise, we exclude observations with stock prices below $5, although

our results remain robust when they are included.

The non-dividend paying stock portfolio To construct a portfolio of non-dividend-

paying stocks as a proxy for long term equity, we obtain stock-level variables from monthly

CRSP and classify a stock as non-dividend-paying in month t if its total return and ex-

dividend return are identical. Figure 1 plots three series at each FOMC announcement

between 1994 and 2025: the total number of firms in CRSP (solid line), the number of firms

that had never paid any dividend since their listing up to the announcement date (dash-solid

line), and the number of firms that did not pay any dividend at any point during the sample

period (dashed line). Our non-dividend-paying portfolio consists of the last group—firms

that never paid dividends during the entire sample period—which accounts for roughly 50%

of all CRSP firms in the sample.

To validate our portfolio as a proxy for long term equity, we compare it against an

alternative construction using dividend futures data. Dividend futures allows us to compute

time t value of the dividend strip of the the S&P 500 index with maturity n as P n
t = Bn

t G
n
t

where Bn
t is the price of a zero-coupon bond maturing in t+n and Gn

t is the price of dividend

futures maturing in t+n (See, for example,Van Binsbergen and Koijen (2017), Bansal, Miller,

Song, and Yaron (2021) and Nagel and Xu (2025)). Given that a stock is a claim to all future

dividends, we can construct the price of a synthetic portfolio of long-term dividends of the
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Figure 1: Number of Firms
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Notes: The figure plots the total number of firms in the CRSP database at each FOMC announcement from
1994 to 2025. The solid line is the total number of firms in the CRSP database at each FOMC announcement.
The dash-solid line is the number of firms that had never paid any dividend since their listing up to the
announcement date. The dashed line indicates the number of firms that did not pay any dividend at any
point during the sample period of 1926-2025.

S&P 500 index after year M as

PM+
t = P S&P500

t −
M∑
n=1

P n
t . (31)

In what follows, we will call PM+
t the price of the tail dividends with maturity M .

We obtain daily prices of dividend futures on the S&P 500 index from January 2007

to August 2014 from Bansal, Miller, Song, and Yaron (2021) and from November 2015

onwards from Bloomberg. The dividend futures expire on the third Friday of December.

As is common in the literature, we linearly interpolate futures prices between two adjacent

maturities to obtain the price for yearly maturities up to seven years for each trading day.

The first date with valid data for the nearest five years in our sample is December 2009. We

obtain the daily nominal yields data from Gürkaynak, Sack, and Wright (2007) and the daily
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S&P 500 index from CRSP. Table 1 reports the correlations between the daily log return of

our non-dividend paying stock portfolio lnR∞E and the return on the synthetic tail dividend

claim of the S&P 500 index with maturities M= 5, 6 and 7 and that with the S&P 500 itself6.

Following the literature, we exclude dividend futures with maturities beyond seven years, as

they are less liquid. Consistent with our theory, the correlation between the return on our

non-dividend paying stock portfolio and the tail dividend claim is higher than its correlation

with the S&P 500 index itself, and substantially so on FOMC announcement days.

Table 1: Correlation with an alternative proxy

lnR5+ lnR6+ lnR7+ S&P500
(1) (2) (3) (4) (5) (6) (7) (8)

FOMC 0.938 0.936 0.935 0.867
All days 0.897 0.895 0.895 0.854

N 101 3154 92 2893 87 2723 238 7803

Note: The table reports the correlations of the log daily return of the non-dividend paying stock portfolio
lnR∞E with the log daily return of an alternative proxy constructed using the S&P500 and dividend fu-
tures. The last row of the table reports the number of observations available in the sample to compute the
correlations.

We prefer the non-dividend-paying portfolio to the synthetic tail-dividend claim for sev-

eral reasons. First, stocks are far more liquid than dividend futures, and their prices are

available at high frequency, which improves data quality and is crucial for high-frequency

identification. Second, our theory requires long-maturity dividends. The synthetic tail-

dividend portfolio has a maturity of seven years or longer, whereas the maturity of the non-

dividend-paying stocks is likely much higher, since these firms have never paid dividends

since their inclusion in the CRSP database. Finally, as shown in Table 1, data coverage is

also substantially better for the non-dividend-paying portfolio.

Constructing long-run growth expectations Applying Equation (30), we first com-

pute the value-weighted announcement return of the non-dividend paying portfolio (lnR∞E (T ))and

then normalize the returns by the return of the 30-year T-Bond futures to obtain the

6The availability of individual stock price data in CRSP daily is different from that in TAQ so that the
set of firms in the portfolio can be different.
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infinite-maturity excess return (lnR∞E (T ) − lnR∞B (T )). To remove the predictive compo-

nent, we run the predictive regression (30) using the set of macro variables known prior to

the announcements from Bauer and Swanson (2023) to construct the orthogonalized series

εT . The adjusted R2 of this regression is 0.048, indicating very minimal predictability of

lnR∞E (T ) − lnR∞B (T ). The regression results are reported in the Appendix 8. Figure (2)

displays the constructed series of εT .

Figure 2: Time series of εT in 30-minute window around announcements
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Notes: The figure plots our measure of the growth expectation revisions around the 30-minute window (-10
to +20 minutes) at each scheduled FOMC meeting. The sample spans 1994/01/01 to 2023/12/13, covering
239 meetings. Growth expectation revisions are quoted in basis points. The horizontal dashed line represents
the case of no revision in growth expectation.

The lack of predictability in regression (30) is consistent with the finding that most of

the FOMC announcement premiums are realized before, rather than within, the 30-minute

window surrounding the announcements (Lucca and Moench (2015)). This implies that both

lnR∞E (T )− lnR∞B (T ) and εT are valid measures of changes in long-run growth expectations

during short FOMC windows. As shown in Table (2), the two series exhibit similar summary

statistics. The mean of lnR∞E (T ) − lnR∞B (T ) is close to zero, consistent with its interpre-

tation as a measure of innovations in expectations. The standard deviation of innovations
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of growth rate expectations in our sample period is about 60 bps, slightly higher than that

of the S&P 500 futures return in the same window, 51 bps, indicating a sizable permanent

impact of monetary policy announcements.

Table 2: Summary Statistics of key variables

Panel A Panel B
(1) (2) (3) (4)

εT (bps) lnR∞E − lnR∞B (bps) MPS(bps) CBI(bps)
Mean 0 -1.13 -0.2 -0.4
SD 59.46 61.72 4.7 2.7

25th -26.02 -25.61 -2.3 -1.8
75th 30.62 28.02 2.1 1.2
AC -0.13 -0.04 -0.183 0.124

Skew -0.54 -0.79 -0.585 -0.805
N 239 239 239 239

Notes: The table reports the summary statistics of key variables in the 30-minute window around the
scheduled FOMC announcements from 1994/01/01 to 2023/12/13. Panel A presents summary statistics
for the difference in log returns between the long term equity portfolio and 30-year Treasury bond futures
(lnR∞E − lnR∞B ) and for our measure of revisions in long-run growth expectations (εT ). Both variables are
quoted in basis points. Panel B presents summary statistics for the pure monetary policy surprise and the
Fed information surprise from Jarociński and Karadi (2020), reported in basis points.

4.2 Testing the absence of long-run impact

A necessary condition for the absence of long-run impact of monetary policy, as shown in

Equation (19), is the coefficient β1 of the regression of long term equity return, lnR∞E (T ) on

that of long term bond return, lnR∞B (T ),

lnR∞E (T ) = β0 + β1 lnR∞B (T ) + uT

is one. Using our constructed series of lnR∞E (T ) and lnR∞B (T ) the point estimate of β1 is

0.235 and the 95% confidence interval is [0.109, 0.361] with an adjusted R2 of 0.04. A formal

t-test of the null hypothesis H0 : β1 = 1 produces a test statistic of −11.9. Therefore, the

hypothesis that monetary policy has no long-run impact is strongly rejected by the data. In

what follows, we discuss the quantitative magnitude of this long-run impact.
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4.3 Relationship with conventional measures of monetary policy

shocks

To further quantify the permanent impact of monetary policies, we compare our time series

of lnR∞E (T ) − lnR∞B (T ) and εT with other measures of monetary policy shocks, including

the monetary policy shocks of Bauer and Swanson (2023) (BS), the orthogonalized monetary

policy shocks of Bauer and Swanson (2023) (BS⊥), and monetary policy shock (MPS) and

the central bank information shock (CBI) constructed in Jarociński and Karadi (2020).

Table 3 reports the correlation between the measured long run impact of monetary policy,

lnR∞E (T ) − lnR∞B (T ) and εT , with the above measures of monetary policy shocks over

the same FOMC announcement window. The correlations between our measure of long

run impact of monetary policy and BS, BS⊥, and MPS are all negative, indicating surprise

interest rate reductions typically lead to upward revisions of long-run growth expectations.

The CBI shock of Jarociński and Karadi (2020) is identified as interest rate increases that

are associated with simultaneous stock market rises. These shocks typically lead to positive

revisions of long-run growth rates as well.

Table 3: Correlations with high frequency monetary policy shocks

MPS CBI BS BS⊥

(1) (2) (3) (4)
εT (bps) -0.38 0.43 -0.11 -0.12

lnR∞(bps) -0.35 0.49 -0.06 -0.12

Notes: The table reports the correlations of εT and lnR∞ with four measures of monetary policy shocks
constructed in the literature. MPS and CBI represent the pure monetary policy shocks and Fed information
shocks from Jarociński and Karadi (2020). BS and BS⊥ are two monetary policy shocks from Bauer and
Swanson (2023). BS is the first principal component of the price changes of the Eurodollar futures expiring
in the nearest four quarters. BS⊥is the residual from regressing BS on six macroeconomic variables known
prior to the announcement. All variables are measured in the 30-minute window around the announcements.

To quantify the impact of different components of monetary policy shock on long run

growth rates, we estimate the following regression

Long − run ImpactT = β0 + β1MPST + β2CBIT + uT , (32)
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where Long−run ImpactT can be either lnR∞E (T )−lnR∞B (T ) or εT . All shocks are measure

within the same 30-minutes window around FOMC announcements. In the above equation,

MPST and CBIT are the monetary policy shock and the central bank information shock,

respectively, constructed by Jarociński and Karadi (2020). The regression coefficient β1 and

β2 can be interpreted as the impact of MPST and CBIT on long-run growth expectations,

respectively. The regression results are reported in Table (4).

Table 4: High Frequency revisions in long-run growth to MPS and CBI

Panel (A): εT (bps) Panel (B): lnR∞(bps)
(1) (2) (3) (4) (5) (6)

MPS −4.18∗∗∗ −3.86∗∗∗

(1.27) (1.31)
CBI 8.60∗∗∗ 10.35∗∗∗

(2.09) (2.15)
BS −1.25 −0.67

(1.05) (0.99)
BS⊥ −1.42 −1.47

(1.12) (1.09)
Const. 2.43 0.50 0.04 2.02 −0.86 −1.50

(3.50) (3.90) (3.93) (3.63) (4.02) (4.04)
N 239 239 233 239 239 233

Adj. R2 0.29 0.01 0.01 0.32 −0.001 0.01

Notes: The table reports OLS estimates of (A) the revisions in long-run growth expectations (B) log returns
of the long term equity portfolio normalized by the long term bond. Heteroskedasticity-robust standard
errors are reported in brackets.∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

We find that a 25 basis points cut in short rates due to a pure monetary policy shock,

on average, leads to a 417.81 ∗ 0.25 ≈ 104.45 basis points upward revision in long-run

output and the same magnitude of cut due to the Fed information effect is associated with

859.73 ∗ 0.25 ≈ 214.93 downward revision (see the column 1 in the Panel A of Table (4)).

The slope coefficients are highly significant and the adjusted R2 is about 0.29, which is in

contrast to the insignificant coefficients and near-zero adjusted R2 obtained from regressions

that directly use raw high-frequency changes in short rates (see columns (2) and (3)). Our

results indicate that the pure monetary policy is not neutral in the long run and the Fed
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announcements contain information about the long-run output. Panel B of Table (4) reports

the same regressions using the lnR∞E (T )− lnR∞B (T ) series. The results are similar overall.

5 Approximations

Our main identification Equation (22) relies on Assumptions 1-3. In this section, we analyze

two examples where Assumptions 1-3 do not satisfy and demonstrate the robustness of

Equation (22) as approximations. We obtain global solutions for the eigenfunctions and show

that the errors of log-linear approximations are typically small under plausible parameter

values. Our first example is built on the Wright-Fisher process where the Markov state

variable x ∈ [0, 1] is highly nonlinear. This example allows us to obtain closed-form solutions

for the three eigenfunctions in (13), (14), and (15) and illustrate why Equation (16) is a

good approximation despite the failure of Assumptions 1-3. Using the closed-form solutions,

we demonstrate that (16) holds under a first-order approximation of the eigenfunctions.

To simplify exposition, we abstract from learning and announcements, and focus on the

difference between eSY (x)
eS(x)

and eY (x) in Equation (16).

Example 5. An equilibrium model with Wright-Fisher dynamics

We assume that the underlying Markov process is a Wright-Fisher process:

dxt = (−axt + b (1− xt)) dt+
√
xt (1− xt)σdBt, (33)

where a, b > 0 and xt ∈ [0, 1] . As shown in Karlin and Taylor (1981) (Example 8, Page

239), the above process has a unique ergodic distribution under the following parameter

restrictions, which we will maintain throughout this example.7

Assumption 4: 2a
σ2 > 1 and 2b

σ2 > 1.

We assume that the dynamics of cash flow takes the form of

dGt = Gt [ν (xt) dt+ σG (xt) dBt] , (34)

7See also Durrett (2008) for related discussions on the Wright-Fisher process.
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where the drift and diffusion coefficients are:

ν (x) = ν0 + ν1
x

1− x
+ ν2

1− x
x

, σG (xt) = σG,2

√
1− x
x

+ σG,1

√
x

1− x
. (35)

with ν1 > 0, and ν2 > 0. We are primarily interested in the case where ν2 = 0, and σG,1 = 0

so that ν (x) → ν0 as x → 0, and ν (x) → ∞ as x → 1. However, we keep the formulation

general. When σG,1 = 0, the term σG (xt) = σG,2

√
1−x
x

models counter cyclical volatility in

the cash flow process. We assume that the SDF takes the form of

dSt = St [−r (xt) dt− σS (xt) dBt] ,

where the risk-free rate and the market price of risk takes the form of:

r (x) = r0 + r1
x

1− x
− r2

1− x
x

, σS (x) = σS,2

√
1− x
x

+ σS,1

√
x

1− x
. (36)

We assume the parameters are such that r1, r2 > 0 and σS,1, σS,2 > 0. That is, the risk-

free rate is increasing in x. In Appendix 7.3, we show that the above dynamics of the

pricing kernel can arise in a general equilibrium model where the representative agent has a

recursive preference and consumption process of the form (34) and (35). Under the general

equilibrium interpretation of the SDF, the parameters r0, r1, r2 and σS,1, σS,2 will be functions

of preference and technology parameters. The proposition below derives the eigenfunctions

under the general specification without imposing general equilibrium.

Proposition 3. The eigenfunctions associated with the multiplicative functional, St, eS (x)

is given by:

eS (x) = xβS (1− x)−αS , (37)

where the parameters, αS and βS are given by:

αS =

(
a+ σσS,1

σ2
− 1

2

)
−

√(
a+ σσS,1

σ2
− 1

2

)2

+
2r1

σ2
, (38)

βS =

(
1

2
− b− σσS,2

σ2

)
+

√(
1

2
− b− σσS,2

σ2

)2

− 2r2

σ2
. (39)
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In addition, the eigenfunctions associated with StYt, and Yt are also of the form ei (x) =

xβi (1− x)αi, for i = SY and i = Y with

αSY =

(
a+ σ (σS,1 − σG,1)

σ2
− 1

2

)
−

√(
a+ σ (σS,1 − σG,1)

σ2
− 1

2

)2

+
2 (r1 − ν1 + σG,1σS,1)

σ2
,

(40)

βSY =

(
1

2
− b+ σ (σG,2 − σS,2)

σ2

)
+

√(
1

2
− b+ σ (σG,2 − σS,2)

σ2

)2

− 2 (r2 + ν2 − σG,2σS,2)

σ2
,

(41)

αY =

(
a− σσG,1

σ2
− 1

2

)
−

√(
a− σσG,1

σ2
− 1

2

)2

− 2ν1

σ2
, (42)

βY =

(
1

2
− b+ σσG,2

σ2

)
+

√(
1

2
− b+ σσG,2

σ2

)2

+
2ν2

σ2
. (43)

We make several observations on the above example. First, in the above model, the

valuation of the ratio of long term equity and long term bond can be written as eSY (x)
eS(x)

=

x(βSY −βS) (1− x)(αS−αSY ). Clearly, in general,

eSY (x)

eS (x)
= x(βSY −βS) (1− x)(αS−αSY ) 6= eY (x) .

Given the functional form of the eigenfunctions in (37), the equation eSY (x)
eS(x)

= eY (x) is not

true unless αS + αY = αSY and βS + βY = βSY , which in general will not be the case.

Second, it is straightforward to verify that under the condition that news about the state

variable x does not affect the distribution of long-run cash flow growth, that is, ν1 = ν2 =

σG,1 = σG,2 = 0,
eSY (x)

eS (x)
= eY (x) = 1,

which is consistent with the result in Proposition 1.

In Figure 3 we compare eY (x) (dashed line) with eSY (x)
eS(x)

(solid line) in a calibrated

version of the model. We calibrate the parameters of the x process so that its steady-state

distribution is symmetric. We calibrate the parameters of the cash flow process to match

aggregate consumption data, as we list in Table 6. Instead of choosing parameters of the
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Figure 3: Comparison of Eigenfunctions (Wright-Fisher)
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(b) Elasticities of eSY (x)
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Notes: Figure 3a plots the numerical solutions of
eSY (x)
eS(x)

and eY (x) for the Wright-Fisher and Figure 3b

plots their elasticities. Given that the eigenfunctions are unique up to a scale, we rescale them in Figure 3a
so that they are comparable in the plots. The shaded grey area represents the stationary distribution of the
state variable x, scaled for visualization.

SDF directly, we derive the SDF dynamics from a representative agent model where Gt is

the aggregate consumption processes and the agent’s preference is of the Epstein-Zin with

parameters listed in Table 5. In Appendix, we provide detailed derivations of the Equilibrium

SDF. On the left panel, 3a, we compare the level of eY (x) and eSY (x)
eS(x)

. Because eigenfunctions

are unique up to a multiplicative constant, we align the levels of eY (x) and eSY (x)
eS(x)

at the

steady state x = 0.5. The shaded area indicates the density of the steady-state distribution of

x. The eigenfunction eY (x) and its approximation, eSY (x)
eS(x)

track each quite closely, especially

in regions where the density of steady-state distribution of x focuses on.

Empirically, when using the return on the long-equity and the long-bond portfolio to

measure the long-run impact of monetary policy as in (29), we are effectively using d
dx

ln eSY (x)
eS(x)

to approximate d
dx

ln eY (x). In 3b, we compare the two elasticities, d
dx

ln eSY (x)
eS(x)

(solid line)

and d
dx

ln eY (x) (dashed line). This comparison is more informative than the comparison of

levels, because the distance between d
dx

ln eSY (x)
eS(x)

and d
dx

ln eY (x) is the approximation error

of our empirical implementation (29). In addition, even though the level of eigenfunctions

depends multiplicative constants, the elasticities eliminates the dependence on multiplicative
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Table 5: Calibrated Parameters (Wright-Fisher)

Panel A. Wright-Fisher process
a = b Drift parameters 0.053
σ Vol of x 0.044

Panel B. Preference
β Time discount rate 0.06
γ Relative risk aversion 6
ψ IES 3.3

Panel C. Consumption process
σC,2 Vol of consumption 0.013

constants and can be compared directly.

To understand the approximation error in 3b, using Proposition 3,

d

dx
ln eY (x) = βY

1

x
− αY

1

1− x
,

and
d

dx
ln

eSY (x)

eS (x)
= (βSY − βS)

1

x
− (αSY − αS)

1

1− x
.

As a result, the approximation error depends on the difference between βY and βSY − βS
and that between αY and αSY − αS. In Appendix 7.3, we show that αS + αY ≈ αSY ,

and βS + βY ≈ βSY , where the approximations are computed by using a first-order Taylor

expansion around the deterministic steady-state of the model.

Our next example is adapted from the model of Veronesi (2000) and Ai (2010). The

Veronesi (2000) features a non-linear filtering problem, which violates the assumption of

the linear dynamics of the Markov state variable. The related Ai (2010) model assumes

general recursive utility, which violates Assumption 1, that is, the log linear form of the

stochastic discount factor in state variables. We consider an environment that combines both

features and demonstrate that quantitatively, condition (22) still provides a very accurate

approximation under plausible parameter values.

Example 6. A Veronesi-Ai Economy

We consider an endowment economy with consumption following (23). Instead of as-
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Table 6: Model Moments (Wright-Fisher)

Panel A. Consumption
ρY Long-run growth rate 2.5%

E
(
dY
Y

)
Mean growth rate 2.4%

Std
(
dY
Y

)
Vol of consumption growth rate 1.3%

Panel B. Asset pricing
−ρSY + ρY + ρS Long-run equity premium 3.5%

−ρS Long bond yield 1%√
E (σ2

S) Max. Sharpe ratio 0.8
E (rf ) Average risk-free rate 2.5%
Std (rf ) Vol of risk-free rate 0.3%

suming that xt follows an an Ornstein–Uhlenbeck process, we assume that it is a two-state

Markov chain with state space {xH , xL} and infinitesimal generating matrix:[
−λH λH

λL −λL

]
.

In addition, instead of assuming that the representative consumption has expected utility,

we assume a general recursive preference with risk aversion γ and IES ψ. For simplicity, we

assume that the true value of xt is fully revealed upon FOMC announcements. The rest of

the setup is the same as in Example 2.

As shown in Veronesi (2000), the posterior distribution of xt can be characterized by its

conditional mean, x̂t, thanks to the assumption to a two-state Markov chain.

dx̂t = (λH + λL) (x̄− x̂t) dt+ (xH − x̂t) (x̂t − xL)
1

σ
dB̂t, (44)

where θ̄ is the steady-state mean of θ:

θ̄ =
λLθH + λHθL
λL + λH

, (45)

and dB̂t is defined in the same way as in Example 2. Veronesi (2000) considers CRRA
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expected utility. Here, we allow for recursive utility with constant relative risk aversion and

constant IES as in Ai (2010). As we show below, recursive utility introduces another source

of non-linearity is the pricing kernel, which allows us to evaluate the robustness of Equation

(22). Under the above assumption, the life-time utility of the representative consumer takes

the form of V (x̂, τ, C) = 1
1−γH (x̂, τ)C1−γ, where H (x̂, τ) is determined by Equations (72)

and (73) in the appendix.

In the above setup, the SDF takes the form of

dS (t)

S (t)
= −r (x̂t, τ (t)) dt− σS (x̂t, τ (t)) dB̂t (46)

where the instantaneous risk free rate is

r (x̂, τ) = ρ+
1

ψ
x̂− 1

2
γσ2

(
1

ψ
+ 1

)
+

1
ψ
− γ

1− γ
Hx (x̂, τ)

H (x̂, τ)
(xH − x̂) (x̂− xL)

1

σ
, (47)

+

(
1
ψ
− γ
)(

1− 1
ψ

)
2 (1− γ)2

(
Hx (x̂, τ)

H (x̂, τ)

)2

(xH − x̂)2 (x̂− xL)2 1

σ2
, (48)

σS (x̂, τ) = γσ −
1
ψ
−γ

1−γ
Hx(x̂,τ)
H(x̂,τ)

(xH − x̂) (x̂− xL) 1
σ
. As in Example 2, we consider the output

process of the form (27).

The assumptions of Proposition 2 fail for two reasons. First, the law of motion of the

state variable (44) is nonlinear due to the non-normality of the Markov state variable x.

Second, whenever γ 6= 1
ψ

, the nonlinearity of Hx(x̂,τ)
H(x̂,τ)

introduces a nonlinear term in the risk-

free rate and the market price of risk. In Figure (4), we compare the level of eigenfunctions

f eY (x̂) and eSY (x̂)
eS(x̂)

on the left panel and the elasticities, d
dx

ln eSY (x)
eS(x)

and d
dx

ln eY (x), on the

right panel. Parameter values are taken from the calibration of Ai, Han, and Xu (2025).

The shaded areas are the density of the stationary distribution of the state variable x̂. As

shown in the right panel, the approximation errors are in general within 15% in most of the

domain of the stationary distribution of x̂.

38



Figure 4: Comparison of Eigenfunctions (Veronesi-Ai)
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Notes: Figure 4a plots the numerical solutions of
eSY (x)
eS(x)

and eY (x) for the Veronesi-Ai and Figure 4b

plots their elasticities. Given that the eigenfunctions are unique up to a scale, we rescale them in Figure 4a
so that they are comparable in the plots. The shaded grey area represents the stationary distribution of the
state variable x, scaled for visualization.

In summary, our measurement equation (29) should be viewed as an approximation. In

the above examples, this approximation is quite accurate quantitative. It is also possible to

construct examples where the approximation errors can be large. Here we want to emphasize

that our rejection of the absence of the long-run impact of monetary policy holds under

much more general conditions and does not reply on any approximation. One may want to

be conservative and interpret our approximation with caution. In that case, the moments of

the long equity and long bond portfolio should still be used as a quantitative discipline for

structural models of monetary policy, where the spread between the long equity and long

bond portfolio in Equation (29) can potentially come from a combination of news about

long-run impact and news about risk premiums.

6 Conclusion

Using the operator approach of Hansen and Scheinkman (2009), we provide a formula that

measures the permanent impact of monetary policy, Equation (22). We provide conditions
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under which Equation (22) holds exactly, and we demonstrate that even in situations where

the sufficient conditions do not hold, Equation (22) provides a good approximation. Using

this formula, we identify a quantitatively large impact of monetary policy. A 25-basis-point

expansionary monetary policy shock and a 25-basis-point central bank information shock—

identified following Jarociński and Karadi (2020)—are on average associated with roughly

100-basis-point and 200-basis-point upward revisions in long-run output, respectively.
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7 Appendix

7.1 Proof for Proposition 1

Let
(
−r̄, eS

(
X̂, τ

))
solve the eigenvalue problem (8) for the stochastic discount discount

factor. In addition, we assume that the distribution of
(
X̂t, τt

)
is ergodic under the change

of measure induced by martingale (9) constructed from this eigenvalue and eigenfunction.

By definition (8),

e−r̄teS

(
X̂, τ

)
= E

[
St
S0

eS

(
X̂t, τ (t)

)∣∣∣∣ X̂0 = X̂, τ (0) = τ

]
(49)

for all
(
X̂, τ

)
and all t > 0. We need to verify that

1. The pair
(
−r̄, eS

(
X̂, τ

)
e−y
)

is the eigenvalue and eigenfunction for the multiplicative

functional StYt. In addition,
(
X̂, τ, yt

)
is jointly ergodic under the change of measure

induced by the martingale as constructed in (9).

2. The pair (0, e−y) is the eigenvalue-eigenfunction for the multiplicative functional Yt. In

addition, the distribution of
(
X̂, τ, yt

)
is jointly ergodic under the relevant change of

measure.

To verify that
(
−r̄, eS

(
X̂, τ

)
e−y
)

is the eigenvalue and eigenfunction for the multiplicative

functional StYt,

E

[
StYt
S0Y0

eS

(
X̂t, τ (t)

)
e−yt

∣∣∣∣ X̂0 = X̂, τ (0) = τ

]
= e−r̄teS

(
X̂, τ

)
e−y0 .

by (49). In addition, (0, e−y) is the eigenvalue-eigenfunction for the multiplicative functional

Yt because

E

[
Yt
Y0

e−yt
∣∣∣∣ X̂0 = X̂, τ (0) = τ

]
= e−y0 .

It is straightforward to verify that the
(
X̂, τ, yt

)
is jointly ergodic under the relevant change

of measures.
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7.2 Proof for Proposition 2

We first focus on the eigenvalue problem for StYt. The other two problems can be solved

similarly. In the interior, (ρSY , eSY ) will solve the following PDE:

ρSY e
(
X̂, τ

)
=
L
[
StYteSY

(
X̂t, τt

)]
StYt

, (50)

where, by Ito lemma,

L
[
StYteSY

(
X̂t, τt

)]
StYt

= eSY

(
X̂, τ

) [
µY

(
X̂
)
− r

(
X̂, τ

)
− σ′S (τ)σY (τ)

]
+DτeSY

(
X̂, τ

)
+DXe

(
X̂, τ

)(
ā− AX̂

)
+

1

2
tr
[
DXXeSY

(
X̂, τ

)
Γ (τ) Γ′ (τ)

]
+DXeSY

(
X̂, τ

)
Γ (τ) [σY (τ)− σS (τ)]′ .

On the boundary, the eigenfunction must satisfy:

eSY
(
X−T , T

−) =
E
[
e−α(X̂T ,T)e

(
X̂T , T

)∣∣∣X−T , T−]
E
[
e−α(X̂T ,T)

∣∣∣X−T , T−] .

Under Assumptions 1-3, Equation (50) can be written as:[
ρSG + r0 (τ) + r′XX̂ − µ′Y X̂ + σ′S (τ)σY (τ)

]
eSY

(
X̂, τ

)
= DXeSY

(
X̂, τ

) [(
ā− AX̂

)
+ Γ (τ) [σY (τ)− σS (τ)]′

]
+DτeSY

(
X̂, τ

)
+

1

2
tr
[
DXXeSY

(
X̂, τ

)
Γ (τ) Γ′ (τ)

]
We guess eSY

(
X̂, τ

)
= eβ

′
SYX+gSY (τ) for some β and some undetermined function gSY (τ)

and use method of undetermined coefficients. The above equation becomes

ρSG + r0 (τ) + r′XX̂ − µ′Y X̂ + σ′S (τ)σY (τ) = β′SY

[(
ā− AX̂

)
+ Γ (τ) [σY (τ)− σS (τ)]′

]
+g′SY (τ) +

1

2

∑
i

∑
j

βSY (i) βSY (j) γ′i (τ) γ′j (τ) .

(51)
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Matching coefficient on X, we have:

βSY = A−1 (µY − rX) .

Using this expression for βSY , Equation (51) becomes an ODE for g′ (τ):

gSY
(
T−
)
− gSY (0) =

ˆ T

0

[ρSG + r0 (s) + σ′S (s)σY (s)

−β′
[
ā+ Γ (s) [σY (s)− σS (s)]′

]
− 1

2

∑
i

∑
j

βSY (i) βSY (j) γ′i (s) γ
′
j (s)

]
ds.

(52)

Using the above functional form for the SDF, we write the boundary condition as:

eβ
′
SY X̂

−
T +gSY (T ) =

E
[
e−α

′X̂T+β′SY X̂T+gSY (0)
∣∣∣X−T , T−]

E
[
e−α′X̂T

∣∣∣X−T , T−] ,

where we impose the stationarity condition gSY (0) = gSY (T ). This implies that

gSY
(
T−
)
− gSY (0) =

1

2
β′SYQ

−
T βSY − β

′
SYQ

−
T α. (53)

Equations (52) and (53) together determines eigenvalue ρSG. It is useful to note that the an-

nouncement premium on the long-term equity can be written as expected payoff divided by present

value:
E
[
eβ
′
SY X̂T+gSY (0)

∣∣∣X−T , T−]E [e−α′X̂T ∣∣∣X−T , T−]
E
[
e−α

′X̂T+β′SY X̂T+gSY (0)
∣∣∣X−T , T−] = eβ

′
SY Q

−
T α.

Similarly, the eigenfunction for St takes the form eS

(
X̂, τ

)
= eβ

′
SX+gS(τ), where βS = −A−1rX ,

and g (T ) − g (0) = 1
2β
′
SQ
−
T βS − β′SQ

−
T α. In addition, the eigenfunction for Yt takes the form

eY

(
X̂, τ

)
= eβ

′
YX+gY (τ), where βY = A−1µY , and gY (T )− gY (0) = 1

2β
′
YQ
−
T βY −β′YQ

−
T α. Clearly,

βSY = βS + βY . (54)
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Using the above, we can write the announcement-day return
R∞E (T )

R∞B (T ) as:

R∞E (T )

R∞B (T )
=

eβ
′
SY X̂T+gSY (0)

E
[
e
−α′X̂T+β′

SY
X̂T+gSY (0)

∣∣∣X−T ,T−]
e
β′
S
X̂T+gS(0)

E
[
e
−α′X̂T+β′

S
X̂T+gS(0)

∣∣∣X−T ,T−]
= e(βSY −βS)′X̂T− 1

2
(βSY −α)′Q−T (βSY −α)+ 1

2
(βY −α)′Q−T (βY −α)

= eβ
′
Y (X̂T−X−T )+βY Q

−
T α−

1
2
βY Q

−
T βY , (55)

where the last line uses the property βSY = βS + βY .

We can solve for the expectation update during announcement window using Equation (13):

∆E∞ (T ) =
eY

(
X̂T , T

)
eY

(
X̂−T , T

−
) = eβY (X̂T−X̂−T )− 1

2
β′Y Q

−
T βY . (56)

Comparing (55) and (56), we obtain Equation (22).

7.3 Details of Example 5

The eigenvalue problems We first solve the eigenvalue problem for the multiplicative func-

tionals. We start with the multiplicative functional StGt. Given the functional form of the SDF in

(36) and the growth process, (35), we can write the eigenvalue problem for StGt as:[
ρ+

(
r0 + r1

x

1− x
− r2

1− x
x

)
−
(
ν0 + ν1

x

1− x
+ ν2

1− x
x

)
+σG,2σS,2

1− x
x

+ σG,2σS,1 + σG,1σS,2 + σG,1σS,1
x

1− x

]
eSG (x)

=e′SG (x) [−ax+ b (1− x) + σ (σG,2 − σS,2) (1− x) + σ (σG,1 − σS,1)x]

+
1

2
σ2x (1− x) e′′SG (x) .
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Collecting terms, we can write the above as:(ρ+ r0 − ν0 + σG,2σS,1 + σG,1σS,2)︸ ︷︷ ︸
ρ̄

+ (r1 − ν1 + σG,1σS,1)︸ ︷︷ ︸
r̄1

x

1− x
− (r2 + ν2 − σG,2σS,2)︸ ︷︷ ︸

r̄2

1− x
x

 eSG (x)

=

− (a+ σ (σS,1 − σG,1))︸ ︷︷ ︸
ā

x+ (b+ (σG,2 − σS,2)σ)︸ ︷︷ ︸
b̄

(1− x)

 e′SG (x) +
1

2
σ2x (1− x) e′′SG (x) .

(57)

To simplify notation, we define ρ̄ = ρ + r0 − ν0 + σG,2σS,1 + σG,1σS,2, r̄1 = r1 − ν1 + σG,1σS,1,

r̄2 = r2 + ν2 − σG,2σS,2, ā = a + σ (σS,1 − σG,1), and b̄ = b + (σG,2 − σS,2)σ. We conjecture

that the eigenfunction take the form of eSG (x) = xβSG (1− x)−αSG . Using the conjectured

functional form of eSG (x), we write Equation (57) as:(
ρ̄+ r̄1

x

1− x
− r̄2

1− x
x

)
=
[
−āx+ b̄ (1− x)

] [
βx−1 + α (1− x)−1]

+
1

2
σ2

[
β (β − 1)

1− x
x

+ 2αβ + α (1 + α)
x

1− x

]
,

which leads to:

ρ̄+r̄1
x

1− x
−r̄2

1− x
x

=
(
αb̄− βā

)
−āα x

1− x
+b̄β

1− x
x

+
1

2
σ2

[
β (β − 1)

1− x
x

+ 2αβ + α (1 + α)
x

1− x

]
.

We match the coefficients on the constant to get:

ρ̄ = αb̄− āβ + αβσ2, (58)

those on x
1−x to get:

r̄1 = −āα +
1

2
σ2α (1 + α) , (59)

and those on 1−x
x

to get:

− r̄2 = b̄β +
1

2
σ2β (β − 1) . (60)
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Equation (60) has two solutions for β:

β± =

(
1

2
− b̄

σ2

)
±

√(
1

2
− b̄

σ2

)2

− 2r̄2

σ2
. (61)

Equation (59) also has two solutions:

α± =

(
ā

σ2
− 1

2

)
±

√(
ā

σ2
− 1

2

)2

+
2r̄1

σ2
. (62)

In order for real solutions to exist, we need
(

1
2
− b̄

σ2

)2

− 2r̄2
σ2 ≥ 0 , and

(
ā
σ2 − 1

2

)2
+ 2r̄1

σ2 ≥ 0.

As we will show below, ergodicity requires us to pick the solution α− and β+. Given α

and β, we can solve the eigenvalue ρSY as:

ρSG = −r0 +ν0−σG,2σS,1−σG,1σS,2 +α (b+ (σG,2 − σS,2)σ)−β (a+ σ (σS,1 − σG,1))+αβσ2.

Similarly, the eigenvalue problem for the stochastic discount factor can be formulated

in the form of (57) with ρ̄ = ρ + r0, r̄1 = r1, r̄2 = r2, ā = a + σσS,1 and b̄ = b − σσS,2.

The eigenfunctions for the SDF take the form of eS (x) = xβS (1− x)−αS , where αS and βS

take the form of (61) and (62) with the new definitions of ā, b̄, r̄1, and r̄2. The eigenvalue

problem for the growth functional Gt is a special of (57) with ρ̄ = ρ− ν0, r̄1 = −ν1, r̄2 = ν2,

ā = a−σσG,1 and b̄ = b+σσG,2. The eigenfunction takes the form of eG (x) = xβG (1− x)−αG

where αG and βG given in (61) and (62) with the new definitions of ā, b̄, r̄1, and r̄2.

Imposing ergodicity The quadratic equations (61) and (62) have two solutions. To

pick the right solution, we need to impose ergodicity of the xt process under the relevant

transformed measures. We first state a sufficient condition for the ergodicity of the Wright-

Fisher process defined in (33).

Lemma. (Stationarity of WF process)

Suppose 2b
σ2 ≥ 1 and 2a

σ2 ≥ 1, then the xt process in (33) has a unique ergodic distribution
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on [0, 1], which is a beta distribution with parameter
(

2b
σ2 ,

2a
σ2

)
:

ψ (x) =
Γ
(

2(a+b)
σ2

)
Γ
(

2b
σ2

)
Γ
(

2a
σ2

)x 2b
σ2
−1 (1− x)

2a
σ2
−1 . (63)

The proof of the above lemma can be found in Karlin and Taylor (1981) (Example 8, Page

239).

To avoid repetition, we show how to use the ergodicity condition to select the solutions

of the quadratic equation for the multiplicative functional of the stochastic discount factor

as an example. Other multiplication functionals can be dealt in the same way. In the case

of the eigenvalue problem for the SDF, the α and β are given by:

β± =

(
1

2
− b̄

σ2

)
±

√(
1

2
− b̄

σ2

)2

− 2r2

σ2
. (64)

The two solutions of α are:

α± =

(
ā

σ2
− 1

2

)
±

√(
ā

σ2
− 1

2

)2

+
2r1

σ2
. (65)

To ensure that α and β have real solutions, we need to impose(
1

2
− b− σσS,2

σ2

)2

− 2r2

σ2
> 0;

(
a+ σσS,1

σ2
− 1

2

)2

+
2r1

σ2
> 0. (66)

We make the following observation.

Remark. Under condition (66), α+ >
(
ā
σ2 − 1

2

)
, α− <

(
ā
σ2 − 1

2

)
. In addition, β+ >

(
1
2
− b̄

σ2

)
and β− <

(
1
2
− b̄

σ2

)
.

As in Hansen and Scheinkman (2009), we use the eigenfunctions to construct an MG via

the following relationship:

St = eρStM̂t
eS (x0)

eS (xt)
⇒ M̂t = e−ρSt

eS (xt)

eS (x0)
St = e−ρSt

xβt (1− xt)−α

xβ0 (1− x0)−α
St. (67)

The results from Hansen and Scheinkman (2009) implies that M̂t is a martingale. To derive
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an expression for M̂t, we use Ito lemma to get:

dxβt (1− xt)−α =
[
βxβ−1 (1− x)−α + αxβ (1− x)−(α+1)

]
dxt

+
1

2

[
β (β − 1)xβ−2 (1− x)−α + 2αβxβ−1 (1− x)−(α+1) + α (1 + α)xβ (1− x)−(α+2)

]
xt (1− xt)σ2dt.

We know that the dt part of (67) has to be zero, because that is how we constructed the

solution. We focus on the BM part:

dxβt (1− xt)−α

xβt (1− xt)−α
= ...dt+

[
β

1

x
+ α

1

1− x

]√
xt (1− xt)σdBt.

We combine this with St to get:

dM̂t

M̂t

= 0dt+

[(
β

1

x
+ α

1

1− x

)√
xt (1− xt)σ − σS,2

√
1− x
x
− σS,1

√
x

1− x

]
dBt

=

[
(βσ − σS,2)

√
1− x
x

+ (ασ − σS,1)

√
x

1− x

]
dBt. (68)

We require the xt process to be ergodic under the transformed measure induced by the

above martingale. To derive the law of motion of xt under the transformed measure, we note

that by the Girsanov theorem, under the M̂− induced measure,

dB̂t = dBt −

[
(βσ − σS,2)

√
1− x
x

+ (ασ − σS,1)

√
x

1− x

]
dt

is a standard Brownian motion. Under this distorted measure, we write the LOM of xt as:

dxt = (−axt + b (1− xt)) dt+
√
xt (1− xt)σ

[
dB̂t +

[
(βσ − σS,2)

√
1− x
x

+ (ασ − σS,1)

√
x

1− x

]
dt

]
= [−axt + b (1− xt) + σ (βσ − σS,2) (1− xt) + σ (ασ − σS,1)xt] dt+

√
xt (1− xt)σdB̂t

= [− (a− σ (ασ − σS,1))xt + (b+ σ (βσ − σS,2)) (1− xt)] dt+
√
xt (1− xt)σdB̂t.

=
[
−
(
ā− ασ2

)
xt +

(
b̄+ βσ2

)
(1− xt)

]
dt+

√
xt (1− xt)σdB̂t
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By Lemma 7.3, ergodicity requires:

ā− ασ2 >
1

2
σ2; b̄+ βσ2 >

1

2
σ2.

That is,

α <
ā

σ2
− 1

2
; β >

1

2
− b̄

σ2
.

Clearly, by Remark 7.3, we should pick α− and β+. These solutions guarantee the ergodicity

of x under the transformed measure. This completes the proof of Proposition 3.

Approximation of the eigenfunctions Here, we show that αS + αY ≈ αSY , and βS +

βY ≈ βSY , where the approximation is obtain by a linear expansion of the solutions (38)-(43)

around the deterministic steady state. We keep the stochastic process of xt unchanged but

consider the deterministic steady state where σS,1 = σS,2 = σG1 = σG,2 = 0. Focusing on αS

in Equation (38), we write

αS =

(
a+ σσS,1

σ2
− 1

2

)
−

√(
a

σ2
− 1

2

)2

+
(σS,1
σ

)2

+ 2
σS,1
σ

(
a

σ2
− 1

2

)
+

2r1

σ2
.

Consider a first order Taylor approximation of the square root term in the above expression

around
(
a
σ2 − 1

2

)2
(noting that a

σ2 >
1
2

under our parameter assumptions)

αS ≈
(
a+ σσS,1

σ2
− 1

2

)
−
(
a

σ2
− 1

2

)
− 1

2

1(
a
σ2 − 1

2

) {(σS,1
σ

)2

+ 2
σS,1
σ

(
a

σ2
− 1

2

)
+

2r1

σ2

}
= −1

2

(σS,1
σ

)2
+ 2r1

σ2(
a
σ2 − 1

2

) = −
1
2
σ2
S,1 + r1

a− 1
2
σ2

. (69)
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Similarly, we can write αY is Equation (42) as:

αY =

(
a− σσG,1

σ2
− 1

2

)
−

√(
a− σσG,1

σ2
− 1

2

)2

+
(σG,1
σ

)2

− 2
σG,1
σ

(
a

σ2
− 1

2

)
− 2ν1

σ2
,

≈
(
a+ σσS,1

σ2
− 1

2

)
−
(
a

σ2
− 1

2

)
− 1

2

1(
a
σ2 − 1

2

) {(σG,1
σ

)2

− 2
σG,1
σ

(
a

σ2
− 1

2

)
− 2ν1

σ2

}
=− 1

2

(σG,1
σ

)2 − 2ν1
σ2(

a
σ2 − 1

2

) = −
1
2
σ2
G,1 − ν1

a− 1
2
σ2

. (70)

Finally,

αSY =

(
a+ σ (σS,1 − σG,1)

σ2
− 1

2

)
−

√(
a

σ2
− 1

2

)2

+

(
σS,1 − σG,1

σ

)2

+ 2
σS,1 − σG,1

σ

(
a

σ2
− 1

2

)
+

2 (r1 − ν1 + σG,1σS,1)

σ2

=

(
a+ σ (σS,1 − σG,1)
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Clearly, the above approximations, (69), and (70), and (71) satisfy αS + αY = αSY . We can

establish the approximation result for βS + βY ≈ βSY by following the same arguement.

7.4 The Veronesi-Ai economy

Using the definition of recursive utility, we can show that for τ ∈ (0, T ), the H (x̂, τ) must

satisfy the following PDE:

0 =
Hx (x̂, τ)

H (x̂, τ)

[
(λH + λL)

1− γ
(x̄− x̂) + (xH − x̂) (x̂− xL)

1

σ

]
+

1

2

Hxx (x̂, τ)

(1− γ)H (x̂, τ)
(xH − x̂)2 (x̂− xL)2 1

σ2

+
β

1− 1
ψ

(
H (x̂, τ)−

1− 1
ψ

1−γ − 1

)
+

Hτ (x̂, τ)

(1− γ)H (x̂, τ)
+

(
x̂− 1

2
γσ2

)
. (72)
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Because the true value of xnT is revealed upon announcement at nT , on the boundaries, we

have:

H
(
x̂, T−

)
=

x̂− xL
xH − xL

H (xH , 0) +
xH − x̂
xH − xL

H (xL, 0) , (73)

where x̂−xL
xH−xL

= Prob (x = xH | x̂) due to the property of the two-state Markov chain.

8 Data appendix

8.1 Data

We obtain monetary policy shocks and Fed information shocks from Jarociński and Karadi

(2020). By exploiting the negative and positive comovement between short rates and SP500

prices, they decompose the first principal component of the surprises in interest rate deriva-

tives with maturity from one month to one year into pure monetary policy shocks and fed

information shocks. The set of derivatives includes MP1, FF4, ED2, ED3 and ED4. Their

decomposition allows both types of shocks to be present in each announcement. Besides,

we obtain both the unadjusted and orthogonalized monetary policy shocks from Bauer and

Swanson (2023), constructed as the first principal component of the surprises in ED1, ED2,

ED3 and ED4.

To classify the stock as long term equity or not, we obtain stock-related variables from

monthly CRSP. Specifically, we obtain the price per share (prc), number of common shares

outstanding (shrout), the holding period returns including dividends (ret) and excluding

dividends (retx). A firm is defined as not paying dividend in month t if ret = retx. We

assign a firm to the non-dividend paying portfolio if it has never paid any dividend over

the entire CRSP coverage period. Our sample is restricted to U.S. common stocks listed on

the NYSE, AMEX and NASDAQ. We exclude utilities (SIC codes 4900-4999) and financial

firms (SIC codes 6000-6999) .

8.2 Predictive regression

To remove the predictable component of the infinity-maturity excess return (lnR∞E (T ) −
lnR∞B (T )), we use a set of macro variables known prior to FOMC announcements from Bauer

and Swanson (2023). In their study, they use them to remove the predictive component of
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Table 7: Predictive regression using pre-announcement macro variables

lnR∞E − lnR∞B (bps)
Nonfarm payrolls 0.007∗

(0.004)
Empl. growth (12m) 0.60

(2.15)
∆log SP500 (3m) 177.38∗∗

(71.98)
∆Slope (3m) 12.66

(10.06)
∆log Comm. price (3m) 18.00

(58.53)
Treasury skewness 14.45

(17.85)
Const. −6.82

(5.92)
N 239

Adj. R2 0.048

Notes: The table reports OLS estimates from the predictive regression lnR∞E − lnR∞B = ξ0 +ξ′Z−T + εT . The
dependent variable lnR∞E − lnR∞B is the high-frequency log return of long-term equity portfolio normalized
by the long-term bond in the 30-minute window around FOMC announcements. We take the set of macro
variables known before each FOMC announcement Z−T from Bauer and Swanson (2023). The residual εT
is our measure of the revisions in the long-run growth expectations. We report heteroskedasticity-robust
standard errors in the brackets.∗p < 0.1,∗∗ p < 0.05,∗∗∗ p < 0.01.

the monetary policy shock. The set includes six macro variables: the surprise in the most

recent nonfarm payrolls release, last year employment growth, the log change in the S&P500

from 3 months before to the day before the FOMC announcement, the change in the yield

curve slope over the same period, the log change in a commodity price index over the same

period, and the option-implied skewness of the 10-year Treasury yield. The adjusted R2

is 0.048 and only two of the six predictors are significant, indicating that the predictable

component is small.
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Jarociński, Marek, and Peter Karadi, 2020, Deconstructing monetary policy surprises - the role of

information shocks, American Economic Journal: Macroeconomics 12, 1–43.

Kaltenbrunner, Georg, and Lars A. Lochstoer, 2010, Long-Run Risk through Consumption Smooth-

ing, The Review of Financial Studies 23, 3190–3224.

Karlin, Samuel, and Howard M Taylor, 1981, A second course in stochastic processes. (Elsevier).

Kekre, Rohan, and Moritz Lenel, 2022, Monetary policy, redistribution, and risk premia, Econo-

metrica 90, 2249–2282.

Kekre, Rohan, Moritz Lenel, and Federico Mainardi, 2025, Monetary policy, segmentation, and the

term structure, Working paper.

Kung, Howard, and Lukas Schmid, 2015, Innovation, growth, and asset prices, The Journal of

Finance 70, 1001–1037.

Kuttner, Kenneth N, 2001, Monetary policy surprises and interest rates: Evidence from the Fed

funds futures market, Journal of monetary economics 47, 523–544.

Liptser, Robert S, and Albert N Shiryaev, 2001, Statistics of Random Processes I: General Theory

vol. 6. (Springer Berlin) 2nd edn.

Lucca, David O, and Emanuel Moench, 2015, The Pre-FOMC Announcement Drift, The Journal

of finance 70, 329–371.

Lustig, Hanno, Andreas Stathopoulos, and Adrien Verdelhan, 2019, The term structure of currency

carry trade risk premia, American Economic Review 109, 4142–4177.

Mehra, Rajnish, and Edward C. Prescott, 1985, The Equity Premium: A Puzzle, Journal of Mon-

etary Economics 15, 145–161.

55



Nagel, Stefan, and Zhengyang Xu, 2025, Movements in yields, not the equity premium: Bernanke-

kuttner redux, Working paper.

Nakamura, Emi, and Jon Steinsson, 2018, High Frequency Identification of Monetary Non-

Neutrality: The Information Effect, Quarterly Journal of Economics 133, 1283–1330.

Pflueger, Carolin, and Gianluca Rinaldi, 2022, Why does the Fed move markets so much? A model

of monetary policy and time-varying risk aversion, Journal of Financial Economics 146, 71–89.

Qin, Likuan, and Vadim Linetsky, 2017, Long-term risk: A martingale approach, Econometrica 85,

299–312.

Ramey, Valerie A, 2016, Macroeconomic shocks and their propagation, Handbook of macroeconomics

2, 71–162.

Ross, Steve, 2015, The recovery theorem, The Journal of Finance 70, 615–648.

Stock, James H, and Mark W Watson, 2018, Identification and estimation of dynamic causal effects

in macroeconomics using external instruments, The Economic Journal 128, 917–948.

Van Binsbergen, Jules H, and Ralph SJ Koijen, 2017, The term structure of returns: Facts and

theory, Journal of Financial Economics 124, 1–21.

Veronesi, Pietro, 2000, How Does Information Quality Affect Stock Returns?, Journal of Finance

55, 807–837.

Woodford, Michael, 2003, Interest and Prices: Foundations of a Theory of Monetary Policy.

(Princeton University Press).

56


	Introduction 
	Model setup
	Theoretical Foundations 
	Eigenfunctions for Multiplicative Semigroups
	The stationary case
	Measuring long run impact on growth

	Evidence for the long-run impact of monetary policy 
	Proxies for long-term equity and long-term bond
	Testing the absence of long-run impact
	Relationship with conventional measures of monetary policy shocks

	Approximations 
	Conclusion
	Appendix
	Proof for Proposition 1
	Proof for Proposition 2
	Details of Example 5
	The Veronesi-Ai economy

	Data appendix 
	Data
	Predictive regression


