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Motivations (2)

* Banks hold liquid and illiquid assets
* Liquid ~ low risk & low return
* llliquid ~ high risk & high return

* Banks are risk averse and adjust their asset portfolios to maximize
risk-adjusted returns

* A financial system that tends to keep some potential buyers
untouched can be a solution to the fire sale problem

* This self-rescue feature avoids seeking for help from outsider such as
government or central bank = reduce burden on taxpayers



Related Literature

 Shleifer and Vishny (1992, 2011): potential buyers do not function
during crises = having to sell to non-specialists at fire sale prices

e Acharya and Yorulmazer (2008): bail out policy encourages banks to
herd = increases the risk of bank failure

* Acharya, Shin and Yorumazer (2011): providing capital to surviving
banks conditional on their liquid holdings encourages banks to hold
more liquid assets

* We suggest a policy that leads to a self-rescue system



Related Literature (2)

* Interbank liability = network topology
e Eisenberg and Noe (2001), Gai and Kapadia (2010), Acemuglu, Ozdaglar and
Tahbaz-Salehi (2015), Demange (2016)
* Interbank liability and asset fire sell = liquidity constraints
 Cifuentes, Ferrucci, Shin (2005), Chen, Liu and Yao (2016), Cecchetti, Rocco
and Sigalotti (2016), and Feinstein (2017)
* [lliquid asset sales > target leverage ratio
 Greenwood, Landier and Thesmar (2015)

* We consider banks optimizing their asset holdings which can be both
sellers and buyers



Model: Banking Network

* Three-period financial network with N banks

* Time 0: Bank i’s balance sheet

K types of loans
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Model: Banking Network (2

e Time 1: A shock arrives:

* Bank shock: fraud or litigation cost of size v; \

* Asset shock: increase in default probability of type-k loan

* Repay interbank liabilities: given loan price vector p = [p4, ..., Px]’

=—m1n{Ll,cl+2pk9k+2xul— -}, i,j=1,..,N

U+t

where L; = d; + X7, 1
* Bank i is solventif x; ; = ll-,j,j =1,...,N.



Model: Banking Network (3)

* Time 1 (cont.):

* Trade illiquid loans: given p = [py |, x = [x; ;], solvent bank i
maximizes mean-variance utility of return on equality (ROE)

m@ax E[ROE;] — %Var(ROEi)

K
subject to z pkéi,k <e; +d;
k=1

A

Hl',k = O,k — 1,...,K



Model: Banking Network (4)

Payoff of portfolio Managing
* Time 1 (cont.): of type-k loans cost

* ROE of bank i « L /7/

ROE; = Z(ﬁi,k(éi,k) — bk — firOik) /e
k=1

where equity

_Cl+2pkglk+zxul_ — d; _Ellu_cl-l_Epkelk

U*i UEIQ

* Equilibrium price vector p:

N N
zgi,k=zéi,k, k=1,.., K
i=1 i=1



Model: Default Payoff Distribution

* Time 2: Loan payoff is realized

* Each type-k loan pays
- 1 withprob1— 4,
'mk =

0 withprob A

* The portfolio value of type-k loans is_
0i k

Riw(0;x) = Tm.k

m=1

* Default correlations are modeled by Gaussian copula.



Bank Optimal Portfolios

Mean- Negative
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Bank Optimal Portfolios (2) N1z =0

if default correlation

' fwofypes otloans /‘ of different loan types is zero

Hi*,l X H_i,1 — N2 — (1 = /12)2)9_1',2

:i Substitution effect

e Optimal holding:
((671,6;,) if 6;1>006;,>0

(6;1,0) if 6;1,>0,6;, <0
(O’ H_i,Z) lf 6::1 S O, 9:2 > O
(00) if 6;,<0,6,<0
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Equilibrium: One Asset

* Assumptions: 0,
* Onetypeofloans: K =1
* Equalcost: f; = f
* Full repayment without shock: X = L
* Before shocks:

* We may have two equilibrium prices,
unigue equilibrium price,
or no equilibrium price.

* We assume that at least one equilibrium exists.




Equilibrium: One Asset (2)

e Before shock (cont.):

* We focus on the equilibrium that could lead to fire salesJ
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Equilibrium: One Asset (3)

e After a bank shock:
* A small shock of size v; hits bank j
* No insolvent banks

U
p(vj)) *1—-A—f - v;

r C;
Ao NG Py R W ) e |

* A small shock hitting an aggressive bank (low y;) makes bigger impact
than hitting a conservative bank (high y;).



Equilibrium: One Asset (4)

* After a bank shock (cont.):
* A larger shock of size v; hits bank j
* Only bank j is insolvent

p(v))~1-21—f

U

c Lii . (vi—(@Oplv;) + Ci)
Zli_]]/l(l A— f)+ZILV¢]yl_ Iivqtj)],—jlmm{] ]LE_]) / ;1}

 Large interbank liabilities between aggressive banks amplify fire sales



Equilibrium: One Asset (5)

* Example: Price is 0.9131 before shock
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Equilibrium: One Asset (6)

e After an asset shock:

 Default probability increases from A to A’
2 Larger riskiness

UI
prl—-A—f- z
- Lya-a-pazly
N
Lower expected payoff Lower risk-aversion-adjusted wealth

* The first insolvent bank is the bank with highest 6, /e;: critical bank.
* Liabilities between critical bank and aggressive banks amplify fire sale.



Equilibrium: Two Assets — Equal Cost

* Assumptions: A
* Two types of loans: K = 2
* Equalcost: f;; = fiand fi, = f,
* Full repayment without shock: X = L

Expected profit per unit

* Before shocks: risk is the same.

* At each equilibrium p = [py, o]’

Riskiness of type-1 1-A—fi—-p1 1—A,—f, — sz

loans depends on
U1 UZ

A, if correlation is
not zero.




Equilibrium: Two Assets — Equal Cost (2)

e After a bank shock:

* Price of loan type with higher level of riskiness is more sensitive to a
bank shock.

e After an asset shock:

* Cross-asset contagion through the wealth effect ' A

 When default correlation is positive, the cross-asset contagion effect
can be more or less due to a smaller or larger substitution effect.




Equilibrium: Two Assets — Bank Expertise

* Assumptions: ‘
* Two types of loans: K = 2
* Two sectors:  f;; = 0and f;, = f, foriinsector 1

fi1 = fiand f;, = 0 foriin sector 2
* Full repayment without shock: X = L

e Before shocks:

* From no cross-sector holdings, the loan markets are decoupled:
(0;1,0;2) = (0;1,0) for i in sector 1
(0;1,0;2) = (0,6;,) for i in sector 2



Equilibrium: Two Assets — Bank Expertise (3)

e After a bank shock: prices are still expensive after shock




Equilibrium: Two Assets — Bank Expertise (3)

e After a bank shock: price becomes cheap after shock

Positive default
correlation




Policy Implications

* Separate banks into sectors by imposing regulatory fees




Conclusions

* Aggressive banks are helpful as good potential buyers, but harmful as
risk amplifiers

* Appropriate interbank network can strengthen the system’s stability
 Existence of potential buyers is an important determinant of fire sales

* We propose a policy to create self-rescue system by dividing banks
into sectors to limit common exposures and hence avoid unexpected
contagion during good times, and allow banks to act as secondary
potential buyers of other sectors during bad times.

* We will extend our work to include external buyers and empirical
studies



