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1. A canonical macroeconomic model with intermediary frictions
Gertler and Karadi (2011, JME)



Households

▶ Preference

Et

∞∑
i=0

βi ln(Ct+i − hCt+i−1)−
χ

1 + φ
L1+φ
t+i

▶ Each household is a big family with perfect consumption insurance. There are two
types of agents in each household, workers 1− f and bankers f

▶ Workers supply labor and return wages to household

▶ Each banker manages a financial intermediary (bank) and transfers “dividends” back
to households

▶ Households do not hold capital directly; deposit funds in banks at risk-free rate

▶ Very large equity frictions: no holding of capital, no holding of firm’s claims, passive
holding of banks’ claims
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Households’ Optimization Problem

▶ Households solve

max
Ct+i ,Dt+i+1

Et

∞∑
i=0

βi ln(Ct+i − γCt+i−1)−
χ

1 + ε
L1+ε
t+i

s.t. : Ct = WtLt +Πt + Dt−1Rt − Dt + Tt

where Ct consumption, WtLt wage payment, Πt net payout from intermediaries,
Dt−1Rt proceeds from yesterday’s deposit, Dt today’s deposit, Tt lump-sum
subsidy

▶ Optimality conditions
EtuCtWt = χLφt

EtMt+1Rt+1 = 1
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Households Own and Operate Banks

▶ Each household sends bankers to operate its banks

▶ Workers deposit savings in other households’ banks

▶ Create moral hazard frictions, specified later

▶ Turnover of workers and bankers

▶ Bankers become workers and pay out the net worth of banks to households.
Meanwhile, the same amount of workers become bankers and start new banks

▶ Otherwise, banks have incentives to accumulate enough net worth to grow out of
the constraint
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Banks

▶ Raise funds in the national financial market

▶ No friction in transfering funds from banks to firms (consolidate banks and firms)

▶ Banks’ balance sheet

▶ Claim to firms’ capital st at price Qt (interpreted as loans)

▶ Financed with net worth nt and deposit dt

Qtst = dt + nt

▶ Dynamics of net worth
nt = Qt−1st−1Rkt − dt−1Rt
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Banks’ Frictions

▶ Moral hazard problem: the bankers are able to divert away θ fraction of the assets
at the end of each period

▶ To prevent this from happening, it must be that

Vt ≥ λQtst

If the franchise value of the bank exceeds the private benefit, bankers will not
divert assets

▶ As you will see later, this friction effectively imposes an endogenous leverage
constraint
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Banks’ Problem

V (nt ;Nt ,Zt) = max
dt ,st

EtMt+1 [(1− σ)nt+1 + σV (nt+1;Nt+1,Zt+1)]

s.t. : nt+1 = ntRk,t+1 + dt(Rk,t+1 − Rt+1)

Vt ≥ λQtst

Conjecture: V (nt ;Nt ,Zt) = Ω(Nt ,Zt)nt and define leverage ϕt =
Qtst
nt

, the problem is
written as

Ωt = max
ϕt

EtMt+1(1− σ + σΩt+1) [ϕt(Rk,t+1 − Rt+1) + Rt+1]

s.t. : Ωt ≥ λϕt
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Banks’ Optimality Condition

Define MJ
t+1 = Mt+1

1−σ+σΩt+1

Ωt
, the optimality condition is

EtM
J
t+1(Rk,t+1 − Rt+1)−

λκt
Ωt

= 0

▶ MJ
t+1 the ratio of marginal value of cash today and tomorrow

▶ κt is the Lagrangerian multiplier to the constraint

▶ If κt > 0, EtM
J
t+1(Rk,t+1 − Rt+1) > 0

▶ Banks still would like to take deposits and invest in capital as there is “arbitrage
gap”, but the constraint does not allow
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Envelope Condition

▶ The envelope condition with respect to n

EtM
J
t+1Rt+1 = 1− κt

▶ The value of deposit tomorrow is smaller than the frictionless case if κt > 0.
Absent constraint, the bank borrows more.
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The Model Without Constraint

▶ If κt = 0
EtM

J
t+1(Rk,t+1 − Rt+1) = 0

EtM
J
t+1Rt+1 = 1

Recall that MJ
t+1 = Mt+1

1−σ+σΩt+1

Ωt
and EtMt+1Rt+1 = 1, we can derive Ωt = 1

▶ Ωt : the marginal value of net worth (Tobin’s q). Absent frictions, the market value
of one dollar should be one dollar

▶ Without frictions, we need two Euler equations (using households’ SDF) to price the
risk-free rate and the price of capital - the composition of financing does not matter
for the value of the intermediaries with given n (Modigliani-Miller)
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The Economics: Leverage Constraint and Financial Wedge

▶ With constraint, κt > 0, there exists a wedge between the return to capital and
the risk-free rate

EtM
J
t+1(Rk,t+1 − Rt+1) > 0

▶ Borrowing one more dollar to invest in capital is profitable, but is prohibited

▶ Why prohibited? One more dollar of borrowing increases the franchise value as well
as the divertable asset. If the increase in the divertable asset is greater than the
contribution to the franchise value, the constraint binds
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Aggregation of Bank Net Worth

▶ Only σ fraction of banks are still in the market next period

▶ To keep the measure of banks unchanged, the same measure of workers are
appointed as bankers, and new banks are started with net worth Nnt

▶ The aggregate law of motion of bank net worth

Nt+1 = σ[NtRk,t+1 + Dt(Rk,t+1 − Rt+1)] + Nnt

where Nnt = ωQtSt−1
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The Role of Net Worth
▶ Note that whether constraint binds or not depends on the aggregate net worth of

the banking sector, not the individual banks

▶ Whether the constraint binds depends on the marginal contribution of one more
unit of borrowing to the franchise value

EtMt+1(1− σ + σΩt+1)(Rk,t+1 − Rt+1)

All variables in this equations are determined by aggregate variables, not
individual bank variables

▶ If bank net worth is ample, in aggregate banks are take advantage of the
investment opportunities in the market through deposits and eliminate “arbitrage”
opportunities

▶ Otherwise, bank net worth is scarce, the amount of deposit, or the capacity of
purchasing capital, will be constrained. In this case, capital price is excessively
low, and expected return of capaital is high (funding illiquidity)
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Persistence and Amplification

▶ Emphasized in the early literature: Carlstrom and Fuerst (1997 AER), Kiyotaki
and Moore (1997 JPE), see Bernanke, Gertler and Gilchrist (1999)

▶ The effect on capital investment disruption creates persistence

▶ The leverage constraint leads to a dynamic amplification

▶ When the constraint binds, negative shock lowers asset price, which further reduces
net worth through leverage effect, and further tightens the constraint - a spiral

▶ Dynamically, if funding is scarce, investment is low, future capital and future output
is low, which is reflected in a lower capital price today - another spiral
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Credit Policy

▶ Denote Spt the shares held by the private sector and Sgt the shares held by the
government

St = Spt + Sgt

▶ Credit policy: central bank issues government debt to households at Rt+1 and
lends to nonfinancial firms at Rk,t+1

▶ Government lending is less efficient with a cost of τ per unit

▶ Government always repays their debt to households

Sgt = ψtSt

▶ Denote ϕct the total leverage including public and private intermediation, we have

ϕct =
ϕt

1− ψt

ψt is a general policy rule, e.g., combatting financial crisis
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Intermediate Goods Firms
▶ Nonfinancial firms: produce intermediate goods and sell to retail firms

▶ Production function
Yt = At (UtξtKt)

α L1−α
t

▶ Ut is the capital utilization and it affects depreciation δ(Ut)

▶ ξt is the capital quality shock, ξtKt is the effective quantity of capital

▶ Optimality conditions

αPmt
Yt

Ut
= δ′(Ut)ξtKt

(1− α)Pmt
Yt

Lt
= Wt

▶ Capital return

Rk,t+1 =
αPm,t+1

Yt+1

ξt+1Kt+1
+ Qt+1 − δ(Ut+1)

Qt
ξt+1
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Capital Producing Firms
▶ At the end of each period, capital producing firms buy capital from intermediate

goods producers, repair depreciated capital and build new capital, then sell both
the new and re-furbished capital

▶ Assume the cost of replacing worn out capital is unity (no adjustment cost)

▶ Let It be gross capital created, Int ≡ It − δ(Ut)ξtKt the net capital created, and
Iss the steady state investment

▶ The problem of capital producer

max
Inτ

Et

∞∑
τ=t

Mt,τ

{
(Qτ − 1)Inτ − f

(
Inτ + Iss

In,τ−1 + Iss

)
(Inτ + Iss)

}
▶ The q-relation

Qt = 1 + f (.) +
Int + Iss

In,t−1 + Iss
f ′(.)− EtMt,t+1

(
In,t+1 + Iss
Int + Iss

)2

f ′(.)
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Retail Firms

▶ The final output is a CES composite of a continuum of differentiated intermediate
goods

Yt =

[∫ 1

0
Y

(ε−1)/ε
ft df

]ε/(ε−1)

where Yft is the output by retailer f . Derive the demand for retailer f ’s production

Yft =

(
Pft

Pt

)−ε

Yt

Price index

Pt =

[∫ 1

0
P1−ε
ft df

]1/(1−ε)
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Price Rigidty and Retail Firms
▶ Retail firms face price rigidity: 1− γ probability can adjust price

▶ In between these periods, the firm is able to index its price to lagged inflation

max
P∗
t

Et

∞∑
i=0

γ iMt,t+i

[
P∗
t

Pt+i

i∏
k=1

(1 + πt+k−1)
γp − Pm,t+i

]
Yf ,t+i

s.t. : Yf ,t+i =

(
P∗

Pt+i

)−ε

Yt

where πt is the inflation from t − i to t.

▶ The optimality condition

∞∑
i=0

γ iMt,t+i

[
P∗
t

Pt+i

i∏
k=1

(1 + πt+k−1)
γp − µPm,t+i

]
Yf ,t+i = 0

▶ The price level is

Pt =
[
(1− γ)(P∗

t )
1−ε + γ

(
Π
γp
t−1Pt−1

)1−ε
]1/(1−ε)
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Resource Constraints and Government Policy
▶ Resource constraints

Yt = Ct + It + f

(
Int + Iss
Int + Iss

(Int + Iss) + G + τψtQtKt+1

)
▶ Capital evaluation

Kt+1 = ξtKt + Int

▶ Government budget

G + τψtQtKt+1 = Tt + (Rkt − Rt)Bg ,t−1

▶ Monetary policy rule

it = (1− ρ) [i + κππt + κy (logYt − logY ∗
t )] + ρit−1 + εt

▶ Fisher relation

1 + it = Rt+1
EtPt+1

Pt

▶ Credit policy

ψt = ψ + νEt [(logRk,t+1 − logRt+1)− (logRk − logR)]
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Individual State Variables and Aggregate State Variables
▶ Individual state: the information decision maker needs to know to make decisions

▶ Aggregate state: drive aggregate variables

▶ The link between the two largely determines the tractability of macro models

▶ Intermediary’s the individual state: n, or d−1, s−1

▶ Aggregate states: aggregate intermediary net worth N, aggregate capital K ,
lagged consumption C−1, lagged investment I−1, lagged interest rate i−1, all
exogenous states A, ξ and interest rate shock

▶ Aggregation of n to N is simple, (almost) homogeneous intermediaries

▶ Dynare solution: cast the model into VAR form, with all one-period lag variables
and current shocks as state variables

▶ A solution to a model includes (i) individual decision as a function of aggregate
and individual state; (ii) aggregate endogenous variables as a function of
aggregate states; (iii) the evoluation of states

▶ Recursive formulation: Dirk Krueger’s lecture notes on macroeconomics
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Solution Method

▶ Dynare: if the constraint always binds

▶ OccBin (Guerrieri and Iacoviello, 2015, JME)

▶ Can handle the occasionally-binding feature of the constraint up to the first order

▶ Dynare code available

▶ Requirement: exist two steady states with binding and nonbinding constraint

▶ Limitations: cannot deal with higher-order effect, i.e., if the fear of future constraint
to be binding has a substantial real impact today, the toolkit is inaccurate

▶ Example of higher-order effect: Bocola (2016, JPE)
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Calibration
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Calibration: Parameters New to this Model

▶ Intermediary block: λ, ω, θ

▶ Three targeted moments: average spread, leverage ratio, average horizon of bank

▶ The calibration step is critical in a quantitative work

▶ Identification: which moments identify which parameters? Usually impossible to
establish one-to-one mapping, but there is a rough relation through the underlying
economics

▶ To show the rough mapping, changing one parameter at a time can display which
moments are sensitive
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Impulse Responses: TFP, Monetary and Net Worth Shock
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Impulse Responses (2): Capital Quality Shock
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The Economics

▶ The intermediary friction, through the financial accelerator (net worth - constraint
- asset price spiral), amplifies the drop in output, capital, consumption, labor,
investment, inflation and asset price (deeper response)

▶ The main mechanism: limited lending reduces capital price, which in turn
discourages investment

▶ Monetary policy shock/intermediary net worth shock reduces aggregate demand,
which induces lower labor demand and lower capital utilization
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Credit Policy
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Credit Policy: The Economics

▶ The expected excess return widening is an indicator of a binding constraint

▶ Government lending is not subject to the constraint so it overcomes the shortage
of lending due to the friction, despite at the cost of lower efficiency

▶ With aggressive credit policy, the responses of real variables are smaller
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Companion Readings

▶ Gertler and Kiyotaki (2010) Handbook chapter

▶ Dou, Fang, Lo and Uhlig (2023 ARFE)

▶ Brunnermeier, Eisenbach and Sannikov (2012)

▶ Quadrini (2011)
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Cole’s Summary

Three critical features

▶ Each period, intermediate good producers refinance from scratch to buy capital

▶ Intermediaries start out small and die randomly, preventing the financial sector
from being large enough to grow out of the constraint

▶ Intermediaries never hedge the risk that the financial constraint binds - net worth
shocks transmitted to the supply of funds
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Cole’s Comment (1)

▶ What if a fraction of firms can pile up internal resources to self-finance
investments, then they face an internal cost of capital

▶ Chari and Kehoe (2008): in aggregate, the retained earnings exceed investments

▶ Questioning whether all firms are really constrained in their investments

▶ A different approach: heterogeneous firms + a fraction of firms constrained
(Shourideh and Zetlin-Jones, 2017 JME)

▶ Labor wedge, not investment wedge, accounts for a big fraction of US business
cycles (Chari, Kehoe and McGrattan, business cycle accounting, 2007 ECMA)
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Cole’s Comment (2)

▶ Are intermediaries constrained?

▶ Crisis suggests they are: credit spread spikes, intermediation volume drops

▶ Banks seems less so: deposit are sticky and hold excess reserves

▶ Implicitly, the GK story relies on some degree of segmentation traditional banking
business and modern business that relies on wholesale funding

▶ How long can it last? (Echo the critique by Cochrane (2017) and many others)
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Cole’s Comment (3)

▶ Financial intermediaries do not hedge the risk of a binding constraint enough

▶ Suppose the intermediaries are allowed to enter into state-contingent contracts
where wealth is transferred from states when net worth is ample to states when
net worth is scarse, the effect of constraints will be much dampened

▶ A pervasive feature of the literature

▶ Rampini and Viswanathan (2010 JF) : the opportunity cost of hedging

▶ A related issue: why don’t intermediaries accumulate net worth?

▶ Ad hocly assumed in the GK model

▶ Discussed in the literature, e.g., Midrigan and Xu (2014 AER) and Moll (2014 AER)
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2. Nonlinear models

Gertler and Kiyotaki (2015 AER), Bianchi (2011 AER)



Nonlinearity (1)

Source: Enrique Mendoza’s course lecture notes 34 / 172



Nonlinearity (2)

Source: Enrique Mendoza’s course lecture notes 35 / 172



Gertler and Karadi (2011) and Model Nonlinearity

▶ Why nonlinear models?

▶ Financial crises: small primitive shocks lead to large crisis

▶ Depending on the state of the economy

▶ GK(2011): can potentially be nonlinear due to the occasionally binding feature of
the constraint, but quantitatively not so much

▶ Introduce two nonlinear models

▶ Gertler and Kiyotaki (2015, AER) bank runs

▶ Bianchi (2011, AER) quantitative model with occasionally binding constraint
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Bank Runs in Macroeconomic Models

▶ In all the previous analysis, bank deposits are free of default

▶ Natural specification for retail deposits with deposit insurance

▶ Not for wholesale funding

▶ Bank run is a natural feature to generate nonlinear dynamics

▶ How to embed bank run insights into a macroeconomic model?

▶ Self-fulfilling runs: Diamond-Dybvig (1983)

▶ Fundamental-based runs: Calomeris and Gorton (1991)

▶ Gertler and Kiyotaki (2015, AER) the first to model bank run under standard
macro framework and nest both views
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Gertler and Kiyotaki (2015 AER)

▶ Two types of agents (households, bankers), each with unity measure

▶ Bankers are specialists in making loans

▶ Households can also make loans but less efficient by paying cost f (Kh
t ) =

α
2 (K

h
t )

2

▶ Fix total capital, which can be owned by banks and households

Kb + Kh = K̄ ≡ 1

▶ Production function Y i
t = ZtK

i
t , (i = h, b)
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Households

▶ Households can choose to deposit into banks or hold capital directly

▶ Endowment ZtW
h

▶ Deposit return R̄t+1 if the bank does not run and xt+1R̄t+1 if the bank runs,
where R̄t+1 is the contractual return and xt+1 is the recovery rate

▶ A key difference with Diamond and Dybvig: depositors receive the same pro rata
share of assets, no sequential service constraint

▶ Why bank run? Due to the presence of collateral constraint
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Household Optimization Problem

maxEt

∞∑
i=0

βi lnCh
t+i

s.t. : Ch
t + Dt + QtK

h
t + f (Kh

t ) = ZtW
h + RtDt−1 + (Zt + Qt)K

h
t−1

Two Euler equations

EtMt,t+1Rt+1 = 1

EtMt,t+1R
h
t+1 ≤ 1

where Rh
t+1 =

Zt+1+Qt+1

Qt+f ′(Kh
t )
. The second Euler equation holds with equality if Kh

t = 0
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Banks

▶ Each bank is run by a banker and bankers have their own consumption and utility

▶ Different from the previous model that banks are ultimately owned by households

▶ Banks take deposits and purchase capital subject to a friction similar to GK (2011)
that the franchise value of the bank cannot be less than θ fraction of total asset and
each period the exit prob is σ

▶ Bankers have linear utility and new bankers every period has endowment wb

▶ The exiting bankers consume the net worth cbt = nt
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Bankers’ Problem

V (nt ;Nt ,Zt) = max
dt ,kb

t

EtMt+1 [(1− σ)nt+1 + σV (nt+1;Nt+1,Zt+1)]

s.t. : nt + dt = Qtk
b
t = (Zt + Qt)k

b
t−1 − Rtdt−1

Vt ≥ θQtk
b
t
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Equilibrium

▶ Aggregate balance sheet of the banks

QtK
b
t = Dt + Nt

Nt = σ
[
(Zt + Qt)K

b
t−1 − RtDt−1

]
+W b

▶ Consumption

Cb
t = (1− σ)

[
(Zt + Qt)K

b
t−1 − RtDt−1

]
▶ Market clearing

Yt = Zt + ZtW
h +W b = Ch

t + Cb
t + f (Kh

t )
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Unanticipated Bank Runs

▶ An MIT shock: when agents make decisions, they think the bank will never run so
the decisions are based on a risk-free rate for deposit (easier to analyze)

▶ The condition for bank run

(Zt + Qt)K
b
t−1 − DtRt ≤ 0

▶ This is generally not right in standard corporate finance models: we should compare
the value function of defaulting and not defaulting

▶ Here the constraint plays the key role: if nt = 0, there is no collateral and banks
receive no funding

▶ If banks run (systematically), households have to hold capital

▶ The price of capital depends on who holds the capital, which creates room for
multiple equilibria

44 / 172



Self-Fulfilling Bank Runs

▶ There are two possible capital prices, run price Q and Q if banks do not run where

Q = Et

[ ∞∑
i=1

Mt,t+i (Zt+i − f ′(Kh
t+i ))

]
− α

is the capital price if all capital is held by the households

▶ Bank runs are self-fulfilling if

(Zt + Qt)K
b
t−1 − Dt−1Rt ≥ 0, (Zt + Q

t
)Kb

t−1 − Dt−1Rt ≤ 0

▶ If households perceive banks will not run, they provide funding to banks and the
capital price is Qt

▶ If households perceive banks will run, they don’t provide funding to banks and the
capital price is Q

t

45 / 172



Two Views of Bank Runs

▶ Self-fulfilling view: Bank run or not depends on perceptions

▶ The mechanism of “run” is different from Diamond and Dybvig, in which sequential
withdrawal triggers the run

▶ In this model, it is the collateral constraint that triggers the run

▶ Fundamental-based view: bank runs or not depends on the fundamental Zt

▶ Zt determines the threshold of the three regimes

▶ The role of leverage: the higher the leverage, the easier bank run will happen

▶ Bank run in this model is a systematic one, i.e., all banks in the economy run
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Parameters
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Impulse Responses
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Anticipated Bank Runs

▶ When bank runs are anticipated, the deposit rate will be higher

▶ Banks will take the higher cost of deposit into consideration and reduce their
balance sheet size

▶ When banks choose their leverage, how much do they consider the impact of
leverage choice on run probability?
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Deposit Rate
▶ Since households face the risk that their deposits may not be repaid, the deposit

rate is no longer a risk-free rate

▶ Household Euler equation (full-fledged case)∫ Z1
t+1

0
Mt+1

Zt+1 + Q
t+1

Qt
dF (Z )︸ ︷︷ ︸

run for sure

+

∫ Z2
t+1

Z1
t+1

ξ
Zt+1 + Q

t+1

Qt
dF (Z )︸ ︷︷ ︸

self-fulfilling run

+

∫ Z2
t+1

Z1
t+1

(1− ξ)Rt+1dF (Z )︸ ︷︷ ︸
self-fulfilling not run

+

∫ ∞

Z2
t+1

Rt+1dF (Z )︸ ︷︷ ︸
not run for sure

= 1

▶ When in the self-fulfilling region, whether to run or not is determined by a sunspot
- prob ξ to run

▶ Rt+1 is the contractual deposit rate

▶ Z 1
t+1 and Z 2

t+1 are the cutoffs to the three regimes
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A Short-cut

▶ In principle, the cutoffs are endogenous and depends on Rt+1 and they in turn
determine Rt+1

▶ This paper takes a shortcut: assign pt the probability of run where

1 = R̄t+1Et [(1− pt)Mt,t+1 + ptMt,t+1xt+1]

and xt+1 is defined as recovery rate

xt+1 = min

[
1,

(Q∗
t+1 + Zt+1)k

b
t

R̄t+1dt

]

Assume that pt is a decreasing function of Etxt+1:

pt = 1− Etxt+1 if Et(xt+1) < 1
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Recession Due to Anticipation of Bank Runs
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Anticipated Runs
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Financial Policies

▶ Capital requirement/leverage restriction

▶ Lender of last resort: preventing runs

▶ A more full-fledged analysis: Gertler, Prestipino and Kiyotaki (2019, RES)
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Bianchi (2011, AER)

▶ A canonical open economy model with

▶ Incomplete financial market

▶ Price-dependent collateral constraint

▶ Currency mismatch

▶ Quantitative analysis of macroprudential policies
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Small Open Economy

▶ The small open economy consumes two goods, tradable and nontradable
aggregated as

ct =
[
ω(cTt )−η + (1− ω)(cNt )−η

]− 1
η

▶ Utility maximization

max
cTt ,cNt

E0

∞∑
t=0

βtu(ct)

cTt + bt+1 + pNt c
N
t = bt(1 + r) + yTt + pNt y

N
t

bt+1 ≥ −(κNpNt y
N
t + κT yTt )

▶ Borrowing is denominated in tradable good and interest rate is r

▶ Note that β(1 + r) < 1
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Collateral Constraint

▶ The collateral constraint specified the borrowing limit as a function of the income

▶ The price of nontradable good (real exchange rate) enters into the borrowing limit

▶ The effect of the collateral constraint

▶ Limit borrowing when it actually binds

▶ Change borrowers’ precautionary behavior by borrowing less
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Pecuniary Externality

▶ When the borrowing constraint is price dependent, the decentralized equilibrium is
not constrained optimal

▶ The private agents fail to consider their decision’s effect on the real exchange rate
(both today and tomorrow), while a government takes this into consideration

▶ Theoretical argument made by Lorenzoni (2008, RES), a simple model illustration
in Erten et al (2020,JEL)

▶ Room for government macroprudential policies
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Optimality Conditions

λt = uT (t)

pNt =

(
1− ω

ω

)(
cTt
cNt

)1+η

λt = β(1 + r)Etλt+1 + µt

bt+1 +
(
κNpNt y

N
t + κT yTt

)
≥ 0

The last equation holds with equality if µt > 0. Note that cNt = yNt and therefore the
market clearing condition is

cTt = yTt + bt(1 + r)− bt+1
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Social Planner’s Problem

V (b, y) = max
b′ ,cT

u(c(cT , yN)) + βEV (b′, y ′)

s.t. : b′ + cT = yT + b(1 + r)

b′ ≥ −

(
−κN 1− ω

ω

(
cT

yN

)η+1

yN + κT yT

)
Two Euler equations

λspt = uT (t) + µspt Ψt

λspt = β(1 + r)Etλ
sp
t+1 + µspt

where Ψt = κN(pNcN)/cT (1 + η), indicating how much the collateral value changes in
equilibrium in response to a change in tradable consumption.

▶ Key difference: when the social planner chooses cT , she takes into account its
effect on pN while the private agents are price takers
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Macroprudential Policy

uT (t) = β(1 + r)(1 + τt)EtuT (t + 1) + µt

Solve for τt using the social planner’s solution. See Appendix A of the paper for
derivation. The optimal tax implements the constrained efficient allocation.
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Solution Method
▶ Cannot solve in dynare, occasionally binding constraint

▶ The precautionary behavior due to the constraint is important (not Occbin)

▶ Solved by policy function iteration

▶ Create state space and construct Markov chain for y

▶ Conjecture solution ck(b, y), b
′

k(b, y), solve for pNk (b, y)

▶ Assume the constraint binds, calculate b
′

k+1(b, y) and ck+1(b, y)

▶ Assuming time t + 1 consumption rule follows k conjecture, calculate
Ey [uT (c

B
k (b

′

k(b, y), y
′))]. Note b

′

k(b, y) may not be on the grid, need interpolation

▶ Check whether the constraint binds by comparing uT ((ck+1(b, y))) and
Ey [uT (c

B
k (b

′

k(b, y), y
′))]. If difference > 0, the constraint binds and keep ck+1(b, y).

Otherwise, replace ck+1(b, y) by solution to the Euler equation with µ = 0

▶ Calculate b
′

k+1(b, y) and pNk+1(b, y)

▶ Stop if the k-th iteration and k + 1-th iteration is close enough

▶ More materials, see Enrique Mendoza’s website
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Calibration

The output processes are estimated directly from the data.
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Decision Rule
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Ergodic Distribution of Debt
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Financial Crisis
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Business Cycles
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Welfare Gains
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Other Nonlinear Models

▶ Information acquisition: Gorton and Ordonez (2014, AER)

▶ Brunnermeier and Sannikov (2014, AER)

▶ He and Krishnamurthy (2013, AER)

▶ ...
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3. Intermediary asset pricing theory

He and Krishnamurthy (2020 ARFE)



He and Krishnamurthy (2020 ARFE)

▶ A simplified static model to deliver the insight of intermediary asset pricing

▶ Nest implications for further empirical work

▶ Highlight the asset pricing implications
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Setup

▶ Two sectors: an intermediary sector and a household sector

▶ Households do not directly invest in “intermediated” assets, but delegate
investments to the intermediary sector

▶ Delegation is frictional, to be specified later
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Investors’ Preference
▶ Two period, t = 0, 1, dividend payout at t = 1

▶ D̃ ∼ N(µ, σ2), exogenous interest rate 1+ r and aggregate supply of risky asset θ

▶ Two classes of agents, intermediary managers (M) and households (H), both
CARA

ui (W
i
1) = − exp

(
−W i

1

ρi

)
ρM , ρH are the risk tolerance of managers and households

▶ Households cannot directly invest in the market for the risky asset - create scope
for intermediation

▶ Households give some of the wealth to intermediary managers who invest in the
risky asset on their behalf

▶ When households delegate investment to specialists, their exposure is determined by
the contract

▶ GK: banks bear all risks
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The Delegation Friction

▶ A manager in the intermediary chooses the quantity of risky assets to buy xF and
a due diligence decision s ∈ {0, 1}
▶ Shirk s = 0: intermediary return falls by ∆, manager gets a private benefit of b
▶ A profit-sharing contract (K , ϕ)

▶ ϕ: linear share of the return paid to the intermediary manager

▶ K : management fee paid to the managers (set K = 0 without loss of generality)

▶ Contractual foundation: He and Krishnamurthy (2012 RES)
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Intermediary Managers’ Optimization Problem

Given the contract ϕ, the intermediary manager maximizes

max
xF ,s

E

{
− exp

(
− 1

ρM

[
ϕ
(
xF (D̃ − (1 + r)p)− s∆

)
+ sb

])}
Assume s = 1, the solution is

xF = ρM
µ− p(1 + r)

ϕσ2

Households hold

xH = ρM
1− ϕ

ϕ

µ− p(1 + r)

σ2
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The Unconstrained Case

Suppose there is no constraint, the optimal portfolio of households is

xH = ρH
µ− p(1 + r)

σ2

When households choose the contract, they will target at the first-best, i.e.

ϕ =
ρM

ρH + ρM
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The Constraint

▶ With ϕ and xF , the manager effectively holds xM = ϕxF risky asset, and the
households hold the rest xH = (1− ϕ)xF

▶ The cost of shirking to the intermediary ϕ∆, the benefit b

▶ To induce s = 1, the incentive compatibility condition

ϕ∆ ≥ b
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Equity Interpretation

▶ Effective holdings interpreted in terms of financing

▶ For each ϕ dollars the manager puts in, the household investor puts in 1− ϕ dollars

▶ Profit sharing based on equity share

▶ The constraint is written as

ϕ ≥ b

∆
≡ 1

1 +m

▶ m: households’ max willingness to contribute given every dollar of specialist’s
contribution
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The Constrained Case

▶ If ρM
ρH+ρM

≤ 1
1+m , the first-best is not achievable

▶ Households have to choose ϕ = 1
1+m

▶ If m suddenly drops, the constraint will bind

▶ If the specialist’s risk aversion ρM suddenly drops, the constraint will bind
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Equilibrium Asset Prices

▶ If the constraint does not bind, m ≥ ρH
ρM

, ϕ = ρM
ρM+ρH

. Market clearing implies

p =
µ

1 + r
− θσ2

(1 + r)(ρM + ρH)

▶ If the constraint binds, m < ρH
ρM

, ϕ = 1
1+m . Market clearing implies

p =
µ

1 + r
− θσ2

(1 + r)(1 +m)ρM
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Constraint Narrative

▶ Investors in the market have their appetite for risky assets, but some do not have
the skills (households)

▶ Households have to dump their risy assets when the intermediary friction is severe
(they cannot delegate, otherwise specialists will shirk), so that these
intermediated risky asset prices drop sharply
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Intermediation Shocks: m

▶ If m decreases unexpectedly

▶ Only matters if it triggers the constraint to bind

▶ Asset prices drop sharply

▶ Nonlinearity: the defining feature

▶ Interpretations: complexity (information), panic, moral hazard, etc

81 / 172



Intermediation Shocks: Wealth

Wealth shock has no effect with CARA preference

▶ From CARA to CRRA: the risk tolerance depends on the wealth, 1
ρM

= γ
WM

, so
that a drop in WM decreases the risk tolerance of the managers

▶ A drop in WM lowers asset prices through multiple channels

▶ If the constraint does not bind, increased risk aversion of managers lower asset prices

▶ The cutoff for the constraint to bind increases with a lower ρM , and the constraint is
more likely to bind

▶ A feedback loop between WM and asset price - absent here, need a dynamic
model, generate stronger nonlinearity
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Multiple Assets and Households

▶ Consider two assets, j = 1, 2

D̃j ∼ N(µj , σ
2
j ), cov(D̃1, D̃2) = 0

▶ Households can directly invest in asset 2, but must invest through intermediaries
for asset 1

▶ Introduce sophisticated investors with CARA risk tolerance ρS that can fully
participate in all asset markets
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Equilibrium Asset Prices with Binding Equity Constraint

▶ Independent return makes the portfolio choice for two assets separate

▶ Equilibrium asset price

p1 =
µ

1 + r
− θ1σ

2
1

1 + r

1

(1 +m)ρM + ρS

p2 =
µ

1 + r
− θ2σ

2
2

1 + r

1

ρH + ρM + ρS

▶ One potential way to test intermediary asset pricing theory

▶ If there are two assets, one intermediated (asset 1) and ther other not (asset 2)

▶ The price of asset 1 should drop more than asset 2 with a shock in m or ρM
▶ The basis of Haddad and Muir (2021, JF)

▶ The role of correlation and cross-asset return predictability?
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Euler Equation: E (Re
i ) = βiλ

▶ Take the two-asset solution, and recast the expected return into βλ form

▶ The risk factor: wealth of the intermediary W̃1M

▶ The expected return of asset i

µi − (1 + r)pi = βiλM , βi =
cov(W̃1M , D̃i )

var(W̃1M)

▶ The price of risk equals the manager’s absolute risk aversion × variance of
manager’s wealth

▶ Note: not only asset 1 satisfies the Euler equation, asset 2 as well, although it is
not forced to be intermediated
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Regulation

Discuss regulatory constraint in this framework

▶ Equity constraint
EF ≤ WM(1 +m)

▶ Regulatory constraint L incidates other assets such as loans

kx × pxF + kL × xL ≤ EF

▶ Regulatory constraint binds only if the equity constraint binds, so that the
intermediary cannot raise more equity
▶ In the banking (corporate finance) literature, sticky equity issuance is a stylized fact

and a common assumption (e.g.,pecking order theory)
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What is Intermediary Asset Pricing Really About?

▶ Note that intermediary SDF prices all assets no matter whether the intermediary
constraint binds or not

▶ The wealth of the sophisticated investor also prices all assets, but not households

▶ The real bite: βM1 versus βM2 - more intermediated assets should have higher β
with respect to intermediary wealth

▶ Intermediary asset pricing is a joint hypothesis: intermediary wealth prices the
cross-section of assets, but the household wealth does not
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4. Empirical advances in intermediary asset pricing

He, Kelly, and Manela (2017, JFE), Muir (2017, QJE), Haddad and Muir (2021, JF)

A broad review of macro-finance: Cochrane (2017, RF)



How to Take the Intermediary AP Theory to the Data?

▶ Who are the intermediaries?

▶ How to measure intermediaries’ marginal value of wealth?
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He, Kelly and Manela (2017,JFE)

▶ Intermediaries: primary dealers

▶ Counterparties of NY Fed when conducting monetary policy

▶ Measuring merginal value of wealth: intermediary capital ratio

ηt =

∑
i Market Equityi ,t∑

i

(
Market Equityi ,t + Book Debti ,t

)
▶ Need to assess the appropriateness of the definition

▶ Gap between theory and data

▶ Theory: intermediary’s wealth share (of total wealth)

▶ Data: intermediary’s capital over assets - positively correlated
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Primary Dealers
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A Two-factor Model

Λt = e−ρt(W I
t )

−γ = e−ρt(ηtWt)
−γ

▶ Return to aggregate wealth: capture TFP-type shock

▶ Intermediary capital ratio: capture financial shock

▶ Shock to m: intermediation disruption
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Intermediary Capital Ratio

▶ Procyclical capital ratio 92 / 172



Test Assets

▶ Expand to stocks, governmennt bonds, CDS, corporate bonds, options,
commodities, FX, and sovereign bonds

▶ A more powerful test of asset pricing models

▶ More and more used in empirical asset pricing
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Cross-Sectional Test
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Price of Risk

▶ A consistent estimate across asset classes (around 9 percent)

▶ Quite large price of risk: 9.35 percent per quarter: one sd (0.11) increase in beta
leads to a 0.11× 9.35× 4 = 4.11 percent in annual risk premium

▶ Positive price of intermediary capital risk
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Is It A Sideshow of some Known Factors?
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Are Primary Dealer Special?
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The Intermediation Sector

▶ Heterogeneity between primary dealers and other broker dealers

▶ A large degree of homogeneity in intermediaries that are marginal in different
asset markets

▶ The same set of intermediaries

▶ Highly correlated capital ratio
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Equity or Debt?
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Adrian, Etula and Muir (2014, JF)

▶ An earlier paper by Adrian, Etula and Muir (2014) shows the pricing power of
broker dealer leverage for stocks and bonds

▶ Define broker-dealer leverage as the reciporal of HKM’s intermediary capital ratio

▶ AEM finds a positive price of risk for broker-dealer leverage risk factor
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AEM Main Results (1)
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AEM Main Results (2)
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Comparison

▶ AEM leverage measure positively correlated with HKM capital factor

▶ AEM prices stocks and bonds well, but not other asset classes, especially those
heavily intermediated

▶ Data sources are different

▶ Primary dealer vs. the whole broker dealer sector - heterogeneity

▶ Holding company vs. subsidiary (the role of internal capital markets)
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Leverage Cyclicality and the Nature of Constraint

▶ Countercyclical leverage: equity constraint

▶ Common implication in almost all macroeconomic models (Gertler and Kiyotaki,
2010; Brunnermeier and Sannikov, 2014; Mendoza, 2010)

▶ Do not allow for external equity issuance in bad times

▶ Procylical leverage: debt constraint (Adrian and Shin, 2014)

▶ In bad times, debt constraint binds and intermediaries have to delever

▶ Not necessarily mutually inconsistent

▶ Different intermediaries (Adrian and Shin, 2010)

▶ Both constraints may be relevant, but bind at different times or in different states of
the world - when?

▶ Intermediaries interact in equilibrium - heterogeneous intermediaries
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Adrian and Shin (2010)
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Adrian and Shin (2010)
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Debt and Equity Constraint

“An interesting direction for future theory is to investigate different economic
conditions underwhich debt or equity constraints are more likely to impact asset values,
and to use this to guide construction of a more sophisticated pricing kernel that nests
both mechanisms in a state-dependent manner.”
A quote from HKM (2017)
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Return Predictability and Time-varying Risk Premia
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Summary of HKM (2017)

▶ A cross-sectional Euler equation test

▶ Positive price of intermediary capital ratio risk

▶ Consistently estimated across asset classes

▶ Highlight the special role of primary dealers

▶ Explain why HKM differs from AEM and why it makes sense

▶ Broker-dealer vs. primary dealder (heterogeneity)

▶ Holding company vs. subsidiary (internal capital market)

▶ Implication on the nature of constraint: equity vs. debt
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What’s Next?

▶ Intermediary AP: intermediaries are marginal but households are not

▶ Cross-sectional Euler equation test is indirect
▶ More direct test?

▶ Muir (2017, QJE): crisis of different natures

▶ Haddad and Muir (2021, JF): compare different asset classes with different degree of
intermediation
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Crises: Muir (2017, QJE)

▶ Analyzes dynamics of risk premia during crises, wars, and recessions and show
these risk premia spikes cannot be explained by consumption dynamics, lending
support to intermediary AP

▶ Punchline: distinguish consumption-based AP models and intermediary AP
models in crises events
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Stylized Fact
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Data

▶ 14 countries, 1870-2009

▶ Real consumption per capita, dividend yields, real stock returns, credit spreads

▶ Identify periods with financial crises, recessions, deep recessions, and wars
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Asset Prices and Consumption Dynamics in Crisis
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Asset Prices and Drivers of Risk Premia in Conventional AP Models

115 / 172



Diagnosis

▶ During financial crises, large stock return drop and credit spread increase without
large consumption drop

▶ Volatility barely increases in crises, while risk premia spikes

▶ In recessions and wars when consumption (or surplus) has a large drop, risk
premia does not move much

▶ Unemployment and investment dynamics support a discount rate effect in
financial crises

▶ Top income share does not move much, not support a limited participation
explanation
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Haddad and Muir (2021, JF)

▶ The idea: risk premia of more intermediated assets respond more to
intermediaries’ risk bearing capacity and less to households’ risk bearing capacity

ri ,t+1 = αi + βi ,HγH,t + βi ,IγI ,t + εi ,t+1

▶ βi,I lines up with the degree of intermediation

▶ βi,H lines up (reversely) with the degree of intermediation

▶ Challenges

▶ How to measure γH,t , γI ,t?

▶ How to rank assets in their degree of intermediation?
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A Simple Model

▶ Two periods, t = 0, 1, n risky assets supply S , risk-free rate 0

▶ Risky asset payoff follows N(µ,Σ)

▶ Households and intermediaries have mean-variance utility with risk aversion γH , γI

▶ Households can delegate to intermediaries (but cannot control intermediary’s
behavior) or hold directly subject to a cost 1

2D
′
ΣdiagCD

▶ Assume γI ≥ γH so that intermediaries are not willing to take all risks that
households want to take
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Optimization

▶ Intermediary

max
DI

D
′
I (µ− p)− γI

2
D

′
IΣDI

▶ Households

max
DH

(DH + DI )
′
(µ− p)− γH

2
(DH + DI )

′
Σ(DH + DI )−

1

2
D

′
HΣdiagCDH

▶ Market clearing
DH + DI = S
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Model Predictions

▶ If γI ̸= γH and ̸= 0, intermediary matters for asset prices, i.e.

∂(µ− p)

∂γi
̸= 0

▶ The elasticity of risk premium to intermediary (household) risk aversion γI (γH) is
increasing (decreasing) in the cost of direct holding

βi ,I =
ci

γI + ci
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Empirical Implementation

▶ How to measure γI ?

▶ Broker-dealer leverage (AEM) and intermediary equity (HKM)

▶ How to measure γH?

▶ CAY and habit measure in Campbell and Cochrane (1999)

▶ How to rank assets?

▶ Holding and volume data (HH vs. financial institutions, FoF and BIS)

▶ VaR exposures relative to the total size

▶ Direct expenses (ETF fees)
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Ranking of Intermediation Degree
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Comparability

▶ To ensure comparability, returns need to be normalized

▶ Otherwise, a levered return has a larger coefficient mechanically

▶ Scaling by vol or expected return both work, but the latter is harder as expected
return is harder to measure
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Main Results
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Interpretations and Alternative Hypothesis

▶ H1: intermediary health is purely a proxy for household risk capacity

▶ Rejected - otherwise we should see a declining coefficient

▶ H1: intermediary health matters but is correlated with household risk capacity

▶ Not rejected, but the increasing effect of intermediaries on risk premia dominates the
decreasing effect from households

▶ Offer a lower bound on intermediary health’s effect on risk premia
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Intermediaries and Households
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Decomposing Variations in Expected Returns

Et(r
σ
i ,t+1) = bi ,I γ̃I ,t + bi ,H γ̃H,t

▶ Recall that βi ,I =
ci

γI+ci
, project bi ,I and bi ,H to ci and use the projected value for

decomposition

bi ,I = AI + BI × ci + uI ,i , bi ,H = AH + BH × ci + uH,i

▶ A lower bound for the role of intermediaries

σ2Intermediaries ≥ σ2((BI × ci )γ̃I ,t)
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Decomposition Results
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Variation in Risk
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Evidence from Hedge Fund Returns
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Empirical Studies on Intermediary Asset Pricing

▶ “Macro evidence” that shows intermediaries matter for asset prices in generaal in
the time-series and cross-section

▶ Euler equation test

▶ Crisis diagnosis

▶ Cross-sectional predictability comparison

▶ Historical and international evidence: Baron and Muir (2022 RFS)

▶ “Micro evidence” for a particular asset class

▶ Example: Haddad and Sraer (2020, JF)
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Cochrane (2017, RF) Interpretation of Intermediary AP

▶ Basic story: when income declines toward debt, investors take less risk

▶ Distinct from other models: the absence of most investors from the market is
central to the story

▶ The vast bulk of people would have loved to have bought assets at fire-sale prices
during crises- but they were not “marginal”, unable or unwilling to buy cheaply
priced stock directly
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Cochrane (2017, RF) Critique

▶ Why do people get more risk averse as they approach bankruptcy, not less?

▶ Not everyone is in debt

▶ Explain obscure CDO, CDS, or other hard to trade instruments, but how to explain
widespread, coordinated, long-lasting movements in stock and bond markets?

▶ Part of everyone’s opportunity set - we are all marginal

▶ Large, sophisticated, unconstrained, debt-free wealthy investors and institutions

▶ If there is such severe agency problem, why do fundamental investors put up with
it? Why not invest directly, or find better contract?
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5. Monetary policy, risk premium, and intermediaries

Drechsler, Savov, and Schnabl (2017 QJE, 2018 JF, 2018 ARFE)



Monetary Policy and Financial Market
▶ Before 1980s

▶ Monetary policy through the control of reserve quantity

▶ Banks create (inside) money through reserves

▶ After the 1980s, less bank funding from deposit and requires reserve holding

▶ M2 no longer stable and reliable indicators of inflation

▶ Standard view in macro: monetary economics without money, interest rate tool

▶ Evidence on the role of financial market in monetary policy transmission using
high-frequency data

▶ Bernanke and Kuttner (2005, JF): stock return drops shortly after Fed raises rate
surprisingly, driven by risk premia

▶ Gertler and Karadi (2015, AEJ Macro): credit spread spike

▶ Hanson and Stein (2015, JFE): long-term rate

▶ This section: monetary policy transmission through the financial system
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Liquidity

▶ Liquidity: public liquidity and private liquidity

▶ Private liquidity: liabilities of the financial sector

▶ Unsecured: wholesale funding

▶ Secured: for example, deposit

▶ Public liquidity: liabilities of the government
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Liquidity and Financial Panic

▶ Private liquidity causes financial panic or instability

▶ Bank runs: run on unsecured funding

▶ Liquidity crunch

▶ Public liquidity helps deal with bank run or liquidity crunch, since their values are
maintained in financial panic

▶ If the government bonds are non-defaultable

▶ Command a liquidity premium

▶ Secured private liabilities: not subject to run

▶ Also command a liquidity premium
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The Deposit Channel of Monetary Policy: Drechsler, Savov, and Schnabl
(2017, QJE)

▶ Banks have market power over supply of deposit (i.e., can set the deposit rate)

▶ Depositors are willing to pay a premium (accpet lower rate) to hold deposit

▶ The spread charge depends on the interest rate, the cost of holding cash

▶ When interest rate is high, the cost of holding cash is high, banks can set a higher
deposit spread and charge a higher liquidity premium

▶ As a result, deposit flows out of the banking system

▶ Deposits are low-cost funding and are not easily substitutable, so the loss of deposits
contracts lending
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The Deposit Channel of Monetary Policy

▶ FFR rise widens the spreads between FFR and deposit rate, inducing deposits to
flow out of the banking system

▶ The opposite direction of response of deposit and spread → a supply change

▶ More results with identification power later
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A Simple Model of Deposit Channel
▶ Single period, no risk

▶ Households derive utility from wealth and liquidity with CES aggregation (ρ < 1,
complementary)

u =
(
W

ρ−1
ρ + λl

ρ−1
ρ

) ρ
ρ−1

▶ Liquidity service derived from cash M and deposit D with CES aggregation
(ε > 1, substitutable)

l(M,D) =
(
M

ε−1
ε + δD

ε−1
ε

) ε
ε−1

▶ Deposit derived from N banks with CES aggregation (η > 1, substitutable)

D =

(
1

N

N∑
i=1

D
η−1
η

i

) η
η−1

▶ Outside asset, Fed funds rate f
139 / 172



Monopolistic Competitive Banks as Deposit Supplier

▶ Let the deposit spread charged by bank i be si , deposit rate is f − si

▶ Monopolistic banks set si
max
si

Di si

s.t. : Depositors’ demand function Di (si )

Optimality condition:
∂Di/Di

∂si/si
= −1

140 / 172



Deposit Demand

▶ Denote s: average spread of deposit, the forgone wealth is Ds

∂Di/Di

∂si/si
=

1

N

(
∂D/D

∂s/s

)
− η

(
1− 1

N

)
▶ Aggregate effect: when si increases, the overall cost of deposit s increases, so

deposit flows out of the banking system in aggregate (scale of 1/N)

▶ Inter-bank competition effect: when si increases, depositors shift to other banks for
deposits, govered by η, the elasticity of substitution among deposits provided by
different banks

▶ At the optimum, we solve for

−∂D/D
∂s/s

= 1− (η − 1)(N − 1) = M
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Aggregate Deposit Elasticity

The aggregate deposit elasticity

−∂D/D
∂s/s

=

[
1

1 + δε
(
f
s

)ε−1

]
ε+

[
δε
(
f
s

)ε−1

1 + δε
(
f
s

)ε−1

]
ρ

▶ Two layers of CES optimization: cash and deposit, liquidity and wealth

▶ Assume ρ < 1 < ε, η, solve for

s = δ
ε

ε−1

(
M− ρ

ε−M

) 1
ε−1

f

▶ Spread charge increases with the Fed funds rate
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The Economics

▶ When the Fed funds rate increases (cost of holding cash increases), banks worry
less about competition from cash and can raise the spread charge for deposit

▶ All banks have similar incentives and thus the aggregate effect is similar

▶ When the spread charge is higher, deposit supplied by banks is reduced since
Di (si ) is downward sloped

▶ The increase of s with respect to f , increases with banks’ market power M
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Lending and Wholesale Funding

▶ Di retail deposit, Hi wholesale funding, Li lending

▶ Banks’ revised problem

max
Di ,Hi

(
f + l0 −

l1
2
Li

)
Li −

(
f +

h

2
Hi

)
Hi − (f − si )Di

s.t. : Li = Di + Hi

▶ The cost of wholesale funding increases with its reliance

▶ Depsoit and wholesale funding are not perfectly substitute

▶ A contraction of Di leads to a contraction of lending Li
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Key Predictions

▶ When f increases, s increases and deposit flows out of the banking system

▶ The deposit outflow is associated with a lending contraction

▶ The s increases is larger if the banks have more market power
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Aggregate Evidence: The Deposit Channel
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Aggregate Evidence: The Deposit Channel
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Cross-sectional Evidence

▶ Utilize the geographic variation in market power induced by differences in the
concentration of local deposit markets

▶ Consider the same bank located in different counties with different concentration

▶ Facing the same investment opportunities
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Deposit Spreads
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Deposit Growth
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The Effect on Lending

▶ Assumption: lending is distributed freely across branches, so what determines
lending is the average concentration

▶ Construct bank-level Herfindahl index by averaging across branches

▶ Within-bank estimation not apply, within-county variation

▶ Assumption: Lending opportunities within the same county similar
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Lending
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Deposit Spread and Liquidity Premium
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Further Thoughts

▶ Subtitution between deposits and wholesale funding (Whited, Wu and Xiao, 2023)

▶ The market power of banks and deposit rate making (Wang, 2022 JF), the debate
between DSS and Begenau and Stafford (2022)

▶ Banks’ exposure to monetary policy (Drechsler, Savov and Schnabl, 2021 JF)

▶ ...
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So Far...

▶ The bank deposit channel: monetary policy alters banks’ ability to utilize its
market power to extract monopoly rents on deposits

▶ Lead to deposit outflow and lending contraction

▶ A simple theory and empirical evidence, both aggregate and cross-sectional

▶ What about risk premia? Drechsler, Savov, and Schnabl (2018, JF)
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Monetary Policy, Leverage, and Risk Premia

▶ When interest rate is high, liquidity premium is high

▶ Evidence: Nagel (2016, QJE), Drechsler, Savov, and Schnabl (2017, QJE)

▶ Mechanism: the deposit channel (but abstract the substitution)

▶ Banks hold public liquidity (including cash) to prevent runs and are willing to
forgo some returns (liquidity premium)

▶ If interest rate is high, liquidity premium is high, the cost of leveraging is high, so
banks take less risk
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Model Setup

▶ How to model savers and banks?

▶ Two types of agents with different risk aversion (γA < γB)

▶ Liquidity premium: in the simplest case, equal to interest rate (the opportunity
cost of holding cash)
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Risky Asset

▶ Dividend process
dYt

Yt
= µY dt + σY dBt

▶ Conjecture the return process, µt and σt to be solved endogenously

dRs,t = µtdt + σtdBt
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The Key Friction

▶ Banks face funding shocks (liquidity crunch, bank runs)

▶ Private liabilities

▶ Large loss if no enough public liquidity (including cash) to cover the shock

▶ Create incentive to hold cash
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Banks’ Optimization

V A
t = max

CA
t ,w

A
s,t ,w

A
l,t

E0

∫ ∞

0
f A(CA

t ,V
A
t )dt

s.t. :
dW A

W A
= − CA

t

W A
t

dt + rtdt + wA
s,t(dRs,t − rt)dt − wA

l ,tnt

−
(

λ

1 + λ
(wA

s,t + wA
l ,t − 1)− wA

l ,t

)
ϕ

1− ϕ
dNt

▶ The second line: the effect of bank run and liquidity holding

▶ λ
1+λ(w

A
s,t + wA

l ,t − 1) amount of funding withdraw

▶ wA
l ,t public liquidity (cash) that can be used to cover the withdraw

▶ The remaining: incur a loss
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Equilibrium Liquidity Holding

▶ If the cost of “firesale” is large enough, equilibrium liquidity holding

λ

1 + λ
(wA

s,t + wA
l ,t − 1) = wA

l ,t

Solve for
wA
l ,t = λ(wA

s,t − 1)

▶ The economics: leveraging wA
s,t − 1 exposure to runs

▶ For each unit, need λ additional liquidity

161 / 172



An Array of Liquid Assets

▶ So far, only one liquid asset: cash

▶ Introduce an array of liquid assets

▶ Very easy: perfectly substitutable liquid assets, price per unit of liquidity is identical

▶ Does not make an impact on banks’ risk taking

▶ Check the paper for solving government bonds’ liquidity premium and yield
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Agents’ Optimization Problem
▶ Rewrite banks’ optimization problem as

V A
t = max

CA
t ,w

A
s,t

E0

∫ ∞

0
f A(CA

t ,V
A
t )dt

s.t. :
dW A

W A
= − CA

t

W A
t

dt + rtdt + wA
s,t(µt − rt − λn)dt + wA

s,tσtdBt

▶ A standard consumpiton-portfolio choice problem, augmented by λn, which
disincentives wA

s

▶ Households’ optimization problem

V B
t = max

CB
t ,wB

s,t

E0

∫ ∞

0
f B(CB

t ,V
B
t )dt

s.t. :
dW B

W B
= − CB

t

W B
t

dt + rtdt + wB
s,t(µt − rt)dt + wB

s,tσtdBt
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Market Clearing

▶ Define wealth share ωt =
WA,t

WA,t+WB,t

▶ Consumption good
ωtC

A
t + (1− ωt)C

B
t = Yt
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Policy Implementation: Money Supply

▶ There exists a one-to-one mappting between money supply and interest rate

▶ If the central bank wants to target an interest rate n, its money supply has to equal
to banks’ demand of reserves

▶ Similar to the “money market equilibrium” in undergraduate macro

▶ Similar: a one-to-one mapping of government debt supply and liquidity premium
for government debt
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Inflation

▶ A problem of this model is inflation

▶ Nominal rate is controlled by the central bank

▶ Real rate is determined by the intertemporal substitution of households and banks

▶ Inflation: purely passive and counterfactual
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Solution Method

▶ Single state variable: wealth ratio ωt

▶ Standard in two-agent models

▶ The wealth share of banks determine the aggregate risk appetite of the economy - if
ωt is high, most wealth is in the hands of banks, the economy’s effective risk
aversion is low, and vice versa

▶ The asset pricing block: standard procedure starting from price-dividend ratio

▶ Solution method: projection using Chebyshev approximation

▶ All endogenous variables are functions of ωt . Approximate the value functions,
solve for endogenous variables and find out the approximation that makes the
HJB equations hold
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Solution
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Forward Guidance
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The Greenspan Put
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Possible Extensions

▶ Embed into a macroeconomic framework and fix the “inflation” property

▶ Imperfect substitution of different liquid assets

▶ Quantitative performance of the model

▶ Bank run on the equilibrium path and the role of public liquidity (Li, 2023)

▶ ....
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Possible Directions of Intermediary Asset Pricing

Brunnermeier et al (2020), “ Review Article: The Future of Asset Pricing”, section 5-6
▶ Intermediary heterogeneity and their role in asset prices

▶ Demand system approach

▶ Which intermediaries in which markets?

▶ Why MM fails - the role of capital, debt overhang, ...

▶ Open the box of the financial firm: capital allocation within the firm, career
concerns, search for yield, benchmarking, ...

▶ Connect intermediary AP to macroeconomics
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