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Introduction

Financial Vulnerability and Monetary Policy

Financial vulnerability: Amplification mechanisms in the financial sector

Two questions are hotly debated

1. Does monetary policy impact the degree of financial vulnerability?

2. Should monetary policy take financial vulnerability into account?
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Motivation

Financial Variables Predict Tail of Output Gap Distribution

Based on “Vulnerable Growth” by Adrian, Boyarchenko and Giannone (AER, 2018)
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Motivation

Conditional Mean-Volatility Line for Output Gap Growth

Mean =    0.67 -   1.15 Volatility + ε-2
-1

0
1

C
on

di
tio

na
l M

ea
n

.5 1 1.5 2
Conditional Volatility

Tobias Adrian and Fernando Duarte Financial Vulnerability and Monetary Policy May 2019 4



Motivation

Conditional Mean-Volatility Relation for Inflation
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Motivation

Patterns Hold in Panel of Countries

[1973-1990]  Mean=   0.29 -  0.97 Vol + ε

[1991-2016]  Mean=   1.67 -  5.49 Vol + ε
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[1991-1995]  Mean=   1.10 -  1.80 Vol + ε

[1996-2016]  Mean=   3.18 -  6.59 Vol + ε
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Overview

Overview of Microfounded Non-Linear Model

I Firm optimization gives standard New Keynesian Phillips Curve

I Households are as in New Keynesian model but

I Cannot finance firms directly

I Can trade any financial assets (stocks, riskless desposits, etc.) with

banks

I Banks

I Finance firms

I Trade financial assets among themselves and with households

I Have a preference (risk aversion) shock

I Subject to Value-at-Risk constraint

I Financial markets are complete but prices are distorted
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Financial Markets

Price of Risk and No Arbitrage

I Single source of risk: Browninan motion Zt

I Real risk-free rate is Rt

I A state price density (SPD) is a process with Q0 ≡ 1 and

dQt

Qt
≡ −Rtdt − ηtdZt

such that for all assets j

Sj ,t =
1

Qt
Et

[∫ ∞
t

QsDj ,sds

]
where ηt is the “market price of risk”

I Expected excess returns µt , volatility σt and ηt = σ−1t µt
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Intermediation Sector

The Intermediation Sector Setup

I Each “bank” solves a standard Merton portfolio choice problem

augmented by a Value-at-Risk constraint and preference shocks

V (Xt) = max
{θt ,δt}

Et

[∫ ∞
t

e−β(u−t)eζu log (δuXu) du

]
s.t.

dXt

Xt
= (Rt − δt + θtµt) dt + θtσtdZt

VaRτ,α (Xt) ≤ aVXt

dζt = −1

2
s2t dt − stdZt

dst = −κ(st − s̄) + σsdZt
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Intermediation Sector

The Intermediation Sector Setup

V (Xt , t) = max
{θt ,δt}

Ebank
t

[∫ ∞
t

e−β(u−t) log (δuXu) du

]
s.t.

dXt

Xt
= (Rt − δt + θtµt−θtσtst) dt + θtσtdZ

s
t

VaRτ,α (Xt) ≤ aVXt

dst = −κ(st − s̄) + σsdZ
s
t
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Intermediation Sector

The Banks’ VaR Constraint and Amplification

I Let X̂t be projected wealth with fixed portfolio weights from t to t + τ

I VaRτ,α (Xt) is the αth quantile of the distribution of X̂t+τ conditional

on time-t information
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Intermediation Sector

Optimal Portfolio and Dividends

The optimal portfolio is characterized by

θt =
1

γt
(µt/σ

2
t−st/σt)

δt = u (γt)β

γt ∈ (1,∞) such that: VaRτ,α (Xt) = XtaV

or γt = 1 if VaR does not bind
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Intermediation Sector

State-Price Density of Intermediaries

I Lagrange multiplier of VaR is increasing in ηt and γt

λVaR,t = G (ηt , γt , st)

I The marginal value of one unit of wealth is

Qbank
t = eζte−βt (δtXt)

−1 (1−λVaR,t)

= eζte−βt (δtXt)
−1 (1−G (ηt , γt , st))
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Households

Representative Household

I Household solves

max
{Ct ,Nt ,ωt}

Et

[∫ ∞
t

e−β(u−t)
(
C 1−σ
u

1− σ
− N1+ς

u

1 + ς

)
du

]
subject to

d(PtFt) = WtNtdt − PtCtdt + ωtd(PtSt)

ωgoods,t = 0
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Equilibrium price of risk

Households and Intermediaries Agree on Pricing

I The household’s SPD is

Qhouse
t = e−βtC−γt

I The household’s Euler equation and market clearing (Ct = Yt) give

the IS equation

d logYt =
1

γ

(
it − πt − β +

1

2
η2t

)
dt +

ηt
γ
dZt

where it is the nominal interest rate
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Equilibrium price of risk

Households and Intermediaries Agree on Pricing

I Banks and households trading in complete markets means marginal

utilities agree Qhouse
t = Qbank

t

I Matching the volatility of Qhouse
t and Qbank

t

ηt = η(γt , st) = η(Vt , st)

where

Vt ≡ VaRτ,α (dyt)

= −τEt [dyt/dt]−N−1(α)
√
τVolt(dyt/dt)
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Optimal Monetary Policy

Power of Continuous Time

I Can solve banks’ VaR problem in closed form (even if markets were

incomplete)

I Linearizing drift and stochastic parts retains time variation in risk

premium

dyt =
1

γ
(it − r − πt) dt + ξ(Vt − st)dZt

Vt = −τ(it − r − πt)/γ −N−1(α)
√
τξ(Vt − st)

I Need at least 3rd order approximation in discrete time
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Optimal Monetary Policy

Optimal Monetary Policy Problem

I Central bank solves

L = min
{ys ,πs ,is}

Et

∫ ∞
t

e−sβ(y2s + λπ2s )ds

subject to

Dynamic IS: dyt =
1

γ
(it − r − πt) dt + ξ(Vt − st)dZt

NKPC: dπt = (βπt − κyt) dt

Vulnerability: Vt =−τEt [dyt/dt]−N−1(α)
√
τVolt(dyt/dt)

Bank shocks: dst =−κ (st − s) + σsdZt
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Optimal Monetary Policy

The Optimal Monetary Policy

I Augmented Taylor

it = φ0 + φππt + φyyt + φvVt

= Φ(Vt)

I Or flexible inflation targeting

πt = ψ0 + ψyyt + ψvVt + ψsst

I Coefficients φ and ψ are a function of structural parameters that

govern vulnerability
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Optimal Monetary Policy

Risk-Taking Channel of Monetary Policy

I Fixed prices for simplicity (π = 0)

I Using the IS equation

dyt =
1

γ
(it − r) dt + ξ (Vt − st) dZt

I We can plug

Et [dyt/dt] =
1

γ
(it − r)

Volt(dyt/dt) = ξ (Vt − st)

into

Vt = −τEt [dyt/dt]−N−1(α)
√
τVolt(dyt/dt)

to see that Vt and it are one-to-one: The risk-taking channel of

monetary policy
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Optimal Monetary Policy

Output Gap Mean-Volatility Tradeoff

I Eliminating it , dynamics of the economy are

dyt = ξ

(
M Vt +

N−1 (α)√
τ

st

)
dt + ξ (Vt − st) dZt

where

M ≡ −ξ +N−1 (α)
√
τ

τξ

is the slope of the mean-volatility line for output gap

Et [dyt/dt] = M Volt (dyt/dt)− 1

τ
st
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Optimal Monetary Policy

Recall Mean-Vol Line for Output Gap Growth

Mean =    0.67 -   1.15 Volatility + ε-2
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Optimal Monetary Policy

Model Produces Mean-Vol Line for Output Gap Growth
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Optimal Monetary Policy

Model Produces Mean-Vol Line for Output Gap Growth
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Optimal Monetary Policy

Model Produces Mean-Vol Line for Output Gap Growth
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Optimal Monetary Policy

Calibration

I Use standard New Keynesian parameters when possible

I For parameters relating to vulnerability, match empirical and

model-based regression of the conditional mean on the conditional vol

of output gap growth

I Intercept, slope, standard deviation and AR(1) coefficient of residuals

identify all new parameters
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Optimal Monetary Policy

Interest Rate Response to Vulnerability

Greenspan
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Optimal Monetary Policy

Welfare Gains: Steady State Distribution of Output Gap
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Conclusion

Conclusion

I The NK model can be augmented by

I A financial sector that intermediates subject to a Value-at-Risk

constraint

I Shocks to financial sector

I Matches the stylized fact that conditional upper GDP quantiles are

constant, while lower GDP quantiles move with financial conditions

I Mathematically tractable

I Optimal monetary policy always depends on vulnerability

I Optimal monetary policy conditions on vulnerability

I Vulnerability responds to monetary policy

I LAW or clean up after crisis depending on vulnerability

I Magnitudes are potentially large quantitatively
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