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Models with financial frictions: shortcomings

Large macro literature featuring financial frictions
Bernanke and Gertler [1989]; Shleifer and Vishny [1992]; Kiyotaki and Moore [1997]; Bernanke
et al. [1999]; Gertler and Kiyotaki [2010]; Gertler and Karadi [2011]; Bianchi [2011]; Mendoza
[2010]; Brunnermeier and Sannikov [2014]; Brunnermeier and Sannikov [2015]; Phelan [2016];
Drechsler et al. [2018]; Moreira and Savov [2017]; Klimenko et al. [2017]; Bianchi and Mendoza
[2018]; He and Krishnamurthy [2019].

Problem 1: reproducing the severity and suddenness of financial crises
⇒ Add systemic bank runs
Gertler and Kiyotaki [2015]; Gertler et al. [2020]; Mendo [2020]

Problem 2: generate booms that are prone to bust
⇒ Add non-rational beliefs
Krishnamurthy and Li [2020]; Maxted [2020]

This paper:
this class of economies has unstudied equilibria (sunspot equilibria)
sunspots help alleviate issues with these models, e.g., Problems 1&2



Model



A very common macro-finance setting

All agents have log utility over consumption.

Production is linear in capital, with experts more productive than
households (ae > ah).

Capital is freely traded at price qt and grows evolves as

dKt

Kt
= gdt + σdZ

(1)
t︸ ︷︷ ︸

fundamental
shock

Financial friction: producers cannot issue equity, but can
borrow/lend freely in riskless bonds at rate rt.

no credit constraints
all results generalize to partial but limited equity issuance

Information structure: extrinsic uncertainty dZ(2)



Capital price and return

Capital price q

dqt

qt
= µq,tdt + σ

(1)
q,t dZ

(1)
t︸ ︷︷ ︸

amplification of
fundamentals

+ σ
(2)
q,t dZ

(2)
t︸ ︷︷ ︸

sunspot
fluctuations

Volatility of capital returns |σR|2

σR,t := σ
( 1

0
)

+ σq,t



Equilibrium
Price-output relation:

ρq = aeκ + ah(1 − κ) (from goods market)
where κ is experts’ capital share.
Risk-balance condition:

ae − ah

q
= κ − η

η(1 − η) |σR|2 (optimal portfolios when κ < 1)

where η is experts’ wealth share.

Risk premium:
µq − r + σσq ·

( 1
0

)
= −(ρ + g) +

(κ2

η
+ (1 − κ)2

1 − η

)
|σR|2

Wealth share dynamics: dηt = µη,tdt + ση,t · dZt given η0

µη = µη(η, κ, |σR|2), ση = (κ − η)σR

Equilibrium: Given η0 ∈ (0, 1), an equilibrium consists of processes
(ηt, qt, κt, rt)t≥0 such that equations above hold for all t ≥ 0.



Equilibrium
Price-output relation:

ρq = aeκ + ah(1 − κ) (from goods market)
where κ is experts’ capital share.
Risk-balance condition:

ae − ah

q
= κ − η

η(1 − η) |σR|2 (optimal portfolios when κ < 1)

where η is experts’ wealth share.

Risk premium:
µq − r + σσq ·

( 1
0

)
= −(ρ + g) +

(κ2

η
+ (1 − κ)2

1 − η

)
|σR|2

Wealth share dynamics: dηt = µη,tdt + ση,t · dZt given η0

µη = µη(η, κ, |σR|2), ση = (κ − η)σR

Equilibrium: Given η0 ∈ (0, 1), an equilibrium consists of processes
(ηt, qt, κt, rt)t≥0 such that equations above hold for all t ≥ 0.



Equilibrium
Price-output relation:

ρq = aeκ + ah(1 − κ) (from goods market)
where κ is experts’ capital share.
Risk-balance condition:

ae − ah

q
= κ − η

η(1 − η) |σR|2 (optimal portfolios when κ < 1)

where η is experts’ wealth share.

Risk premium:
µq − r + σσq ·

( 1
0

)
= −(ρ + g) +

(κ2

η
+ (1 − κ)2

1 − η

)
|σR|2

Wealth share dynamics: dηt = µη,tdt + ση,t · dZt given η0

µη = µη(η, κ, |σR|2), ση = (κ − η)σR

Equilibrium: Given η0 ∈ (0, 1), an equilibrium consists of processes
(ηt, qt, κt, rt)t≥0 such that equations above hold for all t ≥ 0.



Types of equilibria

Mark
ov

in
⌘

<latexit sha1_base64="ftvfwV5UjBJI9H2SewSbAQt2+38=">AAAB+XicbVA9SwNBEJ2LXzF+nVraLCaCVbiLhZYBGxshgomB5Ah7m0myZG/v2N0LhCP/xMZCEVv/iZ3/xk1yhSY+GHi8N8PMvDARXBvP+3YKG5tb2zvF3dLe/sHhkXt80tJxqhg2WSxi1Q6pRsElNg03AtuJQhqFAp/C8e3cf5qg0jyWj2aaYBDRoeQDzqixUs9176kaxxPCJal00dBKzy17VW8Bsk78nJQhR6PnfnX7MUsjlIYJqnXH9xITZFQZzgTOSt1UY0LZmA6xY6mkEeogW1w+IxdW6ZNBrGxJQxbq74mMRlpPo9B2RtSM9Ko3F//zOqkZ3AQZl0lqULLlokEqiInJPAbS5wqZEVNLKFPc3krYiCrKjA2rZEPwV19eJ61a1b+q1h5q5Xo9j6MIZ3AOl+DDNdThDhrQBAYTeIZXeHMy58V5dz6WrQUnnzmFP3A+fwAq7pKw</latexit>

Non-M
arkov in

⌘

<latexit sha1_base64="rOtJNAMOrM2Gw/gMP7C1Ba3tBRM=">AAAB/XicbVDLTgJBEJzFF+Jrfdy8TAQTL5JdPOiRxIsXDSbySGBDeocBJszObGZmSZAQf8WLB43x6n94828cYA8KVtJJpao73V1hzJk2nvftZFZW19Y3spu5re2d3T13/6CmZaIIrRLJpWqEoClnglYNM5w2YkUhCjmth4PrqV8fUqWZFA9mFNMggp5gXUbAWKntHt1JcX4LaiCHmAlcaFEDhbab94reDHiZ+CnJoxSVtvvV6kiSRFQYwkHrpu/FJhiDMoxwOsm1Ek1jIAPo0aalAiKqg/Hs+gk+tUoHd6WyJQyeqb8nxhBpPYpC2xmB6etFbyr+5zUT070KxkzEiaGCzBd1E46NxNMocIcpSgwfWQJEMXsrJn1QQIwNLGdD8BdfXia1UtG/KJbuS/lyOY0ji47RCTpDPrpEZXSDKqiKCHpEz+gVvTlPzovz7nzMWzNOOnOI/sD5/AHgspQw</latexit>

�
0
1

�
· �q ⌘ 0

<latexit sha1_base64="b+YWVCuQmT367EZvLIWh5c1lFGg="></latexit>

�
0
1

�
· �q 6= 0

<latexit sha1_base64="wskV5tCQ/rwR8JnsLfIkPZVBASk="></latexit>

Wealth-driven
BSE (W-BSE)

<latexit sha1_base64="1/h4GVlxCWRQq6eFkVribXalLvE=">AAACD3icbVC7TsMwFHXKq5RXgZHFogKVoVVSBhgrEBJjEfQhNVHlOLetVceJbKdSFfUPWPgVFgYQYmVl429wHwO0HMny0Tn32vceP+ZMadv+tjIrq2vrG9nN3Nb2zu5efv+goaJEUqjTiEey5RMFnAmoa6Y5tGIJJPQ5NP3B9cRvDkEqFokHPYrBC0lPsC6jRBupkz91RcREAELjJhCu+6VAsiEI7Lq5q/sbXGyWzHXWyRfssj0FXibOnBTQHLVO/ssNIpqE5mHKiVJtx461lxKpGeUwzrmJgpjQAelB21BBQlBeOt1njE+MEuBuJM0xg03V3x0pCZUahb6pDInuq0VvIv7ntRPdvfRSJuJEg6Czj7oJxzrCk3BwwCRQzUeGECqZmRXTPpGEahNhzoTgLK68TBqVsnNertxVCtXqPI4sOkLHqIgcdIGq6BbVUB1R9Iie0St6s56sF+vd+piVZqx5zyH6A+vzB/nsmqc=</latexit>

Fundamental
Equilibrium (FE)

<latexit sha1_base64="17hTzeGz7x4ehIXX4b3mxiwB+Vg=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAhJE3ZjoWVAEiwjmAdkQ5idnU2GzM6s8xDCkm+w8VdsLBSxtbLzb5w8Ck08MHA45965954wZVRpz/t21tY3Nre2czv53b39g0P36LilhJGYNLFgQnZCpAijnDQ11Yx0UklQEjLSDkfXU7/9QKSigt/pcUp6CRpwGlOMtJX6binggvKIcA3rhkcosQwxGAT52r2hjIaSmgQW67VS3y14ZW8GuEr8BSmABRp99yuIBDbTHzFDSnV9L9W9DElNMSOTfGAUSREeoQHpWsrtbNXLZidN4LlVIhgLaZ/dbab+7shQotQ4CW1lgvRQLXtT8T+va3R81csoT40mHM8HxYZBLeA0HxhRSbBmY0sQltTuCvEQSYS1TTFvQ/CXT14lrUrZvyhXbiuFanURRw6cgjNQBD64BFVwAxqgCTB4BM/gFbw5T86L8+58zEvXnEXPCfgD5/MH74ic9Q==</latexit>

Sentiment-driven
BSE (S-BSE)

<latexit sha1_base64="IFNhJ9I6ryce8ufJGfAaeazDJ7c=">AAACEnicbVA9T8MwEHXKVwlfAUYWiwqpHVolZYCxAiExFpWWSk1UOY7bWnWcyHYqVVF/Awt/hYUBhFiZ2Pg3OG0GaHmSz0/v7uy758eMSmXb30ZhbX1jc6u4be7s7u0fWIdHHRklApM2jlgkuj6ShFFO2ooqRrqxICj0GXnwx9dZ/mFChKQRv1fTmHghGnI6oBgpLfWtissjygPCFWzpQEMdqoGgE8Kh65pXrRtYblX1VelbJbtmzwFXiZOTEsjR7FtfbhDhJHsRMyRlz7Fj5aVIKIoZmZluIkmM8BgNSU9TjkIivXS+0gyeaSWAg0joo2ebq787UhRKOQ19XRkiNZLLuUz8L9dL1ODSSymPE0U4Xnw0SBhUEcz8gQEVBCs21QRhQfWsEI+QQFhpF01tgrO88irp1GvOea1+Vy81GrkdRXACTkEZOOACNMAtaII2wOARPINX8GY8GS/Gu/GxKC0Yec8x+APj8weVZ5wT</latexit>

Usual solution path: imposing a Markov solution in η (i.e., q = q(η))

Extra conditions: dq consistent with dη (Ito’s Lemma)

qσq = q′ση, qµq = q′µη + 0.5q′′|ση|2

⇒ No interesting new dynamics if equilibrium is Markov in η !
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Usual solution path: imposing a Markov solution in η (i.e., q = q(η))

FE: widely studied (e.g., Brunnermeier and Sannikov [2016])

W-BSE: inconsistent w/ fundamental shocks (σ > 0)
w/o fundamental shocks (σ = 0), there exist a W-BSE but it strongly
resembles a FE with small σ.

⇒ No interesting new dynamics if equilibrium is Markov in η !



Fundamental equilibrium and W-BSE
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Beyond wealth: sentiment-driven BSE
(S-BSE)



Beyond wealth: sentiment-driven BSE (S-BSE)

Theorem (Existence of S-BSEs):
Under mild parametric restrictions, there exists an S-BSE in which (ηt, qt)t≥0
remains in D := {(η, q) : 0 < η < 1 and ηae + (1 − η)ah < qρ̄(η) ≤ ae}
almost-surely and possesses a non-degenerate stationary distribution.



Static indeterminacy mechanism
Price-output: ρq = aeκ + ah(1 − κ)

Risk-balance: ae − ah

q
= κ − η

η(1 − η) |σR|2
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Dynamic stability mechanism

Static indeterminacy is compatible with equilibrium only if it does not
lead to violations of equilibrium conditions in the future (i.e.,
(ηt, qt)t≥0 remain in triangle D).

Only the risk premium is pinned down, not µq and r separately,

µq − r + σσq ·
( 1

0
)

= −(ρ + g) +
(κ2

η
+ (1 − κ)2

1 − η

)
|σR|2

Hence, we use the degree of freedom to choose µq to ensure
stochastic stability.

Choice of µq is straightforward. For example, µq → ∞ if q falls too
low, and µq → −∞ if q rises too high.

Stability requirements translate to boundary conditions.



Sentiment-driven BSE (S-BSE)



Two indeterminacies in S-BSEs

Corollary (Decoupling)
The economy can be arbitrarily coupled or decoupled from fundamentals in
the following sense. Let γ(η, q) ∈ [0, 1] be any C1 function. An
equilibrium exists such that when κ < 1, a fraction γ(η, q) of return
variance |σR|2 is due to the fundamental shock.

Corollary (Drift indeterminacy)
The economy can feature any degree of persistence or transience in the
following sense. Let m(η, q) be any C1 function. An equilibrium exists
with P[µq,t = m(ηt, qt) | κt < 1] arbitrarily close to one. Furthermore, the
inefficiency probability P[κt < 1] can take any value between zero and one.



Resolving puzzles with sentiment



Explicit construction with sentiment variable

Let st be a pure sunspot that is irrelevant to economic fundamentals
and loads on only the second shock

dst = µs,tdt + σs,t
( 0

1
)

· dZt, st ∈ S

Auxiliary sunspot state variable xt ∈ X that may only affect the drift
µs,t (flexibility due to indeterminacy corollary).

Definition A Markov S-BSE in states (η, s, x) ∈ (0, 1) × S × X consists of
functions (q, κ, r, ση, µη, σs) : (0, 1) × S 7→ R, and µs : (0, 1) × S × X 7→ R such
that the process (ηt, q(ηt, st), κ(ηt, st), r(ηt, st))t≥0 is a S-BSE.

We allow (µs, σs) to depend on η.
Why? It’s sensible to use asset prices directly in forecasting.
Novel construction: fix q(η, s), recover the σs process that justifies it,
then set µs to ensure stability.



Example equilibrium construction

Fundamental equilibrium with σ > 0

Terrible equilibrium where κ ≈ η

Price-volatility relation



Example equilibrium construction

Fundamental equilibrium with σ > 0

Terrible equilibrium where κ ≈ η

Price-volatility relation



Example equilibrium construction

Fundamental equilibrium with σ > 0

Terrible equilibrium where κ ≈ η

Price-volatility relation



Example equilibrium construction

Fundamental equilibrium with σ > 0

Terrible equilibrium where κ ≈ η

Price-volatility relation



Fundamental vs non-fundamental busts

The IRFs labeled “η shock” are responses to a decrease in η from η0− = 0.5 to
η0 = 0.2, holding s0 fixed at 0.1.
The IRFs labeled “s shock” are responses to an increase in s from s0− = 0.1 to
s0 = 0.9, holding η0 fixed at 0.5.
These shock sizes are chosen such that the initial response of q are approximately
equal.



Non-fundamental crises and large amplification

Proposition (Arbitrary volatility)
Given a target variance Σ∗ > 0 and under mild parameter restrictions,
there exists a Markov S-BSE with stationary average return variance
exceeding the target, i.e., E[|σR|2] > Σ∗.

Proposition (Volatility decoupling)
In the Markov S-BSEs constructed both the fraction of return volatility
due to sentiments |( 0

1 ) · σR|/|σR| and total return volatility |σR| increase
with s.



Booms predict crises

Following some models of extrapolative beliefs [Barberis et al., 2015,
Maxted, 2020], define an exponentially-declining weighted average of
sentiment shocks:

xt := x0 + σx

∫ t

0
e−βx(t−u)dZ(2)

u .

Assume the drift of s depends on x via

µs,t = bxxt + µ̂s(st) with bx ≤ 0.

the term µ̂s is designed to prevent non-stationarity in st.
After a series of good sentiment shocks (dZ

(2)
t < 0), st and xt will be

low (boom times), but this buoys µs,t and shifts conditional
distributions of st+h to the right (future busts).



Booms predict crises

The IRFs labeled “η shock” are responses to an increase in η from
η0− = 0.5 to η0 = 0.7, holding s0 fixed at 0.4.
The IRFs labeled “s shock” are responses to a decrease in s from s0− = 0.4
to s0 = 0.1, holding η0 fixed at 0.5.
These shock sizes are chosen such that the initial response of q are
approximately equal.



Behavior around financial crises

Crises are defined as the bottom 3rd percentile of month-to-month log
output declines.
Conditions are improving up to 2 years before the crisis, with risk premia
below average and declining.
The crisis emerges suddenly and features spikes in all variables.
These dynamics cannot be produced in the non-sunspot equilibria of the
model.



Sentiment-based jumps

Consider a broader class of solutions for the baseline model where capital
price can also respond to an extrinsic jump shock, i.e.,

dqt

qt−
= µq,t−dt + σq,t− · dZt − ℓq,t−dJt,

where J is a Poisson process with intensity λ.
The risk-balance condition

ae − ah

q
= κ − η

η(1 − η)

(
|σR|2 +

λℓ2
q(

1 − κ
η ℓq

)(
1 − 1−κ

1−η ℓq

))
disciplines overall risk but not the split between Brownian and Poisson
shocks. Additional degree of freedom.
Chosen jump sizes for exercise

ℓq =
{

0.95ℓmax
q , if κ > 0.9 and 0.9ℓmax

q > 0.2
0, otherwise,



Sentiment-based jumps: behavior around crises

Crises: bottom 3rd percentile of month-to-month log output declines.
Crises tend to arrive after a sequence of positive fundamental shocks.
In the years before the crisis, asset prices are high, and both volatility and
risk premia are below their usual level.
Crises arrive suddenly—with only a few months “warning” in terms of rising
volatility and risk premia—and generate large movements in observables,
because simulated crises often coincide with realizations of a jump.



Conclusion
Macroeconomic models with financial frictions inherently permit sunspot
volatility. These models are extremely common, so this phenomenon cannot
be ignored.

Fully-rational notion of “sentiments” can be a powerful input into
macro-finance dynamics. Unbounded amplification, sharp volatility spikes,
and sentiment-driven boom-bust cycles are among the possibilities.

Our results suggest a modicum of caution. Numerical techniques used to
solve DSGE models with financial frictions implicitly select an equilibrium,
without any explicit justification. A deeper analysis of refinements still
remains to be done.

Policy?
Deposit insurance less effective, because run-like behavior can be an
asset-side phenomenon.
Capital requirements, bailouts, etc, are likely less effective when
volatility is decoupled from balance sheets.


