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Abstract

We offer a theory of the "boundary of the firm" that is tailored to banking, as it
builds on a single inefficiency arising from risk-shifting and as it takes into account
both interbank lending as an alternative to integration and the role of possibly
insured deposit funding. Amongst others, it explains both why deeper economic
integration should cause also greater financial integration through both bank mergers
and interbank lending, albeit this typically remains inefficiently incomplete, and
why economic disintegration (or "desychronization"), as currently witnessed in the
FEuropean Union, should cause less interbank exposure. It also suggests that recent
policy measures such as the preferential treatment of retail deposits, the extension
of deposit insurance, or penalties on "connectedness" could all lead to substantial
welfare losses.

*We thank seminar participants at Imperial College London, UPF Barcelona, Oxford, and ETH Zurich
for their comments. Financial support from IMFS (Frankfurt) and DFG is gratefully acknowledged.

TFrankfurt School of Finance and Management.

fJohann Wolfgang Goethe University Frankfurt. E-mail: inderst@finance.uni-frankfurt.de.

§ Johann Wolfgang Goethe University Frankfurt.



1 Introduction

We offer a theory of the "boundary of the firm" that is tailored to banks as it recognizes the
relevance of both (insured) deposit financing and that of interbank lending as a possible
substitute for integration. Our theory relies on a single inefficiency that has been at the
core of banking theory: risk-shifting incentives in the interest of banks’ shareholders. Still,
our model is capable of delivering (i) a number of, mostly new, empirical predictions,
(i) a theory of the limits to financial integration both through interbank lending and the
reallocation of funds within a merged bank, (iii) as well as normative implications closely
related to the current financial crises and the respective proposed or already implemented
policy measures, such as the preferential treatment of retail deposits and penalties for
"interconnectedness".

In our baseline model local banks have specific skills in collecting funds and making
loans, so that a reallocation of funds across geographically segmented markets relies on
interbank lending when banks remain non-integrated or the operation of an "internal
capital market" inside an integrated bank.! The extent to which financial integration
is achieved through these two channels and when bank integration replaces interbank
lending, will both depend on, first, the extent through which funding relies on insured
deposits and, second, on how well the two markets are already integrated economically,
as expressed by the correlation in their lending markets. The key mechanism at work
is the following: Greater reallocation of funds across markets, both through integration
and through interbank lending, generates co-insurance benefits for depositors, so that an
insufficient exploitation of this potential is an expression of risk-shifting to the benefits
of shareholders. We next summarize the results of our analysis in terms of its different
implications.?

Between non-integrated banks, we find that interbank lending is larger, though never
inefficiently high, when markets are already more closely aligned, as represented by the
correlation between local lending markets. This holds as then the co-insurance benefit that
a reallocation of funds across markets has for depositors is smaller.? It is also smaller when

the interbank exposure is sufficiently large so that failure to repay the interbank loan has

!Our model thus puts at the forefront the role of the financial system to reallocate resources across
otherwise geographically segmented markets, as for instance also Merton and Bodie (1995) or Allen and
Gale (2001).

2These mirror the respective implications collected in Section 7.

3Importantly, the positive relationship between interconnectedness and correlation is thus not an inef-
ficient consequence of banks’ incentive to bailed out together (Acharya and Yorulmazer (2006, 2007); cf.
also Wagner (2010) for a similar logic).



a contagious effect on the creditor bank. From this we derive the observation that there
should be a tendency towards either relatively low or relatively high levels of interbank
exposure between individual banks.

Changes in the correlation of lending markets can derive from an increase or a decrease
in economic integration. Our model would thus predict that greater economic integration,
such as within in the European Union before the crisis, should itself trigger also more
interbank lending (as well as mergers in the banking industry, as we see shortly), while
disintegration (or the "de-synchronization" of economic activity) should reduce interbank
exposure at the expense of allocative efficiency. The latter observation clearly throws a
somewhat different light on the current financial disintegration in the European Union,
notably between banks at its core and its periphery

More generally, our theory thus contributes to a better understanding of the patterns
and limits of global financial integration. Such greater financial integration yields poten-
tially large welfare benefits given cross-regional differences in net savings, in productivity,
and in exposures to output shocks both on a global scale but also within relatively ho-
mogenous areas such as the Euro zone and the U.S.* Various researchers have, however,
noted that the extent to which such financial integration has been achieved is still limited.
Surprisingly, this observation seems to apply not only to global financial integration, which
is still restrained by regulation, but also to the financial integration in the Euro area, where
de jure obstacles to financial integration have been largely removed.” To understand this
puzzle, it is important to understand the incentives of banks as they play a key role both
in collecting funds from households, notably through deposits, and in investing, notably in
smaller and medium-sized companies where local proximity is (still) of major importance.
We find that incentives for financial integration are typically inefficiently low. This holds

notably also for mergers between banks.

4For evidence and measurements see, for instance, ECB (2013a, p. 96-107), Kalemli-Ozcan et al.
(2003), or Bonfiglioli (2008).

SFor a discussion of the evidence for the limited effect of financial globalization see Stulz (2005). Lane
(2009) and more recently van Beers et al. (2014) discuss this for the Euro area.

6The role of banks for financial integration, both through cross-border asset holdings and interbank
lending as well as through cross-border mergers, has indeed been largely documented in the empirical
literature. Globally, Milesi-Ferretti and Tille (2011) argue that the cross-border activity of banks plays a
dominant role for financial integration (cf. also Figure 1 in Fecht et al. (2012) for the role of interbank
lending). Even within the Euro area the pre-crisis growth in cross-border asset holdings and financial
integration was predominantly driven by the internationalization of European banks (cf. van Beers et al.
2014) and interbank lending (Sapir and Wolff 2013). There is also a large literature showing that the
deregulation of cross-regional banking improved diversification and capital allocation even though other
financial markets were already de facto integrated before. See, for instance, Black and Strahan (2002),
Acharya et al. (2006), and Acharya et al. (2010).



Our model predicts a high degree of fragmentation among banks that rely much on
insured deposits, such as savings and loan banks or cooperative banks with a strong local
retail presence. The "boundary of the bank" also depends on the economic integration
of the respective markets: Economic integration that increases the correlation between
lending markets makes a bank merger more likely. Notably, as in our model there are no
exogenously assumed advantages or disadvantages to the allocation of funds either through
interbank lending or within an integrated firm, a bank’s boundary is determined solely by
the following force: The choice between integration or non-integration generates commit-
ment vis-a-vis the providers of uninsured funding in terms of the subsequent reallocation
of funds and the thereby achieved coinsurance benefit. Interestingly, though our theory
builds on a single inefficiency, that is risk-shifting, the trade-off between integration and
non-integration is resolved differently depending on the correlation between the respective
lending markets: For low correlation an integrated bank would achieve a less efficient al-
location of funds than non-integrated banks relying on interbank lending alone, while for
high correlation the allocation is more efficient in the integrated bank.

Rather than excessive interconnectedness or excessive integration to form "too-big-too-
fail" banks, our parsimonious model of banking predicts the opposite: Too little exposure
through interbank lending and too little financial integration through mergers and acqui-
sitions among banks.” This is why, in our model, further disincentives, arising for instance
from a "tax" or from other penalties on size or interconnectedness, may have negative
first-order effects on allocative efficiency and thus welfare. This should throw a new light
on several policy initiatives that strive to discourage interbank lending and aim at either
directly limiting bank size or imposing additional levies on larger banks.®

Yet another policy implication relates to the extension of deposit insurance in the wake
of the financial crisis. In our model, this would reduce the commitment role of a bank
merger vis-a-vis providers of uninsured funding, so that the extension of deposit insurance
can reduce financial integration and welfare. On the other side, as implicit and explicit
insurance of bank debt holders are a subtle disincentive to bank mergers in our model, this

suggests that the new EU Bank Recovery and Resolution Directive, which increases the

"Clearly, "too-big-to-fail" as well as "too-connected-to-fail" could generate additional moral hazard
problems, from which we abstract. An important insight of our analysis is, however, that there may also
be strong disincentives working the opposite way and those effects need to be considered when determining
the optimal degree of regulation.

8 According to the BIS (2011) banks considered as global systemically important financial institutions
(G-SIFIs) will be required to hold up to 3.5% additional equity against their risk based assets. Whether a
bank is considered a G-SIFI depends among other things on its wholesale funding ratio. On limiting the
size of banks see also the respective provisions in the Dodd Frank Act, Section 622.



bail-in of bank debt holders, could increase Euro area banks’ incentives to merge - possibly
counteracting the objective of preventing banks from becoming "too-big-too-fail". In yet
another twist, current regulatory initiatives that encourage banks’ reliance on insured retail
deposits, such as their preferential treatment in liquidity coverage ratios and stress tests,
would again have the opposite effect of reducing incentives for greater financial integration.

Our paper is embedded in a large banking theory literature, as surveyed for instance
in Freixas and Rochet (2009). We share with this literature the following key features
of our model: i) The importance of deposit financing, both insured and uninsured, for
banks; ii) Banks’ role as local and "skilled" collectors of funds and providers of loans;
and iii) risk-shifting as the important inefficiency and friction. Much fewer papers have
considered more than one bank and allowed for interbank lending. While our model
focusses on the improvement of allocative efficiency through interbank lending, papers
such as Bhattacharya and Gale (1987), Allen and Gale (2000), and Freixas et al. (2000)
stress the role of the (short-term) interbank market in liquidity risk sharing. None of these
papers poses the question of the "boundary of the firm", which is of course addressed in a
large separate body of literature.

While a number of empirical papers on multinational banks draw largely on this the-
oretical literature, regarding both the operation of an internal capital market and the
benefits of integration, this literature does however not consider the specificities of the
banking sector.” As noted above, this concerns the reliance on often insured deposits as
well as the use of interbank lending.! We also focus exclusively on risk shifting as the sole
inefficiency'!, following much of the banking literature, and thereby do not assume other
frictions that could provide an (exogenous) disadvantage for integration, such as limits to
managerial control, greater conflicts of interest and scope for "rent seeking" in larger or-

ganizations, or internal agency conflicts that could be exacerbated under integration,'? or

9See, for instance, Campello (2006) and Cetorelli and Goldberg (2012).

10 A5 discussed below, our specification of deposit financing, which we share with the banking literature,
allows us to abstract from the endogenization of leverage (cf. Lewellen (1971), Leland (2007), [Otta-
viani...2013] or more generally thefinancial claims issued by integrated and non-integrated firms (Inderst
and Miiller ).

'The case where integration leads to a more extreme allocation of funds across markets (more risk-
taking) is related to the analysis in Dewatripont and Mitchel (2005), in which a financial conglomerate
would maximize risk by choosing perfectly positively correlated projects. In Freixas et al. (2007) conglom-
erates with an integrated balance sheet have excessive risk taking incentives due to the deposit insurance
while conglomerates with a holding structure practice regulatory arbitrage. In such a setting with sub-
sidiary vs. branch structures Loranth and Morrison (2007) solve for the optimal capital requirements.

12These have been adressed, for instance, in [Rajan/Zingales; Scharfstein/Stein ?; Inderst/Klein;]. No-
tably, Stein (.) considers the interaction of an internal capital market and internal agency problems in a
banking context.



that could provide an (exogenous) advantage, such as asymmetric information or limited
contractibility across the boundaries of firms.!3

The rest of this paper is organized as follows. In Section 2 we introduce our model of
segmented funding and lending markets. Section 3 sketches the plan of the further analysis.
The analysis with non-integrated banks is contained in Section 4. Section 5 considers the
allocation of funds within an integrated bank and compares this with interbank lending.
This comparison is then used in Section 6 to endogenize the decision whether to integrate
or not. Section 7 collects the key positive and normative implications of our model and
Section 7?7 concludes. The Appendix contains all proofs as well as additional material

notably on the analysis with a competitive retail deposit market.

2 The Model

Based on the motivation provided in the Introduction, we consider a stylized model of
segmented lending and funding markets. We also build into our model a role for banks in
both collecting savings from households and making informed investment decisions through
loans. The various assumptions that we thereby make follow closely the large extant
literature on banking,'* which is why the following presentation of our model focuses on

those ingredients that are more novel and decisive for our subsequent results.

Markets and Technologies. There are two locally segmented markets, n = A, B. Each
market is populated by a mass one of households. In market A, each household has funds of
size M 4. As there is a mass one of households, this also represents the measure of the total
funding potential when funds are raised solely in market A. In market B, each household
has funds of size M. We assume without loss of generality that M4 > Mg > 0. The
interesting case will be that where the local funding potential differs across markets. To
derive for this a convenient measure, we denote total available funding by M+ Mg = 2M
and write M4 = M + z and Mg = M — z with z > 0. When analyzing the role of banks
to allocate funding across markets, we will conduct a comparative statics analysis in z.
To streamline the model, we abstract from modelling consumption and saving decisions
of households and thus take as given that households set aside the respective funds 2M

for later consumption. Next to a storage technology, which simply preserves the value of

13[Example]. With respect to the role of non-contractibility, of course, the seminal approach in Hart
[...], which focuses on incentives and hold-up, should be noted.

14See, for instance, Freixas and Rochet (2009).



funds, we introduce a risky investment technology in each of the two markets. For this
we suppose that in each market there is one penniless entrepreneur who has access to a
real investment opportunity, as specified next, and that there is at the same time a large
number of fraudulent entrepreneurs who will abscond with any funds that they receive.
By specifying that only one locally active bank has the necessary (soft) information to

screen out fraudulent entrepreneurs,'®

we grant each local bank monopoly power in the
lending market and also preclude any forms of non-intermediated financing. In the case
of an integrated bank, AB, we suppose that, by acquiring the respective technology, the
integrated bank inherits this knowledge across both markets.!®

The project of the (non-fraudulent) entrepreneur, on whom we can focus, is risky as
it only succeeds with probability p. In case of success, when having received funds of size
F, the project pays back L(F'), while it pays back zero when it fails. The (production)
function L(-) satisfies L' > 0 and L” < 0. As we stipulate that the monopolistic local
bank can make a take-it-or-leave-it offer to the local entrepreneur, the function L(F) also
represents the local lending (or loan-making) potential. By assuming that it is symmetric
across markets, we can focus our analysis on banks’ role to bridge funding differences
across markets. A crucial parameter in our analysis, however, will be the extent to which
the performance of loans in the two markets is correlated. We denote the respective
correlation coefficient by p and allow for values 0 < p < 1. As is immediate, the likelihood
with which loans in both markets perform is then given by p? + pp(1—p), which becomes p?
when projects are fully independent (p = 0) and p when projects are perfectly (positively)
correlated (p = 1).!7 Next to z, which captures the difference in the local funding base, p
will be our main comparative variable in what follows.

We further want to focus our analysis on the case where local funding is never in excess,

so that we assume throughout that

pL' (M +2) > 1. (1)

15In practice, this should hold notably for smaller and medium-sized companies where local proximity
is (still) of major importance. See, for instance, Petersen and Rajan (1994) and more recently Degryse
and Ongena (2005).

6Hence, we abstract from any agency related inefficiencies that larger (merged) banks could have in
generating and processing the necessary local information (cf. Stein 1997).

1"Note at this point that our specification of a single loan opportunity in each market can also be
interpreted as a perfect positive correlation for loans in a local market. What is essential for our following
arguments is that, in this case, loans in the bank’s own portfolio are more correlated than loans across
banks’ loan portfolios. Incorporating additional flexibility to allow for more general correlations for a
given local loan portfolio has, however, proved to make the analysis much less transparent and at points
intractable.



Further, to create scope for default and contagion when interbank loans are not repaid,

we suppose that
L (M) <2M. (2)

In words, when only half of all available funding, M, is invested in one market, then in

case of success the resulting payoff is insufficient to pay back all available funding, 2M .

Strategies and Timing. A key part of the analysis in this paper is an endogenization
of banks’ integration decision and the derivation of its key determinants. We thus start
the game at ¢ = 0 with banks’ decision whether to integrate or not. This as well as all
further decisions are made in the interest of banks’ shareholders. The subsequent game
then unfolds depending on whether integration took place or not. We first take the case
where banks remained separate.

In ¢ = 1 funding can be collected from households. Given our preceding discussion,
households will either invest in the storage technology or invest in risky projects through
one of the two banks. In our baseline analysis, we further stipulate that households in
market n can only invest through bank n, albeit we can extend results to the case where

18 Our key assumption is that households’

banks compete for funding across markets.
claims on banks’ assets will be senior to those of shareholders. We comment shortly on
this assumption. We will refer to these claims as deposits, so that in our baseline model at
t = 1 bank n offers a deposit rate r, in its local market and attracts deposits of total size
R, < M,. Non-integrated banks can arrange interbank lending in t = 2, which prescribes a
transfer of funds W,, from bank n’ to bank n in exchange for a promised repayment w,,. To
make our baseline analysis as transparent as possible, we stipulate that the (lending) bank
with a higher funding base can make a take-it-or-leave-it offer.!® In ¢ = 3 banks extend
loans in their local market. Payoffs are realized in ¢ = 4. When banks have chosen to
integrate in ¢t = 0, the subsequent game simplifies as there is no need to arrange interbank
lending in t = 3. All parties are risk neutral and we abstract from discounting.

Before proceeding to the analysis, it remains to comment on our specification of banks’
contracts with households. The key assumption in what follows is that these claims are

senior, both to those of shareholders and to any interbank loan. The assumption of such

18Tn the respective analysis in Appendix B we still endow the local bank with an advantage: Households
who invest in a non-local bank will incur switching costs.

YHowever, we show in Appendix C that the key results for interbank lending are unchanged when we
stipulate instead a game of Nash bargaining with a more symmetric distribution of bargaining power. Note
also tha ta fully competitive (fragmented) market would seem at odds with the arrangement of interbank
lending, while an analysis of a network of interbank lending is beyond the scope of this paer.



deposit financing is again shared with a large literature in banking. Though it is there often
assumed exogenously as well, it is well known that seniority can be given a microfoundation
(cf. Diamond and Rajan 2005).*° However, we abstain from enriching our model in such

ways, thereby focusing on what is novel in our analysis compared to the extant literature.?!

3 Plan of Analysis and Overview of Results.

The plan of our further analysis is as follows. Section 4 contains our main analysis of
interbank lending to bridge funding differences between segmented banking markets. Our
main result will be that of a persistent gap despite the operation of a frictionless interbank
lending market (Section 4.1). Funding differences will only be smoothed out completely
when a further (marginal) increase of interbank lending no longer offers coinsurance ben-
efits to depositors, which will be the case either when an interbank loan is already large
enough so as to have a contagious effect or when loan portfolios are perfectly correlated.
These insights further give rise to various comparative statics results, notably for the size
of interbank lending, depending on the characteristics of banks’ segmented funding and
lending markets (Section 4.2).22

Section 5 considers the operation of an integrated bank. Importantly, integration does
not per se reduce frictions in the allocation of funds, as the interbank lending market is
notably not plagued by adverse selection or moral hazard in our model. Still, we show how
it can substantially alter the allocation of funds across local markets. The fundamental
difference is that with integration depositors in both markets, A and B, have a claim that
needs to be repaid out of the proceeds of the bank’s lending in both markets, rather than
only in one market as in the case of separate banks. We show how, depending notably on
the correlation between the local lending markets, this can lead to more or less efficient

allocation of funds through the risk-shifting channel that is at the heart of this paper: The

20(Clearly, by taking an agency perspective the role (e.g. with respect to information acquisition) of
different lenders would have to be clarified as well. Other aspects of deposit financing, such as a "first-
come-first-serve" feature that provides liquidty but can give rise to bank runs are however not at the core
of our analysis.

21Recall also from our discussion in the Introduction that the seniority of retail deposits as well as the
immediacy with which they can be withdrawn are not necessarily undone by households’ inertia compared
to institutional investors, notably in our model the creditor bank in case of an interbank loan. One reason
for this is the discussed longer maturity of these claims.

22Funding differences are also persistent when deposit markets are no longer fully segmented, but - given
the low granularity of retail deposits - subject to frictions in the form of switching costs. To streamline the
exposition of results, however, we noted alreaddy that an extension to competitive retail deposit markets
is contained in Appendix B.



merger opens up new risk-shifting opportunities on the one hand but reduces risk-shifting
incentives that arise from the coinsurance benefits of depositors on the other hand.

The insights from Section 4.1 (non-integrated banks) and Section 5, while being of
independent interest, are then tied together to answer in Section 6 the question of the
"boundaries of the firm", that is whether banks become integrated or stay non-integrated
in equilibrium. When deposits are insured, a merger will never arise, such that banking
will remain highly (regionally) fragmented. We show that this result also extends when a
sufficiently large fraction of funding, though not necessarily all of it, is insured. Neither
bank mergers nor the operation of an interbank market will then ensure the efficient
allocation of funds to bridge funding differences. When deposits are (at least to a large
part) uninsured, however, our predictions are more nuanced and we obtain clear-cut results
on when integration arises, which will then always increase efficiency. With respect to
uninsured depositors, the choice of the boundary of the firm, despite the operation of an
interbank market, serves as a commitment against risk-shifting. We collect implications

from all our results in Section 7.

4 Non-Integrated Banks

4.1 Shortfall of Interbank Lending

In this Section we consider the determination of interbank lending in ¢t = 2, taking as given
the retail deposit funds R,, that each bank n has already attracted through promising an
interest rate r,. Note also that for the present analysis it does not matter whether deposits
are insured or not. The main result in this Section will be a characterization of optimal
interbank lending and its key determinants.

As is intuitive (and formally derived in the proof of Proposition 1), in equilibrium there
will be at most one interbank loan, i.e., in our model there is no scope for both a loan
of bank A to bank B and vice versa. As the purpose of interbank lending is to better
align banks’ funding with their loan-banking opportunities, it is equally intuitive that an
interbank loan will be made, if at all, by the bank with higher initial funding R, to that
with lower funding. We presently suppose that this is bank A, so that R4 > Rp. Denote
thus by Wi = W > 0 the interbank loan that bank A makes to bank B and by wg = w >0
the respective agreed repayment. Recall that in this Section we stipulate that the terms
of interbank lending are determined through a take-it-or-leave-it offer made by bank A to
bank B (cf. however Appendix C).
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Banks are managed in shareholders’ interest. Take first bank A. For given (remaining)
funding, Fy = R4 — W, provided that this is then used to make a loan of the same size,

the expected profits of shareholders are

ma = [P+ pp(1 = p)][L(Fa) +w — Ra(1+724)] (3)
+p(1 —p) (1 — p) [max {0, L(F4) — Ra(1 +74)} + max{0,w — Ra(1+74)}].

The first line in (3) accounts for the state where all loans are successful. That is, with
the respective probability, p* + p(1 — p)p, the loan portfolios of both bank A and bank
B perform. This also enables bank B to repay w to bank A.?*> Note that we implicitly
assume that the total repayment to bank A, arising from both its own (corporate) loan
and the loan made to bank B, is sufficient to cover the repayment that bank A promised
to its depositors, Ra(1 + r4). This will always be the case in equilibrium. The second
line in (3) accounts jointly for two states that are equally likely: that where only the loans
of bank A perform (captured by the first part) and that where only the loans of bank B
perform (captured by the second part). When both loan portfolios do not perform, then
clearly shareholders of bank A realize zero profits.

Expression (3) for the payoff of bank A’s shareholders thus contains various cases,
depending on whether the repayment of the bank’s own loans, the repayment of its loan
to bank B, or only both together are sufficient to cover claims to its own depositors,
Ra(1+474). When L(F4) > Ra(141r4), then there is a positive payout to the shareholders
of bank A even when bank B cannot repay its interbank loan. This case is more likely if
bank A’s funds are mostly invested locally, so that the size of the interbank loan W and
consequently also the respective promised repayment w are small relative to L(F4). The
other subcases are those where a failure of repayment from bank B causes default of bank
A, i.e., interbank lending can then have a contagious effect. While then the proceeds from
its own loans, L(Fy), allow bank A to make some repayment to depositors, when its loan
to bank B is not paid back this is no longer sufficient to allow for a payout to shareholders
as well. Proposition 1 below characterizes the outcome for all possible cases. Which case
arises in equilibrium is determined further below, as it depends on the initial allocation of
funds R,,, as well as on the interest rates promised to depositors, r,.

We next state the profits of shareholders of bank B,

g =p[L(Fp) —w— Rp(1+71p)], (4)

ZFor instance, when loan portfolios are independent, so that p = 0, the respective probability becomes
simply p2.
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where Fg = Rp + W. Shareholders of bank B only receive a positive payout when the
bank’s own loans perform. That profits are positive in this case will naturally arise in
equilibrium, so that we can safely restrict consideration to this case. Given the presently

assumed take-it-or-leave-it offer by bank A, we have next that

Hence, in case there is a loan of size W from bank A to bank B, the respective repayment
w, as specified in (5), ensures that bank B’s profits are just equal to the "standalone
payoff" L(RB) — RB(l + TB).

Proposition 1 Consider stage t = 2, where banks can arrange for an interbank loan W
from bank A, which has more retail funding as Ry > Rp, to bank B. There are two cases
to consider.

Case 1: The loan size W and the repayment w are chosen sufficiently small so that a failure
of repayment does not itself cause the insolvency of the creditor bank A, as L(Rqa — W) >
RA(L+174). Then, there exists a threshold py, such that W = W uniquely solves

pL'(Ra — W) = [p* + pp(1 — p)|L'(Rp + WT) (6)

for p > py and the corner solution W; = 0 applies for p < py.
Case 2: W and w are, instead, sufficiently large so that from L(Ry — W) < Ra(1 +14)
a failure of repayment causes insolvency also of the creditor bank A. Then, W = Wy
uniquely solves

L'(Ra—W5) = L'(Rp + W3). (7)

For a discussion, note first that an efficient reallocation of funds through an interbank
loan would require that W = W** with W** solving L'(R4 — W**) = L'(Rg + W**) - or,
expressed differently, W** = (R4 — Rpg)/2, so that the same amount of funding is allocated
to either market. This is the case in condition (7), where thus W = Wy = W**, but not
in condition (6), where W = W} < W** and not if W = 0. In Case 1, unless banks’ loan
portfolios are perfectly correlated, so that p = 1, the respective size of the interbank loan
W still remains inefficiently low. As a consequence, more of the total available funding,
R4 + Rp, is allocated to loans in market A than to loans in market B.

As a particular case, suppose for an illustration that loan performance across the two
banks is independent (p = 0). Then, the negotiated interbank loan, if positive at all, is such

that at this level the non-risk-adjusted return from loans of the creditor bank A is equal to
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the risk-adjusted return from loans of the debtor bank B: L'(Rs — W) = pL'(Rp + W7).
In Case 2 of Proposition 1, instead, the resulting allocation is efficient.

The results of Proposition 1 arise from the incentives of leveraged shareholders to
engage in risk shifting. Precisely, as long as the correlation between the corporate loan
portfolios of bank A and B is not perfect, as p < 1, interbank lending diversifies the overall
loan exposure of bank A. That is, when bank A’s own (corporate) loans fail, depositors
can still be (partly) paid back when the loans in market B perform, as this will result in
a repayment of the interbank loan. Thus, the resulting diversification that reduces bank
A’s own loan portfolio, but generates an exposure to loans in market B tends to make the
claims of its depositors safer. In Case 1 of Proposition 1, this positive externality of diver-
sification for bank A’s depositors generates a wedge between the allocation of funds that
would be efficient (through choosing W = W**) and the allocation of funds that results
as an outcome of optimal interbank lending in shareholders’ interest (W = Wy < W**).
This wedge is intuitively smaller when banks’ loan portfolios become more (positively)
correlated, in which case depositors of bank A have less to gain from such coinsurance of
their deposits through interbank lending.?* Consequently, the optimally arranged inter-
bank loan W7 increases in Case 1 as banks’ loan portfolios become more correlated. The
characterization of Case 1 would thus predict a positive correlation between the size of
interbank lending and the correlation of the local loan portfolios of the involved banks.

The resulting increase in W enhances efficiency.

Corollary 1 Suppose that Case 1 from Proposition 1 applies. Then, as the correlation
between banks’ loan portfolios increases (higher p), the size of the interbank loan W = W

increases as well.

Corollary 1 conducts a comparative analysis only for Case 1. Once we have derived
the equilibrium for the full game, we will show that our model predicts a robust positive
relationship between interbank lending and the correlation of banks’ loan portfolios. For
now, however, we postpone a further discussion of this implication.

The allocation of funding becomes efficient in Case 2 of Proposition 1. The reason
is as follows. In this case the exposure of bank A to the risk of bank B is sufficiently
large such that failure of repayment of the interbank loan would make bank A insolvent

as well, regardless of the performance of its own loan portfolio. Then, W = Wy solves (7).

240f course, under full deposit insurance these benefits would be reaped rather by the deposit insurance
institution than by insured depositors themselves, other than in the case without deposit insurance. These
considerations will prove important later when the equilibrium interest rate is determined.
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Intuitively, once the interbank loan is sufficiently large, so that a failure of repayment has
such a "contagious effect", a marginal adjustment of the loan has no longer the discussed

positive externality on depositors of bank A.

4.2 Equilibrium Analysis: The Case with Insured Deposits

We now turn to stage ¢t = 1 of our model. Recall that presently we have R, = M, and
that banks are non-integrated, so that the only way to reallocate funds between the two

markets is through interbank lending, as analyzed in the preceding section.

Proposition 2 Suppose that deposits are insured and banks non-integrated. We have the
following comparative results for the (generically uniquely determined) interbank loan in
equilibrium, W*: There exists a threshold p, such that 0 < W* < z, according to Case 1
in Proposition 1, when p < p and W* = z, according to Case 2 in Proposition 1, when

p > p. Overall, when z > 0, W* is increasing in p.

With deposit insurance, the equilibrium analysis is heavily simplified by the fact that
equilibrium deposit rates do not depend on depositors’ expectations about the size of
the interbank exposure of bank A. Then, the characterization and comparative analysis
in Proposition 2 follows immediately from combining the results in Proposition 1 and
Corollary 1. For our subsequent discussion of empirical implications, we next state an

additional comparative result:

Proposition 3 Suppose that deposits are insured and banks non-integrated. When p < 1,
there exists a threshold 0 < z < M, such that 0 < W* < z, according to Case 1 in
Proposition 1, when z < zZ and W* = z, according to Case 2 in Proposition 1, when z > Z.

Overall, when p < 1, W* is thus increasing in z.

As the difference in the size of the two deposit markets, z, increases, there are two rea-
sons for why the interbank loan should increase in size as well, holding now the correlation
p fixed. A larger interbank loan is then needed to reduce the gap between available local
funding in the two markets. The second reason is that as z increases, we are more likely
to be in Case 2 (of Proposition 1), given that then the outstanding claims of depositors in

market A are larger.
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Illustration. Take a linear-quadratic loan-value function, L(F) = bF — aF?, for which
we can now explicitly derive both the resulting interbank loan and the allocation of funds
as well as when the different cases arise. For this, we normalize the size of funds so that,
when there is symmetry, each bank has a potential deposit base of mass one: M = 1. For
the following Figure 77?7, we choose p = 0.875 and allow for different values for the initial
funding difference: z = 0.5, and z = 0.9. The case with contagious interbank lending
only arises when the asymmetry of retail deposits is sufficiently large. Note that then, as
the correlation increases, W* jumps upwards (at p = p). Further below we will make use
of this feature to derive additional implications on observed exposures trough interbank

lending.

4.3 Equilibrium Analysis: The Case with Uninsured Deposits

The case without deposit insurance is complicated by the fact that now the equilibrium
deposit rate depends on the bank’s riskiness, which in case of bank A depends on its
exposure not only to its own loan market but also to that of bank B in case W > 0. In
fact, when the depositors of bank A can expect to be co-insured through the repayment
from an interbank loan, we have r4 < 1/p — 1, while when W = 0 bank A must pay
ra = 1/p — 1 to ensure that depositors just break even in expectation.

The derivation of an equilibrium is, however, simplified by the observation that while
the outstanding repayment obligation affects which case of Proposition 1 applies, the
optimal choice of W in any given case is not affected. We then denote by ¢(r4) the
probability with which, for given r,, the bank optimally chooses W = Wy, i.e., to be in
Case 2. Intuitively, there exists a threshold 74 so that ¢(r4) = 0 when ry <74, q(ra) =1
when r4 > T4, and ¢(rs) € [0,1] when r4 = 74. Depending on the anticipated value
of g, denote by r4(q) the interest rate at which bank A’s non-insured depositors just
break even in expectation (cf. the subsequent proof for an explicit derivation). Intuitively,
given the co-insurance effect, r4(q) is strictly decreasing. An equilibrium (in possibly
mixed strategies) is now described by a fixed point for (q,74), at which both ¢ = ¢(r4)
and r4 = 74(q). The left-hand panel in Figure ?? depicts the stylized case of a pure-
strategy equilibrium where the equilibrium value W = W* is characterized by Case 2, so
that W* = 2. The right-hand panel of Figure 77 depicts the case of a mixed-strategy
equilibrium.

Proposition 4 extends the comparative result of Proposition 2 to the case without

deposit insurance. now both the interbank loan W* < z that solves (6) and the probability
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that W* = z is chosen increase in the correlation between the two markets.

Proposition 4 Suppose that deposits are uninsured and banks non-integrated. Then, there
1s a unique equilibrium, where the size of the equilibrium interbank loan W* depends on
the correlation of banks’ local loan portfolios as follows. There are two thresholds p; < py,,
such that 0 < W* < z according to Case 1 in Proposition 1 when p < p; and W* = z
according to Case 2 in Proposition 1 when p > p,. When p, < p < p;,, the bank mizes
between the following outcomes: It chooses W* = z, according to Case 2 in Proposition 1,
with probability ¢* € (0,1) and with probability 1 — q* it chooses 0 < W* < z, according
to Case 1 in Proposition 1. The probability q* increases in p (strictly so for p € (p,,0,))

such that also the expected interbank loan increases in p.
Finally, we state the analogous comparative result to Proposition 3:

Proposition 5 Suppose that deposits are uninsured and banks non-integrated. When p <
1, there are now two thresholds 0 < Zz; < z, < M, such that 0 < W* < z, according to
Case 1 in Proposition 1, when z < z; and W* = z, according to Case 2 in Proposition
1, when z > z,. When z; < z < Zz,, the bank mixes between the following two outcomes:
It chooses W* = z, according to Case 2 in Proposition 1, with probability ¢* € (0,1) and
with probability 1 — ¢* it chooses 0 < W* < z, according to Case 1 in Proposition 1.
The probability ¢* increases in z (strictly so for z € (z,25)) such that also the expected

interbank loan increases in z.

5 Allocation of Funds within an Integrated Bank

Objective of the Integrated Bank. We now suppose that a single bank operates
across both markets, A and B. We will ask how the resulting allocation of funds differs
from that achieved when markets are served by separate banks. While the present analysis
will be of interest on its own, as we notably derive conditions for when an integrated bank
may either achieve more or less efficiency in its lending, it will also form the background
for our subsequent analysis of endogenous integration.

When a single bank, AB, operates, the question of whether retail deposit markets are
fully segmented or not becomes superfluous. Also, as the repayment of all deposits is
served by all of the bank’s assets, as long as all depositors obtain the same level of deposit
insurance (or not), in ¢ = 1 the integrated bank will now offer the same interest rate 745

to depositors in both markets. As there is no interbank lending, the game then proceeds
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to t = 3, where the bank allocates its aggregate funds over the two segmented lending
markets, choosing F4 and Fz. Payoffs are again realized in t = 4.

The integrated bank’s shareholders’ profits are given by

Tag = [pP°+pp(1—p)] [L(Fa)+ L (Fg)— Rap(1+rap) (8)
+p(1—p) (1 — p)max{0, L (Fa) — Rap (1 +7rap)}.

Note first that without loss of generality we restrict attention to cases where weakly
more funds are allocated to market A: Fy > Fp. The first line in (8) accounts for the
outcome where loans in both markets are successful.?> With respect to the second line in
(8), note first that the case where the repayment from loan market B alone would already
be sufficient for the integrated bank to remain solvent is excluded by condition (2) and
by Fp < Fy < M. Hence, when only one loan portfolio performs, then from Fs > Fp
shareholders of the integrated bank can only expect to receive a payout when loans in
market A perform. The case distinction in the second line of (8) is then whether this is
indeed sufficient (or not) to make depositors whole, i.e., whether L (F4) > Rap (1 + rap)
indeed holds (or not).

Integrated Bank with Insured Deposits. As in the case of interbank lending, the
optimal allocation of funds across the two markets is driven by two considerations: On the
one hand, the maximization of total profits and thus efficiency, which obtains when M is
allocated to either market, and, on the other hand, the reduction of a co-insurance effect
(or, likewise, the maximization of risk-shifting) to the benefits of shareholders, though it
reduces the value of depositors’ claims.

Note now that for the following proposition we relabel the threshold for the case distinc-
tion with separate banks from Proposition 2 by ﬁs. Recall that /p\S denotes the threshold for
the correlation between loan portfolios so that for p > ﬁs interbank lending is large enough
to make the allocation of funds efficient. With integration the corresponding threshold for

when efficiency is obtained will be denoted by p in Proposition 6.

Proposition 6 Suppose that deposits are insured and banks integrated. There exists a
threshold ﬁj, such that the (generically unique) equilibrium allocation of funds F}, and F7
with Ffy + F = 2M s uniquely characterized as follows: When p < Pl it is inefficient
with Iy, < F as

pL' (F3) = [p* +pp (1 = p)] L' (Fp) 9)

25 Again, as in the case of separate banks, we abbreviate the analysis by stipulating that in this case the
bank can indeed fully repay its depositors. This will clearly be the case in equilibrium.
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or F; = 0 holds and when p > it is efficient with Fy = Fy = M when p > ' The
allocation of funds thus becomes more symmetric and efficient as p increases (F5 —F} >0

decreases as F}, increases and F’ decreases).

Though the characterization in (9) is analoguous to that in (6) without integration,
the efficiency properties of the two cases can be markedly different. We first report the
respective comparison before then providing an intuition also for the characterization in

Proposition 6.

Proposition 7 Suppose that deposits are insured. When p > ﬁl, then the equilibrium
allocation of funds across markets is more symmetric and thus more efficient in the
integrated bank, while for p < 75] the allocation is less symmetric and thus less efficient in
the integrated bank compared to when banks are non-integrated and a reallocation of funds

18 thus achieved through interbank lending.

The comparison in Proposition 7 derives clear-cut conditions for when an allocation
of funds inside an integrated bank is more efficient than that achieved through interbank
lending. To our knowledge, such a comparison has not yet been undertaken. Though
our analysis is admittedly highly stylized, the respective simplifications allow to clearly
isolate incentives for risk shifting by leveraged shareholders as the driving force between
the difference in allocations. Incentives and the scope for risk shifting, as manifested
by a more asymmetric allocation of funds between the two markets, can both be lower
and higher in an integrated bank, depending on the correlation between the loan-making
opportunities in the two markets, p. We return in Section 7 to possible normative and
positive implications of Proposition 7.

To understand the key differences between the allocation of funds through the interbank
market and that in an integrated bank, the difference in the treatment of depositors is key.
When banks are non-integrated, it is only through the interbank loan from A to B that
a deposit may be repaid both from loans in market A and loans in market B. When no
interbank loan is made, deposits in bank A and deposits in bank B will only be repaid when
the loan in the respective local market performs. Instead, all deposits in the integrated
bank represent senior claims, compared to those of shareholders, to the proceeds from loans
in both market A and market B. The key difference lies thus in the "status quo" regarding
the treatment of deposits, which for separate banks means that each bank’s deposits are
secured only by the assets of this bank, while for an integrated bank depositors in either

market have senior access, compared to shareholders, to repayments of loans made in both
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markets. When banks are non-integrated and the co-insurance externality is large, as p
is low, the case with W = 0 provides thus the limit of risk-shifting through a lack of
reallocation of funds across markets, as then no such co-insurance externality exists. But
this is different in an integrated bank, where the case with W = 0 for a non-integrated
bank corresponds to F4 = M4 and Fg = Mp and thus still involves co-insurance benefits
for depositors. This is the reason why the allocation in the integrated bank is less efficient
when p < p’. On the other hand, the larger repayment obligations of the integrated bank
make it more likely that there is "contagion", i.e. that the failure of loans in one market
completely eradicate the claims of shareholders. Recall however that from this threshold
onwards, a further increase in reallocation does not generate an additional co-insurance
externality. This the reason for why the allocation in the integrated bank is more efficient
when p > 7'.26 The trade-off in terms of efficiency in 7 thus derives from a single distortion

due to the risk-shifting incentives of shareholders.

Integrated Bank with Uninsured Deposits. We show next how the basic insights of
the comparison with insured deposits extend to the case with uninsured deposits. The key
difference between the cases with and without deposit insurance will be uncovered only
subsequently when we ask whether and when integration will arise in equilibrium. For
a characterization recall that without integration there was a mixed strategy equilibrium
for intermediate values of the correlation coefficient p . We now denote the respective
boundaries with a superscript S and the analoguous boundaries under integration with a
superscript I. The following result comprises both a characterization and a comparison

with the case of non-integration.

Proposition 8 Suppose that deposits are uninsured and banks integrated. Then, there
exist two thresholds ﬁlf < ﬁ,ll, such that the equilibrium allocation of funds is inefficient
when p < P, as F% = 0 or as (9) holds, while it is efficient with F% = Ff = M when
p > ph. When p < p < P, the bank mizes between the following outcomes: It chooses
F% = F3 = M with probability ¢' € (0,1) and with probability 1 — ¢! it chooses F% and
F} according to (9), where q' strictly increases in p. Furthermore, there exists a unique
threshold ﬁlI <p< ﬁi such that when p > p, the expected amount of funds allocated to
market B is larger in the integrated bank, while for p < p the expected amount of funds

26This clearly does not hold strictly for values of p where efficiency is obtained also for non-integrated
banks.
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allocated to market B is smaller in the integrated bank compared to when banks are non-

integrated and a reallocation of funds is thus achieved through interbank lending.

6 Endogenous Integration

As discussed previously, integration can - at least when correlation of loan portfolios is
sufficiently high - lead to a more efficient reallocation of funds from depositors in market A,
which has a larger deposit base, to loans made in market B. On the other hand, we showed
as well how integration can lead to greater risk shifting when p is low. Integration has,
in addition, the immediate effect of providing co-insurance for all deposits, as depositors
then have jointly a claim on all assets of A and B, albeit the scope of such co-insurance
depends on the ensuing equilibrium allocation of funds across markets. In general, as there
are no other frictions in our model, interbank lending and the internal allocation of funds
in an integrated bank could perform equally well. Taken all these observations together,
we now ask whether integration arises endogenously in stage ¢t = 0 of our model. For this
deposit insurance - or the absence of it - play a key role.

Besides affecting the interest rates that prevail in the market, the absence of deposit
insurance makes the following key qualitative difference. Without deposit insurance, in-
terest rates positively react to the extent to which depositors’ claims are coinsured by
investments in both markets A and B. When banks are separated, this is only the case for
the depositors of bank A and only when subsequently an interbank loan is made. Likewise,
in cases where integration leads to greater risk taking, this will be equally anticipated by
depositors and lead to higher funding costs. Such a feedback channel between funding
costs and the decision to integrate is fully absent when depositors are insured. Instead,
when deposits are insured, then only the immediate coinsurance externality remains, so

that integration is never beneficial for shareholders.

Proposition 9 Consider the case where deposits insured. Then banks will remain separate

as integration would reduce shareholders’ joint profits.

A key prediction of Proposition 9 is that banks financed by insured deposits are likely

to remain small and to resist mergers.?” This should thus apply particularly to smaller,

2TNote that one reason why we have in the main text abstracted from possible competition for deposits
without integration is that then integration of banks would trivially lead to benefits, namely by lowering
funding costs. We conjecture that the non-profitability result survives as long as competition is not too
intense without integration - or, likewise, in case integration would not sufficiently reduce deposit rates as
the two considered banks face competition also from other financial institutions or other investments.
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traditional savings and loans banks. Our argument is that this is the case as these banks
can reap the benefits from reallocating resources also through interbank loans, to the
extent that they wish to do so, but without providing at the same time an immediate
coinsurance benefit (to depositors or the deposit insurance fund) through integration.
Such an immediate coinsurance benefit also exists without deposit insurance, but in this

case shareholders internalize the benefit through a lower interest rate.

Proposition 10 Consider the case where deposits are uninsured. Then there exists a
unique threshold 75{ <pr< ﬁfl such that for p < p* banks will remain separate as integration
would reduce shareholders’ joint profits, and for p > p* banks will integrate as this increases

shareholders’ joint profits.

As we noted, the interest rate for uninsured deposits internalizes the expected coinsur-
ance benefits. We also noted repeatedly that in our model there is no built disadvantage
of non-integration in terms of additional frictions. Why then does the choice between inte-
gration and non-integration make a difference, as predicted by Proposition 10. Their role
is that of a commitment device vis-a-vis the providers of uninsured financing, given that
once financing is obtained, the choice of the allocation of funding is made in the interest of
shareholders alone. As shareholders are the residual claimants, from an ex-ante perspec-
tive they choose the "boundaries of the bank" so that the subsequent allocation of funds
across loan markets is as efficient as possible. The "boundaries of the bank" are thereby
derived from a single inefficiency that, as noted in the introduction, is also at the heart
of the vast majority of contributions to the theory of banking: shareholders’ risk-shifting

incentives.

7 Collection of Implications

Empirical Implications. In this Section we first provide in a more descriptive way a
collection of the main positive implications that we have derived from our stylized model
of locally segmented funding and lending markets. In our model, as (local) banks have an
advantage in making loans, to achieve a more efficient allocation when there are differences
in local funding, it is necessary that funds are either reallocated through interbank lending

or within an integrated bank that operates across markets.?® We derive implications both

28Notably, also retail competition alone is insufficient as long as a local bank still enjoys an advantage
also on the funding side, e.g., due to switching costs of depositors; cf. Appendix B.
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for loans made between banks and for whether and when we should observe integration

that could facilitate the reallocation of funds.

Implication 1. The size of an interbank exposure should increase both with the difference

i banks’ local funding base and with the correlation between local lending markets.

As in much of the theoretical literature on banking, recall that our results are driven by
a risk-shifting motive of shareholders. In our model this expresses itself in an insufficient
realization of efficiency gains from reallocating resources as the ensuing diversification
would benefit depositors. To recall this is again the rationale for why interbank lending
increases with the correlation between local lending markets. It should also be noted that
this result is not driven by banks speculating on a "joint" bail-out and that the increase
in interbank lending increases efficiency. This should be born in mind when considering

our next implication.

Implication 2. We should expect to see a tendency towards, on the one hand, either low
(or zero) interbank exposure, notably when lending markets have relatively low correlation,
and, on the other hand, relatively high interbank exposure that could have a "contagious”

effect, notably when lending markets have relatively high correlation.

Recall that the potential "clustering" of (empirical) observations (at low or high inter-
connectedness) follows from the fact that the described contagious effect, which decreases
the positive externality of higher interbank lending on depositors and which only kicks in
when the interbank exposure is sufficiently large. With regards to Implications 1 and 2 it
should be noted that the respective results were derived both with and without deposit

insurance.

Implication 3. An integrated bank that operates in different (funding and lending) mar-
kets can have both a more and a less efficient allocation of funds across the different markets
when compared to the operations of non-integrated banks that rely on interbank lending to
reallocate funds across markets. The allocation of the integrated bank is more diversified
and more efficient when the correlation between the loans across markets is relatively high,

and it is less diversified and less efficient when the correlation is relatively low.

Recall that the key insight for Implication 3, where one compares allocative efficiency
and diversification across markets, is the following: In an integrated bank that secures

funding from various markets all deposits represent claims to all assets, i.e., to all loans
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made in different markets, whereas for non-integrated banks the respective deposits are
only secured by local loans, unless there is interbank lending as well. It should be noted,
however, that Implication 3 does not yet take into account that integration is itself endoge-
nous. Still, as in practice there could be other obstacles to integration, such as regulatory
or cultural constraint, as well as other conducive factors, such as managerial hubris, Impli-
cation 3 may also lend itself to the derivation of empirical prediction. The next implications

focus, instead, on the equilibrium choice of integration.

Implication 4. Banks that rely (mainly) on insured deposits have lower (or even no)
incentives to integrate, even when this leads to inefficiently low reallocation of funds through

interbank lending.

When deposits are insured, shareholders can not benefit through lower funding costs
from higher coinsurance of deposits when integration would lead to greater diversification
of loan-making. Unless integration leads to other gains, such as reduced competition in
the deposit market, it will thus not materialize when banks rely to a large extent or even
exclusively on insured deposits. This could apply to, for instance, to cooperative or savings
and loan banks that have a strong retail presence and thus typically a large retail deposit
funding base, while when they are small they may lack large-scale investment opportunities.
Implication 4 predicts that this segment of the banking industry should remain heavily

fragmented. This is different for banks that rely more on uninsured funding.

Implication 5. Integration is more likely between banks with a more correlated lending

market.

The correlation between two lending markets could itself be the outcome of smaller
or greater economic integration between the two regional or national economies. When
this is taken as given, Implication 5 predicts that also banking mergers between these two
already more integrated economies become more likely. Recall that Implication 1 obtains
an analoguous prediction for interbank lending. Taken together, economic integration
through real activity, such as trade, and financial integration through interbank lending or
bank merger are thus complementary, rather than one being a (perfect) substitute for the
other. This observation has also some direct normative implications with respect to policy
and regulation that we explore further below. Note finally that rather than applying only
"cross-sectionally", Implication 5 applies also when other forces, such as increasing trade

or joint economic policy as witnessed in the European Union, lead to increasing economic
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integration between different regions and countries. Then the integration of banks should
follow suit, beyond what the removal of legal and regulatory obstacles would suggest. That
however the level of integration through the "banking channel" remains still insufficient is
stated in the Implication 7 below. Over time, the economic integration between different
regions or countries may also decrease, or there may be other reasons for why lending
markets become less correlated. Though this may admittedly be a far shot, given that our
model is on purpose as parsimonious as possible, the currently witnessed disintegration
(or "de-synchronization") of the European economies, notably the different development
of those on its southern periphery, may be a case in place. Our model would predict that
this should also reduce interbank lending beyond what can be accounted for by a worsening

of economic prospects or financial fragility of debtor banks.

Implication 6. As economic integration between two regions or countries deepens, also
financial integration through the "banking channel”, that is both through interbank lending
and the reallocation of funds through integrated banks, should increase. Instead, when the
correlation between two markets decreases, also financial integration through banks and

notably interbank lending should decrease.

Normative Implications. From an efficiency perspective, the following implication is

key.

Implication 7. When the reallocation of funding across two (regional or national) funding
and lending markets relies crucially on banks and their specific ability to collect funds from
households and to invest in local business, then there is a strong tendency for too little
financial integration, i.e., both through (inefficiently low) interbank lending and through

(inefficiently rare) integration and the subsequent reallocation within the integrated bank.

Rather than excessive interconnectedness or excessive integration to form "too-big-too-
fail" international banks, our parsimonious model of banking predicts the opposite: Too
little exposure through interbank lending and too little financial integration through merg-
ers and acquisitions among banks. As noted in the Introduction, we clearly abstract from
other reasons for why banks may want to become "too-big-too-fail" or "too-interconnected-
to-fail", namely if the expectation of a bail-out will lower their funding costs. What is
however key, in our view, is the prediction that in the absence of such additional consid-
erations the outcome will not be first-best efficient, but that it may involve a considerable

gap in financial integration through interbank lending and mergers. The first-order effect
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of regulatory activities that further curb these activities may then be non-neglegible and
negative by further reducing allocative efficiency. It is now straightforward to derive the

following implication formally (e.g., by introducing a "tax" 7 > 0 on interbank lending).?

Implication 8. Suppose through regulatory intervention banks’ reliance on insured (retail)
deposits becomes larger. Then rather than increasing financial integration, this makes
financial integration through mergers and a reallocation of funds within integrated banks

less likely, thereby reducing efficiency.

Before further commenting on this result, note again that this is derived within the
constraints of the chosen model. While we show in the Appendix how some core results
survive when we allow also for competition for retail deposits, we notably do not compare
the operation of retail deposit markets with and without deposit insurance - and notably
not so when banks had different levels of riskiness, which would become irrelevant for
insured depositors. Such an analysis would clearly exceed the scope of this paper. Given
these restrictions, however, Implication 8 points to an unintended and likely ignored con-
sequence of extended deposit insurance. Then, integration does no longer benefit banks
through a commitment to more diversified lending, which then leads to lower funding
costs. Instead, as we showed only the drain on profits through the positive coinsurance
effect on depositors would remain, making integration unprofitable. Note that banks may
also choose to rely more on insured retail deposits when regulation makes funding through
other (wholesale) sources more expensive (e.g., through liquidity requirements that are,
however, outside our model; cf. the introduction). Again, less financial integration may

then be an unintended and negative consequence, according to Implication 8.
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8 Appendix A: Proofs

Proof of Proposition 1. Recall that implicit in expression (3) there are four different
cases: Case 1 with L (F4) > Ra(1+74) and w < Ra(1+14), Case 2 with L (F4) <
Ra(l14+rs)and w < Ry (1+74), Case 3with L (F4) > Ra(1+74) and w > Ra (1 +174),
and Case 4 with L (F4) < Ra(1+174) and w > R4 (1 +174). We treat these cases in turn
and show that only Case 1 and Case 2 will be relevant for our subsequent analysis.

Consider first Case 1 where, after substituting w = L (Rg + W) — L (Rp), it follows
from (3) that the profits of bank A’s shareholders are given by

ma1 =p[L(Ra —W{) — Ra(1+7a)] + [P + pp (1 — p)] [L(Rs + W}) — L(R5p)].

Note that the program is strictly concave in this case. From inspection of expression (6)
in Proposition 1, note next that W strictly increases in p. Using strict concavity, we can
define for given z > 0 and p a value p, so that W} > 0 only if p > p,:

1 (DM +2)
po'_l—p<L’(M—2)_p>’ 1o

where further

dp, 1 L'(M+2)L'(M—z)+ L'(M+z)L" (M — 2)
—_— = < 0. (11)
dz  1-—p L'(M — z)?

In Case 2 shareholder profits are from (3) equal to
Taz = [p* + pp (L= p)] [L(Ra = W3) = Ra(1 +74) + L(Rp + W5) — L(Rp)],

and the first-order condition yields (7). Note that also in this case the program is strictly
concave.

Now consider Case 3, where (3) becomes
Tag =p[L(Rys —W3) — Ra(14+74) + L(Rg + W3) — L(Rg)],

and the first order condition would imply that Ry — W3 = Rp + W5 = M. We now
argue that if the interbank loan is sufficiently low so that repayment from its own loans
is sufficient to repay A’s depositors, the repayment from the interbank loan w can not at

the same time be sufficiently high to repay depositors of bank A, i.e.,

L(RB—I-W) —L(RB) — Ry (1+TA) < 0. (12)
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Condition (12) is for Rp = 0 implied by assumption (2). It also holds for Rp € (0, M)
since the partial derivative of (12) with respect to Rp is, using R4 = 2M — Rp, given by

1
1+TA—LI<RB)§5—L/(RB),

which is strictly negative for Rp € [0, M] due to concavity of L and (1). (Recall also that
TA < % — 1.)
Finally, in Case 4 shareholders’ profits in (3) are given by
TAag = P [L(RB + W:) — L (RB) - RA<1 + T’A)]
+ [P*+pp(1—p)|] L(Rs — W)
with first order condition
[0* +pp (1 —p)] L'(Ra — Wy) = pL' (Rp + Wj).
Now consider two subcases. If [p?+ pp(1 —p)] L' (Rg) > pL'(R4), we have W} > 0,
implying that Case 4 is always (weakly) inferior to Case 1 as
Tar—mas=p(l—p)(1—p)L(Rp).
When instead [p? 4+ pp (1 — p)] L' (Rg) < pL' (R4), then in Case 1 W = 0 so that A’s
profits are given by w49 = p[L (Ra) — Ra (1 +74)] and the difference
TA) — A4 = p[L(RA)—l-L(RB)—L(RB—l-WZ)] (13)
— [P +pp (1 =p)] L(Ra— W)
is strictly positive as well. To see this note that when [p® + pp (1 — p)] L' (Rg) = pL' (RaA),

it holds that 749 = m4; and thus (13) is equal to p (1 —p) (1 — p) L (Rp). Differentiating
(13) with respect to Rp, again using Ry = 2M — Rp, yields

_d
dRp

Finally, note that W < 0 is never optimal as long as R4 > Rpg. To see this, note that

(7TA0 — 7TA4) =D [L/ (RB) - (RA)] > 0.

then bank A’s profits are given by
p[L(RA+W) —w—RA(1+7“A)]

where bank B breaks even if

p
w:
P2+ pp(1—0p)

[L(Rp) — L(Rp —W)],
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which leads to first order condition
(P> +pp(1—p)| L' (Ra+W)=pL' (Rp —W).
Clearly, W = 0 unless

[p* +pp(1—p)] L' (Ra) > pL' (Rp),
which is ruled out by R4 > Rp. Q.E.D.

Proof of Proposition 2. Recall first that when a bank is not able to repay, then the
deposit insurance agency covers the full repayment obligation. Hence, bank A’s depositors
break even with r4 = 0. Thus, starting from W = 0 we have from (3) the following
derivative of 7 4:

dma { [p? 4+ pp(1 —p)] L'(Rg + W) —pL'(Ra — W) if L(Ry — W) > Ry

dw | [P H+pp(—=p)][L(Rpg+W)—L(Ra—W)] if L(RA—W) <Ry’
where R4 = M + z and Rg = M — 2. Suppose now first that even when W* = z, Case 2
does not apply as

L(M) > M + z, (14)

Clearly, (14) holds when z = 0, while it does not hold for z = M due to (2). Hence, there
is a cutoff Z defined by
L(M) =M+ 3, (15)

so that we can altogether rule out Case 2 if and only if z < Z. Suppose now that Case 2
is feasible as z > Z. Clearly, in Case 2 W* = 2z no longer depends on p. Also, it holds in
Case 1 that W* < z (unless p = 1, so that there is perfect positive correlation). The crux
is now that the objective function for the maximization problem with respect to W is now
altogether no longer quasiconcave as we shift between different cases. We now compare
bank A’s shareholders’ profits across the different cases evaluated at the respective optimal
interbank loan. Consider first
(a2 =) =p (1= p) L) — L (M = 2) = (M + )],

which is strictly positive. This is surely the case for z = 0 (cf. the much stronger condition
(1)). Next, differentiating the expression with respective to z, it is strictly increasing when
L' (M — z) > 1, which is also implied by (1). Next, we also show that 7 42— 41 is increasing

in p. Making use of the first-order condition (6), we have

dip(m ) =p(l—p) 2L (M) — L(M — 2+ W*) — (M + 2)]. (16)
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To confirm that this is strictly positive, it is sufficient to do so at the highest value
L (M — z+ W*) that is still compatible with Case 1, which in turn is the lowest value
at which still L(M + z — W*) = M + z. But then the sign of the derivative is determined
by

2L(M)—L(M —2z+W*)—L(M+2z—-W*)>0,

where we used strict concavity of L. Q.E.D.

Proof of Proposition 3. We are now rather brief as the analysis is largely analogous to
the comparative analysis in p of Proposition 2. Taking first Case 1, note that from (10) we

can now define, for given p, a cutoff z; so that indeed W* > 0 when z > z;, where z; < M

S (LL@(X) _p)'

When W* > 0, it is also strictly increasing in z. Next, note that W* = 2z will arise indeed

when

only if 2 is sufficiently high, as

i(ﬂ'A2_7TAO) = [P+pQ—p)p] L'(M—2z)—pL' (M +2z)+p(1—p)(1—p)17)

dz
> p(l-=p)(1-p),

which follows from [p? + p (1 —p) p] L' (M — z) > pL' (M + z) for z > 2 and

d

g(mz—ml)zp(l—p)(l—p)-

Denote the critical level where 49 = m41 by 2;. Q.E.D.

Proof of Proposition 4. First, recall that for a given interest rate r4, the interbank
loan set by bank A in ¢ = 2 is either given by W* = z or W* which solves (6), where
the latter contains also the boundary solution with W* = 0. We will now construct the
optimal choice of bank A for a given interest rate r4. If Case 2 applies and W* = z, bank

A’s shareholder’s profits are given by
Taz (ra) = (P> + pp (1 = p)) 2L (M) = L(M — 2) — (M + 2) (1 +14)].
If Case 1 applies and W* solves instead (6), profits are given by

a1 (ra) = pL(M+2z—-W*)—(M+2)(1+r4)
+@*+pp(1-p)[L(M—2+W*)—L(M - 2z)].
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Let ¢ denote the probability with which W* = z, such that shareholders’ expected profits
are given by

Ta(q,7a) = qmaz (ra) + (1 —¢q) a1 (r24).

Note that Case 2 can only arise for r4 € [ra;, 7], where74 := 2L (M) — L(M — 2)] /(M + z)—
land rgq := L(M) /(M + z) — 1. Next, Case 1 where W* solves (6) can only arise for
ra<rap:=L(M+2z—-W*)/(M+ z)— 1. Now consider the difference in profits for a

given interest rate 74,

A(ra) = %ﬁ(]],m) =ma2 (ra) —ma1 (ra), (18)
and observe that
(ran) (p +pp(1=p)) RL(M) = L(M — 2+ W*) = L(M + 2z — W¥)]

>

which follows immediately from strict concavity of L. Next,

A (TAZ)

(*+pp(1=p) [L(M) = L(M =2+ W*)] = p[L(M+z—-W*) - L(M)]
< [(p2+,0p(1—p))L’(M—z—|—W*)—pL’(M+z—W*)] (z —W™)
0,

where the inequality follows from concavity of L and the last equality from (6). Fur-
thermore, since 0A/0ry = p(1—p) (1 —p) (M + z) > 0, there exists a unique cutoff
Ta € (ra;, ran) such that A (74) = 0 and the best response to r4 is given by
q=0 for rye€l0,74)
q(ra)=14 q€[0,1] for ra=T74
q= 1 for rA € (?A,FA]
The interest rate r4 (¢) at which depositors of bank A break even, given an anticipated

probability ¢, is determined by

R(gra) = =[q¢(@+ppQ—p)+ (1 —q)p] (M+2z)(1+ra)
+p(1=p)(1=p)[@2L (M) + (1 —q) L(M — 2+ W?*) = L(M — 2)] — (M + 2)
= 0, (19)

where
l—p pA-p)(A—=p)L(M—2+W*)—-L(M -2z

r4(0) =
A<) P P M+ z
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and

)= Lm @ reop) _ pA-p(=p
p*>+pp(1—p) (p?+ pp (1 —p)

*

oL (M) — L (M — 2)
M+ z '

of the correspondence (g, 74) :

(21)

T
[0,74] x [0,1] — [0,1] x [ra(0),74 (1)]. Note that (q,74

74— 74 (1) is determined by the following expression

An equilibrium is therefore given by a fixed point (g

is non empty since the sign of

p(2L(M) = L(M = 2)) = (p* + pp (1 = p)) (M + 2),

which is positive by concavity of L, and 74 (0) > 0, so that there must indeed exist a fixed
point with r% = r4 (¢*) and ¢* = ¢ (r}).

To show uniqueness, it is helpful to consider two cases. First, if there exists a ¢ < 1
such that 74 (¢) < 74, then there will be a unique fixed point with ¢* € [, 1] as 74 (q) is

strictly decreasing in ¢ for ¢ > ¢, i.e.

dralg) ~ OR(q)/0q

= — <0,
dq OR (Q) /aTA
which follows from
OR (q,r .
ST (=) (1= ) L (M) — L (a4 W) = (M +2) (14 7))
which is strictly positive for r4 < r4;, and
OR (q,r
% = la(@+pp(1-p)+(1-qp] (M+2)
> 0.

Second, if such a ¢ does not exist, then 74 (q) > ra5, for all ¢ < 1, so that there can only

be a fixed point with ¢* = 1, which must therefore be unique.

Comparative Analysis in p: Consider the smallest p,, such that ¢* = 1. Then ¢* = 1

also for p € [p,,1]. This follows as the critical interest rate 74 decreases in p as

OFa  ON/Op

oo onjor, " =
where
aAa(;A) =p(1—p)2L (M) = L(M —z+W*) = (M+2z)(1+r4) >0, (23
and
aAa(TA):p(l—p)(l_P)(M+Z)>O‘ (24)
A

35



Furthermore, the interest rate that is required when ¢ = 1 increases in p which follows

from differentiating the break even condition (19):

ora(l)  OR(L,ra)/0p
dp  OR(1,ra) /0ra
> 0,
where
aR(giZA) = (PP+pp(1—p) (M+2) (25)
> 0
and
%p’“) — p(—p)2L (M) — (M +2) (1 +74) — L(M — 2)]

< 0.

Since Or4 (q) /0q < 0, the only equilibrium that can be supported for p € (p,, 1] is therefore
that where W* = 2 is chosen with probability one.

Now consider p;, the largest value where ¢* = 0 can be supported and where thus
A(r(0)) = 0. Next, note that at p, (which is the lowest p at which ¢* = 1 can be
supported) it holds that A (r (1)) = 0. Since 0r4 (¢) /0q < 0 we must have that 74 (1) <
74 (0). Together with (24) and (23), this implies that p, > p,. Hence, for p € (p;, p;,) there
does not exist a pure strategy equilibrium and we will now show that ¢* is strictly increasing
in p on that interval. Note that the differential of (19), evaluated at the equilibrium levels
q* and 74, can be written more explicitly as
AR (q*, 1% =Ta) oq*

dp dp b
+¢'p (1 —p) (M +2) (1 +74)

(1—p)(1—=p)2L(M)—=L(M —24+W") = (M +2) (1 +74)]

+ [ (PP +pp(1—p)+ (1 —q")p] (M+Z)@

dp
(L) 2L (M) + (1 — ") L(M — =+ W*) — L(M —2)] (26)
A -p) (= p) (1= ") DM — =+ W) 8§Z

= 0.

Next, the difference in shareholder profits, A (74), has to stay equal to zero for all p €
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(ﬁl ’ ﬁh) and, thllS,

T () L = s W) = L (M )
, oW OFs
—p | L' (M +2z—-W7) ap + (M + z) o
= p(l=p)2L(M) = L(M —z) = (M + z) (1 +74)]
o
—(P*+ (1 -p)) (MJrZ)aL;4
_ dTrAQ(?A)
dp
This implies, together with (6), that
. - 2L (M) — L (M — 2+ W¥)
pr— w7 A MRy | e
p PP+ep(l=p) | L—p) (M 4 2) 22

Substituting (27) and (22) into (26) finally yields

RT3 =T0) 0Ty (1 ) 2L (M) — L(M — 2+ W) — (M 4 2) (14 7)

dp dp
—%m (M) = L(M — 2+ W*) = (M + 2) (1 + 7)) (28)
—p(L=p)[L(M =2+ W") = L(M - 2)]
= 0.

Hence, as 74 < 745, the expressions in square brackets in line 1 and 2 are positive and
¢~
thus oy 0. Q.E.D.

Proof of Proposition 5. Consider the smallest value 2, for which ¢ = 1 can be
supported. Then, only ¢* = 1 can be supported for z € [z,,1]. To see this, note first
that the profit difference A (ry) = mag — may is strictly increasing in the outstanding
repayment obligation, (1 +74) (M + z), as
dA (ra (1))
dz

aru (1)
0z ’

=p(1l—p)(1—=p)|[1+7rs(1)+(M+2) (29)

where
ora(l) _1-p(l—p)(1—p)I'(M - 2)
0z p*+pp (L —p)
Note that Case 2 can only arise if L (M) < (M +2)(1+74(1)) or, after substituting
ra (1) from (21), if

T+ra(l)+(M+2)

1

DR [M+z—p(1—p)(1—p) QL(M)—L(M - 2z))]. (30)

L (M)
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Note further that (30) is satisfied for z = M due to Assumption (2) and it is violated for
z = 0 due to Assumption (1). Furthermore Assumption (2) implies that for z = M it also
holds that

1
p*+pp(1—p)

LM -Wr) < 2M —p(1—p) (1 =p) 2L (M) = L(0))], (31)

that is, the repayment obligation (1 + 74 (1)) (M + 2) exceeds the repayment from bank
A’s corporate loans in Case 1 where W* satisfies (6). Hence, as the right hand side of (30)

is strictly concave in z, it must be strictly increasing in z, i.e.,
1>p(A—-p)(1—=p) L' (M—2z), (32)

for < Z which is defined as the smallest value for which (31) holds with equality. As for
z > Z only ¢* = 1 can be supported and for z < Z we get that dA/dz > 0, ¢* = 1 for
z > 7.

Finally, since 14174 (0) + (M + 2) &g;z(o) <14+ra(l)+(M+2) 87«5;2(1), it follows imme-

diately that z; < z; and bank A mixes for z € (%, 2,). Differentiating (19) with respect to

z yields
dR(q*’Cg* =t _ %fp(l ) (1= p) 2L (M) = L(M — 2+ W*) — (M +2) (14 1)]
+le (1 =p) +Q—q)p] |(1+7a)+ (M+2)% (33)

~[1=p(1—p)(1—p) L' (M~ z)]
= 0.

It then follows from differentiating the indifference condition A (74) = 0, that

N or,
(1+7‘A)+(M+Z)%:0, (34)

such that due to (32), % > 0. Q.E.D.

Proof of Proposition 6. Note first that the profits of the integrated bank’s shareholders
(8) are equal to the profits of bank A’s shareholders (3) once we substitute (5) and set
R4 = 2M and R = 0 in (3). The required interest rate when deposits are insured is
given by 74 = 0. Hence, the equilibrium characterization and comparative statics can
be inferred from extending the analysis of separate banks in Propositions 1 and 2 to the
case with z = M. More explicitly, when p < 7', the equilibrium allocation of funds by an

integrated bank, £, solve (9) which mirrors Case 1 in Proposition 1 (the corner solution
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of Case 1 with F, = 0 and F; = 2M applies if p < pl, given by (10) for z = M). We will
refer to the F* that solves (9) — analogously to W; — as F¥,, for n = A, B. When p > 7',
the efficient allocation is achieved with F' = M, which mirrors Case 2 in Proposition 1.
From (11) it follows then immediately that p5 > p) and, thus, the integrated bank
achieves a strictly less efficient allocation than separate banks, as Fj; < Rp + W™ for
p < p§. Next, from combining (16) and (17) it follows immediately that 7° > 7'. Hence,
for p' < p < 7°, we get Rg + W* < Ffy = M, while Rg + W* = F} for p5 < p <9’
(provided that p§ < 7'). Finally, and Rz + W* = F = M for p > 5°. Q.E.D.

Proof of Proposition 8. As in Proposition 6, the equilibrium and comparative analysis
can be inferred from extending the analysis of separate banks in Propositions 1 and 4 to
the case with z = M. Note that now the required interest rate rsp is given depositors’
break even condition (19) for z = M. It then follows immediately from (33) that 7] < p;
and 7 < 7.
Now consider the expected amount allocated to market B, which, in case of an inte-
grated bank, is given by
T = q' (M — Fpy) + Fpy, (35)

and in case of separate banks, it is given by
Ty :=q¢" (z—W})+ (M —z+W;). (36)
Note first that for p < 7;,
T —T5=Fh) —(M—2+W;) <0

with strict inequality for p < p5. (Recall that this thresholds denotes the value from which
on there is positive interbank lending.) Next, for p; < p < pr, we show that T} — T
is strictly increasing in p and eventually turns positive. Note that we have to consider
various cases, depending on whether one or both thresholds p} < p§ fall into this interval.
Differentiating (35) yields
iy

dp :d_p(M_F§1>+(1—qI>

dF},
dp ’

where dl;fl > 0 (with strict inequality for p > pf). Differentiating (36) yields

Ty _ dg° sy AVT
5 _ - _M/* 1—
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where d?;l* > (0 (with strict inequality for p > p5 > pf). Recall next that for p < pg, it

holds that M — F}, > z — W{. Next, from (28),

do’ L L L (Fj,) .

b U O—p? A-p2L(h —L(Fy) -2y ™ 67
dg® 1 N 1 L(M—z4+W})—L(M—2)

b~ T—p - TP L2+ W) — (M 4 ) (L + )’

implying that % > % for p < p5 (with strict inequality for p5 > p > pf). Taken

oT} ory S S % *
together, we thus have Z& > & for p < py. For p > py, we have F; = M — 2z + W

and, thus,
Tp—Ts = (" = ¢°) (M = Fp,) > 0.

Finally, for p > /P\;I”
Th—T§ = (1 - ¢%) (=~ W) 20

with strict inequality (¢° < 1) for p < p < p;. Hence, we have shown that there exists a
unique p; < p <y, such that Th —T5 >0 for p > pand Th — TS5 < 0 for p < p. Q.E.D.

Proof of Proposition 9. Consider first p > 5°, where where we have
Tap2 = (Taz+7mp) = —p(1 —p) (1= p) [L(M — z) = (M — 2)] <0.

Next, take p' < p < ﬁs, for which 741 > ma2 and, thus, maps — (ma1 +7B) < Taps —

(w42 + mp). Finally, for p < /p\l, we have
Tapt — (T +7p) = pL(Fi)+ (p° +pp(1—p)) L(Fg,)
pL(M 42— WD) — (Bt pp (1 — ) L(M — =+ W)
P (=) (1= ) L(M )

< —pA-p)(L-p)L(M-2)
< 0,

where the first inequality follows from concavity of L (it holds strictly for p < p§ where
Fii>M+2z—W}and Ffy, < M — 2+ W7). Q.E.D.

Proof of Proposition 10. Note that at ¢ = 1 when banks decide whether or not to

integrate, expected profits of an integrated bank are given by
map =p (¢ 2L (M) + (1 —¢") (L (Fx,) + L (F5,))] —2M
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and joint expected profits of bank A and B are given by
Ta+7p=p[¢°2L (M) + (1= ¢°) (L(M +z—=W})+ L(M — 2+ Wy))] —2M.
Note first that for p < 7;,

map — (ma+75) = pl(L(F5)+L(FL) — (L(M+z—W)+L(M—z+ W)
< 0

with strict inequality for p < pg.
Next, for p; < p < pr, we show that w45 — (74 + 7g) is strictly increasing in p and
eventually turns positive. First, for p < pf, where Fj, = W =0,
) 9 (2L (M) — L (2M))
— [map — (Ta+75)] =p s, % >0,
dp — % (2L (M) = L(M + 2) = L(M — z2))
which follows from concavity of L and the observation that by (37) % =0 for p < 57

S I o~ ~ . -~ ~
and %Lp = %ip for plS < p <P (in case plS < 7p1). Second, for b < p<ps,

; %ip (2L (M) — L(F3,) — L(F%,))

— [rap — (ma+7B)| =p _aaL(QL(M)—L(M‘i‘Z)_L(M_Z)) >0,

3 o OF
+(1—q') (L (Fpy) = L' (F3y)) 52

which follows from concavity of L and the observation that by (37) % =0 for p < p; and

% < %_qu for 77 < p < b (in case p) < p}). Next, for p > pS, we have Fjy, = M — z+ W

and, thus,
Tap — (Ta+7B)=p (q] - QS) 2L (M) — (L (Fiy) + L (Fg,))] > 0.
Finally, for p > 57,
Tap— (Ma+7p)=p(1—¢°)2L(M)—L(M+2z—W;)+L(M—z+W;)] >0,

with strict inequality for pi < p < p7. Thus, there exists a unique cut off 5 < p* < 7,
such that map — (74 +7p) <0 for p < p* and map — (a4 +7p) > 0 for p > p*. Q.E.D.
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Appendix B: Market for Retail Deposits

In this Appendix we consider the case with non-integrated banks but allow for a reallo-
cation of funds through retail competition, next to interbank lending. We show that still
our main comparative insights for the size of interbank lending survive. Note that clearly
the analysis with an integrated bank would not be affected. As noted in the main text,
the fact that integration then eliminates competition on the retail deposit market would

generate an advantage for integration, which would blur our analysis.

Model of the Retail Deposit Market. In this Appendix we allow for retail compe-
tition in stage t = 1 and show that key results are robust to a potential reallocation of
funds via the retail deposit market. It is convenient, however, to first consider the case
where only the retail market is active as there is no subsequent interbank lending market:
W = 0 and thus F,, = R,. This analysis allows us to isolate some key features of how
the retail deposit market works in our model. We then solve the model where both retail
competition and interbank lending interact.

If a household residing in the local market of bank n deposits not with the local
bank but instead with bank n’, it incurs a switching cost s > 0. For each depositor
the respective value of s represents an independent random draw from the cumulative
distribution function G(s). The assumption of switching costs that are non-negligible
relative to their savings reflects the small granularity of retail deposit financing. Given
My > Mg, it is intuitive that in equilibrium switching will occur at most out of market A.
For depositors in market A we can then determine a critical switching cost level, s*, so that
only depositors with draws s < s* take up the offer of the rival bank B. If interior, with
deposit insurance this yields s* = rg — r4 and without deposit insurance s* = p(rp —14).
The respective attracted deposit volumes are then given by Ry = Myu[l — G(s*)] and
Rp = Mp + MAG(s*).

If both banks choose an interest rate above the participation constraint of depositors,
rn, = 0orr, =1/p—1 for the cases with and without deposit insurance, then these are

pinned down by the respective first-order conditions

dR,
g [L(Ra) = (14 7a)] = By = 0. (38)
Here, we have % = pg(s*) M 4 without deposit insurance and % = g(s*) M4 with deposit

insurance. We restrict attention to cases where ¢(0) is sufficiently large to ensure that the
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equilibrium deposit rates are characterized by the respective conditions (38).3° In order
to facilitate the exposition, we stipulate a uniform distribution s € [0, 3] with g(s) = 1/3
and thus suppose that s is not too large.

As is immediate, competition will not fully bridge the differences in the deposit base.
Formally, this is most immediately seen from the first-order conditions (38): Given that
% = % and given that at r4 = rp it holds that R4 = M4 > Rp = Mgp, these can
indeed only jointly hold for bank A and bank B when rg > r4 though still R4 > Rp. The
reason for this is the low granularity of retail deposits combined with inertia, as modeled
by switching costs. There is, however, an interesting twist to this observation when we
now briefly compare the outcomes with and without deposit insurance. We find that the
resulting allocation remains more asymmetric when there is no deposit insurance than
when there is deposit insurance. Essentially, deposit insurance leads to a decrease in the
cost of attracting deposits. This intensifies competition and ensures that the outcome

more closely reflects the different marginal profitability in loan making at the two banks,

depending on the attracted and invested funds.

Proposition Al. Suppose (only for now) that interbank loans are not possible, but that
there is competition for retail deposits across local markets, albeit hampered by frictions
due to switching costs. Then, a difference in the size of the deposit base, My > Mp, still
leads to different volumes of attracted deposits, R4 > Rp, and there is less reallocation
of funds across markets (larger Ra — Rp) under deposit insurance than without deposit
msurance.

Proof. It is now convenient to set up the banks’ problem slightly differently for the
proof. We suppose that banks compete for depositors by promising some value v,,, so that
Uy, = pp(1+r,) without deposit insurance and v,, = (1+r,,) with insurance. Note that we
can then always express the cutoff as s* = vg —v4, provided that we still restrict wlog the
analysis to the case where M4 > Mpg. Without deposit insurance the first-order condition

wrt v, is obtained from maximizing
Tp = pL (Rn> - Uan

and thus equal to

dR, dR,
dvn - Rn - Unw =0.

pL'(Ry)

30 A corner solution may arise when, starting from the monopoly interest rates, an increase will induce
instead too little switching.
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With deposit insurance we have, instead,

7 = pL(R,) — pu, Ry,

and thus iR iR
/ no_ . no_
pL'(R,) o pR, — puy, o 0.
Note next that
dR, 1

=M N = M=
dUn Ag(s) A§7

making use also of the uniform distribution of switching costs. If we now subtract the

first-order condition for A from that for B, we obtain without deposit insurance
1 1
pMaz [L(Rp) = L'(Ra)] = (Bp — Ra) + Maz(vp — va), (39)

where, as a function of vp —v4, the left-hand side is strictly decreasing and the right-hand
side strictly increasing, noting that Rg — R, is strictly increasing in vg — v4 and that
L" <0.

The only change when there is deposit insurance is that the right-hand side of (39) is
multiplied by p, which yields

pMA% L'(Rp) — '(Ra)] = |(Ry — Ra) + MA%(UB - (40)

Starting from the equilibrium without deposit insurance, where Rg < R, so that both
sides are strictly positive, and multiplying the right-hand side by p < 0, to restore equality
so as to obtain (40), we must increase vg — v4 and thus increase Rp — R4, as asserted in
the Proposition.*! Q.E.D.

Reallocation of Funds through Both the Deposit Market and Interbank Lend-
ing. Suppose now again that interbank lending is feasible, though in contrast to the
baseline analysis, funds can now also be reallocated through the retail deposit markets.
We presently stipulate that there is full deposit insurance (covering, for concreteness, also
the promised interest rate r,). Also, we focus again on the case where s is not too large,
so that there is indeed competition in equilibrium.

How does the operation of a retail deposit market and interbank lending interact?

Suppose first that in equilibrium W = W} > 0. Hence, if this case prevails, a reallocation

31This result can also be established by using (40) and implicitly differentiating (vg — v4), obtaining
thus that d(vp —va)/dp < 0.
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of funds is indeed obtained both through the retail and through the interbank channel.
The first thing to note is that when W* > 0, the final allocation of funds, as given by
F, and Fp, does not depend on the outcome of retail competition. Still, even though
this does not affect the final allocation in this case, banks have an incentive to acquire a
larger fraction of the total retail deposit market. We obtain from the respective first-order

conditions for t = 1 the requirements

d7TA 1 . ’ o dRA o
drap (L' (Ra) — (1 +74)) dra R 4] (41)
1 2 / / dR 4
- [(p* + pp(1 = p)) L' (Rp) — pL' (Ra4)] i
drpg1l o , dRp
drgp e = ()] 50— R
= 0.

We stipulate that the respective problems are strictly quasiconcave so that the best
responses are uniquely determined. In both expressions in (41) the respective (first) term
in rectangular brackets describes the first-order condition when there is no subsequent
interbank lending. The second term in bank A’s first-order condition captures the profits
that bank A will extract from an interbank loan. Notably, using the first-order condition for
W = W this term is indeed strictly positive. This makes bank A relatively more aggressive
in the retail deposit market, compared to the benchmark situation where an interbank
loan was exogenously ruled out.?? As a consequence, the anticipation of interbank lending
reduces the reallocation of funds through retail deposit competition. Interestingly, this
will be even more pronounced when the efficient allocation applies. Then, by rearranging

the respective first-order condition for bank A we obtain

d7TA 1 B , _ . @ B
dr [p2 4 pp(l —p)] - [(L (RA) (1 + A)) dr, RA] (42)
ARy

+[L' (Rp) = L' (Ra)] ——
= 0.

The first-order condition for bank B remains the same. The difference between (41) and

(42) is that the repayment of an interbank loan from bank B is now no longer weighted by

32We can show that when the terms of the interbank loan are determined by symmetric Nash bargaining
(cf. Appendix C), then this observation still holds for bank A, while then, in addition, bank B’s incentives
to attract funds through the retail deposit market are muted. Taken together, the subsequently reported
results then still hold.
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[p+ p(1 —p)] in the first-order condition. This reflects the fact that bank A’s shareholders
benefit more from a marginal increase in the interbank loan when this leads to contagion
as then there is no coinsurance externality on its depositors. Consequently, compared to
Case 1, the incentives for bank A to attract deposits - relative to the incentives of bank
B - further increase in Case 2. As in Case 2 the overall reallocation of funds increases
compared to Case 1, as then F)y = Fpg prevails, and as we have noted that there will be
less reallocation of funds through retail deposit competition, the size of interbank lending

is then higher.

Proposition A2. The insights on interbank lending from the main analysis still apply
when funds can be reallocated also through competition in the retail deposit market, as
long as switching costs are not too low. Precisely, the size of interbank lending W *is
still increasing in both the difference in the deposit base (z) and the correlation of lending
markets (p). Furthermore, W* again jumps upwards when (at the respective levels of =z
or p) the interbank loan becomes sufficiently large to be contagious.

Proof. Recall from the preceding analysis that the reallocation via retail competition
becomes (weakly) smaller if the possibility of interbank lending is introduced. Observe

now that if switching costs (precisely, the upper support 3) are sufficiently high satisfying
M+ =
—Z

52 [L,(M_Z)_l]v

neither bank A nor bank B offers a deposit rate that exceeds the monopoly rate of zero even
when interbank lending is possible. Then reallocation will take place only via interbank
lending.

Next, recall the benchmark case where interbank lending is not possible and note that

for intermediate values of 5, namely

M+ z
L'(M —-1<s5<
(M + 2) <5 <47

[L'(M = z) 1],

-z
it will become optimal for bank B to attract some of bank A’s depositors by offering
rg > 0, while still 74 = 0. Then Case 1 may arise whenever the allocation that is achieved

in the benchmark setting without interbank lending is such that

(»* +po(1=p)) L' (Rpo) > pL' (Rao).- (43)
We denote the resulting profits for A when it abstains from interbank lending by m 4.

Using that for r4 = 0 we have that rg; = rgg = 7, we have

d%ml —ma) = plp+p(1=p) L (Rs) = L' (Ra)] (1= G (rp)) —R'ﬁ—f

> 0,
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which follows from implicit differentiation of the first order condition for B:

,drp (1-G(rg)) —[L'(Rg) — (1 +7p)] /5
(1_G(TB))_RE - 2_L/,(RB)R,
_ (1 -G(rp)) — Rp/ (5R)
2—L"(Rp) R
B 2(Ra— M)
(M +2)[2—L"(Rp) R
> 0. (44)

Likewise, differentiating m4; — 749 with respect to p and using the first order condition for
W in Casel yields

d7TA1 / / / aTB
i p(l—p)w—[(p2+pp(1—p))L(RB)R—pR]a—p
= p(l-pw
> 0,

which follows from the observation that Gg—f = 0 when r4 = 0. To pin down the transition
to Case 2, consider again
d
d—p(’/TAQ —’/TA[)) :p(l —p) [QL(M) —L(RB) —RA]
Clearly, for z = 0 we have rg = 0 such that R4 = Rg = M, implying that this expression

is positive due to assumption (1). Differentiating with respect to z yields
p(1—=p)(L'(Rp) —1)(1 -G (rp)),

which is strictly positive due to assumption (1). Differentiating m 42 — w41 and noting again

that gy = rp1 = rp for r4 = 0 and using the first order condition for Wy yields

d

d_p (7TA2 —7TA1) :p<1 —p) [QL(M) _L(FBl) — RA]

As in the setting without retail competition, it suffices to show that this is positive for
the highest Fp; that is still compatible with Case 1. The sign of the derivative is then
determined by

2L (M) — L(Fa) — L(Fp1) > 0.

With respect to variations in z, we have

diz (Tas —wa0) = [[p? + pp (1 = p)] L' (Rp) — pL’ (Ra)] | (1 = G (1)) — R’%Lf
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which is strictly greater than zero for [p* + pp (1 —p)| L' (Rg) > pL' (R4) due to (44).

Now consider
or B

=) =p (- p) (1-p) (1= G lrm) - G2

dz
which is strictly positive due to (44).

Finally, for
S<L'(M+2z2)—1,

both rp and r4 are positive and interbank lending will never arise, even if pL’' (Rao) —

(p* + pyp(1 —p)) L' (Rpo) < 0. To see this, consider the point where
(p2 + pp(1 — p)) L' (Rpo) = pL' (Rao)

and thus w41 — m40 = 0. Since dzgo = 0, it suffices to consider

d 9,
5 = P=PL(Fs) — L(Re)] - pRa "

+[(P* + pp(1 = p)) I (Fi1) = pL (Fan)] 3g§1

—[(0* +pp(1 = p)) L' (Rp1) —p (1 +1a1) — Ran] R,aasl;k

87’31
— p(l— — R
p(1—p)w—pRa p

which is strictly negative at the point where w = 0, since ag—ﬁl > (0. The latter follows
from implicit differentiation of the FOC for B which yields

orp: os*
=[L"(Rp) R —1 :
The derivative %—i is strictly negative, which follows from adding up the two first order

conditions (41) giving
R's* — (R4 — Rp)+ R'[L' (R4) — L' (Rp)] (45)

y frd
1
R (07 + op(1 = p) I (Bp) — pL ()]
= 07
and implicit differentiation, which yields
os* L' (Rp)
Op R (1—p)p(1—p)L" (Rp1) — 3p

< 0.
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Q.E.D.

Proposition A2 thus confirms that our previous comparative analysis for the size of
interbank lending is robust also to the operation of a market for retail deposits. This is
intuitive given that the market for retail deposit does not provide an adequate substitute
due to a combination of switching costs and the low granularity of individual deposits.®?
Finally, also with regard to its regulatory implications, it is worthwhile to stress the fol-

lowing result:

Proposition A3. When interbank lending is feasible, then even though there is retail
deposit competition it will always (weakly) increase the extent to which funds are reallocated
between the two local markets and thereby improve efficiency. That is, when z > 0 and
thus M4 > Mg, interbank lending will reduce or even fully close the gap Fx— Fg > 0 that
persists also under retail deposit competition.

Proof of Corollary ??. First, for

M+ z
—z

5> [L/(M - z) - 1],
there is no reallocation on the retail deposit market but interbank lending when [p + p (1 — p)] >

52%3 . Next, for

M z
L/M 1<

[L(M = =) — 1],

—Z

there is there will be interbank lending when retail deposit competition without subsequent
L'(Ra)
L'(Rp)"

interbank lending leads to an allocation where [p + p (1 — p)| > Finally, for
S<L'(M+2z)—1,

interbank lending is never optimal from the bank’s perspective and the allocation is not

changed by introducing the potential for interbank lending. Q.E.D.

33The preceding discussion as well as the proof of Proposition A2 entail in addition implications that
relate directly to the operation of the retail deposit market, which we presently do not stress. For a
given difference in the local deposit base, as captured by My — Mp = 2z > 0, the respective difference
in attracted retail deposits, R4 — Rp < M4 — Mp, is strictly higher when banks’ loan portfolios are
less correlated (lower p). Interestingly, however, as the difference in the deposit base z increases, while
interbank lending is always strictly increasing, this may not hold for the voluem of retail deposits that
bank B attracts in market A.
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Appendix C: Nash Bargaining over Interbank Lending

We will now relax the assumption that the creditor bank A can make a take-it-or-leave-it
offer to the debtor bank B and suppose instead that the surplus generated by interbank
lending is shared according to axiomatic Nash bargaining.

For this recall first that there is no asymmetric information, so that bargaining proceeds
under common knowledge. When banks do not come to an agreement, we denote their
respective outside options by 7,9, which are obtained by substituting W = 0 and w = 0
into (3). We next derive the bargaining (or Pareto) frontier. For some given (feasible)
value of profits 7,  for bank n’ this entails finding the interbank loan that maximizes the
other bank’s profits, 7,, subject to the constraint that m,, > 7,,. It is inessential which
banks we choose as n or n’. For specificity, suppose we maximize 7. As is immediate,
the constraint wg > 7 will be binding so that the maximization problem gives rise to a
function w4 = ¥(7mp = 7p).There are two cases to distinguish. In the first case, interbank
lending is not optimal from the banks’ shareholders’ perspective, so that there does not
exist a pair (ma,mp) with m4 > 740 and mp > 7y, where at least one holds strictly. In
the second case, such a pair exists. Then, if ¢ is concave (it is, in fact, linear, as we show
below), the symmetric Nash solution is characterized as follows: The uniquely obtained
solution (74, 7) maximizes the (symmetric) Nash product [¢)(7p) — 7 40][7 5 — 7 o], which
from the first-order condition is the case if

UED) =0 ), (46)

The derivation of the Nash bargaining solution - or, more precisely, the derivation of
the frontier m4 = ¢(7p) - is complicated by the following feature. The bargaining frontier
does not have slope of minus one, as in the most standard case where risk-neutral players
can simply make a fixed transfer ("transferable utility"). This results from the fact that a
debtor bank can make its contractual repayment only if its own corporate loans perform.
And even when a creditor bank receives such payment, it may go straight to depositors
rather than banks’ shareholders when the bank becomes insolvent. It is now convenient

to solve explicitly for w from the binding constraint 7g > 7, so that in this case

1
w:L(RB+W) —RB(1+TB) —7'('31—). (47)

Hence, in case there is a loan of size W from bank A to bank B, then the repayment w

as specified in (47) ensures that bank B’s profits are just equal to 7. Substituting for w,
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W > 0 is then chosen so as to maximize

Ta = [p°+ pp(1—p)] [L(RA —W)—=Ra(1+7rs)+ L(Rp+W)—Rg(1+71p) — %Bﬂ
max {0, L(Ry — W) — Ra(14+14)}
+p(1—p)(1-p) —|—max{0,L(RB +W) = Rp(1+rp) — Tt — Ra(1+ m)} '

Importantly, this implies that 7g does not affect the optimal choice of W.

As a consequence, we have that under Nash bargaining the same optimal W obtains
as when one bank can make a take-it-or-leave-it offer. That the corresponding repayment
level w, as given by (47), is different does not affect our results qualitatively (albeit it

affects the thresholds for z and p got which Cases 1 and 2 apply in equilibrium).

o1



86 /2015

85/2014

84 /2014

83/2014

82/2014

81/2014

80/2014

79/ 2014

78 /2014

7712014

76 /2013

75/ 2013

74 /2013

73 /2013

72 /2013

IMFS WORKING PAPER SERIES

Recent Issues

Markus Behn
Rainer Haselmann
Thomas Kick
Vikrant Vig

Elena Afanasyeva
Jochen Gintner

Athanasios Orphanides

Tobias H. Troger

Markus Behn
Rainer Haselmann
Vikrant Vig

Volker Wieland
Maik Wolters

Hermann Remsperger

Athanasios Orphanides

Michael Binder
Marcel Bluhm

Helmut Siekmann

Y. Emily Yoo

Athanasios Orphanides

Tilman Bletzinger
Volker Wieland

Tobias H. Troger

Matthias Burgert
Sebastian Schmidt

The Political Economy of Bank Bailouts

Lending Standards, Credit Booms and
Monetary Policy

Are Rules and Boundaries Sufficient to
Limit Harmful Central Bank Discretion?
Lessons from Europe

How Special Are They? — Targeting
Systemic Risk by Regulating Shadow
Banking

The Limits of Model-Based Regulation

Is there a threat of self-reinforcing deflation
in the Euro area? A view through the lens
of the Phillips curve

Der makroprudenzielle Komplex: der
Prozess, das Schloss, das Urteill

What Happened in Cyprus? The Economic
Consequences of the Last Communist
Government in Europe

On the Conditional Effects of IMF Loan
Program Participation on Output Growth

Zur Offenlegung der Bezlige von
Sparkassenfiihrungskraften im Internet

Financial Regulation and Supervision
Across Business Lines in the United States
— Financial Holding Companies post
Gramme-Leach-Bliley Act

Is Monetary Policy Overburdened?

Estimating the European Central Bank’s
“Extended Period of Time”

The Single Supervisory Mechanism —
Panacea or Quack Banking Regulation?

Dealing with a Liquidity Trap when
Government Debt Matters:

Optimal Time-Consistent Monetary and
Fiscal Policy



71/2013

70/ 2013

69 /2013

68 /2013

67 /2012

66 /2012

65/2012

64 /2012

63 /2012

62 /2012

61/2012

60 /2012

Helmut Siekmann
Volker Wieland

Elena Afanasyeva

Tobias H. Troger

John F. Cogan
John B. Taylor
Volker Wieland
Maik Wolters

Otmar Issing
Volker Wieland

John B. Taylor
Volker Wieland

Helmut Siekmann

Helmut Siekmann

Guenter W. Beck
Kirstin Hubrich
Massimiliano Marcellino

Volker Wieland
Maik H. Wolters

John F. Cogan
John B. Taylor
Volker Wieland
Maik H. Wolters

Peter Tillmann
Maik H. Wolters

The European Central Bank's Outright
Monetary Transactions and the Federal
Constitutional Court of Germany

(publ. partially as “The question before the
court”, in: Economist, June 18, 2013)

Atypical Behavior of Credit:
Evidence from a Monetary VAR

Konzernverantwortung in der
aufsichtsunterworfenen Finanzbranche
(publ. in: ZHR 2013, S. 475-517)

Fiscal Consolidation Strategy: An Update
for the Budget Reform Proposal of March
2013

Monetary Theory and Monetary Policy:
Reflections on the Development over the
last 150 Years

Surprising Comparative Properties of
Monetary Models: Results from a new
Model Database

Missachtung rechtlicher Vorgaben des
AEUV durch die Mitgliedstaaten und die
EZB in der Schuldenkrise

(publ. in: Thomas M.J. Méller und Franz-
Christoph Zeitler (ed.), Europa als Rechts-
gemeinschaft — Wahrungsunion und
Schuldenkrise, Tubingen 2013, pp.97-154)

Die Legende von der verfassungs-
rechtlichen Sonderstellung des
.=anonymen* Kapitaleigentums

(publ. in: Der grundrechtsgepragte
Verfassungsstaat, Festschrift fir Klaus
Stern zum 80. Geburtstag, herausgegeben
von Michael Sachs und Helmut Siekmann,
Berlin, 2012, pp. 1527-1541)

On the Importance of Sectoral and
Regional Shocks for Price Setting

Forecasting and Policy Making

Fiscal Consolidation Strategy

(publ. in: Journal of Economic Dynamics
and Control, Vol. 37 Issue 2 (February),
pp. 404-21)

The Changing Dynamics of US Inflation
Persistence: A Quantile Regression
Approach



	Vorlage_Deckblatt_WP_87
	financial integration wp (2)
	Vorlage_WP_87_Anhang

