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Introduction: Stability or Efficiency?

Motivation: Financial Intermediation & Crises

ñ Thomas J. Sargent (2011):

It has been claimed: that financial intermediaries promote economic
efficiency by facilitating loan maturity transformation, liquidity
provision and risk-sharing; that these activities also make the
financial system fragile by exposing it to runs; and that arresting
runs requires central banks to act as lenders of last resort and
government to supply deposit insurance. (p. 198)

“Where to Draw Lines: Stability Versus Efficiency,” Economica 78, 197–214,
which is drawn from Sargent’s Phillips Lecture at the London School of
Economics, 10 February 2011 (available as the online video, “Uncertainty
and Ambiguity in American Fiscal and Monetary Policies”).
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Introduction: Stability or Efficiency?

Why Is Policy Effective?

ñ Motivation: Incomplete markets are the source of policy non-neutralities.

ñ This is as true for monetary policy as it is for fiscal policy and financial
stability (or macroprudential) policy.

ñ Proposition: Fiat currency has no value in an economy with a complete set
of Arrow-Debreu (AD) contingent claims markets =⇒ the purchasing power
of money is zero in equilibrium.

ñ Claim: Monetary policy alters real allocations intra- and intertemporally if
and only if a complete set of AD markets do not exist.

1. The AD risk free rate guarantees complete risk sharing or insurance
against losses by equating marginal utilities across all states of nature.

2. Maintained Assumption: Central banks operate in economies missing
some AD securities (which markets are varies across space and time).

3. Research Question: How is market incompleteness reflected in the
monetary policy transmission mechanism?
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Introduction: Stability or Efficiency?

Monetary Policy and Financial Stability

ñ Claim: The answer to the last question,

How is market incompleteness reflected in the monetary policy
transmission mechanism?

is necessary (but not sufficient) to study and understand the role monetary
policy has (or has not) in maintaining financial (in)stability.

ñ Definition and Assumption: Financial (in)stability is about a breakdown
of risk sharing among private economic agents in asset markets.

1. Research Question: Is a breakdown of risk sharing tied to the market
incompleteness necessary for monetary non-neutralities to exist?

2. Policy Problem Part 1: If risk sharing fails in financial markets,
should a central bank intervene to restore the missing insurance?

3. Policy Problem Part 2: If a central bank intervenes, how best
to repair the breakdown in risk sharing?
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How to Define Financial (In)Stability?

Why Add Financial Markets to Macro Models?

ñ Thomas J. Sargent (2011):

For hundreds of years, a tension between economic efficiency and financial
stability has run through economists’ thinking about banks and central
banks. The names of the liabilities (bank notes and bills of exchange in the
eighteenth century, bank notes and deposits in the nineteenth and twentieth
centuries, claims on money market mutual funds and maybe even credit
default derivatives in the twenty-first century), and the names of the assets
(self-liquidating commercial loans in the eighteenth and nineteenth
centuries, sovereign debt in the twentieth century, and mortgage-backed
securities in the twenty-first century) have changed, but the underlying
theoretical issues endure. What . . . assets should financial intermediaries be
permitted to hold, and what . . . liabilities should they issue? Regulating
banks’ portfolios can foster a stable price level and stable monetary
(narrow) aggregates, but at the cost of creating rate-of-return wedges (i.e.,
situations in which different people face different rates of return on assets
carrying the same risks). These rate-of-return wedges open incentives for
evasion and impose costs in terms of economic efficiency. (pp. 198–199)
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How to Define Financial (In)Stability?

Define Financial Stability?

ñ Assume the baseline model has complete AD markets.

ñ Bankruptcy and default are states of the world, but these events are insured
against fully by complete diversification of risk.

ñ Identifying Assumption: Financial (in)stability relies on economic agents
being (un)able to insure with each other, given markets are incomplete.

1. Research Question: Can financial (in)stability be measured in the
same way business cycles are measured?

2. Related Question: Is the financial cycle free of the business cycle?

ñ Begs the question of which financial markets are incomplete and why.

ñ Claim, at least for the moment, is there is no canonical class of financial
frictions for DSGE models.

ñ Policy Question: Does monetary policy advice differ across different
classes of financial frictions?
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How to Define Financial (In)Stability?

Aims of Financial Stability Policy

ñ Given a world of incomplete financial markets, the (implicit) goals
of financial stability policies seem to be

1. improving existing risk sharing arrangements and
2. smoothing shocks that prevent or inhibit risk sharing.

ñ A problem is, although macro has several models of incomplete
markets built on disparate financial frictions, these models fail
to give a clear role for financial stability goals in monetary policy.

ñ Another problem is a central bank pursing macroprudential policy
goals can face unanticipated trade-offs.

1. Monetary and financial stability policies and goals can conflict,
which produces difficult trade-offs for central banks.

2. There are several episodes in economic history that suggest the
trade-offs are “a tension between economic efficiency and financial
stability” or between reducing wedges and price stability.
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How to Define Financial (In)Stability?

Incomplete Markets and Financial (In)Stability

ñ Financial frictions hinder households, workers, investors, firms,
and financial intermediaries (FIs) from achieving first best intra-
and intertemporal allocations of goods, services, and assets.

ñ For example, “rate-of-return wedges” are unresolved arbitrage
or profit opportunities for FIs.

1. FIs “mismatch their book” or short term liabilities support risky
assets of long maturity.

2. =⇒ Creates the potential for systemic crises in financial markets.

ñ Consider a shock against which agents cannot self-insure.

1. Since incomplete markets prevent agents from sharing risk perfectly,
2. some agents shoulder a greater burden of the costs than others when

aggregate shocks affect financial markets.

ñ A central bank promoting financial stability in response to aggregate
shocks is in the redistribution business.
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How to Define Financial (In)Stability?

Financial Frictions Evolve Over Time

ñ Maintained Assumption: Market incompleteness is always present
in modern economies.

1. But the underlying financial frictions change over time.
2. Changes in the way risk is shared are a response to shifts

in the state of the economy =⇒ financial markets innovate.
3. Suggesting financial frictions are malleable and which

matter most varies across time and space.

ñ The state dependence of financial frictions makes the task of
confirming which is the source the (in)stability a difficult task.

ñ The financial friction has to be identified for policy, monetary or
macroprudential, to be effective in managing financial (in)stability.
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How to Define Financial (In)Stability?

A Brief Summary Financial (In)Stability

ñ There is an abundance of financial (in)stability definitions.

ñ A definition of financial (in)stability should include

1. the frictions in financial markets that map into incomplete risk
sharing and which affect intra- and intertemporal allocations.

2. At which point, financial (in)stability is a public policy issue.

ñ Policy analysis rests on studying the mechanisms that

1. transmit shocks into financial (in)stability and
2. shift the path of the real economy.

ñ A “corollary” is: Financial (in)stability policy depends

1. on economic and econometric models built on more than
2. identifying a “financial cycle” with the transitory component

of an atheoretic detrending device.
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Can Financial (In)Stability Be Measured?

Business Cycle Measurement

ñ Students of the business cycle employ disparate tools to decompose
observed aggregates and prices into hidden trend and cyclical
(i.e., permanent and transitory) components.

1. Identifying Assumption: A balanced growth path exists =⇒ great ratios
of King, Plosser, Stock, and Watson (AER, 1991). Invst/Y

2. Implication: Identifying assumption is consistent with the Beveridge-Nelson
(BN) decomposition =⇒ permanent-transitory components are interpreted as
estimates of trend and cycle.

ñ A balanced growth path also predicts long-run neutrality restrictions.

1. The restriction yields concepts such as the output gap, natural rate
of unemployment (NAIRU), and long-run monetary neutrality (LRMN).

2. Output gap =⇒ matching cyclical component of real GDP is a key test
of business cycle theories; Cogley and Nason (EL, 1994 & AER, 1995).

3. NAIRU =⇒ restrict parameters of a Phillips curve to make it LR vertical.
4. LRMN =⇒ changes in a monetary aggregate produces fluctuations

at the business cycle horizons, but no effect on the level of real activity
at the infinite horizon; Nason and Cogley (JAE, 1994).

5. This ignores issues of misspecification of trend dynamics; see Canova
and Ferroni (QE, 2011) and Canova (JME, 2014).
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Can Financial (In)Stability Be Measured?

A State Space Model of a Business Cycle

ñ Consider the state space model (SSM)

System of State Equations: St+1 = AAASt + BBBηt
System of Observation Equations: Yt = CCCSt + DDDηt

where St is a m × 1 (n ≤m) vector of endogenous and exogenous state
variables some of which are unobserved and ηt ∼ N

(
0n×1, In

)
.

ñ The ABCD-SSM is the solution of many linearized DSGE models.

1. Let TFP ∼ I
(
1
)
=⇒ responses of Yt to unit changes in ηt are transitory

deviations returning to the balanced growth path.
2. Aggregate levels are nonstationary, but the DSGE model evolves around

a static steady state =⇒ a data generating process (DGP) that has
expansions and recessions but not depressions.

3. The dynamics are disciplined by the specification and parameterization
of the DSGE model.
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Can Financial (In)Stability Be Measured?

Identifying Financial (In)Stability?

ñ Can the tools employed by students of the business cycle be applied
to study financial trends and cycles?

1. Can a financial cycle be identified in a statistical or a DSGE model?
2. What theory produces cross-frequency restrictions on a financial

trend and a financial cycle in a DSGE model?
3. If a statistical financial cycle exists, what does it measure =⇒ does

the transitory component of an aggregate financial variable have an
economically meaningful interpretation?

ñ Financial instability suggests observed data are nonstationary.

1. Is the underlying DGP process afflicted with structural breaks, time-varying
conditional means, time-varying persistence, and/or stochastic volatility?

2. Do financial trends and cycle co-move with trend growth and the business cycle?

ñ Along the time series dimension, financial crises are low frequency events,
students of the business cycle engage tools that depend on recurrence
in the hidden states of the economy.
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Can Financial (In)Stability Be Measured?

Example: Financial (In)Stability Measurement

ñ Financial stress indexes (FSIs) are used to evaluate financial (in)stability.

1. The FRB-Cleveland argues its FSI can be used “to monitor the condition
of the financial system and to identify periods of excessive stress that
may lead to financial instability.”

2. Hakkio and Keeton (Economic Review, FRB-Kansas City, 2009Q2) contend,
“policymakers can still gain insight into the seriousness of financial
stress by comparing the current value of the KCFSI to its value in widely
recognized episodes of financial stress in the past.”

3. Kliesen and Smith (Economic Synopses, FRB-St. Louis, 2010) observe, “In
each instance, the STLFSI seemed to accurately capture the subsequent
turmoil and financial stress.”

ñ FSIs are often constructed using common factor estimators (i.e., principal
components) =⇒ a mix of coincident and leading indicator models.

1. On the ocular metric, these FSIs provide ex post signals of the 2007–2009
financial crisis similar to risk and liquidity spreads. R-Sprds and T-Sprds

2. A folk theorem of forecasting is, “Models with good in-sample fit are poor
forecasting tools.” See Duprey and Klaus (2017, “How to predict financial stress?
An assessment of Markov switching models, ECB working paper 2057).
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Can Financial (In)Stability Be Measured?

A State Space Model of a Financial Cycle?

ñ FSIs suggest measures meant to predict financial crises, but is a financial
crisis the end of a financial cycle?

ñ A problem is private expectations are altered by immodest (i.e., persistent)
unanticipated financial stability policy actions =⇒ Lucas critique argues a
break in historical correlations.

ñ How to move beyond FSIs based solely on historic correlations to develop
estimates of financial trends and cycles grounded in theory and models?

1. Is there a balanced financial growth path analogous to the real side
balanced growth path =⇒ are financial aggregates ∼ I

(
1
)
?

2. Is the financial trend independent of the TFP trend =⇒ do financial
and business cycles share common features?

3. Or is there a relative price tying together financial and TFP trends?

ñ This is not meant to specify a SSM of real and financial trends and cycles.

1. Rather without a theory or model to guide the specification search,
2. the question of the mapping from real and financial trends and

cycles to financial crises is unresolved.
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Financial Frictions and General Equilibrium

Introduction

ñ Traditional Keynesian theory was built initially to explain two Great
Depression observations. These are

1. short nominal rates were near zero for much of the 1930s,
2. while monetary policy appeared to be ineffective.

ñ The answer is the liquidity trap =⇒ monetary policy fails because it
“pushs on a string” at the zero lower bound.

ñ This is a symptom of multiple equilibria.

1. Multiple equilibria is the key idea of Keynes’ general theory.
2. =⇒ Insufficient aggregate demand is the problem because

it fails to meet aggregate supply.
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Financial Frictions and General Equilibrium

Critiques of the Liquidity Trap
ñ Implicit in many Keynesian models, traditional and new, is consumption,

investment, and labor demand choices are independent of financial
decisions (i.e., portfolio allocation and credit production and allocation).

ñ Minus this assumption, standard Keynesian predictions about the liquidity
trap and aggregate demand management are altered.

ñ This approach to critiquing Keynesian theory is associated with Brainard
and Tobin (Yale) and Brunner and Meltzer (Carngie-Mellon/Rochester).

ñ Starting in the 1960s, they created models in which households and firms
face incomplete financial markets to study the impact on the monetary
transmission mechanism.

ñ Households and FIs hold several assets, which are imperfect substitutes.

1. Monetary non-neutralities exist because private agents lack complete
financial markets in which to hedge a change in central bank policy.

2. There are several independent interest rates on which to compute
equilibria =⇒ multiple interest rate margins on which to operate
monetary policy.
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Financial Frictions and General Equilibrium

Financial Frictions in Macro Models

ñ DSGE Models and Financial Frictions: Lets consider five classes.

1. Costly State Verification: Williamson (JPE, 1987) and Bernanke,
Gertler, and Gilchrist (1998) =⇒ risk or credit channel.

2. Liquidity Preference Shock: Gertler and Kiyotaki (AER, 2015)
and Bianchi and Bigio (2016); see Allen and Gale (2009).

3. Credit Rationing: Meh and Moran (JEDC, 2010) and Boissay,
Collard, and Smets (JPE, 2016); see Holmström and Tirole (2011).

4. New Monetarist: Aruoba and Schorfheide (AEJM, 2011) and
Williamson (AER, 2012); see Williamson and Wright (2011).

5. Collateral Constraints: Jermann and Quadrini (AER, 2012),
Kurlat (AER, 2013), Brunnermeier and Sannikov (AER, 2014), Shi (JME,
2015), and Bigio (AER, 2015); see Kiyotaki and Moore (JPE, 1997).
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Financial Frictions and General Equilibrium

Costly State Verification as Financial Friction

ñ Williamson (JPE, 1987) studies a financial friction in a rational expectations
DSGE model that generates FIs endogenously.

ñ The financial friction is loan defaults have costs (i.e., monitoring).

ñ Borrowers have incentives to default because they know their productivity,
but no one else does =⇒ asymmetric information.

ñ The incentive is that a borrower receiving a low productivity realization
may want “to take the money and run.”

ñ Loan evaluation and monitoring, which consume real resources, is
delegated to coalitions of households who form FIs

1. to minimize the costs of verifying the state of borrowers’ productivity
2. by imposing an incentive compatibility constraint (ICC) on borrowers

under which they are better off fulfilling the debt contract than
consuming their loans.

ñ Thus, FIs are an endogenous response to the loan default friction.
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Financial Frictions and General Equilibrium

Asymmetric Information and Debt Contracts

ñ The loan default friction matters because FIs do not observe the
productivity of borrowers =⇒ FIs have to solve an asymmetric
information problem under costly state verification.

1. The asymmetric information problem is minimized by FIs
offering borrowers a debt contract that is an ICC.

2. The ICC induces borrowers to “tell the truth” about their
productivity draws.

3. Borrowers can do no better in welfare terms by being
truthful about their productivity realization when facing
the ICC embedded in the debt contract offered by the FI.

ñ Thus, the FI’s debt contract is an optimal response to borrowers
not being able to credibly reveal their productivity realization.
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Financial Frictions and General Equilibrium

Adverse Selection and Moral Hazard

ñ Williamson invokes asymmetric information, but it does not
create an adverse selection environment.

1. FIs do not face a risk of loaning to high cost-high default rate borrowers.

2. Rather ex ante the FI lends to borrowers for whom the productivity draw
is realized in the future (only after the debt contract is struck).

ñ Moral hazard arises in models of asymmetric information, but
there is difference between ex post and ex ante moral hazard.

1. Ex ante moral hazard is about adopting a policy rule that induces more
risk in outcomes.

2. Ex post moral hazard is driven by incentives to make matters worse
after a bad event occurs.

ñ Williamson’s model relies on ex post moral hazard in a model
of asymmetric information.
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Financial Frictions and General Equilibrium

The Financial Accelerator of BGG

ñ Bernanke, Gertler, and Gilchrist (BGG) build a NKDSGE model with
a financial accelerator having

1. “endogenous developments in credit markets (that) work to propagate
and amplify shocks to the macroeconomy.”

2. The “endogenous developments” are traced back to the “external
finance premium” and the net worth of borrowers.

ñ The external finance premium is the difference between a firm’s

1. external costs of funding projects, RK,t , which is the return to capital,
2. and the FI’s opportunity cost of raising investment funds internally, Rt .

ñ BGG argue that the external finance premium is approximately
the inverse of the borrower’s net worth.

ñ The net worth of borrowers equals

1. the liquidity value of their assets plus
2. the collateral value of their less liquid assets
3. net of their liabilities.
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Financial Frictions and General Equilibrium

BGG: An Entrepreneur’s Return to Capital

ñ Entrepreneurs borrower to buy the entire capital stock period by period.

1. Entrepreneurs face the restriction that their net worth is less than the
capital they need to operate a project =⇒ the restriction is not on the
flow of new capital (i.e., gross investment).

2. BGG assume capital is homogenous =⇒ entrepreneurs do not care
if they use capital today employed by a competitor in the past.

ñ At the end of date t, the jth entrepreneur buys capital, Kj,t+1.

1. The market price of capital is Qt (per unit) during date t.
2. Kj,t+1 is an input into a CRS intermediate goods technology

during date t+1.

ñ The ex post gross return on Kj,t+1 is, ωjRK,t+1.

1. ωj is an idiosyncratic shock, which is i.i.d. drawing from the
continuous pdf f

(
·
)

with the associated cdf F
(
·
)
.

2. BGG assume E
{
ωj
}
= 1 and F

(
·
)

has non-negative support.

ñ At this point, the aggregate ex post return to capital is RK,t+1 because
shocks to project returns are purely entrepreneur-specific.
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Financial Frictions and General Equilibrium

BGG: The Entrepreneur’s Debt

ñ BGG assume (i) the entrepreneur is risk neutral and (ii) ex ante the net
worth of the jth entrepreneur, Nj,t+1, is insufficient to purchase QtKj,t+1

at the end of date t.

ñ At the end of date t, the jth entrepreneur

1. borrows Bj,t+1 = QtKj,t+1 − Nj,t+1 from a FI and accepts any and
all risk of the debt Bj,t+1.

2. Why? Risk neutral FIs diversify away the idiosyncratic risk of
entrepreneurial default instead of having risk averse households
demand a premium to do so.

3. Although uncollateralized debt, Bj,t+1, is more expensive than
retained earnings to fund projects, the entrepreneur lacks these funds.

ñ These FIs face a problem similar to the one in Williamson (JPE, 1987),
according to BGG =⇒ costly state verification.

1. The realization of ωj is the jth entrepreneur’s private information.
2. Cost of monitoring private information is the source of the external

finance premium.
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Financial Frictions and General Equilibrium

BGG: FIs Lend to Entrepreneurs

ñ BGG assume the FI is risk neutral and faces a fixed cost µ when monitoring
the jth entrepreneur, where 0 < µ.

1. The FI monitors the return on the market value of the jth entrepreneur’s
capital stock, ωjRK,t+1QtKj,t+1.

2. Since ex ante monitoring can fall on any part of the aggregate capital
stock in the economy, the relative price of investment to consumption
is unaffected by the financial accelerator.

ñ The FI offers a date t loan that commits the jth entrepreneur to repay
at the rate Zj,t+1 next period.

1. If the jth entrepreneur does not default, the FI receives
ωjRK,t+1QtKj,t+1 − Zj,t+1Bj,t+1.

2. Otherwise, the FI recovers
(
1− µ

)
ωjRK,t+1QtKj,t+1.

ñ Households deposit cash with FIs for the return Rt+1 < RK,t+1.

1. The return Rt represents the FI’s opportunity cost of funds.
2. BGG argue that the opportunity cost is the riskless rate, Rt+1,

because FIs diversify the asset side of their balance sheet.
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Financial Frictions and General Equilibrium

BGG: The Debt Contract in Partial Equilibrium

ñ BGG assume a FI offers Zj,t+1 to the jth entrepreneur borrowing Bj,t+1

to satisfy the constraint the return on deposits equals the expected
return on the loan.

ñ Implicit is that the credit market is perfectly competitive.

ñ Thus, FIs face a zero profit condition that sets the opportunity cost
of lending to a weighted average of returns from lending.

ñ This differs from the problem Williamson studies because the FI also must
determine the ωj at which the jth entrepreneur is monitored.

1. Label this cutoff ωj , where monitoring occurs when ωj < ωj .
2. The dilemma facing the FI is that it is indifferent to forcing a default

or letting the jth entrepreneur repay at ωj .

3. This is ωj =
Zj,t+1Bj,t+1

RK,t+1QtKj,t+1
, where by necessity the ex post return

on the ex ante value of the capital the jth entrepreneur borrows is
greater than the total repayment on that loan.
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Financial Frictions and General Equilibrium

BGG: The Entrepreneur’s Problem

ñ The jth entrepreneur maximizes its net expected return by choosing Kj,t+1

and from a menu of ωjs offered by a FI.

1. The FI solves the jth entrepreneur’s problem to construct
the menus of ωj .

2. Similarly, the jth entrepreneur is constrained by FI’s
zero profit condition.

3. =⇒ the FI has to recover its opportunity cost of funds.

ñ The zero profit condition constraint implies that RK,t+1 > Rt+1

for all dates t the jth entrepreneur to expect

1. its project to be profitable net of expected default costs while
2. agreeing to the repayment menu of Zj,t+1s the FI offers.
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Financial Frictions and General Equilibrium

BGG: The Debt Contract in General Equilibrium 1

ñ BGG impose an implicit upper bound on Rt+1 to guarantee ωj
exists in partial equilibrium.

1. Otherwise, the FI cannot compute ωj , which would
2. ration the jth entrepreneur out of the credit market.

ñ Carry this assumption over to BGG’s general equilibrium analysis,
in which the aggregate shock u falls on the expected return
to the j entrepreneur, uωjRK,t+1QtKj,t+1.

1. Risk neutral FIs and entrepreneurs care about expected
returns on loans and not higher moments of ωj .

2. Thus, entrepreneur j is willing to suffer the risk of a small
draw of ωj or a large aggregate shock to u.

3. The FI diversifies the idiosyncratic risk of the ωjs away by
lending to a large (countably infinite) number of entrepreneurs.
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Financial Frictions and General Equilibrium

BGG: The Debt Contract in General Equilibrium 2

ñ Still, how does a FI respond to an aggregate shock u that cannot
be diversified away?

ñ BGG show that the aggregate risk of a non-diversifiable shock to u

1. forces the repayment commitment of the jth entrepreneur,
Zj,t+1, to be a state contingent function of RK,t+1.

2. The state dependency of RK,t+1 is generated by drawing
from the distribution of u, where E

{
u
}
= 1.

3. Since ωj is a function of RK,t+1, Zj,t+1 is as well.
4. BGG interpret this state dependent function as a menu

of Zj,t+1s for every realization of u.

ñ BGG claim that ex post RK,t+1 and Zj,t+1 are negatively correlated.

1. Changes in Zj,t+1 reflect movements in entrepreneurial default
probabilities that are tied to variation in ωj .

2. The latter are inferred from movements in RK,t+1.
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Financial Frictions and General Equilibrium

BGG: General Equilibrium

ñ Having solved the FI’s and the jth entrepreneur’s problems, we see

1. the former is offering the latter a menu of ωj ( =⇒ Zj,t+1s), given Qt ,
RK,t+1, and Kj,t+1, while

2. the latter demands Kj,t+1 given E
{
RK,t+1

}
, Qt , Nj,t+1 and Rt+1.

3. =⇒ the FI faces a zero profit condition, which covers Rt+1Bt+1.

ñ The general equilibrium implication of solving these two optimization
problem is QtKj,t+1

/
Nj,t+1 = ψ

(
E
{
RK,t+1

/
Rt+1

})
, where the argument

of the cost of adjustment function ψ
(
·
)

is the expected external finance
premium, E

{
RK,t+1

/
Rt+1

}
to reflect that entrepreneurs decide on Kj,t+1

prior to the realization of RK,t+1.

ñ Thus, QtKj,t+1 = ψ
(
E
{
RK,t+1

/
Rt+1

})
Nj,t+1, where

1. ψ
(
1
)
= 1, =⇒ projects are financed with internal funds forcing the

expected external finance premium to disappear and
2. ψ′

(
·
)
> 0 =⇒ an increase in the expected external finance premium

lowers the probability of default allowing entrepreneurs to borrow
more and scale up their projects.
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BGG: General Equilibrium, cont.

ñ BGG exploit the inverse function theorem to produce,

1. E
{
RK,t+1

}
= R

(
Nj,t+1

QtKj,t+1

)
Rt+1, where R

(
·
)
= ψ−1

(
·
)
, but

2. nothing is said either about bounds on which ψ′
(
·
)

exists implying
R
(
·
)
= ψ−1

(
·
)

is true or whether there is a contraction mapping
(or fixed point) establishing the result.

3. Nonetheless, the assumption is R′
(
·
)
> 0.

ñ Since the expected return to capital measures the discounted expected flow
of income to projects,

1. E
{
RK,t+1

}
equals, what BGG call, the entrepreneurial “marginal cost of

external finance function,” R
(
·
)
,

2. which is centered on the opportunity cost of funds, Rt , for FIs.
3. This relationship represents equilibrium in the credit market.

ñ Thus, E
{
RK,t+1

}
is a function of the inverse of the project’s scale

to the jth entrepreneur’s net worth =⇒ the jth entrepreneur’s
own share of the project.
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Diversification and Incomplete Markets

ñ The previous examples, Williamson (JPE, 1987), and BGG

1. solve the maturity mismatch problem by exploiting
2. versions of the law of large numbers that allow FIs

to diversify their portfolios and insure depositors.
3. Maturity mismatch is an outcome of the financial friction.

ñ There are several reasons to be skeptical about this approach
to financial markets in macro models.

1. There are no markets selling AD securities at t = 0
that payoff at t = 1, 2, 3, . . . =⇒ markets are incomplete.

2. FIs lack unlimited resources =⇒ markets are incomplete.
3. Insurance is costly for FIs to provide when markets are

incomplete =⇒ the supply of insurance is limited.
4. In an incomplete market, the price of insurance differs

from its actuarially fair, complete market setting.
5. =⇒ Price é is driven by risk aversion of buyers and sellers

and the ability of sellers to pay all contingencies ex post.
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Liquidity Preference, Asset Prices, & Bank Runs

ñ There are many definitions of liquidity.

1. A liquid asset can be sold quickly at or near its “fundamental value”
=⇒ assets not subject to fire sales.

2. Economic agents demand liquidity (i.e., liquid assets) if the timing
of their income is uncertain =⇒ liquid assets aid in smoothing
consumption.

ñ Difficult to promise future income in trade for consumption today.

1. Moral hazard and/or adverse selection makes promises of future
payouts impossible =⇒ the principal-agent problem.

2. Or can beliefs about the future change expectations today? =⇒ Not
a change in risk aversion, but changes in expectations predict
changes in the demand for liquid assets.

ñ The demand for liquid assets suggests prices of these securities
are higher (or lower yields) than less liquid assets =⇒ the liquidity
premium, which is also known as the “risk-free rate puzzle.”
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A Model of Liquidity Shocks

ñ A three period economy, t = 0, 1, 2, consisting of households and
a 1-period risk-free liquid asset, and a risky 2-period asset.

ñ Households, who are risk averse, consume at date 1 or date 2, but

1. their endowment, which is one unit of the consumption good, is
received at date t = 0.

2. With probability λ, households consume at date t = 1, with
probability 1 − λ they consume at date t = 2, and households
know λ at date 0, but not their type.

3. Expected utility: E
{
V (C1, C2)

}
= λU (C1) +

(
1− λ

)
U (C2).

ñ The risk-free asset is a technology that returns a unit of the
consumption good tomorrow for every unit invested today.

ñ The long-dated asset is a technology that for every unit of the
consumption good invested at date t returns 1 + R, R > 0,
at date t+2.
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Liquidity Preference and Liquidity Demand

ñ Households view the realization of the timing of their consumption
demand as a liquidity shock =⇒ a shock to preferences that change
the relative price of marginal utility.

ñ The tension is between households aiming to maximize the return on
their portfolio and minimize risk.

1. Let λ = 1, households consume at t = 1 =⇒ demand for liquidity is large.
2. Given λ = 0, there is no demand for liquidity because households only

consume at t = 2.
3. When λ ∈

(
0, 1

)
, the trade-off between return and risk aversion drives

household demand for liquidity.
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Liquidity Demand & Portfolio Choice in Autarky

ñ Suppose that at t = 0 a household splits its one unit of consumption
good endowment between the short and long assets.

1. θ ∈
(
0, 1

)
is put into the short asset =⇒ C1 = θ, and

2. 1 − θ goes to the long asset =⇒ C2 = θ +
(
1− θ

)(
1+ R

)
.

ñ Since C1 < C2, λU (C1) +
(
1− λ

)
U (C2) < E

{
V
(
λC1 +

(
1− λ

)
C2

)}
=⇒ a household setting θ = 1 reduces risk, but lowers expected utility
by a greater amount.

ñ A household solves Maxθ
[
λU

(
θ
)
+
(
1− λ

)
U
(
θ +

(
1− θ

)(
1+ R

))]
.

1. FONC: λU′
(
θ
)
−
(
1− λ

)
RU′

(
θ +

(
1− θ

)(
1+ R

))
= 0.

2. Let U (C) = lnC =⇒ θ = λ
(
1+ R

)
R ; for θ ∈

(
0, 1

)
, λ

1− λ < R.
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Liquidity Demand and Financial Intermediation

ñ Suppose there are a countable infinite number of households each taking
an address ` on the unit interval.

ñ If the households band together to form a financial intermediary,

1. it takes their endowments as deposits, and
2. invests in the short- and long-term assets.

ñ A social planning FI exploits a law of large numbers.

1. Withdrawals are λC1 and
(
1− λ

)
C2 on average at dates 1 and 2.

2. The short- and long-term technologies constrain the FI to offer

C1 = θλ and C2 = 1− θ
1− λ

(
1+ R

)
to depositors.

ñ This planner solves Maxθ

[
λU

(
θ
λ

)
+
(
1− λ

)
U
(

1− θ
1− λ

(
1+ R

))]
.

1. FONC: U′
(
C1

)
=
(
1+ R

)
U′
(
C2

)
=⇒ early and late consumers share risk

up to the wedge 1+ R =⇒ C1 < C2.
2. Let U (C) = lnC =⇒ θ = λ or complete risk sharing is efficient.
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Optimal and Efficient Portfolio Choices

ñ Complete risk sharing is not efficient under non-logarithmic utility.

ñ The FI commits to returns that satisfy the average household.

1. An early consuming household wants C1 = λ−1 > 1 and less
consumption at date 2.

2. A late consumer desires C2 = 1+ R
1− λ > 1+ R and less at date 1.

3. Given risk averse households, the FI will offer deposit contracts
with date 1 and 2 payoffs somewhere in between

C1 =
(
0, λ−1

]
and C2 =

(
0, 1+ R

1− λ

]
.

ñ In general, FIs cannot diversify risk across depositors

1. whose demand for funds differ across periods 1 and 2.
2. =⇒ If depositors experience a liquidity shock,
3. will FIs have sufficient funds on hand ex post to satisfy

the shift in demand for funds?
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Diamond-Dybvig: Optimality and Efficiency

ñ Diamond and Dybvig (JPE, 1983) construct a model of depositors and
FIs that hold short- and long-term assets to study this question.

ñ A FI can promise C2 ∈
(
0, 1+ R

]
, but C2 = 1 + R if and only if

C1 ∈
(
0, 1

]
=⇒ C1 ≤ C2 is incentive efficient =⇒ add the

constraint C1 ≤ 1 to a FI’s optimization problem.

ñ A FI solves MaxC1

[
λU

(
C1

)
+
(
1− λ

)
U
([

1+ R
1− λ

] (
1− λC1

))]
, s.t. C1 ≤ 1.

1. The FON/optimality condition is U′
(
C1

)
− ξλ =

(
1+ R

)
U′
(
C2

)
,

where ξ is the Lagrange multiplier on C1 ≤ 1 =⇒ ξ > 0 if C1 = 1.

2. When C1 = 1, C2 = 1 + R =⇒ efficient and first best solution.

3. If C1 < 1, U′
(
C1

)
=
(
1+ R

)
U′
(
C2

)
=⇒ C1 < C2, which is optimal

and satisfies incentive constraint (i.e., incentive efficient)
=⇒ first best solution but many of these allocations.

ñ In either case, households have no reason to run the FIs.
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Liquidity Shocks and FIs

ñ This suggests another definition of liquidity =⇒ liquid assets have
prices that are insensitive to changes in supply; see Gorton and
Ordoñez (AER, 2014) and Gorton (JEL, 2015).

ñ Suppose that owners of the long asset can dump it at a loss at t = 1.

1. At liquidation in t = 1, the long asset returns R < 1.
2. The loss on the long asset is R − R per unit invested.

ñ Assume FIs invest X1 in the short asset and X2 in the long asset
at t = 0, where X1 + X2 = 1.

1. When faced with depositors experiencing an unexpected
liquidity shock at t = 1, FIs are forced to liquidate some
of their holdings of the long asset =⇒ X1 + RX2 < 1.

2. If E
{
C1
}
> X1 + RX2, FIs fail.
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Liquidity Shocks and REE Runs on FIs

ñ Do households anticipate a FI holding their deposits will default?

1. When households expect other households to withdraw deposits, the
rational response is to withdraw as well.

2. =⇒ “Runs” on FIs are a rational expectations equilibrium (REE).
3. Another REE has households not queuing to withdraw deposits.
4. When depositors suffer liquidity shocks, multiple equilibria can result

from FIs solving a maturity mismatch problem.
5. Still, the implicit assumption is that households believe FIs lack the

resources to satisfy the demand of depositors at once.

ñ The bank runs-REE can be eliminated

1. by suspending convertibility prior to λ depositors claiming their funds
from a FI =⇒ date 2 consumers expect the FI will have resources to pay
their claims and do not run the FI,

2. or with regulations that allow FIs to pay only a fraction of their deposits
after a FI sees λ households withdraw =⇒ fractional-backing of deposits.
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The Sequential Service Constraint & Bank Runs

ñ Suppose a FI does not know λ or is unaware when it is being run?
=⇒ a household’s liquidity shock is private information.

ñ These ideas are implicit in the notion of the “sequential service constraint”
of Diamond and Dybvig (JPE, 1983).

1. A sequential service constraint =⇒ households form a queue
to withdraw deposits from a FI.

2. The FI returns deposits to households first come first serve
until it exhausts its assets.

ñ Suspending convertibility does not prevent households from believing
in runs because the FI fails to realize it is being run.

ñ Draw λ from a distribution with observed moments, but regulators do
not know whether to invoke fraction-backing of deposits or not.

ñ Depositors continue to expect runs can occur.
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Introduction: Bank Runs in a DSGE Model

ñ The BGG and Kiyotaki-Moore (KM) classes of DSGE models focus
on the banking accelerator.

1. Financial Accelerator : expansionary monetary policy shock increases
the MPK , which raises the collateral value of capital loosening financing
constraints facing entrepreneurs.

2. =⇒ reduces the external finance premium.

ñ Gertler and Kiyotaki (AER, 2015) adapt the Gertler and Karadi (JME,
2011) DSGE model =⇒ KM style model with households and banks.

1. Households are less productive than banks at running projects, but
capital constrained banks need household deposits to fund projects.

2. GK study the roles these financial frictions have in creating bank runs.
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Gertler and Kiyotaki: Capital Markets

ñ Capital is held by households, KH,t , and banks, KB,t , and sum to unity,
KH,t + KB,t = 1 (i.e., a normalization).

ñ Capital produces the single nondurable good that households consume.

1. Label the productivity shock Zt+1, which is common to banks and households.
2. The banking sector maps KB,t into Zt+1KB,t units of the nondurable good.
3. When households produce the nondurable good, Zt+1KH,t , they generate costs

of f
(
KH,t

)
=⇒ households are less competent than banks at managing projects.

ñ Household “management” costs are a nonconvex function of KH,t and KH,t ∈
(
0, 1

)
,

f
(
KH,t

)
=


α
2
K2
H,t , 0 < α, for KH,t ≤ KH,t ,

αKH,t

(
KH,t −

KH,t
2

)
, for KH,t > KH,t .

ñ Costs are quadratic (and convex) in KH,t up to KH,t and linear in KH,t thereafter
=⇒ if FIs shut down, households will absorb the entire capital stock to produce.

ñ Assume KH,t and KB,t do not depreciate.
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Gertler and Kiyotaki: Households

ñ Households consume, CH,t and save either KH,t or by depositing, Dt , with banks.

ñ Preferences, Ut = Et


∞∑
j=0

βt+j lnCH,t+j

, are maximized by households s.t.

CH,t +Dt +QtKH,t + f
(
KH,t

)
= ZtW + RtDt−1 +

(
Zt +Qt

)
KH,t−1,

where Qt , W , and Rt denote the price of capital, “labor” income, and the date t return
to date t−1 deposits =⇒ time deposits that are one-period debt contracts issued by
banks that pay Rt at date t.
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Gertler and Kiyotaki: Sequential Service

ñ There is no liquidity preference shock driving household deposit decisions
=⇒ GK assume that bank runs are never expected by households.

ñ If a bank run occurs, households face a sequential service constraint.

1. Households may or may not receive the deposit in full given a bank run.
2. Given a bank run and a household is low in the queue, the household buys KB,t .
3. =⇒ Otherwise, banks have no resources to pay off their liabilities to households.
4. Lacking a labor supply decision, household consumption-saving decisions take

the brunt of a bank run =⇒ in a run KH,t < KH,t =⇒ a fire sale drives Qt low.

Eric Leeper & Jim Nason Lecture 2: Financial Stability & Monetary Policy



Financial Frictions and General Equilibrium

Gertler and Kiyotaki: Banks

ñ Banks are risk neutral, finite lived, their asset is KB,t and they issue liabilities
in the form of deposits and equity or net worth, Nt .

ñ A new bank is endowed with equity of ωB while existing banks accumulate
net worth only from retained earning, Nt =

(
Zt +Qt

)
KB,t−1 − RtDt−1.

ñ =⇒ Since living banks cannot issue new equity issue, the return on their
assets net of liabilities is their only source for “growing” their balance
sheet Nt = QtKB,t − Dt .
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Gertler and Kiyotaki: The Financial Friction

ñ The financial friction is moral hazard =⇒ a bank can abscond with θ ∈
(
0, 1

)
of the

market value of its capital, QtKB,t .

1. At each date t, a bank decides whether to “take the money and run” using
a benefit–cost calculation.

2. If a bank engages in fraud at date t, its depositors close the bank at the start
of date t+1 =⇒ “liquidity preference shocks” affect banks not depositors.

3. Let Vt = PDV of bank consumption when not bolting with θQtKB,t =⇒ the
ICC is θQtKB,t ≤ Vt , which is assumed to bind at all dates because without
the financial friction, KB,t = 1.

ñ Banks also exit because they last from t to t+1 at iid probability σ ∈
(
0, 1

)
=⇒ pass

on at probability 1 − σ =⇒ banks’ expected life = 1
/(

1− σ
)
.

1. A living bank’s preferences are Vt = Et
∑∞
j=1 βj

(
1− σ

)
σ jCB,t+j .

2. The probability a bank exits at t+j is
(
1− σ

)
σ j−1 and CB,t+j = Nt+j .
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Gertler and Kiyotaki: Bank Runs 1

ñ Bank runs are driven by fundamentals not sunspots.

ñ Households decide to run the bank if the value of the bank’s assets in
liquidation are less than its liabilities =⇒

(
Q∗t + Zt

)
KB,t−1 < RtDt−1,

where Q∗t is the market price of capital when the bank is shut down.

ñ Since Dt−1 = Qt−1KB,t−1 − Nt−1 =⇒
(
Q∗t + Zt − RtQt−1

)
KB,t−1 < −RtNt−1 or[

Q∗t + Zt
Qt−1

− Rt
]
Qt−1KB,t−1 < −RtNt and define bank leverage φt ≡

QtKB,t
Nt

[
R∗B,t + Rt

]
φt−1 < Rt =⇒

R∗B,t
Rt

< 1− 1
φt−1

, where R∗B,t ≡
Q∗t + Zt
Qt−1

.

ñ When the spread of the liquidation value of bank assets over the deposit rate
is small and/or φt−1 is high, households run the bank.

ñ Bank runs are state dependent in the GK model.

1. In this economy, φt is the state of the aggregate credit market.
2. However, the liquidation price of capital Q∗t is not a function of φt .
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Gertler and Kiyotaki: Bank Runs 2

ñ In the GK model, households are a sink absorbing all KB,t in a run =⇒ f
(
·
)

is an
incentive for households to accumulate capital when its price is falling.

1. When the bank is run, its entire capital stock is sold to households
=⇒ KH,t = 1 and CH,t = 1 + ZtW − f

(
1
)
.

2. The household holds the entire capital stock =⇒ the marginal cost
of operating a project is at the fixed kink point KH when KH,t = 1.

ñ Iterating the Euler equation Q∗t +αK = Et
{Λt,t+1

(
Q∗t+1 + Zt+1

)}
produces

Q∗t = Et


∞∑
j=1

Λt,t+1

(
Zt+j − αKH

) − αKH .
ñ The liquidation price is the expected present discounted value of productivity shocks

=⇒ a persistent sequence of bad productivity shocks generate bank runs by lowering
the liquidation price of and return on bank capital.

ñ Zt is an aggregate shock in this economy, which cannot be diversified away.

1. Perhaps fiscal and/or monetary policymakers can solve this bank run problem.
2. =⇒ Deposit insurance, lender of last authority, capital requirements, and/or

limits on leverage?
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Holmström and Tirole: Credit Constraints

ñ Credit constraints impinge on firms in some states of the world,
but firms need cash to operate in all states of the world.

ñ Firms want to smooth access to credit across states of the world
=⇒ goal is for credit to be non-state contingent.

ñ Credit has many sources, but a balance sheet has only two sides.

1. Existing liabilities provide cash to support credit needs.
A. The funds a FI has previously extended to a firm, but

the firm has not yet drawn.
B. Some firms can issue debt (i.e., commercial paper

or corporate bonds).

2. A firm’s assets can be used to loosen credit constraints, but
A. these assets must be easy to sell (i.e., liquid) or
B. be safe enough to serve as collateral when traded for cash.
C. =⇒ Repo agreements in which cash is “rented” in exchange

for riskless securities at small discounts (i.e. haircuts).
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Holmström and Tirole: Liquidity

ñ Firms use assets and/or liabilities to smooth credit shocks.

ñ Using assets and liabilities in this way generates a demand for liquidity.

1. Cash and/or securities (for repo) are necessary to conduct trades.
2. =⇒ Firms demand liquidity to insure against credit shocks.
3. Liquidity is insurance against shocks drying up external funds

a firm needs to run a project =⇒ aim to equate the price
of credit across states of nature,

4. but credit constraints restrict the insurance to be incomplete
=⇒ the price of credit is not equated across states of nature.

5. Otherwise, credit constraints would not bind, insurance would be
complete, and there would be no derived demand for liquidity.

ñ What are the underlying sources of liquidity demand by firms?

ñ There are several, but Holmström and Tirole focus on

1. the inability of firms to pledge project returns to investors.
2. Not all the income of a project can be credibly promised

to investors (outsiders) by the managers (insiders).
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Pledgeability and Liquidity

ñ There are several ways to model or motivate the demand for liquidity.

1. Adverse selection =⇒ lemons problem: ex ante acquire funding to run
projects that ex post are riskiest and most in need of cash to continue.

2. Competition for credit =⇒ create incentives for firms to engage
in policies that harm the credit quality of competition.

3. In defense, liquidity is acquire by a firm to insure against shocks
to expectations about its credit quality.

ñ Holmström and Tirole focus on

1. the inability of firms to pledge project returns to investors.
2. =⇒ Not all the income of a project can be credibly promised

to investors (outsiders) by the managers (insiders).

ñ Investors are averse to lend to firms when project returns are pledged
to back credit repayment.

1. =⇒ Firms are credit constrained throughout the life of project.
2. However, credit rationing is different when a firm starts a project

compared with a firm trying to obtain credit for an ongoing project.
3. Nonetheless, firms expect to face credit rationing within the HT model.
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Credit Constraints & Liquidity in a DSGE Model

ñ Boissay, Collard, and Smets (JPE, 2016) build a DSGE model with a interbank
market grounded in notions of credit constraints and liquidity associated
with Holmström and Tirole.

ñ Banks differ according to their productivity, pt , at intermediation, which is
private information =⇒ CDF µ

(
·
)

of pt is known, pt ∼ IID, and unknown.

1. Heterogeneity creates demand for liquidity by FIs more efficient at
transforming short-term liabilities into long-term assets.

2. Funds supplied by less efficient FIs =⇒ an interest rate wedge reducing
activity because more productivity FIs gain funds to create assets.

ñ The interbank operates within a date t, is competitive, and its outcome are
observable publicly as modeled by Boissay, Collard, and Smets (BCS).

1. The most productive FIs wants to borrow an infinite amount.
2. =⇒ Efficient and first best for this FI to corner the interbank market.
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Asymmetric Information and Moral Hazard

ñ Along with asymmetric information, assume moral hazard exists to obtain
an interior solution in the interbank market.

ñ The moral hazard occurs because FIs can lend to firms or invest in an
“outside” option with a certain return that is less than the return on loans.

1. Investment in the outside option is illiquid =⇒ source of liquidity shortages
because FIs cannot close out this asset to lend to firms.

2. BCS assume FIs can make off with a fraction of the outside option without
consequences =⇒ this investment is private information.

3. A FI lending in the interbank cannot recover funds lost to a FI that has run
off with returns to the outside option =⇒ ex post moral hazard.

4. This is akin to the HT problem of pledging returns to lender.
5. FIs lending in the interbank market need borrowers to put their own funds

in loans =⇒ leverage contains trade-offs for FIs.
6. The trade-off is encapsulated in the ICC =⇒ bounds return to the outside

option, γ, by loan rate in the interbank market for a FI that decamps.
7. The interbank market has an externality =⇒ created by the marginal FI

moving between the demand (negative) and supply (positive) sides.
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The Interbank Market in a DSGE Model

ñ BCS embed the interbank market in a one-sector RBC model.

ñ Households own FIs, but not firms =⇒ firms have to obtain
funds to accumulate capital from FIs.

ñ A liquid interbank market relies on aggregate household saving, At ≤ At ,

1. At ≡ MP−1
k

(
RK + δ− 1

Zt

)
=⇒ the threshold demand for capital is a function

of the threshold return to capital and TFP, where δ ∈
(
0, 1

)
.

2. Aggregate loan supply `t = At ≤ At , otherwise `t =
[

1− µ
(
γ
RK,t

)]
At

=⇒ FIs not lending have pt < pt = γ
/
RK,t , which signals a liquidity crunch.

3. However, RK,t < RK is not a factor for a liquidity crunch, but TFP is.

4. TFP threshold Zt ≡
RK + δ− 1
MPK

(
At
) ≤ Zt is necessary for sufficient interbank

liquidity for FIs to lend to firms =⇒ probability of liquidity crunch depends
on probability of Zt < Zt conditional on At−1 and Zt−1.

5. BCS model liquidity crises not FIs suffering an insolvency crisis.
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Introduction: Williamson (AER, 2012)

ñ Liquidity takes many forms.

1. Private liquidity: a deposit at a FI, which is its liability, but
2. most any liability a FI issues has potential to provide liquidity services.
3. Public liquidity: a CB’s liabilities and government securities.

ñ Since (before) Friedman’s and Schwartz’s A Monetary History of the
United States: 1867–1960 (1963), monetary policy is about

1. a CB managing the relative price of its liability to a short term asset
issued by private agents.

2. =⇒ Control inflation and negate its impact on the real economy.
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Inside and Outside Money and Fiscal Policy

ñ Williamson builds a model in which private and public liabilities can
be close substitutes =⇒ describe restrictions on economic primitives

1. under which private, public, or private and public liabilities circulate.
2. =⇒ Mediums of exchange that are stores of positive and finite value.

ñ If liquidity services are extracted from private and Treasury securities,
do the agents supplying these assets need to be modeled?

ñ Williamson argues the state of fiscal policy limits a CB’s actions.

1. These actions are also s.t. the “costs” of the CB’s operating mechanism.
2. =⇒ are there sufficiently liquid assets to substitute for a CB’s liability?
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Sketch the Baseline Model

ñ Baseline model starts from

1. Lagos and Wright (2005, “A Unified Framework for Monetary Theory
and Policy Analysis,” Journal of Political Economy 113, 463–484).

2. Lagos and Rocheteau (2008, “Money and Capital as Competing Media
of Exchange,” Journal of Economic Theory 142, 247–258).

ñ Analysis relies on households with quasi-linear preferences afflicted
by uncertainty about their intertemporal liquidity preferences.

ñ Public assets include fiat currency and nominal Treasury bonds.

1. There is a role for Diamond-Dybvig style FIs, which offer liquidity
insurance to their depositors.

2. FIs trade to diversify liquidity risk =⇒ endogenous asset returns.

ñ With only public liquidity, there are four potential equilibria.

1. Sufficient supply of liquid assets.
2. Insufficient supply of liquid assets.
3. “A liquidity trap.”
4. Friedman rule.
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Multiple Equilibria

ñ Sufficient supply of liquid assets: OMOs only shift the price level.

ñ Insufficient supply of liquid assets: OMOs are non-neutral.

1. An illiquid interbank market is the source of monetary non-neutrality.
2. Hoard liquidity because the household’s rate of time preference is

greater than the real rate =⇒ liquidity premium on Treasuries.
3. An OMO purchase of Treasuries removes liquidity from the market

place =⇒ price level rises but real rate falls.

ñ Williamson defines a liquidity trap as occurring

1. “if total liquid assets (public and private) are sufficiently scarce, and
currency is sufficiently plentiful relative to other assets.” (p. 2572)

2. In a liquidity trap, the nominal rate = 0, OMOs alter neither the price
level nor real rates =⇒ FIs hold the additional cash.

ñ The Friedman rule is not a liquidity trap according to Williamson.

1. Instead, equate returns on all assets to the rate of time preference.
2. Interbank trading is efficient =⇒ FI demand for assets perfectly elastic.
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Summarize Results of Williamson (AER, 2012)

ñ Optimal monetary policy faces an inflation trade-off

1. Inflation is a tax when transacting in fiat currency and liquid assets.
2. Trading in fiat currency sometimes improves welfare but not always.
3. Welfare is improved when liquid assets are a medium of exchange in

Lagos-Wright models.

ñ Williamson argues LSAPs/QE policies are aimed at the wrong problem.

ñ During the recent financial crisis and recession, a problem was
liquid assets were in scarce supply.

1. Rather than buying scarce assets, which lowers the real rate,
2. monetary policy should raise the real rate with OMOs that sell

Treasuries into the market.
3. Perhaps, the problem is drawing parallels with the Great Depression?
4. There was excess demand for currency during the GP suggesting

OMOs that buy Treasuries would have been the correct policy.
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Kiyotaki and Moore (JPE, 1997)

ñ Kiyotaki and Moore (KM) innovate by letting borrowers offer their
durable goods as collateral to lenders.

ñ Firms do not necessarily have to borrow to purchase or rent durable
goods, but these goods must be valued in production.

ñ Borrowers need credit to purchase other factor inputs to produce.

1. The value of the durable good determines the shadow price
of the collateral constraint.

2. Expectations about future output are driven by shifts in credit
constraints today, which feedback onto the current value
of the durable good.

3. Implicit in KM models is that the value of the durable good
to lenders is less than it is to borrowers.

ñ Thus, borrowing constraints are endogenous in KM models.
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KM-DSGE Models: Microfoundations

ñ The canonical expression of the KM collateral constraint is

`t ≤ θtPK,tKt+1,

where θt is an exogenous liquidity shock and PK,t is the date t price of Kt+1.

ñ Originally, KM collateral constraints were tied to adverse selection and/or
moral hazard, but not by first principles.

ñ Kurlat (AER, 2013) and Bigio (AER, 2015) go some way to providing
microfoundations for KM collateral constraints.

1. Kurlat: Adverse selection is created by asymmetric (or private) information
about investment projects some of which are “lemons” =⇒ outside investors
force entrepreneurs to hold some equity in the project as an ICC.

2. Bigio: Interact asymmetric information with KM’s limited enforcement of
contracts =⇒ entrepreneur collateralizes loan with Kt to equate cost of its
potential loss to benefit of loosening constraint on pledging future returns.
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KM-DSGE Models: Propagation and Fit

ñ Given “good times” (i.e., a sequence of good TFP shocks), entrepreneurs have
incentives to take on excessive leverage or own “too much” capital compared
with their need to finance these risky long term assets.

1. Hit with negative TFP shocks entrepreneurs engage fire sales of their asset.
2. =⇒ The KM amplification or propagation mechanism; see Brunnermeier and

Sannikov (AER, 2014).

ñ There is little evidence BGG and KM financial frictions add much to the fit
NKDSGE models; see Brzoza-Brzezina and Kolasa (JMCB, 2013),
Brzoza-Brzezina, Kolasa, and Makarski (JEDC, 2013), and Lindé, Smets,
and Wouter (2016).

ñ Why? Or what elements are either in or missing from these models?
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Introduction: Shi (JME, 2015)

ñ Two questions motivate the paper.

1. Are exogenous shocks an important source of changes
in liquidity in financial markets?

2. Do these changes in financial market liquidity drive
business cycle fluctuations?

ñ Employ the “liquidity shock hypothesis” to study these questions.

ñ The LSH consists of several steps.

1. A rapid drop in financial market liquidity suggests asset
prices fall =⇒ an extrinsic shock can cause the drop in liquidity.

2. If investors use assets to back their debt, the fall in asset
values produces collateral constrains that bind (more tightly).

3. Given lower investment, real aggregate activity can decline
enough to signal the start of a recession.
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A KM-RBC model with Two Financial Frictions

ñ Shi studies a RBC model with two KM collateral constraints.

1. A firm can sell only θ ∈
(
0, 1

)
of its investment as new equity.

2. Firms also are limited to selling no more than φt ∈
(
0, 1

)
of their existing equity (or capital).

3. =⇒ Liquidity shocks are unexpected changes in φt .

ñ Limited Participation: There is a representative household whose members
engage in separate activities during each date t.

ñ Shi solves the household’s dynamic program =⇒ recursive competitive
equilibrium.

1. The solution yields decision rules of the household used
to study the KM-RBC numerically.

2. Calibrate the KM-RBC model to “test” the LSH =⇒ choices
of θ and φ conditioned on data.
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A KM-DSGE Model: The Household

ñ Infinite horizon economy with a continuum of households
on the unit interval.

ñ The household consists of

1. a unit mass of members that are ex ante identical and
2. are subject to an iid shock that makes them entrepreneurs

(workers) with probability π ∈
(
0, 1

)
(probability 1 − π ).

3. Workers are endowed with nothing more than a unit of time.
4. Entrepreneurs are endowed only with an investment project.
5. cE = consumption of the entrepreneur.
6. i = entrepreneur’s investment.
7. cW = consumption of the worker.
8. ` = the worker’s labor supply.
9. sj = equity owned by j = E, W .

10. bj = government bonds held by j = E, W .
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A KM-DSGE Model: Timing Assumptions

ñ Entrepreneurs ask households to finance their investment projects.

1. At date t, the entrepreneur creates a unit of new capital
=⇒ i per unit of the single consumption good.

2. Goods and asset markets open =⇒ workers and entrepreneurs
trade s and b at prices q and pb, that gives them

(
s′W , b′W , s′E , b′E

)
,

which they carry from date t into date t+1.

3. New capital is available for production next period.

ñ Consumption: cW and cE decisions end date t.

ñ The household regroups only at the beginning of date t+1.
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A KM-DSGE Model: The Government

ñ The government spends real resources, taxes households, and issues debt.

1. g = government spending,
2. τ = lump sum tax revenue,
3. pb = the price of government bonds, and
4. B′ = of new government bonds issued at the end of date t.

ñ The government budget constraint is g + B = τ + pbB′.
1. Spending plus the cost of paying off maturing bonds
2. = tax revenue plus funds generated by selling new bonds.
3. Assume that g and B = B′ are positive constants.
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Entrepreneur and Worker Constraints

ñ The entrepreneur faces liquidity, financing, and budget constraints.

1. Liquidity: s′E ≥
(
1− θ

)
i +

(
1−φ

)
σs.

2. Financing:
(
r + σφq

)
s + b + θqi ≥ cE + i + τ .

3. Budget: rs + b +
(
i+ σs

)
q ≥ cE + i + qs′E + pbb′E + τ .

4. Equity holdings are normalized by σ to ground future
dividend payments on net capital, where capital
depreciates at rate 1 − σ , σ ∈

(
0, 1

)
and its return is r .

5. Define xt+1 as x′, where x =
[
sE , bE , sW , bW

]
.

ñ The worker faces equity and budget constraints.

1. Equity: s′W ≥
(
1−φ

)
σs.

2. Budget:
(
r + σq

)
s + b + w` ≥ cw + qs′W + pbb′W + τ .

ñ Denote r , q, and w as the rental rate of capital, the price of a unit
of equity, and the real wage, respectively.
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A KM-DSGE Model: Household Constraints

ñ Household constraints aggregate from entrepreneurial and worker
constraints using x = πxE +

(
1−π

)
xW , x = c, s, b, s′, and b′.

ñ Thus, the household budget constraint is

(
r + σq

)
s + b + qπi+

(
1−π

)
w` ≥ c +πi+ qs′ + pbb′ + τ.

ñ The iid process π also means that the household employs the
averaging equation x = πxE +

(
1−π

)
xW to compute cW , s′W ,

and b′W once c, cE , s′, s′E , b′, and b′E are known.
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The Household’s Dynamic Program

ñ Given preferences are πU
(
cE
)
+
(
1−π

) [
U
(
cW
)
−H

(
`
)]

, the household’s
dynamic program (DP) is

V
(
s, b,K,A,φ

)
= Max

[
πU

(
cE
)
+
(
1−π

) [
U
(
cW
)
−H

(
`
)]

+ βE
{
V
(
s′, b′, K′, A′, φ′

)∣∣∣K′, A′, φ′}],
where V

(
s, b,K,A,φ

)
is the value function.

ñ The household chooses c, cE , i, `, s′, and b′ to solve the DP s.t. the
household budget constraint,(

r + σq
)
s + b + qπi+

(
1−π

)
w` ≥ c +πi+ qs′ + pbb′ + τ,

the entrepreneur’s financing constraint,(
r + σφq

)
s + b + θqi ≥ cE + i+ τ,

and i, cE , cW , s′W , and b′W ≥ 0.
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Household’s Intratemporal FONCs

ñ Substitute c −πcE1−π for cW in household preferences and use the household’s

budget for c to construct the FONC w/r/t cE , `, and i

∂V
(
s, b,K,A,φ

)
∂cE

= π
[
U′
(
cE
)
−U′

(
cW
)]
− ξEFC = 0,

∂V
(
s, b,K,A,φ

)
∂` = U′

(
cW
)
w −H ′

(
`
)
= 0,

and

∂V
(
s, b,K,A,φ

)
∂i = U′

(
cW
)(
q − 1

)
π +

(
θq − 1

)
ξEFC = 0,

where ξEFC is the Lagrange multiplier on the entrepreneur’s financing
constraint =⇒ the wedge driving incomplete risk sharing between the
entrepreneur and worker.
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Household Intratemporal Optimality

ñ Write the intratemporal FONCs as U′
(
cE
)
−U′

(
cW
)
= ξEFCπ , and

q − 1 =
(
1− θq

) ξEFC
πU′

(
cW
) .

ñ Redefine the wedge λEFC ≡ ξEFC
πU′

(
cW
) , which yield the optimality conditions

U′
(
cE
)
=

(
1+ λEFC

)
U′
(
cW
)
,

and q = 1+
(
1− θq

)
λEFC if 0 < i, λEFC .

ñ These optimality conditions equate

1. the MU of entrepreneurs and workers by scaling the “discounted by

marginal utility” Lagrange multiplier λEFC =⇒ U′
(
cE
)
> U′

(
cW
)
, and

2. the price of equity to one plus the “price” of a unit of i evaluated at the
“discounted by marginal utility” shadow price of a unit of additional
financing for the entrepreneur =⇒ Tobin’s q or q > 1.
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Incomplete Household Risk Sharing

ñ Since U′
(
cE
)
−U′

(
cW
)
> 0, cE < cW =⇒ incomplete risk sharing.

1. Given preferences and the two collateral constraints bind,
2. the entrepreneur invests, i > 0, instead of consuming.

ñ The “value” of transferring a unit of MU at the equity price from the worker

to the entrepreneur is
1− θq
1− θ , or the entrepreneur’s leverage in a project.

ñ At market prices and an interior solution the household’s risk sharing
arrangement between the entrepreneur and the worker is

U′
(
cE
)

U′
(
cW
) = 1− θ

1− θqq =⇒ risk sharing wedge = Tobin’s q
entrepreneur’s leverage

.

ñ An interior solution exists iff 1 < q < θ−1.

1. The price of equity is greater than the cost of replacing capital,
although no resources are lost by installing investment, because
the collateral constraint on new investment binds =⇒ 0 < θ.

2. The binding collateral constraint restricts the rate at which the
household is willing to trade U′

(
cE
)

for a unit of U′
(
cW
)
< q.
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Shi (JME, 2015): Summary

ñ The LSH is rejected in part by Shi given his calibration.

ñ Let there be a large negative liquidity shock =⇒ a large cut in φ that
tightens collateral constraints when a firm sells its existing equity.

ñ The KM-RBC model predict real activity falls and equity prices rise, which
rejects the LSH.

ñ Shi argues his results are robust to adding debt finance, which loosens the
collateral constraint on firm’s associated with φ.

1. A shock to φ tightens the collateral constraint on existing equity.
2. =⇒ Price of the liquid asset, the fraction of equity available as

collateral, rises with its demand all else constant.
3. Financial friction forces entrepreneurs to hold θ of new investment.
4. =⇒ Since entrepreneurs have to have “skin in the game” they give up

consumption, which reduced their welfare.
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Krishnamurthy (JET, 2003)

ñ Kiyotaki and Moore (JPE, 1997) conclude with

The interaction between asset markets and credit markets
that we have highlighted in this paper will be even richer
if both sides of the credit market are affected by changes
in the price of their collateralized assets. (p. 244)

ñ Krishnamurthy addresses this issue by adding FIs to the model who
offer insurance or options to financial constrained entrepreneurs.

1. The option pays off in the bad state of the world just when
constrained firms need funds.

2. In the bad state of the world, the "fire sale" price of capital is
low because the constrained entrepreneur has to sell its
durable good to obtain fund to consume.

3. The option hedges the risk a constrained entrepreneur faces
when confronted by a fire sale.
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Collateral Constraints and Hedging

ñ Begs the question of the "completeness" of options markets.

1. Entrepreneurs are not constrained if options markets are complete.
2. =⇒ Buy insurance to equalize the marginal utility of consumption

across every state of the world.

ñ This equality breaks down when FIs face collateral constraints
=⇒ the KM results about persistence and volatility are restored.

ñ The question is how tight are the collateral constraints on FIs.

1. Given insurers face collateral constraints, there is excess demand
for options by constrained producers, but

2. the extent of this gap is determined by the value of the collateral
posted by FIs.
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Options amd Incomplete Hedging

ñ Krishnamurthy’s Proposition 2: If the supply of options is perfectly elastic,
entrepreneurs equate their marginal utility across all states of the world.

ñ What happens when FIs have to post collateral (i.e., assets) when selling
options to entrepreneurs?

ñ A collateral constraint on options guarantees FIs have commit sufficient
resources to pay off claims on called options.

ñ Proposition 2: Entrepreneurs demand more options to insure against states
of the world in which TFP is low =⇒ do FIs have the assets to pay off the
options they have sold to entrepreneurs?

1. If the insurance sells at actuarially fair prices (i.e., option prices match
the probability of the states of the world), the FIs’ options represent
complete insurance.

2. Otherwise, no =⇒ FIs lack the deep pockets necessary to sell options at
actuarially fair prices.

Eric Leeper & Jim Nason Lecture 2: Financial Stability & Monetary Policy



Financial Frictions and General Equilibrium

Summing Up

ñ Krishnamurthy (JET, 2003) puts the onus of collateral constraints on FIs
rather than borrowers as is common in KM-DSGE models.

ñ When a bad shock is realized, FIs withdraw collateral from the market
or its value falls sharply.

ñ The shock is transmitted from FIs to borrowers in the real economy
because less financial intermediation takes place in the bad, collateral
constrained equilibrium =⇒ there is less collateral or the lower value
of collateral cannot support credit creation.

ñ Whether FIs default and the impact of these events on the real economy
is not addressed by Krishnamurthy.

1. If B firms default on their options, is this outcome transmitted
to the real economy? What is the mechanism?

2. Should governments respond to defaults by FIs?
3. If central banks and Treasuries act during a financial crisis,

what form should the responses take?
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Final Words

ñ Thomas J. Sargent (2011):

. . . efficiency versus stability issues arise when we ask whether
financial intermediaries should be allowed to transform maturities
and risks to help complete missing insurance and lending markets.
Rate of return wedges and the associated inefficiencies are telltale
signs of equilibria in models with incomplete markets. Expanded
intermediation can reduce those wedges. Should banks and other
intermediaries be allowed to improve efficiency by offering products
. . . that can back short-term risk-free deposits? Whether financial
institutions should be allowed to purchase or to create such
wedge-reducing, efficiency-improving assets and use them to back
putatively risk-free liabilities raises questions about proper policies
toward public lenders of last resort and suppliers of deposit
insurance. (pp. 208–209)

“Where to Draw Lines: Stability Versus Efficiency,” Economica 78, 197–214.
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Finis

Thank you.
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Figure: Investment Expernditures to GDP, 1948Q1 to 2016Q3
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Risk Spread: Long Private Bond Yield net of the Long Treasury Bond Yield, 1920Q1 to 2016Q4
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Liquidity Spread: Short Private Rate net of the Short Treasury Rate, 1920Q1 to 2016Q4
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Private Term Spread, 1920Q1 to 2016Q4
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