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Abstract

This paper explains why banks derive a benefit from being highly interconnected. We show that
when banks are protected by government guarantees they can significantly increase their expected
returns by channeling funds through the interbank market before these funds are invested in real
assets. If banks that are protected by implicit or explicit government guarantees act as intermediaries
between other banks and real investments, there is the possibility that these intermediary banks will
be rescued by their governments if the real assets fail. This additional hedge increases the likelihood
that banks and their creditors are repaid relative to a direct investment in those same real assets.
We show that this incentive to exploit the government guarantees of other banks leads to long
intermediation chains and a degree of interconnectedness that is above the welfare-optimal level,

which justifies regulatory intervention.
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1 Introduction

The 2008-2009 financial crisis vividly revealed how shocks can propagate through the financial system,
which raised concerns that financial institutions are “too interconnected to fail” and elevated systemic
risk as a priority for policymakers. Given these concerns about the system risk in the financial sector,

the question arises as to why market solutions did not emerge to eliminate these concerns.

This paper provides a theoretical underpinning for why it benefits banks to be highly interconnected
on the interbank market. In particular, we show that, when banks are protected by government
guarantees, they can significantly increase their expected returns by channeling funds through the
interbank market before these funds are invested in real assets. If banks that are protected by implicit
or explicit government guarantees act as intermediaries between other banks and real investments, there
is the possibility that these intermediary banks will be rescued by their governments if the real assets
fail. This additional hedge increases the likelihood that banks and their creditors are repaid compared

to a direct investment in the same real assets.

The bailout of American International Group (AIG) provides a good illustration of this mechanism.
Just two days after allowing Lehman Brothers to collapse on September 15, 2008, U.S. authorities
decided to rescue AIG, which ultimately led to a government bailout of $170 billion for the insurer.!
The authorities stated that the reason for AIG’s bailout involved its complex ties with banks around
the world, which meant that its failure would have entailed high systemic risk. Many commentators,
however, have called it a “backdoor bailout,” as a large fraction of the bailout funds was directly
funneled to AIG’s counterparties.? U.S. banks that received bailout funds injected into AIG included
Goldman Sachs ($12.9 billion), Merrill Lynch ($6.8 billion), Bank of America ($5.2 billion), Citigroup
($2.3 billion), and Wachovia ($1.5 billion).> Foreign banks also benefited tremendously from AIG’s
bailout. For example, Societe Generale received $11.9 billion, Deutsche Bank $11.8 billion, and Barclays
$8.5 billion.* However, not only were the bailout funds funneled to direct counterparties of AIG, but
some of these counterparties also acted as intermediaries between AIG and other market participants.
Goldman Sachs, for example, sold credit protection worth $14 billion to its clients and then entered
into contracts with AIG to hedge these positions, while Merrill Lynch undertook roughly $6 billion of
these deals.” Furthermore, some of AIG’s counterparties attempted to limit their direct exposure to
AIG by building in additional intermediaries. For example, Goldman Sachs used Societe Generale as an
additional intermediary, and as a result, a portion of the $11.9 billion that AIG paid to Societe Generale
was subsequently transferred to Goldman Sachs.® Therefore, some of the bailout funds injected into

AIG were passed on to Societe Generale, then to Goldman Sachs and, finally, to Goldman Sachs’ clients.

Why were so many intermediaries built in between AIG and the final investor? Our paper shows

1«A 1.G. Lists Banks It Paid With U.S. Bailout Funds” by Mary Williams Walsh, NY Times, March 15, 2009.

24Did Goldman Benefit The Most From AIG Bailout?” by Liz Moyer, Forbes, January 26, 2010.

3“The Big Money: How AIG fell apart” by Adam Davidson, Reuters, September 19, 2008.

4«AIG ships billions in bailout abroad” by Eamon Javers, Politico, March 15, 2009.

5“Goldman Fueled AIG Gambles” by Serena Ng and Carrick Mollenkamp, Wall Street Journal, December 12, 2009.

8 «Testy Conflict With Goldman Helped Push A.I.G. to Edge” by Gretchen Morgenson and Louise Story, NY Times,
February 2, 2010.



that channeling funds through other government-protected banks before investing in real assets (i.e.,
exploiting the government bailout subsidies of other banks) increases the repayment probability of
banks and their creditors since even when the real investments fail, the intermediary banks may still
be rescued by their governments. As a result, higher interbank exposure (i.e., channeling more funds
through other government-protected banks) increases the banks’ expected returns due to a higher

repayment probability and lower funding costs.

This result directly follows from the Modigliani-Miller intuition. As interbank exposure increases
the value of bailout subsidies without affecting the total amount invested in real investments, banks
can increase their total firm value (i.e., the sum of real investment returns and the value of the bailout
subsidies) by increasing their interbank exposure. If banks have the bargaining power vis-a-vis their
creditors, they appropriate all of the value increase in the government bailout subsidies and thus higher

interbank exposure increases their expected returns.

Although channeling funds through government-protected intermediaries is especially valuable for
non-insured entities (hedge funds, mutual funds, etc.), banks that are themselves protected by implicit
bailout guarantees can also increase their repayment probability by channeling their funds through other
implicitly-insured banks. This behavior potentially leads to long intermediation chains. Furthermore,
our analysis shows that the incentive to channel funds through implicitly-insured intermediaries even
exists in the case where banks’ public guarantees are limited due to bounded government bailout
budgets. Market participants only lose the incentive to channel additional funds through an implicitly-
insured bank when its interbank exposure is already increased to a level such that the bank’s total

liabilities exceed the available bailout budget of its government.

Moreover, we show that the incentive to establish interbank connections increases with the bailout
probability of the bank’s counterparties and decreases with a bank’s own bailout probability. First, the
value of the additional hedge provided by funneling funds through a government-protected intermediary
increases with the intermediary’s bailout probability. Second, if a bank itself has a comparatively low
bailout probability, establishing interbank connections with banks that are very likely to be bailed out
allows the bank to significantly increase insurance coverage for its creditors’ funds, which, in turn,
lowers its funding costs. Hence, we help to explain the formation of core-periphery network structures
because borrowing and lending extensively on the interbank market makes a bank larger and more
interconnected, which increases the likelihood that the bank is considered “too-big-to-fail” and “too-
interconnected-to-fail.” This classification, in turn, increases the bank’s likelihood of being rescued by

the government, which reinforces other banks’ incentive to use this bank as an intermediary.

Furthermore, we document that when banks decide to be highly interconnected on the interbank
market to exploit government bailout subsidies of other banks, they can maximize the government
subsidy per invested unit of capital by investing in correlated assets. This finding is related to the
existing literature on the time-inconsistency of bank rescue decisions, which has pointed out that this
time-inconsistency might give banks an incentive to herd, a result shown, for example, in Acharya and

Yorulmazer (2007, 2008a) and Farhi and Tirole (2012). In our model, this herding incentive results from



the following mechanism: The possibility that banks will be rescued by their governments reduces the
downside risk for their creditors. Therefore, their required risk premia become less sensitive to banks’
liquidation value in default states. Hence, given public guarantees, banks benefit less from co-insuring
one another by engaging in interbank lending and investing in negatively correlated assets, which would
allow them to repay their creditors in states in which their real investments fail but their interbank
investments are repaid. Since, at the same time, higher portfolio correlation between banks increases
their cash flows in success states (i.e., interbank loans are repaid in the same states in which their real

investments are successful), banks have an incentive to invest in similar portfolios.

Finally, we show that banks have an incentive to become excessively interconnected even when
we allow the interbank market to exist for welfare-improving reasons, providing a justification for
regulatory intervention. Hence, we discuss possible measures that aim at reducing banks’ incentive to
create excessive interbank exposures, including (i) increasing the risk weights for interbank liabilities,
(ii) lowering bailout expectations, (iii) limiting a bailout to domestic counterparties, (iv) introducing a

financial transaction tax, and (v) introducing a bank levy.

2 Related Literature

Our paper contributes to the literature on bank bailouts. Freixas (1999) shows that if the social cost of
a bank’s bankruptcy is too high, it might be optimal for the government to rescue the bank, leading to a
“too-big-to-fail” problem. Diamond and Rajan (2002) show that bailouts alter available liquidity in the
economy and distinguish between well-targeted bailouts (which can be beneficial) and poorly-targeted
bailouts that can lead to systemic crisis. Gorton and Huang (2004) argue that there is a potential
role for governments to provide liquidity through bailouts to reduce the problem of agents hoarding
liquidity inefficiently. Leitner (2005) and David and Lehar (2011) show that interbank linkages can be
optimal ex ante because they act as a commitment device to facilitate mutual private sector bailouts.
Similarly, Rogers and Veraart (2013) analyze the incentive and ability of banks to rescue failing banks
to avoid interbank contagion. By contrast, we investigate the effect of public government bailouts on
the incentives of banks to create such liabilities. Finally, Niepmann and Schmidt-Eisenlohr (2013) study

the incentives of governments to bail out banks when there are international spillover effects.

Moreover, our paper adds to the literature on interbank network formation and contagion. Pioneer-
ing work by Allen and Gale (2000) shows that banks can co-insure one another through an interbank
market against liquidity shocks as long as these shocks are not perfectly correlated. This theme has
since been explored by many other papers. Brusco and Castiglionesi (2007) show that interbank mar-
kets, while leading to an increase of the expected social welfare, may also decrease financial stability
due to risk-shifting incentives. Dasgupta (2004) and Babus (2013) determine the optimal level of
interconnectedness when interbank deposits can be used by banks to hedge against shocks but simul-
taneously expose them to the risk of contagion. Freixas and Holthausen (2005) analyze the scope of
international interbank market integration when cross-border information about banks is less precise

than home country information. Zawadowski (2013) analyzes how banks use OTC contracts to hedge



their portfolio risks. Finally, Farboodi (2015) develops a model in which excessive interbank exposure
(compared with the socially optimal exposure) emerges as a result of incentives to capture intermedi-
ation profits. In particular, each intermediary receives a fraction of the positive net present value of
the investment opportunities of the final borrower bank. In our model, banks also benefit from inter-
mediation. However, this intermediation benefit is attributable to the increased value of the banks’

government guarantees and is not the result of a redistribution of the returns of real investments.

Furthermore, our paper is related to the literature on the effects of government guarantees on
bank behavior, which shows that the time-inconsistency of bank rescue decisions might give banks
an incentive to herd by investing in highly correlated portfolios to increase their bailout probability.
In particular, Acharya and Yorulmazer (2007, 2008a) show that banks can increase their own bailout
probability when they invest in a manner such that they will jointly default. In this case, there are no
survivor banks that could acquire the failed banks. Therefore, if banks have a high portfolio correlation,
the government is incentivized to rescue failed banks to avoid inefficient bank bankruptcies.” Farhi and
Tirole (2012) describe a similar mechanism. In their model policymakers are content to incur the
“fixed cost” associated with an intervention only when a sufficient number of financial institutions are
simultaneously exposed to a shock, which again incentivizes banks to correlate their risk exposures.
Related to these findings, we show that banks also have an incentive to become highly interconnected

and to herd because this allows them to optimally exploit the government guarantees of other banks.

Moreover, herding incentives can also arise from mechanisms not related to government guarantees.
Acharya (2009) shows that herding can result from a reduction in the aggregate supply of capital during
a recession when banks are protected by limited liability. Acharya and Yorulmazer (2008b) show that
banks might have an incentive to herd because herding minimizes the impact of information contagion.
Furthermore, herding can occur due to reputation concerns of managers (see, for example, Rajan 1994
and Scharfstein and Stein 1990).

Our paper is also related to several empirical contributions. Iyer and Peydro (2011) find evidence
that interbank linkages can lead to financial contagion, which validates the “too-interconnected-to-fail”
concerns. Moreover, in line with the predictions of our model, there is ample evidence that banking
networks are both highly dense and highly concentrated and resemble a core periphery network (see
Soramiki et al. 2007, Minoiu and Reyes 2013, Mueller 2006, Wells 2004).8 Furthermore, as predicted
by our model, superfluous interbank liabilities can be observed both bilaterally between banks (e.g.,
Craig and Von Peter 2014, Wetherilt et al. 2010) and throughout the entire financial system (e.g.,
Heijmans et al. 2008).° Consistent with our results, empirical studies analyzing the extent to which
banks engage in herding behavior find that banks tend to herd more when economic conditions are

less favorable, when the health of the banking industry is rather weak, and when they are systemically

"More generally, banks can increases the probability of a joint default either through a coordinated investment in
certain assets or due to diversification motives, which also leads to situations in which banks have a very high portfolio
correlation (see Wagner 2010).

8In addition, there is also high interconnectedness on other interbank markets. See, e.g., Markose et al. (2012) for the
Credit Default Swaps (CDS) market.

9Superfluous interbank liabilities are interbank transactions that do not reallocate funds but only serve to increase
total bank exposure.



important (Bonfim and Moshe 2012, Liu 2011, Stever and Wilcox 2007). Cai et al. (2014) show that, in
fact, a larger overlap of banks’ loan portfolios makes them greater contributors to systemic risk, which

highlights the importance of analyzing banks’ incentives to increase their portfolio correlations.

3 Setup

We consider an economy that consists of two time periods ¢ = 0 and ¢ = 1 and N different countries,
which are denoted by the index i, where i € {1,..., N}. In each country, there is a bank (protected
by limited liability) with an equity endowment of e at ¢t = 0 and a government which potentially bails
out its domestic bank in case of a bank failure. Furthermore, each country contains a continuum of
creditors that can either lend to the domestic bank at ¢ = 0 or invest in a risk-free asset that transfers
one unit of capital to the next period. In total, the creditors in each country are endowed with ¢ units of
capital at ¢ = 0. For simplicity, we normalize e + ¢ to one. The contract between the creditors and the
bank in country 7 takes the form of a standard debt contract, that is, it specifies the interest payment
C;, and it cannot be made contingent on either the realization of the investment or the realization of
the state of nature. Furthermore, we assume that banks have all the bargaining power vis-a-vis the

creditors.'? All parties are assumed to be risk neutral.

Moreover, we assume that the banks can borrow and lend on an interbank market at ¢ = 0 and that
interbank loans must be repaid at ¢t = 1. In Section 4, we consider the case in which banks are located
on a line, i.e., bank ¢ can lend to bank 7+ 1 at ¢ = 0. Hence, the first bank can only lend — and the last
bank can only borrow — on the interbank market. This specification allows us to clearly illustrate and
analyze the banks’ incentive to inefficiently channel funds through the interbank markets. In Section 5,
we then extend the model to a fully symmetric setup in which banks are located on a circle and, thus,
all banks can borrow and lend funds on the interbank market. The size of the interbank loan extended
from bank ¢ to bank ¢ 4 1 is denoted as b; ;41 with an interest rate of B; ;1. Although we consider
only interbank loans in our model, the mechanisms presented in this paper also hold for other types of

interbank exposures, such as credit derivatives, etc.!!

Furthermore, at ¢ = 0, each bank can invest in a risky, scalable investment possibility. This real
asset generates a risky return ,ZL that is, a high return A per unit of invested capital with probability A,,
and zero with probability (1 — \;). The asset matures at ¢ = 1 and has a positive NPV, i.e., \,A > 1.

The investment of bank ¢ in the risky real asset is denoted a;.

Regarding the banks’ investment in the real asset, we assume that the banks can alter their mutual
portfolio correlation (i.e., the probability that the banks’ real investments are successful or unsuccessful

at the same time). In particular, bank ¢ can choose the joint probability, p;i+1 € [0, \g], that bank i

10Ghifting the bargaining power to the creditors does not affect bank behavior qualitatively, it only changes the dis-
tribution of the gains from exploiting the government guarantees by artificially channeling funds through the interbank
market. If creditors have the bargaining power, they will increase their interest rate until the bank owners just break even
in expectations.

1n fact, creating interbank exposure with derivatives posts even lower requirements, as the banks do not necessarily
need liquidity to lend to one another to create interbank exposures but rather can create exposure “out of thin air”.



and bank i + 1 both have a successful risky asset at the same time. Because p; ;41 is the joint success
probability, it follows that (A, — pi,i+1) is the joint probability that only one of the banks is successful,
and (1 — 2\, + p;i+1) is the joint probability that both banks’ investments fail at the same time.!2
Hence, for p; ;11 = A4, the banks’ portfolios are perfectly positively correlated, for p; ;41 = A2, they
are uncorrelated, and for p; ;41 = 0, they are strongly negatively correlated (i.e., both banks cannot be

successful simultaneously). Table 1 depicts the respective joint probabilities.

A4
A 0
n A Pii+1 Aa = Piit1
<< | Aa = Pii+1 | 1= 2N + piiv1

Table 1: Joint probabilities for the banks’ return realizations of the risky asset (i.e., bank i and bank
i+1)

Moreover, we assume that the governments in the N different countries provide implicit public
guarantees for their respective domestic bank. In particular, if bank ¢ defaults on its debt liabilities,
we assume that the government of country i settles the bank’s liabilities with probability a € (0, 1).
Furthermore, we assume that the goverment becomes the residual claimant and thus receives any
payments paid to the insolvent bank after having bailed out its domestic bank, which gives a lower
bound for the banks’ incentive to channel funds through the interbank market. If the equityholders
would remain residual claimants and thus receive any payments that the bank receives after the bailout,

this would reinforce the banks’ incentive to increase their interbank exposure.

If several banks are illiquid and/or insolvent simultaneously, we assume that insolvent banks are
rescued before illiquid banks and if more than one bank is illiquid or insolvent simultaneously, the banks
are saved in a random order (each bank with equal probability of being the first to be considered for
a bailout).!® Furthermore, in the main analysis, we assume that the bankruptcy costs for the banks
are equal to zero.'* Finally, if bank 4 is not able to meet all its debt liabilities, but it has a positive
liquidation value, we assume that its liquidation value is shared pro-rata, that is, the creditors of bank
i receive the share ;. = cC;/(cC; + b;—1,B) and the lender bank 6; , = b;—1;B/(cC; + bi—1;B) of bank
i’s liquidation value.'®

In the main analysis in Sections 4 and 5 we consider the case in which the governments’ bailout

budgets are unlimited and consider a to be exogenous and constant. These assumptions also imply

that the banks’ bailout probabilities are independent.

12Restricting the success probability to Ay < 1/2 ensures that all joint probabilities are greater than zero for all
pii+1 € [0, Aa].

1311liquid banks are banks that still have claims outstanding that can enable them to fully settle their creditors’ claims,
while insolvent banks are banks that are definitively not able to fully repay their creditors.

14Tn Section 6.4, we consider the consequences of bankruptcy costs for the banks’ incentive to become interconnected
and in Section 8.5 in the Online Appendix, we discuss the implications of introducing private bankruptcy costs for the
banks’ herding incentive.

15The pro-rata sharing rule is the common procedure in bankruptcy proceedings.



Anecdotal and empirical evidence suggests that the likelihood of a bailout actually increases after a
bank defaults (within the same country and across countries). In March 2008, U.S. authorities decided
to support Bear Stearns by guaranteeing creditors’ claims worth $30 billion during its acquisition by
J.P. Morgan, while in September of the same year, U.S. authorities decided to allow Lehman Brothers to
fail. Then, only two days later, they decided to bailout AIG with a massive rescue package, as outlined
in the introduction. Even more importantly, Hett and Schmidt (2015) show empirically that bailout
expectations actually increased significantly following the failure of Lehman Brothers. In particular,
their study shows that market participants believed that there was a higher probability that failing U.S.
banks would be bailed out after the U.S. government decided against a bailout of Lehman Brothers,
compared with the perceived bailout probabilities prior to the default of Lehman Brothers. Cross-
country examples include the bailouts of Dexia (headquartered in Belgium), Fortis (headquartered
in the Netherlands and Belgium), the Royal Bank of Scotland (headquartered in the UK), and HSH
Nordbank, Landesbank Baden-Wuerttemberg, and BayernLB (all headquartered in Germany). All
these banks had significant exposure to Lehman Brothers and were bailed out by their governments

shortly after the U.S. government decided not to rescue Lehman Brothers.'6

We relax the assumptions of unlimited bailout budgets and independent exogenous bailout proba-
bilities in Section 6. First, in Section 6.1, we relax the assumption that the banks’ bailout probabilities
are independent and show that if the bailout probability increases for a bank’s counterparties after
the bank fails, as suggested by the empirical and anecdotal evidence, the banks’ incentive to become
interconnected would be reinforced. If, however, the likelihood of being rescued would decrease for the
counterparties of a bank after the bank fails and is not rescued by its government, banks’ incentive
to become interconnected decreases (but does not disappear). Second, in Section 6.2, we relax the
assumption that governments bailout budgets are unlimited and consider the case in which the gov-
ernments’ bailout budget is fixed to a maximum of g. Third, in Section 6.3, we relax the assumption
that the bailout probabilities are symmetric and consider asymmetric bailout probabilities. Finally,
in the welfare analysis in Section 6.4, we present a micro-foundation for the bailout probability « by

endogenizing the governments’ decision whether to rescue a bank.

4 Channeling funds through the interbank market

We begin by showing that, given the existence of government guarantees, banks have an incentive to
channel funds through the interbank network. In this section, for ease of illustration, we will consider
the case in which banks are located on a line, that is, bank i can lend to bank i+ 1 at ¢ = 0. Therefore,
bank 1 can only lend and bank N can only borrow on the interbank market, while all other banks
can both borrow and lend at the same time. Regarding the negotiation of the interbank interest rate,

we assume that the lender bank has the bargaining power.!” These assumptions allows us to clearly

'6See Pisani-Ferry et al. (2010), “RBS admits £1bn gross exposure to Lehman Brothers” by Peter Taylor, Telegraph,
September 18, 2008, and “Lehman-Pleite trifft Landesbanken hart” by Peter Koehler, Handelsblatt, September 19, 2008.

17 A1l our results are qualitatively similar for all bargaining power distributions between the banks. Only the distribution
of the gains from exploiting the government guarantees changes.



analyze banks’ incentives to inefficiently channel funds through the interbank markets. In Section 5,
we then extend the model to a setup in which banks are located on a circle, which allows all banks to

both borrow and lend funds on the interbank market.

Country 1 Country 2 Country 1 Country 2
Real Asset Real Asset Real Asset Real Asset

Bank 2

Creditors Creditors Creditors Creditors

Figure 1: Cash flows for the case in which two banks are located on a line

4.1 N =2 banks

First, we consider the two-country case, that is, N = 2. Figure 1 depicts the cash flows at ¢ = 0 and
the potential cash flows at ¢ = 1 for this case. In the first step, we determine the expected return of
bank 1 for the case in which it invests directly in the risky asset (i.e., the autarky case). In the second
step, we then show that bank 1 can increase its expected return by instead investing its funds in bank
2, and determine whether bank 2 has an incentive to borrow from bank 1. In Section 4.2, we extend

this analysis to a N country setting.

4.1.1 Bank 1 - Investment in the real asset.

As described above, bank 1 has an equity endowment of e and can also take on debt from its creditors.
Therefore, if bank 1 decides to directly invest its funds in the real asset (i.e., a; = e + ¢), its expected

return becomes
I g =X [(e+c)A—cCr,). (1)

The investment in the risky asset is successful with probability A,, in which case the bank receives the
residual asset return after having repaid its creditors. To borrow the creditors’ endowment ¢, the bank
must offer an interest rate that makes the creditors at least indifferent between lending to the bank
and investing in their outside option.'® When the bank’s investment in the risky asset is unsuccessful,
the government of country 1 settles the creditors’ claims with probability «. Hence, the participation

constraint of bank 1’s creditors becomes

Aa€Cha + (1 = Ag)acCi 4 > c. (2)

8Borrowing the maximum possible amount from the creditors is optimal for the bank because their required expected
return is lower than the expected return of the risky asset.



As the participation constraint must be binding in the optimum, it follows that

1

Cle = 3, 70— ha )

Plugging the binding creditors’ participation constraint from Eq. (2) into Eq. (1) yields

La=AaA+ (1= Ag)acCT , —c, (4)
—_———
=Gi.

where we already incorporated that e + ¢ = 1. Eq. (4) consist of the following terms: The bank earns
in expectations A\, A from the real investment (first term) and repays its creditors in expectations their
initial investment ¢ (third term). Moreover, as the bank has the bargaining power vis-a-vis its creditors,
it appropriates all the bailout subsidy (second term). As government 1 repays the creditors of bank 1
with probability « in case the bank fails (which happens with probability (1 — A,)), the expected value
of the bailout subsidy for bank 1 is equal to G7 ,.

Plugging the interest rate from Eq. (3) into Eq. (4) and simplifying yields the maximized expected

bank return in the case where bank 1 invests all its funds in the real asset

Cc

F =M A ————— |
La Ao+ (1= o) (5)

Therefore, investing in the interbank market (i.e., lending its funds to bank 2) dominates the direct
investment in the real asset if bank 1’s expected return associated with investing in bank 2 equals or is

greater than 17 /.

4.1.2 Bank 2.

Like bank 1, bank 2 is also endowed with e units of equity capital and can borrow c¢ units of capital from
the creditors in its country. If bank 2 decides to operate in autarky, that is, without borrowing on the
interbank market, its maximum expected return is equal to II , = IIj , and the value of government

2’s bailout subsidy for bank 2 is equal to G3 , = G7 , (due to the symmetric setup).

If, however, bank 2 borrows funds (denoted b;2) from bank 1 on the interbank market, its total
investment in the real asset becomes as = e + ¢ + b1 2. The loan size, by 2, is limited to bank 1’s total

budget, i.e., by o < 1. Hence, when borrowing b1 2 = 1 from bank 1, bank 2’s expected return becomes
Hop = Aa[(e +c4bro)A —cCop — b1 2B o], (6)
where B o is the interbank interest rate offered by bank 1 to bank 2. The participation constraint of

bank 2’s creditors becomes

1

)\QCCQ’[) + (1 - Aa)aCC’Zb Z c = Cék,b = m, (7)



where with probability a government 2 rescues bank 2 if its investment in the real asset fails. Plugging
the binding creditors’ participation constraint from Eq. (7) into Eq. (6) and simplifying yields bank

2’s expected return and its participation constraint

H27b =X [(1 + bl,g)A - bLQBLQ] -+ (1 — )\Q)Oéccgyb —c > H;,m (8)
S ——
:Gz,b

where II3 , is bank 2’s maximum possible expected return in autarky (which is equal to I17 ) and G5
the value of the government bailout subsidy for bank 2 (where G5, = G3 ). From Condition (8), it
directly follows that bank 2 has an incentive to maximize the funds borrowed from bank 1 (i.e., to

maximize by ) for all By o < A.

4.1.3 Bank 1 - Investment in the interbank market.

Next, we determine whether bank 1 can increase its expected profits by lending its funds to bank 2
instead of directly investing in the real asset (i.e., b1 2 = e+ ¢). In this case, bank 1’s expected profit

becomes
Hl,b =\ [(6 + C)BLQ — CCl,b] + (1 — )\a)oz [(6 + C)BLQ — CCl,b] . (9)

Therefore, bank 1’s repayment probability increases if it lends its funds to bank 2 instead of directly
investing in the risky asset since even if the real investment fails, bank 1 receives the interbank repayment
if bank 2 is bailed out (i.e., Ay + (1 — Ag)ax > A, for a > 0).

Furthermore, if bank 1 decides to invest its funds in the interbank market, its creditors’ participation

constraint becomes

1
Mt (- o) o+ (1—a)a]

AacC1p + (1= Ag) [acCrp + (1 — a)acCrp] > ¢ = Cl, = (10)
In particular, the creditors of bank 1 are fully repaid if either the real investment is successful (first
term), or unsuccessful but either bank 1 or bank 2 is bailed out by its respective government (second
term). As a result, as a € (0,1), it follows that Cf, < Cf,- Hence, if banks are partially protected
by government guarantees, bank 1 can lower its financing costs by investing in the interbank market
instead of investing directly in the real asset. When bank 1 lends the funds it borrowed from its
creditors to bank 2, these funds are not only protected by bank 1’s government guarantee but are also

covered by the government guarantee of bank 2.

Bank 1 has an incentive to invest in the interbank market (i.e., lend its funds to bank 2), whenever
My > 107 . (11)

Plugging the creditors’ interest rate from Eq. (10) into bank 1’s expected return II;; and solving
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Condition (11) for the lowest interbank interest rate that still satisfies this condition yields

Aa c c
e — . 1
Biy Ao+ (1= Ao 4 Ao+ (1= o) + Ao+ (1= Xo)[a+ (1—a)a] (12)

Comparing B, , and the risky investment’s return A yields the following lemma.

Lemma 1 If banks are protected by implicit government guarantees (i.e., a > 0), it follows that B, 5 <

A.

Proof. Proof For a = 0 it holds that B, , = A. As both terms on the right-hand side of Eq. (12)
decrease with a, it follows that By, < Aifa>0. m

As for a > 0 it holds that B; 5 < A, bank 1 is willing to lend to bank 2 at an interest rate that is
lower than the return on its real investment when bank 2 is protected by government guarantees. As
bank 2 has an incentive to borrow the maximum possible amount (i.e., b1 2 = e + ¢ = 1) from bank
1 for all By < A (follows from dlIlyp/db 2 > 0 for Byo < A), both banks agree to proceed with the
interbank loan for all By € [B; 5, A]. Because the lender bank has the bargaining power, bank 1 will
set the interest rate to By = A such that bank 2’s expected return is equal to its expected return in

the autarky case (ie., I3, =115 ).

Plugging the binding creditors’ participation constraint from Eq. (10) and By = A into Eq. (9)

yields for bank 1’s expected return

16 =AaA+ (1= A)aA+ (1 - X)(1 = a)acCT, —c. (13)

—(*
=G1,

That is, when lending its funds to bank 2, bank 1 earns in expectations A, A from the investment of its
funds into the real asset made by bank 2 (first term of Eq. (13)) and repays its creditors in expectations
their initial investment ¢ (last term of Eq. (13)). Moreover, in addition to the bailout subsidy provided
by government 1, bank 1 now also benefits from the bailout subsidy provided by government 2 through
its investment in bank 2. In particular, even if the real investment fails, but bank 2 is bailed out by
government 2, bank 1 receives the interbank payment (second term in Eq. (13)). If bank 2 is not bailed
out, but bank 1 is bailed out by government 1, the creditors of bank 1 are again fully repaid (third
term in Eq. (13)). Hence, the value of the bailout subsidies for bank 1 with interbank exposure is
given by G7,, which is larger than G7 , (as A > ¢C7,). Since the banks have the bargaining power
vis-a-vis their creditors and bank 1 vis-a-vis bank 2 regarding the interbank loan interest rate, bank 1

appropriates any value increase of the bailout subsidies induced by the banks’ interbank exposure.

Comparing the total value of the banks’ bailout subsidies in autarky and with interbank lending

shows that

1wt Gy > Gl +G5, (14)

(1—a)c c 2c
e D W S W L (T e T (] R W e WP
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which holds as A > ¢/(As + (1 — A\g)r). Therefore, channeling bank 1’s funds through bank 2 before

they are invested in the real asset increases the total value of the government bailout subsidies.

Plugging ¢C}  from Eq. (10) into Eq. (13) and simplifying yields for bank 1’s expected return

Mo+ (1— M) [a+ (1—a)a]

T,b =X+ (1= X)) |[A— > HT,a' (16)
Hence, if bank 2 is rescued with a positive probability o > 0, lending to bank 2 increases bank 1’s
repayment probability compared to directly investing in the risky asset. In addition, lending to bank 2
also increases the repayment probability for bank 1’s creditors and thereby decreases bank 1’s financing
costs. As a result, bank 1’s expected return when it channels its funds through bank 2 before they are
invested in the real asset (i.e., H{,b) is higher than in the case in which it directly invests in the real

asset (i.e., I17 ).

This result directly follows from the Modigliani-Miller intuition. Due to the absence of bankruptcy
costs and as banks have all the bargaining power vis-a-vis their creditors (i.e., they appropriate all of the
value of the government bailout subsidies), banks can maximize their expected return by maximizing
the total firm value (i.e., the sum of the value generated by the banks’ investment in the real asset and
the value of the government bailout subsidies). As interbank exposure does not affect the total amount
that both banks combined invest in the real asset, but increases the value of the government bailout
subsidies, bank 1 can increase its expected return by investing its funds into bank 2 compared to direct
investment in the real asset (i.e., the autarky case). These findings are summarized in the following

proposition.

Proposition 2 If banks are protected by public guarantees, they have an incentive to channel their
funds through the interbank market as this increases the value of the government bailout subsidies and,

in turn, the banks’ expected returns.

4.2 N banks

Next, we consider the case of N banks. For brevity, we directly consider the case where banks can
borrow and lend on the interbank market at the interest rate B;;41 = A. First, we analyze the
incentives of the last bank in the lending chain (i.e., bank V). Similar to the expected return of bank

2 in Section 4.1, the expected return of bank N is given by

C

Mnp =M |(I4by i n)A—e — b NAl
Nb (14+bn-1,n) (e NN

(17)

when borrowing funds from bank N — 1. From Eq. (17), it follows that bank N is willing to borrow

the maximum possible funds from bank N — 1. When bank N — 1 invests all its available funds into
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bank N (i.e., by—1,y =14 bn_2 n—1), its expected return therefore becomes

My_1p= N+ (1 —=X)a) | (1+ bN_27N_1)A —

et 0ot (1 —aja]  v-2n-id]. (18)

which is larger than its expected return in autarky, IIy_;, = IIj ;. The same argument holds for all
other banks in the chain. Therefore, all banks can increase their expected return by borrowing the
maximum possible amount from their predecessor bank and lend all funds to their successor bank,
before bank N finally invests the funds in the real asset. Hence, when lending to its successor bank,

the expected returns for banks 1,..., N — 1 are

Cc c

=N+ -A - ——————— — (DA =N A — |, 1
L s A | P o (19)
with
N
A=+ (1=X) Y (1—a)VFa, forie{l,. ., N-1} (20)
k=i+1

Because I, > II7  for all i € {1,..., N — 1}, investing in the interbank market strictly dominates
the direct investment in the real asset for all banks 1,..., N — 1. Moreover, bank N’s expected return

becomes

C

Ao + (1= X))

C

My, =X |1+ N-1)A— _
Nb (1+ ) Ao+ (1= X)a

— (N - 1)A] =X [A — =1y, (21)
From Egs. (19) and (20), it follows that if banks are protected by implicit government guarantees,
the repayment probability of bank i increases with the number of government-protected intermediary
banks that are between bank ¢ and the bank that finally invests the funds in the real asset (i.e., bank
N). Each implicitly-insured bank through which the funds are channeled adds additional insurance
coverage due to its implicit government guarantee, which gives banks an incentive to become highly

interconnected and to create long intermediation chains. These findings yield the following proposition.

Proposition 3 If governments provide banks with implicit government guarantees through bailout pos-
sibilities, banks can increase their expected return by increasing the number of implicitly-insured banks

through which their funds are channeled before being invested in a real asset.

5 Banks located on a circle

In this section, we extend the model to a fully symmetric case in which all banks are able to borrow and
lend funds on the interbank market, that is, two identical banks located on a circle.' For simplicity, we

assume that banks can borrow and lend on the interbank market at the interest rate B12 = Ba1 = B

19We consider the case in which more than two banks are located on a circle in Section 8.1 in the Online Appendix and
show that the results derived in this section also hold for longer intermediation circles.
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and we assume from now on an investment limit equal to one for the real asset. Hence, bank ¢’s budget

constraint becomes
e+ c+bjs; = a;+ bz, (22)

where a; < 1. The left hand side of Condition (22) is the banks’ sources of funds (i.e., equity and loans
from the creditors and the other bank) and the right hand side the uses of funds (i.e., the investment
in the real asset and the loan to the other bank). Figure 2 depicts the cash flows at ¢ = 0 and the

potential cash flows at ¢t = 1.

Country 1 Country 2 Country 1 Country 2
Real Asset Real Asset Real Asset Real Asset

a,
Bank 2

Creditors Creditors Creditors Creditors

Figure 2: Cash flows for the case in which two banks are located on a circle

In the following, we consider the case in which a bank always remains solvent as soon as its real
investment is successful and fails otherwise. In Section 8.2 in the Online Appendix, we show that
the results and intuition derived in this section hold for all possible cases. With a positive interbank
exposure, there are nine different outcomes (depending on the investment returns and whether the

banks are bailed out or not), depicted in Table 2

Probability gl gg Bailout Creditor 1 Creditor 2 Bank 1 Bank 2
S1 p1,2 A A No bailout needed cCrp cCap solvent solvent
So (1 —2Xa + p1, g)a 0 0 Both banks are bailed out cCiyp cCyp insolvent  insolvent
Sz (1 —=2Xg 4+ p1,2)(1 — @) 0 0 Only bank 1 is bailed out cCip 02,cb2,1B insolvent  insolvent
Ss (1=2Xa+p1,2)(1 — @) 0 0 Only bank 2 is bailed out 01,cb1,2B cCayp insolvent  insolvent
S5 (1—2Xq +p1,2)(1 —a)? 0 0 No bank is bailed out 0 0 insolvent  insolvent
Se (Aa — p1,2)x A 0 Bank 2 is bailed out cCip cCyp solvent insolvent
S (Aa — p1,2)cx 0 A Bank 1 is bailed out cChp cCayp insolvent solvent
Ss (Aa —p1,2)(1 — @) A 0 Bank 2 is not bailed out cCrp 02,cb2,1B solvent insolvent
So (Aa —p1,2)(1 — @) 0 A Bank 1 is not bailed out 01,eb1,2B cCap insolvent solvent

Table 2: Possible states for the case in which banks are located on a circle

With two identical banks located on a circle, bank i’s expected return is given by

ILiy = pr2|a; A+ b j£B — cCip — bjsi i B]
-+ (/\a — p172) [QZA + Oébi’]';,giB + (1 - a)é#iybbj#iB - CCi’b - bj752'7iB] . (23)

As described in Section 3, the coefficients d;; and 6; . are the result of country i’s sharing rule during

bankruptcy proceedings. In particular, the creditors of bank ¢ receive the share 6; . = c¢Cj/(cCip +
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bj+i;B) and the lender bank receives d; = bj; ;B /(cCjp, + bj+; ;B) of bank 4’s liquidation value.

Eq. (23) consist of the following parts. The first line represents the case where both banks are
successful, which happens with probability p;2. In this case, bank i receives the return from its real
investment and the loan repayment from bank j # ¢ and has to repay its creditors and bank j # i. With
probability (A, — p1,2), bank ¢’s investment in the real asset is successful, but bank j # 4’s investment
in the real asset fails. In this case, which is given in the second line of Eq. (23), bank i receives the
full loan repayment of bank j # ¢ only if this bank is rescued by government j # i, which occurs with
probability «. If bank j # i fails and is not rescued (which happens with probability (1 — «)), bank
i receives only the fraction ;.5 of its own loan payment b;j; ;B that it paid to bank j # 4, as these

funds are divided among all creditors of bank j # ¢ on a pro-rata basis.

From Eq. (23), it follows that the banks’ expected cash flow in success states increases with pj 2
for @ € (0,1). In particular, if the banks’ portfolio correlation increases, the likelihood that the banks
receive an interbank repayment in the states in which they are solvent (i.e., when their real investment
is also successful) also increases. Hence, the banks’ portfolio correlation has a positive effect on the

banks’ expected returns through this channel.

Next, we determine the interest rate that is required to incentivize the banks’ creditors to lend their

endowment to the respective bank. The participation constraint of the creditors of bank ¢ is given by

p1,2¢Cip + (Ao — p1,2) cCip + (Ao — p1,2) [acCip + (1 — @) d; e j£: B]
1 1
+(1 =2 g+ p12) 3 (acCip + (1 — a)ad; cb; j2iB) + 3 (OchCi,b + (1 —a)acCip + a(l — a)5i76b1-7j¢iB)

>c. (24)

The creditors of bank i receive full repayment in all states in which either bank ¢’s real investment is
successful (first two terms of Constraint (24)) or bank 7 is rescued. If only bank ¢ fails (third term),
bank i is rescued with probability a by government ¢, in which case its creditors are fully repaid. If bank
i is not rescued, its creditors are only partially repaid as they receive the fraction ;. of the interbank

repayment b; j; B from bank j # i.

Moreover, with probability (1 — 2\, + p12), both banks’ real investments fail and both banks are
thus insolvent as a consequence (fourth term in Eq. (24)). Therefore, governments decide upon bailing
out their respective bank in a random order and thus the probability of being the first to be considered
for a bailout is 1/2 for both banks. If bank ¢ is considered first for a bailout (first half of fourth term),
the creditors of bank 7 are only fully repaid if bank ¢ is bailed out. If bank ¢ is not bailed out, but
bank j # i is bailed out, the creditors of bank i again receive a partial repayment due to the interbank
repayment (i.e., 0;.b; j+;B). That is, bank j # i repays b; j+; B to bank 4, of which the creditors of
bank ¢ receive 6; .b; j+; B and 9; pb; j+; B is paid back to bank j # i (and thus received by government
j # 4, which is now the residual claimant of bank j # i after the bailout).?? If bank j # i is considered

29This assumption yields a lower bound for the incentive to channel funds through the interbank market. If the
equityholders would receive any payments that the bank receives after the bailout, the banks’ incentive to increase their
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first for a bailout (second half of fourth term), the creditors of bank i are fully repaid if either both
banks are bailed out or if only bank ¢ is bailed out. If bank 7 is not bailed out, but bank j # i is bailed

out, the creditors of bank ¢ again receive the fraction d; . of the interbank repayment b; j; 5.

Comparing Constraint (24) with the autarky case (see Constraint (2)) shows that the interbank
loan provides an additional hedge for bank i’s creditors. Simplifying the binding Condition (24) yields

. _ 1 (A=) [(Aa = pr2) + (1 = 2Xa + p1,2)0]
BTN+ (1= M) cMa + (1= X))

0i,cbij#iB < Ca, (25)

which is lower than C7, due to the additional hedge for the bank’s creditors provided by the interbank

network.

Next, we first determine the banks’ optimal portfolio correlation given interbank exposure and then,

in a second step, their optimal amount of interbank borrowing and lending.

5.1 Portfolio correlation
Taking the implicit derivative of C}, with respect to p1 2 yields?!

dC:b B 1 (1 — a)2(5i70bi7j7giB

T2 ert (1= (L= a) (e = pra) + (1~ 20+ prajal iz = (0
) ) (cCipt+bj2,:B)?

As the portfolio correlation between banks increases, the value of the creditors’ additional hedge pro-
vided by the interbank loan decreases. As a result, the creditors’ interest rate C}p increases with pi o
because with a higher portfolio correlation, it is less likely that bank i’s creditors receive at least a
partial repayment in the event that bank 4’s investment in the real asset fails. Therefore, through this
second channel, the banks’ portfolio correlation has a negative effect on the banks’ expected return be-
cause a higher portfolio correlation leads to a higher creditor interest rate and, thus, to higher financing

costs.

Bank i’s optimization problem is thus to maximize Eq. (23) such that the bank’s budget constraint
from Eq. (22) and the participation constraint of the bank’s creditors from Eq. (24) are satisfied.
Incorporating the binding budget and participation constraint into Eq. (23) and taking the derivative
of II; ;, with respect to p1 2 yields??

b, j£iBbj2i i B
Ay _ (1- a1+ (1= X)(1 - a)gemes|

0icbij2B > 0. (27)
bij#iBbjxi B THC gl

iz Ao+ (1= )+ (1—a)[(Aa = pr2) + (1 = 2Xa + p12)] (ComE o

From Egs. (27), it follows that, given implicit government guarantees (i.e., « € (0,1)) and interbank

exposure, the banks will maximize their portfolio correlation by choosing pj 5 = Aq.

interbank exposure would be reinforced.
2Please see Section 9.1 in the Online Appendix for the derivation of Eq. (26).
22Please see Section 9.2 in the Online Appendix for the derivation of Eq. (27).
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This result also follows from analyzing the effect of a change in the banks’ portfolio correlation
on the value of the governments’ bailout subsidies. As the banks’ have the bargaining power vis-a-vis
their creditors (i.e., they appropriate all of the value of the government bailout subsidies) and the
portfolio correlation does not affect the value generated by the banks’ real investments, the portfolio
correlation that maximizes the value of the government bailout subsidies also maximizes the banks’
expected returns. Plugging the binding creditors’ participation constraints from Condition (24) into

the banks’ combined expected return yields, after simplifying,

Hl,b + ]-_-[2’{; = )\a(al + ag)A + (1 — /\a)a(CCib + CCib) + (1 —2A, + p172)a(517cb1723 + (5270b27lB) —2c.

=G1 ,+G3,

(28)

That is, the banks earn in expectations both Aya; A from their investment into the real asset and repay
their creditors in expectations their initial investment (i.e., 2¢). Furthermore, when bank ¢ defaults, it
is bailed out with probability « by government i, in which case its creditors are repaid (second term in
Eq. (28)). Finally, if both banks default at the same time and only one bank is bailed out (third term
in Eq. (28)), the other bank’ creditors also receive a partial repayment due to the banks’ interbank

exposure.

From Eq. (28) it follows that the total value of the bailout subsidies increases with p; 2 as C}, and
C3p (see Eq. (26)) and the third term in Eq. (28) increase with p;2. These findings yield the following

proposition.

Corollary 1 If banks are protected by implicit government guarantees and given interbank exposure,
they have an incentive to maximize their portfolio correlation, that is, choose Pia = Aa, since this

mazimizes the value of the government bailout guarantees, and, in turn, their expected return.

The intuition for this result is as follows: Increasing the portfolio correlation has both benefits and costs
(i.e., higher gross returns in success states vs. higher financing costs). Without government guarantees,

these benefits and costs exactly offset each other (dIl;;/dp1 2 = 0 for a = 0).

This changes when bank creditors are at least partially protected by government guarantees. The
benefit of increasing the portfolio correlation, that is, bank i’s higher interbank repayment probability
in success states, is the same with and without government guarantees for bank ¢’s debt liabilities.
However, with government guarantees, the disadvantage of higher portfolio correlation in the form of
higher financing costs is mitigated. In particular, because the creditors of bank i receive full repayment
in the case of a bailout of bank 7 in any case, they do not value interbank repayments in states in which

bank ¢ fails and is rescued.

Hence, implicit public guarantees decrease the value of the additional hedge for the banks’ creditors
provided by possible interbank repayments and, as a result, having negatively correlated portfolios does
not reduce the creditors’ interest rate as much as it does without government guarantees. Because the

advantage of higher portfolio correlation remains the same as it is with no government guarantees, and
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the disadvantage is mitigated, banks’ incentives shift toward more portfolio correlation. Therefore,
given interbank exposure and public guarantees, banks benefit less from co-insuring each other by
investing in negatively correlated assets and hence choose perfectly correlated investments, that is,

* 23
P12 = Aa-

This finding is related to Acharya and Yorulmazer (2007, 2008a) and Farhi and Tirole (2012), who
have pointed out that the time-inconsistency of bank rescue decisions might give banks an incentive to
invest in correlated asset. In their models, the welfare loss is convex in the number of jointly defaulting
banks and thus herding behavior increases the likelihood of a government intervention during crisis

episodes.

With pj 9 = Aq the binding participation constraint of bank ¢’s creditors becomes
AacCy + (1= Ag) [aeCfy + (1 — @)adi s j2B] = «, (29)

and plugging pj o = Aq and the creditors’ interest rate C7, into Eq. (23) yields for bank #’s expected

return

C )\a

1-X)(1—a)
e — briiB
Mot (1= dgja |+

(
Ao+ (1= Ao)a

(6]
Hi,b = )‘a aiA + bz,j;ﬁzB - 5i,cbi,j;éiB- (30)

5.2 Interbank exposure

Next, we determine the level of interbank exposure that maximizes the banks’ expected return. In-
corporating the banks’ budget constraints from Eq. (22) and taking the derivative of Eq. (30) with
respect to bank i’s interbank loan size to bank j # 4 yields**

dll; p Aa(1=2)(1 — @)

= 57.B > 0. (31)

.y b2 Bb; 2B
dblu]?él )\a + (1 — Aa)a —+ (1 — )\a)(l — Q)QW

From Eq. (31) it follows that the banks’ expected return always increases with the banks’ interbank
exposure. This is due to the fact that interbank exposure increases the expected repayment of a bank’s
creditors by exploiting the other bank’s implicit bailout guarantee. In particular, when only one bank
is bailed out by its government, the creditors of the bank that was not rescued by its government
also receive a fraction of these bailout funds. Moreover, the amount paid to the creditors of the bank
that was not rescued increases with the banks’ interbank exposure. As a result, banks always have an
incentive to lend and borrow more on the interbank market and for any positive interbank exposure it
holds that II;; > Hza.%

This result also follows from analyzing the effect of interbank exposure on the value of the bailout

23Note that, when banks choose perfectly correlated investments, they always default in the same states, which eliminates
the risk of contagious defaults. A potential counter-incentive can arise from bankruptcy costs since such costs create the
opportunity for diversification benefits. We consider this possibility in Section 8.5 in the Online Appendix.

24Please see Section 9.3 in the Online Appendix for the derivation of Eq. (31).

25 As shown in Section 6.2, in the case where government guarantees are limited, banks only have an incentive to increase
their interbank exposure as long as the governments bailout budgets are not fully exhausted.
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subsidies provided by the governments in countries 1 and 2. Again, while the banks’ interbank exposure
does not affect the expected return generated by the banks’ real investments, it affects the value of the
government bailout subsidies. Since banks are the residual claimants and have the bargaining power vis-
a-vis their creditors, the level of interbank exposure that maximizes the value of the government bailout
subsidies thus also maximizes the banks’ expected return. Using the binding creditors’ participation
constraints from Eq. (29) and the banks’ budget constraints from Eq. (22), the banks’ expected returns

from Eq. (30) can be rewritten as

Hi,b = )\aA + (1 — )\a)aCCZb + (1 — Aa)a6i7cbi7j¢iB —C. (32)

— (¥
_Gi,b

That is, bank i earns in expectations A, A from the investment of its funds into the real asset and
repays its creditors in expectations their initial investment c. In case the banks’ real investment fails,
government ¢ bails out bank ¢ with probability «, in which case the creditors of bank ¢ are fully repaid
(second term in Eq. (32)). In addition, due to its interbank exposure, bank ¢ also benefits from the
government bailout guarantee of bank j # 4 (third term in Eq. (32)). Comparing the value of the
government bailout subsidies for bank 7 in the case where the banks’ engage in interbank lending (i.e.,

G7,) to its value in the autarky case, that is, without interbank exposure (i.e., G; ) shows that

Cc

o= (1= Xg)acCr 1—Xo)ad; b iziB>GE, =(1— ) a—F——,
i,b ( )OéC z,b+( )Oé ,cVi,j7# > 1,0 ( )a)\a+(1_/\a)a

(33)
which is true as A, + (1 —Aq)a? > 0. Hence, the value of the government guarantees and thus the banks’

expected return is higher with interbank exposure. These findings yield the following proposition.

Proposition 4 If banks are located on a circle (and thus all banks are able to borrow and lend on the
interbank market), they always have an incentive to lend and borrow more on the interbank market
when they are protected by unlimited implicit government guarantees as this increases the value of these
guarantees. Moreover, if banks are located on a circle there is no endogenous limit for their interbank

exrposure.

While banks also always have an incentive to channel more funds through the interbank market when
being located on a line, the banks’ interbank exposure is limited by their budget constraints in this case
and thus interbank borrowing is limited to the total endowment of the preceding banks on the lending
chain. When banks’ are located on a circle and are thus all able to lend and borrow on the interbank
market, the banks’ budget constraint does not limit their interbank exposure anymore. Hence, in

theory, banks can increase their interbank exposure to infinity.

6 Extensions

In the following, we provide four extensions to our main model. First, we consider the case where the

bailout decisions are dependent. Second, we analyze the case in which governments’ bailout budgets are
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limited. Third, we introduce transaction costs and analyze the implications of asymmetric bailout prob-
abilities and changes in the banks’ bailout probabilities on their incentives to become interconnected.
Finally, we provide a micro-foundation for the bailout probability o and analyze the banks’ incentive to
become interconnected if the interbank market can also be used for welfare-improving purposes. Based

on this analysis, we then derive welfare implications.

6.1 Dependent government rescue decisions

In the following, we analyze the banks’ incentive to inefficiently channel funds through the interbank
market when the banks’ bailout probabilities are not independent. We closely follow the analysis in
Section 4.1. However, with regard to the banks’ bailout probability, we assume from this point forward
that if bank 7 does not lend funds to another bank, its bailout probability is equal to o; = o o (autarky
case). If, however, bank ¢ lends funds to another bank, the conditional probability that bank i is rescued
given that the borrower bank fails and is not bailed out becomes «; ;. Hence, if o > ¢ (ip < i),
it becomes more (less) likely that bank 4 is rescued if it becomes interconnected with another bank.

Therefore, if bank 1 invests solely in the real asset, its expected return becomes
I o= X [(e+c)A—cCr,], (34)
and the creditors’ participation constraint becomes
Aa€Cra + (1 = Ag)aq ocCrq > c. (35)

Plugging the binding creditors’ participation constraint from Eq. (35) into Eq. (34) yields

C C
= XA+ (1= a
)\a + (1 — )\a)al,a * ( )aL )\a -+ (1 — )\a)al,a

—(*
_Gl,a

la=Aa |[A— —c, (36)

In contrast, if bank 1 decides to lend its funds to bank 2, its expected return changes to
Iy =X e+ c)A—cCipl+ (1 —Ng)aag [(e+c)A—cChyl, (37)

where we already incorporated that B2 = A. Moreover, the creditors’ participation constraint changes

to

AacCip+ (1= Ag) [02,0cCrp + (1 — an0) 1 5cChp) > c. (38)
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Plugging the binding creditors’ participation constraint from Eq. (38) into Eq. (37) yields

C
o= A+ (1—=X, o) |A— 39
1b ( ( )O‘Z ) My + (1 — >\a) [a2,a + (1 — a2,a)a1,b] ( )
C
= MNA+(1=), JA+ (1 —=X)(1 — a —c.(40
( )OQ, ( )( g, )al,b Ay + (1 — Aa) [a2,a n (1 _ QQ,a)al,b] c ( )

o
=G7,

Comparing Egs. (36) and (39) shows that if oy, > a4 Or ag 4 > 1 4, banks always have an incentive to
invest in the interbank market instead of investing directly in the real asset. Hence, if the governments’
rescue decisions are either unaffected by banks’ interconnectedness, the bailout probability increases
as banks become more interconnected, or the borrower bank has a higher bailout probability than the

lender bank in autarky, banks always have an incentive to become interconnected.

The same result follows from comparing the value of the government bailout subsidies for bank 1 in

the case where the banks’ engage in interbank lending (i.e., G} ;) to its value in the autarky case (i.e.,

1a)

;(,b 2 G;a (41)
(1 —agq)oqpe (1= Xg)arqC

1- X, A+ > .
O A Wy sy s vy g o el warey s e v Py

(42)

That is, if either aqp > a1,q Or @, > 1,4 it always holds that G}, > G} ,. Moreover, Condition (42)
shows that the expected bailout subsidy in the case where banks engage in interbank lending increases
with ;. Hence, the more negatively correlated the banks’ bailout probabilities are, the higher is the

value of the government bailout subsidies and thus the banks’ incentives to be interconnected.

Furthermore, comparing Eqgs. (36) and (39) shows that a necessary (although not sufficient) condi-
tion for IT; ;, < Il 4 is

Ao + (1 — )\a) [042,a + (1 — 0627(1)0617[)] < g+ (1 — )\a)alya < Q24+ (1 — Oéz,a)OéLb < Q1q- (43)

Hence, banks can only (potentially) lose the incentive to become interconnected if the probability that
at least one of the banks in the intermediation chain is rescued is lower than bank 1’s probability of

receiving a bailout in autarky, i.e., in the case in which it does not have interbank connections.
Finally, solving 11y > II; , for oy p yields

c Ao + (1= Aoz g

Aa(1-Xa)(1—a2,4) c (11— Xa)(1—aag)’
(1= 2Aa)(1 = a20)A = S50 |4~ mrars ( /{1~ aza)

iy 2> Qpp = (44)

which is the threshold a,; for the bailout probability above which the banks have an incentive to
become interconnected. This implies that banks lose the incentive to invest in banks with significantly
lower bailout probabilities when their bailout probabilities are sufficiently positively correlated (i.e.,

a1p < ay ;). Hence, in this case, only the bank with the lower bailout probability has an incentive to

21



invest in the bank with the higher bailout probability but not vice versa. Moreover, solving Condition
(42) for aqyp yields the same threshold as in Condition (44). Therefore, in line with the Modigliani-
Miller intuition, as soon as G, > Gza it holds that II;; > II; ,. These results yield the following

proposition.

Proposition 5 Banks always have an incentive to lend to banks with higher bailout probabilities than
their own (even if their bailout probabilities are perfectly positively correlated) and to banks that have
independent or negatively correlated bailout probabilities. If the bailout probabilities between two banks
are sufficiently positively correlated (i.e., a1y < y), only the bank with the lower bailout probability

has an incentive to invest in the bank with the higher bailout probability but not vice versa.

6.2 Limited government bailout budgets

In this section, we relax the assumption that the governments’ bailout budgets are unlimited. For
simplicity, we again consider the two-country case where banks are located on a line, as discussed in
Section 4.1. However, now we assume that the bailout budget of each government in the two countries
is limited to g (which is exogenously determined by a country’s spending capacity). In Section 8.4 in
the Online Appendix, we analyze the case in which the banks are located in the same country and
where the bailout funds that the respective government is able to provide are again limited to g, which

yields qualitatively the same results as in the two-country case.

To investigate how the banks’ incentive to become interconnected changes when increasing the
interbank exposure potentially leads to a situation where governments are no longer able to fully bail
out all banks in the economy, we again compare the banks’ maximum expected return when they engage
in interbank lending to the autarky case. For the comparison, we focus on the case where the bailout
funds of the governments would be sufficient to bail out their respective domestic banks in autarky,

ie., g>cCiq=cCoq.

For the the two-country case where banks are located on a line, the banks’ budget constraints for

bank 1 and 2, respectively, are given by

e+c=ay+bio. (45)
e+c+ b172 = as. (46)

Moreover, for positive interbank exposure, we have to distinguish two possible cases:

o Case (a) - cCyp+b12B12 < g: the interbank exposure is low enough that government 2’s budget
is still sufficient to fully bailout bank 2 and

e Case (b) - cCop + b12B12 > g: the interbank exposure is so high that bank 2’s total liabilities

exceed government 2’s bailout budget.?6

25Due to the symmetry of the setup and the additional interbank hedge for the creditors of bank 1, it always holds that
C1,p < Ci,q and thus government 1 can always fully bail out bank 1 as g > ¢C1,a = cCa q.
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6.2.1 Case (a) - cCap +b12B12 < g:

In which states bank 1 remains solvent depends on its portfolio choice (i.e., the investment size in the
real asset and the interbank loan) and the real asset’s return. In particular, we have to distinguish
four different sub-cases, that is, bank 1 remains solvent (a.i) only if its real investment is successful;
(a.ii) only if the interbank loan is repaid; (a.iii) only if both the real asset and the interbank loan
are successful; and (a.iv) as soon as one of the bank’s investments (interbank loan or real asset) is

successful.

For brevity, we again focus our main analysis on the case where bank 1 remains solvent only if its
real investment is successful, i.e., Case (a.i). In Section 8.3 in the Online Appendix, we show that the
results and the intuition derived in this section hold for all possible cases. For Case (a.i) the expected

return for bank 1 becomes
Iy =pr2larA+bi2B1o — cCipl + (Ao — p1,2) [@a1 A+ abi2B1o — cChy), (47)
and the participation constraint of its creditors is given by

p12¢C1p + (Aa — p1,2) cCrp + (Ao — p1,2) [acChp + (1 — )by 2B 2]

1 1
+(1 — 2 + p1,2) 5 (OzCCLb + (1 — Oé)OébLQBLQ) + 5 (OéQCCLb + Oé(l — Od)bLQBLQ + (1 — Oé)OéCClyb)

>c. (48)

With probability pi2, both banks’ investment in the real asset are successful, bank 2 repays bank
1, bank 1 is solvent, and thus the creditors of bank 1 are fully repaid (first term in Eqgs. (47) and
(48)). With probability (A, — p1,2) only the real investment of bank 1 is successful (second term in
Egs. (47) and (48)). In this state, bank 1 remains solvent (and its creditors are thus fully repaid), but
it only receives the interbank repayment if bank 2 is bailed out by its government, which happens with
probability «. Moreover, again with probability (A, — p1,2), only bank 2’s real investment is successful,
in which case bank 1 always defaults (third term in Eq. (48)). The creditors of bank 1 are hence only
fully repaid if government 1 bails out bank 1, which again happens with probability a. Otherwise, the

creditors just receive the interbank repayment of bank 2.

Finally, with probability (1 — 2\, + p1,2), both banks’ real assets fail and both banks are thus
insolvent (fourth term in Eq. (48)). Hence, the governments decide whether to bail out their respective
bank in a random order (i.e., the banks’ likelihood of being considered first for a bailout is 1/2). If bank
1 is considered first for a bailout (first half of fourth term), its creditors are only fully repaid if bank
1 is bailed out. If bank 1 is not bailed out, but bank 2 is rescued, the creditors of bank 1 receive the
interbank repayment by 9By 2. If bank 2 is considered first for a bailout (second half of fourth term),
the creditors of bank 1 are fully repaid if bank 1 is bailed out as well. If bank 2 is bailed out, but
bank 1 is not, the creditors of bank 1 again receive the interbank repayment by 2B1 2. If bank 2 is not

rescued, but bank 1 is bailed out, the creditors of bank 1 are again fully repaid.
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Moreover, the participation constraint of bank 2’s creditors becomes

p1,2¢Cop 4+ (Mg — p1,2)cCop + (Ao — p1,2)acCap
1

)\a + (1 - )\a)a' (49)

1 1
+(1 —2M + p172) 50&0027;) + B (a20027b + (1 — Oz)OzCCg,b)] >c= Cék,b =
The creditors of bank 2 are fully repaid if bank 2 is successful (first and second term) or bank 2 fails
but is bailed out (third and fourth term). Furthermore, bank 2’s expected return and participation

constraint is given by

C

Tt (A (50)

Myp = Ao [(14+b12)A = O3y —bi2Bia] >Taa = A [A

From Conditions (49) and (50) it directly follows that bank 1 will set the interest rate to By = A.
Next, we determine the banks’ optimal portfolio correlation by taking the derivative of bank 1’s expected

return with respect to pq 2, which yields??

dilyy (1—-a)a
dpra Ao+ (1= X)

bLQA >0, (51)
[0

where we already incorporated that the participation constraint of the creditors of bank 1 will be
binding in the optimum. Therefore, the banks will choose perfectly positively correlated portfolios, i.e.,

P19 = Ag, to maximize their expected return.

Plugging pj 5 = Aq and the binding creditors’ participation constraint from Eq. (48) into bank 1’s

expected return from Eq. (47) yields, after rearranging,

ac Ao(1 — a)abi 9B
Myp = Aafa1 A+ b12Brol 4+ (1= Aa) |3 Tt A( — (1)_ ;’2);’2 —c. (52)
—G1s

Finally, taking the derivative of Eq. (52) with respect to by o yields

dlip  Aa(l—A)(1 — a)aA
dbl’g - )\a + (1 - )\a)a

>0, (53)

where we incorporated already that B, = A. Taking the derivative of the value of the bailout
subsidies G from Eq. (52) with respect to b1 2 and comparing the results to Eq. (53) shows that
dG1p/dbio = dIl; p/dbio > 0. Hence, for Case (a), the banks have an incentive to increase their
interbank exposure, that is, increase by o as long as the interbank exposure is still low enough such that

cCop +b12B12 < g.

The intuition for this result is as follows: As long as the bailout budget of the government of the
country where the borrower bank is located (i.e., government 2) is still sufficient to fully bailout the

bank, the banks can increase the value of the bailout subsidies by channeling more funds through this

2TPlease see Section 9.4 in the Online Appendix for the derivation of Eq. (51).
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bank. Thereby, the banks increase the potential (bailout funds) injection into the banking system in

case of a default of the borrower bank (i.e., bank 2).

This yields for bank 1’s expected return

c Aa(l =) (1 — )
X+ (1= N)a + Ao+ (1= Ao

«
ib = )\a A bLQA > Hia, (54)
where Hib is larger than IIj , for all b1,2 > 0, while bank 2’s expected return is again equal to the

expected return in the autarky case, i.e., H;b =1L5 ,.

Hence, for Case (a), the banks always choose a positive interbank exposure as bank 1’s expected
return with interbank exposure always exceeds its return in the autarky case due to the increased value

of the government bailout subsidies.

6.2.2 Case (b) - CCQ,b + bl’gBLQ > g:

Next, we analyze Case (b), that is, the case in which the banks’ increase the interbank exposure to a level
such that bank 2’s total liabilities exceed the bailout budget of government 2 (i.e., cCap+b12B12 > g).
Again, we have to distinguish between four possible sub-cases. Depending on bank 1’s portfolio choice
and the real asset’s return, bank 1 remains solvent (b.i) only if its real investment is successful; (b.ii)
only if at least part of the interbank loan is repaid; (b.iii) only if both the investment in the risky asset

and the interbank investment are successful; and (b.iv) as soon as one of the investments is successful.

Again, for brevity, we focus our analysis on the case where bank 1 remains solvent only if its real
investment is successful, i.e., Case (b.i), and show in Section 8.3 in the Online Appendix that the results
derived in this section also hold for all remaining cases. For Case (b.i), the expected return for bank 1

is given by
iy = prafarA+bi12B12 — cCrp] + (Ao — p1,2) [a1A + adapg — cCr ], (55)

while bank 2’s expected return and participation constraint is again the same as in Eq. (50). Moreover,

the creditors’ participation constraint of bank 1 becomes

p1,2cC1p + (Aa — p1,2) cCrp + (Aa — p1,2) (acCryp + (1 — )by 2B12)

1 1
+(1=2Xa + p12) | = (@cCtp + (1 — @)adapg) + = (a®cCtyp + a(l — a)dapg + (1 — a)acCiyp) | > ¢,

2 2
(56)
and bank 2’s creditors’ participation constraint is
12600 + (Ao — p12)cCap + (Ao — p12)ada.cg
1 1
(1= 2Xa + p12) | 50209 + 5 (%029 + (1 = @)adacg) | > c. (57)
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This case is similar to Case (a.i), but now if bank 2 is rescued, bank 1 is only paid d24g instead of
the full interbank repayment. Next, we determine the banks’ optimal portfolio correlation for Case
(b). Incorporating the binding participation constraints and taking the derivative of bank 1’s expected

returns with respect to p1 2 yields?®

dITyp _ ab1,2Bl,2 — adapg
dp1,2 Ao + (1= X))

> 0. (58)

Therefore, the banks will again choose pj 5 = A Next, we determine the banks’ optimal interbank

exposure. Plugging pj 5 = A, Into bank 1’s expected return yields

Hl,b = A [alA + bl,QBl,Z — Ccl,b] (59)
PC creditors 1: A\,cC1p+ (1 — Ag) [acCrp + (1 — a)adapg] > ¢ (60)
PC creditors 2: A\,cCop + (1 — A\g)adacg > c. (61)

Incorporating the binding participation constraints and taking the derivative of Eq. (59) with respect
to b1 yields??
Aa(1=Xa)a? 02,94

dHLb o )\a+(17)\a)a CCQ’b-‘rbLQBLQ
- — ____ g9
dhz et (- Mo

< 0. (62)

Hence, for Case (b), that is, the case where banks increase their interbank exposure to a level such that
bank 2’s total liabilities exceed the government budget, increasing the interbank exposure even further
than this threshold reduces the banks’ expected return. As in Case (a), the derivative of the value of
the bailout subsidies with respect to by 2 again equals the derivative of the expected returns, given in
Eq. (62). That is, also for Case (b) it holds that dGy p/dby 2 = dIly /dby 2.3

The intuition for this result is as follows. If the total liabilities of the borrower bank already exceed
the bailout budget of the respective government, channeling more funds through this bank has no effect
on the size of the bailout injection in case of a default of the borrower bank. However, it shifts bailout
funds from the borrower to the lender bank (i.e., from bank 2 to bank 1). Hence, for Case (b), higher
interbank exposure decreases the amount of bailout funds received by the creditors of bank 2 and thus
increases the interest rate Cyj of the creditors of bank 2. However, the increase in Cyj has no effect
on the value of the bailout subsidy provided by government 2 since its bailout budget is already maxed

out.

Moreover, an increase in the interbank exposure increases the amount received by the creditors of
bank 1 and thus lowers C} p, which lowers the value of the bailout subsidy provided by government 1
(a lower C ; implies a smaller bailout injection when bank 1 is bailed out by government 1). Overall,

channeling more funds through bank 2 when the bailout budget of government 2 is already maxed out

28Please see Section 9.8 in the Online Appendix for the derivation of Eq. (58).
29Please see Section 9.16 in the Online Appendix for the derivation of Eq. (62).
39Gee Section 9.16 in the Online Appendix for the derivation of dG1,p/dby 2.
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thus decreases the value of the total government bailout subsidies and reduces the banks’ expected

return.

Taken together, the analysis of Cases (a) and (b) shows that, with limited government bailout
budgets, increasing their interbank exposure still allows banks to increase the value of the implicit
bailout guarantee provided to the borrower bank (i.e., bank 2) as long as the government’s bailout
budget is still sufficient to settle all of the borrower bank’s liabilities. These results are summarized in

the following proposition.

Proposition 6 If banks are protected by limited public guarantees, they have an incentive to channel
funds through the interbank market until the bailout budget of the government providing guarantees for

the borrower bank is completely exhausted.

6.3 Transaction costs and asymmetric bailout probabilities

In this section, we analyze the implications of asymmetric bailout probabilities and determine how a
bank’s incentives to establish interbank connections are affected by changes in its own bailout prob-
ability and the bailout probability of its counterparty. For this analysis, we again build on the case
discussed in Sections 4.1, that is, the two-country case where banks are located on a line. However, to
be able to analyze marginal effects of changes in the bailout probabilities on the banks’ incentive to
engage in interbank lending, we introduce costs on interbank transactions, which allows for interior so-
lutions for the banks’ interbank exposure. For brevity, we take the banks’ decision to invest in perfectly
correlated portfolios as given and focus on the case where bank 1 remains solvent only if its investment

in the risky asset is successful.

In particular, we consider now the case where the likelihood that government 1 bails out bank 1 in
case of a failure is a; and the probability that government 2 bails out bank 2 is as. Moreover, we now
assume that bank ¢ incurs transaction costs 7(b; ;+1), where 7(0) = 7/(0) = 0 and 7" > 0, when lending
funds on the interbank market. These costs include a variety of expenses associated with trading funds,
such as brokerage, CHIPS or Fedwire transaction fees, as well as the costs of searching for banks with
matching liquidity needs. The convex form of 7(-) represents the increasing marginal costs of searching
for trade partners and those resulting from the need to split large interbank transactions into many
small transactions to work around credit lines (e.g., Neyer and Wiemers, 2004). With transaction costs,

bank 1’s expected return thus becomes
Hl,b =\ [alA + 51723172 — CCl,b] — T(blg). (63)
and the participation constraint of bank 1’s creditors becomes

1
AacCiyp + (1 — )\a)§ [a1cCip + (1 — aq)anby 2By 2]

1
—|—(1 — )\a)i [agalcCLb + Oég(l — Oél)bLQBl,g + (1 — 042)01160171)] > c. (64)
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Moreover, bank 2’s expected return and participation constraint is given by

C
Ty = Ag [(1+ b1 o)A — cCop — broBro] > Tlyy = Ay | A — ,
26 = Ao [(1+b1,2) cCop —b12B1a] > Ilh g = A [ )\a+(1_)\a)a2] (65)

while the participation constraint of its creditors becomes

1 1
AacCap + (1 — Ag) 50(2602,}) + 5 (arapcCayp + (1 — al)agcngb)} > c. (66)
From the binding Conditions (65) and (66) it follows that B; o = A. Incorporating B;s = A, bank
1’s budget constraint, and the participation constraint of its creditors and taking the derivative of
Egs. (63) with respect to the interbank loan size yields the first-order condition for the banks’ optimal

interbank exposure?!

dHl,b _)\a(l — )\a)(l — Oél)OZQA /1% .
dbro Ao+ (1— ) 7 (b1) = 0. (67)

Next, we analyze the implications of a change in the banks’ bailout probabilities on bank 1’s incentive
to lend funds to bank 2. Taking the implicit derivative of b , with respect to bank 1’s own bailout

probability (a) and its counterparty’s bailout probability (asg) yields

db* 1— A

12 _ Aal Aa) Q2 <0 (68)
dogq (/\a =+ (1 — /\a)a1)27”(b1,2)
db* Aa(1 =) (1 — A

12 _ Dl U -a)d (69)

das ()\a + (1 — )\a)al)T”(bl,g)

These results yield the following proposition.

Proposition 7 A bank’s desire to invest on the interbank market increases with the bailout probability

of its counterparty and decreases with the bank’s own bailout probability.

First of all, if bank ¢’s counterparty has a comparatively high likelihood of being rescued in case of
an investment failure, funneling funds through this intermediary bank significantly increases bank 4’s
repayment probability. Second, if bank ¢ has a comparatively low bailout probability, establishing
interbank connections with banks that are very likely to be bailed out allows the bank to increase
insurance coverage for its creditors’ funds, which, in turn, lowers its funding costs. However, if bank ¢
already has relatively high individual government insurance coverage, the additional insurance value of
establishing interbank connections with other banks is comparatively low. Hence, bank ¢ would not able
to significantly lower its funding costs by increasing its interbank exposure. Taken together, the analysis
shows that banks have an incentive to establish a large interbank exposure to counterparties with high
government insurance coverage, which is even stronger if the bank itself has only low government

insurance coverage.

This result can help to explain the formation of core-periphery network structures. Banks with a

31Gince 7" > 0, the second-order condition for a maximum is satisfied.
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high probability of being rescued attract substantial fund inflows and thereby become an important hub
in the interbank network. These banks thus borrow and lend extensively on the interbank market, which
makes them even larger and more interconnected. This, in turn, is associated with an increase in the
likelihood that the bank is rescued in case of default based on “too-big-to-fail” and “too-interconnected-
to-fail” concerns. Because an increase in the bank’s government insurance coverage reinforces the

incentive of other banks to use this bank as an intermediary, it becomes a self-reinforcing mechanism.

6.4 Government decision and welfare implications

In the main analysis, we show that, due to implicit government guarantees, banks have an incentive
to inefficiently channel funds through the interbank market. However, the literature on interbank
markets has stressed that interbank networks are also able to improve welfare. For example, through
interbank lending, banks can co-insure each other against liquidity shocks, that is, negative shocks
resulting from sudden deposit withdrawals (e.g., Allen and Gale, 2000) or positive shocks resulting
from emerging investment opportunities (e.g., Rochet and Tirole, 1996). In this section, we show that,
when the interbank network additionally serves welfare-improving purposes, banks have an incentive
to inefficiently increase their interbank exposure beyond the first-best level if they are protected by
implicit government guarantees. Based on this analysis, we then derive policy implications and propose
measures to counteract bank incentives to inefficiently channel funds through the interbank market in

Section 7.

For this analysis, we add two features to the model: (i) a welfare-improving purpose of interbank
networks, and (ii) an endogenous government rescue decision that trades-off the costs of letting a bank
fail and rescuing it. In the following, we build on the case discussed in Section 5, that is, two banks
located on a circle which are both able to invest up to one unit of capital in the real asset (i.e., a3 <1
and ag < 1). For brevity, we again focus on the case in which the banks invest in perfectly correlated

portfolios and where a bank remains solvent only if its own investment in the real asset is successful.

We modify the setup as follows. Instead of two countries, we assume that the economy now consists
of two regions 1 and 2, both located in the same country with a government that tries to maximize wel-
fare. In each region, there is a bank, endowed with equity e and a continuum of households (creditors).
The banks can only raise capital and invest in their own region. To add a welfare-improving purpose of
the interbank network to the model, we assume that the total endowment of the households in region
1is ¢ — e (with € € (0,¢)), while the total endowment of the households in region 2 is ¢ + €, with € > .
Hence, interbank lending can be used to transfer funds that bank 2 raised from its creditors to bank 1,
which can then invest the funds in the real asset. Moreover, we consider the case where the interbank
interest rate is equal to A, which ensures that both banks have an incentive to transfer excess funds
from bank 2 to bank 1.

With regard to the government rescue decision, we assume that, when a bank defaults at t = 1, the
government must decide whether to rescue the bank by settling its liabilities or to let the bank fail. In

particular, the government must trade-off the costs of a bank failure against the costs of transferring
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funds from the public to the private sector (e.g., deadweight costs that originate from taxation, see,
e.g., Ballard, Shoven, and Whalley, 1985 and Feldstein, 1999). For the taxation deadweight costs, we
assume that when the government raises the funds necessary for the bailout (which it only can do from
households that still have funds available, i.e., households that did not lend their funds to a bank), it

causes the costs y > 0.32

To add costs of a bank failure to the model, we assume that, in addition to the real asset, bank
2 has another illiquid investment with a value of L where L < ¢.3* When the bank defaults and is
not rescued, we assume that the fraction SL is lost due to bankruptcy costs (where we assume that
L is sufficiently low such that raising e from bank 2’s creditors and lending it to bank 1 is welfare

34 These costs can be interpreted as fire sale costs due to rapid asset liquidation, legal

improving).
expenditures, or costs that result from breaking a loan originator-borrower relationship (e.g., Acharya
and Yorulmazer, 2008a). Because the costs of a bank failure are driven by bank-specific factors (e.g.,
availability of outside investors, asset liquidity, and lending relationships with the non-financial sector)
that are revealed only in times of distress, we assume that at ¢ = 0, only the distribution of 8 is known,
which is a uniform distribution between zero and some upper limit 3 (i.e., 8 = U(0, 3)), where 5 < 1
and BL > x. Note that only bank 2 is potentially bailed out in case of a failure since bank 1 does not

own an asset whose value is impaired by bankruptcy.?®

To capture the “too-big-to-fail” argument (e.g., Freixas, 1999), we assume that, at least initially,
the upper limit of the bankruptcy costs 3 increases with a bank’s size and thus interbank liabilities (i.e.,
dB/ dbi2 > 0 and for by = 0, dg/ db12 > 0). This assumption captures the fact that the complexity
(and thus the costs) involved in breaking up a bank increases with the bank’s size and thus also its

interbank liabilities.

Overall, welfare consists of the bank and creditor returns, minus the costs that are incurred when a
bank fails or when the government raises the taxes to rescue a bank. Therefore, at ¢ = 1, it is optimal

for the government to bail out bank 2 if
x < BL. (70)

Hence, the ex-ante probability of bank 2 being bailed out at ¢ = 1 is equal to a = 1 — x/(BL) and,
thus, increases with government’s efficiency to raise bailout funds and with the costs of a bank failure.

The first-best interbank exposure is thus given by

b5, 65 7] =[0,4. (71)

32This assumption models the fact that a bailout is a costly wealth redistribution from households that still have taxable
wealth to households that lent funds to a failed bank. Moreover, we assume that € is large enough such that the government
is able to raise sufficient funds to bail out a bank in default and that the taxes and costs x are shared equally by the
households that still have funds available.

33For simplicity, we assume that bank 2 can pledge this illiquid investment as collateral to its outside creditors such
that they receive the liquidation value of this asset in case of bankruptcy.

34Note that bank 2 always fails when its investment a2 in the real asset is unsuccessful since L < c.

35This assumption does not qualitatively affect our results, but it makes the analysis much more tractable.
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That is, it is always beneficial for both, the banks and the government, that bank 2 raises the total
amount ¢ + € from its creditors and lends the amount ¢ to bank 1. However, due to the mechanism
described in the main analysis, banks might have an incentive to increase their interbank exposure
beyond this level. Therefore, we next determine the level of interbank exposure banks choose at t = 0.

With the additional model ingredients, the expected bank returns at ¢ = 0 become

Iy, = Xa[A+b12B—(c—¢€)Cip— by1B] (72)
I, = X[A+L+b21B— (c+¢€)Cap —b12B]. (73)

Moreover, the participation constraint of the banks’ creditors becomes%

)\a(c — E)Cl,b + (1 — )\a)a(SLCbLQB > (C — g) (74)
Nale+€)Cap+ (1= ) [ale+ Cap+ (1=a) (1= 25V L] = (c+e), (75)

where x/(2L) is the expected value of § conditional on bank 2 not being bailed out, and ;. =
(c—€)C1p/((c—€)C1p+b21B). Determining the derivative of the banks’ expected return with respect
to by at byp =0 yields:37

dlly

(b2 = 0) = (1 - Ag) ady B > 0 (76)
dbro " ’
Ao (1= A )de? [((c+€)Cop— (1 —3%) L]
a\l — Ag) =3 CTE - ~ 3
o (b1o=0) = BL > L} (77)
dbLQ ’ Ao + (1 — )\a) «

Therefore, as a result of the government bailout subsidies, both banks have an incentive to increase

their interbank exposure beyond the first-best level, which yields the following proposition.

Proposition 8 When the interbank network serves welfare-improving purposes, banks always have an
incentive to inefficiently increase their interbank exposure beyond the first-best level if they are protected

by implicit government guarantees.

In particular, bank 1 has an incentive to become highly interconnected with bank 2 to exploit bank
2’s government bailout subsidies (due to the mechanism presented in this paper) and bank 2 has an
incentive to become bigger to increase its own bailout probability (due to the well-known “too-big-
to-fail” problem; see, e.g., Freixas, 1999), which reduces its funding costs. Hence, as pointed out
by the literature on the time-inconsistency of government bailout decisions, it would be optimal for
the government to commit to a no-bailout policy at ¢ = 0 from an ex-ante perspective. However,
this solution is inconsistent with the government’s ex-post decision at ¢ = 1, creating a commitment
problem similar to the one in, for example, Freixas (1999) and Farhi and Tirole (2012). This result

yields important policy implications, which are discussed in the next section below.

36Note that creditors that lent their funds to the banks do not incur the deadweight costs that originate from taxation
as these costs are only borne by households that still have funds available (i.e., households that did not lend to the banks).
3TPlease see Section 9.17 in the Online Appendix for the derivations of Egs. (76) and (77).
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7 Conclusion and policy implications

This paper sheds light on the puzzle of why banks have an incentive to be highly interconnected on
the interbank market. We show that banks have an incentive to inefficiently channel funds through
the interbank market before these funds are invested in real assets because this increases the value of
government bailout guarantees and, in turn, the banks’ expected returns. In particular, if banks that are
protected by implicit or explicit government guarantees act as intermediaries between other banks and
real investments, there is the possibility that these intermediary banks are rescued by their governments
when the real assets fail. This additional hedge increases the likelihood that banks and their creditors are
repaid relative to a direct investment in the real assets. As a result, banks have an incentive to choose
a higher interbank exposure than necessary in order to fully exploit welfare-improving possibilities
provided by the interbank market. This behavior considerably increases expected bankruptcy costs,
systemic risk, and leverage without altering the aggregate relation with the real economy, which justifies

regulatory intervention.

Therefore, governments should introduce measures that aim at reducing banks’ incentive to create
excessive interbank exposures. A first possibility would be to increase the risk weights for interbank
liabilities under the Basel accord, which would tighten the minimum capital requirements. If interbank
liabilities receive a higher risk weight, banks are incentivized to reduce their excessive lending activities
and, hence, reduce systemic risk in the interbank market. However, banks might potentially counter
this regulatory measure by engaging in cross-equity holdings in addition to interbank debt liabilities.
By mutually investing equity in other banks in the interbank network, banks can reach any desired

equity ratio without being dependent on outside investors.

From the results discussed in Section 6.3, it follows that if a government lowers bailout expectations
(e.g., by credibly committing to a no-bailout policy), this actually leads to higher interconnectedness
when other governments do not make the same no-bailout commitment. The reason is that the incentive
to be interconnected increases if a bank’s own government insurance coverage is reduced. Hence, if the
government insurance coverage of banks is reduced in only one country, these banks then aim to have
more interbank exposure to banks in other countries to benefit from their government guarantees.
Therefore, reducing interconnectedness on the interbank market by lowering bailout expectations can
only be achieved when governments employ a coordinated approach and lower expectations in all

countries simultaneously.

Another possible option might be to limit a bailout to domestic counterparties, which would reduce
the incentive of foreign banks to establish interbank connections with domestic banks. However, this
process would require an adjustment of the principles of national treatment and equality of competitive
opportunity in the International Banking Act, which requires that domestic banks and branches of
foreign banks are treated equally (see Baxter (2010) for more details). Additionally, national laws often
prohibit regulators from treating foreign and domestic banks differently. For example, the principles
embodied in Section 4 of the Federal Reserve Act require the Federal Reserve to treat member banks and

other banks equally. Another reason why regulators might be reluctant to limit a possible bailout only
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to domestic banks might be the quid pro quo response of other countries (see Baker, 2009). Moreover,
regulators might be concerned that committing to limit bailouts to domestic counterparties of a bailed-
out bank might severely reduce the competitiveness of the country’s banking system because foreign
banks would be reluctant to lend funds to domestic banks. In general, limiting bailouts to domestic
banks would also not completely eliminate the incentives of foreign banks to become interconnected
with domestic banks to exploit their government guarantees, as they only have to incorporate additional
domestic intermediaries. In this case, bailout funds are first funneled through other domestic banks
before they are transferred to foreign banks (as in the AIG bailout, where bailout funds from AIG were

paid to Goldman Sachs and then passed on to foreign counterparties).

Furthermore, one of the key topics in the current discussion in the European Union is whether to
introduce a financial transaction tax to limit speculative trading activities. Because interconnectedness
can also be created via derivatives, such as CDSs (in addition to interbank loans), such a tax might
potentially reduce the high interconnectedness by adding transaction costs (which reduce bank incen-
tives to become interconnected, as shown in Section 6.3). Another measure to mitigate the incentives
to inefficiently channel funds through the interbank market is to introduce the widely discussed bank
levy. Levying higher taxes against banks with large balance sheets (which can very well result from
high interconnectedness) based on their systemic risk can potentially mitigate the incentive to create

large interbank exposures in the first place.

With regard to the interbank network structure, it is important to note that, for interbank liabil-
ities that exist bilaterally between two banks, regulators might be able to net gross exposures before
deciding to conduct bank bailouts. If, however, these interbank flows involve more than two banks, reg-
ulators would have to know the entire network topology to be able to cancel out superfluous interbank
exposures.>® Because interbank exposures are highly complex, opaque, and layered across different
countries, canceling out these flows before bailing out a bank is impossible in practice. However, creat-
ing a centralized clearing house for interbank activities can potentially mitigate the perverse incentives
described in this paper. If all interbank activities are channeled through a clearing house, the regulator
knows the complete interbank network topology and is thus able to cancel the matching interbank

deposits of the various banks. However, this approach would require a global clearing house and, thus,

a collaboration of all the bank regulators involved.

38In Section 8.1 in the Online Appendix, we show that banks also always have an incentive to lend and borrow more
on the interbank market when they are located on a circle that involves more than two banks.
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8 Robustness checks

8.1 Three banks located on a circle

For brevity, we take the banks’ decision to invest in perfectly correlated portfolios as given and focus

on the case where banks remain solvent only if their investment in the risky asset is successful. Similar

to the setting in Section 5, with three banks located on a circle, the banks’ expected returns become

Hl,b =\ [alA + bLQB — CCl’b — b37lB]
Hgyb = >\a [GQA + bg’gB — CCQ’b — blygB]
I35 = Mg [asA+ b3 1B — cCsp, — ba 3B,

while the banks’ budget constraints become

e—&-c—i—bg’l :al—i—bl,g
e+c+bio=ax+bys
€+C+b2,3 :a3+b371.

Moreover, the creditors’ participation constraints become

Aa€Crp+ (1= Ag) [acCrp + (1 — a)ady b1 2B] > ¢
)\aCCQ}b + (1 — )\a) [O[CCQ,Z) + (1 — Oé)a(sg’cbg’gB] >c
Aa€Csp + (1 = Ag) [acCsp + (1 — a)ads b3 1B] > ¢,

where we assume that all banks (and their creditors) expect that their respective successor bank invests

the funds it borrowed on the interbank market in the real asset. If the banks would expect that their

successor bank also invests these funds in the interbank market, their expected return would be even

higher due to the additional insurance coverage of the additional borrower bank’s government guarantee.

Hence, this assumption will give lower bounds for the banks’ expected returns. Incorporating the banks’

budget constraints and their creditors’ participation constraints and taking the derivatives of Egs. (78)

to (80) with respect to the banks’ interbank exposure yields’

dIly g _ Aa(l=2) (1 —a)a 5% B>0
dbrz N+ (1= Aa)a+ (1= A,) (1—a)aﬁ%
dlls _ Aa(1=2)(1-a)a 2 B0
db2s N4+ (1—=X)a+(1-X)(1—a) aﬁ% e
dllsp Aa(I=2)(1-a)a 2 B0
dbs1 N+ (1—Aa)a+ (1—Ao) (1 — a) a—BhaaB 75

(CCB,b+b2,sB)2

Hence, due to their implicit government guarantees, all banks are always incentivized to borrow and

lend more on the interbank market.

39Please see Section 9.18 for the derivation of Egs. (87) to (89).
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8.2 Remaining case for Section 5

In the following, we analyze the case in which the banks fail if their interbank loan is not repaid. First,
we again determine the banks’ optimal portfolio correlation given interbank exposure and then their
optimal amount of interbank borrowing and lending. For this case, the expected return of bank 7 is

given by
Ly = (pr2+ (Aa —p1,2) @) [a; A+ b; j2:B — cCip — bjzi i Bl . (90)

The participation constraint of the creditors of bank ¢ is given by

bi2i:BCsi s
C Aa — C; 1-— C; 1—a)a;A |l - j#1,1 DY,
p1,2¢C5p + ( p1,2) {ac b+ (1 —a)acC;p+ (1 —a)a b B0t O B
+ (Ao — p1,2) {acC- b+ (1 —a)ad; b jziB+ (1 —a)®ajzA biziiBCizip ]
’ ’ " v I b 2 BCiy + (cCip + bjzi,i B)Citip

1 1
+(1 - 2)\a + ,01’2) |:2 (OéCCZ',b + (]. - a)aéi’cbi,j#B) + 5 (QQCCi,b + (]. - O[)OlCCl'yb + 0[(1 - a)5i,cbi7j¢iB)]

>c. (91)

The repayment that the creditors of bank 7 receive in the case where only bank i is successful follows

from

dic — A1 bj#i,i BCjzib

oo
a;Ab; 0107y = G A——— -
Z (CTLbT AL 1—06:0052ip bi j i BC;p, + (cCip+ bj;éi,z’B)Cj;éi,b

n=0

(92)

That is, the liquidation funds are passed from bank i to bank j # 4, back to bank 4, and so on. Similarly,
if bank j # 4 is the only successful bank and it is not bailed out, the creditors of bank i receive

= 1 bj2iiBCji
i AS; T = 4 Ay 0ty = a4 A el ka : 93
nzzzoaﬁé OOt = A Ay S 7 by 2iBCy + (cCip + by 20:B)C (93)
Solving the binding Constraint (91) for the interest rate C; yields
Cip = 1 _ (Aa —p12)(1 —a)?A
o pat (L =pr2)at e —pr2)(l—a)a clpiz+ (1 prg)a+ (A —pr2)(l - a)a)
1—X)(1—
= ( )4 = aja 5: obi j4i B, (94)

c(pr2+ (L= pra)a+ (Aa—pr2)(l —a)a)

where we used that a; = a;x; = 1, which follows from the banks’ budget constraints from Eq. (22) and

a; <1 (see Section 9.2). The implicit derivative of C;; with respect to p1 2 is*0

dCip 1 (1—a)?(A—cCip)

- > 0. (95)
bi,j#£iBbjxi,i B
dpl,2 c P1,2 + (]_ — 91,2)04 + (>\a — P1,2)(1 — CY)O( + (1 - )\a)(l - a)am

“0Please see Section 9.19 for the derivation of Eq. (95).
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Finally, incorporating the banks’ budget constraints and the creditors’ participation constraint and
taking the derivative of II; ;, with respect to p1 o yields*!

iy _ (cCip tbyzisB) } > 0. (96)

bi,j#iBbj+i,i B
dPl,Q p172 —+ (1 — p172)04 + (Aa — p172)(1 — Oé)Oé —+ (1 — )\a)(l — @)QW

From Eq. (96), it follows that when the banks are protected by government guarantees, they both have
an incentive to maximize their portfolio correlation (i.e., choose Pla = Aa) and their expected returns

become

¢ Aa(l =) (1 — @)

( a
py bJ#z,zB + X\, +( — )\a)Ol

L,y = Ao |a;A+b; j2;B— ——————
b a; A+ 0452 )\a+(1*/\a)

aéi,cbi,j;éiBa (97)

which equals Eq. (30). Hence, the banks again have the incentive to maximize their interbank exposure.

8.3 Remaining cases for Section 6.2

In this section, we derive the optimal portfolio correlation and the optimal interbank exposure for the

remaining sub-cases of Cases (a) and (b) discussed in Section 6.2.

8.3.1 Case (a) - cCap +bi12B12 < g:

First, bank 2’s expected return and participation constraint for all remaining sub-cases of Case (a) (i.e.,
a.ii to a.iv) is given by Eq. (50). Moreover, for Cases (a.ii), (a.iii), and (a.iv), the expected returns for
bank 1 and the participation constraints (PC) of the creditors of both banks become

Case (a.ii): II1p = p12]a1A +b12B12 — cCrp] + (Mg — p12) @ [a1 A+ b1 2By 2 — cChp)

+ (Ao = p1,2) [b1,2B12 — cCip + (1 = 2Xa + p12)a [b12B1 2 — cCh ) (98)
PC creditors 1: p; 2cCip + (Aa — p1,2) [cCrp + (1 — @)acCyp + (1 — @)*a1 A]

+ (Mg —p1,2)cCrp+ (1 —20g + p1,2) [acCrp + (1 — @)acCrp] > ¢ (99)
PC creditors 2: p;2c¢Csp + (Mg — p1.2)cCap + (Mg — p1,2)acCap + (1 — 22X, + p1,2)acCap > ¢ (100)

Case (aiii): Hl,b =p1,2 [alA + b17231,2 — CCl,b] + ()\a — p172) « [alA + 61,23172 — CCl,b} (101)
PC creditors 1: p12¢Cip + (Mg — p1,2) [acC’Lb +(1-a)acCiy + (1 — a)QalA]

1
+ ()\a - pl)g) [OzCCl)b + (1 — Oé)b])QBLQ] + (1 — 2\, + p1’2)§ (acCl,b + (1 — Oé)o[bl)QBLQ)

1
—|—(1 — 2\, + p172)§ (OK2CC1,17 + 04(1 — a)b1,231,2 + (1 — Oé)OéCCl,b) >c (102)
PC creditors 2: p;2cCap + (Mg — p1.2)cCap + (Ag — p1,2)acCayp
1 1
+(1—2Xs + p1,2) iacC’gb + 3 (QQCCM, + (1 - Oé)OtCCva) >c (103)

“Please see Section 9.20 for the derivation of Eq. (96).
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Case (a.vi): II; , = p12[a1 A+ b12B12 — cCrp) + (Ao — p1,2) [a14 + aby 2B 2 — ¢Ch p]

+ (Aa —p1,2) [b1,2B12 — cCrp] + (1 — 2Xq + p12)a [b12B1.2 — ¢Ch p] (104)
PC creditors 1: p12c¢C1p+2 Ay — p1,2) cCrp + (1 — 20 + p1,2) [acCrp + (1 — @)acChp]) > ¢ (105)
PC creditors 2: p; 2cCap + (Ag — p1,2)cCap + (Mg — p1,2)acCap + (1 — 22, + p1,2)acCap > c. (106)

In Case (a.ii), bank 1 is solvent whenever it is repaid by bank 2, either because bank 2’s investment
is successful (first and third term of Eq. (98)) or bank 2 is bailed out (second and fourth term in Eq.
(98)). In Case (a.ii), bank 1 only stays solvent if either both banks are successful (first term in Eq.
(101)) or if bank 1 is successful and bank 2 is bailed out (second term in Eq. (101)), in which case the
creditors of bank 1 are fully repaid. Otherwise, they receive the respective liquidation value of bank 1.

Finally, in Case (a.vi) bank 1 stays solvent as soon as one bank is successful or if bank 2 is bailed out.

Taking the derivative of bank 1’s expected returns with respect to p; 2 yields for the remaining three

sub-cases?2
oy, A1 p (1- o)
Case (a.ii): — = >0 107
(a.if) dpia  Aa+(1—Ag)[a+ (1 —a)a] (107)
Case (auiii): Do _(1=o)afuid+biaBio = cOuo | (108)

dpio a4+ (1—a)pi2+ (Aa — p12)a]
dlly g (1-0)a

Case (a.iv): =
(a.iv) dpi2 pr2+2Ne—pr2)+ (1 =2+ p12)[a+ (1 —a)a]

cCip >0, (109)

which shows that in all possible sub-cases of Case (a) banks will choose perfectly positively correlated
portfolios, i.e., pjo = A;. Plugging pj, = A and the respective binding creditors’ participation
constraint (Egs. (99), (102), and (105)) into bank 1’s expected return (Egs. (98), (101), and (104))
yields, after rearranging,

Case (a.iii): II1p = Ay [a1 A + b1 2B o] + (1 — \o) L\a - (?C_ PP n )\a)Ei ; Evl)a_b;jim} _
—G1y
(110)
Cases (a.ii) and (a.vi): II; , = Ay [a1 A+ b1 2B12] + (1 — Ag) {abl 9B 9+ (1 ajac } —c.
’ e T A F (1= A+ (1 — a)al
=G
(111)
Finally, taking the derivative of Egs. (110) and (111) with respect to by 2 yields for the three cases
Case (a.iii): C(lill—)lif :A“(ia ﬁ(“l)(l )\GQM >0 (112)
Cases (a.ii) and (a.vi): % =(1—A)ad >0, (113)

b1,2

where we incorporated already that for all three sub-cases it holds that By = A, which follows from
the binding participation constraints of the creditors of bank 2 and bank 2’s binding participation

constraint from Eq. (50). Taking the derivative of the value of the bailout subsidies G from Egs.

“2Please see Sections 9.5, 9.6, 9.7 for the derivation of Eqs. (107), (108), and (109), respectively.
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(110) and (111) with respect to by 2 and comparing the results to Egs. (112) and (113) shows that for all
three sub-cases it holds that dG1/dbi 2 = dIl; /dbi 2 > 0. Hence, for Case (a), the banks always have
an incentive to increase their interbank exposure, that is, increase by o until either cCop 4+ b12B12 = g
or bank 1 has invested all its fund into the interbank loan to bank 2, that is, b2 =e+c=1.

If by 2 = 1 becomes binding first (which implies Case (a.ii)), bank 1’s maximum expected return
becomes

Xt (= X)e+ (1 —a)al

o= (1= ) 4 (B (114)

while bank 2’s expected return is H;b = H;}a. If, on the other hand, cCyp + b1 2812 = g becomes
binding first, the banks’ interbank exposure becomes

« L/ ¢
biz =7 (g Mo+ (1— )\a)a> ' (115)

This yields for bank 1’s expected maximum return for the different cases

(1= 2a)(1 = ) (9= 5=5a )
s c Aa+(1-Aq)a
Jdii): T, =M |[A— Iy
Case (a.iii): 117 , =\, [ Nt (1= )\a)a} + = e > 117,
(116)
.t . . c
Case (a.ii) and (a.vi): TI , =), [A S Wy oy a)a]}
c c

+(1 = Aa)ex {g— } > 103, (117)

Aot (T=2d)a  Aa+(1=A)[a+ (1—a)d]

where Hib is larger than Hia for all sub-cases as for Case (a) it holds that cCap + cCip < c¢Cayp +
b12B12 < g. Bank 2’s expected return is again equal to the expected return in the autarky case, i.e.,

*  _ TT*
H2,b - HQ,CL'

Hence, for Case (a), the banks always choose a positive interbank exposure as bank 1’s expected
return with interbank exposure always exceeds its return in the autarky case due to the increased value

of the government bailout subsidies.

8.3.2 Case (b) - cCayp +b12B12 > g:

For all three remaining sub-cases of Case (b), bank 2’s expected return and participation constraint is
again the same as in Eq. (50). For Case (b.ii), we have to distinguish three additional sub-cases: If
bank 2’s risky asset fails and bank 1 is not rescued, while bank 2 is bailed out by its government, the

funds that bank 1 receives can either be

e (b.ii.i) always high enough to repay bank 1’s creditors (i.e., d2pg > cC1y),

e (b.ii.ii) sufficient to fully repay bank 1’s creditors if bank 1’s real investment is also successful

(i.e., a1 A+ d2pg > cCrp > 52,b9), or
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The respective expected returns of bank 1 and its creditors’ participation constraints for these sub-cases
of Case (b.ii) are given by

Case (b.ii.i): II1 , = p12 (a1 A+ b1 2B12 — cCrp| + (Ao — p1,2) a[a1 A + 629 — cC1 )

+ (XNa — p1,2) [b1,2B1,2 — cCrp] + (1 — 2o + p1,2) [02,59 — cC1p) (118)
PC creditors 1: py2cCip + (Ag — p12) [acCLb + (1 —a)acCip+ (1 — a)ZalA]

+(Na = p1,2) cCrp + (1 —2Xg + p1,2) [acCrp + (1 — a)acCp) > ¢ (119)
PC creditors 2: p; 2c¢Coyp + (Ag — p1,2)cCap + (Mg — p1,2)ad2.cq + (1 — 2Xg + p1,2)ada g > ¢ (120)

Case (b.li.ll): Hl,b = pP1,2 [alA + bl_yQBlyQ — CCl,b] + ()\a — p1’2) « [alA + (52_’1)9 — CCl’b}
+ (Aa — p1,2) [b1,2B1,2 — cC1p) (121)
PC creditors 1: p12¢C1p+ (Mg — p1,2) [och’Lb +(1—-a)acCiy + (1 — a)ZalA} + (Ao — p1,2) cCrp

1 1
+(1—2X s+ p1,2) [2 (acChp + (1 — @)adapg) + 3 (aQCCLb +a(l—a)dpg+ (1 — a)acC’l,b) >c (122)

PC creditors 2: p; 2c¢Cap + (Mg — p1.2)cCap + (Ao — p1,2)002 g

1 1
+(1—2X s+ p1,2) [20452769 + 5 (01252,cg +(1- 04)0452769) >c (123)
Case (b.li.lli): Hl,b = p1)2 [alA =+ b17231’2 — CCl,b] =+ ()\a — P1,2) [bl’QBLQ — CCl)b] (124)
1
PC creditors 1: pj 2c¢Cip + (Mg — p1,2) 3 (acCl’b +(1—-a)adapg+arAl+ (1 — a)2a1A)
1
+ (e —p12) = (QQCCM +a(l—a)d2pg+ a1 Al + (1 —a)acCyp+ (1 — a)QalA) + (Ao — p12) cCrp

2
1 1
+(1—2X s+ p1,2) [2 (acCyp+ (1 — a)adzpg) + 5 (ach’Lb +a(l—a)dpg+ (1 — a)acCLb)} >c (125)

. 1 1
PC creditors 2: p1 2cCop+ (Ag — p1,2)cCap + (Ag — p1,2) [2o<527cg + 3 (a2527cg +(1- a)a527cg)]

1

1
+(1—2Xs +p1,2) [20452,c9 + 5

(a2627cg +(1- a)a627cg)] > c. (126)

For Case (b.iii), we again have to distinguish between two additional sub-cases: Bank 1 remains solvent

if its investment in the risky asset is successful and

e (b.iii.i): if the interbank is at least partially repaid (i.e., d2pg + a1 A > ¢C1p) and
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The expected returns for bank 1 and the creditors’ participation constraints for these cases are given

by

Case (biiii) Hl,b = p1,2 [alA + bl,gBLQ — CCl,b] + (/\a — pl,g) o [alA + 52,1,9 — CCL},}
PC creditors 1: p12¢C1p + (Mg — p1,2) [acCLb + (1 —-a)acCip+ (1 — a)2a1A}
+ (Ao — p1,2) [acCp + (1 — a)by 2By 2]

1 1
+(1—2X s+ p1,2) [2 (acCyp+ (1 — a)adzpg) + 3 (042001,1; +a(l —a)dzpg + (1 - Oé)OéCCm) >c

PC creditors 2: p12¢Cap + (Mg — p1,2)cCap + (Ag — p1,2)02,c9
1

1
+(1—2Xs +p1,2) [20452,(:9 + 5

(azégﬁcg +(1- a)oz&g’cg) >c

.....

1
PC creditors 1: p1 2¢C1p + (Mg — p1,2) 3 (acCLb +(1—-a)adpg +ar Al + (1 — a)zalA)

1
+(Aa —p1,2) 3 (@?cCip+ a(l — ) [6249 + a1 A] + (1 — a)acCrp + (1 — a)?ar A)

+ (Ao — p1,2) [acCp + (1 — )by 2By 2]

1 1
+(1—2X, + p1,2) [2 (acCyp+ (1 — a)adzpg) + 3 (042001,b +a(l —a)d2pg+ (1 — a)acCl,b)} >c

1 1
PC creditors 2: p1 2cCop+ (Mg — p1,2)cCap + (Ag — p1,2) [20452,cg + 5 (01252,4] + (1 - 0‘)0452,c9)]

1 1
+(1—2Xs+p1,2) [204527¢g + 3 (a2527cg +(1- a)a627cg)] >c.

(127)

(128)

(129)

(130)

(131)

(132)

Finally, for Case (b.iv), we also have to distinguish between two sub-cases, that is, bank 1 remains

solvent

e (b.iv.i) if the interbank is at least partially repaid (i.e., d2p9 > cC1p) and

e (b.iv.ii) only if the interbank loan is fully repaid (i.e, d29 < cC1 ).

The expected returns for bank 1 and the creditors’ participation constraints for these cases are given

by

Case (b.iv.i): Iy, = p12fa1 A+ b1 2B12 — cCrp]l + (Ao — p1.2) [a1 A + adapg — cCh p)

+ (Ao = p1,2) [b1,2B12 — cCip) + (1 = 2Xa + p12)a [62,9 — cCh )
PC creditors 1: p12c¢Cip+2(As — p1,2) cCrp+ (1 — 20 + p1,2) [acCrp + (1 — @)acClp] > ¢
PC creditors 2: p12cCap+ (Ag — p1,2)cCap + (Mg — p1,2)ad2.cg + (1 — 2Xg + p1,2)ada g > ¢
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Case (b.iV.ii): Hl,b = p1~,2 [alA + bLQBLQ — CCl,b] + ()\a - p1’2) [alA + a52,bg — CCl’b]
+ (Aa — p1,2) [b1,2B1,2 — cC1p) (136)
PC creditors 1: p12¢C1p+2(Ag — p1,2) cCrp

1 1
+(1—2Xs +p1,2) [2 (acChp + (1 — @)adapg) + 3 (aQCCLb +a(l—a)dpg+ (1 — a)acC’l,b) >c (137)
PC creditors 2: p; 2cCap + (Mg — p1.2)cCap + (Ao — p1,2)002 g
1 1
+(1 —2Xq + p1,2) [20452769 + 3 (01252,41 + (1 — 04)04527(;9) > c. (138)

Next, we determine the banks’ optimal portfolio correlation for all sub-cases of Case (b). Incorporating
the binding participation constraints and taking the derivative of bank 1’s expected returns with respect

to p12 yields for the different cases®3

Case (b.ii.i): 21311,’21’ Ry Elx_a)?o)zaf(l1 —a1 > (139)
Case (b.iL.ii): 21311:21’ o 451(1_—0[)&1)21?;50—17;1;)5(21@04)04 ) (140)
Case (b.ii.iii): 21311,’21’ =ay- +‘211A_ >0 (141)
coe i 2 o e O 0
Case (b.iii.ii): 21311;’ —a— 2(2{ —’/;1b21)2aBj—2( 1—_062“32 e 0 (143)
Case (b.vid): 213115 :apl,z +2(Xa — p1,2) ‘*(‘1(1?);)6:1: pr2)la+ (1 —a)ad] =0 (144
Case (b.iv.ii): THL cCrp = ad2p9 > 0. (145)

=q
dp1,2 P12 +2(Aa — p12) + (1 =24 + p12)

Hence, in all cases, the banks will again choose pj, = A, Next, we determine the banks’ optimal
interbank exposure for Case (b). Plugging Pla = Aq into bank 1’s expected return yields for the
different cases

Cases (b.ii.ii), (b.ii.iii), (b.iii.i), (b.iii.ii), (b.iv.ii): Il = Ag [a1A + b1 2B12 — cChp]  (146)
PC creditors 1: A\,cCrp+ (1 — Ay) [acCrp + (1 — @)adapg] > ¢ (147)
PC creditors 2: \,cCop+ (1 — Ag)ada g > (148)
Cases (b.ii.i), (b.iv.i): II; ;, = Ay [a1 A+ b12B1.2 — cC1p] + (1 — Ag)a[02,69 — cChp] (149)
PC creditors 1: \,cChp+ (1 — Ag) [acCrp + (1 — a)acCrp] > ¢ (150)
PC creditors 2: A\,cCap+ (1 — Ag)adacg > c. (151)

“3Please see Sections 9.9 to 9.15 for the derivation of Egs. (139) to (145).
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Incorporating the binding participation constraints and taking the derivative of Eqs. (146) and (149)
with respect to by 2 yields44

Ao (1—X,)a? 92,094

dIl “Xe)a oy th1 2B
Cases (b.ii.ii), (b.ii.iii), (b.ii.i), (b.iilii), (b.iv.ii): o = —JetUAJacuthializ g (159
db1’2 Aa + (1 o )\a)accz,b+b1,231,2
.o dllp
Cases (b.ii.i), (b.iv.i): = =0. (153)
dby 5

Hence, for Case (b), that is, the case where banks increase their interbank exposure to a level such
that bank 2’s total liabilities exceed the government budget, increasing the interbank exposure even
further than this threshold reduces or has no effect on the banks’ expected return. As in Case (a), the
derivatives of the bailout subsidies values with respect to by » again equal the derivatives of the expected
returns, given in Eqgs. (152) and (153). That is, also for Case (b) it holds that dG /db1 2 = dIl; 3/db 2,
as shown in Section 9.16.

the same as for Case (b.i) described in Section 6.2. Moreover, while the effect of interbank exposure on
Cyp is the same for Cases (b.ii.i) and (b.iv.i) as for the other cases, for these two cases an increase in the
interbank exposure has no effect on Cj; (while C} ; decreases in the other cases) because bank 1 stays
solvent if bank 2 is bailed out. Hence, for Cases (b.ii.i) and (b.iv.i), the size of the interbank repayment
does not change the payment to the creditors of bank 1. Therefore, for these two cases, interbank
exposure has no effect on the value of the government bailout subsidies provided by government 1 and

2 and thus also no effect on the banks’ expected returns.

8.4 Limited government bailout budgets - One country case.

In this section, we analyze the case in which both banks are located in the same country and where the
bailout funds that the country’s government is able to provide are limited. Again, to analyze how the
banks’ incentive to become interconnected changes when increasing the interbank exposure potentially
leads to a situation where the government is not able to fully bail out all banks in the economy anymore,
we now assume that the government is endowed with a bailout budget of g > cC;, = cnga.45 For

brevity, we take the banks’ decision to invest in perfectly correlated portfolios as given.

For the one country case we have to distinguish between four different cases:

e Case (a) - cCop +b12B12 < g and cCrp + cCyp < g: the bailout budget exceeds the total

liabilities of bank 2 and exceeds the sum of the creditors’ claims of bank 1 and bank 2,

o Case (b) - cCop + b12B12 < g and cCip + cCap > g: the bailout budget exceeds the total
liabilities of the banks individually, but the budget is lower than the sum of the creditors’ claims
of bank 1 and bank 2,

44Please see Section 9.16 for the derivation of Eqs. (152) and (153).
“5Recall that due to the additional hedge provided by the interbank exposure for bank 1’s creditors it always holds that
CCLb < cCl,a.
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e Case (c) - cCap + b12B12 > g and cCyp + cCayp < g: the bailout budget is lower than the total

liabilities of bank 2, but exceeds the sum of the creditors’ claims of bank 1 and bank 2, and

o Case (d) - cCap +bi12B12 > g and cCip + cCayp > g: the bailout budget is lower than the total

liabilities of bank 2 and lower than the sum of the creditors’ claims of bank 1 and bank 2.

Case (a): CCQJ) + b172B172 < g and CCl,b + CCQ’b <g.

In Case (a), the government’s budget limit is not reached yet and thus the banks’ maximization problem
equals Case (a) in the two-country setting, which we discussed in Section 6.2.1. Therefore, for Case (a)
banks always have an incentive to increase the interbank exposure until either cCyp + b1 2B12 = g or

cChp + cCop = g becomes binding.

Case (b): cCop+b12B12 < g and cCyp + cCayp > g.
For this case, bank 1’s expected return is given by?6

Iy = A (@1 A+ b12B12 — cCrypl, (154)
and the participation constraint of the creditors of bank 1 becomes

1
/\aCCLb + (1 — )\a>§ [acCLb + (1 — Oz)abl)gBLg]

(- A)s

5 [a2(g —cCop) +a(l —a)by2B12+ (1 — a)acC’l,b] > c. (155)

That is, if both banks fail and both banks are rescued, but bank 2 is rescued first, the creditors of
bank 1 only receive a partial repayment (i.e., g — cC5 ) since the government’s bailout budget is not

sufficient to fully bail out both banks.

For all cases where both banks are located in the same country, the participation constraint of bank
2 becomes

Hgﬁb = A [(1 + bl’g)A — bl,gBLQ] + (1 — )\a)acngb —c> Hg’a. (156)
Finally, the participation constraint of the creditors of bank 2 is given by

1 1
AacCap + (1 = Aq) iacCg,b + 5 (a®(g — cCrp) + (1 — a)acCsy) | > c. (157)
Again, if both banks fail and are both rescued, but bank 1 is bailed out first, the creditors of bank 2
are only partially repaid. Incorporating the binding creditors’ participation constraints and the banks’
budget constraints and taking the derivative of Eq. (154) with respect to by 2 yields*7

dIly _ Aa(L=2a) (Il —a)a(Ag+ (1 = Xa) @) A>0. (158)

iz (Aa+ (=X o+ (1-a)a))’ = (1= A)* (1= fa) da?

46Note that the conditions of Case (b) imply that ¢C1p > b1,2B1,2.
“TPlease see Section 9.21 for the derivation of Eq. (158).
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Therefore, also in Case (b) the banks are incentivized to maximize their interbank exposure, that is,
increase by until ¢cCayp + b1 2B12 = g becomes binding. The reason is that, for Case (b), increasing
the interbank exposure increases the bailout injection in the case where only bank 2 is rescued. Hence,
interbank exposure increases the value of the bailout subsidy and thus the banks’ expected return.
Case (c): cCop +b12B12 > g and cCp + cCop < g.
For Case (c), bank 1’s expected return is given by*®
HLb =\ [alA + bl’gBLQ — CCl,b] + (1 — )\a)a [52,179 — CCl,b} . (159)
Moreover, the participation constraint of the creditors of bank 1 becomes
Aa€Crp + (1 = Ag) [acCrp + (1 — a)acChp] > ¢, (160)
and the participation constraint of the creditors of bank 2 is given by
Aa€Cop+ (1 — Ag)ada g > c. (161)

Again, incorporating the binding creditors’ participation constraints and the banks’ budget constraints
and taking the derivative of Eq. (159) with respect to by 2 yields’

iy,
dbro

(162)

Therefore, for Case (c), the banks’ expected return is not affected by a change in the interbank exposure.
While higher interbank exposure shifts bailout funds from bank 2 to bank 1, which leads to an increase
in Cyy, it has no effect on the bailout injection in case bank 2 is rescued, since the total liabilities
of bank 2 already exceed the government’s bailout budget. Moreover, for Case (c), a change in the
interbank exposure has no effect on Ci since for this case bank 1 always stays solvent if bank 2 is
bailed out. As a result, increasing the interbank exposure does not affect the value of the government

bailout subsidy and thus has no effect on the banks’ expected return.

Case (d): cCop+b12B12 > g and cCyp + cCayp > g.
For this case, bank 1’s expected return is given by’
Iy = Ao [ A+ b1 2B —cCryl, (163)

while the participation constraint of the creditors of bank 1 becomes

1 1
Aa€Crp+ (1= Ag) 3 (acCip + (1 — a)adapg) + 3 (awbopg+ (1 —a)acCrp)| > c. (164)

48The conditions of Case (c) imply that b1,2B1,2 > ¢C1,, and that, if bank 2 defaults, bank 1’s pro-rata share of bank
2’s liquidation value is larger than the claim of the creditors of bank 1 (i.e., d2,,9 > ¢C1p).

49Please see Section 9.22 for the derivation of Eq. (162).

*ONote that the conditions of Case (d) imply that 62,59 < cC1p.
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Finally, the participation constraint of the creditors of bank 2 is given by

1 1
AaCCap + (1 — Ag) 50452769 + §(a2(g —cCip) + (1 —a)adacg)| > c (165)

Incorporating the binding creditors’ participation constraints and the banks’ budget constraints and

taking the derivative of Eq. (163) with respect to b; o yields®

(1-2a) Lo+ (1=a)a] g
I Aa (1= [a+ (1 —a)q] S WAT AR v P
d 1,b _ _ Xat+(1=Xa) 5[a+(1—a)a] b1,2B+cCap 527014 <0. (166)

1=Xg) 2 [a+(1—
db1 2 A+ Xa+1=X)[a+(1—-a)a]) Aa(+(1f>)\j)[g[a(+(1(i)zga] bl,zB-gi-ccz,b

Hence, for Case (d), that is, the case where the bailout budget is lower than the total liabilities of
bank 2 and lower than the sum of the creditors’ claims of bank 1 and bank 2, increasing the interbank
exposure even further reduces the banks’ expected return. In particular, in this case, channeling more
funds through the borrower bank (i.e., bank 2) has no effect on the size of the bailout injection if
this bank is rescued. However, higher interbank exposure shifts bailout funds from the borrower to the
lender bank (i.e., from bank 2 to bank 1). Hence, while for Case (d) higher interbank exposure decreases
the amount of bailout funds received by the creditors of bank 2 (thus increasing Csy}), it has not effect
on the value of the bailout subsidy anymore since the bailout budget is already maxed out. Moreover,
as an increase in the interbank exposure increases the amount received by the creditors of bank 1, it
lowers C; and thus also lowers the value of bank 1’s bailout subsidy (a lower C; implies a smaller
bailout injection when bank 1 is bailed out). Overall, channeling more funds through bank 2 when
the government bailout budget is already maxed out thus decreases the value of the total government

bailout subsidy and, in turn, reduces the banks’ expected return for this case.

Taken together, the analysis of Cases (a) to (d) shows that, when banks are located in the same
country and the bailout budget of the government is limited, channeling more funds through the
borrower bank also increases the lender bank’s return as long as the government’s bailout budget is
still sufficient to settle all of the borrower bank’s liabilities (i.e., Cases (a) and (b)). Therefore, banks

have an incentive to increase their interbank exposure until cCyp + b1 2B1,2 = g becomes binding.

8.5 Effect of deadweight bankruptcy costs on the banks’ herding incentive

The mechanism discussed in this paper always shifts a bank’s portfolio choice toward a higher portfolio
correlation with its counterparties. However, when bankruptcy costs are introduced into the model,
this can potentially mitigate banks’ incentive to invest in correlated assets. By allocating sufficient
funds into both investment opportunities (i.e., the real asset and the interbank market), the bank
might remain solvent when at least one of the investments is successful. When the banks then choose
negatively correlated portfolios, they can potentially decrease their default probability. Whether the
banks choose positively or negatively correlated portfolios then depends on whether the benefits from
exploiting the banks’ government guarantees dominate the diversification benefits or vice versa. In

particular, the higher the probability that a bank is rescued by its government in case of a default

5!Please see Section 9.23 for the derivation of Eq. (166).
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and the lower the bankruptcy costs, the stronger is the banks’ incentive to increase their portfolio
correlation. The reason is that, as the likelihood of being rescued decreases, the sensitivity of the bank
creditors’ interest rates with regard to the banks liquidation value increases. The liquidation value,
in turn, depends on the bankruptcy costs of the bank, where higher bankruptcy costs imply a lower

liquidation value and vice versa.®?

9 Derivations

9.1 Derivation of Eq. (26)

First, we take the implicit derivative of Eq. (25) with respect to the banks’ portfolio correlation p; 2,
which yields

dCip (1-a)’ (1—a)[(Aa—p12) + (1 = 2Xa + p12) O] dbic
= 0i,chijzi B — : : —b,; j+i B, 167
cdpl,g A+ (1=X)a™” J7 XMoot (1— M) dp1a J# (167)
and, second, the implicit derivative of d; . with respect to pi 2:
dC; dC;
dd; . s (Cip 4 b0, B) — cClipe
dp1,2 (CCi)b + bj;éi’iB)Q
dcC; bisi:B
G P (168)
dp12 (cCyp + bjziiB)
Next, we plug Eq. (168) into Eq. (167) and solve for cgfli’;:
dCi’b . 1-— a)2 (1 — Oé) [(/\a — pl,g) + (1 —2Xg + p1’2) Oé} dCi,b b@j#iBbj?gi’iB
C = (Si,cbi,j;éiB — C 3
dpr2 Ao+ (1—Xg)a Ao + (1= X)) dp12 (¢Cyp + bjziiB)
dCiy (1—a)[(Aa—p12) + (1= 2Xa+ pra)o] bijziBbiziiB | _  (1-a)?
c 1+ 5 | = 5i,cbi,j;£iB
dp1.2 Aot (1= Aa) e (cCip + bjiiB) Ao+ (1= Aa)a
dC; 1 1—a)®6;,cbijziB
2 = U= 0) ebise w5 >0 (169)
dpr2 ¢ Ao+ (1 =Aa)a+ (1 —a)[(Aa —p1,2) + (1= 2Xg + p12) ] g2~

(cCip+bjzi; B)?

9.2 Derivation of Eq. (27)

Taking the derivative of Eq. (23) with respect to p; 2 yields, after simplifying,

(170)

i s = (aiA+0b;jzB —cCip —bjziiB) — p1,2cdp1’;) —(aiA+ab; jziB + (1 — a) 62 pbjzi,i B — cCip — bjzi i B)
ddjtip dC;
+ (Aa— 1—a) =22y B —c )
o = 1) (0= ) G20y 1 —
= (1 —-a)b;jxB— c—— — (1 —a)dj2ipbj=i i B + (A\g — 1—a) —22"bjz ;B —c—=
( ) J# P1,2 dp1a ( ) 6ji,0bj £, ( p1,2) (( ) dpra i, dp1.
dCZ- do; i,c
= (L=a) (L= 0jzip) bijriB = Aacy 2 — (o= pr2) (1 —a) L2220, B.
1,2 d,01,2

52This could be even reinforced when banks face higher costs in the event of joint liquidation (see Wagner, 2011).
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where we used that b; j+; = bj;; to simplify the expression. This relationship between b; j; and bj; ;
follows from the banks’ budget constraints from Eq. (22), a; < 1, and a;2; < 1 and can be shown as
follows. Solving bank j # i’s budget constraint from Eq. (22) for b; j+; yields

biji = aji +bjzii — 1, (171)

where we used that e + ¢ = 1. Plugging b; j; into bank i’s budget constraint and rearranging yields

2
> ai=2. (172)
=1

This result together with the investment limits a; < 1 and a;2; < 1 implies that a; = 1 for all ¢ € {1, 2}.
Finally, from plugging a; = a;»; = 1 into the banks’ budget constraints it follows that b; j4; = bj-; ;.

Next, we plug Egs. (168) and (169) into Eq. (170), which gives the final result after simplifying

dll; dCiy dCj+ip b j2iB
= = (1 —=a)bixzichij2iB — Agc—= — (Aqg — 1—a)c—2% -
dp1a ( ) Gjsticbi jzti A 2 (Aa = p1,2) ( ) dors (cCyznp + big2iB)

bi,j#iBbjii B ) RS

3bj#i,i B

= 1— )iz cbiiziB— | Ag + (Ag — l—«
( ) Ojiticbi,j ( ( p12) ( )(CCi,b+bj7éi,iB)2 dpia

b j2iBbjsi B
= (1—=a)bizichiiziB— | Aa + (Mo — 1—a i,j A1 PV A1
( ) j#i,cbi,jz ( (Aa = p1.2) ( ) (Cro+ by B

(1 — @)?8;,cb; 4B

Aat (1=Aa)a+ (1= a) [(Aa = pra) + (1= 200 + p12)0] o2,

bi j£iBbjxi B
(1-a) (Aa + (A —p1,2) (1 — ) m)

= (1 — O{) ]_ - b; j#iBbj#i B
Ao+ (1= AaJa+ (1 =a)[(Aa = pr2) + (1 = 2Xa + p12)0] o575 e

} 0i,cbij2iB

bi j#iBbjzi B
(1—a)a<1+(1—)\a)(1—a)m)
- 5,256, 2.8 04,cbi j B > 0, (173)
)\a + (1 - )\a)a + (1 - a) [()\a - p1’2) + (1 - 2)\(1 + pl’z)a] W

where we also used that C;, = Cj.;p and 6; . = J;4; . to simplify the expression, which is true due to

the symmetric model setup.

9.3 Derivation of Eq. (31)

First, we use the banks’ budget constraints to substitute b;; ; and a; in Eq. (30). Solving bank j # 4’s
budget constraint from Eq. (22) for bj4; ; yields

bisii =1 — ajzi + bijzi. (174)
Moreover, solving bank i’s budget constraint for a; yields
a; = 1+ bjsi5 — bi j2i. (175)
Plugging Eq. (174) into Eq. (175) yields

a; = 2 — Ajti- (176)
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After incorporating Eqs. (174) and (176) into Eq. (30), we take the derivative with respect to the
banks’ interbank exposure, which yields

00;.c dC;y
602'7}, dbi,j;ﬁi

diliy, A (I—=X) (1 - ) ( 95; .

(
- bi j#i 51 c
dbi,j;éi /\a + ( - )\a) « 81),’7]';&1‘ I + ’ +

bi,j#i) B. (177)

Second, we take the implicit derivative of Eq. (29) with respect to the banks’ interbank exposure,

which yields, after simplifying,

A 5 1—\ > 1— = b i 5 > b,y | B) =0
gy TN <acdbi’j# +td-aa <abi’j¢i vt 0o B0 Wb s l’”“) )
00,
dCip (1- ) (1 —a)a (abi,#i biizi 5”) B (178)
C —_= —_— .
dbijzi X+ (1— \) (a +(1—a)al g bi,#iB)

Third, incorporating Eq. (174) and deriving the partial derivative of ;. with respect to b; j; yields

ic 0B
8(5, __ cC, b . (179)
Ob; j i (cCip + bjziiB)
Fourth, we determine the partial derivative of d; . with respect to C; :
8(51'16 _ ij;éi,iB . (]_80)
Cip  (cCip+bjriiB)
Next, we plug Egs. (179) and (180) into Eq. (178) and simplify, which yields
qcyy (1=2) (1= a)a (1- g2 o) 6,0
C——— - —
de y . _ bi)j iBbj i,iB
J# Xe + (1= A) (a +( a)ai(cci;b;imz)
=— (1=A)(1=a)a 52.B. (181)

bi,j#iBbjxi,i B he
Ao + (1= Aa) (a rl-a)a (cci,fw;f,m)z)

where we used that b; j2; = bjz;; to simplify the expression (see Section 9.2). Finally, we plug Egs.
(179) to (181) into Eq. (177) and simplify, which gives

dll; Al =) (1 -a)a
dbs i 2: Mot (- M) a
( cCipbi 2B R - bj+ii B . (1=2Ad) (1 —a) aéacbi,j#B ) B
(cCip + bj2iiB) ©(eCip tbj2iaB) Ny 4 (1= A,) (a +(1—a) a%)
S Al-X)(—a)a [ bigxB (1= o) (1 - 0) apzizsy s 1s B
N+ 0= ) a cCip+ bjzi i B Ao + (1= Aa) (a +(1-a) O‘(fciiJrif;iB];;z) i | Oic
_A(-A)(1-a)a (1_ (1= ) (1 - @) aggaiss, )523
Aat (1= 2Ad)a Mot (1= 20) (a+ (1 - a)aglyzllizut,) |

Ao (1—2g) (1 —
_ ( ) ( Oé) (67 T T 52'276-3 > 07 (182)
)\a+(1_)\a)a+(1_)\a)(l_a)am

where we again used that b; j+; = b;j;; to simplify the expression.
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9.4 Derivation of Eq. (51)

First, we first take the derivative of Eq. (48) with respect to the portfolio correlation, which yields,
after simplifying

dC dC
cCip + p1,2c L cCip+ (Aa —p12)C L (cCip+ (1 — @) b1 2B 2)
dp1,2 dp1,2
dC dC
+ (Aa — p1,2) ac Lo 4 (acCip+ (1 — ) abi2B12) + (1 — 2Xq + p1,2) ac b —p
dp1,2 dp1,2
dC
Ma+ (1= Aa)a)e=—2 = (1 —a)? by 2By
dp1,2
dCy (1-a)?
b _ by oA, 183
cdpLQ )\a + (1 - Aa) « 1,2 ( )

where we already used that B;s = A, which follows from Eqgs. (49) and (50). Next, we take the
derivative of Eq. (47) with respect to the portfolio correlation, substitute Eq. (183), and simplify

?;115 = (a1A+b12B1 2 —cCrp) — P1,2czgi’;’ — (a1 A+ aby 2B 2 — cCrp) — (Ao — p1.2) Cil(;if
dcC
=(1—-a)bi2B12— )\acﬁ
—(1—a)bioA — AambuA
(1 20 - @biaa
- mblzfl > 0. (184)

9.5 Derivation of Eq. (107)

From Egs. (50) and (100) it follows that By = A. First, we take the derivative of Eq. (99) with
respect to the portfolio correlation, which yields, after simplifying

dC dC
cCip + p12c Lb (acCLb +(1—-a)acCp+ (1 — a)2 alA) + (Aa —pr2) o+ (1 —a)a] c——Lb
dP1,2 dP1,2
dC' dC
- cCrp+ (Ag —p12)c LI (acCrp+ (1 —a)acCrp) + (1 =20+ p12) [a+ (1 —a)a]c LI
dp1,2 dp1,2
dCryp 2
M+ 1 =2)[a+(1—a)a])c =(1-a)ad
dpl,z
1—a)?
dCip _ (1-a) a A, (185)

Cdpl,g Ao+ (1=2) [a+ (1 —a)a]

93



Next, we take the derivative of Eq. (98) with respect to the portfolio correlation and incorporate Eq.
(185)

dIl c =
ac dC
—(b12B12 — cC1p) — (Mo — pr2) e + @ (by2Bra — cCrp) — (1 — 2Xq + p1,2) ac——2
dprs dp1,2
=(l-a)aiA— A+ (1= X)a) CdCLb
dp1 2
(1-a)
(1=a)ad = (ot (1= ) @) g g =y a ™
Mo+ (1=X) ) (1 -a)
=(1- 1- 4
( Ao+ (1=Xa) [a+ (1 —a)a] -
(1-a)a
= A . 1
p W ey s e UG (186)

9.6 Derivation of Eq. (108)

From Egs. (50) and (103) it follows that By = A. First, we take the derivative of Eq. (102) with
respect to the portfolio correlation, which yields after rearranging

dCi
c—=2

dC
cCip + p1,2€ UL {acCLb +(1-a)aCip+(1— a)2 alA] +Xe—p12) o+ (1—a)q]
dm,z dpl,z

dc' dcC'
_ [acCip+ (1 —a) by 2By 2] + (Ag — p1,2) ac dpl’b +[acCip+ (1 —a)abi 2Bi 2] + (1 —2X, + p12) acd Lb _

1,2 P1,2
dCip 2
(pr2+ Ao —pr2)la+(1-a)a]l + (1 - X)) “dors (1—a)” [arA+ by 2By2 — cChp)
dC1 _ (1— )’ a1 A+ b1 9B s — cCy ] (187)
dprz prat(a—po)lat (I—a)al+ (1-A)a’

Next, we take the derivative of Eq. (101) with respect to the portfolio correlation and incorporate Eq.
(187), which yields

dIl dC dC
Lb = [a1 A+ b1 2B12 — cC1p] — p1,2C LA [a1 A+ b1 2B12—cCip] — (Mg — p1,2) ac Lb
dp1,2 dP1,2 dpl,
dCi
= (1 — Oé) [alA + bl,QBLQ — CCl,b} — (0172 + (/\a — pl,g) Oé) Cdp
1,2

(1—a)?[a1A + b1 2B 2 — cCyy)

=(1- A+4+bi2B12— - Ao —
rallndthabie =cul = ot e = ma) o) Gt (1 - @)l + (- Aa

(1 3 (pr2+ (Aa—pr2)a)(1—0a)

P2+ Ne—pr2)fa+(1l—-—a)al+(1—-X)a
(1 — Oé) « [CllA + b172B1,2 — CCl,b]
a+(1—a)lpre+ (A — p1.2)Q]

) (1 — Ot) [alA + b172B172 — COl,b]

> 0. (188)
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9.7 Derivation of Eq. (109)

From Egs. (50) and (106) it follows that By 2 = A. In a first step, we take the derivative of Eq. (105)
with respect to the portfolio correlation and rearrange

dC dC
cCip + p12c L 2¢Cip +2(Ng —p1,2)C Lb
dm 2 dpl,z
dCl b
+ [acCrp+ (1 —a)acCip] + (1 — 20 + p12) [+ (1 — a) a] cdpi’ =0
1,2
dCyp 2
(Pr2+2(Aa —p12) + (1 =2 s+ p12) [+ (1 —a)a]) “drs (1—a) cCrp
dCl,b o (1 — Oz)2

c = cCip. 189
driz ~ prat20u—pa) F (=2 +pia) o+ (-a)a] " (1%9)

Next, we take the derivative of Eq. (104) with respect to the portfolio correlation, incorporate Eq.
(189), and simplify

dIl dC dC
Lo = [a1 A+ b1 2B12 — cC1p] — p1,2C Lb [a1 A+ aby 2B12 — cCip]l — (A — p1,2) € Lb
dp1,2 dp1,2 dp12
dC dC
—[b1,2B1,2 —cCip] — (Ao — p1,2) € LA [b1,2B1,2 —cCip] — (1 — 2Aq + p1,2) ac Lb
dp1,2 dp1,2
dCip
=1—-a)cCip—(pr2+2Na —p1,2) + (1 —2X, + p12) @) Cdpl 5
(pr2+2(Na—pr2) + (1 =2+ p12) @) (1 — )
=(1—-a)cCrp — : : : cC
B 20— 1) + (1= 20 + i) [+ (1= ) o]
2(Ag — 1—-2\, 1—
- <1 __(p2 42N = pr2) +( tpa)a)(l-a) ) (1—a)eCyy
p12+2(Aa = p12) + (1 =2 +p12) o+ (1 —a)a]
(1-a)a
= cCqyp > 0. 190
p12+2Xa—p12)+ (1 =2 +pi2)[a+ (1 —a)a] b (190)
9.8 Derivation of Eq. (58)
First, we take the derivative of Eq. (50) with respect to portfolio correlation
dlla [ dCs dB; 2]
— = A, |—cC — —b =1 =0
dpi1 2 dpro  Cdpip
dB1 2 dCa
b ’ = —c . 191
2 dpi 2 dp1,2 (191)
Second, we take the derivative of d2 . with respect to p;2 and incorporate Eq. (191)
dds . Ciff"; (cCop+b1,2B12) —cCo (Cfffj +bi2 (,151122)
dpra (cCap + b1 2B )
et (cCau+ biBr2) = cOp (et — 2t
B (cCap + 131,231,2)2
ddap dCs 1
— 2 —c > i 192
dp1 2 dp1,2 cCop + b1 2B 2 (192)
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Third, we take the derivative of Eq. (57) with respect to the portfolio correlation and incorporate Eq.
(192), which yields

dCbe CZ,b

d
cCap + p1,2C —cCop+ (Mg —p12)C — a9
dPLz dpl,2
d52 c d62 c
Ao — * S20g + (1 —2), =0
+  ( P1,2)adp1729+0l 2.9+ ( +P1,2)04dp1,29
)\ac — 4+ (1 — )\a « : =0
dpl,z ( ) dp1,2g
dCsy dCs 1
A€ — 4+ (1= X,) ac : =0
dp1,2 ( ) dpi,2 cCop + bl,zBl,zg
dC
c—2b —, (193)
dm,z

which implies that dBLQ/dpLQ == O, d527c/dp172 = 0, and d(527b/dp172 = 0 due to EqS. (191) and (192),
respectively. Next, take the implicit derivative of Eq. (56) with respect to the portfolio correlation

dC dC dC
cChp + p1c Lb _ cCip+ (Ag—p12)c Lb _ [acCrp+ (1 —a) b oB1 2]+ (Mg — p1,2) c Lb
dp1,2 dpi,2 dp1,2
dC
+ [acCip + (1 — o) adapg] + (1 — 20, + p1,2) c dpl,b —=0. (194)
1,2

Then, we solve Eq. (194) for ¢dC} /dpi 2, which yields

A+ (1 =Xg)a)e—==(1—a)(bi2B12 — adapg)

CdCl,b o l1—«
dpl’g o )\a + (1 — )\a) «

[b1,2B1,2 — adapg] - (195)

Finally, we take the derivative of Eq. (55) with respect to p; 2 and incorporate Eq. (195), which yields

dIl dC dC
L,b = [alA + b1,23172 — CCL[)] — p1,2€ Lb _ [alA + 05527},9 - CCL},] - ()\a — p172) c L,b
dp1 2 dp1,2 dp1,2
dC
= [b12B1,2 — 29| — )\aCd Lb
£1,2
11—«

= [b1,2Bl,2 - 0l52,b9] - [b1,231,2 - 0l52,b9]

Ag———————————
Ao + (1= X))

Ao (1 — @)
— (1 Pe Y By —
( Ao + (1= Xg) a) [b1,2B1,2 = @d2,p]
b1 2B1 2 — 0452 bvg
2B, : . 1
a)\a—i—(l—)\a)a >0 (196)

9.9 Derivation of Eq. (139)

Since the derivative of Egs. (57) and (120) with respect to the portfolio correlation are equivalent, it
follows that again c¢dCsp/dp12 = 0 and thus dBya/dp12 = ddap/dp12 = dda./dp12 = 0 (see Section
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9.8). Next, we take the implicit derivative of Eq. (119) with respect to the portfolio correlation

dC'
cCrp + pl,gcdpl’b — [acCl,b +(1—a)acCp+(1— a)2 a A
1,2

le; dC
+ a—pr2)le+ (1—a)ale2 = cCrp + (Ao — pra) e
dp172 d/)1,2
dCip
+ [acCrp+ (1 —a)acCrpl + (1 =20, + p12) [a+ (1 — a) ¢ Cdp = =0
1,2
dcC
Mo+ (1 =A) o+ (T =—a)a])e—2 = (1—a)’ a1 A
dﬂ1,2
dC 1—a)?
Lb _ (1-a) ar A. (197)

“Aors  Mat(l-d)[a+(1-a)d]

Finally, we take the derivative of Eq. (118) with respect to p; 2 and incorporate Eq. (197), which yields

dH1 b d01 b dCl b
: =la1 A By — — 2 — — — i
o2 [a1 A+ by 2By 2 — cChp) pl,QCdpLZ afarA+ 629 — cCrpl — (A — p1,2) C o2
dC dC
— [bLQBLQ — CCl,b] — (/\a — pl,g) Cd L +« [62759 — CCl,b] — (1 — 2\, + p172) ac 1,6
p1,2 dp1,2
=(1l-a)aiA— A+ (1 =) ) CdCl’b
dp1,2
=1l-a)arA— (g +(1—=2X)a) (1-o)* a; A
- ' ¢ YNt A= d)a+(T—a)a] '
M+ 1=2)a)(1—a)
< Mt (- jat(—aa)-®m
1-— A
. (1-a)a > 0. (198)

e+ (1 =2 [a+(1—a)q]

9.10 Derivation of Eq. (140)

Since the derivative of Eqgs. (57) and (123) with respect to the portfolio correlation are equivalent, it
follows that again c¢dCsp/dp12 = 0 and thus dByo/dp12 = ddap/dp12 = dda./dp12 = 0 (see Section
9.8). Next, we take the implicit derivative of Eq. (122) with respect to the portfolio correlation and

simplify
dc dc'
cChp + p1,2C Lb _ [acCLb +(1—-a)acCp+ (1— o)’ alA} +Xa —p12) [+ (1—a)q] c—Lb
dp12 dp1,2
dC dC
— cChp+ (Aa — p172) c—Lb + [OZCCL}, +(1-a) 0152,1)9] + (1 =2\, + p172) ac LI 0.
dp1.2 dp1,2
dC
O+ (1= M)+ (= 1) (1= @)a) (5024 = (1= ) (1= @) 14+ (eCh — ag)
dcC 1-—
Lb _ a [(1—a)a1A + a(cCry — 82,9)] - (199)

c
dpri2 A+ (1 —=X)a+ (A —p12) (1 —a)a
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Finally, we take the derivative of Eq. (121) with respect to the portfolio correlation and incorporate
Eq. (199), which yields

dIl dC
Lo = [a1A+ b1 9B19 — cCip] — p1,2c Lo [a1 A+ 629 — cCp)
dp1,2 dpl,z
dC1 b dCLb
— (A — ac — —[b19B1o—cCip] — (Aa — c ’
( p1,2) dprs [b1,2B1,2 18] = ( p1,2) dprs
dCi
=[I-a)arAd+a(cCip—02,9)] — (Aa+ (Ao — p12) @) “dora
(Aa+ Aa—pr12)a) (1 — )
=[(1- A — 4 — d 1-— A — 4
[( OZ) aA+a (CCLb Q,bg)] Aa I (1 — )\a) a+ ()\a — p172) (1 — Oé)Oé [( O[) aA+a (CCLb 2,bg)]

(Aa + ()\a - P1,2) Oé) (1 — Oz)
(R s e e aga) [~ @A+ (Cus —daag)
(1 - Ol) A+« (Ccl,b — 527},9)
Oé)‘a +(1=A)a+ (A —p12) (1 - a)a > 0. (200)

9.11 Derivation of Eq. (141)

Since the derivative of Egs. (57) and (126) with respect to the portfolio correlation are equivalent, it
follows that again cdCyp/dp12 = 0 and thus dBy2/dp12 = doap/dpi2 = ddac/dp12 = 0 (see Section

9.8). Next, we take the implicit derivative of Eq. (125) with respect to the portfolio correlation and
simplify

dC
cCip + P20 !
£1,2

dCi
dﬂ1,2

- [04601,17 +(1—a)a(arA+d9) + (1 — )’ 61114} + (Aa — p12) C

dcC dC
- cCrp+ (Mg —p1,2)C LA [acCip+ (1 — a) adapg] + (1 — 2X, + p1,2) ac L _
dp1 .2 dp1,2

dCi
dp1 2

p120— — ((1 —a)aa A+ (1 —a)’ alA) + (Ao — p1,2) ac
dp1,2

dCl b dCl b
Ag — : 1-—-2\, :
+ ( P1,2)Cdp1)2 +( + p12) ac s

M+ (1= Xa)a) A _ (1—a)aA
dpl 2
dCl_b (1 — Oé)
= = A. 201
CClp1,2 )\a-i-(l—)\a)aal (201)

Finally, we take the derivative of Eq. (124) with respect to the portfolio correlation and incorporate
Eq. (201), which yields

dlly p

dClb dClb
=la1A+b1oB1o—cCiyp| — c — — [b12B12 —cCip] — (Mg — c :
d,O1,2 [ 1 1,2501,2 1,b] P1,2 dp1,2 [ 1,201,2 1,b] ( 01,2) dp1,2
=aA— )\acdcl’b
dﬂl,z
(1-a)
=g A—Ag—— a1 A
“ Mot (1- Aot
)‘a (1 —Oé)
=({1-———F—— A
( /\a+(1—)\a)a>a1
alA
. — . 202
Oé)\a+(1—/\a)04>0 (202)
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9.12 Derivation of Eq. (142)

Since the derivative of Egs. (57) and (129) with respect to the portfolio correlation are equivalent, it
follows that again cdCyp/dp12 = 0 and thus dBya/dp1o = dosp/dp12 = dda/dpi2 = 0 (see Section
9.8). Next, we take the implicit derivative of Eq. (128) with respect to the portfolio correlation

dC dC
cCip + p1,2€ 1o _ [acCLb +(1—-a)acCrp+(1— a)2 alA] +Ae—pr2) o+ (1—-a)ac 1.6
dﬂl,z dpl,z
dC dC
- [acCyp + (1 — ) b1 2By 2] + (Aa — p1,2) ac Lb 4 [acCyp + (1 — @) ada pg] + (1 — 20, + p1.2) Lb _
dp1,2 dp1,2
dCip
(P12 +2Ne —p12)a+ (1 —2Xg+p12)a+ (Mg —p1,2)(1 — @)a) cdp
1,2

= (1 —a)arA+b12B12—cCip — (a1 A+ 0259 — cCip)]
dCl,b . (1 — a) [alA -+ b1’2B172 — COl,b — (alA -+ 52,1;9 — CCl,b)}

c = . 203
dp12  pr2+2Ag—pr2)a+ (1 =20, +p12)a+ (A —p12)(1 — @) (203)

Finally, we take the derivative of Eq. (127) with respect to the portfolio correlation and incorporate
Egs. (203), which yields

- o dC
ﬁ = a1 A +b12B1 2 — cC1p] — p12c dpj,j —afag A+ b9 — cCrpl = (Aa — p12) ac dl)ll,’;)
dC
— [a1A+ b1 9B — cCip— a (a1 A+ 629 — cCrp)] = (12 + (Mo — pr2) @) cﬁ
1,2

=[a1A+b12B12—cCrp —a(arA+ dap9 — cChyp)]
(1o + (e — pro) @) (1—a)[arA+b12B12—cCip—a(arA+ a9 —cCrp)]
' ’ pr2+2(Aa —pr2)a+ (1 —2Xa + pr2)a+ (Aa — p12)(1 — d)o
_ (1 _ (pr2+ (Na —p12) @) (1 —a) )
P12+ 2(Aa — pra)a+ (1 =2, + p12)a+ (Mg — p12)(1 — @)a

[a1A+b12B12 —cCip — a(arA+ o259 — cCrp))
. a1A+b12B1 2 —cCiyp —a(arA+ 02,59 —cChyp)

P12+ 2(Na = pr2)a+ (1 =20 + p12)a+ (Ao — p12)(1 — @)a

> 0. (204)

9.13 Derivation of Eq. (143)

Since the derivative of Egs. (57) and (132) with respect to the portfolio correlation are equivalent, it
follows that again cdCyp/dp12 = 0 and thus dByo/dp1o = doap/dp12 = dda./dpi2 = 0 (see Section
9.8). Next, we take the implicit derivative of Eq. (131) with respect to the portfolio correlation and

rearrange
dC dC
cCip + p1,2€ 16 _ [acCLb +(1-a)al(arA+d2pg) + (1 — a)2 alA} + (Aa — p12) aC 1.6
dp1,2 dpl,z
dC dC
— [acCip+ (1 —a) by 2By 2] + (Ag — p1,2) ac UL [acCip + (1 — ) adapg] + (1 — 20, + p1,2) ac—2b — ¢
dpl 2 dpl,z
dC
(/)1,2 + 2 (/\a — pl,g) o+ (1 — 2\, + p172) a) cdpl,b — (1 — a) [alA + bLQBLQ — CCl,b]
1,2
1— A Bio —
dCip (1—a)[aA+b12B12—cCipl (205)

dpra  proa+2Aa—pro)a+ (1 =2\ +pi2)a’
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Finally, we take the derivative of Eq. (130) with respect to the portfolio correlation and incorporate
Eq. (205), which yields

dIl dC
- = [a1 A + b1 2By — cChp) — pr e
dp12 dp1,2
a1 A + b1 2By s — ¢Ch ) (1-2) (1A + bLaBrg — cCual
= |a —c _ a B
1 1,212 1,6] = P1,2 prot2(ha— p1,2) at (1—2xn + P1,2) o 1,2D1,2 —¢cCap
P1,2 (1 - Oz)
=(1- : A+by 9By 5 —cC
< p12+2(Aa —pr2) o+ (1 —2X, + p12) a) [a1 1,2B1,2 — cC1 )
A+bi9B1o—cC
- Sy e e oy > 0. (206)

«Q
pr2+2Xa—pr2)a+ (1 -2 +pi2)a

9.14 Derivation of Eq. (144)

Since the derivative of Eqgs. (57) and (135) with respect to the portfolio correlation are equivalent, it
follows that again cdCyp/dp12 = 0 and thus dBi2/dp12 = doap/dpi2 = ddac/dp12 = 0 (see Section
9.8). Next, we take the implicit derivative of Eq. (134) with respect to the portfolio correlation and

simplify
dCl b dC1 b
C 2 —2¢C 22X — :
L ¥ prae dp1,2 CLe+2(a = p12) Cdﬂl,z
dCy
+ [a+(1—a)a]cCip+ (1 =2 g+ p12) [+ (1 —a)q] ngp b _
1,2
dCyp 2
(Pr2+2(Aa = p12) + (1 =2Xa 4+ p12) [+ (1 —a)a]) “dors (1—a)”cCry
2
dC 1—a)?
2 = U-o) cChp. (207)

C =
dpiz pr2+2(Aa—p12) + (1 =2X +p12) [@+ (1 — ) q

Next, we take the derivative of Eq. (133) with respect to the portfolio correlation and incorporate Eq.
(207), which yields

dH1 b dCl b dCl b
: =[a1A+b19B1o—cCiyp] — = —[a1A + adspg — cCip] — (Mg — :
s [a1 A+ by 2By 2 — cCh ) — p1,2C dpr [a1 A+ adapg — cCip) — ( p1,2) Cdp1,2
dC dC
—[b1,2B1,2 — cC1p] — (Mg — P1,2) c Lb 4 o (02,59 — cChp) — (L — 2Xg + p1,2) L,b
P1,2 dp1,2
dC dChp dChp dCi
= cC _ 2 (N, — 0 _ 0 —(1-=2 5
L pl’chm,z Ao = p12) Cdpm A pm)cdm,z acC1s = ( Ao+ p12) ac dp1 2
dC
= (1 — O[) CCl,b — [pl,g + 2 (>\a — pl,g) + (1 —2X, + p1,2) 04 Cdplyb
1,2
(1= ) [pr2+2(\a — p12) + (1 = 20 + p122) 0]
=1-a)cCip— 2 2 : cC
e = 20— ma) + (1= 20 T o) o+ (1 - a)a]
2(Ag — 1—2\, 1—
- ( 24200 = pro) + t+pi2)a](1-a) ) (- a)eCry
pr2+2Na —pr2) + (1 =27 +p12) [a+ (1 —a)a
1-— C
- (1= a)cCuy > 0. (208)

=a
pr2+2Na—pr2) +(1=2X+p12)[a+ (1 —a)a]

9.15 Derivation of Eq. (145)

Since the derivative of Eqgs. (57) and (138) with respect to the portfolio correlation are equivalent, it
follows that again c¢dCsp/dp12 = 0 and thus dByo/dp12 = ddsp/dp12 = ddac/dp12 = 0 (see Section
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9.8). Next, we take the implicit derivative of Eq. (137) with respect to the portfolio correlation and
rearrange

dC dC dC
cCy p + p1,2¢ Lb _ 2cCp+2(Ng —p1,2) € Lo 4 [acCip + (1 — @) adapg] + (1 — 2, + p1,2) ac Lb _
dPl 2 dpl,z dpl,z
dCyp

(P12+2(Aa—p12)+ (1 —2X, +p12) Q)

dCy 1—a

c = cCrp — ad . 209
dpio  pr2+2Aa—p12)+ (1 =2  +p12) [Crp 29| (209)

= (1 — _
Cdp1,2 ( a) [eChp — ada pg]

Finally, we take the derivative of Eq. (136) with respect to the portfolio correlation and incorporate
Egs. (209), which yields

dIl dC dC
Lo = [a1 A+ b1 2B12 — cChp) — p12c L [a1 A+ adapg — cCip) — (Aa — p1,2) € Lb
dp1,2 dp1,2 dp1,
dC
—[b12B1,2 — cCip] — (Aa — p1,2) g Lb
P1,2
dC
= [cC1p — adapg] — (p1,2 +2(Aa — p1,2)) 7 B
P1,2
1—«
= [cC1p — adapg] — (P12 +2(Na — p1,2)) [cChp — ad29]

p1’2 -|— 2 ()\a - p1,2) + (]- - 2)\0, + 01,2) «
(pr2+2(Na —p12)) (1 —a) )
_(4_ : , Cip—ad
( pr2+2(Na—p12)+ (1 —2X +p12) [eCrs = ad09]
W cCrp — ada,g
p1’2 -|— 2 (Aa - p1,2) + (]- - 2)\0, + 91,2) «

> 0. (210)

9.16 Derivation of Egs. (62), (152), and (153)

First, we derive the implicit derivative of the expected return of bank 1 with respect to the interbank

constraint from Eq. (45) and taking the derivative of Eq. (59) with respect to by 2 yields

dlly
dby 2

dBi,2 dC’Lb> (211)

=M [ —A+Bro+b 002

( + B1,2+ 01,2 b1 2 CdbLz
Moreover, the implicit derivative of the binding participation of the creditors of bank 1 from Eq. (60)
with respect to the interbank loan size is given by

dCy dCi doa
Ao : 1-X, : 1-— : =
cdbl)2 +( )<a by + ( a)adbl72g) 0
dC dé
Qo+ (1= a) e 4 (1= A0) (1 — @) a=22g =0, (212)
dby 2 db 2

and the implicit derivative of do3 with respect to the interbank loan size becomes

dbss (31,2 + b1,2%) (b1,2B1,2 +cCap) — b1 2B 2 (C(flff; + Bi2+bi2 Zfll,’;)

db 2 (b1,2B12 + Ccz,b)2

dB dC
(31,2 + bL?Ti’f) cCap — b1 2B o™

_ . e (213)
(b1,2B1,2 +cCap)
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Furthermore, the implicit derivative of the participation of the creditors of bank 2 from Eq. (61) with
respect to the interbank loan size is given by

dCQ b d52 b
1- L
Ao, (TG 970
dCQ b (1 - )\a) d62 b
= 14
L T W P (214)

where we substituted dq 5 for da ..

Next, taking the implicit derivative of the participation constraint of bank 2 from Eq. (50) with
respect to the interbank loan size yields

B
)\a (A—CdCQ’b—Bl/g b12d 12)—0

dby o ’ dby 2
dBi 2 dCsy
b = =A— = — Bio. 215
1,2 db1,2 & dby o 1,2 ( )

First, we plug Eq. (215) into Egs. (211) and (213) and rearrange:

dlly dCs dC1 b
b (A4 B +A— S22 _p
dby 5 ( e A TP T
dCsyp  dCy b)
R W L 216
( dbio  dbip (216)

6oy <B1,2 +A— C((ijff; Bl,2> cCap — b1, By a2 db1 .
dbLQ - (bl gBl 5+ cCy b)

_ AcCyyp — Cdb > (cCap + b12B1, 2)

_ (217)
(cCop + br12Bi2)?
Second, we plug Eq. (214) into Eq. (217) and rearrange, which yields
by,  AcCap — “AA >a§iz g (cCop + b1,2B1 2)
dbro (cCop + 51,231,2)2
d527b (1 + (1 — )\a)Oz g > _ A CCQ’b S
dby 2 Aa (cCap + b12B12) (cCap +b12B12)
dég)b _ )\aA 602717 (218)
dbra Ao+ (1= Aa) O‘ccg,b+gl,231,2 (cCap + b1 2B12)°
Third, we plug Eq. (218) into Eq. (212) and rearrange, which gives:
dCl b d52 b
1— —(1=M)(1— :
O (1= A ) G2 = — (1= ) (1 =) a2
d A A
ot (1= A)a) e — (1 _2)(1-a)a . Cop 59
dby 2 Ao+ (1= Xa) 03t ms (cCap + b1 2B o)
dC'1 b (1=A)(A-a)a AA cCap
7 59 (219)
dbl 2 Aa + (1 - /\a) a g+ (]- - )\a) am (CCQJ) + b1723172)
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Fourth, we plug Eq. (218) into Eq. (214) and simplify:

4Gy _(1=X)a AoA Cay ,
dby 2 Aa Ao+ (1= Aa) ac02,b+§1,231,2 (cCop +b12B12)°
(1—Xa) A cCap

= g.
A+ (1= Xa) 0o ms (cCop +b12B12)°

(220)

Finally, we substitute Eqgs. (219) and (220) into Eq. (216) and rearrange, which yields the final result:

dHlyb _ (1 — )\a) OéA CCQJ, g
dbLz “ Ao + (1 — )\a) 067002,b+21231,2 (CCQ’b + bl,zBLz)Q
A (1=X)(1-0a)a AaA cCa g
Mot (L=X)a A+ (1= Xa) Oamrtiymrs (¢Cop +b12B12)
:—)\aa(l—)\a) (1_ (1—0&))\,1 ) A . CCQ’b Zg
Ao+ (L=Xa)a) Xa+ (1= Aa) agergisms (cCop + b1 2B )

Aa(1=Xq)a? 52.09A
Xa

_ +(1—Xa)a cCa,p+b1,2B1 2 <. (221)

X+ (1= No)asorrisss

Next, we determine the derivatives of the expected return of bank 1 with respect to the interbank loan
size for the Cases (b.ii.i) and (b.iv.i). The problem is similar to the one above, but Egs. (211) and
(212) are replaced by

Al , dByy  dCy, doyy  dCys
b A, ([ —A+ Byo+byo2b2 : 1— A, b b 9299
dby 2 ( TPt g cdbm) +( )e (dbmg Cdbm) (222)
and
dCl b dCl b
e 1— b
AaC dbr 2 +(1-X)[a+(1—-a)a]c b1 s 0
dCip
U 9293
dby (223)

After plugging Eqs. (214), (215), and (223) into Eq. (222) and rearranging, we obtain the final result:

dlly
= = 0. 224
dby 2 (224)

Next, we show that for all sub-cases of Case (b) it holds that dG;p/dbi 2 = dlIl;/dbi2. Using the
participation constraints of the creditors of bank 1 and bank 2 from Eqs. (60) and (61), respectively,
and the participation constraint of bank 2 from Eq. (50), the expected bank return for Cases (b.i),

Oy =A |A— ¢ oj +(1=X) [acCl,b + ag — 042521,9} —2c. (225)

Ao + (1= A)

=G1,p
Taking the derivative of the value of the bailout subsidy G'1; with respect to by 2 yields

dGhp _(1-A) achl,b 2 déap
dby 5 @ dby dby 2|

(226)
Finally, plugging Eqgs. (218) and (219) into Eq. (226) and simplifying shows that dG;,/dbi2 =
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dlly p/dby 2 from Eq. (221).
Similarly, for Cases (b.ii.i) and (b.iv.i), the expected bank return from Eq. (149) can be rewritten

as

c

My=X A —
Lo Mo + (1= A

+ (1= Ag)ag+ (1 —Ag)(1 — a)acCyp —2c, (227)

=G1,p

to isolate the value of the bailout subsidy. Taking the derivative of Gi1; with respect to by o yields

dGh
dby

CdC’l,b
dby 2

=(1-X)1-a) =0, (228)

which is equal due to zero due to Eq. (223) and thus dG p/dbi 2 = dll; /dbi 2 from Eq. (224).

9.17 Derivation of Egs. (76) and (77)

First, we determine the derivative of Eq. (72) with respect to b; 2, which yields

dll;
db; o

dC1y

:/\G[B—(c—e)d dCy

B} = hle- 9T, (229)

1,2

where we already incorporated the banks’ budget constraints and the investment constraints a; < 1
and az < 1. Second, taking the implicit derivative of Eq. (74) with respect to by 2 gives

dB

dc X sy .
Malc—) T2 (1= \,) | 22225, by o + ( Lhy o+ 51,5) B=0. (230)

dby 2 7L dby 2

Third, we determine derivative of 01 . with respect to by o:

s (c = %2 (e = )Crp + b21B) — (¢ = Cuy ((c — 52 + B)
dbro ((¢c — €)Chp + ba1 B)?

 (e— G B — (¢~ €)C1uB

((c — €)Chp +bo1 B)®
b1 B dChp (c—6)Cip

= ((c—€)Cp + b1 B)? (c—¢) b1 ((c—€)Chp+ by B)? (231)
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Next, we substitute Eq. (231) into Eq. (230) and simplify:

dCip
Aale—6) dby o
dg dCi
Xabr 5 ba1B(c—€) g5 —€)C1,B
FA=N) [ 2225 4 a dhrz (e = 9C1 S| [ b12B=—(1-X)ad B
L ((c=€)Crp +b21B) ((c—€)Crp+b21B)
dg
by (1 —Xg) aba1Bby 2B (C_e)dcl,b (- X dby 2 51 brgta s, — (c—€)C1pb12B B
“ " ((c—€)Crp +b21B)? ~dbyo S “ ((c—€)Crp+ b2 B)
dB
Xdby 5 (c—=€)C1,p+eB
o, 0 7 e AT
s = et (1= M) aaBmT eB (232)

((c—€)C1,p+b2,1B)?

where we incorporated that by 1 = b1 2 + €, which follows from the banks’ budget constraints. Substi-
tuting Eq. (232) into Eq. (229) yields

dB
Aa (1 — )\a) |f<db1,2 b1,2 + a( (c—€)C1,p+eB

3° c—€)C1p+b21B
dIly g pL ’ ’
b 5, .B. (233)
by 2Bba 1 B ;
dby o Ao +(1=X) O Cr b B
Finally, plugging b1 2 = 0 into Eq. (233) gives the final result
11
C(Zibll,zb (bl,g = 0) = (1 — )\a) Oé(SLCB > 0. (234)

In a second step, we determine the derivative of Eq. (73) with respect to by 2, which yields

dlly
dby 2

dCop

= A [B—(c—&—e)db ACs

dbiz’

- B} =—-Xalc+e) (235)

1,2

where we again already incorporated the banks’ budget constraints and the investment constraints.
Taking the implicit derivative of Eq. (75) with respect to bj 2 and rearranging yields

B
dC X by, dC:
Aa(c+€) dbf;b + (1= ) ( Bd;L {(c +€)Cayp — (1 - %) L} +alc+e) dbfj) =0

_dB_
dCsy (=20 G e+ 90— (1= %) 1]

- . 236
(c+e) dby Mt (1-No)a (236)

Finally, plugging Eq. (236) and b1 2 = 0 into (235) yields the final result

B
Aoy o MO T (e aCn -0 H -
dbyp 2T Ao+ (1= o) v '

9.18 Derivation of Egs. (87) to (89)

As the optimization problems of the three banks are similar due to the symmetric setup, we only solve
bank 1’s maximization problem in the following. First, we determine the implicit derivative of the
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binding participation constraint of the creditors of bank 1 from Eq. (84) with respect to by 2:

dCl b dCl b d61 c
> 1— J 1— J B| =0. 2
A, T A (O‘C iy, T aa (db1,2 brat 5l’c> ) ! (238)

Second, we derive the derivative of ;. with respect to b 2, incorporating the budget constraints of
bank 1 and 3:

s, . Ci‘égll,’; (cCrp+b31B) —cCrp (CZ&’; + B)
dby 2 B (¢Cyp + b3 1B)”
Cigll’: bg,lB — COL[)B

= . 239
(CClyb +b3113)2 ( )

Next, we plug Eq. (239) into Eq. (238) and solve for dC' ,/db; 2, incorporating the budget constraints
of bank 1 and 3, which yields

dCip

d d C——— b371B — CCLbB

Ao Cip (1= | ac Cip +(1-a)a dbi > o+ | B =0. (240)
dby 2 dby 2 (cCrp+b31B) ’ '

Solving Eq. (240) for ¢dC1/dby 2 and simplifying yields

dCry l1-X)1-a)a 5
- 1,c

c
dbrz A+ (1= Ad)at (L= Aa) (1 - @) apg2TPies

B. (241)

Finally, taking the derivative of bank 1’s expected return from Eq. (78) with respect to b2 and
incorporating the banks’ budget constraints and Eq. (241) yields the final result:

dbio by,

dly — __, dCi

= Aa(l=ha)(1=a)a 52 B> 0. (242)

by 2Bbs 1B
Aot (1= A)a+ (1= X0) (1 - o) apg2pihs

9.19 Derivation of Eq. (95)

First, determining the derivative of the binding participation constraint of the creditors of bank 7 from

Eq. (91) with respect p; 2 and rearranging yields

dC;
(12 + (1= pra)a+ (A — pr2)(l — a)a) p—
2 dai,c
= (1 — O[) (A — Cci,b) — (1 — )\a) (1 — Ol) awb¢7j¢iB, (243)

where we already used that a; = a;»; = 1, which follows from the banks’ budget constraints from Eq.
(22) and a; <1 (see Section 9.2). Next, we derive the derivative of §; . with respect to p1 2

dci’b . e . dci’b
d6; . e (cCip + bjziiB) — cCipe s

dpl,z (CCi,b + bj¢i7iB)2
dCis  bypuiB
_ 4G i, - (244)
dp1,2 (CCi,b + bj7gZ’ZB)
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Plugging Eq. (244) into Eq. (243) and simplifying yields the final result:

dCiy

“dp s

AC b
dp1,2 (cCip + bj#i,,;B)

b j2iBbjzi B ) L0

(pr2+ (1= pr2)a+ (Ao —p12)(1 - a)a)

— (-’ (A=cCip) — (1= A) (1 -a)a 3bijziB

<p1,2 + (1 —pro)a+ (A —p12)l—a)a+(1—A)(1 —a)a =(1- a)2 (A—cCip)

(CCi,b + bj#mB)Q dp1,2 N

dCip 1 (1— )’ (A—cCip)

c bij#iBbj2i:B
dpi2 Cpiod+(1—pra)a+ e —pr2)(1 —a)a+ (1 —N)(1 — a)am

> 0. (245)

9.20 Derivation of Eq. (96)

First, incorporating the banks’ budget constraints from Eq. (22) and taking the derivative of Eq. (90)
with respect to p1 2 yields
dCip

dIl;
’ =(1-a)(a;A—cC;yp) — + (Mg — a)e——>=. 246
dps ( )( b) = (P12 + ( p12)ax) s (246)

Next, we plug Eq. (245) into Eq. (246), which yields the final result:

dIl; p
dp1,2

=(1—-a)(A—cCip) — (p12+ (Aa — p1,2))

1 (1—a)*(A—cCiyp)
¢ bi,j#iBbjzi,i B
Cpr2+ (I —prz)a+(Aa—pr2)(l —a)a+ (1 - )1 - a)am

(P12 + A —p12)a)(1 — )

1—
b77 LBb7 i B
( pr2+ 1 —pig)a+ (A —p12)(1—a)a+ (1 —A)(1 — a)am

) (1—a)(A—cCiy)

bi,j#iBbjzi i B
B (1= a)a [1+ (1= A)(1 = @) tgzeblozsatly T[4 — )

= bi,j#iBbj2i i B
pr2+ (1= pra)a+Aa = pr2)(l - @)a+ (1= A)(1 - a)agammetes,

>0, (247)

where we used that a; = 1 to simplify the expression, which follows from the banks’ budget constraints
and a; <1 (see Section 9.2).

9.21 Derivation of Eq. (158)

First, we determine the implicit derivative of the participation constraint for the creditors of bank 1
from Eq. (155) with respect to by 2:

dCl b 1 dCl b dBl 2
Aa ’ 1—-X) = ’ 1-— B b :
CdbLz + ( )2 {ac b1 +( Oz)a( 1,2+ b2 dbr.» )}

1 dc. dB ac
+ (1= Aa) 5 [_CVQC dbf;b +a(l-a) <B1,2 + b1 dbfj) +(1—-a)ac dbllj] =0

1 dChp dB 2
<)\a +(1=X) 3 [a+(1—a) a}) Cdbl,g +1-N)1-0)a (BLQ +b12 b1 s )
1 2 dCQ,b .
—(1—=X) Jac B (248)
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Second, we determine the implicit derivative of the participation constraint of the creditors of bank 2

from Eq. (157) with respect to the interbank loan:

dCap

dOQ b 1 dCZ b 2 dcl b
L (1- A b _ b1 =
acdbL2 + ( A )2 {ac e o Cdbl’g +(1—-a)ac by 5 0
1 dCa 1 5 dCip
1) = 1 b (1N = :
(e a0 gl (- a)al) G2 = (1= a,) Gae T
dCayp (1—X) 502 dCrp

c = c . 249
Ay et (- ) Lla+(1—a)al dbis (249)

Third, the implicit derivative bank 2’s participation constraint from Eq. (156) with respect to the

interbank loan is given by:

dllsy dCyp dBi 2
? = Aa _A - d - B - b : =
db; 5 [ “dbry TP by, ] 0
dBj dCsop
b : =A- — — B o. 2
T Cdbl,g 1,2 (250)
Next, we plug Eq. (250) into Eq. (248), which yields
1 dCy p dCsp L 5 dCop
()\a + (1= Aa) 5 [a+(1—a) a]) c by 5 +(1-2) (1 —0a)a <BLQ +A CdbLg BLQ> (I—X) 5 CdbLg =
Ao+ (1= Ag) 1 [a+(1—a)al e | (I=X)(I—a)ad—(1-A)a 1= Lo} edCn . (251)
2 dbLQ 2 dbl,?

Moreover, we substitute Eq. (249) in (251) and rearrange, which yields

()\a+ (1 —/\a)%[a—i— (1 —a)oz]) c‘flfllf F (1= M) (1—a)ad

1 (1 - )\a) laz dCl’b =
- (1-X)a (1 - 2a) Ao+ (1 —Aa)%[oz2+ —ajal dbrs
0Pl ) oy,
)\a+(1_)\a)%[a+(1—0¢)0‘}
dCy 1-X)(l-a)a A (252)

C =
db (1-20)?(1-1a)ias
2 A (1At (L a)a] - iy el

<)\a+(1—)\a);[a+(1—a)a]

Finally, we incorporate bank 1’s budget constraint and take the implicit derivative of bank 1’s expected
return from Eq. (154) with respect to the size of interbank loan and substitute Eqgs. (252), (249) and
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dll; dBi > dCuyp
5 _ B _
dbr 5 )\a( A+ 12+b12db12 db12)
~ dCsy dChy
)\a( A+ B+ A by 5 B Cdb1,2>
dCoyp  dChy
= -\, )
(db12 + db12>
Y ( (1-X,) 50° dClb dC1b>
o “ )\a+(1— )*[Ck-ﬁ-]. ) ] db12 db12
- a( (1- o) La? +1> (dC1
)\a —+ (]. — )\) [Ck + (]. — a) ] dbl’g
) Ao+ (1= X)) dClb
AN+ 1=A)ia+(1-a) o] dby
Ao+ (1—=X) 1-X)0-a)a

a 1 —la)las
Yot (1=Aglat(=a)oly (1 ag) ot (1 - a)a) - g tdalie

_ Ao+ (1—=X) I-X)(I-a)aPa+(1=2A) e+ (1-0a)a]) A
Aot (1=Ad)glat(I—a)al (A, + (1= X)) Lo+ (1—a)a])® = (1—2)? (1 - La) Las
_ Ao (L= 2) (L= a)aha + (1= o)) A0 (253)

Ma+(1=A)3la+(1—a)a])” —(1—X)* (1 - 1a)las

9.22 Derivation of Eq. (162)

First, we derive the implicit derivative of the binding participation constraint of the creditors of bank
1 from Eq. (160) with respect to the interbank loan

dCl b dOl b dCl b
AyC 1— A, b 41— -0
“dby 5 + ) (O‘C dby 2 +(l-a)ac “db, 2)
dC1 b
- o 9254
db1 ; 0 (254)

Second, we determine the implicit derivative of d . with respect to b o

by, C(fsz,f (cCap+b12B12) — cCap (Cfg
db; 2 (cCop + b1 2B, 2)2

dBLQ
’ 1,

4l b1 2B1,2 —cCo,B1 2 — cCy bb12
_ db db1 2 (255)
(cCop + 51,231,2)

Third, we take the implicit derivative of the binding participation constraint for the creditors of bank
2 from Eq. (161) with respect to the interbank loan:

dCsyp déa ¢
— - 0
Ay, LA e
dCQb 1_)\(1 d62c
- _ <q. 256
“dby Ne dbio? (256)

69



Fourth, we derive the implicit derivative of the binding participation constraint of bank 2 from Eq.

(156) with respect to by o:

dlly ,ACa dB; -
LA A— - B b 2) =0
dby o Aa ( “dby o b2 by >
dBl 2 dCZ b
b 2 A LA
2 db 2 Cdb1,2 2

Next, we plug Eq. (257) into Eq. (255), which yields

b dCsp
d52,c c db22 by 2B1 2 CCz v B1 2 CCz b (A —C db122 B1,2)

dbi2 (cCop + b12Bi2)?
Cdb 2 (cCo,p + b1 ,2B12) — cCh, bA
(cCop + b12B12)°

Moreover, we substitute Eq. (256) in Eq. (258), which yields

52 ,C
d52,c - 1)\2\(1 O‘Zb (CCQ,b + b1,2Bl,2) - CCQJ;A

dby 2 (cCap + b1,231,2)2

dbs . ( 1— X, g ) cCay
=1+ « = — : 5

dby 2 Aa cCoyp + b12B1 2 (cCop + b1,2B12)

d52,c Aa COQ,b

dbs,2 B Aa + (1 - )\a) aCCQ,b+gl,2Bl,2 (802713 + bLQBl,Q)Q

(257)

(258)

(259)

Finally, we incorporate bank 1’s budget constraint and take the implicit derivative of the expected
return of bank 1 from Eq. (159) with respect to the interbank loan and substitute Egs. (254), (256),

(257), and (259) and use that ddsp/dbi 2 = —dda /dby 2, which yields, after simplifying,

dIly
dby o

dbay
dby 5"

dB
= Aa |:—A + BLQ -+ b1’2 1’2:| -+ (]. — )\a) (e}
dby o

=X {A +Bia+A- c‘;i?;’ - Bl,z} + (1= o) a;lgi;’
= ‘CZZZ"; + (1= X)) ;lgfzg
LRI

= Aalga/\“azgj::g —(1=X) ajgi’;g

= 0.
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9.23 Derivation of Eq. (166)

First, we derive the implicit derivative of the binding participation constraint of the creditors of bank
1 from Eq. (164) with respect to by o:

dCy s 1 [ dcy, d6sp \ 1 ([ dosy dcy
Auc 1=\ - , L L LY =
By T (L) { ( Ty T a)adbmg) T3 (adbngr( e )} 0

(/\a + (1= Aa) % [+ (1 —a)a]) Ccllfllzb =—(1-\) % la+(1—a)a] jgf;g
dC1 b (1=X) ila+(1—a)a] d§2’bg. o)

“dbrs Nt (L—Ae)La+t (1—a)a]dbis

Second, we determine the implicit derivative of d; with respect to the interbank loan:

dday (312+b12db )(b12312+CC2b)—b12312(312+b12d512+ fo;’)

dby 2 (b1,2B1,2 + CC2,b)

(B1Q—|—b12db )CC2b—b12Blgcdb12 (262)
) . 262
(b12B12 + cCay)?

Third, we take the implicit derivative of the binding participation constraint of the creditors of bank 2

from Eq. (165) with respect to the interbank loan and substitute dg for o :

dCsy L. 1 (o dCu, dbs..
Aot “A Z 1 -
By ){2 b0 T2 ( o, TG 9] =0
1 dCl b dCva 1 1 d§2,b
(1—=Xo) a db1 ; = A\yC by (1—=Xo) <2a + 5 (1-a) a) 1o (263)

Fourth, we derive the implicit derivative of the binding participation constraint of bank 2 from Eq.
(156) with respect to the interbank loan:

., dCs dB
: - Aa A — > — B — b 2 e 0
dby 2 ( b, T UMby,
dB dCs,
b 2 4 b _ B, 264
2 dby 2 ¢ dby o 2 (264)

Next, we substitute Eq. (264) in Eq. (262), which yields

d62,b _ <B1,2 + A-— Cilifz b B1,2> cCy b= by 2B QC db1 .
dby. (b1,2B12 + ch »)
ACC2 b — (b12B1g + cCayp) co2t

dbl 2
(b1,2B1,2 + cC’z,b)
. ACCQ)b 1 dC2 b
(b1,2B1,2 + cngb) b 2812 +cCap dbl 2

(265)
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Moreover, we merge Eq. (261) and Eq. (263), which yields

1 1=X)s[a+(1—a)a] dbyy dCyy, (1 1 )dégb

—(1=Xa) =a? 2 2 g = AgC —(1=X\) (= 21— ,

( )59 Mot (=) Ia+(1—a)a]dbis? By Jgetg-wa) g

dCQb 1 (1—)\)5052 )d(52b
Aac2b = (1= \,) = 1- 1

Cdhry T gl a)a]()\a+(1—/\a)2[a+(1—a)a] dbys?
chQ’b A+ (1= A) [+ (1 —a)a] (1—Xa) % [+ (1 —-a)a] doy (266)
by Aa A+ (1=A) e+ (1—a)a]dbio™

Next, we merge Eq. (265) and Eq. (266), which yields

dda AcCa
dby,2 - (01,2B1,2 + CC2,b)2
At (- M) e+ (1-a)a]  (1-X)zla+(1-a)a] g by,
Aa Ao+ (1=Xa) 5o+ (1—a)a]bi 2Bz + cCayp db o
ddap (1 n A+ (T =2A)a+(1-a)a] (1=X)s[a+(1—a)a] g ) _ cCap 4
dby 2 Aa Ao + (1 )\a) [a+(1—a)a]br2Bi2+cCop (01,2B1,2 + 00271,)2
b NGBt o N 26

= 1—X, at+(l—a)a
dbrz N, + M+ (1= A) o+ (1-a)a]) 5 (+(1 - )[ [a(+(1 ’aia] b e

Then, we merge Eq. (266) and Eq. (267), which yields

Gy et (Aot (1-0)a] (1-A)Lla+(1-a)al
dby 2 Aa Aat+(1=X) e+ (1-0a)d]
Aa cCop Ag
Mot Qo+ (1= 2g) [+ (1 - a)a]) G 2abt Gl oo (b12Bra + o)’
Qe A) et (L -a)d]) ,\ﬁu{i )[Q[Z(iua)ﬂa] baBraTeCny 5 A (268)
" A+ o+ (L= M) o+ (1 — a)a]) e it el e
In a next step, we merge Eq. (261) and Eq. (267), which yields
dCi _ /:a(él 5 3)%1[?;5(11 afi;)i] b1,2B1, 2+CC2 b62 A (269)
dby 2 Aat+ M+ (1 =X)[a+(1—a)a)) ,\a(iu{i fa[l(i(f)ﬂa] by 2T 3 FCas |

Finally, we incorporate the budget constraint of bank 1 and take the implicit derivative of the expected
return of bank 1 from Eq. (163) with respect to b 2, substitute Eq. (264), Eq. (268), and Eq. (269),
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and simplify

dlly g
db 2

dBl 2 dCl.b
=X | -A+B b 2 _ :
< + Bt bia g Cdbm)
dCQ b dCl b
- —A B A — Y _ B
Aa < + B2+ Cdbl’g 1,2 — db1 , )

— dOZb dC’lb
- ( “dbr, db12>

(1-2Xa)3 [ort (1—a)al
Ao+ (1= Aa) [+ (1 —a)al) 5777752 ) e+ (—a)al braBi, pwTe"

/\a+(/\a+(1— )[a—i—(l ) D (1-Xa) 2 [at+(1-a)a]
(S

- 02,cA

Xa “r(l*)\a)l[orl*(lfa)a] b1.2B1.0+cCa

Aa(1=Aa)5[a+(1-a)a]
oY h o o] TP ‘E‘Iﬁf} ) o
Ao+ Ao+ (1= Aa) [+ (1= @) a])

Xa+(1—Xa) S[a+(1—a)a] b1,2B1, 2+CC25

(1-2a) 3[at+(1-a)a]
Aa (1 =20) [a+ (1 —a)q] Nat(1— )\2) [at(1—a)a] b1,2B1, Z+CCQ ;

o 52,(114 < 0.

(1-Xa)3 [o+(1—a)al]
Ao + (/\a + (1 — >\a) [a+ (1 — a)a]) Aa+(1-2a)ilat+(1-a)a] b12B1 2+CC’2 .
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