Macroprudential Policy in Fisherian

Models of Credit Booms & Crises!

!Based on “Optimal Time-Consistent Macroprudential Policy” co-authored with

Javier Bianchi, Univ. of Wisconsin
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Financial Crises and Macroprudential Policies

Credit booms typically precede financial crises, suggesting they should
be prevented (Mendoza-Terrones, Reinhart and Rogoff, etc)

Theories of booms & crises highlight market failures that justify policy

intervention (pecuniary externalities)

Wide consensus on MPP(Borio, EMs, Bernanke): Reduce risk of

systemic financial crises by managing credit expansions in good times

But quantitative MPP models face serious challenges: (1) capture
nonlinear crises dynamics and prudential mechanisms; (2) evaluate

effectiveness (optimal or suboptimal); (3) address time inconsistency
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MPP Analysis in Fisherian Models

e Equilibrium business cycle models with a collateral constraint have

two key features:

e Binding constraint triggers Fisherian deflation and deep recessions

e The constraint also introduces a pecuniary externality resulting

from feedback loop between collateral prices and borrowing capacity
e Examine optimal MPP of a regulator unable to commit
@ Study time-inconsistency problem of financial regulator

e Compare with simple (non-state-contingent) policies



Main Theoretical Findings

Constrained-efficient allocations can be decentralized with state

contingent MP tax on borrowing

Forward looking asset pricing introduces time-inconsistency issues

in financial regulation

Under commitment, regulator seeks to prop up current asset prices

by distorting future path of consumption

Under discretion, ability to affect asset prices is limited to altering

current marginal utility and state variables of future regulators
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Main Quantitative Findings

e Optimal time-consistent MPP achieves significant reduction in
financial fragility:

o Probability of crises falls from 3 % to 0.3%
o Asset Prices fall 25 ppts less (5% v. 30%)

e Risk Premium decreases by a factor of 6

e Tax on debt averages 1% and positively corr. with leverage

e Simpler taxes also deliver gains but are harmful during crises
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Outline

@ Analytics of Pecuniary Externality
@ Model for Quantitative Analysis
@ Quantitative Implications

@ Concluding Remarks
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Environment

Households solve:

max E; Zﬂtu(ct)
t=0

{etskir1,bir1tisg

b
s.t. e+ qikeer + %1 = k(g + z) + by
b
%1 > kg (pt)

z follows a Markov process
@ One-period non-state contingent bonds
o Aggregate capital is in unit fixed supply K =1

e Exogenous interest rate with SR < 1.
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Excess Returns

Binding constraint increases excess returns

: p1e — Covy(Bu/(ce41), R 1 — R)
E(RF ] - R= .
t[Rt—H] R BE:w (cti1)

causing asset prices to fall

o0
Zt4j+1
=K _
qt t;) j .
7= .HOEt+iRt+1+i
1=

tightening further the constraint and feeding back to asset prices

.... but agents do not internalize effects of ex-ante borrowing decisions

on ¢; ex post = pecuniary (systemic or fire-sale) externality
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Normative Analysis

Constrained efficient regulator (planner) chooses debt and

transfers borrowed resources facing the same credit constraint.

The regulator is unable to commit to its future borrowing policy.

Households choose consumption and asset holdings.
Asset market remains competitive

Equivalent approach: Ramsey planner choosing debt taxes



Private Choices in Constrained-Efficient Eq.

Taking planner’s policies for debt and transfers {bsy1, T;},~, and asset
prices as given, households solve:
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Private Choices in Constrained-Efficient Eq.

Taking planner’s policies for debt and transfers {bsy1, T;},~, and asset

prices as given, households solve:

max [E Z Blu(cy)
t=0

{etkiv1}tiso —
st o+ gk = k(g 4+ z)+ Ty

First-order condition and key implementability condition:

g’ () = BEw/ (cig1) (2041 + qis1)



Time-Consistent Regulator’s Problem

Taking as given future policies C, B and implied price Q, planner solves:

V (b, 2) = maxu(c) + fE,, V(V,2')

e,b'\q
subject to
%
c—i-ﬁ = b+z (N
Y
7 = —ra ()




Recursive Constrained Efficient Equilibrium

The recursive constrained efficient equilibrium is a collection of

functions {B,C, k, ¢, Q,V} : R> — R such that:

@ The regulator’s current plans are optimal: V(b, 2), b/ (b, 2), ¢(b, 2)
and ¢(b, z) solve the Bellman equation given

B(b,z),C(b, z), Q(b, 2).

@ The regulator’s plans are time consistent (Markov stationarity):

V' (b, 2) = B(b, 2), c(b, z) = C(b, 2), q(b, 2) = Q(b, 2).
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Planner’s first-order conditions

o MN=u(ey) — &' (e)q
—_———
Extra Benefits from c¢;
q: kpy =&l (c)

— In states in which the collateral constraint binds, the planner

assigns a higher marginal value of wealth

biy1: A= BRE N1 +

EBE: (u” (cor1)Co(t + 1) (Qega (4 1)) + 2e41) + Qu(t + D' (cr41)) + pt

Effects of Future Policies on Current Asset Prices
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Overborrowing and Pecuniary Externality

Bonds Euler eq. in unregulated decentralized equilibrium when p; = 0:
u'(ct) = BREu/ (i)
Bonds Euler eq. in constrained-efficient equilibrium gy = 0:

/ . / ) u//(ct-i-l)
u'(et) = BRE¢qu'(ctq1) = Kibts1qep1—,—
W (ci1)



Comparison with commitment
Optimality conditions if the regulator can commit:

bip1 Ay = BRE N1 + e vVt >0

e Ap=u'(er) — &g (er) + u(er)e—1(qe + 2) Vi >0

Mk
' (ct)

Current consumption raises current asset prices

Vit >0

g & =& 1+
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Comparison with commitment

Optimality conditions if the regulator can commit:

bip1 AN = BRE N 1 + e Vt>0

a: M=u(cr) = &qu(er) Hu"(er) &1 (g + 20) vVt >0

K
g €t:§t71+7//jt Vi >0
u'(ct)

But current consumption also lowers previous asset prices

— Solution is time inconsistent



Decentralization with Tax on Debt

In a regulated decentralized equilibrium, the regulator imposes a

tax on debt (or bond purchases)

Budget constraint with debt tax:

bit1

k +c+—=——"—
qtRt+1 t R(l—l—Tt)

= k(2 + q1) + be + Tt
Agents’ Euler equation for bonds:
u'(c) = BR(1+ 1) By (cpp1) + put

An optimal tax schedule matches Euler eq. of the regulator &

implements same allocations



Optimal Debt Taxes

Proposition: The time-consistent constrained-efficient equilibrium
can be decentralized with state-contingent debt taxes 7, with revenue

rebated as a lump-sum transfer.
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Optimal Debt Taxes

Proposition: The time-consistent constrained-efficient equilibrium
can be decentralized with state-contingent debt taxes 7, with revenue

rebated as a lump-sum transfer.

RE { & 10" (C(biy1, 2041)) Qbta1, 2e41) + EQip1 + & (co) qi}
Eiu/(C(bey1, 214+1))

Tt =

e The tax has a MP component (i.e. when p; = 0 but E¢[us11] > 0):

Etiﬂ))uﬂ(c(bt—f—l? 241)) Q(b41, 241)

"(C(bet1,2t41

Esu'(C(bty1, 2641))

MP __
Tt -

e Equivalent policies: capital req., LTV ratios (Bianchi, 2011)



Quantitative Analysis

Introduce firms, labor supply, imported inputs and working capital
Capital has individual value as collateral
TFP, interest rate and financial shocks

Calibration to industrialized countries



Representative Firm-Household Problem

Maximize:
o0
Eo Zﬁtu(ct — G(my))
t=0
subject to budget constraint

bt+1

Qkir1 + o+ — = @k + b + [ F (ki, my, hy) — pmmy]

and collateral constraint

b

R + O0pmmy < Kiqiky

Market Clearing: h; = ng, ky = 1



Calibration Strategy

Industrialized economies for post-financial globalization period

(1984:Q1—-2010:Q2):

Preferences and production parameters set independently to

match standard targets
TFP and interest rates estimated as a VAR(1)

Financial shocks are assumed to be independent and follow a

two-state Markov chain {KZL  kH } with transition matrix P

P calibrated to match frequency and duration of financial crises

(crisis defined as a fall in credit of more than 2SD)



Functional Forms

(o) -
u(c — G(n)) = ?ja w>0,0>1

F(k, h, m) = zk*% m®m™h*", QK O, oy >0



Calibration

Description Value Source / target
Risk aversion oc=15 Standard value
Discount factor 5 =0.96 Standard value
Share of imported inputs a, =0.124  Cross-country data from Golberg and Campa (2010)
Share of labor a, =056  0.64 cross-country data from Stockman and Tesar (1995)
Share of assets ap =0.05 2007 U.S. housing stock/GDP =1.3
Labor disutility coefficient y = 0.56 Normalizatition for average h = 1
Frisch elasticity parameter w =1 Kimball and Shapiro (2008)
Working capital coefficient 6 = 0.5 2007 U.S. firms’ M1/GDP = 0.1
Financial shock
kL =03 Average leverage = 30%
Puyp =0.9 10-year mean duration of wH (crisis prob.=0.03)
Pr,=0.1 Prob. of kK¥=0.1 ( 3-year crisis duration)
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Financial shock
kL =03 Average leverage = 30%
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Prr. =0.1  Prob. of k¥=0.1 ( 3-year crisis duration)




Quantitative Results

@ Severity of Financial Crises
@ Bond Policy Functions

© Asset Pricing

@ Policies

@ Welfare



Event Analysis

@ Simulate decentralized equilibrium for long-number of periods
@ Isolate T-year event windows around crises
@ Compute mean values of all macro-variables and shocks

@ Counterfactual policy experiment: feed shocks and initial

conditions to constrained-efficient equilibrium



TFP and Interest Rate Shocks
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DE Bond Policy Function & Credit Limit

-0.15+
Positive Crisis . .

. Probability Region Stable Credit Region
S 024 §

2 g

3 5

.

T .025- 3

3 g

o] o

9 e

9 o)

T 034 °

x

z

—DE
..... B (B7 S)
®o
-0.35 "““(
\ | Tree \
-0.35 -0.3 -0.25 -0.2 -0.15

Current Bond Holdings (B)



Next-Period Bond Holdings ®)

-0.15+

-0.2

-0.25

-0.3

-0.35

Comparing DE and SP

Positive Crisis

Probability Region Stable Credit Region

Constrained Credit Region

..... 3 EDE (B7 S)
= Ooo(::::(".Ooo

T il - 1

\
-0.35 -0.3 -0.25 -0.2 -0.15

Current Bond Holdings (B)



Next-Period Bond Holdings
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Financial Amplification for the Planner
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Asset Pricing
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Cumulative Distribution of Asset Returns
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Volatility of Returns & Market Price of Risk in
Good States

Volatility Asset Return Price of Risk
97 14+
8 12-]
7
10+
6
.
54
6
4
3+ “
24 27
1 T T T 0 T T T
-0.36 -0.21 -0.36 -0.21

-0.31 -0.26 -031 -0.26
Current Bond Holdings Current Bond Holdings

= Decentralized Equilibrit



Volatility of Returns & Market Price of Risk in
Good States
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Asset Pricing Statistics

Equity Collateral Risk Price
EiRf{; R+ 7 Premium Current Expected Premium of Risk o(R{,;) SR

Decentralized Equilibrium
Mean 4.3 2.8 1.5 1.3 -0.2 0.4 5.8 4.7 0.3
Unconst. 2.9 2.8 0.1 0.0 -0.25 0.37 5.9 4.7  0.03

Social Planner
Mean 3.9 3.4 0.5 0.6 -0.17 0.07 2.6 2.6 0.2
Unconst. 3.9 4.0 -0.09 0.0 -0.15 0.07 2.6 2.6 -0.03
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Optimal Tax Schedule in Good States
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Optimal Tax Schedule in the Run-up to Crises
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Welfare Analysis



Welfare Calculation

Welfare gains from switching to the constrained-efficient equilibrium

are computed as the value of v such that:
EOZBt P4 90) = G(n)) = Eo Y fru(c)” — G(ny"))
=0

for every initial state



Welfare Gains of MPP in the Run-up to Crises
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Schedule of Welfare Gains in Good States
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Time Invariant Taxes



Effects of Constant Taxes on Crisis Probability
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Welfare Effects of Constant Taxes
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Effects of “Optimal” Constant Tax on Crises
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Conclusions

State-contingent debt taxes can decentralize the constrained

efficient, time-consistent equilibrium.

Optimal MPP can significantly reduce the magnitude and
incidence of financial crises, and reduce also risk premia and

Sharpe ratios

Constant taxes are less effective and can be welfare reducing

(harmful during crises)

MPP also faces other implementation challenges and has to adapt

to fin. innovation (Bianchi, Boz & Mendoza (2012))



Recursive Competitive Equilibrium

A RCE is defined by ¢(B, z), a law of motion B and policy functions:
(1) {V, VK, é} solve:

V(b k,B,z) = max u(c) + fE,, V(V, K, B 2
bk e |

!/

sit.  q(B,2)k +c+ % =k(q(B,2z) +2)+b

bl
_E S K'Q(B7 Z)

with B' = B(B, z)
@ Rational Expectations: B(B,z) = b(B, 1, B, z).

@ Market for land clears /%’(B, 1,B,z)=1



Microfoundation for Collateral Constraint

Opportunity to default arises upon new issuances

e Hiding assets and future income takes time
Households enter period with outstanding debt and repay
Households issue new debt
Can immediately default on that debt
Lose a fraction (1 — k) of capital holdings
and can immediately raise new debt

= Collateral constraint —% < kqk



Decentralized Equilibrium
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Commitment Versus Discretion

If constraint not initially binding, u; = 0

U/(Ct) = /BEt {RU/(Ct+1) — ,‘Q/j,t_,'_lqt_,'_llll”(ct—i_l)}
w(crt1)

+&—1Ey (BRU" (ci41) 241 — v (1) 2t)

Discretion

u'(e;) = PBRE {U/(Ctﬂ) — K141 W (cran)

Under commitment, planner weights effects of consumption on
tightness of previous constraints Given consumption, a positive shock

today, reduces incentives to consume today



Stochastic Processes

TFP and interest rate shocks:
0.755972 —0.030037
—0.074327 0.743032

0.0000580  —0.0000107
—0.0000107  0.0001439

Cov =

09 0.1
0.85 0.15

)





