Journal of Financial Economics 183 (2026) 104324

Contents lists available at ScienceDirect

Journal of Financial Economics

journal homepage: www.elsevier.com/locate/finec

Monetary transmission and portfolio rebalancing: A cross-sectional

approach™

Xu Lu?®>*, Lingxuan Wu "

a Foster School of Business, University of Washington, Seattle, WA 98195, USA
b Stern School of Business, New York University, New York, NY 10012, USA

ARTICLE INFO ABSTRACT

Dataset link: Monetary Transmission and Portfo
lio Rebalancing: A Cross-Sectional Approach (R
eference data)

JEL classification:

We show that institutional portfolio rebalancing across asset classes plays a key role in transmitting monetary
shocks to the stock market. Around FOMC announcements, ceteris paribus, a stock with 10-percentage-point
higher ownership by rebalancing institutions experiences an additional 3.7-basis-point loss following a 10-
basis-point surprise rate hike. We corroborate our mechanism by exploiting within-firm variations for dual

E52 shares, showing stronger price reactions at quarter- and month-ends when rebalancing is more imminent, and
Gl11 presenting placebo tests contrasting rebalancing institutions with other institutions. A concluding calibration
G12 suggests rebalancing could contribute roughly one-third to two-thirds of the aggregate stock market excess
G23 return response to monetary shocks.

Keywords:

Monetary policy

Portfolio rebalancing

Rebalancing timing

Inelastic markets

1. Introduction

A central question in macro-finance is how monetary policy trans-
mits to financial markets. Standard economic models suggest that the
effects of monetary shocks are transitory (Christiano et al., 2005; Smets
and Wouters, 2007). According to this view, the prices of long-term
financial assets should not respond significantly to monetary shocks.
However, extensive empirical research shows that monetary shocks
lead to substantial price changes in the stock market. Bernanke and
Kuttner (2005) document that a 10-basis-point unexpected rate hike
reduces the aggregate stock market value by about 40 basis points.
Importantly, these reactions are largely driven by shifts in expected

returns, rather than changes in expected future cash flows or the risk-
free rate, suggesting that fundamentals alone cannot fully explain the
magnitude of the aggregate stock market reaction.

This paper highlights how institutional portfolio rebalancing across
asset classes contributes to stock price responses to monetary policy
shocks. We focus on rebalancers, the investors with stable equity-share
targets who systematically rebalance between stocks and bonds, fol-
lowing Chien et al. (2012), Gabaix and Koijen (2022) and Parker
et al. (2023). A large literature shows that monetary policy shocks
substantially revalue long-term bonds (Shiller et al., 1983; Mankiw and
Summers, 1984; Cochrane and Piazzesi, 2002; Giirkaynak et al., 2005b;
Hanson and Stein, 2015; Giglio and Kelly, 2018; Hanson et al., 2021).
Our mechanism is that, as a positive monetary policy shock lowers bond
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prices, rebalancers sell stocks and buy bonds to restore their targeted
equity shares, driving down the stock prices. Empirically, we show that,
all else equal, a stock with 10-percentage-point higher ownership by
rebalancing institutions loses an additional 3.7 basis points following
a 10-basis-point surprise rate hike — a relationship we term the cross-
sectional sensitivity. We use this cross-sectional sensitivity to gauge the
potential aggregate implication of the rebalancing channel, shedding
light on the Bernanke and Kuttner (2005) puzzle.

In addition to our finding of the cross-sectional sensitivity across all
common stocks, we present three additional tests to further corroborate
the rebalancing mechanism. To start, to minimize the concern that
differences in stock price reactions may arise from factors unrelated to
rebalancing, we exploit within-firm price reaction differences for dual
shares with the same fundamentals. Second, we show that both the
cross-sectional sensitivity and the aggregate stock market reaction to
FOMC announcements are stronger when rebalancing events are more
imminent, confirming the role of rebalancing demand in driving prices.
Finally, we demonstrate in placebo tests that ownership by rebalancing
institutions predicts stock price reactions, whereas ownership by other
institutions does not.

In practice, pensions, sovereign wealth funds, and target-date funds
fit our definition of rebalancers. For instance, Norges Bank Investment
Management sets a target equity allocation of 70% for the Government
Pension Fund Global, commonly referred to as the “Oil Fund” (NBIM,
2021). It further highlights that “the choice of equity proportion will
probably constitute the single most important decision” (NBIM, 1997).
Similarly, U.S. pension funds are required to comply with asset-class-
allocation targets set by state and local pension trustees (Jung and
Rhee, 2013), while target-date funds are governed by systematic re-
balancing policies (Parker et al., 2023). In addition to these allocation
mandates, it is also documented that asset managers may tilt their
portfolios toward assets with higher returns (such as stocks) when
interest rates are low, a phenomenon referred to as “reaching for
yield” (Lian et al., 2019; Becker and Ivashina, 2015; Hanson and Stein,
2015). By end-2019, FactSet data suggest that these rebalancers owned
over 20% of the U.S. stock market, making portfolio rebalancing a
potentially important channel for monetary transmission to equities.

Based on these observations, we introduce a model in Section 2
to analyze the implications of institutional rebalancing demand for
monetary transmission. The baseline model features two stocks with
identical fundamentals held by two types of investors. A rebalancer
allocates funds between a single stock and a long-term bond, and a
risk-averse equity market arbitrageur trades across both stocks and a
short-term risk-free bond. A tightening monetary shock devalues long-
term bonds, which would raise the rebalancer’s equity share relative
to its target. To restore the target equity share, the rebalancer sells
stocks and buys bonds. If, in addition, the rebalancer reaches for yield
— that is, its desired equity share increases when yields fall and
decreases when yields rise — it sells even more stocks. With limits
to arbitrage, these rebalancing trades have price impact: the stock
more directly exposed to rebalancer demand falls more in price, and
some of the pressure spills over to the other stock depending on the
arbitrageur’s demand elasticity between the two stocks. This generates
the cross-sectional sensitivity we document.

The model formalizes the null hypothesis of this paper — in the
absence of rebalancers, the stock price reactions will only be attributed
to changes in the risk-free rate and dividends due to the arbitrageur’s
demand. As a result, stocks with the same fundamentals will have the
same price reactions to monetary shocks. The model suggests that, if
they react differently due to rebalancing flows, their price gap reflects
changes in excess returns and informs the aggregate stock market
reaction beyond fundamentals.

Next, we test the cross-sectional predictions against the null hy-
pothesis that rebalancer ownership does not affect returns. Testing that
presents two key identification challenges. First, as noted by Giirkaynak
et al. (2005a) and Nakamura and Steinsson (2018), monetary policy
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announcements are often anticipated and endogenous to changes in
economic fundamentals. To address this challenge, following the high-
frequency identification literature, we use unexpected changes in the
policy rate estimated over 30-minute windows surrounding FOMC
announcements and analyze the high-frequency changes in asset prices
during these same windows.

Second, monetary shocks affect stock prices through multiple chan-
nels, such as changes in dividends or the risk-free rate. An ideal test
of the rebalancing channel would compare stocks that differ solely
in their exposure to rebalancing demand. In Section 4, we exploit
a quasi-experimental setting using dual-share firms with highly liq-
uid share classes. These dual shares have identical fundamentals but
different investor bases, allowing us to identify within-firm variation
attributable to rebalancing. We measure rebalancing demand using
the share-class-level rebalancer ownership data from FactSet. We find
that rebalancers tend to hold more shares with lower voting rights,
likely to avoid involvement in corporate governance. After a tightening
monetary shock, the share class with higher rebalancer ownership loses
significantly more value than the other class, regardless of whether we
use raw rebalancer ownership or voting-right-instrumented rebalancer
ownership.

While the dual-share evidence most effectively mitigates concerns
about omitted variables, it is limited to a subset of common stocks. In
Section 5, we demonstrate that our findings generalize to the cross-
section of all common stocks after controlling for stock characteristics.
The results in Section 5.1 show that, in response to a 10-basis-point rate
hike, a stock with 10% (or one standard deviation) higher rebalancer
ownership experiences an additional price decline of approximately 3.7
basis points (or 2.5 basis points).

By adopting a high-frequency identification strategy, we estimate
the effects of monetary shocks using narrow windows around FOMC
announcements, rather than until actual rebalancing dates. Anecdotal
evidence suggests that pensions and mutual funds typically rebalance
at the end of each quarter or month, rather than continuously adjust-
ing to their target allocations. Although rebalancing may not occur
immediately after monetary shocks, arbitrageurs incorporate expected
future rebalancing demand into prices instantaneously. As arbitrageurs
trade more aggressively to front-run more imminent flows, monetary
shocks closer to quarter- and month-end dates should lead to larger
cross-sectional sensitivity and stronger aggregate market reactions.
We formalize this intuition in a model with delayed rebalancing in
Section 2.2 and test the implications in Section 5.2. Supporting this
mechanism, we find that the cross-sectional sensitivity is approximately
1.55 times larger for monetary shocks from quarter-end FOMC meetings
compared to the full-sample average, and the aggregate stock market
reaction is larger as well. This provides the first evidence on how the
timing of portfolio rebalancing affects asset prices and, in particular,
shapes the aggregate stock market reaction to monetary shocks.

In addition, we present placebo tests that contrast rebalancing insti-
tutions with pure-equity institutions to validate the mechanism further.
Ownership by rebalancing institutions predicts stock price reactions to
monetary shocks, whereas ownership by pure-equity institutions does
not. Our main measure of rebalancer ownership is constructed from
FactSet, which covers all institutions but only provides broad insti-
tutional categories. We construct an alternative proxy for rebalancer
ownership using fund-level holdings from Morningstar mutual fund
data, as detailed in Section 5.3, to corroborate our tests. We identify
balanced funds based on fund names and their complete portfolio
holdings. We show that stocks more heavily held by balanced funds
respond more strongly to monetary shocks, while pure-equity fund
ownership lacks such predictive power.

Beyond the pricing evidence, we provide quantity evidence that
the institutions we classify as rebalancers adjust portfolios following
target equity shares. First, using U.S. public pension plan data, we
find that their equity shares are far more stable than a CRRA-implied
equity-share benchmark. Their equity shares are explained by reported
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target shares, but not by measures of expected stock excess returns,
or by counterfactual equity shares of a buy-and-hold portfolio without
active adjustment. Additionally, using weekly CFTC futures positions,
we show that institutional asset managers rotate out of equity index
futures and into Treasury futures after tightening monetary shocks,
while arbitrageurs trade in the opposite direction. Finally, we confirm
active post-monetary-shock rebalancing using portfolio-level mutual
fund holdings for balanced funds: funds farther from target equity
shares due to revaluation cut equity exposure more after tightening
shocks. Together, these results provide consistent quantity evidence for
the rebalancing channel.

Finally, in a concluding back-of-the-envelope calibration, we gauge
the quantitative importance of the rebalancing channel in explaining
the Bernanke and Kuttner (2005) puzzle. Consistent with the literature,
we find that a sizeable share (about 63% in our benchmark decom-
position) of the aggregate market reaction is attributed to changes
in expected excess returns. In our model, we show that the excess
aggregate stock market reaction relates to the cross-sectional sensitivity
via a ratio of the micro elasticity (the demand elasticity of individual
stocks) to macro elasticity (the demand elasticity of the aggregate stock
market) a la Gabaix and Koijen (2022). Intuitively, our model implies
that the cross-sectional sensitivity multiplied by the micro elasticity
recovers the rebalancing flow. This implied flow is then scaled by
the macro elasticity to yield the corresponding aggregate stock market
reaction. We calibrate the portion of the aggregate market reaction
driven by the rebalancing channel using various estimates of micro and
macro elasticities from the literature. We suggest that the rebalancing
channel could plausibly account for approximately one-third to two-
thirds of the aggregate market reaction that is due to changes in
expected excess returns.

Literature review. This paper contributes to the intermediary asset pric-
ing literature (He and Krishnamurthy, 2013), in which the demands of
financial intermediaries take center stage. Our model draws from Chien
et al. (2011, 2012) and Gabaix and Koijen (2022), which emphasize
the role of institutions with stable equity shares. In the presence of
limits to arbitrage (Shleifer and Vishny, 1997; Vayanos and Vila, 2021),
we make unique cross-sectional predictions of our rebalancing channel
for equity prices. Our empirical test using stock price reactions to
monetary shocks complements tests of intermediary leverage or wealth
as determinants of unconditional expected returns, such as Adrian et al.
(2014) and He et al. (2017). Our reduced-form evidence highlights the
importance of investor demand in asset pricing, complementing the
structural approach (Koijen and Yogo, 2019).

Our results speak to the growing literature showing that long-
horizon investors rebalance toward target allocations and, in doing
so, move asset prices (see, for example, Merton 1971, Chien et al.
2011, 2012). Our findings relate closely to emerging research on target-
date funds (TDFs), a rapidly growing class of rebalancers (Mitchell and
Utkus, 2021; Elton et al., 2015; Balduzzi and Reuter, 2019; Duarte
et al., 2021; Parker et al., 2022, 2023). Parker et al. (2023) show that
TDFs actively rebalance in response to differential returns across asset
classes, and stocks with higher TDF ownership have lower returns when
equities outperform bonds.

While we share a focus on rebalancing demand, this paper makes
several distinct contributions from Parker et al. (2023) and others.
First, we examine the transmission of shocks from the bond market to
the stock market, rather than contrarian flows driven by stock market
fluctuations. Second, we use monetary shocks for causal identification,
instead of relying on general market movements. Third, we demon-
strate that the rebalancing effect extends beyond TDFs, manifesting
across a broad range of institutions — including wealth management
and pension funds — that collectively hold a significant share of the
stock market. And last, we highlight that rebalancing timing contributes
to the seasonality of the cross-section of stock prices and aggregate
stock market reactions, a finding confirmed by Harvey et al. (2025)
beyond monetary-policy-driven price movements.
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Related papers by Hanson and Stein (2015), Becker and Ivashina
(2015), and Lian et al. (2019) document that investors reach for
yield — that is, they exhibit a greater propensity to take risk when
interest rates are low. We highlight, using cross-sectional evidence, that
reaching for yield across both stock and bond asset classes may affect
stock prices, and this effect occurs via rebalancers’ demand.

We build on the high-frequency identification literature, pioneered
by Cook and Hahn (1989). Specifically, we use monetary shocks es-
timated from five short-term interest rate futures from Giirkaynak
et al. (2005a) and Nakamura and Steinsson (2018). The exogeneity of
these shocks with respect to economic fundamentals remains debated.
Some argue that these shocks may reflect a Fed information effect,
revealing private information held by the Federal Reserve (Romer
and Romer, 2000; Campbell et al., 2012; Nakamura and Steinsson,
2018; Ai et al., 2022), while others suggest they capture the Fed’s
response to contemporaneous news (Cieslak, 2018; Bauer and Swanson,
2023a). This debate, while important, is less central to our analysis,
as Bauer and Swanson (2023b) show that orthogonalizing monetary
shocks with respect to macroeconomic and financial news does not
materially change their effects on asset prices. For robustness, we show
that our findings of cross-sectional sensitivity hold on a subsample of
monetary shocks less susceptible to the Fed information effect selected
by Jarocinski and Karadi (2020).

We use a cross-sectional approach to test the rebalancing channel of
monetary transmission. In explaining the Bernanke and Kuttner (2005)
puzzle, the literature suggests a few mechanisms, including shifts in
risk-bearing capacity (Kekre and Lenel, 2022; Pflueger and Rinaldi,
2022) and changes in investor beliefs (Bianchi et al., 2022). Because
aggregate time-series evidence has limited power to distinguish these,
we combine high-frequency monetary policy shocks with detailed in-
stitutional holdings of the cross-section of stocks. This approach allows
us to test predictions that are specific to rebalancing and to assess their
implications for the aggregate equity response.

A related literature shows that firm fundamentals — such as price
stickiness (Gorodnichenko and Weber, 2016), financial frictions (Ozdagli,
2018; Chava and Hsu, 2020; Giirkaynak et al., 2022), dividend yield
(Daniel et al., 2021), and a composite index developed by Ozdagli
and Velikov (2020) of several firm characteristics called monetary
policy exposure (MPE) — predict individual stock price reactions to
monetary shocks. Our mechanism differs in that it is based on investor
demand, and generates excess returns that cannot be explained by these
fundamental-based channels. To isolate our rebalancing channel, we
control for the MPE index, along with other firm characteristics and
industry-level sensitivities. Furthermore, in Appendix E.7, we confirm
that our rebalancer-ownership factor is not spanned by the established
asset-pricing factors in Haddad et al. (2020) and Jensen et al. (2021).

2. A model of the rebalancing channel

We develop a model of the rebalancing channel to guide our empir-
ical analysis. The model predicts that a stock with higher ownership by
rebalancers is more exposed to rebalancing flows and thus experiences
greater revaluation in response to monetary shocks. We refer to this
dependence of a stock’s price reaction on its rebalancer ownership as
the cross-sectional sensitivity. Our model further illustrates that such a
cross-sectional sensitivity connects to the aggregate stock market reac-
tion attributed to changes in the excess returns resulting from portfolio
rebalancing, shedding light on the Bernanke and Kuttner (2005) puzzle.

In Section 2.1, we present a simple static model that yields these
predictions. In Section 2.2, we extend the model to a multi-period
environment to take into account that rebalancers typically rebalance
at a lower frequency. This extension predicts that both the cross-
sectional sensitivity and the aggregate market reaction decline as the
time gap between monetary shocks and rebalancing events widens. In
Section 2.3, we discuss our empirical strategies to test these theoretical
predictions. Last, in Section 2.4, we summarize various extensions of
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our model that are presented in Appendix B. Appendix C collects all
the proofs.

2.1. The baseline static model

As a baseline, we consider a static environment with two stocks,
one long-term bond and one short-term risk-free bond whose return 5
is set by the central bank. We examine how stock prices respond to
monetary shocks dM S that change bond prices. The stocks, indexed
by i = 1,2, are imperfect substitutes and each is in unit supply. They
have the same pre-shock dividend D and price P but differ in their
investor bases, which expose them differentially to rebalancing flows.
Suppose that the long-term bond’s price change from its pre-shock price
Py following a monetary shock dM S is rg = Pg/Pg — 1, with dr“ <0.
A vast literature has established the long-term bond price exhibits a
large response to monetary shocks (Shiller et al., 1983; Mankiw and
Summers, 1984; Cochrane and Piazzesi, 2002; Giirkaynak et al., 2005b;
Hanson and Stein, 2015; Giglio and Kelly, 2018; Hanson et al., 2021).!
We take as given the bond price reaction rp and study how rebalancing
flows between the stock and bond asset classes drive the changes in
stock prices r; = P;/P — 1 relative to their pre-shock price P. Our
predictions of stock price reactions are based on the stock market
clearing conditions only, given any bond revaluation rg, regardless of
how the long-term bond price is determined.?

There are two investors, a rebalancer (R) who holds stock 1 and the
long-term bond and an equity arbitrageur (E) who trades both stocks
and the short-term bond. Their demand pins down the stock prices. We
assume that the expected stock dividend changes in response to the
monetary shock by the same sensitivity ddMDS < 0 across two stocks.
Throughout, we take first-order approximations of investors’ demand,
since monetary shocks are small. We index investors by superscripts
and assets by subscripts.

Rebalancer’s demand. In the absence of a monetary shock, the rebal-
ancer holds w share of stock 1, implying an aggregate market share of
@ = w/2, since two stocks have the same market capitalization. As the
bond price rises by rp, the bond expected return falls. Suppose that the
rebalancer targets an equity share of

WR
9= b = gert-0ms W

where § = wP/WR is their pre-shock equity share, and y > 0
parametrizes a potential incentive to reach for yield across asset classes
a la Lian et al. (2019) — in response to a positive bond revaluation rp
(which means a lower bond return), the investor tilts their portfolio
towards stock. If y = 0, the rebalancer targets a fixed equity share 0 as
in Gabaix and Koijen (2022) and Parker et al. (2023). With y > 0, the
parametrization ensures that the reaching-for-yield incentive to adjust
equity share only applies when the fund holds both the equity and bond
asset classes, i.e., 6 € (0, 1). Further, the more extreme the equity share
0, the smaller margin of adjustment.®

As the prices of stock 1 and bond change by r,, rp respectively, the
log change in the rebalancer’s wealth is A[;/R = 0r + (1 — O)rp. Using
Eq. (1), the log change in the rebalancer’s wealth invested in equity is

! The existing literature has proposed various mechanisms that might
contribute to the excess sensitivity of long-term rates to movements in short-
term rates, such as mortgage refinancing, investor extrapolation, and investor
reaching for yield in the bond market (Hanson et al., 2021).

2 One could embed our model of portfolio rebalancing across stock and
bond classes into a richer model with bond market demand frictions developed
by previous papers to jointly determine the stock and bond price reactions.

3 In Appendix B.3, we consider further flexibility in the targeted equity
share by small amounts based on the equity-bond excess return following
Gabaix and Koijen (2022) and show that our main message carries through.
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thus WR =5 +5r = 0r, + (1 — 6)(1 + y)rp. Therefore, the change

. r_ WlrawR .

in stock demand AQ iy Trenaial is

AOR = -0 (1-0)r| + (1 - )1+ Y)rp (2)
—_—

rebalancing flow

In the limiting case, if a fund only invests in stock (6 = 1) or bond (6 = 0
hence @ = 0), their stock demand does not respond to price changes.
When they invest in both stock and bond, i.e., 8 € (0, 1), their stock
demand responds to both price changes as follows. If the stock price
changes by r|, they sell stock according to an elasticity w(1 — 6). If the
bond price falls (r5 < 0) and its expected return rises, this generates
two sources of rebalancing flow to sell stock 1. First, the bond is worth
less, which raises the equity share of the rebalancer’s portfolio and
triggers them to sell stocks, captured by w(1—6)r . Second, the expected
bond return is higher, which means the rebalancer wants to lower their
equity share with a reach-for-yield incentive across asset classes, with
strength w(1 — 0) yrp.

Arbitrageur’s demand. The equity arbitrageur trades both stocks and
the short-term bond, according to the following demand function with
wA, € € (0, ), microfounded from a canonical mean-variance opti-
mization in Appendix A.1,

AQF = —yA(r, - 1) =S -1y, i €(1,2) 3

AD- PAr,

in which ¥ = indicates the stock revaluation due to changes
in fundamentals (1 e., dividend and the risk-free rate) and hence r; — F
captures the “excess” stock revaluation from a change in the excess
return. The arbitrageur’s demand for each stock has two terms: they
sell the stock if its price exceeds its fundamental value # (y* term) and
if its price exceeds the other stock (w¢ term).

Following the literature on the excess sensitivity of long term rates
to monetary shocks, we assume that 3 M < the long-
term bond revaluates more than the fundamental- drlven stock market
revaluation.

Stock market clearing. The stock prices are determined by market clear-
ing conditions

40, = 40T + 40f =
40, = 40F =0

The equilibrium stock price reactions are as follows.

Proposition 1 (Stock Price Reactions Due to Rebalancing). We consider a
monetary shock dM S in this baseline static model.

(a) The stock price reactions are

d(r -5 d¥
R
~ars = W9 w[ s dMS] <0 “
d(ry — F) e drg dr
-2z Rw |(1
aMS @ [( *O01s " ams| <° ®
with R = 1-0 being the long-term bond

yApA +2w°)+(w"+w¢)m<l 9)’ dMS
b _ L _dp_ being the stock

price reaction, dMS - (l+11)P dMS 145 dM.S
price reaction due to changes in ﬁmdamentals (dividends and the

risk-free rate). The stock price reactions differ from F only in the
presence of rebalancer (o > 0).

(b) With rebalancer ownership w > 0, there is a price gap between
the two stocks proportional to w, with the cross-sectional sensitivity

— -1 dr) _ dry . .
r=w (dMS dMS)satlsfylng

d ~
s __d&F ]<0

©

=yiR|(1
r=viRIA+Y DS T ams

which means the stock with higher rebalancer ownership exhibits a
stronger price response to monetary shocks.
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(c) The aggregate stock market reaction 7 =
aggregate rebalancer ownership @ = w/2,

dF—% _ (1 2y €

% satisfies, with the

—_ 0 <0 7
IS +WA>7w ()

which exceeds its fundamental value ¥ only in the presence of
rebalancer (w > 0).

This proposition illustrates the effects of portfolio rebalancing on
the stock price reactions to monetary shocks, and in particular, their
excess return components. To understand the mechanism, we start with
the benchmark with no portfolio rebalancing, and then explain how
rebalancing leads to a cross-sectional price gap and contributes to the
change in excess return for the aggregate stock market.

Benchmark with no rebalancer (w = 0) and null hypothesis. If there
exists no rebalancer, according to Egs. (4) and (5), both stocks will
revaluate only due to changes in fundamentals (dividends and the risk-
free rate), i.e., r; = r, = F. It happens because the arbitrageur’s position
depends only on the stock excess returns relative to the short-term
bond, as seen from Eq. (3). In order for them to hold their positions
after monetary shocks, the excess returns have to be unchanged. As
both stocks experience the same changes in fundamentals, there will
be no price gap between them. Further, the aggregate stock market
revaluation will be entirely attributed to changes in fundamentals with
no changes in the excess returns, following Eq. (7), which is at odds
with Bernanke and Kuttner (2005).

Cross-sectional and aggregate implications of rebalancing. Conversely, the
existence of rebalancers can be detected by its cross-sectional price
implications, to the extent that they hold different stocks with the
same fundamentals by different amounts. Our theory not only predicts
that there is a price gap between stocks, it also implies that such a
price gap increases in the rebalancing ownership gap. We call this the
cross-sectional sensitivity y = o™ ‘Sw;‘s - d(j\;zS . Assuming realistically
that long-term bonds have excessive price reactions to monetary shock,
ie., d(i\;Bs < d:; 5 <0, we predict y < 0. That is, the stock with higher
rebalancer ownership exhibits a stronger price response to monetary
shocks.

To understand this prediction of y, recall that if there is no rebal-
ancer, both stocks will revaluate by ¥ due to changing fundamentals,
which should be small as monetary shocks are short-lived. Under
ddA;BS < d;‘; 5 < 0 (i.e., excess movement of long-term bond), in response
to a contractionary monetary shock, the long-term bond loses more
value than stock 1 and hence the rebalancer’s equity share would go
up. Thus the rebalancer needs to sell stock 1 and buy long-term bond
to restore their equity share. Further, if they reach for yield (y > 0),
they would like to lower their equity share given that the bond return
is higher now, hence an additional incentive to sell stock 1. As the
rebalancer sells stock 1, its price has to drop to induce the equity
arbitrageur to trade. Since stock 1 is directly exposed to the rebalancing
flow and stock 2 is only indirectly affected by the arbitrageur’s trade,
stock 1 has a larger price reaction to monetary shocks.

A negative cross-sectional sensitivity y supports the rebalancing
channel and further implies that the aggregate stock market reaction
exceeds the extent warranted by changes in fundamentals (dividends
and the risk-free rate), as indicated by Eq. (7). Hence the rebalancing
channel contributes to the component of aggregate stock market reac-
tion due to excess returns, i.e., the Bernanke and Kuttner (2005) puzzle.
A cross-sectional price gap points to an excess aggregate reaction
because the expected changes in fundamentals 7 are equal across two
stocks and thus netted out in the difference in price changes r; — r,.
Any price difference only results from the rebalancing flow, which
also contributes to the aggregate stock market reaction in excess of
fundamental changes.
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2.2. Delayed rebalancing in multi-period environment

The baseline model in Section 2.1 assumes instantaneous rebal-
ancing between stock and bond following monetary shocks by the
rebalancer. Although this assumption simplifies the analysis, investors
such as pension funds are known to rebalance their portfolios only
periodically. Here, we enrich the baseline model to accommodate
delayed rebalancing, yet the market price is forward-looking to price
future flows. This generates another unique and testable prediction
that monetary shocks closer to rebalancing times lead to a larger
cross-sectional sensitivity y and trigger a larger aggregate stock market
reaction 7.

Assume there are T + 1 periods, indexed by ¢t = 0, ..., T, the last
of which is like the baseline model, and two stocks i = 1,2. Assume a
monetary shock dM S, in period O triggers a predictable long-term bond
revaluation of drpy in period T. We assume that 3';/,—";0' weakly declines
in T, as the effects of monetary shocks on asset prices fade away over
time.

As in the baseline model, since fundamental changes are common
to both stocks, any price gap will only reflect the excess return com-
ponents of stock price changes caused by portfolio rebalancing. For
simplicity, here we assume that the monetary shocks do not change
stock fundamentals to abstract away from the 7 terms, but our message
is robust to that.

Let r;, = P,/P — 1 denote the change in the time-t price of stock i.
As before, we analyze demand of the rebalancer and the arbitrageur to
pin down the stock price reactions.

Rebalancer’s demand. The rebalancer holds @ share of stock 1 un-
changed, i.e., AQﬁ =0fort=0,...,T—1, until they rebalance in period
T according to

A0R = —w(1 = )7 + w(1 = 0)(1 + 2)rpr )
which is the same as Eq. (2).

Arbitrageur’s demand. The equity arbitrageur is forward-looking and
adjusts their position every period as follows, subject to discount rate
n with w4,y € (0, 00), which we microfound from a period-by-period
mean-variance optimization in Appendix A.2, fori = 1,2, t=0,...,T —

1:
F_ i+l
( - m)] ©)

r; r;

E _ A it+1 C it+1
40, = -y <rit_ m) 4 [r,.,— T+n
Stock market clearing. The stock prices are pinned down by period-by-
period market clearing, t =0,...,T

R E
40, = 40F + 40f, =0
AQ,, = 40f =0
We characterize the instantaneous stock price reactions to monetary

shocks driven by anticipated future rebalancing flows as follows.

Proposition 2 (Delayed Rebalancing). We consider a monetary shock
and normalize the fundamental-driven stock revaluation F to zero in this
multi-period model with delayed rebalancing.

(a) The period-t stock price reactions are

dry, 1 AL C drpr
= — Ra(1 <0 10
dMs, A+t (W +v) Ra( +l)dMSO an
dry, 1 c drpr
—— = ———y " Ro(l + y)——— <0 11
s, = arnr? R Oqs, an
with R =0 and rgr being the time-T

yAWA+2p )+ A+y ) (1-0)
revaluation of long-term bond triggered by the monetary shock.
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o cort, P _—1( drio _ _dry
(b) Both the time-0 cross-sectional sensitivity y, = w ( s, ~ ams, )

and the aggregate price reaction 7, = % decline in magnitude
in the time gap T between the monetary shock and the rebalancing

event,
9ol
— <0 12
3T 12)
o|dFy/dM S|
- 1
T <0 (13)

(c) The time-0 aggregate stock market reaction 7, satisfies, with the
aggregate rebalancer ownership @ = w/2,

7 c
d;;‘i% =(1+2WLA>y0@<0 14)

Proposition 2(a) suggests that when rebalancing is delayed, the
time-0 prices partially incorporate future rebalancing, due to the
forward-looking arbitrageur. The dampening rate is the short-term rate
n which serves as the arbitrageur’s discount rate to front-run future
rebalancing flows. More realistically, the discount rate » may also
reflect other frictions, such as inattention (Gabaix, 2019).

Proposition 2(b) suggests a new testable prediction that both the
aggregate stock market reaction 7, and the cross-sectional sensitivity
7o should be smaller, when the delay is longer.

Last, Proposition 2(c) establishes that, in this multi-period envi-
ronment, the implied time-0 aggregate stock market reaction due to
rebalancing still relates to the measured cross-sectional sensitivity ),
parallel to Proposition 1(c).

2.3. Empirical implications

We now take stock of our theoretical predictions to guide the
empirical strategy.

The null hypothesis across stocks. When there exists no rebalancers
whose demand follows Eq. (2), the stock price reactions will only
depend on changes in the risk-free rate and dividends. Empirically, if
our measure of rebalancer ownership does not capture true rebalancer
ownership or if rebalancer ownership does not affect prices, there will
be no price gaps across stocks with the same fundamentals, which is
our null hypothesis.

A cross-sectional test: dual shares and all common stocks. Proposition
1(b) presents a unique prediction of the rebalancing channel — all
else equal, a stock with higher rebalancer ownership revalues more
in response to monetary shocks. Empirically, we test whether the
regression coefficient y in the relationship r;, = yMS, - w; + - is
negative, where M S, denotes monetary shock on announcement day
t, r;; is the return of stock i on announcement day ¢, and w;, denotes
rebalancer ownership share (i.e., the proportion of stock i held by
rebalancers on announcement day ?).

In reality, stock prices may respond differently to monetary shocks
due to different responses in stock fundamentals (e.g., dividends),
rather than differences in exposure to rebalancing flows. Therefore, the
ideal test of the rebalancing channel should compare two stocks with
identical fundamentals but different investor bases. In Section 4, we
analyze a sample of dual-share firms, where the dual shares (s = 1,2) of
the same firm f have identical fundamentals but differ in their investor
composition, and show that the share with higher rebalancer ownership
revalues more in response to monetary shocks.

While the dual shares are closest to the ideal test, they are a
small sample. We generalize our findings to the cross-section of all
common stocks, acknowledging that their prices may react differently
to monetary shocks for reasons other than rebalancing (e.g., duration,
dividends). Therefore, when testing whether the regression coefficient
y from the regression of r;, on MS, - w;, is negative, we control for
additional firm characteristics that may capture alternative channels
of monetary transmission into stock prices. These controls and the full
empirical specification are detailed in Section 5.1.
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The timing of shocks. Once we acknowledge that rebalancing is of-
ten delayed rather than immediately following FOMC announcements,
Proposition 2(b) offers another prediction of the rebalancing channel
based on this institutional feature — when the rebalancing event is
further away from the monetary policy announcement date, the cross-
sectional sensitivity y, and the aggregate stock market reaction J\% are
both smaller in magnitude. Anecdotally, rebalancers adjust portfolios
routinely at the end of each quarter or month. To test this prediction, in
Section 5.2, we split the sample based on the proximity of the monetary
policy announcement dates to the month and quarter ends. On subsam-
ples of month- and quarter-ends, we test whether the aggregate stock
market reaction to monetary shocks and the cross-sectional sensitivity
are larger in magnitude.

Different types of investors and placebo tests. In our baseline model,
we consider only one rebalancer and suggest that their ownership
predicts stock price reactions. We conduct placebo tests in Sections 5.1
and 5.3 to show that ownership by institutional investors who invest
solely in stocks does not exhibit predictive power, which highlights the
unique role of rebalancers. We further support our theory by showing
the ownership of two different types of rebalancers, constructed from
FactSet and Morningstar respectively, both as valid predictors of stock
price reactions in Sections 5.1 and 5.3.*

Rebalancing quantities and the relative revaluation of stock and bond. We
examine high-frequency price responses to shed light on the Bernanke
and Kuttner (2005) puzzle. Our model also predicts quantities —
rebalancers actively trade to lower their equity shares (relative to
their counterfactual equity shares if they hold quantities fixed) after
a rate hike, as formalized in Proposition 4(a) in Appendix B.1. In
Section 5.4, we confirm that rebalancers have stable equity shares that
trace targeted shares and trade in directions as predicted by the model
after monetary shocks.

An advantage of our cross-sectional approach using price reactions
is that the cross-sectional sensitivity y directly informs the aggregate
stock market reaction as in Proposition 1(c). y has already incorporated
the underlying rebalancing flow, the bond revaluation rg, and other
demand parameters. If one is interested in measuring the underlying
parameter (for example, the reaching-for-yield incentive y), that could
be informed by the difference in price reactions 7—r.> Proposition 4(b)
in Appendix B.1 demonstrates that, in the absence of reaching for yield
(x =0), we would observe d(i\tlBS < d;‘l—FS < 0. That is, the aggregate stock
market revalues less than the long-term bond. Further, the difference
d;’; <~ 45 decreases in , meaning that the stock revaluates more if y
is sufficiently high. We provide evidence on market-wide revaluations
following monetary shocks for equity and bond markets in Appendix
F.3 using traded ETFs that track these markets, and we cannot reject
that the stock market revalues less than the bond market.

Mismeasurement of rebalancer ownership. A key empirical challenge
is measuring rebalancer ownership. First, the classic measurement
error in rebalancer ownership could attenuate the estimated cross-
sectional sensitivity y. Because FactSet reports equity holdings at the
management-firm level, our proxy can be measured with error — for
example, if a firm includes rebalancing and pure-equity subsidiaries —

4 Different types of rebalancers may differ in their equity shares 6, reaching-
for-yield incentive y, or other demand parameters, which we formally
accommodate in Appendix B.3. Such heterogeneity may affect the magnitude
of the cross-sectional sensitivity y when using their ownership share as
predictor, which we discuss further in Section 5.3, but not the sign of y.

5 Alternatively, one could measure these parameters by examining rebal-
ancers’ portfolios. Unfortunately, this is not feasible with our primary data
from FactSet, which does not contain the bond holdings. Merging bond
holdings data (e.g., eMAXX) with FactSet is known to be challenging (Koijen
and Yogo, 2019).
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so both the cross-sectional estimates and the calibrated aggregate im-
plication may be affected. We discuss the construction and limitations
of this empirical measure in Section 3. Additionally, Proposition 5 in
Appendix B.2 notes a narrow special case: if the ownership measure is
overstated by the same proportion across all stocks, then the coefficient
y scales down by the same proportion but keeps the negative sign. As a
result, the aggregate implication in Proposition 1(c) is invariant to this
specific mis-scaling. We emphasize that this is not a general robustness
result: more realistic forms of mismeasurement need not cancel.

2.4. Model extensions

Here we summarize extensions to the baseline model in Appendices
B.3 and B.4. We also show that, across these extensions, the cross-
sectional sensitivity y still only reflects rebalancing flows and informs
the aggregate stock market reaction 7.

Heterogeneous rebalancers and more flexible demand. In the baseline
model we assume a representative rebalancer who trades stock 1 but
not stock 2. In Appendix B.3, we consider a more general environ-
ment with heterogeneous rebalancers and more flexible demand. In
particular, rebalancers indexed by n € R could differ in their pre-
shock equity share ¢”, shares owned o, ] of stock 1 and 2, as well
as reaching-for-yield incentive y". Further, each rebalancer can adjust
their equity share according to the excess return of stock relative to
bond by flexibility «”, and trade two stocks to take advantage of
their return difference by elast1c1ty ¢". Proposition 6 shows the cross-

dry

sectional sensitivity y = W and the aggregate stock market
-
reaction in this more general environment. Proposmon 7 suggests that,
2
the
Z” )’

aggregate stock market reaction relates to the cross- sectlonal sen51t1v1ty
in a way proportional to y® as in the baseline model.

Many stocks. The baseline model considers two stocks, providing the
minimal setting to introduce and connect the cross-sectional sensitivity
y and the aggregate stock market reaction 7. In Appendix B.4, we extend
this model to an environment with many stocks. In this setting, the
cross-sectional sensitivity y becomes the regression coefficient of r; on
;- M S across all stocks, and the aggregate stock market reaction 7 is an
average of all stocks’ price reactions. Proposition 8 establishes that, to
the leading order, the cross-sectional sensitivity y informs the aggregate
stock market reaction 7 in the same proportional way as in the baseline
two-stock model.

3. Holdings and prices data
3.1. Institutional equity holdings

Ideally, we would observe each investor’s complete stock and bond
holdings and their equity-share targets. This would allow us to identify
rebalancers as investors who manage portfolios around stable equity-
share targets and therefore trade predictably in response to relative
revaluations across stocks and bonds. Our theory predicts that stocks
with greater ownership by such rebalancers have stronger price re-
sponses to monetary policy surprises. If rebalancers are heterogeneous
— for example, in target equity shares or the frequency of rebalanc-
ing — then ownership by different rebalancer types should predict
price reactions to different extents. With the ideal data, we could
measure ownership by rebalancer type directly and estimate these
heterogeneous effects.

In practice, actual and target equity shares are not observed for
most investors. Our main empirical exercise therefore uses FactSet to
construct a stock-level measure of rebalancer ownership. FactSet col-
lects equity holdings of major U.S. institutions, which together owned
over 70% of the market by the end of 2019. This allows us to con-
struct detailed stock-level ownership measures. Following Koijen et al.
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Fig. 1. Equity holdings by institution types.

This graph plots the equity market coverage by institution types in FactSet
from 2004Q4 to 2019Q3. Stocks in the sample are the common stocks (share
codes 10, 11, and 12) listed on the three major exchanges (NYSE, NYSE MKT,
and NASDAQ). For each institution category at any given time, we compute
the equity market share by dividing the market value of all the stocks held by
the institutions by the market value of all outstanding stocks.

(2022), we categorize these institutions into six groups: institutional
wealth management, long-term investors, investment advisors, hedge funds,
mutual funds, and brokers. The categorization uses FactSet’s subtype
field, supplemented by its entity type mapping and our manual review
of unclassified entities. The complete cleaning and classification process
is detailed in Appendix D.1. Fig. 1 shows the share of total institutional
holdings by group from 2004 to 2019.

FactSet provides comprehensive equity holdings across investor
sectors, but it does not report bond holdings or explicit equity-share
targets. We proxy rebalancers using investor classification. Specifically,
we focus on the long-term investors and institutional wealth management
categories and define rebalancer ownership as their combined equity
ownership. We focus on these categories because they are most likely
associated with rebalancing targets.® First, sovereign wealth funds are
classified as long-term investors in FactSet. As in the NBIM example
discussed in the introduction, such investors often operate with explicit
strategic allocation targets. Second, pensions, another class of investors
known to have rebalancing incentives, appear across multiple cate-
gories: in-house assets are typically recorded under long-term investors,
while outsourced mandates are recorded under institutional wealth man-
agement (Fender, 2003). In Appendix D.1, we summarize the largest
institutions within the institutional wealth management and long-term
investors categories. The former primarily includes wealth management
firms and their subsidiaries, while the latter consists mostly of in-house
pension and endowment fund managers.

Table 1 reports the summary statistics for the holdings data in our
sample period with year-end holdings. For institutional wealth manage-
ment and long-term investors, the markets are quite concentrated, with
the top 10 institutions holding around 60% of the total assets under
management in that category. We measure active portfolio manage-
ment for each category of institutions using active share. It is defined as
one-half times the sum of the absolute value of active weights, which
are portfolio weights minus market weights within the set of stocks held

® In FactSet, mutual funds encompass all fund types, of which balanced
funds are a small subset holding approximately 0.3% of the aggregate stock
market. We therefore exclude mutual funds from the rebalancer classification
in FactSet.
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Table 1
Summary statistics for institutions and funds.
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N Asset under management Concentration Active share (%)
Mean (bn) SD (bn) 10th %tile (mn) Median (bn) 90th %tile (bn) HHI CR10 Mean SD Median
Institutional Wealth Management 2004 683 34.33 276.3 201.3 2.565 30.95 961.4 62.74 49 18.8 48.7
2009 892 22.87 198.5 147.1 1.806 21.33 855.0 62.33 46.9 189 47.6
2014 1401 28.77 308.4 91.55 1.765 22.15 826.8 57.63 457 20 47.2
2019 1947 28.68 375.4 133.3 1.475 18.32 884.7 60.04 45.2 183 44.3
Long-Term Investor 2004 113 53.29 117.1 54.6 3.757 177.8 512.4 64.29 28.4 222 245
2009 112 55.87 129.3 87.72 5.109 169 563.0 60.64 28.5 243 239
2014 124 96.28 252.5 145.9 13.03 214.3 630.8 59.83 27.9 21.2 27.4
2019 127 129 402.2 150 16.34 244.1 837.9 65.16 31.9 227 304
Investment Advisor 2004 1784 23.2 159.4 41.79 1.506 34.51 270.1  36.72 47.2 19 47.3
2009 2083 21.24 126.5 34.89 1.146 31.34 1751  30.83 45.7 19.2 456
2014 3306 23.87 167.3 31.68 0.9059 30.62 151.5 29.61 43.7 19.4 444
2019 3691 30.94 247 45.32 1.109 28.55 175.4 33.11 43.6 18.8 441
Broker 2004 35 51.07 87.18 107.9 4.172 190.2 1094  90.88 40.2 229 422
2009 68 34.49 75.53 85.64 2.369 128.7 842.2 80.21 43.6 20.3 437
2014 95 63.08 161 85.74 3.784 189.2 783.6  79.07 45 21.2 435
2019 82 116.8 270.3 943.3 8.09 419.1 767.2  77.50 43.3 17.7  39.4
Hedge Fund 2004 569 5.529 10.84 124.4 2.008 13.56 85.05 20.81 53.7 20.1 57.2
2009 722 6.692 18.93 104 1.506 13.54 1245 27.41 51.2 19.8 543
2014 1118 10.08 30.65 127.4 1.999 21.79 91.59 23.57 44.9 23.9 498
2019 1139 11.78 49.35 166.8 2.163 21.26 162.7 31.29 48.4 22.6 51.6
Mutual Fund 2004 212 91.02 318.5 26.68 0.6942 207.5 622.0 65.19 44.4 20.3 456
2009 257 75.87 336 22.48 0.5497 138.4 799.0 66.67 45.6 21.3 452
2014 393 92.5 690 24.5 0.5092 59.91 1438  78.69 43.7 19.9 454
2019 380 144.5 1431 34.62 0.6731 51.13 2603  88.45 42.5 20.7 443

This table summarizes assets under management and active share for institutional investors in the sample and concentration for each investor category, which is based on FactSet
codes entity_type and entity subtype. We report the Herfindahl-Hirschman index and the concentration ratio CR10, defined as the market share (in percentage) for the ten largest
institutions for each category. Active share is one-half times the sum of the absolute value of active weights, which are portfolio weights minus market weights within the set of
stocks held for each manager (Koijen et al., 2022). Institutions and funds with less than $1 million in assets under management are excluded. Data is shown for the end of the

years 2004, 2009, 2014, and 2019.

for each manager (Koijen et al., 2022).” The active portfolio manage-
ment style suggests large variations in security-level ownership. Table
2 confirms that for the common stocks in the sample, considerable
variation exists in ownership for both institutional wealth management
and long-term investors.

3.2. Mutual fund holdings across asset classes

We supplement FactSet equity holdings with Morningstar monthly
database of U.S. open-end mutual funds which contains their holdings
across all asset classes. We link each security’s CUSIP to the CUSIP
Master File to determine its asset class. We then identify balanced funds
by scanning fund names for keywords such as “Target Date” and by
checking their underlying asset-allocation mixes. Our sample covers
2004Q4 through 2019Q3. For every common stock, we compute the
ownership shares by balanced funds and pure-equity funds respectively.
Detailed data-cleaning procedures and coverage statistics appear in
Appendix D.2.

3.3. High-frequency shocks and prices

To separate the exogenous changes in monetary policy from en-
dogenous responses of monetary policy to the economy, we use the
high-frequency monetary shocks from Nakamura and Steinsson (2018),
extracted from five Fed Funds futures and Eurodollar futures using
30-minute windows around FOMC meetings.® We use a subsample of

7 Conventionally, practitioners use tracking-error volatility to measure ac-
tive management. Cremers and Petajisto (2009) show active share is a better
measure than tracking-error volatility regarding stock selection.

8 Specifically, the authors use the 30-minute windows from 10 min before
scheduled FOMC announcements to 20 min after and use the price changes of
two fed funds futures for the fed funds rate immediately following the FOMC
meeting and the expected fed funds rate following the next FOMC meeting, and
three Eurodollar futures for expected three-month Eurodollar interest rates at
horizons of two, three, and four quarters. These shocks are normalized based
on the daily treasury yield around FOMC dates.

the updated monetary shocks from Acosta and Saia (2020), including
all the scheduled FOMC meetings from 2004 to 2019 to match the
availability of high-frequency TAQ data below.’

We align stock returns by extracting intraday data from the Mil-
lisecond Trade and Quote (TAQ) database via WRDS. TAQ consolidates
trades and quotes for all securities listed on the NYSE, AMEX, NASDAQ
NMS, and Arca. We extract common stock prices for the period from
2004Q4 to 2019Q3. To mitigate market-microstructure noise at the
30-minute frequency, we apply filters described in Appendix D.3. Our
final sample comprises roughly 532 firms per quarter (about half of all
listed tickers), covering over 90% of total market capitalization. For
each FOMC announcement, following Giirkaynak et al. (2005a) and
Ozdagli and Velikov (2020), we define the pre-announcement price for
a stock as the last valid trade price from 10 min before the FOMC
announcement (and no more than 90 min before that), and the end
price from the first valid trade 20 min after the FOMC announcement
(and no more than 90 min after that). We compute market returns using
S&P 500 ETF returns (from the ETF with ticker SPY, the most liquid ETF
tracking the S&P 500 index).

3.4. Stock characteristics

We construct a variety of security characteristics, such as equity
duration (Dechow et al., 2004; Weber, 2018; Gormsen and Lazarus,
2022), monetary policy exposure (MPE) index (Ozdagli and Velikov,
2020), firm size (Koijen and Yogo, 2019), dividend yield (Daniel et al.,
2021; Jensen et al., 2021), and market beta (Frazzini and Pedersen,
2014) from CRSP and IBES database, accessed through WRDS. We
construct the MPE index for securities in the sample following (Ozdagli
and Velikov, 2020). They survey the literature on cross-sectional stock

9 We have access to tick-level futures data from the CME group until mid-
2018, which is outdated by the publicly available series from Acosta and Saia
(2020). Within the overlapping period, our replication of monetary shocks
from Nakamura and Steinsson (2018) is mostly consistent with (Acosta and
Saia, 2020).
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Table 2
Summary statistics for common stocks in FactSet holdings.

Variables N Mean Median SD pl0 P90

2004 Advisor % 4913 22.00 20.50 16.20 1.52 44.60
Broker % 4662 0.94 0.54 1.33 0.03 2.20
Hedge Fund % 4322 5.59 3.23 6.63 0.46 13.60
Long-Term Investor % 4516 2.15 1.38 2.02 0.15 4.84
Mutual Fund % 4291 9.92 8.22 8.33 0.81 21.90
Institutional Wealth Mgmt % 4849 10.10 8.92 8.34 0.56 20.90
Market Value ($ million) 4938 2536 355.20 8444 36.23 4742
p 3838 0.918 0.800 0.647 0.170 1.850
DSS Duration (year) 1110 18.41 17.53 9.548 14.98 19.26
Weber Duration (year) 1137 18.98 21.14 11.31 15.26 23.60

2009 Advisor % 4398 24.80 24.30 18.10 1.42 49.50
Broker % 3919 1.23 0.85 1.49 0.08 2.53
Hedge Fund % 4085 6.72 4.14 7.48 0.68 16.20
Long-Term Investor % 3996 2.47 2.13 2.03 0.21 5.15
Mutual Fund % 3914 10.40 9.11 8.14 0.94 21.70
Institutional Wealth Mgmt % 4230 9.77 9.07 7.60 0.68 18.80
Market Value ($ million) 4328 2774 320.94 9075 23.67 5260
p 3329 0.911 0.843 0.563 0.218 1.681
DSS Duration (year) 1336 18.47 16.65 12.76 13.13 20.11
Weber Duration (year) 1381 16.64 19.30 14.88 10.23 23.35

2014 Advisor % 4220 25.70 26 17.70 1.79 49.90
Broker % 4101 1.43 0.89 1.62 0.08 3.41
Hedge Fund % 4056 9.60 6 10.10 0.91 23.90
Long-Term Investor % 3678 2.79 2.51 2.28 0.22 5.84
Mutual Fund % 3954 11.20 10.30 8.34 1.40 23.00
Institutional Wealth Mgmt % 4171 11.30 10.70 8.54 0.84 21.20
Market Value ($ million) 4170 4798 666.39 12,860 47.39 10,560
p 2936 1.329 1.338 0.617 0.438 2.111
DSS Duration (year) 1554 19.27 17.40 12.32 14.94 20.22
Weber Duration (year) 1604 18.35 20.86 15.39 14.86 23.86

2019 Advisor % 4149 25.50 25.90 17.80 1.30 49.00
Broker % 4016 1.66 1.28 1.62 0.12 3.58
Hedge Fund % 3995 10 6.42 10.40 1.04 24.70
Long-Term Investor % 3417 2.90 2.68 2.37 0.21 6.04
Mutual Fund % 3827 11.20 10.30 8.32 1.22 22.90
Institutional Wealth Mgmt % 4072 11.80 11.80 8.37 0.93 20.80
Market Value ($ million) 4104 5950 761.93 14,960 34.75 14,830
p 2835 0.929 0.933 0.428 0.351 1.469
DSS Duration (year) 1971 19.42 17.65 11.26 14.30 22.46
Weber Duration (year) 2018 19.35 20.95 12.08 14.11 24.79

This table reports summary statistics for the US publicly traded common stocks in the FactSet Holdings data, including the number of securities,
statistics on their market value, estimated equity durations (DSS duration and Weber duration; based on parameter values from Dechow et al.
(2004), and Weber (2018) respectively), market g (Frazzini and Pedersen, 2014), and average institutional holdings by type at each year end
of 2004, 2009, 2014, and 2019. The percentage of market value owned by institutions is from SEC regulatory filings accessed via FactSet and
reported by category in percentage points. Market values are computed from end-of-year adjusted prices and shares outstanding from CRSP.
Stocks with a SIC code between 4900 and 5000, or 6000 and 7000, are excluded from duration computation. Variables are winsorized at 1%
and 99% cutoffs. The sample only includes common stocks listed on NYSE, NYSE MKT, and NASDAQ.

price reactions to monetary shocks and propose a composite measure
of monetary exposure using firm characteristics. The index is a linear
combination of a measure of financial constraints, cash and short-
term investments, equity duration, cash-flow volatility, and operating
profitability. In particular, we note that equity duration is not as
easily measured as bond duration. For robustness, we compute equity
duration using three measures in the literature (Dechow et al., 2004;
Weber, 2018; Gormsen and Lazarus, 2022). We detail the construction
of duration, MPE, and other stock characteristics in Appendix D.4.

4. A quasi-experiment: Dual shares

Monetary shocks affect stock prices through multiple channels.
Ideally, to test the rebalancing channel, one would compare stocks with
identical fundamentals, so that any differential response to monetary
shocks can be attributed solely to differences in exposure to rebalancing
demand. In this section, we exploit within-firm variation using dual
shares. We demonstrate that, for a given firm, the share class with
higher exposure to rebalancing demand exhibits greater sensitivity to
monetary shocks.

4.1. The sample of dual shares

We focus on dual-share firms, i.e., firms with two publicly traded
share classes. Although each share class generally represents propor-
tional economic interests in the firm, they often differ in voting rights,
which can result in price discrepancies between the classes (Larcker and
Tayan, 2015; Cox and Roden, 2002). Most dual-share firms adopt the
dual-share capital structure before IPO (Gompers et al., 2010), includ-
ing many large-cap companies such as Alphabet Inc., Meta Platforms
Inc., and Berkshire Hathaway Inc.

To our knowledge, no existing panel dataset provides detailed share-
class-level information on voting and dividend rights for our sample
period. We outline the construction of our dual-share sample in Ap-
pendix D.5. The final sample comprises 68 dual-share firms. Within
each firm f, these share classes have identical economic fundamentals,
providing an ideal quasi-experimental setting for our analysis. More-
over, they are highly liquid: typical deviations in price gaps between
share classes halve within 15 min.



X. Lu and L. Wu
4.2. Empirical design and results

Proposition 1(b) predicts that stocks with higher rebalancer owner-
ship exhibit stronger price responses to monetary shocks. To test this,
we construct rebalancer ownership on announcement day ¢ for share
class s of firm f by aggregating holdings of that share class across all
rebalancers j:

N
wsft = Zwsfjt’
=1

where w, ;;, denotes the holdings of share class s of firm f by rebalancer
j before announcement day ¢, summed across a total number N of
rebalancers in FactSet. Each o, is calculated as the ratio of shares
of class s of firm f held by rebalancer j to the total shares outstanding
of class s for firm f before 7. We use holdings from the last available
filing period before the announcement day to mitigate concerns about
endogeneity in holding choices responding to monetary shocks.

Our baseline specification identifies within-firm price reactions to
monetary shocks driven by differences in rebalancer ownership:

dual

rope =7 ogp - MS, + v g+ 65 + €5py (15)

where r,,, denotes the 30-minute return of share class s of firm f
around FOMC announcement f, M.S, represents the high-frequency
monetary shock of Nakamura and Steinsson (2018), and w, 1t is the
rebalancer ownership. é, captures firm-meeting fixed effects, and e, ,
is the residual.'”

The dual-share estimation exploits the within-firm variation of re-
balancer ownership at each announcement date. Across firms, stock
price reactions may be different because of changes in fundamentals
(e.g., cash flows), date-specific news (e.g., shifts in risk aversion), or
their interaction (e.g., firm-specific investor beliefs varying over time).
A negative cross-sectional sensitivity y?“@ suggests that within a firm-
meeting cell (given é,), a larger rebalancer ownership induces a larger
price response.

Our identification assumes that monetary shocks are exogenous
to market fundamentals, and that differences in the high-frequency
price reactions between share classes of the same firm arise solely
from differential exposure to rebalancing-induced trading. Since dual
shares of a given firm reflect identical fundamentals and differ only
in their voting rights and liquidity, we address the potential concern
that observed differences might come from liquidity variations between
share classes with additional liquidity checks in Appendix D.5.

Voting rights and rebalancer ownership. Many rebalancers are passive
investors, and in the dual-share setting, favor share classes with limited
voting rights systematically (Bebchuk et al., 2017). In addition to the
ordinary least squares (OLS) analysis in Eq. (15), we employ a two-stage
least squares (2SLS) approach to instrument the rebalancer ownership
using voting rights.

Specifically, we use Iyen voring Righis,ssi» @D indicator equal to one
if share class s of firm f in the quarter r — 1 before announcement
day has higher voting rights, and zero otherwise, as an instrument for
rebalancer ownership w,,. The exclusion restriction assumes that any
effect of monetary shocks on return gaps between dual shares is not
driven by voting rights per se, but only through their link to rebalancer
ownership. One potential concern is that the voting rights premium
might respond to monetary shocks. Prior research shows that the value
of voting rights for individual firms can fluctuate significantly during
periods of control threats or special shareholder meetings (Kalay et al.,
2014). However, given the relatively small magnitude of monetary

10 It is important to use the fully saturated model that controls for firm-
meeting fixed effects, rather than a restricted fixed-effect model that only
controls for firm fixed effects interacted with monetary shocks. The latter can
be biased as we discuss further in Appendix E.1.
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shocks (typically only a few basis points), it is unlikely that such shocks
would trigger these major corporate governance events.'!
We estimate the following first-stage regression:

<a):f1 . MSr) —® <IH1gh Voting Rights,sft * MS,
wsff ]High Voting Rights,sft

) +5/,+€ij, (16)
where IHigh Voting Rights,sft * MSI and IHigh Voting Rights,sft are the in-
struments, and 6, are the firm-meeting fixed effects which control
for trends across firms over time. The second stage estimates regress
returns on the predicted w,,, - M S, and @, from the first stage:

Fope = Vi@ M+ Vas s@up; + 85+ €l an
Empirical results. Table 3 presents the instrumented regressions for
dual shares and compares them with OLS results. Column (1) regresses
rebalancer ownership on the high voting rights dummy, and Columns
(2) and (3) display the first-stage regression results.

Columns (1) and (2) show that the indicator
Thigh Voting Rights,sr: D€gatively predicts rebalancer ownership, with
statistical significance at the 1% level. These estimates suggest that a
share class with more voting rights on average has 6.4% less rebalancer
ownership compared to the other share class. Similarly, column (3)
shows that the interaction term MS; - w,/, is negatively predicted by
MS, - Iyigh voring Righis,sse at the 1% level. Columns (4) and (5) report
the second-stage and OLS estimates from Egs. (15) and (17).

For the 2SLS specification, the Stock-Yogo F-statistic of 12.08 ex-
ceeds the weak instrument threshold of 7.03 (Stock and Yogo, 2005).
The interaction coefficient from 2SLS (or OLS) implies that the share
class with 10-percentage-point higher rebalancer ownership reacts
about 37 basis points (or 17 basis points) more than the other class
in response to a 10 basis point short-rate shock, statistically significant
at the 1% (or 1%) level.

The estimated coefficient from 2SLS for dual shares is significantly
larger than the OLS coefficient. One potential reason is that the OLS
coefficient is subject to attenuation bias from measurement error. Be-
sides that, the larger estimate from 2SLS could also be because this
instrumented ownership estimates the local average treatment effect
(Angrist and Imbens, 1995). Rebalancers may choose to hold a share
class for reasons other than lower voting rights. In that case, the 2SLS
estimate reflects the effect of rebalancer ownership for the rebalancers
who choose to hold a share class because of the voting rights, while the
OLS estimate presents the average effect for all rebalancers.

variable

Fig. 2 plots the coefficients of the instrumented interaction term
m for the dual shares, from the main estimation window up
to 90 min after FOMC announcements. The cross-sectional sensitivity
to monetary shocks driven by rebalancing becomes significant within
5 min of announcements, and persists throughout the trading day.!?
However, the cross-sectional sensitivity is no longer significant the next
day or at even lower frequency (not shown). This reflects a well-known
limitation of high-frequency identification in monetary economics: the
identified monetary shocks are extremely small — the average size of
Nakamura and Steinsson (2018) shocks from 2004 to 2019 is about 2
basis points. As time goes by and other shocks come in, the effects of
these small monetary shocks are swamped.

11 When we include an indicator for high voting rights and its interaction
with monetary shocks as controls in our OLS regression (15), the coefficient on
the rebalancer ownership interaction, y4“*, remains unchanged. This suggests
that the effect is driven by rebalancing activity, rather than by the value of
voting rights.

12 In Appendix E.1, we present additional empirical results using the unin-
strumented interaction @, - MS. The persistence of our results stands in
contrast to the high cointegration between dual-share prices, indicating that
the effects we document are not short-lived liquidity effects.
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Table 3
Dual shares: rebalancer ownership and returns.
OLS 1st Stage 2SLS OLS
@ (2 [€)) 4 5)
Ownershipg,,aancer Ownershipg,jaancer MSxOwnership g,purancer Returns Returns
Lyt otimgRishis —0.0641%+* —0.0619%+* 0.000150*
(0.00344) (0.0203) (0.0000892)
MSX g1 oing Rights 0.117* —0.0739%**
(0.0675) (0.0214)
Ownership g,pancer XMS —37.83%** —17.19%**
(12.23) (5.582)
Ownership g,parancer —0.454 —0.0622
(0.366) (0.133)
Firm-Meeting FE N Y Y Y Y
N 4164 4164 4164 4164
Adj. R? 0.0780 0.627 0.869 0.840
F-statistics 12.08

This table summarizes the instrumented regressions for dual shares and compares the results with OLS regressions. Ownership, ;, is the rebalancer
ownership for share class s of firm f before announcement day 7. Iy;,hyeringrighis i an indicator function that equals one when the share class s
of firm f has higher voting rights before s than the other share class —s of firm f, and zero otherwise. Columns (1)-(3) show the relevance of
instruments. Columns (4) and (5) report the 2SLS estimate of returns on instrumented ownership variables (m andm,
and the OLS estimate of returns on raw ownership variables (Ownership,,, and Ownership,,, - M S).
Standard errors are clustered at the firm by meeting level and are reported in parentheses. *, **, and *
at 10%, 5%, and 1%.

“ indicate statistical significance level
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Fig. 2. Returns for dual shares around FOMC announcements under 2SLS.

This figure plots the cross-sectional sensitivity to monetary shocks y;’;‘zsh of dual shares around FOMC announcements from the second stage in the 2SLS empirical
model r?, = }/g;"z;m + Vg, sDspr + 8, + effSILs'h. r!., is the cumulative return from 30 min before the FOMC announcements to (h x 5)-minute after for

share class s of firm f at FOMC announcement r. @, is the instrumented rebalancer ownership from the first stage. 5‘; , collects firm-meeting fixed effects. The
standard errors are two-way clustered at the firm-meeting level, and 95% confidence intervals are displayed.

5. Empirical design and results on all common stocks day t (again, we use the last filing period to mitigate endogeneity
concerns about holding choices made in response to monetary shocks),
This section extends the quasi-experimental findings to the cross- added across a total number N of rebalancers in the FactSet dataset.
section of all common stocks. Section 5.1 presents the main empirical The main empirical model for intraday returns around FOMC meet-
result: stocks with higher rebalancer ownership exhibit stronger re- ings is specified as:
sponses to monetary shocks, other things equal. It further contains a
placebo test that shows no predictive power of ownership by other ru = ywy - MS, + ¢ Xy - MS, +vay, + @' X, + 6, + € (18)

institutions. Section 5.2 tests the prediction on delayed rebalancing,
showing that monetary shocks from FOMC meetings closer to routine
rebalancing dates lead to larger price reactions. Section 5.3 leverages
Morningstar data to show additional evidence using balanced fund
ownership and a placebo test with pure-equity fund ownership. Finally,
Section 5.4 presents quantity evidence of rebalancing.

where r;, denotes the 30-minute return of stock i around FOMC an-
nouncements, and M.S, represents high-frequency monetary shocks
(Nakamura and Steinsson, 2018). §, captures meeting fixed effects, ab-
sorbing the stand-alone impact of monetary shocks. w,, is the rebalancer
ownership at the security level, X;, includes controls discussed below,
and ¢, is the residual. Coefficient y captures how an individual stock’s
price reaction to a monetary shock M, depends on its rebalancer
ownership w;,, directly corresponding to the cross-sectional sensitivity

5.1. Cross-sectional tests and results

Similar to Section 4, we construct security-level institutional own- in Proposition 1 which predicts y < 0.
ership for stock i before announcement day ¢ by aggregating the As variation in fundamentals can also drive differential price re-
institution-level holdings of stock i: actions to monetary shocks across common stocks, our identification
N rests on two key assumptions: first, monetary shocks are exogenous;
@i = ZJ‘:lw"j" and second, institutions do not sort into stocks based on unobserved
where w;;, is the ratio between shares of stock i held by rebalancer j fundamentals that systematically alter sensitivity to monetary shocks
over shares outstanding for stock i at the quarter before announcement beyond what our control variables capture. We introduce a set of

11
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Table 4
Does rebalancing demand affect monetary transmission to stock prices?
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(a) Stocks with higher rebalancer ownership are more responsive to monetary shocks

(b) Non-rebalancer ownership does not affect monetary sensitivities

Aggregate Rebalancers

Non-Rebalancers

) [¢D) (2 3) “4) (5) (6) [€5) (2) 3) “4) (5) (6)
Ms —8.900 X X X X X X Ms X X X X X X
(1.200)
OWNership gsuancers XMS —2.817* -3.205%% -3.363** —3.684%* —3.734** —3.811** OWNership y,, gesatancers XMS  0.332 0.385 0.396 0.848 0.943 0.664
(1.561) (1.585) (1.585) (1.548) (1.560)  (1.556) (0.770) (0.775) (0.775) (0.764) (0.783) (0.784)

Ownership geparancers X X X X X X Ownership ., resatancers X X X X X X
MPE X x X x 3 MPE x X X X x
MPEXMS X X X X X MPEXMS X X X X X
Dividend X X X X X Dividend x x x X x
DividendxMS X X X X X DividendxMS x x X X x
DSS DurationxMS X X X X DSS DurationxMS X X X X
DSS Duration X X X X DSS Duration X X X X
PXMS x x BAXMS x x

B X X p X X

SizexMS X X SizexMS X X
Size X X Size X X
FF4 Factors xXMS X FF4 Factors XMS X
FF4 Factors X FF4 Factors X
Meeting FE N Y Y Y Y Y Y Meeting FE Y Y Y Y Y Y
I_ind.x MS N Y Y Y Y Y Y I_ind.x MS Y Y Y Y Y Y

N 110 58,497 58,497 58,497 58,497 58,497 58,497 N 58,497 58,497 58,497 58,497 58,497 58,497
Adj. R? 0.267 0.592 0.593 0.593 0.594 0.594 0.596 Adj. R? 0.592 0.592 0.592 0.594 0.594 0.596

This table reports the results of the regressions of 30-minute equity returns around FOMC announcements on institutional ownership (of rebalancers or other institutions) Ownership, interacted with

high-frequency monetary shocks M.S, of Nakamura and Steinsson (2018):

r, = yOwnership, - MS, + ¢' X, - M.S, + vOwnership, + @' X, + 6, + ¢,

where i indexes stocks and ¢ indexes the date in quarters. Equity returns around FOMC announcements are the log returns between the beginning price, as the last valid trade price 10 min before the
FOMC announcement (and no more than 90 min before that time), and the end price, the first valid trade 20 min after the FOMC announcement (and no more than 90 min after that time). Monetary
shocks are estimated as the principal component of five fed funds futures and Eurodollar futures using 30-minute windows around FOMC announcements; these shocks are normalized based on the daily

treasury yield around FOMC dates (Nakamura and Steinsson, 2018). Institutional ownership is collected from FactSet; Ownership, in Panel (a) sums up the quarterly ownership of institution categories

1 wealth
The sample period runs from 2004Q4 to 2019Q3.
Standard errors are clustered at the industry by meeting level and are reported in parentheses.

controls for alternative transmission channels of monetary policy, in-
cluding security-level cash-flow duration (Dechow et al., 2004; Weber,
2018; Gormsen and Lazarus, 2022), systematic risk (Frazzini and Ped-
ersen, 2014), momentum, firm size proxied by the logarithm of book
equity (Koijen and Yogo, 2019), and 12-month dividend yield (Daniel
et al.,, 2021; Jensen et al.,, 2021), as well as the monetary policy
exposure (MPE) index (Ozdagli and Velikov, 2020), each interacted
with monetary shocks. We further include 3-digit SIC industry fixed
effects and their interactions with monetary shocks to absorb sectoral
heterogeneity in price stickiness (Gorodnichenko and Weber, 2016) and
high-frequency risk factors (Pelger, 2020).

Results using rebalancer ownership. Table 4 presents the main pricing
results based on Eq. (18). A 10 basis point positive monetary shock
reduces the aggregate market return by approximately 89 basis points
from panel (a) column (0). Column (1) reports the regression of returns
on monetary shocks, institutional ownership, and their interaction, con-
trolling for meeting and industry fixed effects interacted with monetary
shocks. Columns (1) through (6) incrementally add controls to the
empirical model, including equity duration, beta, the MPE index, size,
dividend yield, and the Fama—-French and Carhart asset pricing factors,
along with their interactions with monetary shocks. We find y to be
negative with high statistical significance across these specifications.'®

In a saturated model in column (5), a 10% (/1 standard deviation)
increase in rebalancer ownership corresponds to an additional 3.7 basis
point (/2.5 basis point) decline in equity prices following a 10 basis

13 Besides cash-flow duration and other channels mentioned above, Ap-
pendix E.2 shows that our result is robust to alternative duration measures
(Gormsen and Lazarus, 2022; Weber, 2018), an alternative proxy of rebalancer
ownership using cross-sectional ranks, weighted OLS, and on subsamples of
stocks. Our estimate is also robust to including firm fixed effects.

* %% and *

12

and long-term investors for security i before quarter ¢, and Ownership,, in Panel (b) sums up the quarterly ownership of the rest of the institution categories for security i.

indicate statistical significance level at 10%, 5%, and 1%.

point increase in the short rate. The sign of y confirms the prediction
of Proposition 1.

Placebo test using other institutions’ ownership. In contrast, when rebal-
ancer ownership is replaced with the ownership of other institutional
investors in the regression, the interaction with monetary shocks be-
comes insignificant across all specifications (panel (b)). Section 5.3
further presents a placebo test using Morningstar data, which distin-
guishes between balanced funds and pure-equity funds. We find that
ownership by balanced funds significantly predicts cross-sectional price
reactions to monetary shocks, whereas ownership by pure-equity funds
does not.

Discussion of other channels. Although we control for various funda-
mental and market-based factors, there may be additional mechanisms
that influence stock price reactions to monetary shocks, which we
discuss here.

First, the Federal Reserve may possess superior information about
the economy relative to the private sector (Romer and Romer, 2000;
Nakamura and Steinsson, 2018; Cieslak and Schrimpf, 2019; Jarocirniski
and Karadi, 2020). Consequently, monetary policy actions can reveal
new information that was not previously known to market participants.
This “information effect” implies that monetary tightening may sig-
nal positive economic news, thereby dampening the negative impact
on equity prices. Applying this to our cross-sectional framework, if
institutional investors are better at processing information than retail
investors, the information effect would predict that stocks with higher
institutional ownership, regardless of institution type, are less sensitive
to monetary shocks. This information effect prediction runs counter to
our findings that rebalancer ownership negatively predicts stock price
reactions but pure-equity institution ownership does not. If anything,
such an effect would imply that the rebalancing channel is stronger
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Prices for two stocks with similar characteristics
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Nov 10th, 2004

v

Fig. 3. An illustration of delayed rebalancing.

v

Dec 14, 2004 Quarter-end g > 0

This graph demonstrates the different pricing implications for monetary shocks at the beginning and the end of a quarter, using two surprise rate cuts in the last
quarter of 2004 as examples. For the surprise rate cut on November 10, 2004, to front-run the rebalancing trades at the end of the quarter, the arbitrageur would
face considerable risk in buying and holding for nearly two months. In contrast, for the surprise rate cut on December 14, 2004, the arbitrageur could expect to
profit from its front-running strategy faster, in which case we expect the arbitrageur to be more active and prices to adjust closer to its eventual levels.

than our estimates suggest. Nonetheless, Appendix E.3 provides addi-
tional robustness checks, using a subsample of FOMC meetings less
likely to exhibit strong information effects (Jarociniski and Karadi,
2020).

Additionally, one might argue that because institutions react faster
to macroeconomic news than retail investors, stocks with higher in-
stitutional ownership could be more responsive to monetary shocks
in the short run. However, our placebo test comparing rebalancers
to other institutions in FactSet does not support this, unless different
types of institutions differ significantly in their reaction speeds. Further,
an additional placebo test in Section 5.3 suggests that, even within
the same type of institutional investors, namely mutual funds, only
balanced funds’ ownership predicts cross-sectional price reactions.

Comparison with dual shares. The cross-sectional sensitivity y estimated
on all common stocks is smaller in magnitude than its counterpart
y9“al on dual-share sample. This may be driven by heterogeneity of
rebalancers (as captured in Appendix B.3) or difference in arbitrageur’s
demand across these two samples.'*

Margins of rebalancing. In principle, rebalancers can adjust either the
weights of stocks within their existing portfolios (the intensive margin)
or the composition of their holdings by adding or removing stocks (the
extensive margin). Our findings that rebalancers’ ownership predicts
cross-sectional stock reactions rely on the assumption that rebalancing
occurs primarily through the intensive margin. Two key institutional
features justify this assumption. First, rebalancers hold a narrow subset
of stocks. In the institutional wealth management category (the majority
of our rebalancers), the median institution holds only 60-70 stocks,
and even at the 90th percentile the count is just 300-400, one to two
orders of magnitude smaller than the total number of publicly traded
U.S. stocks. Second, rebalancers’ investment universes remain stable
in response to monetary shocks. Appendix E.4 shows that rebalancers
do not systematically add or remove stocks in response to monetary
shocks.

14 Such heterogeneity may arise since institutions are generally against
dual-share structures due to corporate governance concerns; see ISS Bench-
mark Policy Recommendations (https://www.issgovernance.com/file/policy/
active/americas/US-Voting-Guidelines.pdf, last retrieved on September 5,
2022). S&P Dow Jones Indices no longer add companies with multiple
share class structures (https://press.spglobal.com/2017-07-31-S-P-Dow-Jones-
Indices-Announces-Decision-on-Multi-Class-Shares-and-Voting-Rules, last re-
trieved on September 5, 2022).
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5.2. The timing of shocks

Our empirical estimates rely on the assumption that prices immedi-
ately adjust to reflect rebalancing demand following monetary policy
announcements. In practice, large pension funds rebalance at the end of
quarters and months.'® Despite that rebalancing might be delayed, arbi-
trageurs may front-run future rebalancing flows, causing prices to move
immediately, formalized by Proposition 2. That proposition further
predicts that both the cross-sectional sensitivity and the aggregate stock
market reactions are larger in magnitude when FOMC announcements
happen closer to quarter- and month-ends.

Fig. 3 offers an illustration of the differing pricing implications of
monetary shocks at the beginning versus the end of a quarter, using two
surprise rate cuts from the last quarter of 2004 as examples. After the
November 10 cut, an arbitrageur seeking to front-run end-of-quarter
rebalancing would need to hold positions for nearly two months. By
contrast, the December 14 cut allows the arbitrageur to capitalize
on anticipated rebalancing flows in just a few weeks. Consequently,
we expect more intense arbitrage activity and larger price responses
following the December cut.

In Table 5, we divide FOMC meetings based on their proximity to
quarter- and month-ends and apply the same empirical specification
(18) to these subsamples. An FOMC announcement during the final
month of a quarter is classified as a quarter-end announcement, while
announcements in the last two weeks of any month are labeled month-
end announcements. Comparing column (1) (respectively, column (5))
with column (9) of Table 5, we find that the aggregate market reac-
tion for the quarter-end (month-end) subsample is approximately 1.14
(1.10) times larger than in the full sample, which, to our knowledge,
has not been documented in the literature. Moreover, column (4)
(column (8)) shows that the estimated cross-sectional sensitivity y at
quarter-end (month-end) is about 1.55 (1.27) times larger than its full-
sample counterpart in column (10). Additionally, the ratio of y to the

15 For more anecdotal evidence, see media coverage on some rebalancing
activities:

— Bloomberg, last retrieved on October 25, 2021: https://www.bloomberg.
com/news/articles/2021-10-25/bonds-are-about-to-reap-5-billion-from-a-
pension-rebalance-wave;

— Reuter, last retrieved on March 25, 2021: https://www.reuters.com/
business/quarter-end-rebalancing-could-present-headwinds-wall-street-2021-
03-25/;

— Zero-edge, last retrieved on November 18, 2020: https://www.zerohedge.
com/markets/goldman-warns-massive-36bn-month-end-pension-selling-4th-
largest-record.
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Table 5
Stronger price reactions at month and quarter ends.
Quarter-End Month-End Full Sample
1) (2) 3) “@ %) 6) @) ®) © (10)
MS —10.14%** X X X —9.820%** X X X —8.900%** X
(1.518) (1.112) (1.200)
Ownership of RebalancersxMS —4.850%** —5.862%** —5.802%** —3.725%* —4.770%** —4.730%** —3.734**
(1.855) (1.821) (1.823) (1.750) (1.724) (1.732) (1.560)
Ownership of Rebalancers X X X X X X X
DurationxMS X x x X X
DSS Duration X X X X X
MPE X X X X X
MPExXMS X X X X X
AXMS X X X X X
p X X X X X
Dividend X x X
DividendxMS X X X X x
SizexMS X X X
Size X X X
Meeting FE N Y Y Y N Y Y Y N Y
I_ind.x MS N Y Y Y N Y Y Y N Y
N 55 29,329 29,329 29,329 70 37,270 37,270 37,270 110 58,497
Adj. R* 0.391 0.626 0.631 0.631 0.444 0.584 0.588 0.588 0.267 0.594

This table reports the results of the regressions of 30-minute equity returns around FOMC announcements on institutional ownership interacted with high-frequency monetary shocks (Nakamura and Steinsson,
2018): r;, = yOwnership,, - MS, + ¢' X, - M S, + vOwnership,, + ¢' X, + 6, + €, where i indexes stocks and ¢ indexes date in quarters. Equity returns around FOMC announcements are the log returns between
the beginning price, as the last valid trade price 10 min before the FOMC announcement (and no more than 90 min before that time), and the end price, the first valid trade 20 min after the FOMC
announcement (and no more than 90 min after that time). The monetary shocks are estimated as the principal component of five fed funds futures and Eurodollar futures using 30-minute windows around
FOMC announcements; these shocks are normalized based on the daily treasury yield around FOMC dates (Nakamura and Steinsson, 2018). Ownership;, sums up the quarterly ownership of institutions in the
rebalancer categories (institutional wealth and long-term investors) for portfolio i before announcement day 1.

The sample period runs from 2004Q4 to 2019Q3; the quarter-end subsample includes only the FOMC announcements that occur in the last month of a quarter, and the month-end subsample includes only
the FOMC announcements that occur in the second half of each month.

Standard errors are clustered at the industry by meeting level and are reported in parentheses. *, **, and *** indicate statistical significance level at 10%, 5%, and 1%.
aggregate market reaction is higher at quarter- and month-ends than in held by pure-equity mutual funds. As before, r;, denotes the 30-minute
the full sample. It suggests that the contribution of portfolio rebalancing return of stock i around FOMC announcements, M S, captures high-
to the aggregate stock market reaction is larger when rebalancing is frequency monetary shocks from Nakamura and Steinsson (2018), X,
more imminent. This is expected since the aggregate stock market includes control variables, §, is a meeting fixed effect, and ¢;, is the error
reaction due to changes in fundamentals does not feature such time term. Table 6 summarizes the results. In the balanced fund panel, stock
variation. Together, these results support the prediction of Proposition prices load negatively on monetary shocks interacted with balanced
2 that monetary shocks occurring closer to routine rebalancing times fund ownership (wlf . MS,). Column (4) presents the fully saturated
generate stronger cross-sectional sensitivity and aggregate stock market specification, controlling for interactions with monetary shocks of stock
reaction.'® duration, the MPE index, market equity, beta, dividend yield, and
In Appendix E.6, we report placebo regressions that replace rebal- industry fixed effects. In this specification, a 10 bp surprise rate hike
ancer ownership with ownership by other institutional categories. In is associated with an additional 55 bp decline in prices for stocks with
every specification, the interaction coefficient is statistically insignifi- 10-percentage-point higher balanced fund ownership.

cant. These placebo tests further support our mechanism by showing
that the pronounced price reactions around quarter- and month-ends
cannot be driven by general market conditions but instead reflect our
delayed rebalancing channel.

Columns (5) and (6) report placebo tests using pure-equity fund
ownership. These regressions fail to reject the null hypothesis, indi-
cating no significant effect of pure-equity fund ownership on cross-
sectional sensitivity to monetary shocks.

5.3. Evidence from mutual funds Comparison of FactSet and morningstar results. The estimated cross-
sectional sensitivity is larger in magnitude with Morningstar balanced
Thus far, our analysis relies on FactSet classifications and SEC fund ownership than with FactSet rebalancer ownership. It may arise
filings to infer whether an institution engages in rebalancing, as we because the two rebalancer groups have different demand parame-
do not directly observe their bond holdings. For an alternative, we ters (as considered in Appendix B.3’s model extension). Unfortunately,
introduce a proxy based on mutual funds using Morningstar data of we cannot quantify these differences without observing the complete
detailed holdings of all assets by mutual funds. Crucially, we distinguish portfolios of rebalancers.
between balanced funds and pure-equity funds. We use the following Another possibility is measurement issues. We note that FactSet col-
specification to test the effect of ownership by balanced funds and lects only institutional stock holdings aggregated at the management-
pure-equity funds, similar to Eq. (18): company level (e.g., BlackRock). Each company has both balanced
=7 w’f MS,+¢'X, - MS, + ng + @' X, +6 +e (19) fun(%s and pure-equity funds that operate seParately, leading to po-
tential overstatement of rebalancer ownership. An overstatement of
where w,-f represents the share of stock i held by balanced funds."” rebalancer ownership will bias the estimated cross-sectional sensitivity
For a placebo test, we also calculate the ownership share of stock i y downward. In contrast, Morningstar reports both stock and bond

positions, allowing for a more precise identification of rebalancers.

16 For future research, it may be promising to further examine arbi-
trageurs’ front-running behavior and to quantify the roles of arbitrage frictions

(Andersen et al., 2019) and inattention (Gabaix, 2019). investment in tactical-allocation funds, as these may actively adjust to mon-
7 We construct ! using direct stock holdings of balanced funds from etary shocks via extensive margin adjustments (adding or deleting stocks),
Morningstar. We exclude indirect stock holdings through balanced funds’ potentially contaminating ownership as a measure of rebalancing exposure.
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Identifying the effect of rebalancing: evidence from mutual funds.
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Balanced funds

Pure-Equity funds

@ (2) 3 “@ ©)] 6)
Ownership ganced Funds XMS —59.55** —59.55%* —54.93* —55.49*

(29.64) (29.64) (29.54) (29.52)
Ownership gy unced Funds X X X X
Ownership g1, pung;s XMS 2.701 3.175

(2.563) (2.642)

Ownershipbq,,,w,,,m X X
Size & SizexMS X X X
Duration & DurationxMS X X X
P&FXMS X X
MPE & MPEXMS X X
Dividend & DividendxMS X X
Meeting FE Y Y Y Y Y Y
I_ind.x MS Y Y Y Y Y Y
N 27,182 27,182 27,182 27,182 27,182 27,182
Adj. R? 0.593 0.593 0.595 0.595 0.593 0.597

This table reports the results of the regressions of 30-minute equity returns around FOMC announcements on mutual fund ownership interacted with high-frequency
monetary shocks (Nakamura and Steinsson, 2018): r, = ywl - MS, + ¢'X,, - MS, + v} + @' X, + 6, +¢,, where i indexes stocks, j indexes types of mutual funds, and ¢
indexes the date. Equity returns around FOMC announcements are the log returns between the beginning price, as the last valid trade price 10 min before the FOMC
announcement (and no more than 90 min before that time), and the end price, the first valid trade 20 min after the FOMC announcement (and no more than 90 min
after that time). Monetary shocks are estimated as the principal component of five fed funds futures and Eurodollar futures using 30-minute windows around FOMC
meetings; these shocks are normalized based on the daily treasury yield around FOMC dates (Nakamura and Steinsson, 2018). Mutual funds’ ownership is collected
from Morningstar; we use a sample of securities with more than 0.1% ownership by balanced funds since stocks with negligible ownership by balanced funds are
unlikely to be meaningfully affected by demands of these funds. w/ in columns (1)-(4) sums up the quarterly ownership of balanced funds (identified from names
containing keywords for balanced funds or target-date funds) for security i before announcement day 1, and w/ in columns (5)-(6) sums up the quarterly ownership
of equity funds (funds except for balanced funds or target-date funds) for security i; both are denoted by ownership shares out of share outstanding between 0 and

1. The sample period runs from 2004Q4 to 2019Q3.

Standard errors are clustered at the industry by meeting level and are reported in parentheses. *, **, and *** indicate statistical significance level at 10%, 5%, and

1%.

However, Morningstar systematically underestimates mutual fund hold-
ings, as managers often run parallel vehicles with identical asset alloca-
tions that are not reported to Morningstar (Huang et al., 2023), which
introduces an upward bias on y.

5.4. Quantity evidence on rebalancing

A premise of our mechanism is that certain institutional investors
rebalance their portfolios based on equity-share targets, in response
to price fluctuations of stocks and bonds. Ideally, we would identify
rebalancers by examining equity shares of all investors and determining
those whose portfolio shares are stable. In FactSet data, as we do not
observe bond holdings, we determine rebalancers based on investor cat-
egories. Here we provide complementary quantity-based evidence from
alternative datasets for rebalancing. Using public pension plan data, we
show that pension equity shares are stable and track reported policy
targets. Using CFTC futures positions, we show that institutional asset
managers rotate out of equity index futures and into Treasury futures
after positive monetary policy shocks. Using Morningstar fund holdings,
we show that balanced funds adjust equity shares back following target
equity shares after monetary shocks.

We begin with U.S. public pension plans, one of the FactSet rebal-
ancer types, which report both actual and target equity shares at annual
frequency. Figure A-8 replicates Gabaix and Koijen (2022) using the
Center for Retirement Research Public Plans Data and shows that actual
equity shares are far more stable than the CRRA-implied equity share,
whose optimal allocation would vary with perceived expected excess
returns.

We then test the rebalancing channel against two alternatives using
panel regressions to address potential compositional changes. Under
rebalancing, the investor sets a policy equity target 01.TJ and trades so
that the actual equity share 6,, tracks the target. Thus, variation in
GfJ should map into variation in 6;,. Under a CRRA-implied allocation,
the equity share 6,, should instead depend on the expected excess
stock returns. Alternatively, if the investor does not trade actively,
their actual equity shares should follow a buy-and-hold benchmark we
construct. Specifically, we initialize the buy-and-hold benchmark Hl.‘i”
at the plan’s first observed actual equity share and then compound
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forward using fiscal-ye:; equity and bond gross returns (1 + r{) and
0BH (14r¢)
A +rp) Gz'l,;tH = Hﬁ'jl(l-i—rg;+l(l—9’3[’;'l)(I+r:’)'

Table 7 summarizes the results. Column (1) shows that actual
equity shares comove strongly with reported targets. Column (2) adds
plan fixed effects to absorb time-invariant plan differences and shows
that the target share remains a strong predictor. Columns (3) and
(4) imply that a 10-percentage-point higher target share is associated
with roughly a 7-percentage-point higher actual equity share, while
equity risk premium proxies are statistically indistinguishable from
zero. Column (5) adds the buy-and-hold drift, defined as 7" - 6;,_,,
together with lagged actual equity share 6,, | to separate mechanical
revaluation-driven drift from the persistence in portfolio shares. The
buy-and-hold drift term adds no explanatory power once targets are
included, whereas the target coefficient remains statistically significant.
Taken together, the evidence supports active rebalancing toward policy
targets and is inconsistent with both the CRRA-implied allocation and
the buy-and-hold benchmark.

Second, we provide higher-frequency evidence of rebalancing using
weekly futures positions around FOMC announcements. As discussed
by Harvey et al. (2025), large institutions often implement rebal-
ancing via index futures because futures allow fast, capital-efficient
adjustments to aggregate market exposure without immediately trading
the underlying cash securities. We use the CFTC Traders-in-Financial-
Futures (TFF) futures-only reports, which measure weekly (Tuesday-
to-Tuesday) long and short positions by trader category in E-mini
S&P 500 equity index futures (ES) and 10-year Treasury note futures
(TY). Following Harvey et al. (2025), we construct a cross-asset net
trading measure as the change in a group’s net position (long minus
short) in ES minus the change in TY, scaling each leg by open in-
terest so the measure is comparable across markets and time. With
this sign convention, negative values indicate rotation out of equi-
ties and into Treasuries. Table A-11 shows that a positive monetary
policy shock predicts a more negative cross-asset net trading mea-
sure for rebalancer-type traders (asset managers in TFF), with effects
that strengthen markedly in month-end and quarter-end weeks when
rebalancing is more imminent. In contrast, leveraged funds (often
relative-value/arbitrage-oriented) move in the opposite direction after
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Table 7
Rebalancing vs. CRRA-implied and buy-and-hold allocations.
@ () 3) @ %)
Target share 0.793** 0.709*** 0.708** 0.709** 0.427**
(0.032) (0.045) (0.045) (0.045) (0.056)
Equity risk premium (CFO survey) -0.111
(0.329)
Equity risk premium (Shiller/CAPE) —0.020
(0.032)
Buy-and-hold drift 0.089
(0.069)
Lagged equity share 0.525***
(0.063)
N 2400 2400 2400 2400 2400
Plan FE N Y Y Y Y
Adj. R? 0.657 0.740 0.740 0.741 0.807

The dependent variable is the actual equity share EqShare;, of public pension plan i in fiscal year 7, computed from reported equity and fixed-income allocations in

the Center for Retirement Research (Boston College) Public Plans Data. Equity risk premium (CFO survey) is the Duke CFO survey one-year-ahead expected excess

return on the S&P 500 (expected S&P 500 return net of the one-year risk-free rate, GS1 from FRED) in decimal units. Equity risk premium (Shiller/CAPE) is the

Shiller/CAPE-yield-based expected excess return proxy net of GS1 in decimal units. Target share ], is constructed from reported target allocations to equity and

fixed income, rescaled to sum to one over these two asset classes. For the buy-and-hold benchmark, we initialize 95” at the plan’s first observed actual equity share
9B (14pe

buy-and-hold drift, defined as 05" —0,,_, and the lagged actual equity share ,,_, to capture mechanical return-driven drift and persistence in portfolio shares. Fiscal

years run from July to June. Equity returns r¢ are the value-weighted total returns (including distributions) of all U.S. equity securities from the CRSP database,
b

and then compound forward using fiscal-year equity and bond gross returns (1+r¢) and (1+rf): 951 = In Column (5), we include the implied

compounded monthly over each fiscal year. Bond returns r} are the total returns of the Bloomberg U.S. Aggregate Bond Index over the fiscal year. Plans with only

equity or only fixed income are excluded. Standard errors (in parentheses) are clustered at the plan and year levels. *, **, and *** indicate statistical significance at

10%, 5%, and 1%.

tightening shocks, consistent with intermediaries partially absorbing
rebalancers’ equity-to-Treasury rotation.

Finally, using Morningstar mutual fund holdings, we focus on bal-
anced funds as a small but relatively clean class of rebalancers and
provide evidence that they actively adjust quantities in response to
monetary policy shocks. Because holdings are observed at the security
level, we can separate active reallocation from passive changes in
equity shares driven by post-shock price movements. We compare each
fund’s actual equity share to a counterfactual share that holds pre-shock
quantities fixed and only revalues them at post-shock prices, so the
difference isolates trading rather than valuation. Appendix E.5 shows
that tightening shocks lead to a significant decline in equity exposure
for funds with stronger rebalancing needs (i.e., those further away from
targets), consistent with managers selling equity and rotating toward
bonds after a rate hike.

Together, the evidence on pension funds’ equity shares, trading of
futures, and active adjustments by balanced funds provides quantity-
based support for the rebalancing channel of monetary transmission.

6. From cross-sectional sensitivity to aggregate reaction

In Section 5, we have estimated the cross-sectional sensitivity y
across all common stocks in response to monetary shocks. Here we
determine the implied aggregate stock market reaction from the cross-
sectional sensitivity using our model-implied relation and estimates of
stock market elasticities in the literature.

6.1. From cross-section to aggregate via two elasticities

We show how the estimated cross-sectional sensitivity y connects
into the aggregate stock market reaction to monetary shocks. We illus-
trate this in the baseline model of Section 2.1, but the same connection
holds in the multi-period model of Section 2.2. To draw this connec-
tion, following Gabaix and Koijen (2022), we distinguish between the
“macro” and “micro” demand elasticities of stock measured in the
literature and map them to our model parameters.

The macro elasticity is defined as the demand elasticity of the
aggregate stock market. Consider in the baseline static model a price
change of both stocks by r; = r, = r. The aggregate stock demand from
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Egs. (2) and (3) changes by 40 = % =—-a(l - 0)r—yir+ao[(l —
0) + x1rp, and thus the macro elasticity is

wh

——

arbitrageur contribution

040 _

¢=- or

a(l - 06)
——

rebalancer contribution

+ (20)

The micro elasticity captures how relative demand for two stocks
responds to changes in their relative prices.'® The relative demand is
40, — AQ; = —w(1 = O)ry — (WA + 2y C)(ry — ry) + @[(1 — 0) + ylrp. We
define the micro elasticity in a symmetric way as

ol (40, - 40,) +6(AQ1—AQ2)
T2 or, or,
= al-0)  + ypt42yC 2D

rebalancer contribution arbitrageur contribution

A large literature has estimated these micro and macro elasticities ¢+, ¢,
which we review in Table A-15. We express the aggregate stock market
reaction using these elasticities and the cross-sectional sensitivity y as
follows.*”

Proposition 3 (Aggregate Stock Market Reaction). The aggregate stock
market reaction 7 = % to a monetary shock M S due to a change in

the excess return satisfies
o0 (20,5 o (H1=0,5)

(22)

W-p_tt-at-o)
- o=

dMS ~ ¢—a(1-6) ¢

18 Chang et al. (2015) and Pavlova and Sikorskaya (2023) estimate the micro
elasticity using offsetting demand shocks in the cross-section of stocks from
index inclusion/deletion. They improve on the previous literature (Shleifer,
1986; Harris and Gurel, 1986) with better benchmarks for the added/dropped
stocks from the indices to identify the effect of relative demand.

19 The empirical estimates of {*,¢ in the literature may or may not incorpo-
rate the rebalancer’s contribution, depending on the time horizon of the study.
In our model, it corresponds to the static model (with rebalancer trading) and
period 0 in the dynamic model (without rebalancer trading) respectively. In
Egs. (20) and (21), for completeness, we include the rebalancer’s contribution,
but it is small and quantitatively immaterial for our next proposition.
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where F is the stock revaluation due to changes in dividends and the risk-
free rate as in Proposition 1, {*,¢ are the micro and macro elasticities, y
is the cross-sectional sensitivity, @ = w/2 is the rebalancer ownership of the
aggregate stock market, and 0 is the equity share of the rebalancer.

This proposition suggests that we can determine the aggregate stock
market reaction in excess of fundamental changes 7 — ¥ using the cross-
sectional sensitivity y. Quantitatively, the correction of @(1 —#6) relative
to ¢t ¢ is unimportant.”® Hence, Eq. (22) approximates
dF-»n ¢

ams T

(23)

Intuitively, in terms of flows, yo multiplied by the micro elasticity ¢t
gives the magnitude of rebalancing flows to stock 1, and thus ¢ty
corresponds to the rebalancing flow relative to the aggregate stock
market. We then use this aggregate flow and the macro elasticity
¢ to back out the implied aggregate market reaction 7 in excess of
fundamental changes. The reason that this calculation yields the excess
part of the aggregate stock market reaction is that the cross-sectional
sensitivity y only captures the component of stock price reactions due
to excess returns, as discussed in Section 2. While we derive Eq. (23)
from the baseline static model, it applies to the multi-period model
with delayed rebalancing as well regarding the time-0 aggregate stock
market reaction and the time-0 cross-sectional sensitivity.

This proposition implies that to determine the aggregate stock
market reaction according to Eq. (23), the only things we need are
the cross-sectional sensitivity y and aggregate rebalancer ownership @,
which is a nice property of our cross-sectional approach. In this baseline
model, we do not need to know the actual change in bond price rp, the
pre-shock equity share of the rebalancer 0, or their reaching-for-yield
incentive y, which are all reflected in the cross-sectional sensitivity
y. This property is generally true in extended models presented in
Appendix B, where many additional primitive parameters are also
reflected in y. In particular, while we consider 2 stocks for simplicity,
Eq. (23) holds in a more general environment with many stocks studied
in Appendix B.4.

6.2. Calibration

We study high-frequency stock price reactions to monetary shocks,
yet macro and micro elasticity estimates in the literature are typically
derived from longer time windows. A limitation of our calibration is
that both elasticities may depend on the horizon of interest (Duffie,
2010), which is outside of our model. Absent data on the time variation
of these elasticities, our best recourse is to use estimates of ¢ and ¢+
measured over comparable horizons for consistency and employing two
separate sets of estimates for robustness. Further, we draw on estimates
from information-free events, so that they only reflect demand forces.

First, we use the elasticities estimated around dividend payment
dates. Dividend payouts are typically announced weeks in advance,
which cleanly separates the news effect from the price pressure due
to reinvestment. Schmickler and Tremacoldi-Rossi (2022) exploit this
by examining prices of connected stocks on the payment day for
U.S. common stocks and recover a micro demand elasticity of about
1.25. Hartzmark and Solomon (2022) use dividend payout dates to
estimate the macro elasticity for U.S. common stocks, finding a value

20 To explain Eq. (22) technically and the need to purge @(1 — 6), we note
that the two stocks’ price reactions in Egs. (4) and (5) in relative terms are
governed by the arbitrageur’s elasticities y*,wC. These elasticities thus also
determine the ratio of the aggregate return 7 = “Z2 relative to the return
difference r, — r,, which is embedded in the cross-sectional sensitivity y. As
the micro and macro elasticities ¢*,¢ in Eqs. (20) and (21) are provided by
both the rebalancer (@(1 — 6)) and the arbitrageur (w4,w°), we deduct the
rebalancer’s contribution in the ratio to arrive at Eq. (22).
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between 0.43 and 0.66. Taking the midpoint of that range implies a
micro-to-macro-elasticity ratio £ of around 2.3.

Second, we use the elasticities from Lou (2012) and Gabaix and
Koijen (2022), both of which use idiosyncratic demand shocks from
institutional investors’ flows for estimation. Lou (2012) aggregates
flow-induced trading across all funds for each stock and finds a micro
elasticity of 0.83. Gabaix and Koijen (2022) use a granular instrumental
variable approach and find a macro elasticity of 0.17. Together, these
imply % of around 4.9.

Our estimate from column (5) in Table 4(a) suggests that y = —3.7
(which means, in response to a 10 bp surprise short rate hike, a stock
with 10-percentage-point higher ownership by rebalancers drops by
about 3.7 bp more). We use this estimate from all common stocks
since the micro elasticity estimates in the literature are derived from
them too. Institutional wealth management and long-term investors
hold about 20% of the aggregate stock market, i.e., @ = 20%.%' Because
% lies between 2.3 and 4.9, Eq. (23) implies that the aggregate stock
market reaction due to rebalancing is between —1.7 and —3.6 (which
means the aggregate stock market declines by between 17 bp and 36 bp
in response to a 10 bp monetary shock).??

In column (0) of panel (a) in Table 4, our update of Bernanke
and Kuttner (2005) shows that a 10 bp policy rate hike triggers an
89 bp drop in the aggregate stock market. From our SVAR decom-
position (Table A-14), 63% of this reaction, which is about 56 bp,
reflects changes in expected excess returns. The rebalancing channel
contributes to changes in expected excess returns in the cross section,
as our panel regression already controls for stock fundamentals. Hence
the implied aggregate market reaction from rebalancing, ranging from
17 bp to 36 bp, accounts for about 30%-64% of that 56 bp response.
Using alternative macro and micro elasticities in the literature (Table
A-16), we show the lower bound of the explanatory power of the
rebalancing channel is 26%. Therefore, the rebalancing channel can
plausibly account for a substantial share of the large stock market
sensitivity to monetary shocks documented by Bernanke and Kuttner
(2005).

7. Conclusion

This paper introduces a rebalancing channel through which mon-
etary policy affects stock prices. We address the puzzle posed by
Bernanke and Kuttner (2005) regarding the aggregate market reaction
to monetary shocks using a cross-sectional approach.

We test the cross-sectional implications of rebalancing by comparing
stocks with different investor bases, both within dual-share firms and
across all common stocks with similar fundamentals. We find that,
ceteris paribus, stocks held more heavily by rebalancers react more to
monetary shocks. Moreover, consistent with the rebalancing channel,
the stock price reactions are stronger when FOMC announcements fall
near quarter- and month-end rebalancing dates, highlighting the role
of rebalancing timing. We provide further placebo tests contrasting
rebalancers against other pure-equity institutions and present quantity
evidence in support of rebalancing.

21 In our calibration, we only use the FactSet estimate but not the Morn-
ingstar estimate. This is because while the estimated coefficient y using
Morningstar balanced fund ownership is one magnitude larger than our FactSet
estimate, the share of the stock market (0.3%) directly held by balanced funds
is two magnitudes smaller than FactSet rebalancers (20%). Since what matters
for the aggregate market reaction is the estimated y times the market share,
the balanced funds’ contribution is overshadowed.

22 We use Eq. (23) instead of Eq. (22) since @ = 0.2 and 6 = 0.8, the latter
according to Gabaix and Koijen (2022), which means @(1 — ) is much lower
than ¢+, ¢. (If we overstate the rebalancer ownership from FactSet, the true @
for Eq. (22) will be even lower.) If using Eq. (22) and @ = 0.2,0 = 0.8, the
implied aggregate stock market decline in response to a 10 bp monetary shock
is between 18 bp and 45 bp.
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Finally, we use our model and estimates to quantify the impact of re-
balancing demand on the aggregate stock market reaction to monetary
shocks. By combining our empirical estimates of the cross-sectional sen-
sitivity and estimates in the literature of micro and macro elasticities,
our calibration suggests that the rebalancing channel accounts for about
one-third to two-thirds of the aggregate market reaction attributed to
expected excess returns.

Although our analysis centers on institutional ownership and re-
balancing, the cross-sectional approach can be applied to household
portfolios as richer data become available (Gabaix et al., 2022). More
generally, our empirical design using cross-sectional variation in own-
ership to test for demand-induced price pressure may be useful in other
settings. For example, how do policy interventions (such as quantita-
tive easing) or shocks to individual bonds propagate across financial
markets? To what extent does the rebalancing behavior of international
investors transmit shocks between home and foreign markets? We hope
future work will address these and other related questions.
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