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Puzzle

Monetary policy characterized as:

“too loose for too long, leading to excessive risk taking”

e Monetary policy is loose for a reason
— Stimulate investment and output
e ...and is supposed to encourage risk taking
— Lower hurdle rate so more projects receive funding

Open questions:

e Why isn't output responding more to stimulus?

e What risk taking are we concerned about?

)
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This paper

General equilibrium model with:
e Agents with heterogeneous investment quality
— Endogenously split into borrowers and lenders
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This paper

General equilibrium model with:
e Agents with heterogeneous investment quality
— Endogenously split into borrowers and lenders
e Credit market with maturity transformation
— Liquidity risk makes leverage costly
e Secondary market with lemons problem
— Feedback effect through equilibrium prices

Equilibrium features:
e Heterogeneous responses to interest rates and prices
e More risk taking by the wrong agents

— Impaired transmission of stimulus to output
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Intuition — first best

Borrowing

A

» Type

O---r---@

e First best: All funds invested by most productive type
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Intuition — second best

Borrowing

A

» Type

e Second best: Every type trades off net return vs. liquidity risk
— FOC with interior solution for every borrower type
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Intuition — second best

Borrowing

A

» Type

e Second best: Every type trades off net return vs. liquidity risk
— FOC with interior solution for every borrower type
e Types respond heterogeneously to equilibrium prices:

e Changes in interest rate
e Changes in liquidation values

5/23



Intuition — equilibrium mechanism

Monetary
stimulus

Interest
rate drops
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increases

Output
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Intuition — equilibrium mechanism

Monetary
stimulus

Interest
rate drops

4
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High types

react more
Loan de- Liquidation
mand falls values drop

Investment Output

increases responds
High types Stimulus
react less dampened
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Model setup

e Three periodst = 0,1, 2
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Model setup

e Three periodst = 0,1, 2
e Unit measure of risk neutral agents 6 € [0, 1]

e Initial endowment of E/ at ¢t =0

e Unit investment at ¢ = 0 yields a random return at ¢t = 2:

RO with prob. p
0 with prob. 1 —p
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Model setup

e Three periodst = 0,1, 2
e Unit measure of risk neutral agents 6 € [0, 1]

e Initial endowment of E/ at ¢t =0

e Unit investment at ¢ = 0 yields a random return at ¢t = 2:

RO with prob. p
0 with prob. 1 —p

e Borrowing/lending D > —E:
e Borrowers pay r in expectation
e Lenders receive r in expectation

— Equilibrium 7 clears market for loanable funds
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Frictions

Liquidity risk:
e Maturity transformation — liquidity risk at ¢t = 1
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Frictions

Liquidity risk:
e Maturity transformation — liquidity risk at ¢t = 1

e Borrower with debt D faces run with prob. a(D)

e Increasing and weakly convex
e Can be microfounded with global game

e Early liquidation at price P < 1+ r

Lemons pricing:
e Asymmetric information in secondary market

e Liquidation value P only depends on average quality:

P=f(qg) with f(q)>0



Monetary policy

e Central bank injects L at t =0
— Total loanable funds £ + L
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Monetary policy

e Central bank injects L at t =0
— Total loanable funds E + L
e Stimulus is not a “free lunch”

— Reduces output in ¢t =2 by ¢(L) increasing in L

e Changes in L affect r through market clearing:

1
E+L:/ Dy(r, P)d6
0
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Equilibrium

Definition
The equilibrium is characterized by private decision variables { Dy}
and price variables  and P such that:

® Agents choose optimal Dy(r, P) taking r and P as given.

® The risk free rate r clears the market for loanable funds:

1
E—i—L:/ Dy(r, P) df
0

©® The secondary market price P is given by P = f(q).
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Individual agent behavior



Optimal borrowing/lending
Objective function of type 6:
pRO(D+ E)— (1+r)D —«a(D) (pRO — P) (D + E)
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Optimal borrowing/lending
Objective function of type 6:
pRO(D+ E)— (1+r)D —«a(D) (pRO — P) (D + E)

Lemma 1
Marginal type 6* is indifferent: 1 + r = pRO* J

First order condition for optimal Dy > 0:
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Optimal borrowing/lending
Objective function of type 6:
pRO(D+ E)— (1+r)D —«a(D) (pRO — P) (D + E)

Lemma 1
Marginal type 6* is indifferent: 1 + r = pRO* J

First order condition for optimal Dy > 0:

pRO— (1+71) = (&/(Dy) (Dg+ E) + a(Dy)) (pRY — P)

J . /

Vo
marginal excess return marginal liquidity cost

Proposition 1 J

More productive agents borrow more and face higher liquidity risk
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Response to interest rate changes

Proposition 2
All borrowers respond to changes in r:

@<Ofora”0>0*
or

But: Higher types respond less than lower types:

0Dy

——| is decreasing in 6
or
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——| is decreasing in 6
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Response to interest rate changes

Proposition 2
All borrowers respond to changes in r:

%<Ofora”9>0*
or

But: Higher types respond less than lower types:

0Dy

——| is decreasing in 6
or

Heterogenous response has two sources:
® “Marginal risk”: /(D) (D + E) + a(D) increasing in D
® “Value at risk”: pRA — P increasing in 0

— Higher types need smaller adjustment in D
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Response to price changes

Proposition 3
All borrowers respond to changes in P:

0Dy .
a—P>OforaII0>9

Higher types can respond more than lower types:

0Dy

P is increasing in # at 6*
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Response to price changes

Proposition 3
All borrowers respond to changes in P:

D
%>Oforall9>0*

Higher types can respond more than lower types:
0Dy

P is increasing in # at 6*

Effect on first order condition:
r: generates the same slack for all types
P: generates more slack for higher types

— goes against heterogeneous tightening through D
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General equilibrium with monetary policy



Monetary policy transmission

What is the effect of stimulus in ¢ = 0 on output in ¢t = 27
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Monetary policy transmission

What is the effect of stimulus in ¢ = 0 on output in ¢t = 27
e Aggregate output at ¢t = 2:

Y=qgxI-c(L)

e Effect of changing stimulus L:

Z—}g: qxj—i + ;l—zxf - d(L)
——— ~— ——

new investment change in quality marginal cost

16
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Monetary policy transmission

e New investment effect is trivial:

dI
I=F+L = —=1
- dL

e Who invests — change in quality is key
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Monetary policy transmission

e New investment effect is trivial:

dI
I=F+L = —=1
- dL

e Who invests — change in quality is key

e Stimulus works through interest rate:

dg _ o dg dr
dL dr dL
~—~

quality elasticity stimulus pass-through
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Quality elasticity

[, pRO(Dy(r, P) + E)do
[ (Do(r, P) + E)db

e |nterest rate has direct and indirect effect:
dg  Oq dq dP

i~ o, op " ar
~~~ ——

direct effect indirect effect
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Quality elasticity

[, pRO(Dy(r, P) + E)do
[ (Do(r, P) + E)db

e |nterest rate has direct and indirect effect:
dg  Oq dq dP

= — — X —
dr or oP  dr
~~ ~——

direct effect indirect effect

Corollary 1

The direct effect of a decline in the interest rate r is a deterioration in
average investment quality ¢, i.e., dq/0r > 0.
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Quality elasticity

[, pRO(Dy(r, P) + E)do
[ (Do(r, P) + E)db

e |nterest rate has direct and indirect effect:
dg  Oq dq dP

= — - X —
dr or oP  dr
~~ ~——

direct effect indirect effect

Corollary 1

The direct effect of a decline in the interest rate r is a deterioration in
average investment quality ¢, i.e., dq/0r > 0.

Corollary 2

If high types respond sufficiently strongly to changes in P, the
indirect effect amplifies the quality deterioration.
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Stimulus pass-through

e Quality deterioration depends on how much interest rate moves

e Stimulus pass-through is inverse of demand elasticity:

5_17; — (dii /61 (Do(r, P) + E) d@)l

— Again direct and indirect effect
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Stimulus pass-through

e Quality deterioration depends on how much interest rate moves

e Stimulus pass-through is inverse of demand elasticity:

5_17; — (dii /61 (Do(r, P) + E) d@)l

— Again direct and indirect effect

Corollary 3

The indirect effect through the liquidation value P amplifies the
stimulus pass-through by making loan demand less elastic.
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Numerical example
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Effect of frictions on transmission
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Effect of frictions on transmission

Output (normalized)
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e Frictions can severely impair transmission of monetary policy
e Stimulus may end up counterproductive, reducing output
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Effect of frictions on transmission
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Effect of frictions on transmission
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e More severe frictions reduce output further
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o Aggregate investment I = E' + L is the same
— Drop only due to change in distribution across types!
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Conclusion

General equilibrium model with:
e Agents with heterogeneous investment quality
— Endogenously split into borrowers and lenders
e Credit market with maturity transformation
— Liquidity risk makes leverage costly
e Secondary market with lemons problem
— Feedback effect through equilibrium prices

Equilibrium features:
e Heterogeneous responses to interest rates and prices
e More risk taking by the wrong agents

— Impaired transmission of stimulus to output
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