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Abstract

Vertical integration of deposit-taking institutions with those investing in risky
equity is studied. Leveraged financial intermediaries optimise default given
government bailouts. The planner’s problem identifies wedges of inefficiency in
decentralized equilibrium. Societal benefits of integration flow from elimination
of a credit spread reflecting a monopolistic mark-up and a risk premium, which
increases labour demand and output. Costs include larger, and more frequent,
bailouts. The optimal structure of intermediaries depends on shocks hitting the
economy, competitiveness of the financial sector and the efficiency of government
intervention. Separated institutions are preferred when profit margins are small and
financial shocks are volatile and uncorrelated across institutions. Deposit insurance
boosts output regardless of intermediaries’ structure.
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1 Introduction

The recent financial crisis dramatically reaffirmed that financial instability can induce
macroeconomic instability.  Similar experience in the past led some to recommend
partitioning financial intermediaries into safer and riskier entities and adjusting regulatory
practice appropriately. Some proposals were quite radical, but policymakers over time
appeared largely to step back from wide-ranging structural reforms. Following the recent
crisis, restructuring policies are again being introduced or considered!.

This paper considers a policy which insulates retail deposits from investment in risky
equities, similar to aspects of the Glass Steagall Act and the wider response (e.g., deposit
insurance) to the Great Depression®. There are few macroeconomic models in the literature
appropriate for assessing such reforms. This paper is an attempt to begin filling that
gap. In particular we will consider vertical interaction between risky investment and
commercial banking, which raises deposits and invests in loans. We will call ‘investment
banking’ the downstream part of financial intermediation which directly finances risky
entrepreneurs through the purchases of their equities. The investment banks fund their
equity stake by raising loans from the retail banking sector. Retail banks, the safer part
of financial intermediation, are funded by private agents’ deposits. Initially we set out the
problems facing the retail banks and the investment banks separately; we then ‘merge’
these institutions to model the implications of universal banking and compare this to the
planning solution.

The model has three distinctive features. First, investment banks have projects
with uncertain returns; in effect they take leveraged equity stakes in intermediate goods
producers. They choose the profit maximizing level of borrowing before demand conditions
are known and hence choose the likelihood of their defaulting. Second, we assume that
both retail and investment banks enjoy a form of limited liability in the sense that, if they
make a loss, they are allowed to continue trading next period without carrying over that
loss. An alternative description of the environment is that banks go bust and are replaced

next period by new banks such that market structure is identical period-to-period. What

'In Europe there are the Liikanen proposals. In the UK there are the Vickers proposals and in the
US there is the Volcker Rule. The similarities and differences between these have been the subject of an
important debate which lies beyond the scope of the present paper. Earlier proposals by Milton Friedman
and others are even more radical.

2Other dimension of the Glass Steagall Act are discussed in Boot and Thakor (1997), who consider a
merger between equity underwriting and loan provision leaving deposit holding issues to one side. Those
services are substitutable and so their focus is more on a horizontal type of merger. The result is intuitive:
horizontal integration reduces the size of financial services.



is key, is that banks’ optimization strategies are affected by limited liability: it encourages
more risk-taking by banks, which, other things constant, boosts the size of investment and
narrows the credit spread. Finally, there is a rich menu of shocks. Investment banks are
subject to idiosyncratic shocks. They also face a shock that is common to all investment
banks. Hence, depending on whether common or idiosyncratic shocks are dominant, the
economy may be well-insured against, or vulnerable to, financial shocks. In addition, there
is a common macroeconomic shock similar to a TFP or quality of financial capital shock,

as in Gertler and Kiyotaki (2010).

1.1 The vertical structure of financial intermediaries

It is important to emphasize that the welfare assessment of vertical separation of
risky investment from deposit holding needs to be conducted in a general equilibrium
environment. That is because one needs to analyse the costs and benefits of increasing
risk. Higher risk is concomitant with greater credit availability and larger overall output.
However, elevated risk makes the banking sector more fragile and may impose a larger
burden on the public finances when deposit insurance is bankrolled by the taxpayer. Our
model is sufficiently rich to begin such an analysis. Spengler (1950) showed that vertical
integration reduces inefficiency as it eliminates double marginalization. The relevant
margin in the financial sector is the credit spread: in addition to a monopolistic mark
up, which will vary in the degree of competition, it also includes a risk premium. That
premium depends on wider economy risks. Hence the benefit from vertical integration is
different from other industries because of the possibility of default. As we discuss in more
detail below, when common shocks to investment banks dominate, universal banking may
be the preferred structure (see Benston, 1994). However, as we explain presently, despite
the boost in output, universal banking turns out to result in larger and more frequent
bailouts. These bailouts entail an excess burden: One may think of this as an agency cost
(as in Carlstrom and Fuerst, 1997) or the cost associated with government intervention
(such as a deadweight loss from taxation). This trade-off between the benefits from larger
investment and the costs of banking fragility is one of our main findings. We also provide
a detailed analysis of the planning problem further to clarify the wedges of inefficiency in
the model.

The universal bank, whilst making more loans and receiving larger profits than a
separate investment bank, is also more fragile. That is for the following reason. Although

they charge the same mark up, the marginal cost of funds is larger for separated investment



banks. As a consequence separated investment banks encounter lower demand and lower
profits. However, the sum of profits of separated commercial and investment banks is
larger than the profits of the universal bank. Other things constant, separated institutions
have jointly larger quantities of own funds.

An additional focus of our research is the assessment of the benefits from deposit
protection which we assume, realistically, is provided by government. The seminal paper
of Diamond and Dybvig (1983) provided a rationale for deposit insurance as a way to
prevent bank runs. We show that deposit protection may have another important function;
it induces an increase in the labour supply and boosts output. However, the net welfare
effect of deposit protection depends on how efficient the government is in raising funds.
When the cost is small, we show that a bailout may indeed be welfare enhancing.

Our analysis of vertical integration suggests a key trade-off exists between a higher
cost of borrowing (i.e., double marginalization leads to a larger interest rate on loans)
and relatively low default when banks are separated, against more competitive pricing
and larger government bailouts under universal banking®. A higher profit margin in the
financial sector reflects higher costs of investment and shrinks the economy. On the other
hand, that higher margin reduces the probability and size of government intervention when
an adverse shock hits the economy. Hence, there is a trade off between the benefits of larger
investment and the costs of bailouts. The evaluation of this trade off is only possible within
a general equilibrium model. To the best of our knowledge, the present paper is the first
to provide welfare analysis of the benefits of the separation between deposit holding and
direct investment in equity.

The welfare assessment of the structure of banks and their effect on the macroeconomy
is carried out analytically, via formulation of the planner’s problem. It implies that optimal
policy needs to be predicated on: (i) the kinds of shock hitting the economy; (ii) the degree
of competitiveness of the investment and retail banking sectors and (iii) the efficiency of
government intervention. It is not clear that current policy proposals are securely grounded

in the issues our analysis suggests are central to optimal policy evaluation.

1.2 Related literature

By introducing default, this paper seeks to extend a burgeoning literature that incorporates

forms of financial intermediation into workhorse macroeconomic models; Brunnermeier,

30ur results are in line with Boyd, Chang and Smith (1998) who show that universal banking structure
requires a larger FDIC.



Eisenbach and Sannikov (2012) provide a helpful overview of a large part of this literature.
In particular our model builds on two distinct branches of financial macroeconomics. First,
following Carlstrom and Fuerst (1997), Bernanke Gertler, and Gilchrist (1999) and others,
we view lending to risky counterparties as a central element of the finance-macroeconomic
nexus. For those authors the risky lending is to a distinct class of agents, entrepreneurs,
who aim to maximize their utility, whilst for us the risky counterparties are the investment
banks due to their investments in equities. These institutions have no objective other than
profit maximisation as they are owned by all agents in the economy. Second, we draw
on Clark (1984), Hancock (1985), Berger et al. (1987), Barth and Ramey (2001), Benk,
Gillman and Kejak (2005), Goodfriend and McCallum (2007), and Ireland (2014) who
propose or test distinct, but related, models of bank loan production. Neither of these
branches of the literature incorporate default nor address the issue of the macroeconomic
impact of differing vertical structures of financial intermediaries.?

The rest of the paper is set out as follows. Section 2 sets out the model. After describing
the behavior of private agents and final goods producers it, the decisions of investment
banks and their interaction with retail banks are analyzed including the optimal default
decisions. Section 3 solves out for the general equilibrium of the baseline model and
sets out how different assumptions concerning banking structure and bailouts affects the
baseline model. Section 4 presents the social planning solution which facilitates a detailed
analysis of the wedges of inefficiency in the decentralised economy. A numerical analysis
of the model economy in Section 5 provides sensitivity analysis to welfare comparisons
between universal and separated banking systems. Section 6 summarizes and concludes.

Appendices contain additional calculations, derivations and proofs referred to in the text.

2 Macroeconomic Framework

The basic set up of the model is as follows: The economy consists of continua of households,
monopolistically competitive, risk-neutral banks and final goods producers. There is also
a government. Households consume the final goods, provide labour to the intermediary

sector® and deposit their savings in the retail banks. The retail banks, if separate from

4The possibility of default of the depository institution has been considered in Angeloni and Faia
(2013), and more recently in Gertler, Kiyotaki and Prestipino (2017). The overall focus of these papers is,
however, rather different to ours. Two branches of banking services - retail and wholesale - are modelled in
Gertler, Kiyotaki and Prestipino (2016). The overall impact of bailouts on optimal structure of financial
intermediaries is not considered.

SHere, as in Gertler and Kiyotaki (2010), we assume that investment banks hold the equity of the
intermediate producers. Thus, as equity holder, the investment bank determines the business strategy,



investment banks, lend to risky intermediary firms which use the funds to hire labour.
The investment banks hold the equity of the risky entrepreneurs and make their hiring
and production decisions before they observe their productivity and the demand for their
output. That output is an intermediate good; that is, an input to the production of
the final good. Investment banks have differing rates of profitability because they face
idiosyncratic shocks. Because of idiosyncratic and common shocks, the values of banks’
assets are stochastic, and some of the banks may default. The role of government is to
bail out the banks when necessary and possible. The components of the model are now

described in more detail.

2.1 Households

There is a continuum of identical households in the economy who evaluate their utility

using the following criterion:
Eo» B (log(Cy) — ANy) . (1)
t=0
FE; denotes the expectations operator at time ¢, 3 is the discount factor, C; is consumption

and NV, is labour, )\ is a time-invariant preference parameter.
In period ¢, agents have to decide how much of their current wealth to place in retail
banks, D!, given W;, the nominal wage in period ¢, the expected return on deposits and

I1;, the corporate profits remitted to the individual. The household’s budget constraint is
Ci 4+ D' = R \T'\DI' | + W, N, +11,. (2)

Between date t — 1 and the start of ¢ deposit balances earn a nominal gross interest return
of TR |, where RI' | is the gross interest each bank agrees to pay ex ante. However, the
ex post return may be smaller if banks’ assets at the end of the period are lower than
R D! |. In that case banks will pay only proportion I'’ of their obligations. If there
is deposit insurance then I'{ is provided by government. Therefore the proportion of the
contracted return actually received by the depositors is T'; = I'{ + I'. If deposit insurance
is not provided, I'Y = 0. However, when deposit insurance is provided, there exists the
possibility that profits may be so low in the economy that government may not have the
capacity to bail out in full the depository institutions. The I'; reflects these eventualities,
hence it is stochastic and I'y < 1. Thus I'; is an equilibrium object which will depend
on the structure of the banking sector, government fiscal capacity and the confluence of

shocks observed in each time period. We derive its form in different scenarios below.

including employment and the degree of risk taking.
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Necessary conditions for an optimum include:

J— Wt-
Ct — 2 ) (3)
and
C
Ey {Ft+1RéLg ; } =1 (4)
t+1

2.2 The final goods sector

The production of final goods are common to all producers
Vi = A Xy, (5)

where X, is an intermediate input, A; may be thought of as an aggregate macro shock to
output or as a utilization shock.

The production cost is %Y} , where ), is the real price of the output of the intermediate
sector. It is straightforward to derive an aggregate real price, (6), and the aggregate

demand for the financial product (7):

Q 1
AT o
X, = Y,/A. (7)

Here, " is a monopolistic mark up in final goods production.

2.3 Banks

There are potentially two types of banks in the model, investment banks and retail banks.
The output of investment banks, as noted, comprises a bundle of intermediary goods and
services demanded by the final goods producers. Investment banks may be separated from
retail banks. In that case, investment banks finance their activities by borrowing funds
from retail banks. The only role for retail banks is to collect deposits from households
and channel funds to the investment banks. In this loan market they are monopolistic
competitors. When investment and retail banks are vertically integrated into a universal
bank, there is no role for such a loan market.

The banking sector problems are now set out in detail.

2.4 The investment bank

Assume that investment and retail banks are separate. Agents deposit savings in retail

banks. The retail banks bundle and sell these funds to an investment banking sector.



Each investment bank buys the entire equity of a single intermediate goods producer. The
funds so invested, which were borrowed from the retail sector, pay the intermediate goods
producers’ wage bill ahead of selling their output to the final goods sector. So, one may
think of the investment bank and the intermediate goods producer as one and the same
entity which we do from here on, for simplicity.

Our investment banks are rather like the risky entrepreneurs in the models of Carlstrom
and Fuerst (1997) and Bernanke Gertler, and Gilchrist (1999). As in Gertler and Kiyotaki
(2010), banks here own a business which generates risky profits. Unlike them, however, we
allow business risk to be sufficiently high that default on deposits is a real possibility. If
output is below some value then these banks default, ending up with negative net assets,
just like risky entrepreneurs. If these losses in aggregate are large, retail banks may not
be able to repay depositors in full. The banks’ losses may be made good by the taxpayer.

If output is high enough, profit is remitted to private agents.

The investment bank cum intermediate firm produces output at ¢t + 1, X;.1(j), by
employing labour at time ¢. Labour is homogeneous and is used with the following
production technology to which all banks have access:

Xi11(7) = Qerrrerr1(F) Ne(7)- (8)

Here, Ny(j) is the labour input employed by investment bank j, €; > 0 is the time ¢
expected return common to all investment banks, ;.1 is a shock that is also common
to all banks and e;1(j) is a j—specific shock. It is assumed that e;11(j) > 0, &, > 0,
Eieryr = 1, and Eer1(j) = 1 and (e441(j),€¢41) are independently distributed. The
cumulative distributions of £, 1 and e, are denoted by F*(¢) and F*(e), are time-invariant
and common to all banks. (8) is undoubtedly a simple, yet very convenient, way to reflect
risky activities; when we merge retail and investment banks later, the risk inherent in (8)
will be incorporated onto each retail bank’s balance sheet reducing risk diversification. In
this way, we capture a key concern of policymakers that universal banks are more risky
than separated banking structures.

At the start of period ¢ the investment bank borrows the amount B;(j) = W;N;(j) from
retail banks. In the next period the investment bank receives Q;11(7)X41(j), and pays
Bi(j)RE to the retail bank, where Q;,1(j) denotes the price per unit X;1(j), and RS is

the interest due on the loan.
The market for the output of the investment banking sector is assumed to be
monopolistically competitive and the demand for output of bank j is

Xi(j) = (QtQ(j)>_nXt- 9)

8



Where n > 1 is the demand elasticity between the variety of products or the degree

6. The aggregate price next period, Q;;;, and aggregate demand, X, ,

are exogenous to the bank’s decision. Combining (8) with (9) shows that the ex-post

of competition

price depends on the realization of common and specific banking shocks @Q;11(j) =

A\ —1/7
Qi1 <Qt5t+1et+1(j)Nt—(])> . So, the bank’s assets at the end of period are

Xt
Qur1(NXe41(5) = [Yuersrecr1 (NI " X 1Qusn. (10)

Expression (10) clearly shows that conditional expected profit depends not only on the
productivity shocks, ;,1€;11(7), but also on the state of the macroeconomic environment,

represented by (X1, Qi1)-

2.5 Optimal default decision of investment banks

Ex-ante, the investment bank needs to decide on the level of borrowing/labour input. We
suppose that investment banks have limited liability and act as though profit is bounded
below at zero. So, assuming banks are risk-neutral, expected profit is

Eth+1(j) = max [EtQtH(j)XtH(j) - WtNthc70]
= max |:Et [Qt5t+1€t+1(j)Nt]l_1/n X;_{_?Qtjq_ - WtNthC,O:| . (11)

The limited liability distortion means that banks will seek to maximize profits on a
subset of states of nature. As a result, they will choose borrowing and a cut-off value for a
composite of the shocks facing the bank below which default will occur. We now construct

the bank’s optimization problem in detail.
First, note that aggregate price and demand will depend on the realisation of both

macro and banking shocks
1
Qi1 = /TFAtH; (12)

where we assume that A, = AY ju;, 0 < p < 1 and w is lognormally distributed with
E(u) = 1.

Since 2 and ¢ are common to all banks, the aggregate supply of intermediation is given
by

(oo}

71
_ n—1 —
Xit1 = N [/ le] E dFe(e)] = NQer1 A, (13)
0

where N is the average number of employees at the other investment banks and A =

{7 [e] 7 dFe(e)

0

n—1

is the aggregate of idiosyncratic shocks across investment banks. There

6The aggregate demand for financial intermediation is defined over a basket of services indexed by

_ n
7, X = [fol X:(5) ]nldi] "~ where n > 1 is the elasticity of substitution. The aggregate price index is
1
Qe = [fy Qe 7] 7.



is no strategic interaction amongst the banks and N is treated as parametric by each bank.
So, combining (12) and (13) means that (11) can be written, omitting time subscripts, as

AN /7
1 NA
Mjuee! =17 = N max |Quee' =Y/ —Ar [ == —~WR%,0]|. (14)
pr N
That expression is positive if and only if
uger "M > P (15)
where y
N —4/n
D—A 16
L=a(y) (16)
and for purposes later on it is convenient to define
1 W,R¢ ~1/
A= — A . 17

Formula (16) represents an ex-ante planned default threshold chosen by an individual bank
taking macroeconomic factors, W;, RY, N, and A, as given. However, the ex-post default
rate depends on the realisation of the product of shocks, s:=uce!~/7 where s is a random
variable with lognormal density f*(s). If s > &P, then the bank will realize positive profits,
otherwise profit are, in effect, zero. Hence, the complete investment banking problem can
be written as:

+o0o
S
1/n
st e? —A (N> =0. (19)
N

In a symmetric equilibrium with % = 1, so that (19) implies e” = A, where A is defined

in
—+o0

/ {Z — 7721} £5(s)ds = 0. (20)
A

If the distribution of s is given, then A is just a constant which solves this integral equation.
However, there may exist no, or many, solutions to this equation. In the appendix (Section
7.1) we define sufficient conditions for a solution to exist”. It is shown that a lognormal
distribution satisfies those conditions and provides a unique A as a solution. Moreover,
under a lognormal distribution the second order conditions for an optimum are satisfied.
Importantly, one observes that this equation has implications for the relationship between

the degree of competition and equilibrium default to which we turn presently.
Given A one may compute the equilibrium wage

1 A )
W, = — QA7 — (A)Y/" 21
t #F t tRfC( ) ( )

"t is interesting to note that Bernanke, Gertler and Gilchrist (1999) derive the same condition.

10



This relation implies that the equilibrium wage increases in the tolerance to risk, A,
of the investment banks. Or, to state this last observation differently, banks which are

prepared to take on higher risks will offer higher wages.
Finally, one can compute the default threshold, conditional on the realisation of
common shock from (15)
b_ (AT
e’ = (u5> . (22)

Every bank with an idiosyncratic shock lower than e” will be in default while those for

whom e > eP

will be able to meet their commitments. From (22) it follows that the
conditional probability of default depends only on the unexpected macro shock u and the
realisation of the common shock to the investment banking sector, e. At an optimum, it
does not depend on the expected gross return to the sector, {2, nor on the current state of
the macroeconomy, A;. However it depends on the distribution of the aggregate business
shock f* as emphasized by Christiano, Motto and Rostagno (2014).

We turn now to the retail banking sector.

2.6 Retail bank and the credit spread

There is a continuum of risk-neutral, retail banks indexed by i. Banks pay a state
dependent, contractual interest rate on deposits of RP, if possible. That deposit rate
will be common across banks and need not be indexed by 7. In the loans market, banks
are monopolistic competitors and set loan rates, R{(i). So, following Aksoy et al. (2012),
banks face the following demand for loans

Bii) = (RR()>6BC (23)

Here B¢(i) is bank i’s lending, RS is a measure of the average interest rate on loans,
RS = [fol Rf(i)”‘sdi} ﬁ, BY is aggregate demand for loans, BS = [fol Bf(z’)%dz} %, and
0 > 1 is the elasticity of substitution between loans. The objective of each bank, therefore,
is to maximize expected profits by choosing the rate charged on lending. If all borrowers
remain solvent, the retail bank will earn nominal return RS per unit loaned. In the case

of default, the assets of the borrower are repossessed pro rata by the retail bank.
Retail banks maximize expected profit, £,¥,,, given the demand for loans, (23), and
knowing that their liabilities are limited:

Bl 1 (RE() = By max(RE())BE() — RIB(i), 0). (24)

Although the profits of individual retail banks are in effect bounded below by zero, the
net worth of the retail bank sector is ultimately determined by outturns in the investment
banking sector. In some states, an investment bank may not be able to repay its loan in

11



full. One may characterize as follows that portion of the loan which can be repaid by the
investment bank. At period t + 1 every investment bank j has given liability, W, RS N,
whilst its assets are stochastic and equal to Quee(j)'~/ ”%Af N;. Thus, the assets to
liabilities ratio can be written as
Quee " 1/MAPAYT ygel /M
W RC u¥ A

Therefore the borrower is in default if W < 1, and the gross return generated by the

borrower in default will be %" R¢(i). Let I'%_(uee) be the ratio of actual to contractual

A uee
return conditional on a particular realisation of the shocks. That is,
1-1/n
I'__(uee) = min (ueeA7 1)

After averaging over all possible idiosyncratic shocks, one obtains the expected ratio of
actual to contractual return conditional on the realisation of macro and systemic shocks,

UE:
(& e

I(ue) = ue / elz\l/n fé(e)de + 1 — F¢ ((ZL\&) ﬁl) . (25)
0

In formula (25) the first term is expected revenue from repossession of the assets of the

investment banks which are in default. The remaining term is the expected revenue from
non-defaulting banks. It is useful to establish some basic properties of the function I'’(ug).

We do this in:

Proposition 1 T°(ue) is an increasing and concave function. Therefore, more favourable
systemic or macro shocks bring average returns closer to the contractual return. Moreover
r(0) =0 and lim It(z) = 1.

Proof. See AJ})p(:ndix [ |

The profit of the retail bank conditional on the realisation of the aggregate shocks will
be

W1 (RS(0), ue) = max {Rég)l"b(ua) _ 170} BE(i)R". (26)
Using the demand for loans (23) one writes
o/ cr =6
U, 11 (RE(7), ue) = max [Rt (hz) I’ (ue) — 170} (Rt <Z)> BE R, (27)
R’ R’y

For any R{(i) there is a value of common shock ue = y below which retail banks will
default on their obligations. Therefore, the expected profit maximization problem (24)
can be written as

+oo
RS(i) R(i)\ °
Ev = LT (1) — 1) fue(z)d ¢ BRI 28
ax BV /( I () = 1) fue(z)dz (Rg b (28)
Yy
Ri(i)
t. r = 1.
s RY (y)

12



The first order conditions imply that in a symmetric equilibrium the retail banks default
threshold y is defined as

+oo

Th(z) 6 -
[ ()~ 573) etors o )
Y
and the spread RS /R!' in equilibrium is
R 1
R IP(y) (30)

Proposition 2 There exists a solution to (29) which also satisfies the second order
conditions.

Proof. See the appendiz. W

It is interesting to note that the wedge (credit spread) imposed by separated banking

is larger than the familiar monopolistic wedge:

Proposition 3 The mark up charged by retail banks is greater than the standard monopoly

pricing wedge.

Proof. From (29) and (30) it follows that

RY 5 [1-F. 5
T =) = 5o 1+oo[ Wl ot (31)

/ Ib(z) fye(z)dx.

|
+o0o

Since I'’(x) < 1, it follows that /Fb(x)fua(a:)dx < [1 — Fu.(y)]. The ratio uf* =

Y

A=Fe@] 5 represents the contribution of risk to the mark up (which is not related

+oo
b (z) fye (z)dx.

Y
to market concentration). If returns were certain (I' = 1) then p* = 1 and only monopoly

power would cause inefficiency. Therefore, expression (31) shows that uncertainty in the
return on retail lending makes the wedge in the banking sector larger than it otherwise

would be.

2.7 Deposit insurance

It is now possible to characterize in more detail the government’s behavior. In this stylized
model government’s only function is to raise funds for deposit insurance. The size of the
government bail out is denoted G. It is assumed that government intervention is costly.
Such costs, denoted here by ¢(G;), are generally associated with monitoring costs and

13



distortive taxation. For tractability, we assume this g function is linear in G. It is then the
case that

As one knows how profitable lending is typically likely to be, one may now compute
the likely size of government intervention. First note that the actual (or average) return,
R{* per unit borrowed by investment banks, will depend on the realisation of the macro
environment,

R¢(ue) = ROT (ue). (33)

Government intervention will occur if R{*(ue) < R", that is, when ue < y. The size of the
government bailout, G, depends on a number of considerations as follows. To begin with,
if the banking firm is separated (indicated by the S superscript as before), then for one
dollar of deposits, agents will receive from the bank the interest rate R? times I' Z*g (Upr18041),
where

[ T(ue)
Fbs(ut+15t+1) = min (Fb(y)’ 1) . (34)

Function T'®%(u,16,41) represents the proportion of contracted deposits which depositors

will obtain from retail banks in the case where deposits are not insured by the government.

It also follows that for any dollar of bank liabilities, the required bailout or deposit
insurance is 1 — I'*(ug) > 0. However, the economy-wide budget constraint (32) imposes
a natural restriction on the size of GG;. For example, in the event that total national output
is required to repay households under deposit insurance, the return on deposits is the
only source of funds for consumption, and equation (32) becomes Y; = (1 + ¢g)G;. And
whilst it is a rare event in our model, it may even happen that total insurance exceeds
fiscal capacity. Therefore the size of government intervention is restricted by the size of
GDP, G, <Y;/(1+g). In sum then, we assume that government guarantees the following
compensation to the public

Y; 1
GQS — N, W Rh : t+1 —— (1 - Fbs 35
t+1 t VWil min NtWtR? 1+ 97 ( (ut+15t+1)) ) ( )

where the first term after the min operator reflects the fact that the required bailout might
exceed fiscal capacity. In that case, the government is unable to fulfil its desire to see
returned R? per dollar deposited. Using the expressions for aggregate output, financial
services, wages and interest spread, that is (5), (13), (21) and (30), it follows that

95 heo P Ut1€e41 L tos
Gi{1 = NeWi R} min (M o)A (A) /T T g’ (1-T (ut+15t+1))> : (36)

Next, define the ratio of government insurance to deposits as

) 1 w1841
9% (uypqe = min g (1 =T (upqqe .
ve (Ue1€e41) (g Ty 1+g ( (urs1641))

where ¢ := gl%F (A)l/ LA, Finally, the return to depositors equals the sum received from

the banks and from the government: I'" = (9% (uyy16411) + T (uiq16041)) ,° so that the

8That is: Fgf(ut+1€t+1) + Fgg(Ut+1€t+1) = min (%Fbl(y) ﬁ + Fzg(ut+15t+1)§ 1) .
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consumption Euler equation takes the following form F, {gt—(flRfFSI } = 1. Superscript
“S” indicates " Separated banking with Insurance ".

It is useful to note that the likelihood and size of government support to the banking
system declines in the credit spread. To see this more explicitly, consider the case where the
government faces no fiscal capacity constraints. In that case government intervention would
be Gi11 = WiN;R! max [( — %Fb(ue)) ,0} and the negative effect of the spread is readily

apparent.

3 Financial structure and economic outcome

Clearly, the precise form of the equilibrium relations of the model change depending on
the nature of the shocks, whether or not there is universal banking and deposit insurance
and government fiscal capacity. We will contrast four variants of the model with different
financial structures indexed by superscript J = {UI, UN, SI, SN}, where S stands for
separated, U for universal, I indicates that the government provides deposit insurance and
N means that there is no deposit insurance. The variants of the model will differ along
three key dimensions: (i) the return on deposits, which is reflected in the Euler equation;
(ii) the size of government intervention and (iii) the credit spread.

Table 1 below summarizes the differences where, as before, I'"’ is the proportion of the
deposits liabilities paid by the banks, and 'Y’ is the proportion which is paid for by the
government. The safety of deposit holding I'*/ increases with spread and here we can see a
partial equilibrium benefits of separated banking. In case when deposits are protected, the
size of government intervention is smaller. So credit spread reduces the risk of the default

of the depositary institution and reduces the cost of banks’ bailouts.

Table 1: Difference across the models

an’ — 1; for Universal banking .
PU= 1/ () for Separated banking, |’

I (ue) = min (I (ue)sp’, 1) ;

Q

197 (ue) = min [% i‘f (11— I‘;{E(ug))} with insurance;
0, without insurance;

The safety of deposit holding I'’ increases with spread and here we can see a partial

equilibrium benefits of separated banking: When deposits are covered by deposit insurance,
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the size of government intervention is smaller. So, the credit spread reduces the risk of the
default of the depositary institution and reduces the cost of banks’ bailouts. However, the
same spread increases the marginal cost of the intermediary sector. Therefore, a general
equilibrium model is required to analyse that trade off between risk and the size of the

€Conomy.

The generic equations of the model are set out below as part of the definition of the
decentralised equilibrium:

A decentralised equilibrium with separated banking and bailouts is a set of plans,
{Ciir, Yicks Nevi, Wesr, Xevr, Qeans Reyos Ry, 1720, given initial conditions, {A;_1, Ny_y,

Rl |, R¢ |, W,;_1}, and exogenous shocks, {usx, €1k, Apik e » and satisfying conditions

(M1)-(M10 ).

Table 2: Model Equations

Euler Equation 5 = B { (97 (wpr18041) + Do (upy16041)] Rf#ﬂ} (M1)
Deposit insurance Giy1 = NW R (ugy16441) (M2)
Credit spread 2—5 = sp’ (M3)
Wage Setting I/I}t = \C; (M4)
Labour demand W, = I%FQtAtp% (A" (M5)
TFP At+1 = Afutﬂ (MG)
FI demand Q: = Atl%F (M7)
Final good production Y; = A;X; (M8)
FI supply X1 = QAg 1 Ny (M9)
Resource constraint Cy =Y, —g(Gy) (M10)

One observes that equations (M4-M10) are identical across the variants of the model,
whereas possible differences emerge via the anticipated return on deposits, (M1), the size

of government intervention, (M2), and the credit spread, (M3).

The above bloc of equations can be used to derive tractable, closed-form expressions for
equilibrium consumption, labour and the deposit rate. These will be used in subsequent
sections of the paper to analyze welfare under different scenarios; that is, with and without
insurance and under separated and universal banking. Appendix 7.6 provides the details
of the closed-form solution of the model. What is key, is solving in the first instance for

the labour input:
_B1
=S

In this expression, equilibrium labour is seen to be a function of agents’ preference

N/ A(A)Y /=ty (37)
parameters in the usual way, demand factors (reflected in the markup), the default cut-off
value and the aggregate of idiosyncratic shocks across investment banks. Finally, it is a

function of the variable T/ which in turn depends on financial structure. Table 3 expands

on the definition of that final factor:
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’ Table 3: Financial structure and Employment

Universal (U)

Separated (.5)

0

+oo +o00o
S
I TUI — 9 (ue)+T? (ue)dFye TSI __ Rh [Fis (ue)+T%2 (UE)]dFus
ue—gT9 (ue) R | ue—griZ(ue)lue ()

0 0

+00 +o0o
N TUN _ I (ue)dFye TSN — R [ T8 (ue)dFue

ue th ue

0

The relationships in Table 3 will prove central in establishing a number of properties
concerning the link between equilibrium employment and the financial structure of the
economy. First we look at employment and output and then briefly at interest rates. Note
that production in the economy will have the same relation to T as does N as it positively
depends on labour input. Moreover, given these relations, one can immediately establish
the impact of deposit insurance on output and employment.

We turn now to deposit insurance.

3.1 Deposit insurance and the labour market

There is a positive effect of deposit insurance on labour and output which we establish in

the following proposition:

Proposition 4 FEquilibrium employment and output are larger in an economy with

government deposit insurance.
Proof. One can easily show that TU! > TUN_ Note that I'Y(ue) + I'’(ue) > I'’(ue) and

1 1
ue—gl'9 (ue) > ue”

Similarly, Y57 > TV as T'99(ue) + I'*® (ue) > ' (ue) and

At e ™

Proposition 4 states that deposit insurance increases employment. However, it is
important to note that deposit insurance impacts the equilibrium relations of the economy
through a number of channels.

In particular, there are two channels which we now briefly describe and which we
analyse further in subsequent sections on welfare and efficiency of equilibrium. First,
deposit insurance I'%°(ue) works to increase the supply of labour and deposits. That is
because it stabilizes the return to savings; by implication the return to working is more
certain. Second, from (M10), g is seen to have a direct negative effect on C;;1. Smaller
expected future consumption causes an increase in savings and therefore supply of deposits.

Moreover, given the cost of government intervention one has to work more to maintain a

given level of consumption.
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To derive these effects explicitly consider the Euler equation

u'(Cyy1)

1 = Et u/(Ct)

BRLT,

where the labour supply is u.(C}) = v},/W, and v}, is the marginal disutility from labour.
In the model utility is separable in consumption and labour, and v}, is constant so that

_ BWR

!
n

1

EtFué (Ct-‘,-l ) .

As Cyy1 depends on V;, and some parameter g, such that Cy.; = C'(Ny, g), where Cy > 0,
Cy <0, one may write
v, (Ny) = BW R} ETw/ (Ciy1 (N, g)).- (38)

It follows by the implicit function theorem that

dN BWREETW"(C(N,9))Cy
dg  BWRPMETw (C(N,g))Cxn — v"(N)

> 0. (39)

In establishing that sign, it is assumed that v”(N) > 0, v”(C') < 0, and that

dN BW R} EwW/ (C(N, g))
dl'  BWRIME,Tu"(C(N,g))Cn —v"(N)

> 0. (40)

Therefore, labour supply increases in the degree of certainty of the deposit return, I', and
the inefficiency of government, g. The latter effect is due to a precautionary motive similar

to that discussed in Kimball (1990).

3.2 Vertical integration and the labour market

It is also interesting to observe that employment, and therefore output, is greater in the

model with universal banking:

Proposition 5 Universal banking results in higher employment in equilibrium than a

separated banking system.

Proof. One can easily show that YUY > YN since, by definition, T (ue) =
min (I;)b(gf)),l) and therefore T°(y)I"(ue) = min (I°(ue),I(y)) < IP(ue). Similarly,

YU > Y5 which we show in the appendiz 7.7. Reference to formula (37) completes
the proof. M

It is not very surprising that vertical integration eliminates a credit spread and promotes
production. Proposition 5 shows exactly this. However, it can only be welfare improving if
production is below the optimal level because of some other distortions. Moreover, larger

output does not guarantee larger consumption since the cost of deposit insurance may
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increase more than output. It is shown below that when deposit insurance is provided,
the cost of bailouts is larger with a universal banking structure. Therefore it is possible
that when the economy is hit by an adverse shock, consumption is smaller under universal

banking due to the high cost of government intervention.

4 Efficiency, welfare and financial structure

In this section we summarise all the wedges of inefficiency in our model economy. We will
derive the social planner’s solution and then analyse the wedges created by each agent in

decentralised equilibrium.

4.1 Social planner problem

A general version of the social planner’s problem relevant to the present set-up is as follows:
U(N) = max Ey t}% B (u(Cy) — v(Ny)) (41)

with the following constraints imposed by production technology

IN

Yi1 F(N¢,upq1)

Cis1

A

Yiit.

The optimal choice is given by
BEuc(F(Ny,ut11))Fn (Ni, ug1) = o' (Ny).

The left hand side of this expression reflects the marginal benefit of an extra unit of
labour, and the right hand side reflects the cost. This is taken as the benchmark against

which the decentralized outcomes under different scenarios for banking and bailouts are

compared. In the model set out above the problem is max EOZﬁt (log(Cy) — AN)

t=0
subject to Cy = A;Q2Ae,N;_1. The labour supply optimizing this objective is implied by
BEwue(F(Ngy 1)) Fn(Ny,ugr1) = v'(IVy) and is easily seen to be N* = /A One can

compare that expression with decentralised solution (37).

4.2 Decentralised structure of the economy

It will be useful to set out carefully all the distortions attendant with the decentralised
equilibrium. We will present it in form of

BEuc(F(Ny,upy1))Fn(Ne,ur1) = p' (Ny).
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Here, ;o > 1 will present the total inefficiency wedge, which can be decomposed vertically
into five different wedges accounting for each economic agent and representing their
marginal benefits to marginal costs ratio:

o= (uS x phx ) x ot xops,

Here pf' > 0 is the monopolistic mark up in final goods production. The other wedges
are more interesting.

First we consider the wedges of the banking sector. Retail banks take deposits and
produce loans. Therefore the return on deposits, k", may be considered as the marginal
cost facing retail banks whilst the return on credit, R, is the marginal benefit (profit).
It is therefore straightforward to compute the wedges between costs and benefits for retail

banking, 4 = RY/R!, and vertical integration would simply eliminate this margin.

As for investment banks, their marginal cost is given by REW,, and Q;11QAe ;1 is

Qi+10QAe4 41

their marginal profit. The mark up of investment banking is therefore p! = E, O
+ t

Combining this with (21), one finds that

ph = (D) A, (42)

which declines in the planned default threshold A. Therefore, there is a clear trade off
between risk and inefficiency: the larger is the default rate, the smaller is the wedge
imposed by the risky financial intermediary. It is also easy to show that u is smaller than
the monopolistic mark up — due to the limited liability assumption.
"
The decentralised solution in (37) may be presented as N/ = N*.; =17, where 17 is
the product of three wedges imposed by households, retail banking (if it is separated from

the investment bank) and government.
We will refer to the product of banking and production sector wedges as the "production
wedge" and denote it u™ := u® x pu! x p¥'. The marginal cost of the integrated production

line is RFW, and the expected marginal benefit is E;Fy(N;). So we can see that
E,Fn(Ny) = p™ x REW,. (43)

For the case when government intervention is costless, Y;11 = Cyy1, we formally define
the "household wedge" as the residual after the "production wedge" is accounted for. Then,

the following equality will hold
BEwuc(F(Ny, up1))Fn(Ney ug1) = p x g™ x o (V).
Combining that with (43) gives
Wi R} BEuc(F (Ny, 1)) Fn (Ne wgr1) = o' (N B Fiv (V). (44)

20



Finally, to gain an expression for the household wedge, we use that expression along

with the labour supply and the Euler equation for saving as in (38), to get?,

o B[ (F(N, wg)) F (N
EyF! (Ny) By (T (F(Ng, ugs1)))

o

If there is uncertainty about savings, then FE; (I‘J ) < 1. Deposit protection increases I'’
and therefore reduces the households wedge. This provides another reason, in addition to
avoiding banks runs, why deposit insurance may be beneficial.

However, when deposit protection is costly to deliver we need to account for an extra
wedge. That causes output and consumption to diverge, and increases in the size of
government intervention. Consequently, deposit insurance reduces the households wedge
but increases the government intervention wedge and the overall net benefit depends on

how costly government intervention is.

5 Welfare effects of universal and separated banking

In this section we summarise the economic factors in our model which make separated
banking socially preferred to vertically integrated banking. This exercise may help us
understand why some countries have evolved more separated banking systems while others
have adopted more vertically integrated structures between deposit taking and risky
investment. The model that has been developed is capable of assessing welfare effects
associated with universal and separated banking in the face of different types of shocks.
For instance, it has been demonstrated that labour supply is larger under universal banking.
That is because the double marginalization problem is avoided boosting the demand for
labour. We have also shown that costless deposit insurance increases the labour supply and
moves the economy towards its efficient level of output. However, when deposit insurance
is costly, the production to consumption wedge may be relatively large. In that case,
separated banking with bailouts may be closer to the efficient outturn compared with
universal banking with bailouts.

Another perspective on comparing welfare across banking structures is to enquire how
likely are policymakers to regret adopting universal versus separated banking. This is
a potentially interesting question as policy in this area is likely to be held fixed for

extended periods. That was case, for example, with the split between retail and investment

9In an economy with safe deposits, I'/ = 1, uf offsets the production wedge, because pf =
By |u' (Crq1) F'(Ny) "(Cyy1)F' (N, o .. .
Et;‘[’(Nt)g:(u’(Ct_:_l])) =1+ 5101%?1@)51&,(6(3;3) < 1, as positive productivity shock increases F’ and reduces

u/(Cy41), so the covariance term is negative.
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banking in the US for much of the twentieth century. So it is interesting to ask what
the model implies about ex post or average welfare under differing market structures for
different realisations of the shocks. For example, it may be that a decision to permit
or prohibit universal banking is welfare decreasing ex ante, but welfare increasing on
average. Specifically, if banks are broken up (universal banks are prohibited) at the start
of the period and a positive common shock is realized, then in principle one might have
preferred in this state of nature to have had a universal banking structure. So, the average
welfare comparison of different banking structures and the likelihood of regretting having a
particular banking structure are both of interest. The welfare assessment of these various
possibilities turns on certain key factors in the present model such as how volatile are
common and idiosyncratic shocks; how competitive are retail and investment banking
sectors; how generous is the deposit insurance scheme and how distortive is government

intervention. We turn now to some examples briefly to illustrate these possibilities.

5.1 Comparative benefits of separated banking

The model is as yet too simple to be the basis for any serious policy advice but may
be useful in indicating how certain key attributes of the economic environment interact
and sway judgement on banking structure. We take the following parameterization as our
starting point: 0. = 0.1, 0, = 0.1, 0. = 0.1, n = 4, u¥" = 1.14, 6 = 10. For our bench mark
simulation we make an assumption that the excess cost of fund raising is 20% of the value
(9 = 0.2), which is consistent with some estimates reported in Allgood et al (1998). Under
this parameterization the expected default rate of investment banks is 5%; (F; (A) = 5%).
That corresponds to an expected default rate for the retail banks of 0.5% (F.(y) = 0.5%),
implying that retail banks rarely fail. In fact, it implies a government bailout once in
every 200 years. Notation F (WUI — WSt ) represents the expected relative welfare gain
of universal banking as compare to a separated banking system measured in consumption
equivalent. The probability of an adverse common shock which makes universal banking
less desirable than separated banking is denoted by Pr(WY! < W*T). Below we conduct
some sensitivity analysis to investigate how different economic factors affect the welfare

gains from the vertical integration.

5.1.1 Government efficiency

Government efficiency in bank bailout turns out to be one of the more significant drivers in

the welfare analysis. More costly government intervention reduces consumption, increases
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labour supply and therefore reduces welfare. We investigated the desirability of universal
banking for various degrees of inefficiency in terms of government action. The data are

summarized in the following table.

Table 4. Government efficiency

g=01]g=02]|g=04
NUI 0.6533 | 0.6535 | 0.6541
NI 0.5861 | 0.5861 | 0.5862
EWUL—w5) 1 416% | 4.14% | 4.11%
Pr(WUIL < w5y | 0 0 0.2%
F,(A) 53% | 53% | 5.3%
Fu.(y) 047% | 0.47% | 0.47%

The conclusion from the simulation is that universal banking is more likely preferable
the smaller is the cost of the bank bail out, g. Whilst bailouts are larger and more frequent
under universal banking, universal banking eliminates a double margin wedge. Taken
together, the benefits from fewer wedges and relatively efficient government intervention
may outweigh the costs of larger bailouts. Simulations suggest that for separated banking to
be preferable, the composite shock has to be very bad indeed and government intervention
highly distortive; in that case E(WY! — W5!) < 0 indicating that agents would require
compensation on average to be indifferent between universal and separated banking.
Indeed, the likelihood of universal banking being dominated, even under the most adverse

of circumstances, is vanishingly small, Pr(WY! — W51 < 0) = 0.2%.

5.1.2 Idiosyncratic volatility

Christiano, Motto and Rostagno (2014) suggest that shocks to the volatility of cross-
sectional idiosyncratic uncertainty are important in explaining the business cycle!’. Indeed,
in our model higher volatility results in a larger credit spread, which is a major distortion
in the model with separated banking. Therefore, elimination of that distortion is likely
to be welfare enhancing, ceteris paribus. Our simulation results in Table 5 confirm that

intuition.

10See also De Fiore, Teles and Tristani, (2011).
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Table 5. Idiosyncratic volatility

g=20.2 ce=01|0.=02| 0.,=0.3
NUI 0.65 0.68 0.73
NI 0.59 0.60 0.62
EWUYT —wST) | 41% 4.2% 4.3%
Pr(WUL < WSy | 0 0 0

F.(A) 5% 14% 30%
Fue(y) 0.5% 1.2% 3.7%
spread 13% 14% 18%

In the above table, it is apparent that a more volatile economy results in higher
employment along with a higher probability of default. These results are not surprising
given the analysis earlier in the paper. In general in the model, volatility increases labour
supply and output. Higher volatility also increases the credit spread and thus the benefit

from its elimination.

5.1.3 Volatility of systemic risk

We now perform a similar experiment to the previous one only this time we drive up the
volatility of the common, or systemic, financial shock, . As expected, the probability of a
government bailout, F,.(y), increases. However, our model predicts a negative relationship
between the creadit spread and the volatility of the systemic shock. As a result, universal

banking performs relatively less well when the volatility of the common shock increases.

Table 6. Systemic risk

g=02 0.=0.05|0.=01|0.=0.15
NUI 0.64 0.65 0.68

NST 0.58 0.59 0.60
EWUYT —wST) | 4.2% 4.1% 4.0%
Pr(WUL < WSy | 0 0 0

F,(A) 2.1% 5% 12%
Fu.(y) 0.04% 0.5% 2.9%
spread 14.9% 13.3% 12%

5.1.4 Competition in investment banking sector

We now consider the case of relatively competitive investment banking. This is an

interesting case to consider because it implies that the investment banking sector is more
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likely to be a source of volatility for the rest of the economy, other things constant, as
the cushion of profits for absorbing potential losses is lower. On the other hand, increased
competition reduces the double marginalization problem and therefore the relative gain
from vertical integration. Increases in the parameter n are used to simulate the effects of
increased competition. The table below shows that increased competition tends to reduce

the average benefit of universal banking.

Table 7. Competition

g=0.2 n=4|n=6|n=38
NUI 0.65 |0.77 | 0.87
NST 0.59 | 0.68 | 0.74
EWYT —wShy | 41% | 31% | 2.0%
Pr(WUT < WSy | 0 0 5.1%
F,(A) 5% | 27% | 53%
Fu-(y) 05% | 5.7% | 17%

The intuition as to why increased competition might raise the riskiness of the investment
banking sector seems straightforward: The lower mark-up shrinks the cushion of excess
profits that absorbs the impact of low shock. That basic result seems, in spirit, consistent
with arguments already in the literature that competition in financial markets may promote
risk taking (see for example, Hellmann et al. (2000), Bolt and Tieman (2004), Repullo
(2004) and Allen and Gale (2004)). The real issue, of course, is whether increased
competition is welfare enhancing'*. Thus higher risk may be positively correlated with
higher investment, and therefore may promote production and welfare. That positive
relation is also documented in some recent empirical work (see Claessence and Laeven,
2005). This is exactly what is observed in our model since employment, and therefore the

output, is positively related to risk tolerance, reflected in the expected default threshold.

6 Conclusion

Should financial intermediaries and banks be broken up in the interests of financial and
wider macroeconomic stability? Clearly, even in a simple model like the one just presented,
the answer is far from straightforward as underlying distortions act to reinforce or offset

other distortions. However our model outlines some key factors which are likely to

For example, some microeconomic models suggest that competition not only increases risk but may
also improve entrepreneurs’ access to credit (Bolt and Tieman, 2004) and reduce the loan rate (Boyd and
De Nicols, 2005, Damjanovic, 2013).
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be important (also in richer settings) in coming to an assessment of the desirability of
separating deposit taking and risky investment activities.

Vertical integration implies higher production and lower prices for financial services,
which in turn will result in higher consumption and welfare. Therefore the size of the
economy is positively correlated with risk-taking. As noted in Kareken and Wallace
(1978), that risk-taking may be excessive in the decentralised equilibrium. However, be
that as it may, there is also a sense that risk-taking may be too low from an optimal
policy perspective. That is because the decentralised economy is subject to monopolistic
distortions and output is low relatively to the first-best. Encouraging banks to be more
risky may actually be welfare-enhancing, ceteris paribus.

In our model, aligning banks’ overall behaviour with the social good turns on a key
trade-off; the eradication of a double marginalization problem (including a risk premium) in
the financial sector, versus larger and costly government bail-outs. The bailouts per se may
be welfare enhancing in the model as they ameliorate various underlying distortions. The
degree of distortion of government action is important however. When such intervention
is relatively efficient, our model suggests that universal banking may be preferable; double
marginalization is more costly than government bail-outs. When government intervention
is relatively distortive, then the interplay with shock variability may mean that separated
banks are desirable. When the economy is competitive and the decentralized equilibrium
features a relatively low degree of monopolistic distortion, vertical integration may be less

desirable as in this case increases in risk-taking may be welfare decreasing.
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7 Appendix

7.1 Existence, uniqueness and the second order conditions for
the investment banking problem

In the text the following equation was derived to characterize optimal behaviour in the

investment banking sector via a choice of A:

70 {”12 - 1} £7(s)ds = 0. (45)

n
A

First, it is established that no such solution for A need exist, and then that there may be
many solutions. As an example for which no solution exists, consider Pareto distribution
with pdf f(s) = as™*! for s > 1. Tt follows that (45) becomes

+oo

n—las™* .4 a—af(n—1 a
/{77 1 as ]dsA <Tl ] 1>. (46)
A

That expression is always positive if a > 7, and a solution to (45) does not exist. On the

other hand, if a = 7, any A is a solution to (45).

7.2 Existence

To establish general conditions for existence and uniqueness of a solution, it is clear that

one needs additional structure on the distribution function.

Definition 1 We call the number A the supremum of the domain of the pdf f, if Vo, x < A.
It follows that F(x) < 1, and liIriF(A) = 1. For the lognormal distribution A = +oo0.
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Definition 2 For any cdf F(x) with positive domain, we define the "inverse log hazard
function”

o (L= F(2))
We call it this since hy(z) = 1/h(x), where hy(z) = (1&«2‘8)) is the hazard function for
y = In(x). Indeed, F(X) =Pr(z < X) =Pr(y <InX) = F,(In X). One may also compute

the relation between the pdf x and pdf y.
(48)

It follows therefore that
f(x) _ fy(InX)
1—F@) 1-Fmx)

hi(z) =
To prove existence we will need the following assumption concerning the distribution:
Assumption Al:

(=P _
zh—r},laxhll( ) zf () 0

Proposition 6 There exists a solution to (45) if the inverse log hazard rate converges to
zero at the supremum of the domain,

A
/ [ — } (s)ds =0. (49)
A

Proof. Consider the function

A A
/{s—xnil}f(s)ds /sf(s)ds
gao(w) i= = c1-F(x) (f- Fx)z 7 - 1

It is easy to see that hH(l)ggo(.’E) = lin%% = +o0 > (. That implies that there exists a ¢ > 0,
such that for any = < ¢, gso(x) > 0. We now wish to prove that

zlgr}qggo(a:) <0.

Hence, we compute

A
/sf (s)ds
lim gs1(2) = (f*FW

Since both the numerator and the denominator converge to 0 and are differentiable, one
may establish if L’Hopital’s rule can be applied. Thus,

A

/sf (s)ds

- _ af (@) _ 1
11n1931( )= (1-F()z azf(x)— (1—F(z) 1_ 0-E@)’




And if liH}x (I;ﬁg)) = 0 the limit exists and lir{l4931 (x) = 1. Thus

. . 1
Lim g3o() = lim g3 (2) — % = aoT (50)

By the definition of limit, one concludes that there exist an z* such that for any = € [z* |
A), 931(17) < —% |

Corollary 7 If Assumption Al is true, and x is the largest solution to gso(z) = 0 then V
x1 > = we have that gso(x1) < 0.

Proof. We will give a proof by contradiction. Assume that there is a solution, x, such
that gso(z) = 0 and there exists x; > x, such that gso(x1) > 0. However, since Assumption
Al holds, formula (50) obtains, and there is a solution zy such that gso(xze) = 0 and
o > 17 > x. Therefore x is not the largest solution, and we have a contradiction. H
From corollary 7 one also concludes that if z is the largest solution, gj,(z) < 0 and

function g3o(z) cannot change sign from negative to positive at .

7.2.1 Uniqueness and the second order conditions

Now, we may formulate a sufficient condition for uniqueness of the solution to gso(x) = 0.

(1=F(z2))

22 f(z2) is a strictly decreasing

Assumption A2: The inverse log hazard rate,

function.

Corollary 8 If distribution F' satisfies Assumptions A1 and A2, then function gso(z) =0

changes sign only once from positive to negative.

Proof. We will give a proof by contradiction. Assume that there is a solution, z, such
that gso(x) = 0; and that gso(x) = 0 changes sign only once from negative to positive.
Then 1) g4y(x) > 0 and therefore

A
—af () [(1 = F(z))z] - [(1 - F(z)) — f ()] /Sf (s)ds

gho(z) = >0. (51)

(1 = F(x))a]”
As z is a solution, we can rewrite (51)

;oo 2f(x) I (=-F()
gz0(x) = - Flz)z <77—1 of (@) ) 2 0.

From Corollary 7 we know that there exist x5 > x, such that gso(z2) = 0, and g4,(z2) < 0.

That implies that
L (-F@) _,_ 1 _(-F@)
n—1 wof (xz2) -1 af (x)
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or that
(1-F(z)) _ (1= F(x2))
zf (z) h zaf (w2)

which contradicts Assumption A2. B

Function gso(x) is continuous and Corollary 8 implies that it changes sign only once
from positive to negative. Assumption A2 implies that there can be only one solution with
g30(z) = 0 therefore we can claim that there are no more than 2 solutions but only one
of them corresponds to the situation when gso(z) changes sign from positive to negative.

That solution will also satisfy the second order conditions of the initial problem.

Proposition 9 If the distribution satisfies Assumptions A1 and A2, there is a unique
solution x to gso(x) = 0 at which function gso(x) changes sign from positive to negative.

Only at this solution are both the first and the second order conditions satisfied.

7.2.2 Lognormal distribution

It remains now to verify that the lognormal distribution satisfies assumptions Al and A2.

A1l asserts that
(- Fe) _,

li 92
o f, (z) (52)
for normal distribution. Applying L’Hépital’s rule, it follows that
o A=FE@) . fy@) [ d o
TR gy e [T )
Hence, one needs to verify that for the normal distribution it is the case that
d —1
i [~ o 53

And since f, (z) = ﬁe_(””_“)z/mﬁ; and [—-L1In (fy(a:))]_l = 02/(x — p), condition (53)
is true for the lognormal function and Al is satisfied.

Moreover, Thomas (1971) shows that the normal distribution has an increasing hazard
rate. Therefore its inverse hazard rate is a decreasing function and assumption A2 is
satisfied. It follows that for the lognormal distribution the solution exists. Moreover, the

solution is unique and the second order conditions are satisfied.

7.3 Proof of Proposition 1

Proposition 1 I'’(ue) is an increasing and concave function. Therefore more favourable

systemic or macro shocks bring average returns closer to the contractual return. Moreover

I'°(0) =0 and limT®(z) = 1.
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Tue = n fe(e)de > 0. (54)
2T (ue) no1 [ ANTT fANTT
d(ue)? -1 (ue)? l<u£) (us) <0 (55)

We apply L’Hopital’s rule to prove the last statement in the proposition.

7.4 Existence of commercial banks’ default threshold

In this appendix we prove Proposition 2. First we show that there is a solution to (29)

+oo

/Fb(x)fug(m)dsc
gr2(z) == = T F) 5f1rb(z) = 0. (56)

It is useful to establish some basic properties of the function gi2(z). We do this in:

Lemma 10

. 1
zli{gogm(z) i <0; (57)

To prove the Lemma we apply L’Hoépital’s rule:

+o00o
/ I%(2) fue (v)dx

im —= = imw_ im T —
L Ty o S S . S

Proposition 11 There exists a solution to (29)
It is easy to see that g12(0) > 0. However from Lemma (10), there exists a z* such that
Vz > 2%, g1a(z) < _60?51' Moreover, as ¢12(2) is a continuous function, there is a solution

at which g12(y) = 0 since g12(y) changes sign from positive to negative.

Corollary 12 If y is the biggest solution to gso(y) =0 then ¥V z1 >y, g¢i2(z1) < 0.

We will give a proof by contradiction. Assume that there is a solution, y, such that
g12(y) = 0 and there exists x1 > y, such that gi1o(z1) > 0. However, because of formula
(57) there is a solution xs such that gi1a(x2) = 0 and x9 > x1 > y. Therefore y is not the

largest solution.
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7.5 The second order condition of the commercial bank problem

The initial problem is

cinN —6
max BV = / [ — 1} fue(x)dx (Rf(j)) BRI, (58)
RS (i).y R
Yy
s.t. REL) (y) = 1.
To proceed, we substitute in the constraint so that
o I(x) R! -
m;ixE\I/tH(y) = / [Fb(y) - 1} fue(@)dz | (T0(y )) BER! <R§> . (59)
Yy

The first order condition is
+o0 RN\ 9
d%mtmw = [ / (6= 1) Duela) — 6rua<y>>fue<x>dx] (T () ()"~ BER? (f;) ~0. (60)

or
Rh
Rc

d —0
. ) (1= Faly)).

and has the same sign as g12(y). The second order conditions are satisfied if and only if

BYs1(0) = 96 - 1) () ()" B R (o

g12(y) changes sign from positive to negative. However, we have proved that such a y

always exists.

7.6 Closed form solution

Here we show the derivation of the closed form solution to model presented in Table 2.
First, begin by rewriting some of the equations from Table 2 in the main text as follows,

11 A

Co = 5rdine W (61)
Yigr = Afu1QiAer 1Ny (62)
GELy = NOWRIT? (waersr) = N QAA ()11 Lhlteescres): (63)
Ciy1 = Yy — 9Giya; (64)
RE = sp/RIM (65)

Combining (61) with (65) results in (66) and substitution of (62) and (63) into (64) gives
(67)

11 1
97 (upq16
Cip1 = APNUA |upp1€p41 — g(st;;JHI) (67)
Where g := guLF (A)l/ "1 A. Combine the previous two equations with the consumption

Euler equation (M1) to obtain (37).
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7.7 Proof of Proposition 5 about employment under insurance

Here we consider insured separated banking versus insured universal banking. This is an

interesting comparison, with some real-world resonance. It will turn out that labour supply

is unambiguously higher under universal banking, that is regardless of g and ue. As to

whether universal banking is still preferable to separated banking, that will depend on

whether NY! < N*. To show that NV > N°!_ one needs to prove that TV > 151 where
+o0

['9(ue) + I (ug)
YUl = / G il 2
ue — g9 (ue)

+oo
TSI*/ 195 (ug) 4 TP (ug)
~ ) ug/Th(y) — gloS(ue)
0

As noted, for any realisation of the common shock we can prove that

09 (ue) + TP(ue) _ TP(y) [T99(ue) + I (ue)]
ue — gI's (ue) ue — glos(ue)l(y)
To prove that, we first show I'(ue) + I'*(ug) > I(y) [T9° (ue) + I (ue)] in Lemma 13.
Then in lemma 14, which is a statement about the size of bailouts across different banking
structures, we prove that I'(ueg) > T'9(ue)I(y). That establishes that for any common

shock ue and for any value of the government inefficiency, g,and therefore that TV! > 157,

Lemma 13 For any realisation ue,

T9(ue) + IP(ue) > T(y) [T95 (ue) + T (ue)] . (68)
Proof. First recall the definitions I'(ue) = min <%%; (1- Fb(us))> . Therefore
b . [g uE b .
I (ue) 4+ I'’(ue) = min (§1+g +T (ue),l) . (69)
The other definitions are
199 (ue) 4 T (ue) = min <§Fg(2)1ig + T (ue); 1) , (70)
. b ue .
where I'* = min <Frb((y)), 1) . Multiply (70) by I'’(y) so that
I'(y) [ng(ug) + Fbs(uzs)] = min (g qug + min(T'° (ue), I(y)); I‘b(y)) . (71)

Now we need to compare (71) with (69). Indeed

. (g ue b . (g ue b b b
min | =—— 4+ T’(ue);1 ) > min (| Z—— + min(I(ue), T’(y)); T
<91+g (ug) ) (gl+g (I (ue), I(y)) (y))

as %% + I(ue) > %#‘fg + min(I'(ue), I(y)), and 1 > T'(y) M

36



Lemma 14 For any realisation ue,
9 (ug) > T99(ue)P(y). (72)
Proof. We recall the definitions

I'(ue) = min (g;fg’ (1- Fb(ua))> ;

)0 1) = min (275 (0(0) = min [ 0); () )
to complete the proof we just need to show that 1 —I"(ue) > I'*(y) — min [I(ue); (I(y)] ;
which is certainly correct for both cases: when y < ue and when y > ue. R
It follows immediately from Lemmas 13 and 14 that YU! > Y57 and therefore that

NYI > N5T which completes the proof of Proposition 5.
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