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Layout of the Lectures
. Stylized facts of credit booms & Sudden Stops

Basics of nonlinear financial crises models

. Analytical foundations of Fisherian models (debt-deflation
mechanism and pecuniary externalities)

. Quantitative applications: (a) Foreign reserves as
insurance, (b) Explaining Sudden Stops facts

Macroprudential policy analysis
— DTI models with nontradables (news shocks & global liquidity)
— LTV models with assets/housing as collateral
— LTV models with financial innovation and learning
— Implementation hurdles and costly tradeoffs
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Hernandez & Mendoza (17), Mendoza & Rojas (19), Schmitt-Grohe

& Uribe (18),...

2. LTV models with international asset trading: Mendoza & Smith
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Stylized Facts of Sudden
Stops and Credit Booms



Credit Boom Events in Macro
and Micro Data
(Mendoza & Terrones 2010, 2012)



Identifying credit booms

A “boom” is defined as a sharp increase from a normal situation.

Countryiisin a credit boom at date t if:
[, > ¢o (1)

¢ boom threshold factor
[y deviation from HP trend in log real credit per capita
o(l) : standard deviation of /;

Percentile identification criterion: Largest 5% of credit
expansions in a country’s distribution of cyclical component of
real credit per capita

— Excludes “regular” credit cycle (95% of credit fluctuations)

— Excludes growth and transitional dynamics frequencies

— Does not impose common trend in credit and output

— Allows for country heterogeneity

— Ex-post indicator (two-sided filter)
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Main findings
70 events in data for 61 ICs and EMs, 1960-2010
Credit booms are infrequent (35in ICs & in EMs, 2.8% freq.)
Clustered around “big events” (e.g. ERM collapse, 2008 crash)

Strong association with business cycles & asset prices (in EMs
also with RER and nontradables sector)

Consistent with firm & bank level dynamics
Similar duration (5-6 yrs) and size (2.1 std. deviations)

1/3" of credit booms end in banking or currency crises, 1/4t
end in Sudden Stops

1/4% to 1/3™ preceded by financial innovation (financial
reforms or surges in capital inflows), and 2/3rds occur with
managed ex. rates
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Credit booms: seven-year event windows

(Cross-country means and medians of cyclical component of credit)
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Output during credit booms
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Consumption & investment during credit booms

(Cross-country means and medians of cyclical component of GDP)
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Nontradables GDP & real exchange rates

(Cross-country means and medians of cyclical component of GDP)
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Current account during credit booms

(Cross-country means and medians of cyclical component of GDP)
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Asset prices during credit booms

(Cross-country means and medians of cyclical component)
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Corporate financial indicators during credit booms

(firm-level medians averaged across countries)
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EM corporations: Tradables v. Nontradables
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Credit booms and potential triggers

(frequency analysis)
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Crises after credit boom peaks
(frequency analysis)
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Sudden Stops:

Cross-Country Event Analysis
(Bianchi & Mendoza (2020))



Defining and measuring Sudden Stops

Large increases (95 percentile) in broadest measure
of credit flow vis-a-vis rest of the world (ca/y) and
market-wide EMBI or VIX

Similar results using ca/y only

Identify SSs in data for 35 EMs and 23 AEs over 1979-
2016 period

Construct event windows centered on SS dates for
HP-filtered cyclical components of macro data



Stylized facts of Sudden Stops

. SS events are infrequent: 53 total (2.6% freq.), 38 in EMs
(3.2% freq.), 15 in AEs (1.7% freq.)

. Clustered around “big events”

. Preceded (followed) by expansions (contractions) in GDP,
absorption, credit & leverage

. Preceded (followed) by higher (lower) asset prices and
real ex. rates

. K,L account for small fraction of GDP drop, need to
consider misallocation, cap. utilization (Mendoza (10),
Meza (08), Calvo et al. (06))

. Nested within regular business cycles



SS events: Current account-GDP ratio
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Clustering of Sudden Stops
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Investment & net exports during Sudden Stops
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Basics of a Quantitative
(Nonlinear) Approach to
Modeling Financial Crises



Financial crises & incomplete markets:
A writer’s perspective

“...debt happens as a result of actions occurring over
time. Therefore, any debt involves a plot line: how you
got into debt, what you did, said and thought while you
were there, and then—depending on whether the ending
is to be happy or sad—how you got out of debt, or else
how you go further and further into it until you became
overwhelmed by it, and sank from view.”

(Margaret Atwood, “Debtor’s Prism,” WSJ, 09/20/2008)



Pricing liabilities with financial distress

Yield

Rationing ceiling

Risk-free rate

liability position



Pricing liabilities with financial distress

Yield

Theoretical pricing function——

Rationing ceiling

Risk-free rate

liability position



Amplification, nonlinearities and MPP

yield

Theoretical pricing function ——

financial distress

financial distress with
policy intervention

regular cycle

mation
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“Black swans,” nonlinearities and amplification

e “Things are not conceptually out of control, this is not some
mystery black swan we don’t understand and we need to
rewrite all the paradigms because all the modeling is wrong. If
people are acting using a linear model, what looks like a ten-
sigma event can actually be a two-sigma event...”

e “Most of the models in credit, in trading desks, in macro models
do quite well locally, the problem is when you stop being locally
nonlinearities are really quite large,...If you want to see what
happened in AlG...they wrote a whole lot of credit default
swaps...the assets underlying them went down not one shock,
not two shocks, not three shocks, but over and over. Each time
the same size shock is going to create something even

larger...”

Y

R. Merton, “Observations on the Science of Finance in the Practice of Finance,’
(Muh Award Lecture, 03/05/2009)



LIMITATIONS OF THE FINANCIAL CRISES
LITERATURE & LESSONS FROM
FISHERIAN MODELS



Limitations of the literature

1. SS events as surprises (large, unexpected or MIT shocks)

- Calvo (98), Gertler et al. (07), Christiano et al. (04,14), Caballero &
Krishnamurty (01), Cook & Devereux (06), Smets et al. (14)...

— Agents do not take financial frictions, possibility of SSs into account

2. Financial frictions often examined as local perturbations to
deterministic equilibria in which constraints always bind

— Cannot generate crises nested within common cycles (amplification
and asymmetry in response to standard shocks)

— Abstracts from nonlinear effects caused by occasionally binding
constraints that depend on prices (Fisher’s debt deflation channel)

3. Quantitative relevance of credit frictions
— Amplification effects may be too small (Kocherlakota (00))
— Can they explain infrequent crises nested within normal cycles?



Kocherlakota’s critique

¢ + ko b =k R, —e, e =0 e =0 fort>1
b1 = —q(1) or —aqiki

(A) — A
Kocherlakota's amplification coefficient : |7:(8) — 25, + —

58 xSS

Potential Amplification of an Income Shock
With Various Capital Share Values

When B =0.97 and «; = 0.4 — iy

Amplification of Effect on

Value of

Capital Share Land Price Output

':UH:' (h — QSS-.:I i_1 Qs ( Yo — Vs j '_\_1 [¥ss
0.3 008 349

0.2 006 266

0.1 004 150




Lessons from Debt-Deflation (Fisherian) Models
1. Crises are endogenous response to typical shocks when
leverage ratios are high (DTls, LTVs)

— High leverage is endogenous outcome preceded by booms

— Prec. saving rules out largest crashes, lowers long-run prob. of crises
(negligible effects on long-run cyclical moments)

2. Collateral constraints cause larger recessions in crisis events
— Deflation of Tobin’s Q causes investment collapse

— Reduced access to working capital and relative price deflation reduce
factor demands and cause contemporaneous output drop

3. Large amplification and asymmetry
— Financial crises nested within regular cycles
— Standard SOE-DSGE results if credit constraints do not bind

4. Consistent with several key stylized facts (except size of
asset price drop and credit booms)

5. Market failure (pecuniary externalities) justifies policy action



Analytical foundations of
Fisherian models



Fisherian models of financial crises

Fisherian models feature collateral constraints in which
collateral is valued at market prices

In Fisher’s 1933 article, financial amplification via these
constraints had two pillars: Debt-deflation mechanism &
interaction of innovation and agents’ beliefs

In these models financial crises are endogenous
outcomes of standard shocks driving regular business
cycles, not large, unexpected (MIT) shocks

Fisherian models include various well-known financial
frictions models (Kiyotaki-Moore, Bernanke-Gertler,
Giacoviello, Brunnermeier-Sannikov), but quantitative
applications need nonlinear, global methods



Fisherian collateral constraints

e Debt limited by a fraction of market value of assets or incomes:

1. Debt-to-income (DTI) or flow models: debt in units of
tradables limited to a fraction of market value of income
(Mendoza (02), Benigno et al (13), Bianchi (11), etc.)

b1 = —K (yér + Pz{VgN) bryr = —r(m + welp)

2. Loan-to-value (LTV) or stock models: debt cannot exceed a
fraction of the market value of assets posted as collateral:

" |nternational equity trading (Mendoza & Smith (06), Durdu & Mendoza (06))

bir1=2 — Kqiou1 K
= Debt secured with a fixed asset (Boz & Mendoza (14)))

_ bri1 < Kqeke41
R

= LTV with working capital (Mendoza (10), Bianchi & Mendoza (18)):
bt 41
R

3 9Wt”f < KQekey1




Key features of Fisherian amplification

1. Debt-deflation mechanism: When constraint binds,
agents fire sale assets/goods, prices fall, lower prices
tighten constraint further, forcing more fire sales

— Credit crunch triggers collapse in demand, and supply also falls
if the crunch affects factor demands (e.g., working capital,
deflation of marginal products)

— Different from Keynesian disequilibrium: price flexibility, rather
than rigidity, and insufficient aggregate demand and supply

2. Pecuniary externality: agents do not internalize effect
of individual borrowing on market price of collateral

— Dynamic externality: effect of today’s borrowing on tomorrow’s
prices if there is a financial crisis

— Financial regulator who internalizes this borrows less and
increases social welfare (macroprudential regulation)



Endogenous financing premia

1. Higher effective real interestrate (R, = ), /E, [\,..] )

0<X =E[NuR +m<l,  E[RN —R]=1
t t+1

2. Higher excess asset returns, lower prices:

¢ (L —r) —covi( Ay, q+1
Et{ﬁ’t%rl _R] - [,u ( )Et[)\t—i—l(] - )]

J
H{Et q+1+?2]_1 ]dtJrlJr@i]
i—0

- Direct effect: i, (1-x) — requires limited ability to leverage!

- Indirect effect: cov(u'(.),R9)

K

J

s Et[

]
-

3. Higher marginal fin. cost of inputs paid with working capital
e f,(-) = pe} [1 + ¢(r + wR) |



Workhorse model with DTI constraint
(Mendoza, Economia 2005))

e Perfect-foresight, two-sector model (akin to Workhorse model 1):

N, 1%° Xi=0 R‘tu(c(cf,cf)), c(+) is CES

max
{CtT’Ct ’bﬁ' 1}()

s.t. _
¢l +pic =yl +p’y" —bey1 + Rb,

bey1 = —k(yi +pt'y"Y)

e With perfect credit markets, or if constraint does not bind:
perfectly-smooth case of Permanent Income Theory

— “Wealth-neutral shocks” to y,' do not alter equilibrium

e When the constraint binds: amplification & asymmetry in ¢, p", ca

— ca reversal produced by DD channel, not by assumption and more
than a one-shot balance sheet effect (as in Calvo (98))



UNCONSTRAINED EQAT t=0

1) Nontradables consumption

¢ =cV =gV

2) Tradables consumption

¢l =™ =1 -pR)IPDV(YT) + Rb,]

3) Relative price

ch
py =p" = MRS(yN)

4) Current acct & bonds (debt)

b; = y§ — ¢ + Rb,

CONSTRAINED EQ AT t=0

1) Nontradables consumption
cN =cN* =yN
2) Tradables consumption

¢ = y& — b5S + Rby < T

3) Relative price

—b7® + Rby\ .
péV'SS ;}N ) < pi
4) Curren & bonds (debt)
b3S = —k(yg+pg ")

> bi=—k(yg +p"V*y")



Equilibrium if constraint does not bind

—1\[(1 "+Rb 1\ [T
e =) G




Fisherian amplification mechanism
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What about equilibrium multiplicity?

e Always two intersections between SS’ and PP, but
not always multiple equilibria
e |f PP is flatter than SS at A, point D is a unique eq.

— The second intersection has more debt and higher pN than

at A (which implies higher c' at t=0 than in future, and
hence debt is not constrained at t=0!)

e Multiple equilibria require two conditions:
1. PP steeper than SS at point A:

: —T
o> Ll
Py U

14w
- Depends on relatively high DTI cap or relatively low
elasticity of subs. and/or ratio of T /N consumption

2. Favorable income shocks in the “right” interval




Two equilibria at the marginal income shock

SS’ at marginal y'
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Quantitative application

e Functional forms:
uc) = ¢ J(1—o) c = la(CT)—H + (1= a) )y ]1/&

e Parameter values:
o =096, o=2
o Mendoza's (02) estimates for Mexico:
a=0.342, y' /(p"yN)=1.543, cT/yT'=0.66, N/y¥=0.71
o u=0.204, 1/(1+u) =0.83 upper bound of estimates for LA

o Initial foreign debt set at 1/3 of GDP
o Credit limit setat « = 1/3

o Permanent output normalized to 1



Financial amplification effects

n Effects of 5% wealth-neutral shock to y,” (transitory TOT shock):
o |b, by 15 pp. of permanent income
o ¢,” and p,/N nearly 60 % below eq. with perfect credit markets.

o DD mechanism contributes all but 3 pps.

sb. Consumption Effects _ <c. Nontradables Price Effacts

LA

| 1 CE 1 1

i - -
i -
l."q-\' j— —__'_'_'_'_ —
'-\-l I I '"‘i-\. . ._ I
L 0o 0.95 =L 0.0 005
dare-0 ¥T (fraction of permanent ¥T) dar=-0 vT (fraction of permanent ¥T)
rotal effect toral effect
""" balance shear affect vt halance shest affect
Fisherian deflation effect Fisherian deflation effect

real exchange rate (tofal effect)



Limitations of this experiment

e |t only tells us that very bad things can happen if credit
access stops suddenly and unexpectedly

e |t doesn’t tell us:

— How knowing this may happen affects borrowers’
behavior before the credit crunch (adapting to possibility)

— What magnitudes of shocks trigger the credit constraint?
— How large are the financial amplification effects?
— What is the probability of observing credit crises?

— Is this a useful approach to model financial crises (i.e. can
it explain the stylized facts?)

e _.butitdoesillustrate potential for large financial
amplification/asymmetry in macro responses to shocks!



Application I: Explaining the
Surge in Reserves in the
Globalization Era



Reserves as Self Insurance
(Durdu, Mendoza & Terrones, JDE, 2009)

e [ssurgeinreservesin EMs self-insurance against crises?
— Compared with higher volatility and financial globalization

e Fisherian model with endogenous risk of financial crises
via DTl constraint and imported intermediate goods
— Quantify optimal amount of reserves as self insurance
— Endogenous mapping between savings and prob. of crisis

e Key findings:

Endogenous crises in response to typical shocks at high leverage
Risk of crises causes large increase in NFA

Self insurance reduces sharply long-run prob. of crises

Slow adjustment with ca surpluses, undervalued rer’s

Results robust to standard preferences v. endogenous discounting

vk whe



Surge in reserves in Sudden Stop Countries

(difference of averages for SS year to 2005 minus 1985 to SS year)

Country Year of Sudden Stop  Change in reserves
Hong Kong 1998 34.69
Korea 1997 16.23
Malaysia 1997 14.36
Thailand 1997 13.17
Uruguay 2002 12.87
Indonesia 1997 12.17
Philippines 1997 10.65
Russia 1998 9.41
Turkey 2001 7.90
Peru 1998 7.41
Pakistan 1998 6.61
Argentina 11 2001 6.51
Argentina | 1994 5.42
Chile 1998 3.57
Brazil 1998 3.30
Colombia 1998 2.97
Mexico 1994 2.65
Ecuador 1999 -3.46
Median 7.66

Median Asian Countries 13.17



Update from the BIS

(Arslan and Cantu, 2017)

Volume of reserves? Reserves relative to GDP
USD trn Per cent
<--Lhs | Rhs-->
10.0 40
75 30
5.0 20
2.5
1977 1987 1997 2007 2017 HK SG SA DZ TH CN MY EM PECZHU L KR PHRU PL IN BR CL MKCG ID ZA TR AR
I China
I Other EMEs @ 198097 o 1998-2007 e 2008-17
0 Japan

[ Other advanced economies

' AR = Argentina; BR = Brazil; CL = Chile; CN = China; CO = Colombia; CZ = Czech Republic; DZ = Algeria; HK = Hong Kong SAR; HU =
Hungary; 1D = Indonesia; IL = Israel; IN = India; KR = Korea; MX = Mexico; MY = Malaysia; PE = Peru; PH = Philippines; PL = Poland; RU =
Russia; SA = Saudi Arabia; SG = Singapore; TH = Thailand; TR = Turkey; ZA = South Africa. > Only the EMEs listed in the right-hand panel.



Model structure
e Preferences:

> e

=

Fy

]
e,
-"'D
is
L

el

vie) = pPEIn(l + ¢) or In(1 + pBH)

'1
c(cf i) = [a(c? )_# + (1 —a)(c’ )_“u ]_E. a>0 pu>-—1

e Households’ budget constraint

i +pic =y —AT + 7 —pYAY — b, + bR



e DTI credit constraint

1 T.T N
b1 2 —K|gry +
N ¢4

where m = p/y — p™my

e Nontradables produced with imported inputs

v = z,Zmf, 0 < a<1.

e Shocks to tradables endowment & nontradables TFP



Endogenous Sudden Stops

e Business cycles lead to binding borrowing constraint
— Countercyclical current account
— Long-run business cycle moments unchanged

e Fisherian DD amplifies effects of shocks causing crises:

let

bs = — |ty + Pl (L — @) | :

N\ e

N a—1 _  ..m
Py oz Zmy — P




Planner’s problem (socially optimal NFA)

1
{a o "+(l-a) & ”]u‘

V(b,e', z) = max 1—~ "

exp

U[[a Cér —f 4 (1 B a) ngv —H }M]]E[V(bfngljzl)]

subject to =ty — v + R+ AT — p™m
& = 2Zm + AN
V' > —rle'y" +(1- of)pNzZm“]

1+
N l—a (/)"
P




Calibration

i Rate of time preference in the BAH setup 0.059

p W Rate of time preference elasticity in the UE setup 0.187

% CoefTicient of relative risk aversion 2.000

J7 Elasticity of substitution 0.316

a CES weight of tradable consumption 0.341

o} Ad-hoc debt limit -0.700

a Share of imported inputs 0.200

R Gross world interest rate 1.059

Net foreign assets-GDP ratio -0.440

% v Relative price of nontradables 1.000

p” Price of imported input 1.000

v+ pM Y p " m GDP in units of tradables 1.000
c'at Tradable consumption-GDP ratio 0.665

p Fgv (p ] y o -p”m)  Nontradable consumption-GDP ratio 0.710
(p N y N - m)hy d Nontradable-tradable GDP ratio 1.543
A" Lump-sum absorption of tradables 0.106

AN Lump-sum absorption of nontradables 0.176



Stochastic process of exogenous shocks

e VAR of tradables endowment, nontradables TFP
*" Tradables endowment = tradables GDP
= Nontradables TFP first proxied with nontradables GDP

= SMM for NT TFP to match nontradables variability,
autocorrelation and correlation with tradables GDP

Yy = P Y1 T €

1.088 0.564
—0.655  0.300

0.000601 0.00055

- covale) = | o 00055 0.0012

p:

e Unconditional moments of the Markov chain:

G0 = 00334, 6,v = 0.0305, pr = 0587, pv = 0483, and pr x = 0.516
e Moments in the data:

o = 00336 o, = 00327 pr =0575 px = 0603 pr v = 0.772

Y



Probability

Long-run distribution of NFA

(model with endogenous discounting-UE)
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Impact amplification effects

(excess responses to 1 s.d. shocks)

100
\ BAH long run prob. border___,|
80
\ l«— UE long run prob. border
40
long-run Sudden Stop region
20 7
0 e ——)
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/
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Foreign assets as a percent of long-run GDP
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Crisis dynamics at a 49% debt ratio

(excess responses to 1 s.d. shocks)
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The magic of precautionary savings

Mean foreign assets and probability of a Sudden Stop at a -48.7% debt ratio

BAH setup UE setup

Prob. of Mean Prob. of Mean
Sudden Stop  foreign assets Sudden Stop  foreign assets

Economy with credit constraints

year 0O 100.0% -48.7% 100.0% -48.7%
year 2 40.0% -48.2% 21.0% -48.2%
year 15 4.7% -41.7% 3.4% -42.9%
long run 0.9% -24.3% 1.1% -37.8%

Frictionless economy
long run 0.0% -44.7% 0.0% -42.4%

Change in mean foreign assets
20.4% 4.6%



Application ll: Explaining
Sudden Stops



Sudden Stops, Financial Crises and Leverage
(Mendoza, AER 2010)
e Equilibrium business cycle model with:
— LTV collateral constraint on debt and working capital

— Imported intermediate goods
— Shocks to [R, p?, T'F'P] taken from data

e Representative firm-household problem:

ma,x{EO ngexp{;)p (& — N(LT))}U((% — N(L;))

|

G+ 4+ Py, = exp(gf)F(kt,Lt,vt) — ¢ (R, —1)(wL, + Pyt ) — qutﬂ + b,

kt+1 B kt J

iy = 6kt + (kt+1 _ kt) 2
t

1+ W

q? b, 1 — PR, ( w,L, + pu, )= —Kqky |



Current account reversals
(Sudden Stop events from Calvo et al. (2006), 1970-2004, deviations from HP trends)

Current Account-GDP ratio
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Output and Consumption during Sudden Stops
(Sudden Stop events from Calvo et al. (2006), 1970-2004, deviations from HP trends)
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Investment and Tobin’s Q during Sudden Stops
(Sudden Stop events from Calvo et al. (2006), 1970-2004, deviations from HP trends)

Investment Tobin Q
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Main findings

Long-run business cycle moments unaffected by credit constraints

— Financial crises nested with normal cycles

— Prec. saving reduces prob. of crises ( x=0.2 calibrated to match actual
frequency of SS events)

Constraint binds in high leverage states, reached with positive
prob., and in these states typical shocks cause financial crises
— Model matches output, consumption, investment and net exports
— Expansions precede crises, slow recovery in the aftermath
— Collapse is asset prices is smaller than in data

Large amplification & asymmetry
— Larger than Kocherlakota’s (00) due to strong debt-deflation feedback

WK crucial for initial drops in output & factor demands
— Along with imported inputs generates downward bias in Solow residual

Exogenous credit constraint yields smaller effects



Solving with FiPIt
Mendoza (10) solved quasi planning prob. using VFI

Mendoza & Villalvazo (20) solved using FiPIt
Removed endogenous discount factor for simplicity
No need for nonlinear solver in Euler egs.

Standard bi-linear interpolation

Matlab codes on standard desktop solve RBC in 45
seconds, SS in 75 seconds (50 without wk. capital).

Since it is an Euler eqn’s method, it is suitable for
adding distortions (e.g. policy analysis)



Model for FiPIt solution

. A
e ——+
By |3l =)
Il —o

L t=0 -

(- ,_ o, @R —k)?
(ft(1+T)+A-t+l_(1_0)}1—{‘}_5 i —
. Ut

A F(kt, Ly, ve) = prog— (R — 1) (we L +prog) — 'f]f bt+1+b

f]f bt+1 — ORt(wi L + prve) > —Kqikit



FiPIt algorithm summary

1. Startiterationj with three conjectured functions:
q;i(b. k. s) f)’j(b.ﬁc. s) = b’}(b k. s) ﬁj(b. k,s) = pj(b.k,s)/A\j(b. k. s)
2. Optimality conditions imply for K{(b,k,s),

ij(b,k,s), vj(b,k,s), Lj(b,k,s), yj(b,k,s) and cj(b,k,s)

3. Assumeiji(b. k.s) =0, opt. conditions yield new Vieal-),
Liza(-), Viua(-) , then solve directly c;,4(.) using bonds Euler eq.:

ks Pl
. _1

N Tr 72 . o) < \W 7 o
= {J’RE (r:j(f?@h. Af.s‘)‘f\@(b‘ k.s),s") — l@(%}b‘ k, ‘-L’J‘{&@b- k,s),s) ) ] }
N L@h k. s)¥

4. New Bj+1(b.k,s) follows then from resource constraint

5. Evaluate if credit constraint really doesn’t bind. If it doesn’t
keep results, if it does discard them



FiPIt algorithm contn’d

6. If constraint binds, dec. rules solve this nonlinear system,
which reduces to one non-linear eq. (linear if we don’t have
working capital in LTV constraint!):

Ak T a_ o w(l—n)—a
v(ft) = { oz .} =
p e [1+0(R—1)+ ioR)

L) = {ml‘)u(ﬁ) } )

(1 +7)c(p) = y(p) — po(in) — o(R — 1)po(ji) [1 + %] —ij— Bg}.)

-

- . . S - S AT —a
FRE [(%(B}(b. k.s), Kj(b k. s), ') — LBl Ri0ks).5) ) ]

W

fLiv1(bk,s)=1—

(L - g |w —aT
(f’(ﬁ'jﬂ(b- k. s)) — L)) )

L



FiPIt algorithm contn’d

7. Once j+1 dec. rules are solved for all the state space, solve
directly for new pricing function using capital Euler eq.:

qj+1(0, k. s)

BE, {(fl;‘ﬂ (By1(2), 165 (), ') — LBt DSOS T (g () (), ) + d (Byea (4, K (). )

A

(ij+1(') - ﬁ)_a (1 = rfij1())

8. Evaluate convergence:

‘gj—l-l (b k. L,) — (jrj (b k. H)‘E Cf ‘Bj.,.l(b. k. 5) — J@}(b k. H)‘E :’;‘f
i1 (b k. s) — jij(b. k. s)|< &7
7. If convergence fails, update conjectures & return to Step 1.

Tiv1(b.k,s) = (1 —p")2;(b.k.s) + p*ajr1(b, k. s)

= Use 0<p® <1 (p®>1) if not converging (converging slowly)



Calibration

Paramaters set with ratios from data and deterministic steady state conditions

Cx

5}
R
W

-~

b/gdp

0.592
0.306
0.088
1.0857
1.846
0.0166
-0.86

labor share set to yield 0.66 share in GDP as a/(1-n)
capital share set to yield 0.33 share in GDP as 3/(1—n)
depreciation rate from perpetual inventories method

implied by s.s.optimal investment rule

regression estimate using labor supply optimality condition
implied by s.s. consumption Euler eq.

implied by s.s. budget constraint

Average ratios from Mexican data (1993-2005)

n=pv/y
k/y
pu/gdp
gdp/y
¢/qgdp
9/9dp
i/gdp
g/c

Parameters set with SMM

a

(3

0.102

1.758

0.114
0.896

0.65
0.110
0.172
0.168

2.75
0.2579

imported inputs/gross output ratio
capital/gross output ratio
imported inputs/gdp ratio
gdp/gross output ratio
consumption/gdp ratio

gov. purchases/gdp ratio
investment/gdp ratio

ratio of public to private consumption

targeted to match ratio of s.d. of investment to s.d. of gdp

targeted to yield a mean working capital/gdp ratio of 0.2
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FiPIt decision rules, pricing function & multiplier

900 -
800
@
o E 700-
E o
& T 600
e g
m O 500 -
400
900
capital
%107
0]
12 g4
5
1 23
808- %
< w2
5 06° é
S04 3!
3 fil]
02- Opll
900
0.l
900
>~ i } )
700 o 100 Capital 600 200 Bond
) =~ 200
Capital 600 Bond

multiplier

capital price RBC model, SS model



12

Universe of consumption impact effects

(percent deviations from mean in response to 1sd shocks to T'F'P, R and p*)

%% dev. from mean % dev. from mean
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Amplification & Asymmetry in Crises

(mean excess responses relative to frictionless economy in percent of frictionless averages)

(1) (2) (3) (4) (2)
baseline economy  lower collateral coefficient  higher collateral cosfficient Zero net expors
r=0.20 =030 k=0.1% threshold no working capital
58. non 5.5, 5.5 non 5.5, 3.5 non 3.5, 58 non 3.3 58 non 3.3
states states states states states states states states states states
gdp -1.13 -0.11 -1.18 -0.06 -1.21 -0.14 -0.86 -0.06 0.00 0.00
o -3.25 -0 -3.17 -0.14 -3.15 -0.42 -2.12 -0.23 -1.54 -0.34
-11.84 -0.61 -10.73 -0.18 -12.35 -0.91 -748 -0.30 871 -1.25
g -2.88 015 -2.64 -0.04 -2.599 -0.22 -1.81 -0.07 -2.63 -0.31
ne/gdp 3.56 0.25 332 0.08 347 0.34 213 017 311 049
b/gdp 357 0.25 3.00 0.06 360 0.36 2.11 0.18 3.31 0.53
lev. ratio 1.31 012 0.89 0.04 147 0.18 0.83 0.09 0.80 0.17
L -1.71 -0.16 -1.79 -0.09 -1.23 -0.22 -1.29 -0.10 0.00 0.00
o -3.10 -0.28 -3.21 0.16 -3 -0.40 -2.36 -0.18 0.00 0.00
w. cap. -3.12 -0.29 -3.25 -0.16 -3 -0.40 =237 -0.18 na na
prob. of 59 events 3.32% 1.07% 3.92% 0.54% 0.07%

b/gdp in 85 events -0.21 -0.44 07 -0.20 -0.40



Financial crises events: Model v. data

Gross Domestic Product Private Consumption
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Investment Tobin Q
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Local methods for SS models: OccBin, DynareOBC

e DynareOBC (Holden 2016): constraint treated as future
“endogenous news shock” along perfect foresight paths
(conditional on date-t states and det. evolution of shocks)

e |f constraintis not (is) binding at det. steady state, it uses news
shocks to solve for constrained (unconstrained) periods along
those paths (mixed integer linear programming prob.)

e |f constraint does not bind at st. st., when agents anticipate
constraint binds at some t+j, this is “news” that NFA will be
higher than otherwise

e Akin to not having constraint, but when agents are on a path
requiring more debt than allowed, news shocks hit to make
them borrow what is allowed and less before that happens

e Guaranteed to converge in “finite time,” same results as OccBin



Mechanics of DynareOBC

e Qutput is a time-series simulation linking date-t values of
perfect-foresight eq. paths conditional on (k,b,,s,)

e Each path obtained using extended path algorithm (of 15t or
higher order) that traces dynamics T periods ahead of t, with
shocks following deterministic VAR dynamics.

— Path starting at t determines (k,,,, b,,,) and these together with
s, and eq. conditions determine date-t endogenous variables.

— Discard the rest and repeat at t+1

e Efficiency hinges on:
1. T large enough so that for t>T no news shocks are needed (e.g.
if constraint binds at det ss., constraint always binds for t>T)

2. For each path requiring news shocks, the algorithm needs to
find the “correct” sequence of news shocks

3. Long enough simulation for long-run moments to converge



Example path of bonds in DynareOBC solution

(endowment SOE model w. ad-hoc debt limit)

DynareOBC solution

d. Bonds det. steady state
0.1
0 DynareOBC ext. path
(for t=141)
-0.1 .
\
02t ‘\ ad-hoc debt limit
1\~ .
_03 i ~ - —_— -

frictionless path

140 130 160 170 180

Note: Solution for =141 (red dot) and associated extended path (dashed red curve).
Dashed black curve shows solution without constraint/news shocks.



% of steady state

DyanreOBC solution and sample paths

a. Consumption b. Bonds
1.05¢
1
0.95
100 15IO 2EII'O Z\SL(U 100 150 260 25[3
det. steady state ad-hoc debt limit

Note: 11 extended paths (red dashed lines) that yield DynareOBC solutions
(red dots) along DynareOBC time-series simulation (black curve). 4 paths hit
the constraint and need news shocks, 7 do not.



FiPIt (Global) solution v. DynareOBC for SS model

(IRFs to 1sd negative TFP shock)
a. NFA/GDP

0 b .Consumption
| 0-[ . = _
o h o B 8 -1
o -2r o
o
4 . : -2 . . . .
0 10 20 30 40 50 0 10 20 30 40 50
c. NX/GDP d. Capital
10 20 30 40 50 40 50
e. Investment
DL L

10 20 30 40 50 30 40 50
. g. Intermediate Input

30 40 50
GLB — — — DynareOBC

0 10 20
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FiPIt v. DynareOBC when the constraint binds

Shadow interest premium:

Ryp(1+7)

SIP = —— — :
W (8) = (14 7)

Equity and risk premia:
COVi[u/(t+1), R} ]

EP; = (1 — hJSIPr + RP;. RP, = — Ef[-u"(f n l)]

15t order-DynareOBC is far from GLB solution when constraint
binds because it ignores risk (RP=0) and underestimates
frequency, magnitude and macro effects of credit constraint.

It also underestimates prec. savings caused by the constraint
(-10 v. 1.5% mean NFA/GDP) and prob. of hitting it (52 v. 2.6%)

It is also of comparable speed as FiPIt



FiPIt v. DynareOBC when the constraint binds

log(u) Financial Premia Macro variables
upper means in each quintile of 1 means of deviations from long-run averages in each quintile of it
limit ~ mean SIP  EP (1-k)SIP RP ¢ NX/GDP i GDP L v
Panel a. GLB
Quintiles of
First -6.563  -9.302 032 037 0.26 0.10 -2.76 1.98 -1.76  -0.60 -0.26 0.35
Second -6.320  -8.635 1.07 096 0.85 0.11 =217 1.37 270 0.08 015 -1.25
Third -6.088  -8.516 182 156 1.46 0.10 -3.80 2.30 -3.00 -135 -0.82 -1.29
Fourth -5.843  -8.235 298 248 2.38 0.09 -4.72 2.58 546 -226 -142 -3.35
Fifth -3.374  -7.920 6.59 5.38 5.27 0.10 -4.86 5.10 -1345 -121 -1.37 -2.98
Overall mean -7.627 259 217 2.07 0.10 -3.64 2.64 405 -1.04 -073 -1.78
Overall median -6.198 179 152 1.43 0.11 -3.22 1.60 -164 -1.02 -057 -2.15
Ex-post Sharpe ratio=1.16
Panel b. DynareOBC-BetaR < 1
Quintiles of
First -9.000 -9.155 0.00 0.00 0.00 0.00 -0.78 0.73 -317  -040 -0.30 -0.53
Second -8.523  -8.638 0.01 0.01 0.01 0.00 -1.74 1.38 -636 -1.10 -0.77 -1.58
Third -8.155  -8.319 0.02 0.01 0.01 0.00 -3.23 2.33 -1128 224 -1.52 -3.13
Fourth -6.295  -6.707 0.66 0.53 0.53 0.00 -2.02 124 404 -1.13 -0.68 -1.54
Fifth -5.523  -6.005 332 265 2.65 0.00 -1.85 0.38 -1.35  -1.38 -0.81 -1.92
Overall mean -6.623 0.800 0.64 0.64 0.00 -1.92 1.21 -524 -125 -0.82 -1.74
Overall median -8.337 0.015 0.01 0.01 0.00 -1.87 0.93 471 -1.23 -081 -1.74

Ex-post Sharpe ratio = (.25




A model with foreign asset trading
(Mendoza & Smith, JIE 2006)

e Two-agent equilibrium asset pricing model

Margin constraint: b,,, >-rgq,c,, & and short-selling constraint @, = x

Endogenous supply-side but independent of financial frictions
e GHH utility u(c-G(L)): MRS(c,L)independent of ¢
e Competitive firms, no capital accumulation: eAF (L, K)

. .. . . . L = 5 2
Foreign securities firms with trading costs: g, (5 ) ( a,.1 — a; + 9)

Foreign traders’ demand: Oa:H —0o; = 1/03 { q;f/qt —1}—9

e SS are endogenous response to 1sd. TF'P shocks:

Requires high enough leverage (-b,/ ¢,k ), AND liquid asset market
ca, ¢ close to actual SS, large fall in ¢ needs high elasticity (1 /a)
Long-run prob. of binding margin constraint = 2.5% (with 7 /a = 0.5)

Trading costs in percent of returns in line with empirical evidence



Households and foreign traders

e Households preferences and constraints :

iexp{ -3 wel - G(LT))}H(C, - 6(L)]

£ =L
t—(

Cr — Glfdef + waf + Qz‘(fxr R Glff_|_])K ot bf_|_] —|_ be
bypy 2K G, R Ary1 = X

e Value of foreign traders’ firms per unit of capital:

)

ZW (Gir*(dr 3 Qr) = @':‘G'iﬁrl — iy (g) (Gﬂﬁrl —of + H)z):|

i—0

D/K = Ey




Long-run distributions of equity & bonds

Figure 1a. Ergodic Distributions of Domestic Equity Holdings Figure 1b. Ergodic Distributions of Bonds
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Crisis responses at high and low leverage ratios

(differences in forecast functions in response to 1sd , negative TFP shock)

L B R 7 SR VO et s || R IR S | R | |
cenEdmpran current account-GDP ratio

-l [Everage 1ato -10.5%) e iow leverage rallo -7.4%)

High leverage state: 0=0.806, b=-1.481, b/qa=-10.9%
Low leverage state: 0=0.806, b=-1.01, b/qo=-7.4%



Crisis responses: low foreign demand elasticity (%)

Figure 2. Sudden Stop Dynamics in Mendoza-Smith Model with Foreign Demand Elasticity of 1/2
(percent deviations relative to economy with perfect credit markets)

8

— 1T I 1 T T T T T T 1 T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

- = consumption =— — current account-GDP ratio - equity price

Note: Forecast functions conditional on a negative, one-standard-deviation productivity shock
and a leverage ratio of 12.2% at date 1 (see Mendoza and Smith (2005) for details) .



Extensions
e Durdu and Mendoza (JIE, 2006)

— Add asset price guarantees offered by IFl to foreign traders

— Sell at market price or at guaranteed price, financed with
lump-sum taxes

— Prevents Fisherian deflation but induces moral-hazard-like
distortion on demand for domestic equity

e Mendoza and Smith (SJE, 2014)

— Add production of NT goods with labor & imported inputs

— Combines Fisherian effects on labor demand and dividends
and on the value of assets as collateral

— Study short- and long-run effects of financial integration
— Overshooting in prob. of SSs and debt



Normative Implications:
Macroprudential policy
analysis



Review of findings from positive analysis

e Results of quantitative studies suggest Fisherian models
are a reasonable platform for normative analysis:

1. Large amplification and asymmetry in response to standard
shocks to TFP, TOT, interest rates

2. Endogenous, infrequent financial crises w. deep recessions,
large CA reversals and RER collapses

3. Crises nested within business cycles with realistic features

e DTl models: Mendoza (01, 02), Durdu et al. (09), Bianchi
(11), Benigno et al. (13,16), Sch.-Grohe & Uribe (18),...

e LTV models: Durdu & Mendoza (06), Mendoza & Smith
(06, 14), Mendoza (10), Mendoza & Quadrini (10), Jermann
& Quadrini (12), Sch.-Grohe & Uribe (17),...



Market failure in Fisherian models

e Fisherian collateral constraints:

b

%tl Z _//”'tf(pt)

1. DTlmodels: f(p;) = ytT + p,’;vyév
2. LTV models: f(pt) = qekisq

e Market price of collateral is determined by aggregate
allocations: f (p{V(CtT, CtN)), f(qe(Ce,Ceiq,...))

e Pecuniary externality: Agents choose debt in “good
times” ignoring price responses in “crisis times”



Macroprudential pecuniary externality

e Euler eq. for bond holdings in decentralized eq.:
u(t) = BRE|u'(t +1) |+

— In normal times u;=0 => standard Euler equation

e But for a constrained-eff. planner (regulator) that
internalizes the externality the Euler eq. is:

W () = BRE, [U'(t) + pres1kiatn,, ] i=DTI LTV

D1l N AYall . _
Vi _UtJrl (Opi1/0C ), lfff =RKt1145(0G41/0C1), Jj=0.1

e If social MC of debt exceeds private MC, there is
overborrowing in the absence of regulation



Proving the social MC of debt is higher

e Higher social MC of debt requires:

e In DTl and LTV models, both derivatives are positive
because of concavity of utility:

DTI setup: LTV setup:

. N .
Opi1 P Yt (t+1) ~ 0 Oy1 _qt+1ucc(t + 1) -0
0C; 4 ur(t+1) 00,4 u, (t+1)

e Alarge externality is implied if the model without
regulation generates large price drops during crises!



Optimal Macroprudential policy

e An optimal macroprudential debt tax decentralizes
the planner’s allocations:

E, [u'(t +1)]

= i=DTI LTV

- T, > 0 only if the constraint is expected to bind with some
probability at t+1.

e Equivalent instruments: capital requirements, CCyB,
regulatory LTV or DTl ratios.



MPP: Use & effectiveness

Widespread use: Cerutti et al. (15) built MPI of 12 instruments, 120
countries. During 2000-2013, mean rose from 1 (0.6) to 2.5 (2)
worldwide (in AEs), 90% of countries have at least one instrument

LTVs/DTlIs gaining relevance: 35% of countries; strong evidence that
they hamper credit & asset prices (housing)

Mixed results for others (Galati & Moessner (18), Araujo et al. (20)):
1. Ambiguous results for credit expansion, no effect on contractions

2. Cap. controls change composition of flows, some evidence of reduced leverage
and gross inflows in banks but insignificant for net flows

3. Precision-weighted, standardized of combined MPP tools on
credit is about -1% but very noisy and lack robustness

CCyB (Basle Ill): Extra capital when credit/GDP rises 2% above HP
trend, rising linearly until it reaches 10%

— Used in 9 countries as of 2018 (e.g. Sweden, UK, Norway, HK)

— Optimal policy is countercyclical, but simple rules show weak results and
high sensitivity to threshold/elasticity settings!



CCyB example: the UK case
(BIS (2010) “Guidance for national authorities....”)

= Credit to GDP ratio
= Trend
| =— Gap

ol w—

80 85 90 95 00

Sources: National data; BIS calculations.
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Trend = HP trend of credit/GDP, one-sided w. smoothing parameter at 400,000

Gap = Deviation from trend (credit cycles last 20 year!)

 Requires structural model! (classic case of Lucas critique)



Application to DTl model
(complexity)



MPP with News & Global Liquidity Switches
(Bianchi, Liu & Mendoza (JIE 2016))

Start with canonical DTl model of Sudden Stops/MPP
(Mendoza (02), Durdu et al. (09), Bianchi (11)))

1. SOE with tradables & nontradables

2. Debt denominated in tradables, backed-up by total income
3. Fluctuations in p" affect borrowing capacity

Add noisy but informative news about next-period’s
fundamentals (GDP of Tradables sector)

Add regime switches in global liquidity (interest rates
or borrowing capacity)

Solve DE without policy, constrained-efficient SP
problem, and optimal MPP (debt taxes)



Decentralized Equilibrium: Households

Eo Z Bu(c).
t=0

_1
n

c= [w (CT)_W—I—(l—w) (CN)n] n>1we(0,1).

) T N N T N N
{irtbt—l —C TPy G = E)t + Y, + Py Yy

Gbiir = —r(yf + oYyl )



News shocks about tradables endowment

e Signal s, informs about y'..,, with precision &:

Y if i =1
e A
])("if — z'|yif—|—l — [) — { 1—0 Ty /
N_1 11 7 7£ .
--Uninformative if 6 = % , perfectly informative if § = 1

e Conditional forecast probability:

_ plse=tlyly = Doyl =y =)
> (s =iyl =n)plyl, = nlyl =7)

plyl, =lsi =iyt = J)

e Joint (s,y’) Markov transition probabilities:
H(yleys see1, 5] 8¢) = p(seer = koytey = lse =i,y = J)

=yt =lse=i0f =3)Y [p(wha =mlyley = Dp(sert = Klyfey = m)]

m



Global liquidity regimes

e Shifts in global liquidity result in regimes of
persistently high or low real interest rates

e Standard two-point regime-switching process:
1. Regimes:
R" > R!

2. Transition probabilities:
Fyp = p(Riyy = R" | R, = R")
Fy=p(Ry1 =R | R =R
3. Mean durations:
1/Fn  1/Fy,



Equilibrium conditions

A = urp(t)

1l —w o T
N __ 1

dt

Ae = —E¢ [Aesa] + g

qibiiq1 = —H(y;r + pi‘” ‘uf"* r) with equality if gy > 0

hr j"l,lf;"
€t = Yt

¢} =yl — qibis1 + by



Effects of news & liquidity regimes

e News effects:
1. Good news at t strengthen incentives to borrow
2. ..and increase expected future borrowing capacity

3. ..butify’,, turns out to be low, prob. of crisis rises
(higher leverage)

e Global liquidity shifts:
1. Persistent high liquidity induces more borrowing
2. Expectation of regime switch is low

3. Shift to low liquidity after spell of high liquidity triggers
severe crisis (low prob. by construction)

e DE and SP have identical information sets



Constrained-efficient financial regulator
(planner’s) problem:

Vi(b,z) = max Lf (L‘-'-‘ (r’:’T)_n +(1-w) (CN)_HI _H) + PEV(V, ;)]

p]""l“ ..CT F{r]""l“ ~b;

> = (y".s.q)

subject to:

b =b+ oyl




Externality & optimal policy

e Wedge in the marginal costs of borrowing in periods
of financial stability ( «: = 0 ) :

1. DE:  up(t) = 2B, fup(t+1) |

qt

2. SP: ur(t) = LB, [ur(t + 1) + pesrtena]

dt

o CT
Uy = K 1__7*{1 —H”F

e SP’s allocations can be implemented by introducing

a “debt tax” /(1 + 1)1 set to: - Et [pter10e41]
! E; [ur(t +1)]




Is there room for ex-post intervention?

No because planner cannot alter allocations when
the constraint binds (assuming uniqueness)

The allocations need to satisfy resource constraint,
credit constraint, and pricing condition:

1-w (¢l 1+
ci =1 +1)y +Kr— ( ’iv) i + b
Yt
Same for DE and SP, so for same income and initial
NFA, both attain the same consumption & welfare

when the constraint binds

Any tax such that the constraint binds in DE with tax
when it binds for SP is optimal (usually 0)



Baseline calibration

Parameter Value Parameter Value
Y N 1 N,r 3

Ely!] 1 pyT 0.54
o, 0.059 5 0.91

9 2 7 0.205
K 0.32 W 0.32

% % R" 1.0145

R 0.9672 En 0.9333




Global liquidity phases
(ex post real return on 90-day U.S. Thills)
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Baseline results: Long-run dist. of NFA
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Baseline results: Key moments

(1)

2)

Long-run Moments DE SP
E[B/Y] % -29.62 -28.89
o(CAY) % 3.18 1.75
Welfare Gain ' % n/a 0.12
Prob of Crisis 2 % 3.51 0.01
Financial Crisis Moments
ACY% Large crises -4.68
ARER% -12.65
ACA/Y % 1.57
Q¢ 3 _— 1.49
ORER ﬁge amplification | 54
QCA/Y o 1.70
E[7] pre-crisis 4 % n/a 0.22

Effective
policy
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Optimal MP debt tax around crises

10
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Optimal tax & news shocks
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Production and ex-post interventions
(Hernandez & Mendoza (2017))

Sectoral production with tradable intermediate goods and
TFP shocks:

_T( _ T)Q‘T

, . _ Nyan
yr = 2 (my )

yn = = (m!

Firms maximize profits facing world input prices:

a2 T?T?;F o pm pf Oc N2 vf\ 77?1&\ - pm

In equilibrium, resource and collateral constraints are:
T AT 4 pmm” + ™M)+ g =b+ 2T
N AN =N m™NN

o'l -~ N N nalN
qbf [(1 — o ) ’7T?nT (1 — aN ) p"\ z\ -m.."\ ]

Deflation of nontradables price affects sectoral production
and factor allocations during crises



Constrained efficient planner’s problem

V(b,e) = max {u. ([w(c?)?i + (1 —w) (V)™ "] 3;)

pN.cT . ecN mT mN b

+3vaﬂaﬂ

S.t.
AT (T + ™M) g =b+ 2T
N AN N NN

| _TO-’T

gb' > —k[(1 —aT)z"'m

- n+1
N 1l —w CT /
p= N
LL: (:- _'.1\'

+ (1 —aN)pN2Nm NN




Optimal financial policy

e Same pecuniary externality as endowment economy
justifies ex-ante (macro-prudential) policy

* In addition, when 1 *>0 planner wants to prop up p%,
hence social marginal cost of inputs differs from p™ :

1. Lowerthan p™in T sector:

T  Tor—1 m )\::
Tz m —
T2 My P [)\; + pik(1 — GT)]

2. Higher than p™in N sector :

4. - Af
i T AN N | ,
N+ ppr(l = ay) [1— (B ) (14 A7)

!’__.t

NoN—1 m

. f\r ; _ . i?\lr e
Py Nz M

e |tis optimal to tax (subsidize) inputs in N (T) sector
p?n(l 4 T{F\r) p-m.(l . 5;)



Calibration to Colombia

Parameter Value Target

Risk Aversion ¥ 2.000 Standard value
Elasticity of Subs. " 0.205 Bianchi et al. (16)
Consumption Aggregator W 0.415 Share of tradable output
News Precision 6 2/3 Bianchi et al. (16)

T Input % in T Sector ar  0.420 Avg. % of T input/T Gross out.
T Input % in NT Sector QN 0.158  Avg. % of T input/NT Gross out.
Autocorr. T prod. p:{ 0.845 Output Autocorrelation

SD T prod. ol 0.016 Output Volatility

Low Liq. Real Int. Rate R"  1.013 Bianchi et al. (16)

High Lig. Real Int. Rate R! 0.992 Bianchi et al. (16)

Low Ligq. Cont. Prob. Fy, 0.983 Bianchi et al. (16)

High Lig. Cont. Prob. Fy 0.900 Bianchi et al. (16)
Discount Factor 3 0.989 Avg. Colombian NFA/GDP
% Assets Pledgeable K 0.850 Crisis probability




Long-run & crises moments

(1) (2)

Long-run Moments DE SP
E[B/Y] 77.35%  74.95%
F(CAJY) 0.023  0.009
Welfare Gain n.a. 1.38 %
Prob. Of Crisis 2.80%  0.00%
Pr(p; > 0) 15.57%  4.95%

Prob. of MPtax region n.a. 11.78%

Effectiveness of Optimal Policies

AC -6.03 % -1.57%
ARER -7.99%  -1.08%
ACAJY 7.70%  -0.31%

E[7] pre-crisis n.a. 0.1%
E[sT] pre-crisis n.a. 0.1%

E[7V] pre-crisis n.a. 0.8%




Deviation from mean

Deviation from mean

Crises event analysis
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Application to LTV model
(credibility)



Fisherian model with assets as collateral
Bianchi-Mendoza (2018 JPE)

RBC-SOE model with Fisherian constraint

Rep. firm-household uses assets in fixed supply as
collateral for debt and working capital

Working capital needed to pay for inputs and subject
to collateral constraint (credit-induced output drops)

Shocks: TFP (z;), world interest rate (R;), and
regime-switching LTV or global liquidity (x;).

Calibrated to U.S. and OECD data



S.1.

Rep. firm-household problem

max [Kg Z ,@t'u-(ct — G(ht))
t=0

u(c — G(h)) = (

qehis1 + ¢t +

) hltw = 1
=X 14w o

_ w>0,0>1
l -0

bt 4 ™
ol = qikt —+ bt -+ [ZﬁtF(kt. h-t. 'E.-‘t) — pt_,'l.-‘t] (At)

Ry

b
_ t_—i_l -+ th_,t;t ‘i: *"f-t(}tk'f

R, (1t)



DE optimality conditions

2By (kyy hyyvy) = ;!(h-'t)
2 Fy (ke hyyve) = po(1 4 Opg /' (1))
u'(t) = PRE; [/ (t + 1)] + g

g’ (t) = BE; [/ (t + 1) (2e41Fk (K1, g1, Veg1) + Gea1) + Keg1 fle41Ge41]



Social planner’s problem under discretion

V(b.s) = Iax u(c—G(h)) + FEg V(I s
c.b'.q.h,v
s.t. b
c+ - b+ zF(1,h,v)—pv
bf
o Op'v > —kq

qu'(c — G(h)) = PEg ' ([C(V, ") — GH (V. .f;")l))(Q(b", s+ 2" Fr(1,H(V. s,

v(b, s

+ Kl (b, .s’jlg(b". s')

zF,(1,h,v) = G'(h)

e 01
zF (1, h,v)=p"(1
(L7, 0) =p ( * u'(c — G(h)))




(Relaxed) Planner’s problem under discretion

V(b,s) = max u(c—G(h))+ BEq V(s

e b .q.uhov
S.t.
b | . \
c+—==>b+zF(1,h,v)—pv (A)
R
d (1)

— —Op'v > —k
R P U= —hq

qu'(c — G(h)) =
BEqsu' (C(V,5") = GIHY, 8')(QV, ) + 2" Fi(1, H(V, &), v(V, 5')))

+r' (b, sHQ, s (€)



Recursive SP equilibrium without commitment

Definition. The recursive constrained-efficient equilibrium is defined by the policy function t'(b, s)
with associated decision rules c(b,s), h(b,s), v(b,s), u(b,s), pricing function q(b,s) and value
function V(b,s), and the conjectured function characterizing the decision rule of future planners

B(b,s) and the associated decision rules C(b,s), H(b,s), v(b,s), p(b,s) and asset prices Q(b, s),
such that these conditions hold:
1. Planner’s optimization: V(b, s) and the functions {t/(b, s), c(b, s), h(b,s),v(b,s), q(b, s)} solve
the Bellman equation defined in Problem (12) given {B(b, s),C(b,s),H(b,s),v(b,s), (b, s), Q(b,s)},
and (b, s) satisfies condition (5).
2. Time consistency (Markov stationarity): The conjectured policy rules that represent optimal
choices of future planners match the corresponding recursive functions that represent optimal
plans of the current requlator: V' (b, s) = B(b,s), c(b,s) = C(b, s), h(b,s) = H(b,s), v(b,s) =

v(b,s), (b, s) = (b, s). q(b,s) = Q(b,s).



SP’s optimality conditions

e Without commitment:

Cy 22 /\t — -u"(f) | E,-tu ( )(J_'f / LHS of K- EUEq>O
bf—l—l . 1 () = 'J)RfEt {IL (f -+ ) gf—l—lu ('f‘ + - )Q?f—l—l _I_ & } + &’ELH(I‘-)(}f_ + ‘u:
.. B Refly
o St = u'(t)

e With commitment (needs full SP, not relaxed):

Cr o At =t (1) |— & (0)qe |+ €t () (g + 2eFr(t) + Kepteqr)
LHS of K-EuEq >0~
RHS of K-EuEq at t-1<0

/ WK effects>0

ke (s t+ 14)
u’(t)

bf__|_1 . )\t :.L_'J)RtEt)\t+1 + }[L: + [/t

G § =Ei—1(1 + Kepty) + !




Commitment & time consistency

If u; >0, the planner views the effects of the choice of b,
on C¢,1, and hence on q;, differently depending on its
ability to commit

Commitment: Promise lower C,,, ,to prop up q;, because
q:(C¢, Cr11) is decreasing in Cy, 4, but at t+1 this is
suboptimal=> time inconsistency

Discretion: The planner of date t considers how its choices
affect choices of the planner of t+1 => Markov stationarity
sustains time-consistent plans

Conditionally const-efficient SP: takes as given gP£ (b’, s)
and is time-consistent by construction, but still internalizes
pec. externality (see Bianchi & Mendoza (2010))



Optimal, time-consistent policy

Macroprudential component (tackles standard
pecuniary externality when p;=0 but E [u;41] >0):

— i

E

t

TtMP —

Ex-post component (tackles effects on future planners
& props up value of collateral when u;>0)

by (1)
u_(t)Q"“ & —
P c Uc( )

¢ = Et[u((t_l_]_)] ﬁRtEf[u((t—l—l)]

E

t q;




Other things one can prove

Primal SP’s problem is equivalent to a planner’s
problem choosing optimal debt tax

Tax on debt is non-negative

Collateral constraint can be derived from
enforcement problem

Firm-household problem is equivalent to DE with
households and firms making separate decisions

Extension to investment with adjustment costs

Comparison and problems with the analysis in
Jeanne and Korinek



Calibration to OECD & U.S. data

Parameters set independently Value Source/Target

Risk aversion a = 1. Standard value

Share of inputs in gross output cry = 0.45 Cross country average ORECD
Share of labor in gross output ap = 0.352 ORECD GDP Labor share = 0.64
Labor disutility coefficient x = 0.352 Normalization (mean h = 1)
Frisch elasticity ljw =2 Keane and Rogerson (2012)
Working capital coeflicient g = 0.16 U.5. WK/GDP ratio=0.133
Tight credit regime kL = 0.75 U.S. post-crisis LTV ratios
Normal credit regime " = 0.00 U.s. pre-crisis 'TV ratios

Interest rate

R = 11%,,&9 = .68
onp = 1.86%

.5, 90-day T-Bills

Parameters set by simulation

Value

Target

TFP shock

Share of assets in gross output
Discount factor

Transition prob. K to kL

Transition prob. wE to kb

p, = 0.78, 0, = 0.01

ap = 0.008
8 = 0.95
Py r=0.1
Prp =0.

GDP sd. & autoc. (OECD average)
Value of collateral matches total credit
Private NFA = —25 percent

4 crises every 100 years (Appendix E2)
1 year duration of crises (Appendix E2)




Main findings

Optimal policy reduces freq. & magnitude of crises:
— Prob. of crisis falls from 4% to 0.02%

— Asset prices fall 39 ppts less (44% v. 5%).

— Credit and consumption fall about 10 ppts less

— Welfare is 0.3% higher

Mean excess return, Sharpe ratio, and market price of risk
rise much less

Endogenous fat tails in the distribution of returns

Optimal tax on debtis 3.6% on average, 0.7 corr. with
leverage, and half as volatiles as GDP

Simpler policies (fixed taxes and “financial Taylor rule) are
much less effective and can be welfare reducing

Higher (lower) prices with (without) commitment than in DE



Financial crises & policy effectiveness

. (a) Credit (b) Asset Price

T T | T T 1
-3 t t+3 -2 t t+2

(d) Consumption

-10 T T T T T T T
t-2 t t+2 -2 t t+2

mmmmm Decentralized Equilibrium == = Social Planner



Nonlinear bond choices (low TFP state)

Currén’r Bond Holdings (B)
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Next-Period Bond Holdings

Fisherian amplification dynamics
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Endogenous “fat tails” in asset returns
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Complexity of the optimal policy

(a) Tax Schedule in Good States (b) Tax Dynamics around Crises
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Comparison with simple policies

T=0.6,n, =2,b =—0.23

Decentralized  Optimal B(ta"r Best

Equilibrium Policy  Taylor Fixed
Weltare Gains (%) 0.30 0.09 0.03
Crisis Probability (%) 4.0 (.02 2.2 3.6
Drop in Asset Prices (%) —43.7 —5.4 —36.3 —41.3
Equity Premium (%) 4.8 0.77 3.9 4.3

Tax
Mean
Std relative to GDP

Statistics

Correlation with Leverage

3.6 1.0 0.6
0.5 0.2
0.7 0.3

Financial Taylor Rule: 7 = max[0, 79(bg1/b)" — 1]



Effects of constant taxes on crisis prob. & welfare

(a) Crisis Probability (b) Welfare Gains
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(a) Credif/GDP
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Effects of simple policies on magnitude of crises

(b) Asset Price
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Credibility in DTI models: Liability dollarization
(Mendoza-Rojas (2018))

e Standard DTI model:

>0
Max. Eq Zﬁtu(ct,), u(cr) =
t=0

s.t.
i b1 + (1‘ T pt (t = b +1 Jt T Z)z‘\yt\

Qb > =Ky, + 00y

Debt issued in T units at world price g*=1/R* (intermediation is inessential)



Add banks with liability dollarization

Risk-neutral banks borrow abroad at price ¢; in T units
to fund domestic loans at price g7 in units of domestic
consumption ( p; is CPIin T units, which is also the real
exchange rate, RER)

No-arbitrage condition (akin to Fisher eq.):

. GE P
qdi — -
Pt

Ex-ante (in ¢) and ex-post (in ¢’) real interest rates:

Ry 1P = R{ 11§
Re¢ — 1/g¢ = t+1107¢ _T — M1t
t+1 /4 AR Ri 4 = pe

Nearly frictionless intermediation



Domestic agents

t, , _
Max. E();ﬁ u(ce),  uler) = —

1
T\ " NN~ n
cp = [w(ct) + (1 —-w) (") } !
s.t.
resources lgrpby |+ ¢ +pp ¢ =[pibil+ ul + o v |
generatea outstanding
by new debt - NN debt
c _.ClC
AP0 = —k(Yy; +pr Y ) repayment
Domestic CPI (real ex. rate):
1tn

1

P = T+ (1= w) T (o)) T ]



LD effects on domestic borrowers

1. Ex-post RER alters burden of debt repayment

cpe (smaller burden if RER depreciates,
or ex-post RIR falls)

2. Ex-ante RER alters price of new domestic debt

(higher if RER is expected to

*E &
4; e [Py ] appreciate, or ex-ante RIR falls)

3. Risk-taking incentive: lower expected borrowing cost
()
ur(t) = BRy B¢ [ur(t + 1)] +|BCovi(ur(t + 1), Rt+1) + it

e All three present even without credit constraint



Calibration (Bianchi, 2011)

Parameter Value

v 2
n 0.205
W 0.31
3 0.91
q* 0.96
PyT 0.54
o, 0.059
yV 1.00

K 0.32




SS-SSLD comparison

Risk-taking incentive equivalent on average to 46
bpts. cut in R* (4% to 3.54%)

SSLD economy sustains higher debt (29.4% v.
27.2% of GDP on average)

Sudden Stops are less frequent (3.8% v. 4.8%),
milder, and reached with higher income, but also
more in line with empirical regularities

Milder crises largely due to fall in ex-ante RER or
RIR-C (also higher income & lower ex-post RER)

Welfare is 0.26% higher (LD is desirable because
of endogenous state contigency)



Next Period Bond Holdings p©b”

Debt decision rules: SS v. SSLD
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Tradables consumption dec. rules: SS v. SSLD
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Long-run bond distributions: SS v. SSLD
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Comparing SS and SSLD models

SS SSLD
Average (p°b° /Y )% 22716 -29.41
Average TB/Y Ratio 1.22 1.12
Welfare gain'% n/a 0.26
Prob. of Sudden Stops?% 4.76 3.83
Prob(p; > 0) % 9.30 35.38
Prob of MP tax region % n/a n/a
Median Debt Tax Rate 7 % n/a n/a

Median Capital Control Rate # %  n/a n/a

Average ¢ 0.989  0.989

Average fall in ¢ in Sudden Stops® - 12.73  -4.60



Sudden Stops in consumption: SS v. SSLD

Aggregate Consumption (c) Tradables Consumption (c!)

m— SSLD
b —

m— SSLD
—SS |

% Deviation from mean
% Deviation from mean
1

14 1 1 ! 1 1 >

Ach = Ayl + Apib; + Agipits, = 0.2
0.021 0.034  ]0.149

3/4ths of consumption gain are due to ex-ante RIR /RER effect!



Sudden Stops in debt, CA & NTs price: SS v. SSLD

Bonds as Share of Tradable Inc. (p°b” /y!) Current Account-GDP ratio (CA/Y)
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Sudden Stops in prices: SS v. SSLD

Expected Price of Consumption (E[pf,]) Ex-ante Price of Bonds (¢°)/¢"
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Planner’s problem under commitment

50
max E[} Z ,.af'3t"li-(fit (Cf- ".UtN ))

{C?-birl}

e Ny T _ e/ T
St Gt B [P°(Coy1- Vi) bipr + ¢ = po(cq e+ uf

c( T N V] T N
q; Ky PC(CHl-ZUtH)_ biy1 = — (”t +1 ( ”f )”f- )

e Euler eq. for 114+=0 (externalities):/standard MP ext. (+)

up(t) = BE, [[uT(t+ 1) 4 g5 p™N (¢ + 1| BE 0(t + 11}

o N\
U(t+1) = (1 i:(‘;(j)l}) intermediation ext. > or < 1
ex-ante RER

ex-post RE

bV )/ risk-taking
o erreae |- Et1[A\e] © Coveer (A, p°(1)) \ | incentive
W (t) = p= (t)bs [l — ( » + NE 1 [p°(0)] j]/




Instruments to implement optimal policy

Capital controls: tax #;0on intermediaries inflows:

q  E [f-’?ﬂ}

7 = = - :
1+ 6) Py

Domestic regulation: tax 7+ on domestic debt:

q;pibiq + fﬁi‘? - ;_}f r;* = pibi (1 + 1) + y? + pj\r -_f_;f"r H 13

Euler equation with policy intervention:
ur(t) =| (1 + 7) (1 + 6;) 5Ky [’HT(I? + DR |+ puf*

— Equivalent effects on marginal cost of borrowing

But capital controls move debt away from constraint:

TEpi )by > —H1+6)

(yi + pYyl)



Time inconsistency & optimal taxes

e Att, induce higher expected c,,, to boost g¢,, but at
t+1 higher RER increases debt repayment burden

ur (t) + perp’’ (t)y;ﬁj\r — p(t)b§ qul N1 — [t
1 — p“(t)bs

A\ =
e If 11+=0, E[ 1+t+-1]>0, an effective debt tax implements
planner’ solution:
E, [(uT(t +1) + gk pN (E+ 1) RE, W (E + 1>}

ef _
Ty =

— 1

— No case for capital controls ( /; and 7; are equivalent)

e When /+>0, planner’s choices do not alter allocations



Conditionally efficient social planner

e Time-consistent SP that takes as given the bond pricing
function of the unregulated DE

Ve, yt gy = {;Bﬂ:]g} [u((_'.*(f_‘.T* yN)J + ,:'L?E(y-rf__ymf}“y-r__yw] [‘[,,.-f(bf". T .{,-'NI)H

S.T.

TR UARTERTAD AN TRY = p(c", ™Mb+ T

e (RN TAS R TS Ve (A A R TAD A

e Requires optimal debt tax and capital controls (the latter
are needed to support the DE bond pricing function)

E: {(-u;r(f + 1) + ,ut+1ﬁ_{,ri1pm{t + 1))I?§+1lif(t + 1)Q(t + 1)} dPE(t)p°(t)

Tt — ~ ok P i i - l
By | Ry, qur(t+1)] aiBe[pe(t + 1))
6. — qf  Eip(t+1)] 1
CAPR ()



Simple policy rules
1. Constanttaxes: = =7 6,=10

2. Debt-tax Taylor Rule (credit targeting):

| . b§ or
7, = maxq (1 +77%) - 7 — 1,0
.}I':.

3. Capital-controls Taylor Rule (targeting RER level):

_c\ ?C
9{(14—9*)({}{) — 1
Pe

e All three optimized to find largest welfare gain
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Welfare with constant taxes
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Effectiveness of simple rules v. CE-SP

op = 2.75
oc = —0.51

Long-run Moments® (1) (2) (3) (4) (5)

DE CT TRT TRCC SP

Average (P°b°/Y) % -29.41  -29.07 -28.18 -30.49 -22.57
Welfare Gain?% n/a_ 010 012 014  0.54
Prob. of Sudden Stops®% 3.83 3.23 2.76 3.55 0.00
Prob(p: > 0) % 35.38  31.84  T7.15 71.08  22.87
Median Debt Tax Rate 7 % n/a 2.00 3.59 2.00 5.79
Median Capital Control Rate 8 % n/a 0.50 0.50 .73 -12.78
Average ¢ 0.989 0.989 0.990  0.989  1.024

Average change of ¢ in Sudden Stops®*’s [ -4.60 -4.87 -4.48 -2.06 n/a




Adding financial innovation
and changes in beliefs



Adding financial innovation & beliefs
(Boz & Mendoza (2014))

Allow for a time-varying LTV ratio:

b1

> —KeQele+q

Financial innovation implies change from an environment
with a constant ' to a regime with two possible LTVs

k! < kP
Risk of this new financial environment is unknown
(transition probabilities F*,,, F*, are unknown)

Empirical relevance:
— Roughly 1/3™ of credit booms follow financial innovation

— 2008 U.S. crash preceded by large legal/regulatory changes and
introduction of new products (securitization boom)



U.S. financial innovation timeline

2008 Net credit assets-GDP bottoms

2005 CDSs on MBS

1999 Gramm-Leach-Bliley Act

1996 Net credit assets start |}

1987 First CDO

2010

2006

2000

1997
1995

Dodd-Frank Wall St. Reform Act

Peak of stock & housing markets

Com. Fut. Modernization Act

First CDS

New Community Reinvest. Act



Median LTV on conventional mortgages

30%

Fourth quarter 2010: 22%
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percentage in nine metro areas



The U.S. Boom and Bust

Net Credit Market Assets of U.S. Households /f GDP
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U.S. Household leverage ratio

(net credit market assets as a share of the market value of residential land)

Leverage Ratio

1980 1985 1990 1995 2000 2005 2010




Beliefs and (Bayesian) discovery of risk

. Agents learn as they observe financial regimes,
applying Bayes rule over Beta-Binomial distributions

. Regime transition counters
(.. : :
s n,y +1 if ki1 = k) and ks = K',
Mg =

n,’ otherwise.
\

. Initial priors n{ (lower the “newer” the regime)

. Beta-binomial mean posteriors (“beliefs”):

hh [l

S Ty
Et[Fll] — nvltl —|—7”L,l§h




Main features of the learning process

1. Convergence to true probabilities in the long run

2. Beliefs about a regime updated only when
observing it

3. Initial priors drive speed at which optimism builds
with financial innovation

— With low (uninformative) priors, short initial spell of good
credit regime leads to highly optimistic beliefs

4. Optimistic beliefs induce optimistic asset pricing,
leading collateral constraint to bind in upswing of
credit boom



Example of le

arning dynamics
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Decentralized equilibrium

B |38 T

) e
B
ct = zeg(le) + qels — qeley1 — JtRl + by

btt1
R

e Expectations now depend on agents’ beliefs

> —Rtqeli11

e Aggregate supply of land is fixed

e Two-stage solution based on Anticipated Utility (Bayesian
learning but not Bayesian optimization)



Asset pricing and beliefs

e EXxcess returns

1 — we ity — covi(Nsrq. RY,
Ef [RE—1 — R] — ( Kt )t — covg (Ag+1 t—|—L)

Ef (A1)
R4 — ’:t—l-iﬂ;’f(1) + qt+1
S qt

e Pricing condition:

" J_ Lo
g: = b E | | - s ()
=0 \i—a (Et [REH_J)




Effects of beliefs if the constraint binds

e Optimism about the “good” regime reduces premia
and increases land prices

E t [F ffh] > F F?h

Loy [Rt+1|ﬁ3t = K", e > 0] < E&[Rt—|—1|ﬁ3t = k", piy > 0]

e Pessimism about the “bad” regime increases premia
and lowers land prices

Ei[Fyp| > Fy

L olke = 6 e > 0] > BRI |6y = K, e > 0



Recursive eq. conditions with Anticipated Utility

eem)=BR| Y. Y Bk ) (e () | +re(m)

z'€Z k'e{rh kl}

—_ —

qe(n) (W’ (ce(n)) — pe(n)w) =

Bl Y. D |EIFIsRE ) (ce(n') (2" (1) + ae(n))

z’€Zk'e{xh,k!}
b’ (1
celn) = 29(1) — 52 4
bi(n) .
tlé?) > —kqt(n)l

Ee[Fyy) 1 — Et[Fyy]
1 — E4[Fy) E¢[Fy]

where | E/[k'|k] =




Quantitative analysis: Financial Innovation Experiment

® Pre-hinancial innovation: Before 1998, regime with constant !

stochastic TFP

* Financial Innovation: 1998Ql1, introduce regime with #", !

and first realization of "
— Start of sharp decline in net credit assets-GDP ratio

- Early stages of trading in securitized mortgage mstruments under CRA

®* Fmnancial crisis: 2007Q1, first realization of K
- Early stages of subprime mortgage crisis

— First year of correction m housing prices

® Learning period of T=44 quarters, first 36 with “good” credit
regime, remaining 8 with “bad” credit regime

— 249 percent probability using calibrated “true” process of credit regimes



U.S. Calibration

Discount factor (annualized)

Risk aversion coefficient
Consumption-GDP ratio
Lump-sum absorption

Interest rate (annualized)
Persistence of endowment shocks
Standard deviation of TFP shocks
Factor share of land in production
Supply of land

0.91
2.0
0.668
0.322
2.702
0.878
0.007
0.026
1.0

Value of « in the high securitization regime
Value of x in the low securitization regime

True persistence of «”

True persistence of «
Priors

0.926
0.629
0.964
0.964
0.014




Optimism weakens self-insurance incentives

period 8 period 1
# period 37 h

period 36 * l
“a q ¥
period 44
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Perceived long-run distributions of bond holdings



Dynamics of debt and land prices
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Expected excess returns
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Booms and busts in U.S. data & model

Period 1) Data (2) RE (3) FVL (4) BL
Peak of optimism:

E[(b/y);5—(b/¥)g] |-0.334 —0.065 —0.071 —0.2 13|
El(ql/y);6—(ql/y)] | 0.267 —0.025 0.306 0.131
Financial crisis:

E[(b/y)aa—(b/y)3s] | 0.023 0.122 0.133 0.262
El(ql/v)sa—(ql/y)6] |-0.149 0.013 —0.301 —0.130

e Bayesian learning (BL) model can explain 64 (49) percent

of rise in U.S. household debt (land prices)

e Strong Fisherian interaction of discovery of risk with debt-

deflation mechanism



MPP implementation challenges

Informational frictions strengthen financial amplification

Financial innovation is a perennial process, so belief-
driven cycles are also recurrent

Informational frictions affect agents and regulators:

— Are regulators more or less informed? (in 2008 crash regulators
were less informed)

— Bianchi, Boz & Mendoza (12) show that when regulators are as
uninformed as private agents MPP is ineffective, v. when they
knows true riskiness of new regime MPP is very active (taxing
overborrowing to tackle externality and optimistic asset pricing)

Complexity and lack of credibility (time inconsistency)
Heterogeneity of borrowers and lenders

Coordination with monetary policy and across counties
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