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I. INTRODUCTION

Prices of risky assets—such as stocks, bonds, and houses—
fluctuate considerably without meaningful changes in the under-
lying payoffs. These fluctuations, which are due to a host of ra-
tional and behavioral mechanisms, are generically described as
the result of a “time-varying risk premium” (see Cochrane 2011;
Campbell 2014; Shiller 2014 for recent reviews). Although fluctua-
tions in risky asset prices affect the macroeconomy in a multitude
of ways, a growing empirical literature suggests that aggregate
demand plays a central role and therefore interest rate policy can
mitigate the macroeconomic impact of asset price shocks. Pflueger,
Siriwardane, and Sunderam (2020) show that prices of volatile
stocks have high predictive power for interest rates and economic
activity, and Cieslak and Vissing-Jgrgensen (2020) argue that the
Fed pays attention to stock prices and cuts interest rates after
stock price declines (the Fed put). However, the ability of inter-
est rate policy to quickly respond to asset price shocks is limited
by a host of practical concerns, such as exchange rate volatility,
balance sheet fragilities, decision lags, and transmission lags. An
important current concern is that, with interest rates close to
their effective lower bound in much of the developed world, inter-
est rate policy will be unable to respond to large negative asset
price shocks.

This connection between risky asset prices and aggregate de-
mand suggests that speculation—a pervasive feature of financial
markets driven by heterogeneous asset valuations—can lead to
more severe downturns. There is an old tradition in macroeco-
nomics that emphasizes speculation as a central feature of asset
prices in boom-bust cycles (see, e.g., Minsky 1977; Kindleberger
1978). In recent empirical work, Mian and Sufi (2018) argue that
speculation also has played a key role in the U.S. housing cycle.
However, speculation and its interaction with aggregate demand
are largely missing from the modern macroeconomic theory con-
necting asset prices with economic activity, which mostly focuses
on financial frictions (see Gertler and Kiyotaki 2010 for a review).
This omission is especially important in the current low interest
rate environment, as monetary policy has even less space than
usual to mop up a sharp decline in risky asset prices following a
speculative episode.

In this article, we build a risk-centric macroeconomic model—
that is, a model in which risky asset prices are at the core of the
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analysis—with the two key features highlighted above. First, we
explore the role of the aggregate demand channel and interest
rate frictions in causing recessions driven by a rise in the “risk
premium”—our catchall phrase for shocks to asset valuations. Sec-
ond, we study the effect of financial speculation on the severity of
these recessions and derive the implications for macroprudential
policy. To isolate our insights, we remove all financial frictions.

Our analysis relies on the standard aggregate demand mech-
anism present in the New Keynesian model but formulated in
terms of a risk-centric decomposition (as opposed to the usual Eu-
ler equation—based approach). Specifically, we decompose the de-
mand block of the equilibrium into two relations: an output—asset
price relation that captures the positive association between asset
prices and aggregate demand through a wealth effect on consump-
tion (and a marginal-Q effect on investment when we add invest-
ment), and a risk balance condition that describes asset prices
given risks, risk attitudes, beliefs, and the interest rate. This de-
composition isolates the characterization of asset prices from the
“macroeconomics” side of the model. Therefore, it facilitates the
study of a variety of forces that affect asset prices—including fi-
nancial speculation—in a macroeconomic environment. Our de-
composition highlights that the interest rate policy influences ag-
gregate demand through its impact on financial markets and asset
prices (whereas the New Keynesian literature typically empha-
sizes intertemporal substitution considerations).!

Our model is set in continuous time with diffusion produc-
tivity shocks and Poisson shocks that move the economy between
high and low risk premium states. The supply side is a stochastic
AK economy with sticky prices (which we extend to an endogenous
growth model when we add investment). The demand side has
risk-averse consumer-investors who demand goods and risky as-
sets. We focus on interest rate frictions and financial speculation.
By “interest rate frictions,” we mean factors that might constrain
or delay the adjustment of the risk-free interest rate to shocks.
For concreteness, we work with a zero lower bound on the policy
interest rate, but our mechanism is applicable with other interest
rate constraints, such as a currency union, a fixed exchange rate,

1. Our decomposition (and its implications for the transmission of monetary
policy) matches the reasoning in actual central banks’ statements when dealing
with the risk-off events that have plagued the world economy over the past few
decades (see, e.g., Cieslak and Vissing-Jgrgensen 2020).
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or delays in the monetary policy reaction. By “financial specula-
tion,” we mean trading risky financial assets among investors that
have heterogeneous valuations for these assets. We capture spec-
ulation by allowing investors to have belief disagreements (with
respect to the transition probabilities between high and low risk
premium states), but our results apply if speculation is driven by
other sources of heterogeneous valuations. In particular, optimists
in our model can also capture more risk-tolerant investors (e.g.,
banks or institutional investors), whereas pessimists can capture
less risk-tolerant investors (e.g., households or retail investors).

To fix ideas, consider an increase in perceived volatility
(equivalently, a decrease in optimism). This is a “risk premium
shock” that exerts downward pressure on risky asset prices with-
out a change in current productivity (the supply-determined out-
put level). Consequently, monetary policy responds by reducing
the interest rate, which stabilizes asset prices and aggregate de-
mand. However, if the interest rate is constrained, the rise in
the risk premium reduces asset prices and generates a demand
recession.

Dynamics play a crucial role in this environment, as the re-
cession is exacerbated by feedback mechanisms. When investors
expect the higher risk premium to persist, the decline in future de-
mand lowers expected earnings, which exerts further downward
pressure on asset prices. With endogenous investment, there is a
second mechanism, as the decline in investment lowers the growth
of potential output, which further reduces expected earnings and
asset prices. In turn, the decline in asset prices feeds back into
current consumption and investment, generating scope for severe
spirals in asset prices and output. Figure I illustrates these dy-
namic mechanisms. The feedbacks are especially powerful when
investors are pessimistic and think the higher risk premium will
persist. Hence, average beliefs matter in our economy because
they not only have a direct impact on asset prices but also deter-
mine the strength of the amplification mechanism.

In this environment, belief disagreements (or heterogeneous
asset valuations) matter in two important ways. First, asset
prices depend on the wealth-weighted average belief among opti-
mists and pessimists. Therefore, in the recession, greater wealth
in the hands of optimists increases asset prices as well as ag-
gregate demand and output. This result highlights that wealth
distribution matters for aggregate demand not only because of
financial frictions (e.g., Bernanke, Gertler, and Gilchrist 1999)
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Optimism
Lowered by ex-ante speculation
Raised by macroprudential policy

Pessimism _ ) !
High risk premium » High risk premium

Low risk premium

—» Asset prices fall Asset prices fall
} !
Aggregate demand (C,) falls Aggregate demand (C,) falls
Output falls Growth falls ——— Output falls
} |
Earnings fall Earnings fall
FIGURE I

Output—Asset Price Feedbacks during a Risk-Centric Demand Recession

or heterogeneous marginal propensities to consume (MPC) (e.g.,
Auclert 2019), as emphasized by the previous macroeconomics lit-
erature, but also because of heterogeneous asset valuations. In
fact, in our model there are no financial frictions, and optimists
and pessimists have the same MPCs. Increasing optimists’ wealth
share in the recession raises aggregate spending not because op-
timists spend more than pessimists but because they raise asset
valuations and induce all consumer-investors to spend more
(while also increasing aggregate investment when we add
investment).

Second, belief disagreements create speculation, which am-
plifies the fluctuations in asset valuations and aggregate demand.
Investors take speculative positions that reflect their beliefs. This
speculation makes the wealth-weighted belief extrapolate recent
realizations—even though individual investors have fixed beliefs
and do not extrapolate. In particular, good realizations vindi-
cate optimists and increase their wealth share, which makes the
wealth-weighted belief more optimistic. Conversely, bad realiza-
tions increase pessimists’ wealth share and make the wealth-
weighted belief more pessimistic. Therefore, speculation ampli-
fies the fluctuations in asset prices. When the interest rate is
constrained, speculation also amplifies demand-driven boom-bust
cycles and worsens macroeconomic outcomes.
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Specifically, we find that speculation during the low risk pre-
mium phase (boom) exacerbates the recession when there is a
transition to the high risk premium phase (bust). During the
boom, optimists take on risk by selling insurance contracts to
pessimists that enrich optimists if the boom persists but reduce
their wealth share if there is a transition to recession. This real-
location of wealth in the recession lowers asset prices and leads
to a more severe recession.

These effects motivate macroprudential policy that restricts
speculation during the boom. We show that macroprudential pol-
icy that makes optimistic investors behave as if they were more
pessimistic (implemented via portfolio risk limits) can generate
a Pareto improvement in social welfare. This result is not driven
by paternalistic concerns (the planner respects investors’ own be-
liefs), and the result does not depend on whether optimists or
pessimists are closer to the truth. Rather, the planner improves
welfare by internalizing aggregate demand externalities. During
the recession, the economy benefits from wealthy optimists (or
high-valuation investors) because they raise asset prices and ag-
gregate demand. However, optimists who take on speculative po-
sitions during the boom (and pessimists who take the opposite
side of those positions) do not internalize the effect of their risk-
taking on asset prices and aggregate demand during the recession.
This leads to excessive risk-taking by optimists that can be off-
set by macroprudential policy. Therefore, our model supports a
variety of policies used in practice—such as a leverage limit or a
risk limit—that preserve optimists’ (or high-valuation investors’)
wealth for the recession state. Moreover, our model supports pro-
cyclical macroprudential policy. Whereas macroprudential policy
can be useful during the recession, these benefits can be out-
weighed by its immediate negative effect on asset prices. This
adverse price impact is not a concern during the boom, because it
is offset by the interest rate policy, but it lowers asset prices and
output in the recession since the interest rate is constrained.

Although there is an extensive empirical literature support-
ing the components of our model (see Section VII for a brief sum-
mary), we present additional empirical evidence consistent with
our results. We focus on three implications. First, our model pre-
dicts that shocks to asset valuations generate a more severe de-
mand recession when the interest rate is constrained. Second, the
recession reduces firms’ earnings and leads to a further decline in
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asset prices. Third, the recession is more severe when the shock
takes place in an environment with more speculation.

To investigate these predictions, we assemble a quarterly
panel data set of 20 advanced countries between 1990 and 2017
and divide the panel into countries that are part of the Eurozone
or the European Exchange Rate Mechanism (the Euro/ERM sam-
ple) and those that have their own currencies (the non-Euro/ERM
sample). Countries in the first group have a constrained interest
rate with respect to local asset price shocks because they share a
common monetary policy. The second group has a less constrained
interest rate. We find that a negative house price shock in a non-
Euro/ERM country is associated with an initial decline in eco-
nomic activity, followed by a decline in the policy interest rate and
output stabilization. In contrast, a similar shock in a Euro/ERM
country is not associated with an interest rate response (compared
with other Euro/ERM countries) and is followed by a more per-
sistent and larger decline in economic activity. We also find that
the house price shock is followed by a larger decline in earnings
and stock prices of publicly traded firms in the Euro/ERM sample
(although the standard errors are larger for these results). Fi-
nally, we find that past bank credit expansion—which we use as
a proxy for speculation on house prices—is associated with more
severe outcomes following the house price shock in the Euro/ERM
sample (but not in the other sample).

L.A. Literature Review

Our article is related to three main literatures: two in macroe-
conomics and one in finance. On the macroeconomics side, several
recent papers within the New Keynesian literature emphasize
demand shocks that might drive business cycles while also af-
fecting asset prices, such as “news shocks” (Beaudry and Portier
2006), “noise shocks” (Lorenzoni 2009; Blanchard, L'Huillier, and
Lorenzoni 2013), “confidence shocks” (Ilut and Schneider
2014), “uncertainty shocks” (Basu and Bundick 2017;
Fernandez-Villaverde et al. 2015), and “disaster shocks” (Isoré
and Szczerbowicz 2017). Our first contribution to this literature
is to reformulate the standard New Keynesian model in terms of
a risk-centric decomposition. With this decomposition at hand, we
provide an integrated treatment of these demand shocks. We refer
to these demand shocks as “risk premium shocks” to emphasize
their close connection with asset prices and the finance literature
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on time-varying risk premia.? Our second contribution to this lit-
erature is to show that heterogeneity in asset valuations matters
in these environments. Among other things, heterogeneous val-
uations lead to speculation that exacerbates demand recessions
and provides a distinct rationale for macroprudential regulation.

Another important macroeconomic literature focuses on un-
certainty and its role in driving macroeconomic fluctuations (e.g.,
Bloom 2009; Baker, Bloom, and Davis 2016; Bloom et al. 2018;
Baker, Bloom, and Terry 2019). We contribute to this literature by
showing how uncertainty affects aggregate activity through asset
prices and their effect on aggregate demand. We also illustrate
that in our model, uncertainty shocks have stronger effects when
monetary policy is constrained, consistent with recent empirical
evidence (e.g., Plante, Richter, and Throckmorton 2018). Finally,
we show that ex ante financial speculation amplifies the damage
from uncertainty shocks.

On the finance side, a large literature emphasizes investors’
beliefs as a key driver of financial boom-bust cycles (see, e.g.,
Gennaioli and Shleifer 2018 for the role of beliefs in the recent
crisis). A strand of this literature argues that heterogeneity in the
degree of optimism combined with short-selling constraints can
lead to speculative asset price bubbles that substantially amplify
the financial cycle (e.g., Harrison and Kreps 1978; Scheinkman
and Xiong 2003; Geanakoplos 2010; Simsek 2013a; Barberis et al.
2018). Related contributions emphasize that disagreements exac-
erbate asset price fluctuations more broadly—even without short-
selling constraints or bubbles—because they create endogenous
fluctuations in agents’ wealth distribution (e.g., Detemple and
Murthy 1994; Zapatero 1998; Basak 2000, 2005; Xiong and Yan
2010; Kubler and Schmedders 2012; Korinek and Nowak 2017;
Cao 2017). Our article features similar forces but explores them
in an environment where output is not necessarily at its supply-
determined level.?

2. See Gali (2020) for an OLG variant of the New Keynesian model with
rational bubbles (see also Biswas, Hanson, and Phan forthcoming), which also
highlights the role of asset prices on aggregate demand. However, his analysis
does not focus on the risk-balance condition, which is a key block in our analysis.
Also, there is a large body of work that emphasizes the links between asset prices
and macroeconomic outcomes through financial frictions (e.g., Kiyotaki and Moore
1997). Our model removes all these financial frictions for clarity.

3. With respect to these papers, we show that speculation during the boom
worsens the asset price bust and exacerbates the demand recession. Conse-
quently, and unlike much of this literature, macroprudential policy that restricts
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There are five additional connections worth highlighting. In
our setting, speculation generates macroeconomic outcomes as if
there is a representative agent with extrapolative beliefs. This
relates our article to a growing literature that emphasizes extrap-
olation as a key driver of asset prices and business cycles (see,
e.g., Bordalo, Gennaioli, and Shleifer 2018; Bordalo et al. 2019).
Although the two mechanisms are likely to reinforce each other,
speculation makes distinct predictions for trading volume and
heterogeneity in asset positions (see Remark 8).

The interactions between heterogeneous valuations, risk pre-
mia, and interest rate lower bounds are central themes of the lit-
erature on structural safe-asset shortages and safety traps (see,
e.g., Caballero, Farhi, and Gourinchas 2017b; Caballero and Farhi
2018). We contribute to this literature by considering a broader
set of factors that can drive the risk premium (in addition to safe-
asset scarcity) and, more important, by focusing on dynamics.
We analyze the connections between boom and recession phases
of recurrent business cycles driven by risk premium shocks. We
show that speculation between optimists and pessimists during
the boom exacerbates a future risk-centric demand recession, and
we derive the implications for macroprudential policy. In contrast,
Caballero and Farhi (2018) show how pessimists can create a de-
mand recession in otherwise normal times and derive the impli-
cations for fiscal policy and unconventional monetary policy.*

At a methodological level, this article belongs to the new
continuous-time macrofinance literature started by the work
of Brunnermeier and Sannikov (2014, 2016a) and summa-
rized in Brunnermeier and Sannikov (2016b) (see also Basak
and Cuoco 1998; Adrian and Boyarchenko 2012; He and
Krishnamurthy 2012, 2013; Di Tella 2017, 2019; Silva 2020;
Moreira and Savov 2017; Di Tella and Hall 2019). This literature

speculation can improve welfare even if the planner is not paternalistic and re-
spects investors’ (heterogeneous and possibly overoptimistic) beliefs. Adding pa-
ternalistic concerns reinforces our normative conclusions (see Section VI). More
broadly, our article is part of a large finance literature that investigates the effect
of belief disagreements and speculation on financial markets (e.g., Lintner 1969;
Miller 1977; Varian 1989; Harris and Raviv 1993; Chen, Hong, and Stein 2002;
Fostel and Geanakoplos 2008; Simsek 2013b; Iachan, Nenov, and Simsek 2015).

4. This article is also related to an extensive literature on liquidity traps that
has exploded since the Great Recession (see, for instance, Tobin 1975; Krugman
1998; Eggertsson and Woodford 2006; Hall 2011; Christiano, Eichenbaum, and
Trabandt 2015; Bacchetta, Benhima, and Kalantzis forthcoming; Midrigan et al.
2016; Guerrieri and Lorenzoni 2017; Rognlie, Shleifer, and Simsek 2018).
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highlights the full macroeconomic dynamics induced by financial
frictions. While the structure of our economy shares many fea-
tures with theirs, our model has no financial frictions, and the
macroeconomic dynamics stem not from the supply side (relative
productivity) but from the aggregate demand side.

Our results on macroprudential policy are related to recent
work that analyzes the implications of aggregate demand exter-
nalities for the optimal regulation of financial markets. For in-
stance, Korinek and Simsek (2016) show that in the run-up to
deleveraging episodes that coincide with a zero lower bound on
the interest rate, policies targeted at reducing household lever-
age can improve welfare (see also Farhi and Werning 2017). In
these papers, macroprudential policy reallocates wealth across
agents and states so that agents with a higher MPC hold rel-
atively more wealth when the economy is depressed because of
deficient demand. The mechanism in our article is different and
works through heterogeneous asset valuations (instead of het-
erogenous MPCs).5

The macroprudential literature beyond aggregate demand
externalities is mostly motivated by the presence of pecuniary
externalities that make the competitive equilibrium constrained
inefficient (e.g., Caballero and Krishnamurthy 2003; Lorenzoni
2008; Bianchi and Mendoza 2018; Jeanne and Korinek 2019). The
friction in this literature is market incompleteness or collateral
constraints that depend on asset prices (see Davila and Korinek
2018 for a detailed exposition). We show that a decline in asset
prices is damaging not only for the reasons emphasized in this
literature but also because it lowers aggregate demand.

The rest of the article is organized as follows. In Section II we
present an example that illustrates the main mechanism and mo-
tivates the rest of our analysis. Section III presents the general en-
vironment and defines the equilibrium. Section IV characterizes
the equilibrium in a benchmark setting with common beliefs. This
section shows how risk premium shocks can lower asset prices
and induce a demand recession, and how feedback loops between
asset prices and aggregate demand exacerbate the recession.
Section V characterizes the equilibrium with belief disagreements
and heterogeneous asset valuations. This section illustrates how

5. See Farhi and Werning (2016) for a synthesis of some key mechanisms
that justify macroprudential policies in models that exhibit aggregate demand
externalities.
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a greater optimists’ wealth share increases asset valuations and
mitigates the recession, and how speculation amplifies asset price
fluctuations and worsens the recession. Section VI shows the
aggregate demand externalities associated with optimists’ risk-
taking and establishes our results on macroprudential policy. Sec-
tion VII presents our empirical analysis and summarizes support-
ing evidence from the related literature. Section VIII concludes.
The Online Appendix contains the omitted derivations and proofs
as well as the details of our empirical analysis.

II. A STEPPING-STONE RISK-CENTRIC EXAMPLE

Here we present a simple, largely static example that serves
as a stepping stone to our main dynamic model. We start with a
representative-agent setup and characterize the standard aggre-
gate demand mechanism in the New Keynesian model but for-
mulated in terms of our risk-centric decomposition. We use this
decomposition to illustrate how risk premium shocks generate a
demand recession when the interest rate is constrained. We then
consider heterogeneous valuations and illustrate how speculation
affects demand recessions.

II.A. A Two-Period Risk-Centric Aggregate Demand Model

Consider an economy with two dates, ¢ € {0, 1}, a single con-
sumption good, and a single factor of production—capital. For
simplicity, capital is fixed and normalized to 1. Potential output is
equal to capital’s productivity, z;, but actual output can be below
this level because of a shortage of aggregate demand, y; < z;. For
simplicity, we assume output is equal to its potential at the last
date, y; = z1, and focus on the endogenous determination of out-
put at the previous date, yo < z9. We assume the productivity at
date 1 is uncertain and log-normally distributed,

2
o)) logy; =logz; ~ N (g — %, 02> .

We also normalize the initial productivity to 1, zo = 1, so that
g captures the (log) expected growth rate of productivity, and o
captures its volatility.

There are two types of assets. There is a market portfolio
that represents claims to the output at date 1 (which accrues to
production firms as earnings), and a risk-free asset in zero net
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supply. We denote the price of the market portfolio with @, and its
log return with

(2 r'"(z1) = log %

We denote the log risk-free interest rate with /.

For now, the demand side is characterized by a representative
investor, who is endowed with the initial output and the market
portfolio. At date 0, she chooses how much to consume, ¢y, and
what fraction of her wealth to allocate to the market portfolio, »™,
with the residual fraction invested in the risk-free asset. When
asset markets are in equilibrium, she will allocate all of her wealth
to the market portfolio, ®™ = 1, and her portfolio demand will
determine the risk premium.

We assume the investor has Epstein-Zin preferences with dis-
count factor e ” and relative risk aversion coefficient (RRA) y. For
simplicity, we set the elasticity of intertemporal substitution (EIS)
equal to 1. Allowing for a more general EIS leaves our results
qualitatively unchanged (see Remark 2).

The supply side of the economy is described by New Keyne-
sian firms that have fixed nominal prices (see Remark 1 for the
role of this assumption and Online Appendix B.1.3 for details).
These firms meet the available demand at these prices as long
as prices are higher than their marginal cost. These features im-
ply that output is determined by the aggregate demand for goods
(consumption) up to the capacity constraint,

3) Yo = co < 2.

Because prices are fully sticky, the real interest rate is equal
to the nominal interest rate, which is controlled by the central
bank. We assume that the interest rate policy attempts to replicate
the supply-determined output level. However, there is a lower
bound constraint on the interest rate, 7/ > 0. Thus, the interest
rate policy is described by 7 = max (', 0), where ' is the natural
interest rate that ensures output is at its potential, yo = 2.

To characterize the equilibrium, first note that there is a tight
relationship between output and asset prices. Specifically, the as-
sumption on the EIS isolates the consumption wealth effect: the
investor consumes a fraction of her lifetime income in the first
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period,

4) o

=71 +e*P(yO + Q).
Combining this expression with equation (3), we obtain the fol-
lowing equation:

(5) yo =€’ Q.

We refer to this equation as the output—asset price relation—
generally, it is obtained by combining the consumption function
(and when there is investment, also the investment function) with
goods market clearing. The condition says that asset prices in-
crease aggregate wealth and consumption, which in turn leads to
greater output.

Next note that asset prices must also be consistent with equi-
librium in risk markets. In Online Appendix A.1, we show that
up to a local approximation, the investor’s optimal weight on the
market portfolio is determined by

_1E[ e+ % -1
= - :

(6) "o

In words, the optimal portfolio risk (left side) is proportional to
“the Sharpe ratio” on the market portfolio (right side). The Sharpe
ratio captures the reward per risk, where the reward is deter-
mined by the risk premium: the (log) expected return in excess of
the (log) risk-free rate. This is the standard risk-taking condition
for mean-variance portfolio optimization. It applies approximately
in the two-period model, and the approximation becomes exact
when there is a representative household and the asset markets
are in equilibrium (o™ = 1).

Substituting the asset market clearing condition, ™ =1, and
the expected return on the market portfolio from equations (1) and
(2), we obtain the following equation:

_1g-—logQ—r/
= > )

(7

We refer to this equation as the risk balance condition—generally,
it is obtained by combining investors’ optimal portfolio allocations
with asset market clearing and the equilibrium return on the
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market portfolio. The equilibrium level of the Sharpe ratio on the
market portfolio (right side) needs to be large enough to convince
investors to hold the risk generated by the productive capacity
(left side).

Next consider the supply-determined equilibrium in which
output is equal to its potential, yo = zp = 1. Equation (5) re-
veals that this requires the asset price to be at a particular level,
Q* = e ”. Combining this with equation (7), the interest rate also
needs to be at a particular level,

(8) rf*=g+p—yo?

Intuitively, the monetary policy needs to set the interest rate low
enough to induce sufficiently high asset prices and aggregate de-
mand to clear the goods market.

Now suppose the initial parameters are such that »* > 0, so
the equilibrium features @*, r*, and supply-determined output,
yo = 2o = 1. Consider a “risk premium shock” that raises the
volatility, o, or risk aversion, y. The immediate effect of this
shock is to create an imbalance in the risk balance condition (7).
The economy produces too much risk (left side) relative to what
investors are willing to absorb (right side). In response, the mon-
etary policy lowers the risk-free interest rate (captured by the
decline in 7/*), which increases the risk premium and equilibrates
the risk balance condition (7). Intuitively, the central bank lowers
the opportunity cost of risky investment and induces investors to
absorb more risk.

Next suppose the shock is large enough that the natural in-
terest rate becomes negative, r™* < 0, and the actual interest rate
becomes constrained, ' = 0. In this case, the risk balance con-
dition is reestablished via a decline in the price of the market
portfolio, @. This decline in asset prices increases the expected re-
turn on risky investment, which induces investors to absorb risk.
However, the decline in @ reduces aggregate wealth and induces
a demand-driven recession. Formally, we combine equations (5)
and (7) to obtain

9 log yo = p + log @, where log Q@ =g — yo’.
Note that in the constrained region, asset prices and output are

sensitive to beliefs about future prospects. For instance, a de-
crease in the expected growth rate g (pessimism)—rational or
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otherwise—decreases asset prices and worsens the recession. In
fact, while we considered shocks that raise o or y, equations (8)
and (9) reveal that shocks that lower g lead to the same effects.
The key point for our risk-centric perspective is that g still oper-
ates by reducing the expected return on risky assets and hence
creating an imbalance in risk markets.

I1.B. Heterogeneous Valuations and Speculation

We consider heterogeneous asset valuations and investigate
how speculation affects demand recessions. We capture hetero-
geneous valuations with belief disagreements about productivity
growth. Specifically, there are two types of investors, optimists
and pessimists, who believe logz; is distributed according to, re-
spectively, N(g° — %, 02) and N(g? — 2, 02). We assume g° > g”
so that optimists perceive greater growth. Beliefs are dogmatic—
that is, investors know each others’ beliefs and they agree to dis-
agree. Optimists are endowed with a fraction o of the market
portfolio and of date 0 output (and pessimists are endowed with
the remaining fraction). Hence, o denotes the wealth share of op-
timists. The rest of the model is unchanged.

Following similar steps to those in the baseline case, we solve
for “rstar” as (see Online Appendix A.3),

(10) ri* ~ag’+ (1 —a)gP +p—yo?.

When r™* < 0, the interest rate is constrained and ' = 0, so we
have a demand recession with

(11) logy, = p + log @, where log @ ~ ag® + (1 — a)g? — yo2.

Hence equilibrium prices and output depend on optimists’ wealth
share, @. During the recession, increasing « improves outcomes
because optimists increase asset prices, which increases aggre-
gate wealth and everyone’s spending. In our dynamic model, « is
endogenous because investors (ex ante) speculate on their differ-
ent beliefs. Moreover, speculation reduces a during the recession
because optimists think the risk premium shock is unlikely. This
exacerbates the recession and motivates macroprudential policy.

REMARK 1 (ROLE OF NOMINAL PRICE RIGIDITY). In our model (as well
as in other New Keynesian models), nominal price rigidity
plays two roles. First, and most important, it creates a real
interest rate rigidity. To see this, consider an alternative
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economy in which prices are fully flexible and the nominal
interest rate is at a lower bound. How would this economy
react to a risk premium shock that requires a decline in the
real interest rate? By definition, the real rate is equal to the
nominal interest rate minus expected inflation in nominal
prices. Because the nominal interest rate is constrained, the
economy must generate expected inflation: either the current
nominal prices must decline or the future nominal prices must
increase (or a combination of the two). Nominal price rigid-
ity hinders such an adjustment and translates into real in-
terest rate rigidity. As our analysis illustrates, this rigidity
reduces real asset prices in financial markets, which in turn
reduces aggregate demand in goods markets. Nominal price
rigidity plays another role by making firms respond to the
decline in aggregate demand by cutting production—instead
of cutting their nominal price to increase the demand for
their goods (see Online Appendix B.1.3 for a formalization and
Remark 3 for a discussion of how partial price flexibility af-
fects our results).

REMARK 2 (MORE GENERAL EIS). In Online Appendix A.2, we ex-
tend the baseline two-period model (without disagreements)
to cases where the EIS is different from 1. In these cases,
a risk premium shock affects output through two channels.
As before, it exerts a downward influence on asset prices and
consumption through a wealth effect. But it also reduces the
attractiveness of investment opportunities, which further af-
fects consumption depending on the balance of income and
substitution effects. When the EIS is greater than 1, the sec-
ond channel works against the wealth effect because investors
substitute toward consumption. When the EIS is less than 1,
the second channel reinforces the wealth effect. Importantly,
we show that the wealth effect dominates regardless of the
EIS. When the interest rate is constrained, a risk premium
shock reduces equilibrium output and the asset price. When
the EIS is greater than 1, the substitution effect dampens
these declines but it does not overturn them.

III. DynaMIC ENVIRONMENT AND EQUILIBRIUM

In this section we introduce our general dynamic environ-
ment and define the equilibrium. We then partially characterize
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the equilibrium. In subsequent sections we further characterize
this equilibrium in various special cases of interest. Throughout,
we simplify the analysis by abstracting away from investment. In
Online Appendix D, we extend the environment to introduce in-
vestment and endogenous growth. We discuss additional results
related to investment at the end of Section IV.

1. Potential Output and Risk Premium Shocks. The economy
is set in infinite continuous time, ¢ € [0, 0co), with a single con-
sumption good and a single factor of production, capital. Let %,
denote the capital stock at time ¢ and in the aggregate state s € S.
Suppose that when fully utilized, k; ; units of capital produce Ak,
units of the consumption good. Hence, A%, ; denotes the potential
output in this economy. Capital follows the process

dhis

.S

(12) — gdt + 0,dZ,.

Here, g denotes the expected productivity growth, which is an
exogenous parameter in the main text (we endogenize it in
Online Appendix D). The term dZ; denotes the standard Brow-
nian motion, which captures “aggregate productivity shocks.”®
The states, s € S, differ only in terms of the volatility of ag-
gregate productivity, os. For simplicity, there are only two states,
s € {1, 2}, with 01 < 0. State s = 1 corresponds to a low-volatility
state, whereas state s = 2 corresponds to a high-volatility state.
At each instant, the economy in state s transitions into the other
state s’ # s according to a Poisson process. We use these volatility
shocks to capture the time variation in the risk premium due to
various unmodeled factors (see Section II for an illustration of how
risk, risk aversion, and beliefs play a similar role in our analysis).

2. Investor Types. There is a finite number of investor types
denoted by i € I. Investor types are identical in all respects except
for their beliefs about state transitions. Each type consists of a
continuum of identical investors with mass normalized to 1. We

6. Note that fluctuations in k;s generate fluctuations in potential output,
Ak;s. We introduce Brownian shocks to capital, k;, as opposed to total factor
productivity, A, because this leads to a slightly more tractable analysis when we
extend the model to include investment (see Online Appendix D). In the main
text, we could equivalently introduce shocks to A and conduct the analysis by
normalizing all relevant variables with A; ; as opposed to %; ;.
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focus on symmetric equilibria in which investors within a type
choose identical allocations.

3. Transition Probabilities and Belief Disagreements. We let
AL > 0 denote the perceived Poisson transition probability in state
s (into the other state) according to type i investors. These proba-
bilities capture the degree of investors’ (relative) optimism or pes-
simism. For instance, greater kiz corresponds to greater optimism
because investors expect the high risk premium conditions to end
relatively soon. Likewise, smaller A’ corresponds to greater opti-
mism because investors expect the low risk premium conditions
to persist longer. We first analyze the special case with common
beliefs (Section IV) and then investigate belief disagreements and
speculation (Section V). When investors disagree, they know each
others’ beliefs and they agree to disagree.

4. Menu of Financial Assets. There are three types of finan-
cial assets. First, there is a market portfolio that represents a
claim on all output. We let @, s%:; denote the price of the market
portfolio, so @;s denotes the price per unit of capital. We let /",
denote the instantaneous expected return on the market portfolio
conditional on no transition. Second, there is a risk-free asset in
zero net supply. We denote its instantaneous return by r[ - Third,
in each state s, there is a contingent Arrow-Debreu security that
trades at the (endogenous) price p;/s and pays 1 unit of the con-
sumption good if the economy transitions into the other state s’
# s. This security is also in zero net supply and it ensures that
financial markets are dynamically complete.

5. Price and Return of the Market Portfolio. Absent transi-
tions, the price of the market portfolio per unit of capital follows
an endogenous diffusion process,

th,s

13
( ) Qt‘s

= u?sdt + atgdZt fors € {1, 2}.

Combining equations (12) and (13), the price of the market port-
folio (absent transition) follows

d (Qt.skt,s)

14 _—
( ) Qt,sk¢.s

= <g + /,L?S + asoﬁ,) dt + (05 + 0&) dz;.

020z Ae|\ Lz uo sesn sauelqi 1IN Ag 8¢/ 08G/800eelb/8lb/ca01 0L /10pAdRIISqe-soie-0ueApE/a[b/W0o dno olWepedE//:Sd)Y WOl papeojumoq



RISK-CENTRIC MODEL OF DEMAND RECESSIONS & SPECULATION 19

The expected return and the volatility of the market portfolio
(absent transition) are then given by

(15) = Q‘tyt; +g+ ,u?s + O’SO';?S and o/, =0+ Utg.
,8™,s

Here, y; ; denotes the endogenous level of output at time ¢. The first
term in /", captures the “dividend yield” component of return. The
remaining terms capture the (expected) capital gain conditional
on no transition, which reflects the expected growth of capital, of
the price per unit of capital, and of their stochastic interaction.

Equations (13)—(15) describe the prices and returns condi-
tional on no state transition. If there is a transition at time ¢ from
state s into state s’ # s, then the price per unit of capital jumps
from @, s to a potentially different level, @, y. Therefore, investors
that hold the market portfolio experience instantaneous capital
gains or losses.

6. Consumption and Portfolio Choice. Investors continuously
make consumption and portfolio allocation decisions. Specifically,
at any time ¢ and state s, each type i investor has some financial
wealth denoted by o] ;. She chooses her consumption rate, ¢! ,; the
fraction of her wealth to allocate to the market portfolio, }";'; and
the fraction of her wealth to allocate to the contingent security,
w; i . The residual fraction, 1 — w;y’ — w;;, is invested in the risk-
free asset. For analytical tractability, we assume the investor has
log utility. In particular, we set the RRA and the EIS equal to 1
(see Remark 6 for a discussion of how a more general RRA affects
our results). The investor then solves a standard portfolio problem
that we formally state in Online Appendix B.1.1.

7. Equilibrium in Asset Markets. Asset markets clear when
the total wealth held by investors is equal to the value of the
market portfolio before and after the portfolio allocation decisions,

(16) Zat s = Qt sk4,‘ s and Z wmla; s — Qt.skt,s-

Contingent securities are in zero net supply, which implies

(17 Zws Jal =
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The market-clearing condition for the risk-free asset (which is
also in zero net supply) holds when conditions (16) and (17) are
satisfied.

8. Nominal Rigidities and the Equilibrium in Goods Markets.
The supply side of our model features nominal rigidities similar
to the standard New Keynesian model. We relegate the details to
Online Appendix B.1.3. There is a continuum of monopolistically
competitive production firms that own the capital stock and pro-
duce intermediate goods (which are then converted into the final
good). For simplicity, these production firms have preset nominal
prices that never change (see Remark 3 for a discussion of the
case with partial price flexibility). The firms choose their capital
utilization rate, n;s € [0, 1], which leads to output y; s = n; Ak .
We assume firms can increase factor utilization for free until 5,
= 1 and they cannot increase it beyond this level.

As we show in the Online Appendix, these features imply
that output is determined by aggregate demand for goods up to
the capacity constraint. Combining this with market clearing in
goods, output is determined by aggregate consumption (up to the
capacity constraint),

(18) Yts = nt,sAkt,s = Zci,s’ where Nts € [07 1] .

Moreover, all output accrues to production firms in the form of
earnings.” Hence, the market portfolio can be thought of as a
claim on all production firms.

9. Interest Rate Rigidity and Monetary Policy. Our assump-
tion that production firms do not change their prices implies that
the aggregate nominal price level is fixed. The real risk-free in-
terest rate, then, is equal to the nominal risk-free interest rate,
which is determined by the interest rate policy of the central bank.
We assume there is a lower bound on the nominal interest rate,
which we set at 0 for convenience,

(19) rli>o0.

7. In this model, firms own the capital, so the division of earnings between
returns to capital and monopoly profits is indeterminate. Because there is no
investment, this division is inconsequential. When we introduce investment in
Online Appendix D, we make additional assumptions to determine how earnings
are divided.
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The zero lower bound is motivated by the presence of cash in
circulation (which we leave unmodeled for simplicity).

We assume that the interest rate policy aims to replicate the
level of output that would obtain without nominal rigidities sub-
ject to the constraint in inequality (19). Without nominal rigidi-
ties, capital is fully utilized, ;s = 1 (see Online Appendix B.1.3).
Thus, we assume that the interest rate policy follows the rule

(20) r[s = max <O,r[;> foreacht >0ands e S.

Here, r[ . is recursively defined as the instantaneous natural in-

terest rate that obtains when 7; s = 1 and monetary policy follows
the rule in equation (20) at all future times and states.

DEFINITION 1. The equilibrium is a collection of processes for al-
locations, prices, and returns such that capital and its price
evolve according to equations (12) and (13), the instantaneous
return and the volatility of the market portfolio are given
by equation (15), investors maximize expected utility (see
Online Appendix B.1.1), asset markets clear (see equations
(16) and (17)), production firms maximize earnings
(cf. Online Appendix B.1.3), goods markets clear (see equation
(18)), and the interest rate policy follows the rule in
equation (20).

REMARK 3 (PARTIAL PRICE FLEXIBILITY). OQur assumption of fixed
nominal prices is extreme. However, allowing some nomi-
nal price flexibility does not necessarily circumvent the lower
bound in inequality (19). In fact, if monetary policy follows
an inflation-targeting policy regime, partial price flexibility
leads to expected price deflation during a demand recession—
the opposite of what the economy needs to circumvent the
lower bound on the nominal interest rate (see Remark 1).
Intuitively, individual firms respond to the recession by
cutting their individual nominal prices, which increases their
individual demand given aggregate demand. However, the
decline in nominal prices does not necessarily stabilize ag-
gregate demand—whether or not this happens depends on
monetary policy. In an inflation-targeting regime, nominal
prices decline during the recession and get stabilized at a
lower level once the economy exits the recession. This creates
expected deflation that strengthens the bound in inequal-
ity (19) and exacerbates the recession (see Werning 2012;
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Korinek and Simsek 2016; Caballero and Farhi 2018 for fur-
ther discussion).

In the rest of this section, we provide a partial characteriza-
tion of the equilibrium. In subsequent sections, we use this char-
acterization to describe the equilibrium for various specifications
of investors’ beliefs.

III.A. Equilibrium in the Goods Market

First consider the goods market. The following result estab-
lishes that there is a tight relationship between output and asset
prices as in the two-period model.

LEMMA 1 (OUTPUT-ASSET PRICE RELATION). The equilibrium level of
output (per unit of capital) satisfies

21) ;: = Anp = p@y..

The equilibrium return and the volatility of the market port-
folio (absent transition) are given by

(22) rls=p+g+ u,f?s + oscrtg and o/} =05+ a,f?s.

As before, the output—asset price relation in equation (21)
follows from the wealth effect. In view of log utility, each investor
optimally consumes a constant fraction of her wealth (see Online
Appendix B.1.1.),

(23) ¢, = paj,.

This implies that aggregate consumption is a constant fraction of
aggregate wealth (see equation (16)),

(24) Y iy = pQskus.

Combining this with equation (18), we obtain the relation in
(21). Substituting this into equation (15), we further obtain
equation (22). In view of the output—asset price relation, the
dividend yield on the market portfolio is equal to the consumption
rate p.

As before, the output—asset price relation implies that full
factor utilization, n;s = 1, obtains only if the price per unit of

020z Ae|\ Lz uo sesn sauelqi 1IN Ag 8¢/ 08G/800eelb/8lb/ca01 0L /10pAdRIISqe-soie-0ueApE/a[b/W0o dno olWepedE//:Sd)Y WOl papeojumoq


file:qje.oxfordjournals.org
file:qje.oxfordjournals.org

RISK-CENTRIC MODEL OF DEMAND RECESSIONS & SPECULATION 23
capital is at a particular level @ = %, This is the efficient price
level that ensures that the implied consumption clears the goods
market. Likewise, the economy features a demand recession, 7,
< 1, only if the price per unit of capital is strictly below @*. Com-
bining these observations with the interest rate policy in equation
(20), we also summarize the goods market with

(25)
Q. <q, rt.fs >0, where at least one condition is an equality.

The equilibrium at any time and state takes one of two forms.
If the natural interest rate is nonnegative, then the interest rate
policy ensures that the price per unit of capital is at the efficient
level, Q:s = @, capital is fully utilized, n;s = 1, and output is
equal to its potential, y;s = Ak;;. Otherwise, the interest rate
is constrained, rt’f s = 0, the price is lower, @;; < @*, and output is
determined by aggregate demand according to equation (21).

II1.B. Equilibrium in Asset Markets

Next consider asset markets. The equilibrium in these mar-
kets depends on investors’ relative wealth. We define type i in-
vestors’ wealth share as

_a,
s kt.s Qt,s '

By definition, the wealth shares sum to 1, Y o =1 (see
equation (16)). These wealth shares matter because they de-
termine the wealth-weighted average belief for the transition
probability, defined as

(26) ol

27 his = Z(xﬁ,ské.
i

We will show that asset prices are determined as if there is a
representative investor that has the wealth-weighted average be-
lief. However, the wealth-weighted average belief is not constant
over time because investors have speculative portfolios that af-
fect their wealth shares. Therefore, we start by characterizing
investors’ optimal portfolios and the resulting wealth dynamics.
We use the notation i to denote the time derivative of variable
x, that is, o'cjs = (% denotes the drift in type ¢ investors’ wealth
share.
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LEMMA 2 (WEALTH-SHARE DYNAMICS). Investors hold identical posi-
tions on the market portfolio,

(28) o' =1 foreachi.

They hold possibly heterogeneous positions on the contingent
security given by

(29) W = A=y

Type i investors’ wealth share evolves according to

il /i - ; . .
= —wjy =X — AL, ifthere is no state change,
8
(30) Dti o AL . . ,
s = Ls if there is a change to s'.
o hes’

t,s

Equation (28) says that investors’ belief disagreements do
not affect their positions on the market portfolio. In contrast,
equation (29) shows that belief disagreements do affect investors’
positions on the contingent security, and equation (30) describes
the resulting wealth dynamics. When type i investors assign a rel-
atively large probability to transition, A’ > ., they purchase the

contingent security that pays if there is a transition, a)ffgi > 0. As
long as the economy remains in the same state, their wealth share
drifts downward, a&; ; < 0. However, if there is a transition to the

i
%

other state, their wealth share makes an upward jump, o 1.
Conversely, when type i investors assign a relatively small I;roba—
bility to transition, they sell the contingent security. This ensures
that their wealth share drifts upward if the economy remains
in the same state, and it makes a downward jump if there is a
transition. These dynamics are important for our main result (see
Section V).

We provide a sketch proof of Lemma 2, which is useful for de-
veloping further intuition and obtaining additional results. We de-
rive investors’ portfolio optimality conditions in Online Appendix
B.1.1. A type i investor’s portfolio weight on the market portfolio
is determined by

m i
Ot,s a; o Qs

. 1 . al g — .
(31) ooy = — (rt"; — rt’; + AL Ls M) .
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That is, she invests in the market portfolio until the risk of her
portfolio (left side) is equal to the Sharpe ratio of the market
portfolio (right side). This is similar to the optimality condition in
the two-period model (see equation (6)), but the dynamic model
also features state transitions. Our notion of the Sharpe ratio
accounts for potential revaluation gains or losses from transitions
(the term Q Q‘ 2o *2) and the adjustment of marginal utility in case
there is a transmon (the term a,-,ﬁ).8

t.s'

Likewise, the investor’s optimal portfolio allocation to the con-
tingent securities implies

(32)

i =
AL Qg

The portfolio weight, o}, is implicitly determined as the level

that ensures this equality. The investor buys contingent securities
until the perceived price-to-probability ratio of a state (or the state
price) is equal to the investor’s relative marginal utility in that
state.

Substituting equation (32) into equation (31) shows that dif-
ferent investor types allocate identical portfolio weights to the
market portfolio, w;’y' = }",. Together with market clearing (see
equation (16)), this implies equation (28).

To establish the remaining results in the lemma, we rewrite
equation (32) in terms of wealth shares to obtain (see equation
(26))

. 1 p
(33) afy =a, M—, wherek,s = p, Q
' Kt,s Qt s

Here, «;s is a variable that depends on asset prices but that is
common across investor types. Aggregating this equation across
all investor types, and using Y ;¢ =1, we obtain the second
part of equation (30). In Online Appendix B.1.2, we further derive
equation (29) and the first part of equation (30) by combining
equation (33) with investors’ budget constraints.

8. The presence of state transitions makes the Sharpe ratio in our model
slightly different from its common definition, which corresponds to the expected
return in excess of the risk-free rate normalized by volatility.
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REMARK 4 (DETERMINISTIC WEALTH DYNAMICS WITHIN A

STATE). Lemma 2 shows that investors’ wealth shares
follow deterministic dynamics absent state transitions. This
property is driven by equation (28), which ensures that
investors’ relative wealth shares are not influenced by dZ;.
As our proof illustrates, equation (28) is driven by complete
markets and constant RRA preferences. Complete markets
ensure disagreements per se do not induce investors to trade
the market portfolio. Intuitively, since investors disagree
about transition risk, they settle these disagreements by
trading the contingent security for the corresponding risk
instead of the market portfolio. Constant (and common)
RRA preferences ensure risk-sharing considerations do not
generate trade on the market portfolio either.

REMARK 5 (SEPARABILITY OF WEALTH DYNAMICS AND ASSET

PRICES). Lemma 2 also implies that investors’ wealth shares
follow the same dynamics regardless of asset prices or mon-
etary policy. This separability property comes from assum-
ing complete markets and log utility. As we discuss in the
previous remark, these assumptions imply that investors do
not trade the market portfolio—such trade would make asset
prices relevant for wealth shares (see Caballero and Simsek
2019). Log utility (which features RRA equal to 1) is also nec-
essary because, as captured by equation (33), it ensures that
investors’ marginal utility depends only on their wealth. In
particular, investors do not have dynamic hedging motives—
these motives would make asset prices relevant for wealth
shares (see Remark 6 and Online Appendix E for further dis-
cussion of the case with a more general RRA).

The separability property is convenient because it breaks the

analysis with belief disagreements into two steps. We first use
Lemma 2 to characterize investors’ wealth dynamics and the evo-
lution of the wealth-weighted average belief in equation (27). We
then characterize equilibrium asset prices. The following lemma
facilitates the second step by establishing the equilibrium condi-
tions for asset prices given the wealth-weighted average belief.
The proof follows from equations (31)—(33) and is relegated to
Online Appendix B.1.2.
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LEMMA 3 (RISK BALANCE CONDITION). The equilibrium price of the
market portfolio satisfies

1 — s
(34) ot = — <rg; — 1l (1 _ gt. >> ,
t,s t,s'

where r,=p+g+ uf?s +0,02 and o/ =05+ a,f?s

[see Lemma 1].

The equilibrium price of the contingent security satisfies

'y Qt s
35 = Ats .
(35) Dl =t @

Equations (34) and (35) are identical to their counterparts
in an alternative economy in which a representative investor
has the wealth-weighted average belief A, .

Lemma 3 shows that asset prices are determined as if there is
a representative investor that has the wealth-weighted average
belief. Equation (34) is the risk balance condition: the dynamic
counterpart to equation (7) in the two-period model. In each state,
the total risk in the economy (the left side) is equal to the Sharpe
ratio according to the wealth-weighted average belief (the right
side). Note that the Sharpe ratio accounts for the fact that the
aggregate wealth and (aggregate) marginal utility will change if
there is a state transition.? Likewise, equation (35) shows that the
equilibrium price of the contingent security reflects the wealth-
weighted average belief and the change in (aggregate) marginal
utility after transition.

1. First-Best Equilibrium. For future reference, we derive
the first-best equilibrium without interest rate rigidities. In this
case, there is no lower bound constraint on the interest rate, so
the price per unit of capital is at its efficient level at all times and
states, @;s = @*. Combining this with equation (34), we solve for

Qts Qg Qs

9. To see this, observe that the term is actually equal to o @

Qts Qts
T Qs

Q. — Qs
Q.S

Qts

Here, denotes the capital gains and

denotes the aggregate marginal
utility adjustment.
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“rstar” as
(36) rsf* =,o+g—082 for each s € {1, 2}.

Hence, in the first-best equilibrium the risk premium shocks are
fully absorbed by the interest rate. Note also that by Lemma 2, in-
vestors’ wealth shares do fluctuate when there are belief disagree-
ments. In the first-best equilibrium, these wealth-share fluctua-
tions affect the equilibrium price of the contingent security (see
equation (35)) but not the equilibrium price of capital, aggregate
demand, or the interest rate. Next, we characterize the equilib-
rium with interest rate rigidities.

IV. CoMMON BELIEF BENCHMARK AND AMPLIFICATION

In this section, we analyze the equilibrium in a benchmark
case with a single investor type with belief denoted by 1; = A.. We
use this benchmark to illustrate how the spirals between asset
prices and output exacerbate the recession and how pessimism
amplifies these spirals.

Because the model is linear, we focus on equilibria in which
the price per unit of capital and the 1nterest rate remain constant
within states, ;s = @, and rtf s = rl. In partlcular there is no

price drift or volatility within a state, ,ugs = at.S = 0. Combining
this with equation (34), we obtain the risk balance conditions

ptg+i(1-g) -1/
37 05 = for each s € {1, 2}.

Os

The e;lulhbrlum is then characterized by finding four unknowns,
(Q1, 1y, z,rz) that solve the two conditions in equation (37)
together with the two goods market equilibrium conditions in
equation (25). We solve these equations under the following para-
metric restriction.

ASSUMPTION 1.0 > p + g > ol.

In view of this restriction, the low risk premium state 1 fea-
tures positive interest rates, efficient asset prices, and full factor
utilization, rlf >0, @, = @, and n; = 1, whereas the high risk
premium state 2 features zero 1nterest rates, lower asset prices,
and imperfect factor utilization, r2 =0, <@,and ny < 1. In
particular, the analysis with common beliefs reduces to finding
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two unknowns, (@, rlf ), that solve the two risk balance conditions
in equation (37) (after substituting @1 = @* and r2f =0).

IV A. Equilibrium in the High Risk Premium State

After substituting r2f = 0, the risk balance equation (37) for
the high risk premium state s = 2 can be written as

(38) 02=p+g+/\2( _%>

02

If the price were at its efficient level, @2 = @*, the risk (the left
side) would exceed the Sharpe ratio (the right side). As in the two-
period model, the economy generates more risk than investors
are willing to absorb at the constrained interest rate. As before,
the price per unit of capital, @2, must fall to equilibrate the risk
markets. Rearranging the expression, we obtain a closed-form
solution,

2
e _ 9y —(p+8)
(39) @ =q (1 BT )

As this expression illustrates, we require a minimum degree of
optimism to ensure an equilibrium with positive price and output.

ASSUMPTION 2. Ay > 02 — (p + &).

This requirement is a manifestation of an amplification mech-
anism that we describe next.

IV.B. Amplification from Endogenous Output and Earnings

In the two-period model of Section II, the future payoff from
the market portfolio is exogenous (z1). Therefore, a decline in the
price of capital (®) increases the dividend yield and the market
return, r"(z1) = % (see equation (2)). In contrast, in the current
model the instantaneous payoff from the market portfolio is en-
dogenous and given by y; 2 = pQ2k; 2. Therefore, a decline in the
price of the market portfolio does not affect the dividend yield

( Qy;,‘; - = p) and leaves the market return absent transitions un-

changed, ", = p + g (see equation (22)). Unlike in the two-period
model, a decline in asset prices does not increase the market re-
turn (aside from state transitions). The intuition is that a lower
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price reduces output and economic activity, which reduces firms’
earnings and leaves the dividend yield constant. Thus, asset price
declines no longer play a stabilizing role through the dividend
yield, leaving the economy susceptible to a spiraling decline.

In view of this amplification mechanism, one might wonder
how the risk market ever reaches equilibrium once the price, @3,
falls below its efficient level, @*. The stabilizing force is captured
by the last term in equation (38), Ao(1 — %). A decline in the price
increases the expected capital gain from transition into the recov-
ery state s = 1, which increases the expected return to capital and
the Sharpe ratio. The stabilizing force is stronger when investors
are more optimistic and perceive a higher transition probability
into the recovery state, Lo. Assumption 2 ensures that the stabi-
lizing force is sufficiently strong to counter the impact of the risk
premium shock. If this assumption were violated, a risk premium
shock would trigger a downward price spiral that would lead to
an equilibrium with zero asset prices and zero output.

Finally, consider the comparative statics of the equilibrium
price with respect to the exogenous shifter of the risk premium,
d(%) . 1

d(rz2 -
Hence, risk premium shocks reduce asset prices and output by
a greater magnitude when investors are more pessimistic about
recovery (lower Ag). These observations illustrate that average
beliefs matter in this environment not only because they have a
direct effect on asset prices but also because they determine the
strength of the amplification mechanism.

022 (see equation (36)). Using equation (39), we obtain

}\.2.

IV.C. Equilibrium in the Low Risk Premium State

Following similar steps for the low risk premium state s = 1,
we also obtain a closed-form solution for the interest rate in this
state,

(40) r{=p+g—af—k1<@—1>.
Q@

Intuitively, given the expected return on capital, the interest rate
adjusts to ensure that the risk balance condition is satisfied at the
efficient price level, @, = @*. For our conjectured equilibrium, we
also assume an upper bound on 11, which ensures that the implied
interest rate is positive.
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o2 k. . .
ASSUMPTION 3. A1 < Z ;‘57‘1’1 , where % is given by equation (39).

Qg

Note that equation (40) implies rlf is decreasing in the tran-
sition probability, A1, as well as in the asset price drop conditional
on transition, % Interest rates are kept relatively low because
investors fear a recession triggered by an increase in the risk pre-
mium when the interest rate is constrained. The following result
summarizes the equilibrium characterization in this section.

ProprosITION 1. Consider the model with a single belief type and
Assumptions 1-3. There is an equilibrium in which the price
per unit of capital and the interest rate are constant within
each state, ;s = @; and rt’f o= r/. The low risk premium state
1 features a positive interest rate, efficient asset prices, and
full factor utilization, rlf > 0, @ = @, and n; = 1. The high
risk premium state 2 features a zero interest rate, lower asset
prices, and a demand-driven recession, r2f =0,Q: < @, and
na2 < 1, as well as lower consumption and output, Z;—j = % =

p Q.. The price in state 2 and the interest rate in state 1 are

given by equations (39) and (40).

IV.D. Equilibrium with Investment and Endogenous Growth

In Online Appendix D, we extend the baseline environment to
incorporate investment. This leads to two main changes. First, the
growth rate in equation (12) becomes endogenous, g;s = ¢(i:5) —
8, where 1, ; = Z? denotes the investment rate per unit of capital,

¢(-) denotes a neoclassical production technology for capital, and
8 denotes the depreciation rate. Second, under the simplifying
assumption that output accrues to agents as returns to capital
(i.e., no monopoly profits), optimal investment is an increasing
function of the price per unit of capital, @,;.1° Moreover, using
a convenient functional form for ¢(.), we obtain a linear relation
between the investment rate and the price, «(Q;s) = ¥ (Q;s — 1) for
some ¢ > 0.

10. Without this assumption, investment would be a function of Qt,s < Qs
which represents a claim on the rental rate of capital in future periods (excluding
monopoly profits). The difference, @, s — @, captures the price of a claim on
monopoly profits. Hence, allowing for profits would have a quantitative impact on
investment, though we believe it would leave our qualitative results unchanged.
We leave an investigation of this issue for future research.
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In this setting, aggregate demand is the sum of consumption
and investment. Using the expression for optimal investment, we
generalize the output—asset price relation (21) to

(41) Ant,s = ;OQL‘,S + 1p(Qt,s - 1)

Hence, output is increasing in asset prices because asset prices
generate a wealth effect on consumption and increase investment
through a marginal-Q channel. Substituting optimal investment
into the endogenous growth expression, we further obtain

(42) 8ts = qus - 87 where qrs = 10g Qt,s-

Hence, this setting also features a growth-asset price relation:
lower asset prices reduce investment, which translates into lower
endogenous growth and lower potential output in future periods.
The rest of the model is unchanged (see Online Appendix D for
details).

In the Online Appendix, we characterize the equilibrium in
this extended environment and generalize Proposition 1. We find
that risk premium shocks—captured by a transition to state 2—
generate a decline in investment and endogenous growth, as well
as in consumption and output as in the baseline model. The de-
cline in investment and endogenous growth generates a second
amplification mechanism that reinforces the mechanism we de-
scribed earlier. Specifically, the recession lowers asset prices fur-
ther, not only by reducing output and earnings but also by reduc-
ing growth in potential output and earnings. Figure I illustrates
the two amplification mechanisms. Henceforth, we return to the
baseline model without investment.

REMARK 6 (MORE GENERAL RRA).In Online Appendix E, we ex-
tend the baseline dynamic model to cases where the RRA is
different from one while keeping the EIS equal to one (see
Remark 2 for the role of the EIS). This introduces dynamic
hedging motives: investors’ marginal utility for future states
reflects not only their wealth but also the attractiveness of in-
vestment opportunities in the corresponding state. These mo-
tives affect our analysis in two ways. First, investors’ wealth-
share dynamics are influenced by their relative dynamic
hedging motives in addition to belief disagreements. These
effects complicate the analysis with belief disagreements
(in particular, the separability property from Section III.B
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no longer applies), but they are largely orthogonal to the
effects of speculation that we discuss subsequently. Second,
with common beliefs (in which case the analysis is tractable),
dynamic hedging motives further amplify the effect of risk
premium shocks on asset prices and output in the empirically
relevant case of RRA greater than one (see Di Tella 2017).
Specifically, an increase in the (relative) risk premium in the
high risk premium state makes the investment opportunities
in this state (relatively) less attractive, which increases in-
vestors’ willingness to hedge the high risk premium state. In
equilibrium, this translates into a lower price and output in
the high risk premium state (and a lower interest rate in the
low risk premium state).

V. BELIEF DISAGREEMENTS AND SPECULATION

We now turn to the main case with belief disagreements. We
show that a greater wealth share for optimists raises asset val-
uations and mitigates the recession. We also establish that spec-
ulation induced by belief disagreements exacerbates asset price
fluctuations and worsens the recession.

We restrict attention to two investor types, optimists and pes-
simists, with beliefs denoted by { (1}, )} - Beliefs satisfy the

following assumption.

i€fo

ASSUMPTION 4. A > A5 and 1] < Af.

When the economy is in the high risk premium state,
optimists find the transition into the low risk premium state
relatively likely (A5 > A%); when the economy is in the low risk
premium state, optimists find the transition into the high risk
premium state relatively unlikely (A < A7). Hence, optimism and
pessimism are relative: an optimist is someone who is optimistic
relative to a pessimist. In fact, we do not need to specify the
“objective distribution” for our theoretical results (including the
welfare results). We do, however, need relative optimism and pes-
simism to be persistent across the two risk premium states (see
Remark 7 at the end of this section).

As our analysis in Section IT1.B suggests, the equilibrium with
belief disagreements depends on investors’ wealth shares. In the
two-type context, we simplify the notation and denote optimists’
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wealth share without a superscript (see equation (26)):

0
at,s

k’t,s Qt.s .

Qs =

Pessimists’ wealth share is the residual, 1 — o = kt Q“ Opti-
mists’ wealth share, o4, is the relevant state variable for this
economy. Specifically, we establish an equilibrium in which all
variables can be written as a function of «;,. To this end, we also
write the wealth-weighted average belief as a function of opti-
mists’ wealth share (see equation (27)):

(43) Xt,s = Xs(oct,s) = at,skg + (1 — at,s))\f.

We present our main result in this section, which charac-
terizes the equilibrium with belief disagreements. The result re-
quires Assumptions 1-3 to hold for both beliefs. These assump-
tions ensure that there exists an equilibrium in which the low risk
premium state 1 always features a positive interest rate, efficient
price level, and full factor utilization, rt’f 1>0,Q:1=@", andn, 1 =
1, whereas the high risk premium state 2 always features a zero
mterest rate, a lower price level, and insufficient factor utilization,

2—0 Qo< @, and ;0 < 1.

PRrOPOSITION 2. Consider the model with two belief types. Suppose
Assumptions 1-3 hold for each belief, and that beliefs are
ranked according to Assumption 4. Then, there is an equi-
librium in which the log price and interest rate can be writ-

ten as functions of optimists’ wealth share, q; s = gs(a.5), r,f s =
rt (a4.5), where optimists’ wealth share evolves according to

) % =i =1 —22) (1 - ;) ifthere is no state change,
G s if there is a change to s’
Qs As(ons)

In the high risk premium state 2, the interest rate is 0,
rzf (¢) = 0, and the log price per unit of capital is below the
efficient level, go(a) < ¢*. The price function is the solution to
the differential equation

45) gy () (33— A a(l—a)=p+g+7z (@) (1 s (g)f (“))) o3,
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with boundary conditions g, (0) = g§ and gz (1) = ¢5. The so-
lution, go(@), is strictly increasing in «. In particular, greater
optimists’ wealth share in the high risk premium state, a; 2,
increases the price per unit of capital, @2, as well as con-
sumption and output, ;2 = 72 = p@Q, ».

In the low risk premium state 1, the log price is at its
efficient level, g1(a) = g*, and the interest rate is strictly

positive, rlf (a) > 0. The interest rate function is given by

L - @ N, M
46) rl (@)y=p+g Al(a)(exp(qz(a’)) 1) o;f where o —axl(oo.

The function rlf (o) is strictly increasing in «. In particular,
a greater optimists’ wealth share in the low risk premium

state, o1, increases the interest rate, rtf 1

The characterization of optimists’ wealth dynamics follows
from Lemma 3. When the economy is in the recession state, op-
timists purchase the upside contingent security from pessimists
(because 19 > 15). As long as the economy remains in the reces-
sion state, optimists’ wealth share drifts downward. However, if
there is a transition to the boom state, then optimists’ wealth
share makes an upward jump. Conversely, when the economy is
in the boom state, optimists sell the downside contingent security
to pessimists (since 1] < Xf ). This ensures that optimists’ wealth
share drifts upward when the economy remains in the boom state,
but it makes a downward jump if there is a transition to the re-
cession state. Figure II illustrates these dynamics for a particular
parameterization (described subsequently).

The rest of the proposition characterizes the equilibrium price
in the high-risk state and the interest rate in the low-risk state as
functions of optimists’ wealth share. Equations (45) and (46) are
similar to their counterparts with common beliefs (see equations
(38) and (40)). The main difference is that the asset price and
the interest rate depend on the wealth-weighted average belief
in the corresponding state, A3 («) and 1 («). Because increasing
optimists’ wealth share, o, makes the wealth-weighted average
belief more optimistic (in either state), these equations suggest
that greater o should increase the asset price and the interest rate.
The proposition verifies this intuition. Figure III illustrates the
equilibrium asset price and interest rate functions for a particular
parameterization.
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Equilibrium Price and Interest Rate Functions with Heterogeneous Beliefs

Proposition 2 has two important implications. First, in the
recession state, a greater wealth share for optimists increases not
only asset prices but also consumption and output (in view of
the output—asset price relation). This observation motivates poli-
cies that redistribute wealth to optimists in the recession state—
including macroprudential policy, which we analyze in the next
section. The result is reminiscent of the recent macroeconomic
literature that emphasizes the importance of wealth distribu-
tion for aggregate spending in environments with heterogeneous
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MPCs. However, the mechanism here is different and works
through general equilibrium effects driven by heterogeneous as-
set valuations. To see this, consider the effect of a wealth trans-
fer from pessimists to optimists in partial equilibrium—keeping
asset prices unchanged, and in general equilibrium—allowing as-
set prices to adjust. In partial equilibrium, this transfer would
not stimulate aggregate spending because pessimists and opti-
mists have the same MPC (equal to p). As optimists increase
their spending, pessimists reduce their spending by the same
amount. In general equilibrium, the transfer increases asset
prices and aggregate spending. In fact, relative to the partial equi-
librium benchmark, optimists and pessimists both increase their
spending.

Second, the proposition implies that financial markets are
effectively extrapolative even though investors’ beliefs are fixed.
Good realizations increase optimists’ wealth share, which raises
effective optimism and increases the asset price (in the high
risk premium state) or the interest rate (in the low risk pre-
mium state). Conversely, bad realizations reduce optimists’ wealth
share, which reduces effective optimism and decreases the asset
price or the interest rate. These results also imply that specula-
tion exacerbates asset price boom-bust cycles and leads to more
severe recessions (see Remark 8 at the end of this section).

Next we provide a sketch proof for Proposition 2, which pro-
vides further intuition. We then present a simulation that illus-
trates how speculation exacerbates boom-bust cycles and demand
recessions.

V.A. Sketch Proof of Proposition 2

The wealth dynamics in equation (44) follow from Lemma 2.
Because we search for an equilibrium that satisfies q;s = gs(a ),
and o, follows a deterministic path absent transition, g;s also

follows a deterministic path absent transition. Therefore, th =0
(see Remark 4).

To characterize the rest of the equilibrium, consider Lemma
3, which describes the risk balance condition. Applying equation
(34) for the high risk premium state s = 2 and substituting rt’_c o=0

Q.. ‘ .
and 0,2 =0, u?, = g;_z é = ¢;.9, we obtain

47 o9 = 1 (;0 +8+ G2+ Ao <1 — @>) .
g9 Q*
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This condition is similar to its counterpart with common beliefs,
with two differences (see equation (38)). First, the transition prob-
ability effectively depends on the wealth-weighted average belief,
Xs.2. Second, the expected return to the market portfolio features
the price drift term ¢; o (see equation (22)), which is not necessarily
0 because optimists’ wealth share changes over time.

Combining equations (44) and (47), we obtain a differential
equation system that describes the joint dynamics of the log price
and optimists’ wealth share, (g;2, o;2), conditional on no transi-
tion. In Online Appendix B.3, we show that this system is saddle
path stable: for any initial wealth share, «; 2 € (0, 1), there exists
a unique equilibrium price level, ¢, 2 € [g5, g3), such that the so-
lution satisfies lim; _, coor2 = 0 and lim; o, g0 = qé’ . We further
show that the saddle path is strictly increasing in «; 2. These obser-
vations imply that the equilibrium price is an increasing function
of optimists’ wealth share, go(a) (which corresponds to the sad-
dle path). Substituting this function into equation (47) and using
equation (44), we also obtain the differential equation (45) that
characterizes this function in the «¢-domain.

Finally, we obtain equation (46) by applying the risk balance
condition (34) for the low risk premium state s = 1. The term «’
denotes optimists’ wealth share after an immediate transition into
the high risk premium state (see equation (44)). The interest rate
is increasing in « both because the wealth-weighted transition
probability to the high risk premium state, 11 («), is decreasing in
«; and because the price that would obtain after transition, ga(a’),
is increasing in «.

V.B. Numerical Illustration

We illustrate the equilibrium characterized in Proposition 2
using a simple parameterization (see Online Appendix B.4 for
details). For the baseline parameters, we set g = 5%, p = 4%, 012 =
2%, 022 = 10%. For investors’ beliefs about transition probabilities,
we set A9 = %, A= % for the boom state, and 14 = %, AL = % for
the recession state.

Figure II illustrates the corresponding dynamics for opti-
mists’ wealth share. Figure III illustrates the corresponding equi-
librium prices. The left panel of Figure III illustrates the price of
capital in the recession (normalized by the efficient price level) as
a function of optimists’ wealth share. When pessimists dominate

the economy, the price of capital and output decline by 25%. In
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contrast, when optimists dominate, they decline by only 5%. The
right panel of Figure III illustrates the interest rate in the boom
as a function of optimists’ wealth share. The risk-free rate during
the boom is close to 7% when optimists dominate the economy but
it is close to 0% when pessimists dominate.

V.C. Amplification from Speculation

We next use our numerical example to illustrate how specula-
tion amplifies the business cycle driven by risk premium shocks.
We fix investors’ beliefs and simulate the equilibrium for a partic-
ular realization of uncertainty over a 40-year horizon. We choose
the objective simulation belief to be in the “middle” of optimists’
and pessimists’ beliefs in terms of the relative entropy distance.!!
We also focus on the “average path”—the path in which the length
of each boom or bust is exactly equal to its mean value implied by
the simulation belief. Figure IV illustrates the dynamics of equi-
librium variables along this path. For comparison, the dashed red
line plots the equilibrium that would obtain in the common-beliefs
benchmark if all investors shared the “middle” simulation belief,
and the dot-dashed blue line plots the first-best equilibrium that
would obtain without interest rate rigidities (color versions on-
line).

The figure illustrates two points. First, as we establish in
Section IV, the price per unit of capital is more volatile and the
interest rate is more compressed in the common-belief benchmark
than in the first-best equilibrium. In the high risk premium state,
the interest rate cannot decline enough to equilibrate the risk bal-
ance condition, which leads to a drop in asset prices and a demand
recession. Moreover, asset prices and output decline substantially
even though the interest rate is above the first-best level by only
1 percentage point—illustrating the amplification mechanism. In

11. Formally, given two probability distributions (p(8))s;cs and ((8));zcs, the
relative entropy of p with respect to g is defined as ) ; p(5)log (%). In a setting
similar to ours, Blume and Easley (2006) show that investors whose belief'is closer
to the objective distribution in terms of the relative entropy distance dominate the
economy in the long run. We choose the simulation belief (in both the boom and
the recession state) to be in the “middle” of optimists’ and pessimists’ beliefs to
prevent this outcome and ensure that there is a nondegenerate long-run wealth
distribution. This helps illustrate the destabilizing effects of speculation without
taking a stand on whether optimists or pessimists are “correct.” Our welfare results
in the next section do not require this assumption because we evaluate investors’
expected utilities according to their own beliefs.
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FiGure IV
A Simulation of the Equilibrium Variables over Time

The solid red lines illustrate the equilibrium with belief disagreements. The
dashed red lines (resp. the dotted blue lines) illustrate the common belief bench-
mark (resp. the first-best benchmark).

the low risk premium state, the fear of transition into the reces-
sionary high risk premium state keeps the interest rate lower
than in the first-best benchmark.

Second, risk-centric recessions are more severe when in-
vestors have belief disagreements (and this also compresses inter-
est rates). The intuition follows from Proposition 2. Speculation
in the low risk premium state decreases optimists’ wealth share
once the economy transitions into the high risk premium state,
as illustrated by the second-to-top panel of Figure IV. This trans-
lates into lower asset prices and a more severe demand recession,
as illustrated by the bottom panels of Figure IV. Speculation also
increases optimists’ wealth share if the boom continues, but this
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effect does not translate into higher asset prices or output because
it is (optimally) neutralized by the interest rate response. The ad-
verse effects of speculation on demand recessions motivate the
analysis of macroprudential policy, which we turn to in the next
section.

REMARK 7 (INTERPRETATION OF BELIEF DISAGREEMENTS). As this dis-
cussion suggests, what matters for our results in this section
is persistent heterogeneous valuations for risky assets that
ensure: (i) during the recession, a greater wealth share for
high-valuation investors increases the (relative) price of risky
assets, and (ii) during the boom, high-valuation investors ab-
sorb relatively more of the recession risks. Belief disagree-
ments generate these features naturally, under the mild
assumption that optimists and pessimists do not flip roles
between booms and recessions, but other sources of heteroge-
neous valuations would lead to similar results.'? For example,
with heterogeneous risk aversion, more risk-tolerant agents
take on more aggregate risk (i.e., they insure less risk-tolerant
agents), which reduces their wealth share and the (relative)
price of risky assets following negative shocks to fundamen-
tals (see, for instance, Garleanu and Pedersen 2011; Longstaff
and Wang 2012). From this perspective, belief disagreements
can also capture institutional reasons for heterogeneous val-
uations such as capacity or mandates for handling risk. In-
vestment banks, for example, have far more capacity to han-
dle and lever risky positions than do pensioners and money
market funds.

REMARK 8 (OTHER SOURCES OF EXTRAPOLATIVE DYNAMICS). In our
model, asset prices are determined as if there is a repre-
sentative investor with the wealth-weighted average belief,
A5 (see Lemma 3). Our analysis in this section shows that
speculation generates extrapolative dynamics for the wealth-
weighted average belief. Therefore, an alternative model in
which agents are homogeneous but have individually ex-
trapolative beliefs would generate identical price dynamics

12. The no-flipping assumption is supported by recent survey evidence that
shows belief heterogeneity is largely explained by persistent individual hetero-
geneity (Giglio et al. 2019). The assumption is also consistent with an extensive
psychology literature that documents the prevalence of optimism, as well as its
heterogeneity and persistence, since it is largely a personal trait (see Carver,
Scheier, and Segerstrom 2010 for a review).
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(as long as the extrapolation mechanism generates identical
paths for ;). Unlike our model, such an alternative model
would feature homogeneous asset positions. Thus, it would
not generate trading volume, which is a distinctive feature
of speculative episodes in practice (see, e.g., Hong and Stein
2007; DeFusco, Nathanson, and Zwick 2017). More broadly,
extrapolation and speculation are both likely to be at play and
reinforce each other during speculative episodes.

VI. WELFARE ANALYSIS AND MACROPRUDENTIAL POLICY

Because our model features constrained monetary policy,
most of the aggregate demand boosting policies that have been
discussed in the New Keynesian literature are effective in our en-
vironment. We skip a discussion of these policies (our results still
apply as long as these policies are imperfect). Instead, we focus on
macroprudential policy interventions that impose restrictions on
risk market participants with the objective of obtaining macroeco-
nomic benefits. In practice, most macroprudential policies restrict
risk-taking by banks—especially large ones. Interpreting banks
as high-valuation investors (see Remark 7) or as lenders to such
investors (see Section VII), we capture these policies in reduced
form by imposing portfolio risk limits on optimists.

Our model features heterogeneous beliefs, which makes the
welfare analysis challenging. We mainly focus on the standard
Pareto criterion in which the planner evaluates investors’ ex-
pected utility according to the investors’ own beliefs. This cri-
terion ensures that our results are not driven by paternalistic
concerns. Instead, the planner improves welfare by internalizing
aggregate demand externalities. The standard criterion is also ap-
propriate if we interpret belief disagreements as a modeling device
that captures heterogeneous valuations due to other factors (see
Remark 7). However, if we interpret belief disagreements literally,
then a paternalistic criterion such as the belief-neutral welfare
criterion developed by Brunnermeier, Simsek, and Xiong (2014)
could be more appropriate. In Section VI.C, we illustrate how to
use a belief-neutral criterion in our context.

We provide a decomposition of investors’ value functions that
simplifies the theoretical analysis. Specifically, because our model
features complete markets and no frictions other than interest
rate rigidities, aggregate demand externalities are the only source
of inefficiency. Therefore, the first-best benchmark that corrects
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for these inefficiencies is Pareto efficient. Motivated by this obser-
vation, we decompose investors’ value functions into two compo-
nents: a first-best value function that would obtain if there were
no demand recessions and a gap value function that captures the
loss of value due to demand recessions. Introducing the gap value
function simplifies the analysis considerably because, up to a first
order, macroprudential policies affect social welfare only through
their effect on investors’ gap values.

Using the model with two belief types from the previous sec-
tion, we first characterize investors’ value functions in equilibrium
according to their own beliefs. We also define the gap value func-
tions and illustrate the aggregate demand externalities. We con-
sider macroprudential policy that induces optimists to act more
pessimistically (by imposing appropriate portfolio risk limits). We
show that this policy can lead to a Pareto improvement of social
welfare. We focus on macroprudential policy in the boom (low risk
premium) state and briefly discuss macroprudential policy in the
recession (high risk premium) state.

VIA. Equilibrium Value Functions

Because the model is linear, a type i investor’s expected utility
can be written as (see Online Appendix B.1.1)

i (i 1 aj., i

(48) Vi (a,) = - log 2. + v},

Here, vi’s denotes the normalized value function per unit of capital
stock. Consider the equilibrium characterized in Proposition 2. In
Online Appendix C.1, we characterize the normalized value cor-
responding to this equilibrium as the solution to the differential
equation system,

i

Ut.s

vl =logp + + 1 & %032 A
1Y t,s ot - g o Qts o \— ()Lls _Xt,s) + )Lls IOg(AS )

(49) 3l (uly — ).

The equilibrium price, g; s, affects the investor’s welfare because it
determines output and consumption (see equations (24) and (21)).
Consumption growth, g, and volatility, 02, also affect welfare.
Finally, speculation affects the investor’s (perceived) welfare. This
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is captured by the term —(A% — ;) + Al log(%), which is 0 with
common beliefs and strictly positive with disagreements.

1. Gap Value Function. To facilitate the policy analysis, we
break down the normalized value function into two components,

(50) U = Ups W

Here, v;; denotes the first-best value function that would obtain
if there were no interest rate rigidities. It is characterized by solv-
ing equation (49) with the efficient price level, ¢;s = q*, for each
t, s. The residual, w , = v . — v/, denotes the gap value function,
which captures the loss due to interest rate rigidities and demand
recessions. The first-order impact of macroprudential policy on
social welfare depends only on the gap value function. Using
equation (49), we characterize the gap value function as the
solution to the following system,

Wy s

9t + )‘i (w;s - w;.s) :

(51) pw =qrs —q* +

The gap value function corresponds to the investor’s present dis-
counted value of utility losses from output gaps relative to the
efficient level. In view of the output—asset price relation (21), the
function accounts for the output gaps in terms of the asset price
gaps. Recall that the equilibrium features q;1 = ¢* and ¢;2 < ¢*.
Thus, the key objective of policy interventions is to increase the
asset price in the high risk premium state, in order to mitigate
the demand recession.

VI.B. Aggregate Demand Externalities

In Online Appendix C.1 we show that the gap value can be
written as a function of optimists’ wealth share, w! (o). Combin-
ing equations (51) and (44), we characterize this function as the
solution to the following system in the ¢-domain,

dw! (a)
o

pwl (@) =qs (@) —q" — (A =22 a1l —a)

52 21 (@)~ uf (@),
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where o' = oc;(‘i). Recall that the price function in the high risk
premium state, qs(@), is increasing in optimists’ wealth share (see

Figure III). This leads to the following result.

(a

LEMMA 4. The gap value function satisfies % > 0 for each s, i,
and a € (0, 1).

Optimists’ wealth share is a scarce resource that brings asset
prices and output in the recession state closer to their first-best
level. Thus, the gap value function in the recession state is in-
creasing in optimists’ wealth share. The gap value function in the
boom state is also increasing, because the economy can always
transition into the recession state, where optimists’ wealth is use-
ful (see Lemma 5 for a ranking of the marginal value of optimists’
wealth across the two states).

This result also illustrates the aggregate demand externality.
Optimists’ wealth share is an endogenous variable that fluctuates
due to investors’ portfolio decisions (see Figure IV). Individual
optimists who take positions in contingent markets—and pes-
simists who take the other side of these positions—do not take
into account the effect of their decisions on asset prices and so-
cial welfare. This leads to inefficiencies that can be corrected by
macroprudential policy.

VI.C. Macroprudential Policy

To evaluate the direction of the inefficiency, we consider a
constrained policy exercise where the planner can induce opti-
mists to choose allocations as if they have less optimistic beliefs.?
Specifically, optimists are constrained to choose allocations as if
they have the beliefs 1°7 = (177 L A '), which satisfy A7 > A9
and A;’p ! < 19. Pessimists continue to choose allocations according

to their own beliefs. Throughout, we use A;” ! to denote investors’
as-if beliefs and A% to denote their actual beliefs. For pessimists,
the two beliefs coincide. We also use Xfl (@) = adlP + (1 — ) AF to
denote the weighted average as-if belief.

In Online Appendix C.2, we show that the planner can imple-
ment this policy by imposing inequality restrictions on optimists’
portfolio weights, while allowing them to make unconstrained

13. For simplicity, we restrict attention to time-invariant policies. The planner

commits to a policy at time 0, (1] L 1o '), and implements it throughout.
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consumption-savings decisions. To understand this implementa-
tion, note that optimists’ position on the contingent security is
given by (see equation (44))

(53) wf PP = (AP —0P) (1 —ars) -

With their own behefs optimists sell the contingent security in
the boom state, a) 7 < 0 (since A < A%), and purchase it in the

recession state, wt_2 > 0 (since A3 > A5). Therefore, equation (53)
implies that in the boom state, the planner prevents optimists
from selling too much of the contingent security, o tl 0> w2 °. In
the recession state, the policy prevents optlmlsts from purchasmg
too much of the contingent security, » t 5 < Etlé’ In either state,
the policy constrains optimists’ weight on the market portfolio
not to exceed the market average, w;;’ < 1. In the absence of this
constraint, optimists would speculate by increasing their exposure
to the market portfolio.

The characterization of the equilibrium with macroprudential
policy is the same as in Section V. In particular, equations (44)
and (47) still hold, and the only difference is that investors’ beliefs
are replaced by as-if beliefs, 15" !. We denote the resulting price
functions with ¢ ! («) to emphasize that they are determined by
as-if beliefs. The equation system that characterizes the gap value
function is given by the following analogue of equation (52),

(54) .
pul @ =g @ —g" ~ (027 ~ 1) a1 —e) "D 3 (], ) — ui (@),

pl

where o7 = oe—,(—) This system illustrates that macropruden-

tial policy can affect the gap value via two channels. Flrst it might
affect equilibrium asset prices (captured by the term g '(@)). Sec-
ond, the policy affects the dynamics of optimists’ wealth share,
which influence the gap value. For example, in the boom state
s = 1, the policy increases A" Z, which increases optimists’ wealth
share after a transition to the recession (captured by the term
o P) at the expense of reducing optimists’ wealth share if there is
no transition (captured by the term —(.27 — A?)).

1. Planner’s Pareto Problem. To trace the Pareto frontier, we
allow the planner to make a one-time wealth transfer among the
investors at time 0. In Online Appendix C.2, we show that the
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planner’s Pareto problem can be reduced to

pl _ o P
(55) max vg; = @0, ¢ + (1= aos) vf

Hence, the planner maximizes a wealth-weighted average of in-
vestors’ normalized values. The wealth shares (chosen by the
planner via the one-time transfer) correspond to the planner’s
Pareto weights on optimists and pessimists. We decompose the
planner’s value function into first-best and gap value components,
pl _ . plx p
vO,s - UOAS + wO,s‘ X
Because the first-best benchmark does not feature any fric-
tions, it is Pareto efficient (due to the first welfare theorem). This
in turn implies that the marginal impact of the policy on the plan-

HpPhr
ner’s first-best value function is 0, %ﬂ won—0 = 0. Consequently,
the first-order impact of the policy is characterized by its impact
on the planner’s gap value function,

(56) wgls = oo swo , + (1—0aoys) wgys.
2. Macroprudential Policy in the Boom State. Now suppose
the economy is in the boom state s = 1. The planner can use
macroprudential policy in the current state, A" > 1] (she can
induce optimists to act as if transition into the recession is more
likely), but not in the other state 15" - 15 (she cannot influence
optimists’ actions in the recession state). Effectively, this policy
induces optimists to sell less of the contingent security that pays
in case there is a transition to the recession, while also preventing
optimists from increasing their position in the market portfolio.
We present our main result of this section showing that this policy
improves welfare. The result requires a technical assumption (no
disagreement in state s = 1) that we discuss subsequently.

PropoSITION 3. Consider the equilibrium with two belief types
characterized in Proposition 2. Suppose agents’ beliefs satisfy
19 = A and consider the macroprudential policy in the boom

state, 177 > 29 (and suppose Ay” - 19). The policy increases
the gap value according to each belief,

Bw‘i ()

o,pl
ary”

> 0 for each i € {o, p} and @ € (0, 1).

opl__ 40
A=
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. . aot
The policy also increases the planner’s value, %ﬁ—n 2 =
1
dw? .
%‘—)l »; > 0. In particular, regardless of the planner’s Pareto
1

weights, there exists a Pareto-improving macroprudential
policy.

We present a heuristic derivation of this result, which facili-
tates the intuition. For small changes, macroprudential policy in
the boom state does not affect current asset prices, which remain
equal to the efficient level, g7 ! () = q* (since the interest rate in
the boom state is not constrained). Hence, the policy affects the
gap value only through its effect on optimists’ wealth dynamics
and the associated aggregate demand externalities. Differentiat-
ing equation (54) for s = 1 with respect to optimists’ as-if beliefs
and evaluating at the no-policy benchmark, 177 = 19, we obtain

B (p+2))

8w"1 (o) —o(—a) [aw; (o)) 3 awil (a)] Y 8w§ (')

2 dar dat by

)\40
Here, o' = o —

T =« given the assumption A = A7.
The two terms inside brackets capture the direct impact of
the policy on welfare through aggregate demand externalities.
The first term illustrates that the policy generates positive aggre-
gate demand externalities—because it increases optimists’ wealth
share if there is a transition into the recession state. On the other
hand, the second term illustrates that the policy also generates
negative aggregate demand externalities—because it reduces op-
timists’ wealth share if there is no transition. In a dynamic setting,
macroprudential policy in the boom state is associated with some
costs as well as benefits. The costs emerge because the policy pre-
vents optimists from accumulating wealth that could be useful in
a future recession. However, intuition suggests the benefits should
outweigh the costs as long as future recessions are not too differ-
ent from an imminent recession. The following lemma verifies this
under the assumption 1 = A{.
dwy(o')
da

LEMMA 5. When 1§ = A7, the gap value function satisfies >

duw' (a) for each i and o € (0, 1).

do

As expected, optimists are more useful if there is an imme-
diate transition to the recession state, in which case their bene-
fits materialize immediately. Any delay in this transition reduces
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FIGURE V

Welfare Effect of Macroprudential Policy in the Boom State According to the
Pareto Criterion

The solid red line illustrates the change in the planner’s total value. The dashed
black line (resp. the dotted blue line) illustrates the change in the planner’s gap
value (resp. the first-best value).

the benefits by postponing them. Combining this lemma with
equation (57) provides a heuristic derivation of Proposition 3 (see
Online Appendix C.2 for the proof).

What happens when we relax the assumption 1§ = A} ? This is
largely a technical assumption. Our numerical simulations (e.g.,
Figure V) suggest that a version of Proposition 3 also holds when
19 < Ay under appropriate technical assumptions, but we are un-
able to provide a proof.!4

14. There are two distinct challenges. First, we cannot generalize Lemma 5,
although the ranking is intuitive and should hold unless there are strong nonlin-
earities in the gap value function. Specifically, the proof of Lemma 5 establishes

owi (bo1) _ M * (o)t i dw (br2)
m _)J'1+p/0 e (o +2%) b dt,

where bg 1 denotes a transformed version of « at the initial state, and b; o denotes
the same variable after a transition into the recession state after a period of length
¢t. When 1§ = Af, we also have b; o = b 1 (since there is no speculation in the boom

. . dw (b 2wt (b Jwk, (b
state), which yields = 1§bo,1) = i,, du ngovl) < ""ngo,l). When 1§ < A7, the same
1

result holds and the ranking is unchanged if the value function is linear in the
transformed variable b. Hence, the ranking can fail only if there are sufficiently
large nonlinearities in the gap value function.
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Figure V illustrates the result for our earlier parameteri-
zation, which features 1{ < A{. We fix optimists’ wealth share
(x = %) and calculate the effect of macroprudential policy on the
planner’s value function and on its components. The policy re-
duces the planner’s first-best value function because it distorts
investors’ allocations according to their own beliefs. However, for
small policy changes, this decline is small (due to the first wel-
fare theorem). The policy also increases the planner’s gap value
function. This increase is large enough that the policy increases
the actual value function and generates a Pareto improvement.
As the policy becomes larger, the gap value continues to increase
whereas the first-best value decreases. Moreover, the decline in
the first-best value is negligible for small policy changes but it
becomes sizeable for large policy changes. Thus, the constrained-
optimal macroprudential policy obtains at an intermediate level.

3. Macroprudential Policy According to A Belief-Neutral Gap-
Value Criterion. When we interpret belief disagreements liter-
ally (see Remark 7), it is questionable whether the utility from
speculation should count toward social welfare. A recent literature
argues that the Pareto criterion is not the appropriate notion of
welfare for environments with belief disagreements. If investors’
beliefs are different due to mistakes (e.g., in Bayesian updating),
it is arguably more appropriate to evaluate their utility according
to a belief that is common across investors. This approach removes
the speculative utility from welfare calculations, and it motivates
larger policy interventions. In this case, macroprudential policy
not only improves macroeconomic outcomes, it also mitigates the
microeconomic costs associated with speculation (see, e.g., Simsek
2013b; Davila 2020; Heimer and Simsek 2019).

In our context, when investors have belief disagreements, it
might be natural for a planner to focus exclusively on increas-
ing investors’ gap value, w! (a), as opposed to their total value,
v (a). This sidesteps difficult questions about whether specula-
tion increases or reduces welfare. It also accords well with the
goals of macroprudential policy in practice: the planner exclu-
sively focuses on minimizing output gaps relative to a frictionless
benchmark. Although reasonable, this approach still faces a major

Second, in the more general case, pessimists and optimists disagree about the
benefits of macroprudential policy. The planner takes a weighted average of these
perceptions, which complicates the analysis.
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FIGURE VI

Welfare Effect of Macroprudential Policy in the Boom State According to the
Belief-Neutral Gap Value Criterion

The solid line (resp. the dotted line) illustrates the change in the gap value
evaluated under the optimists’ belief (resp. the pessimists’ belief).

challenge: given that the planner thinks investors’ beliefs might
be wrong, what belief should she use to evaluate the gap value?

In recent work, Brunnermeier, Simsek, and Xiong (2014) offer
a belief-neutral welfare criterion that circumvents this problem.
The basic idea is to require the planner to evaluate welfare accord-
ing to a single belief and make the welfare comparisons robust to
the choice of the single belief. Specifically, their baseline criterion
says that an allocation is belief-neutral superior to another allo-
cation if it increases welfare under every belief in the convex hull
of investors’ beliefs. Proposition 3 suggests their criterion can be
useful in this context since macroprudential policy increases the
gap value according to each belief.

For a numerical illustration, fix some A € [0, 1] and let
wh(a; 177") denote the value function for an investor when the

planner implements policy A;”' and evaluates utility under the
beliefs A" =AY + h(1% — 1Y) for each s.® Figure VI illustrates
the effect of macroprudential policy on the gap value according

15. This value function solves the differential equation system (54) after re-
placing the actual belief, A%, with the belief 1%
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to the optimists’ belief (solid line) and the pessimists’ belief (dot-
ted line). As the figure suggests, tightening the policy toward
AP ' —0.104 generates a belief-neutral improvement in the gap
value. Beyond this level, tightening the policy improves the gap
value according to pessimists but not according to optimists—
who perceive smaller benefits from macroprudential policy be-
cause they find the transition into the recession state unlikely. In
this example, the belief-neutral optimal policy represents a sub-
stantial intervention: it induces optimists to act as if A7” ' =0.104
(roughly a 10% chance of transition to recession in a year),
whereas optimists’ own beliefis A] = 0.04 (roughly a 4% chance of
transition) and pessimists’ beliefis 1Y = 0.2 (roughly a 20% chance
of transition). Note that the belief-neutral gap-value criterion sup-
ports a much larger policy intervention than the Pareto criterion
(see Figure V).

4. Dynamics of Equilibrium with Macroprudential Policy.
We consider how macroprudential policy in the boom state af-
fects the dynamics of equilibrium variables. Figure VII illus-
trates the evolution of equilibrium over a 40-year horizon when
the planner implements the belief-neutral optimal policy, 17" F
0.104. For comparison, the figure also replicates the evolution of
the equilibrium variables without macroprudential policy from
Figure IV. Macroprudential policy in the boom state ensures that
optimists’ wealth share drops less when there is a transition into
the recession state. This leads to higher asset prices and output
when the economy transitions to the recession. However, the pol-
icy is not without its drawbacks. As the periods before year 10
illustrate, macroprudential policy in the boom state slows down
the growth of optimists’ wealth share when the economy remains
in the boom state.

5. Macroprudential Policy in the Recession State. Our
analysis so far concerns macroprudential policy in the boom
state and maintains the assumption that A" b — 24. In Online
Appendix C.2, we analyze the opposite case, when the economy
is currently in the recession state s = 2 and the planner can
apply macroprudential policy in this state, 15" S x5 (she can
induce optimists to act as if the recovery is less likely), but
not in the other state, A" b 9. Proposition 4 in the Online
Appendix shows that in contrast to Proposition 3, this policy
can reduce social welfare. Consider the two countervailing forces.
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Ficure VII

A Simulation of the Equilibrium Variables over Time with Macroprudential
Policy

The dashed blue line (resp. the solid red line) illustrates the equilibrium with
disagreements and with macroprudential policy (resp. without macroprudential
policy).

As before, macroprudential policy increases the gap value by in-
creasing optimists’ wealth share if the economy stays in the re-
cession state. However, unlike before, macroprudential policy also
reduces current asset prices because the price is below the efficient
level, g2 (o) < g*, and it is increasing in optimists’ as-if optimism,
A5 ! (see equation (39)). This channel reduces the gap value (see
equation (54)). When optimists’ wealth share is large (¢ — 1),
the latter channel dominates and macroprudential policy reduces
the gap value and social welfare. Even when the current asset
price channel does not dominate, macroprudential policy in the
recession state is less useful than in the boom state. We verify
this intuition in numerical simulations.
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It is important to emphasize that macroprudential policy in
the boom state does not lower asset prices due to the monetary
policy response. Specifically, recall that the policy increases op-
timists’ as-if pessimism in the boom state, A]” !. Although this

does not affect the asset price in the boom state, g1 ! (x) = q*, it re-
duces the interest rate for a given level of optimists’ wealth share,
rlf (a) (see equation (40)). As macroprudential policy reduces the
demand for risky assets, monetary policy lowers the interest rate
to dampen its effect on asset prices and aggregate demand.

Our analysis in this section provides support for procyclical
macroprudential policy. In states where output is not demand
constrained (in our model, the boom state s = 1), macropruden-
tial policy that restricts high-valuation investors’ risk-taking is
desirable. This policy improves welfare by ensuring that high-
valuation investors bring more wealth to the demand-constrained
states, which increases asset prices and output. In states where
output is demand constrained (in our model, the recession state
s = 2), macroprudential policy is less useful because it has an im-
mediate negative impact on asset prices and aggregate demand.

VII. EMPIRICAL EVIDENCE

Our empirical analysis focuses on three predictions. First,
our model predicts that risk premium shocks generate an inter-
est rate reduction when the interest rate is not constrained and
a more severe demand recession when the interest rate is con-
strained. Second, the recession reduces firms’ earnings and leads
to a further reduction in asset prices. Third, the recession is more
severe when the shock takes place in an environment with more
speculation. To investigate these predictions, we compare the re-
sponse to house price shocks in Eurozone countries (which have
constrained interest rates with respect to national shocks) to the
response in non-Eurozone developed countries (which have less
constrained interest rates). At the end of the section, we discuss
empirical evidence from the recent literature suggesting that sim-
ilar results apply for price shocks to other asset classes, such as
stocks, and for other interest rate constraints, such as the zero
lower bound.

Although our model relies on the zero lower bound constraint,
the mechanisms are more general, and we find it more conve-
nient to work with the currency-union constraint in our empirical
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analysis. The zero lower bound has only recently become a practi-
cal constraint, limiting data availability, and it calls for an asym-
metric specification that requires separate responses to positive
and negative price shocks (since the monetary policy can raise the
interest rate in response to positive shocks). In contrast, individ-
ual Eurozone countries have had constrained interest rates (with
respect to national shocks) for much longer, and the constraint
has been symmetric.

A major challenge in this exercise is identifying the risk pre-
mium shock that drives asset prices. As we clarify in Section II,
the exact source of the shock is not important for our mecha-
nisms (e.g., risk, risk aversion, and beliefs have similar effects).
Therefore, our strategy is to control for factors that do not act as
a risk premium shock according to our model. In particular, we
control for supply shocks and demand shocks that are not spe-
cific to house prices—including monetary policy shocks—and we
interpret the residual change in house prices as a plausibly exoge-
nous risk premium shock. Specifically, our risk premium shock is
a surprise change in house prices in a country after controlling
for contemporaneous and recent changes in output and the policy
interest rate.'6

Our model has a single type of capital, which can be inter-
preted as a value-weighted average of housing, stocks, and other
assets in positive net supply. We focus on house prices for two
reasons. First, housing wealth is large and its size (relative to
output) is comparable between Eurozone and non-Eurozone de-
veloped countries (see Table F.3 in Online Appendix F). In con-
trast, stock markets in Eurozone countries are typically much
smaller than in non-Eurozone developed countries, which makes
stocks less suitable for our empirical strategy (see Table F.4 in the
Online Appendix). Second, house prices are less volatile and seem
to react to monetary policy shocks with some delay (see Figure
F.6 in the Online Appendix). This feature enables us to control for
monetary policy shocks by including contemporaneous and past

16. Although our controls are imperfect, we also report the differential effects
of these shocks in Eurozone countries compared with their effects outside the Eu-
rozone, which provides additional robustness. For example, our model illustrates
that permanent supply shocks (e.g., an increase in A) shift asset prices and output
regardless of whether the interest rate is constrained (see Sections IIT and IV).
This suggests that common omitted supply shocks would lead to a similar bias
inside and outside the Eurozone, and this bias is mitigated by focusing on the
differential responses.
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realizations of policy interest rates. We also interpret the future
changes in interest rates as the monetary policy response to the
risk premium shock, which enables us to test a key prediction of
our model. This strategy works less well for stocks, because stock
prices react to monetary policy shocks quickly, which might cre-
ate a correlation between stock prices and interest rates with the
opposite sign (since stock price declines driven by monetary policy
shocks are typically followed by interest rate hikes—the opposite
of risk premium shocks).”

VII.A. Data Sources

We assemble a quarterly cross-country panel data set of finan-
cial and economic variables for advanced economies. We obtain
data on house price indices from the quarterly data set described
in Mack, Martinez-Garcia, and Grossman (2019). We obtain data
on macroeconomic activity such as GDP, investment, and con-
sumption from the OECD. We also obtain financial market data
such as the policy interest rate, stock price indices, and earnings
(of publicly traded firms) from Global Financial Data (GFD) and
the Bank for International Settlements (BIS). Online Appendix F
describes the data sources and variable construction.

VII.B. Sample Selection

Our sample covers 20 advanced economies from the first quar-
ter of 1990 until the last quarter of 2017. Our selection of coun-
tries is driven by the availability of consistent house price data.
We start the sample in 1990 because monetary policy in most
advanced economies had shifted from focusing on stabilizing in-
flation to stabilizing output by this time, as in our model. Our
results are robust to alternative sample selections.!®

17. Formally, we assume house prices react to monetary policy shocks with
a delay of at least one quarter. Figure F.6 in the Online Appendix plots impulse
responses to shocks to the policy interest rate and provides support for this as-
sumption. Specifically, a surprise increase in the policy interest rate is followed
by a decline in house prices, but the response starts after the first quarter and
takes several quarters to complete. The same figure shows that the assumption is
clearly violated for stock prices. A surprise increase in the policy interest rate also
reduces stock prices, but all of the response takes place in the same quarter as the
shock.

18. Figures F.4 and F.5 in the Online Appendix show that starting the sam-
ple in 1980 leaves our results (except for the effect on inflation) qualitatively
unchanged.
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To capture interest rate constraints, we divide the data
into two categories. The first category, which we refer to as the
Euro/ERM sample, consists of country-quarters in which the coun-
try was a member of the Euro area or the European Exchange
Rate Mechanism (ERM) for most of the calendar year. The ERM
system, which preceded the euro, required member countries to
keep their exchange rates within a narrow band of a central cur-
rency. This system constrained countries’ relative policy interest
rates (albeit imperfectly), and most member countries eventually
adopted the euro. The countries in the euro area share the same
policy interest rate (determined by the European Central Bank).
The second category, which we refer to as the non-Euro/ERM
sample, consists of the remaining country-quarters. Table F.1 in
the Online Appendix describes Euro/ERM status by country and
year.

VII.C. Empirical Specification

To describe how the economy behaves after house price
shocks, we follow the local projection method developed by Jorda
(2005). In particular, we regress several outcome variables at var-
ious horizons after time ¢ on (residual) house price changes at time
t. Specifically, we estimate equations of the type

(68) Y}, —Y!,  =d"+y+p"" (~Alog P;;) + p"controls;, + ",
where j denotes the country, ¢ denotes the quarter, 2 denotes the
horizon, Y denotes an outcome variable, P denotes the (real) house
price index, and AlogP;; = logP;; — logP;; 1 denotes its quar-
terly log change. We include time and country fixed effects, so
our “house price shock” is a decline in house prices in a quarter,
after accounting for the average price decline in the sample coun-
tries and various other controls within the country. Our control
variables include the contemporaneous value and 12 lags of the
first difference of log GDP—to control for supply shocks and de-
mand shocks that are not specific to house prices. Likewise, we
include the contemporaneous value and 12 lags of the policy in-
terest rate—to control for monetary policy shocks. We also include
12 lags of the first difference of log house prices—to capture the
momentum in house prices—and 12 lags of the first difference of
the outcome variable—to control for other dynamics that might
influence the outcomes. We weight each regression by countries’
relative GDP, and estimate equation (58) for horizons 0 to 12.
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To evaluate the responses within and outside the Eurozone,
we include indicator variables for Euro/ERM and non-Euro/ERM
status, and we interact all right-hand-side variables (including
the fixed effects) with these indicators. We let 82, and AL denote
the coefficient on the interaction of the price shock with the corre-
sponding indicator. Our specification is equivalent to running the
regressions separately within the Euro/ERM and non-Euro/ERM
samples.!® We report the sequence of coefficients, {ﬂfl;f‘o},li , and

{ ,B,fo’ﬁ}}i o> Which provide an estimate of the impulse response func-
tions for the respective samples. We also report 95% confidence
intervals calculated according to Newey and West (1987) stan-
dard errors with a bandwidth of 20 quarters.

We look at outcome variables for which our model makes a
clear prediction, such as the policy interest rate, the unemploy-
ment rate (a proxy for factor underutilization), and the logs of
GDP, investment, and consumption. We also include the log (core)
CPI. Even though it is constant in our model (by assumption),
variants of our model predict that it should decline in a demand
recession. We analyze public firms’ earnings and log stock prices
to investigate spillover and amplification effects, as well as log
house prices to investigate the price dynamics following the ini-
tial shock. All relevant variables except for the policy interest rate
are adjusted for inflation to focus on real effects, as in our model.
For earnings, we use the ratio of earnings to the initial stock price
level as our dependent variable.?°

Table F.2 in the Online Appendix describes the sum-
mary statistics by Euro/ERM status for the variables that en-
ter our regression analysis. The Euro/ERM sample has 760
country-quarters and the non-Euro/ERM sample has 1,130

19. The point estimates from our regression are identical to those obtained
from running separate regressions within each sample. However, because our
standard errors account for autocorrelation of the residuals, the joint regression
will have slightly different standard errors (for example, the joint regression will
account for the fact that residuals are correlated from before and after a country
joined the ERM). The joint regression is preferable because it uses more data and
thus gives more precise standard errors.

20. Earnings sometimes take a negative value, which makes a log transforma-
tion problematic. Instead, we change the specification in equation (58) slightly so
that the dependent variable is %. Likewise, we adjust the con-
trol variables that feature earnings by dividing them by the stock price at quarter
t— 1.
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country-quarters.?! Both samples are unbalanced because a few
countries have imperfect data coverage in earlier years (and be-
cause a few countries transition between samples). The two sam-
ples are comparable except that the non-Euro/ERM sample expe-
rienced slightly faster growth over the sample period.

VII.D. House Price Shocks and Demand Recessions

Figure VIII plots the estimated sequences of coefficients by
Euro/ERM status (see Figure F.1 in the Online Appendix for the
differenced coefficients). The panels in the top two rows illustrate
our main empirical findings. The top left panel shows that in
the non-Euro/ERM sample (dashed blue line; color version avail-
able online), a decline in house prices is followed by a sizable and
persistent decline in the policy interest rate. By contrast, in the
Euro/ERM sample (solid red line), a decline in house prices does
not lead to an additional decline in the country’s interest rate rel-
ative to other Euro/ERM countries, illustrating the interest rate
constraint.?? The remaining panels in the top two rows illustrate
that the shock is followed by a more severe demand recession in
a Euro/ERM country than in a non-Euro/ERM country. In fact,
the panels on GDP, investment, and consumption suggest that
the shock initially leads to similar effects in both samples but is
followed by milder outcomes in the non-Euro/ERM sample.

These results are consistent with our prediction that risk
premium shocks lead to a more severe demand recession when
the interest rate is constrained. From the lens of our model, the
interest rate policy mitigates a demand recession driven by a

21. These are the sample sizes for our baseline regression in which the outcome
variable is the policy interest rate and the horizon is 0 (see equation (58)). For some
regressions, the sample size is slightly smaller, because we estimate outcomes at
future horizons (which removes some data from the end of the sample period) and
because some variables do not have complete coverage.

22. For the Euro era, the Euro/ERM-wide policy interest rate response is
common to all countries and is captured by our time fixed effects. During the ERM
era, there were severe cross-country monetary policy constraints. Figure F.3 in the
Online Appendix illustrates the results from the same regression without time
fixed effects. The figure shows that a negative house price shock in the Euro/ERM
sample leads to a decline in the Euro/ERM-wide policy interest rate, but the
magnitude of this decline is smaller than in the other sample. This is because house
price shocks have a national (or idiosyncratic) component, and the Euro/ERM-wide
policy interest rate arguably responds only to the Euro/ERM-wide (or systematic)
component of these shocks.
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FiGgure VIII
Impulse Responses to a 1% Decrease in Real House Prices

The panels illustrate the results from the regression specification in
equation (58) with the addition of the indicator variables for Euro/ERM and non-
Euro/ERM status as well as the interaction of all right-hand-side variables with
these indicators. The solid red (resp. dashed blue) lines plot the coefficients corre-
sponding to the the negative log house price variable when Euro/ERM status is
equal to 1 (resp. 0). For the units, “percent” corresponds to 0.01 log units (i.e., it is
approximate) and “pp” corresponds to percentage points. All regressions include
time and country fixed effects; contemporaneous value and 12 lags of the first dif-
ference of log GDP; contemporaneous value and 12 lags of the policy interest rate;
12 lags of the first difference of log house prices; and 12 lags of the first difference of
the outcome variable. The dotted lines show 95% confidence intervals calculated
according to Newey-West standard errors with a bandwidth of 20 quarters. All
regressions are weighted by countries’ PPP-adjusted GDP in 1990. Data are an
unbalanced quarterly panel that spans 1990Q1-2017Q4. All variables except for
those in the top panel are adjusted for inflation. Earnings are normalized by the
stock price in the quarter before the shock (see note 20). We describe our sources
and variable definitions in Online Appendix F.

local risk premium shock outside the Eurozone but not within the
Eurozone.?3

23. In our model, risk premium shocks generate a less severe recession in un-
constrained countries because the interest rate policy response leads to a smaller
decline in asset prices. This suggests that asset price changes might provide an
inaccurate measure of the underlying shock. We believe our analysis is robust to
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VIL.E. Spillover Effects and Amplification

The panels at the bottom row of Figure VIII illustrate the
effect of the house price shock on asset markets. The panels on
earnings and stock prices establish that there are spillover ef-
fects on the stock market: specifically, earnings and stock prices
decline more in the Euro/ERM sample than in the other sample
(although the estimates are imprecise due to the high volatility of
earnings and prices). The remaining panel illustrates that after
the initial shock, house prices decline more persistently and by a
larger amount in the Euro/ERM sample.

These results are consistent with our prediction that the de-
mand recession reduces firms’ earnings and leads to a further
decline in asset prices. From the lens of the model, stock prices
(resp. house prices) decline less in the non-Euro/ERM sample due
to the interest rate response, which not only increases the price
to earnings ratio (resp. price to rent ratio) but also mitigates the
recession and supports earnings (resp. rents).?*

VILF. Speculation and Further Amplification

We need a proxy for speculation to test the final prediction of
our model. We choose a measure of bank credit, which is a major
catalyst of speculation in housing markets. First, banks can be
thought of as high-valuation investors (optimists) because they
have a greater capacity to handle risk than do noninstitutional
investors, and they have real estate exposures through mortgage
loans. Under this interpretation, bank credit provides a measure
of banks’ exposure to the housing market. Second, banks lend
to other high-valuation investors in housing markets, such as

this concern for three reasons. First, to the extent that this concern is relevant, it
biases the empirical analysis against finding support for our mechanisms because
it implies that an equivalent magnitude of asset price decline corresponds to a
larger underlying shock if the country has an unconstrained interest rate. Second,
the concern is less relevant in practice than in our model because the interest rate
policy affects all assets, which implies that risk-driven price declines in one asset
class (such as housing) are partially absorbed by price increases in other asset
classes. Third, the concern is less relevant for house prices because they seem
to react to interest rate changes with some delay (see Figure F.6 in the Online
Appendix). In fact, the panel of Figure VIII on house prices suggests that the in-
terest rate response only partially stabilizes risk-driven house price changes, and
only with some delay.

24. We cannot test the predictions on rents because we do not have reliable
data.
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optimistic homebuyers who use bank credit to purchase larger
homes or second homes. When bank credit is easily available,
perhaps because of banks’ optimism about house prices, these
high-valuation investors wield a greater influence in the housing
market (see Simsek 2013a for a formalization). Thus, bank credit
provides a broad proxy for speculation in the housing market.

Our specific measure of bank credit comes from Baron and
Xiong (2017), who construct a variable, credit expansion, defined
as the change in the bank-credit-to-GDP ratio in the past three
years. They standardize this variable by its mean and standard
deviation in each country so that the measure is high when bank
credit expansion in a country has been high in recent years rel-
ative to its historical trends. They show that their standardized
measure predicts the likelihood of a large decline in bank equity
prices, and despite the elevated risk it also predicts lower aver-
age returns on bank equity. Their preferred interpretation is that
bank equity investors are excessively optimistic or neglect crash
risk, which in our framework would translate into greater specu-
lation (by banks or their borrowers).

We use BIS data on bank credit to households and nonfi-
nancial firms to construct a close analogue of Baron and Xiong’s
standardized credit expansion variable (see Online Appendix F
for details). We then run the same regressions as in equation (58),
but we include the interaction of the price shock with standardized
credit expansion. That is, we estimate

BP" (—Alog Pjy) ]

o _yh gt h
Yin =Y 1= +y'+ [_ng&h (—Alog Pjﬂl) x credit expansion-std

(59) + B“"controls;, + €.

In addition to the earlier controls, we include 12 lags of stan-
dardized credit expansion to capture its direct impact. As before,
we interact all right-hand-side variables with the Euro/ERM and
the non-Euro/ERM status indicators. We let ,Beu,o and Bk, " denote
the coefficient on the interaction of the shock and credit Wlth these
indicators. The sequence of coefficients, {ﬂflfn}f 12, and {Bhn h 2o
provide an estimate of the additional effect of the shock when
credit expansion has been one standard deviation above average
(relative to its baseline effect with average credit).

Figure IX plots these sequences and illustrates our findings
(see Figure F.2 in the Online Appendix for the differenced co-
efficients). The panels in the first two rows show that in the
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Fi1GURE IX

Additional Impulse Responses to a 1% Decrease in Real House Prices When
Credit Expansion Has Been One Standard Deviation above Average

The panels illustrate the results from the regression specification in
equation (59) with the addition of the indicator variables for Euro/ERM and non-
Euro/ERM status as well as the interaction of all right-hand-side variables with
these indicators. The solid red (resp. dashed blue) lines plot the coefficients corre-
sponding to the interaction of the negative log house price and the standardized
credit expansion variables when Euro/ERM status is equal to 1 (resp. 0). For the
units, “percent” corresponds to 0.01 log units (i.e., it is approximate) and “pp” corre-
sponds to percentage points. All regressions include time and country fixed effects;
contemporaneous value and 12 lags of the first difference of log GDP; contempo-
raneous value and 12 lags of the policy interest rate; 12 lags of the first difference
of log house prices; 12 lags of the first difference of the outcome variable; and
12 lags of standardized credit expansion. The dotted lines show 95% confidence
intervals calculated according to Newey-West standard errors with a bandwidth
of 20 quarters. All regressions are weighted by countries’ PPP-adjusted GDP in
1990. Data are an unbalanced quarterly panel that spans 1990Q1-2017Q4. All
variables except for those in the top panel are adjusted for inflation. Earnings are
normalized by the stock price in the quarter before the shock (see note 20). We
describe our sources and variable definitions in Online Appendix F.

Euro/ERM sample, house price shocks lead to a greater decline
in economic activity when credit expansion has been high in re-
cent years. In contrast, credit expansion does not change the effect
of the house price shock in the non-Euro/ERM sample. These re-
sults support our prediction that risk premium shocks lead to a
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more severe demand recession (in constrained economies) when
they take place in an environment with elevated speculation.

On the other hand, the bottom row of Figure IX presents in-
conclusive results that neither support nor refute our predictions.
We do not find meaningful differences for the additional effect of
house price shocks on earnings or house prices when credit ex-
pansion has been high (in either sample). We do find a negative
effect on stock prices for the Euro/ERM sample, but the effect is
not statistically significantly different from the other sample. That
said, because standard errors are large, we cannot rule out sizable
effects either. Although we tentatively conclude that speculation
proxied by credit expansion is associated with deeper risk-centric
demand recessions, further empirical research should verify the
robustness of this conclusion and the precise channels through
which speculation affects the recession.

VII.G. Other Supporting Evidence

Our empirical analysis is related to Mian and Sufi (2014,
2018), who use regional data within the United States to provide
evidence for the central role played by the house price cycle and
housing speculation in the Great Recession.

Mian and Sufi (2014) argue that house price declines explain
much of the job losses between 2007 and 2009. Our results for
the Euro/ERM sample suggest that similar results hold in cross-
country data, whereas the non-Euro/ERM sample suggests that
monetary policy can mitigate the adverse effects of house price
shocks. Moreover, while Mian and Sufi (2014) emphasize house-
hold deleveraging as the key channel by which house price de-
clines cause damage, some of our empirical results (e.g., the in-
vestment response) suggest there are other mechanisms as well.
As our model demonstrates, house price declines could lower ag-
gregate demand even without household deleveraging or other
financial frictions—although these additional ingredients would
amplify the effects.

Mian and Sufi (2018) argue that housing speculation ampli-
fied the house price cycle and led to a more severe downturn. As in
our empirical exercise, they emphasize bank credit expansion as
a major catalyst of speculation. They find that the U.S. areas more
exposed to credit expansion in the early 2000s featured greater
speculative trading activity (measured from detailed transaction
data) and greater belief disagreements (measured from survey
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data). They argue that the same areas experienced a larger hous-
ing boom but also a much greater bust, so they ended the housing
cycle with lower house prices and economic activity. Our empir-
ical results on speculation (although less detailed) suggest that
similar results hold in cross-country data. Our model illustrates
how greater speculation during the boom naturally leads to lower
prices and economic activity once the economy transitions to
recession.

In recent work, Pflueger, Siriwardane, and Sunderam (2020)
present evidence that suggests risk premium shocks in the
stock market also affect aggregate demand and interest rates.
Specifically, they construct a measure of risk appetite for the
United States as the price of high-volatility (idiosyncratic) stocks
relative to low-volatility stocks. They show that a decrease in their
measure of risk appetite is followed by a slowdown in economic ac-
tivity and a decline in the risk-free rate—similar to our results for
the non-Euro/ERM sample. Pflueger, Siriwardane, and Sunderam
(2020) argue that their risk appetite measure explains almost half
of the variation of the one-year risk-free rate in the United States
since 1970. This suggests that the time-varying risk premium is
an important driver of the risk-free rate in practice. Chodorow-
Reich, Nenov, and Simsek (2019) provide further support for the
link between the stock market and aggregate demand. Using
regional data in the United States, they find that a decline in
local stock wealth (driven by aggregate stock prices) decreases
local payroll and employment. They also find stronger effects in
nontradeable industries but no effects for tradeable industries,
consistent with a consumption wealth effect as in our model.

Focusing on a value-weighted average of house and stock
prices, Jorda et al. (2019) argue that low-frequency fluctuations
in the risk premium in developed economies have been associated
with a collapse of safe asset returns (as opposed to a spike in risky
asset returns). In particular, when the risk premium rises, the
risk-free rate tends to fall and the value-weighted average risky
asset returns remain relatively stable, as in our model. Looking at
more recent years, Del Negro et al. (2017) provide a comprehen-
sive empirical evaluation of the different mechanisms that have
put downward pressure on interest rates and show that risk and
liquidity considerations played a central role (see also Caballero,
Farhi, and Gourinchas 2017a).

Finally, our mechanisms are supported by a literature that
investigates the macroeconomic impact of “uncertainty shocks.”
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Using vector autoregressions (VARs), Bloom (2009) shows that an
increase in the volatility index in the United States is followed
by a slowdown in economic activity. Moreover, although his model
does not emphasize monetary policy, his empirical analysis shows
that the shock is followed by a decline in the federal funds rate.
This response suggests the effects could be more severe if the
interest rate were constrained. Recent empirical work verifies this
intuition and shows that uncertainty shocks in the United States
are associated with a greater decline in economic activity when
the federal funds rate is close to 0, arguably because of the zero
lower bound constraint on the interest rate (see, for instance,
Caggiano, Castelnuovo, and Pellegrino 2017; Plante, Richter, and
Throckmorton 2018).

VIII. FINAL REMARKS

We develop a risk-centric macroeconomic model to focus on
the role of the aggregate demand channel in causing recessions
driven by risky asset price fluctuations and to study the effect of
financial speculation on the severity of these recessions. Our anal-
ysis reformulates the standard New Keynesian model in terms of
a risk-centric decomposition that puts asset prices at the center of
the analysis. When the interest rate is constrained, a rise in the
risk premium lowers asset prices and triggers a demand reces-
sion, which further drives down asset prices. The feedbacks are
especially powerful when investors are pessimistic and think the
higher risk premium will persist. Hence, average beliefs play a
central role in the recession phase not only because they affect as-
set valuations but also because they determine the strength of the
amplification mechanism. In the ex ante boom phase, belief dis-
agreements (and more broadly heterogeneous valuations) matter
because they induce investors to speculate. This speculation exac-
erbates the recession because it depletes high-valuation investors’
wealth when the risk premium rises, which leads to a greater de-
cline in asset prices and economic activity. Macroprudential pol-
icy in the boom improves outcomes by restricting speculation and
preserving high-valuation investors’ wealth during the recession.
This policy intervention leads to a Pareto improvement because it
internalizes the aggregate demand externalities that result from
speculation.

Our analysis supports “the Fed put”: the tendency of central
banks to cut interest rates in response to asset price declines
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driven by risk premium shocks. In our model, as long as the cen-
tral bank can cut interest rates without constraints, the economy
remains in the first best. The lower-bound constraint on the inter-
est rate can be thought of as the inability to provide a put beyond a
certain point. Moreover, our amplification mechanism implies that
even small constraints on the interest rate can generate large re-
cessions (see Figure IV for an illustration). This highlights that
the Fed put is important not only because of its direct effect on
aggregate demand but also because it stabilizes expected future
outcomes and prevents a large decline in current asset prices.

In addition, our approach highlights that the interest rate
policy affects aggregate demand through its effect on financial
markets and asset prices. From this perspective, our analysis
supports unconventional monetary policies—such as central bank
asset purchases—that attempt to stimulate aggregate demand
through their effect on asset prices. More broadly, any policy that
reduces perceived market volatility and prevents sudden asset
price drops should have a similar effect, providing support for
various policies implemented after the subprime and European
crises.

In our model, we use a lower-bound constraint as the interest
rate friction, but our mechanisms apply if the interest rate is
constrained for other reasons. When the interest rate has both an
upper bound and a lower bound (such as in a currency union or
fixed exchange rate regime), our results often become stronger.
In this setting, speculation causes damage not only by lowering
asset prices during the recession but also by raising asset prices
during the boom, when aggregate demand is stretched above its
natural level, which exacerbates the inefficiency. Moreover, in this
case macroprudential policy during the boom is beneficial not only
because it preserves high-valuation investors’ wealth for a future
recession but also because it immediately contains the excessive
rise in asset prices.

Our results with belief disagreements do not depend on
whether optimists or pessimists are right about the transition
probabilities. In fact, since the equilibrium is a function of in-
vestors’ subjective beliefs, the objective belief does not enter the
equilibrium characterization.?’ Moreover, the objective belief is

25. The objective belief matters if one is interested in understanding the evo-
lution of investors’ wealth shares along the objective path (that would be realized
in practice). The market selection hypothesis, formulated by Friedman (1953),
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largely irrelevant for our policy analysis because we mainly fo-
cus on the Pareto criterion and evaluate investors’ welfare under
their subjective beliefs. For example, we could think of optimists
as rational agents and pessimists as Knightian agents (see, e.g.,
Caballero and Krishnamurthy 2008; Caballero and Simsek 2013).
Absent any direct mechanism for alleviating Knightian behavior
during severe recessions, the key point that reducing optimists’
risk-taking during the boom leads to Pareto improvements sur-
vives this alternative motivation. More generally, our results are
driven by persistent heterogeneous valuations, so similar results
would also apply if investors share the same beliefs but value
risky assets heterogeneously for other reasons such as differences
in risk tolerance (see Remark 7).

Our model illustrates that the wealth distribution matters for
aggregate demand, not only because of financial frictions or het-
erogeneous MPCs as emphasized in the previous macroeconomics
literature but also because of heterogeneous asset valuations. In
the recession, a greater wealth share for high-valuation investors
improves asset prices and raises everyone’s spending. From this
perspective, our analysis supports not only ex ante macropruden-
tial policy but also a variety of ex post policies that transfer wealth
to high-valuation investors in recessions. In recent work, Kekre
and Lenel (2019) show that heterogeneous asset valuations (which
they refer to as a heterogeneous marginal propensity to take risk)
also strengthen the transmission of monetary policy.

As we noted in the introduction, we removed all financial
frictions to isolate the aggregate demand mechanism and its in-
teractions with speculation. However, if we were to introduce
these realistic frictions in our setting, many of the themes in
that literature would reemerge and be exacerbated by aggregate
demand feedbacks. For example, asset price declines would de-
press aggregate demand directly and indirectly by tightening col-
lateral constraints. This mechanism would amplify the feedback
loops between asset prices and aggregate demand. Although our
analysis shares many similarities with the financial-frictions

posits that investors with incorrect beliefs should be driven out of the market be-
cause they consistently lose money. Our model features a version of this hypothesis
in the long run (see note 11). However, recent research has identified many rea-
sons this hypothesis is unlikely to apply in practice (see, e.g., Cao 2017; Borovicka
2020). We view our model as capturing the short-run given belief disagreements
(or more broadly, heterogeneous valuations) that result from various unmodeled
factors.
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literature, we have a different focus. Financial frictions highlight
the importance of constrained firms or commercial banks that lend
to such firms, whereas our heterogeneous valuations approach
highlights the importance of institutional investors or financial in-
termediaries that lend to such investors, for example hedge funds,
active mutual funds, investment banks, and broker-dealers. Con-
sistent with our main mechanism, a growing empirical literature
suggests that financial intermediaries’ balance sheets have a large
effect on asset prices (see, e.g., Adrian, Etula, and Muir 2014; He,
Kelly, and Manela 2017).

Relatedly, we assumed complete markets so investors specu-
late only via contingent Arrow-Debreu securities. When these se-
curities are not available, investors engage in proxy-speculation
with leverage. In Caballero and Simsek (2019), we analyze this
modified environment and show that our main results still hold:
that is, contingent securities do not play an important role be-
yond providing analytical tractability. However, speculation via
leverage breaks the separability property that we derive in
Section III.B: asset prices and the interest rate become relevant
for the dynamics of investors’ wealth shares. Once the separa-
bility property breaks down, monetary policy can be an effective
prudential tool. In particular, raising interest rates during the low
risk premium state can reduce speculation. We explore the role of
prudential monetary policy in Caballero and Simsek (2019).

Although this is mostly an applied theory article, we sur-
veyed some of the extensive empirical evidence supporting our
analysis and provided our own evidence by contrasting the lo-
cal response to risk premium shocks—captured by surprise house
price changes—in constrained Euro/ERM countries with the lo-
cal response in less constrained non-Euro/ERM countries. Our
evidence suggests that risk premium shocks lead to more severe
recessions when the interest rate is constrained, as in our model.
The evidence also supports our model’s prediction that recessions
reduce firms’ earnings and lead to a further reduction in asset
prices. When we proxy speculation with the size of the bank credit
expansion before the shock, we also find some evidence that high
speculation increases the severity of recessions driven by risk pre-
mium shocks.
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SUPPLEMENTARY MATERIAL

An Online Appendix for this article can be found at The Quar-
terly Journal of Economics online. Data and code replicating tables

and figures in this article can be found in Caballero and Simsek
(2020), in the Harvard Dataverse, doi: 10.7910/DVN/GABKJE.
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