DISS. ETH NO. 24299

INSIDE MONEY CREATION OUT OF THIN AIR:
A GENERAL EQUILIBRIUM PERSPECTIVE

A thesis submitted to attain the degree of
DOCTOR OF SCIENCES of ETH ZURICH
(Dr. sc. ETH Zurich)

presented by

SALOMON AMAEL FAURE

Ingénieur des Arts et Manufactures, Ecole Centrale Paris

Master of Science ETH in Management, Technology, and Economics, ETH Zurich

born on 28 April 1989

citizen of France and Germany

accepted on the recommendation of

Prof. Dr. Hans Gersbach, examiner

Prof. Dr. Antoine Bommier, co-examiner

2017



Abstract

We study inside money creation by commercial banks in today’s monetary archi-
tecture and examine the impact of monetary policy and capital regulation in a
general equilibrium setting. In our model, there are two production sectors, fi-
nancial intermediation, aggregate shocks, safe deposits, and two types of money
created: bank deposits created when banks grant loans to firms or to other banks,
and central bank money created when the central bank grants loans to private
banks. We demonstrate that in the baseline model, equilibria yield the first-best
level of money creation and lending when prices are flexible, regardless of mone-
tary policy or capital regulation. Under rigid prices, we identify the circumstances
in which money creation is excessive or breaks down, and the ones in which an
adequate combination of monetary policy and capital regulation can restore effi-
ciency. Under normal economic conditions, an adequate combination of monetary
policy and capital regulation can restore the existence of equilibria and efficiency.
A slump in money creation and lending can only be avoided if economic conditions
are sufficiently favorable. Our main findings can be extended to various changes to
our assumptions, such as the denomination of bonds and of profit maximization,
the extent of the macroeconomic shock, the form of the production functions in
the two sectors we defined, additional states of the world, the households’ risk
aversion, and the introduction of savings decisions, for example. Moreover, if the
real deposit rates do not adjust to the macroeconomic shock, we demonstrate that
only capital requirements that are sufficiently high can establish the existence and

uniqueness of efficient equilibria with banks. If banks incur costs in real terms for
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the issuance of their equity, we prove that governmental authorities can use mon-
etary policy and capital requirements to implement any welfare that is arbitrarily
close to the first-best welfare. We show that reserve requirements coupled with
haircuts are equivalent to capital requirements as to their effect on banks’ money
creation. We also show that inefficient asymmetric equilibria may also arise when
prices are flexible, but that these inefficient equilibria are eliminated if capital re-
quirements are sufficiently high, so that only the efficient equilibria with banks
persist. We find that deposit insurance increases welfare in our setting. If there
are financial frictions at bank level and if these frictions are not too intense, we
demonstrate that the second-best allocation can only be implemented by a com-
bination of monetary policy and capital regulation. Finally, we outline alternative
monetary architectures in which money is solely created by the central bank, and

we discuss some of their properties.



Résumé

Nous étudions la création monétaire par les banques commerciales et nous exam-
inons I'influence de la politique monétaire et des régulations en matiere de capitaux
propres sur cette création monétaire dans le cadre d’un modele d’équilibre général
fondé sur la structure du systeme bancaire actuel. Notre modele est composé de
deux secteurs de production, d’une intermédiation financiere, d’un choc qui affecte
toutes les entreprises d'un des secteurs de production, de I’assurance des dépots par
le gouvernement, ainsi que de deux monnaies: les dépots bancaires créés au mo-
ment ol les banques privées octroient des préts et la monnaie de banque centrale
émise lors d’'un emprunt d’'une banque commerciale a la banque centrale. Nous
démontrons que, dans le modele de référence, les équilibres sont associés au niveau
optimal de création monétaire et de crédit lorsque les prix sont flexibles, et ceci
indépendamment de la politique monétaire choisie et des régulations en matiere
de capitaux propres. Lorsque les prix sont rigides, nous identifions les circon-
stances macroéconomiques pour lesquelles la création monétaire est excessive ou
insuffisante, ainsi que celles pour lesquelles une politique monétaire adéquatement
combinée avec une réglementation des fonds propres rétablit ’existence d’équilibres
monétaires et la meilleure allocation des ressources: dans des conditions macro-
économiques normales, une politique monétaire et une réglementation des fonds
propres appropriées peuvent offrir un cadre propice a I'existence d’équilibres et a
la performance économique. Cependant, un effondrement de la création monétaire
et des crédits ne peut étre évité dans des conditions macroéconomiques trop

défavorables. Nos conclusions principales restent valables lorsque les hypotheses
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suivantes sont modifiées: quand le choc macroéconomique est global, quand la
forme des fonctions de production est généralisée, quand d’autres états macro-
économiques sont ajoutés, quand les ménages ont une aversion pour le risque, et
quand les ménages doivent consommer et investir en méme temps. De plus, si
les taux d’intéréts sur les comptes courants en termes réels ne s’ajustent pas au
choc macroéconomique, nous prouvons que seule une réglementation des fonds
propres assez stricte peut établir I'existence et 1'unicité d’équilibres optimaux.
Lorsque I’émission des fonds propres engendre des cotits pour les banques, nous
démontrons que les autorités gouvernementales peuvent coordonner la politique
monétaire et la réglementation des fonds propres pour atteindre tout niveau de
bien-étre social arbitrairement proche du niveau optimal. Nous démontrons que
la réglementation des réserves, associée a une décote sur les garanties, a un effet
équivalent a la régulation en matiere de capitaux propres sur la création monétaire.
Nous prouvons que des équilibres asymétriques peuvent aussi apparaitre lorsque
les prix sont flexibles et que certains de ces équilibres asymétriques sont associés a
une affectation inefficace des ressources. Ces équilibres peuvent étre éliminés par
I'instauration d’une réglementation des fonds propres assez stricte, de telle maniere
que seuls les équilibres impliquant une affectation efficace des ressources subsistent.
Nous découvrons aussi que, dans notre modele, la réglementation d’assurance des
dépots a un effet positif sur le bien-étre social. Nous démontrons que, lorsque
des frictions financieres sont introduites au niveau bancaire, la deuxieme meilleure
affectation des ressources peut étre implémentée par une combinaison adéquate de
politique monétaire et de réglementation sur les capitaux propres. Pour conclure,
nous donnons un apercu d’autres architectures monétaires pour lesquelles la mon-
naie serait seulement émise par la banque centrale et nous discutons certaines de

leurs propriétés.
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Chapter 1

Introduction

1.1 Motivation

“The essence of the contemporary monetary system is creation of
money, out of nothing, by private banks’ often foolish lending.”
Martin Wolf, 9 November 20101

Since the 2008 financial crisis and the ensuing Great Recession, the financial system
has been under tight scrutiny: The United States Congress passed the Dodd-Frank
Wall Street Reform and Consumer Protection Act? that represents the most sig-
nificant financial regulation overhaul in the United States since the 1930s.> The
Basel Committee on Banking Supervision established a comprehensive new in-
ternational regulatory standard known as Basel III, with more stringent capital
requirements.* Some countries like Switzerland unilaterally took a step further in
the level of capital requirements for systematically relevant institutions,® and many

prominent economists are calling for even higher capital requirements.® These new

1See Wolf (2010).

2See Senate and House of Representatives of the United States of America in Congress (2010).

3See Financial Times Lexicon (no date a).

4See Basel Committee on Banking Supervision (2010).

50n 21 October 2015, the Swiss Federal Council decided to implement a new set of capital
adequacy standards for systematically important banks. See Mathys (2015).

50ne example is given by Admati and Hellwig (2013).



2 Chapter 1. Introduction

regulatory measures are likely to enhance the resilience of the banking system and
reduce the moral hazard problem caused by bank bail-outs.” Still, most of the
literature that provides foundations for banking regulation has not addressed a
core feature of the monetary architecture in most developed countries yet, namely

the creation of money by commercial banks.®

The current monetary architecture works as follows: When commercial banks
grant loans to firms or households, they create deposits out of thin air: They
add two items to their balance sheets: First, they add a loan, which is an asset
and represents the promise of the borrower to repay the principal plus interest,
typically at a given maturity. Second, the banks add a liability, which is a promise
that the bank has to pay the principal to the borrower on demand, in terms of

banknotes created by the central bank, for example.”

To illustrate the money creation process and the ensuing transactions with balance
sheets,!” let us assume that there are two firms—Firm B (the Buyer) and Firm S
(the Seller)—and two banks—Bank b® and Bank b°. Firm B would like to buy a
good G at price pg from Firm S. However, Firm B has no money for this purchase
and it thus borrows some amount of money Ly = Dy > pe from Bank b%. We
assume that Firm B borrows more than pg, as it may want to buy other goods at
a later stage. We thus obtain Dy = Ly > pg. Once Bank b” has granted a loan to

Firm B, we obtain the balance sheets given in Table 1.1.

In the balance sheets, apart from Firm S’s ownership of Good G, which we denote
by Es, we do not consider any other banks’ and firms’ balance sheet item for the
sake of simplicity, and we only consider the case where Firm B does not transfer
its deposits to another bank. Firm B now buys the good from Firm S. Two
different situations may occur: Either Firm S opens a deposit account at Bank

b to receive the money or it opens an account at another bank, say Bank b°. In

"For example, Gersbach (2013) shows that higher equity ratio requirements mitigate moral
hazard at bank level.

8Hicks (1967) defines money by its functions: “Money is what money does”. Money typically
serves as a medium of exchange, a unit of account, and a store of value. Bank deposits at a bank
that is perceived as safe can thus be considered as money.

9There are other ways how money is created in our economy: Money is also created when
the private banking sector buys assets from the non-bank private sector.

10The process of money creation is described in McLeay et al. (2014), for instance.
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Firm B Firm S Bank bZ

Dy Ly G Eg Ly Dy

Table 1.1: Balance sheets after Bank b? grants a loan to Firm B. Source: Own
illustration.

the former case, the balance sheets are given in Table 1.2, where the deposits of

Firm B are denoted by D = Dy — pg and the deposits of Firm S are denoted by
Ds = pe.

Firm B Firm S Bank b%
Dp Ly Dg Eg Ly Dp
G Dg

Table 1.2: Balance sheets after Firm B has purchased the good from Firm S in
the case where Firm S opens an account at Bank b”. Source: Own illustration.

In the case where Firm S opens an account at Bank b°, Bank b” either has to pay
Bank b° to transfer the deposits or Bank b° has to grant Bank b” a loan, if the two
banks agree on such a loan contract. In the former case, as Bank b” does not have
any central bank money—in the form of banknotes for example—to pay Bank b°
and as it cannot pay with the loan it has granted to Firm B, it has no other choice
but to apply for a loan from the central bank.!* When Bank b” borrows from the

central bank, the balance sheets are given in Table 1.3.

Now Bank bf is able to pay Bank b° the amount pg, and we obtain the balance
sheets given in Table 1.4. Alternatively, Bank b° may grant a loan to Bank b”.

Then the balance sheets are given in Table 1.5, where L;p = pg.

1Tn practice, central banks mostly grant loans only against some collateral, whose value has
to exceed the principal of the loan plus a so-called “haircut” that depends on the quality of the
collateral and is normally given as a percentage of its value.
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Bank bZ Central Bank
Ly Dg Leg | Des
Dcp | Les

Table 1.3: Balance sheets of Bank b” and the central bank in the case where Firm
S opens an account at Bank »° and Bank b® borrows from the central bank an
amount Lop = Deop = pg. Source: Own illustration.

Bank b2 Bank b° Central Bank
Lo Dg Decp | Ds Lep | Des
Leg

Table 1.4: Balance sheets after Firm B has purchased the good from Firm .S in the
case where Firm S opens an account at Bank b° and Bank b? settles its liability
to Bank b° with central bank money, which it has obtained via a loan. Source:

Own illustration.

Bank bZ Bank b°
Lo Dpg Lip | Ds
Lip

Table 1.5: Balance sheets after Firm B has purchased the good from Firm S in
the case where Firm S opens an account at Bank b° and Bank b° grants a loan to
Bank b”. Source: Own illustration.

From this simple stylized example, we can infer some observations. First, if we use

the terminology of Gurley and Shaw (1960),'? money in the form of bank deposits

12See Lagos (2006) for a detailed discussion of the definition of inside and outside money
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or central bank deposits is called “inside money” in this simple example and there

is no “outside money”.!3

Second, a bank does not need central bank money before granting a loan. It first
grants a loan and then refinances the part of the deposits that the borrower uses
to make payments. However, banking models in real terms'* use an approach to
banking according to which households first provide banks with physical goods
against deposit or equity contracts. Banks then lend these physical goods to
firms or to other households. This approach—thereafter called the “loanable-funds
approach”—clearly does not represent the actual simultaneous process of lending
and money creation: Loans are not created by deposits, but deposits are created
by loans. As the more realistic approach—thereafter called the “money creation
approach”—is fundamentally different from the loanable-funds approach, it is a
priori not clear if using the money creation approach to banking would affect the
conclusions of banking models based on the loanable-funds approach. Jakab and
Kumbhof (2015) use a DSGE model framework to argue that the two approaches

imply very different results.

Third, unless new loans are granted, loans are repaid or deposits are withdrawn
in the form of banknotes and coins,'® the amount of deposits in the economy is

constant. If no additional banknote or coin is put into circulation, the amount

by Gurley and Shaw (1960). An alternative definition used in the literature is given by White
(1983), for instance. According to this definition, outside money is the money created by the
central bank, which comprises banknotes, coins, and central bank reserves. Inside money is “bank
liabilities such as deposits transferable by check, usually privately produced, whose value derives
from their being redeemable for basic cash”.

13The definition of outside money by Gurley and Shaw (1960) given in Lagos (2006) is as
follows: Outside money is a medium of exchange “of a fiat nature (unbacked) or backed by some
asset that is not in zero net supply within the private sector of the economy. The qualifier outside
is short for (coming from) outside the private sector. Inside money is an asset representing, or
backed by, any form of private credit that circulates as a medium of exchange. Since it is one
private agent’s liability and at the same time some other agent’s asset, inside money is in zero
supply within the private sector. The qualifier inside is short for (backed by debt from) inside
the private sector.”

4Examples of such banking models in real terms include Gersbach (2013), Gersbach et al.
(2015b), and Gersbach et al. (2015c¢).

15This terminology is inspired by Jakab and Kumhof (2015), who call a model of banking
based on this approach an “intermediation of loanable-funds (ILF) model of banking”.

16Tn this case, the bank would ask the central bank for a loan and would exchange the digital
central bank money against banknotes and coins.



6 Chapter 1. Introduction

of deposits in the economy is only influenced by banks’ lending and firms’ and

households’ repayment of loans.

Fourth, if a bank grants loans, part of the deposits it creates will flow to other
banks, part of the deposits will eventually flow back to the bank, and finally, part
of the deposits will be kept at the banks, which implies that the bank that initially
granted loans does not necessarily need to borrow the full amount of the loans from

the central bank or from other banks to meet its obligations to the depositors.

Fifth, as long as households do not withdraw their deposits to obtain money in
physical form, there is no need for banknotes and coins. Moreover, as long as in
addition, banks exclusively lend money to each other, there is no need for banks
to borrow from the central bank or to hold central bank money at all, assuming

that there is no reserve requirement and that there is no outside money.

From these last observations, we may wonder which proportion of money is cre-
ated by banks and which proportion is created by the central bank in practice. In
Switzerland, in December 2016, notes and coins represented 15% of the monetary
aggregate M1, defined by the Swiss National Bank as being sight deposits, deposits
in transaction accounts, and notes and coins.!” In the UK, in February 2017, notes
and coins represented 5% of the monetary aggregate M1, which the Bank of Eng-
land defines as being the outstanding amount of monetary financial institutions’
liabilities to private and public sectors.'® Money is thus mainly created by com-
mercial banks, when they grant loans to households or firms.!® It is interesting
to note that among the population, the understanding of money creation by com-
mercial banks is limited. For instance, Nietlisbach (2015) indicates that according
to a survey performed in Switzerland in 2015, only 13% of the respondents were

aware that most of the money is created by commercial banks.

In the light of these observations, the following research questions arise.

"Own calculations. Source: http://www.snb.ch/en/ (retrieved on 5 March 2017).
80Own calculations. Source: http://www.bankofengland.co.uk (retrieved on 5 March 2017).
YNote that commercial banks can also create money in a similar way when they buy assets.
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1.2 Research Questions

In all subsequent questions, we use the abbreviated expression “money creation”

for “inside money creation by commercial banks”.

Q1: How is money creation controlled?

Q2: Which combinations of policy rates and capital requirements lead to socially
efficient levels of money creation, which intermediate the investment goods

from the households to the production sectors optimally?
Q3: How do reserve requirements and haircuts impact money creation?

Q4: How do monetary policy, capital requirements, and reserve requirements

coupled with haircuts impact banking stability?
Q5: Which role does deposit insurance play with regard to money creation?
Q6: How do financial frictions influence money creation?

QT7: Which sets of policies can help stimulate the economy in a downturn when

the central bank interest rate is already at the zero lower bound?

1.3 Approach

As all our research questions require a detailed understanding of agents’ incentives
as well as their influence on each other, a sequential general equilibrium approach
with four types of agents—households, firms, banks, and government authorities—
is necessary to study money creation. We depart from the literature modeling
outside money?® by exclusively considering endogenously created inside monies

21

and the incentives for their creation.”® Endogenous inside money creation and

its control (question Q1) can only be studied properly in a model that replicates

20Shubik and Wilson (1977) and Dubey and Geanakoplos (1992, 2003a,b) show that outside
money can have positive value in a finite-horizon model when, first, there are sufficiently large
penalties when debt to governments—such as tax liabilities—is not paid and, second, when there
are sufficiently large gains from using and trading money.

21 A simple explanation why central bank money in our model is also inside money is that the
central bank creates an asset that is in zero net supply within the private sector (cf. definition
given in Lagos (2006)).
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the structure of today’s monetary architecture. In particular, we build the two-
tier structure with privately created and publicly created monies in our general

equilibrium model.

More specifically, we consider a two-period general equilibrium model with two
production sectors and one investment good. In Period ¢ = 0, investment takes
place in both sectors. In one sector, firms can obtain direct financing from the bond
market and thus from households. In the second sector, firms can only be financed
by bank loans. At the beginning of Period ¢ = 1, the production technologies
transform the investment good into a consumption good. The gross rates of return
are impacted by a macroeconomic shock. At the end of Period ¢ = 1, households

consume the consumption good.

Banks grant loans to firms in one sector, thereby creating money (privately created
money) in the form of deposits, which enable them later to buy the investment
goods and thus serve as a means of payment and as a store of value.?? Households,
who are initially endowed with the investment good, sell some amount of it to the
latter firms in exchange for firms’ deposits enabling households to invest in bank
equity and bank deposits. Households then directly provide the remaining amount
of the investment good to the firms in the other sector in exchange for bonds
promising the delivery of some amount of consumption good after production in

the next period.

The payment processes are supported by a central bank that sets the policy rate
and creates reserves (publicly created money) when it grants loans to commercial
banks. Banks facing an outflow of deposits to other banks that is higher than the
inflow—and hence net debt against other banks—can refinance themselves at the
central bank freely at the policy rate. These banks can fulfill the claims of other
banks by paying with their reserves, which are claims against the central bank.

The publicly created money is thus often called “central bank money”. Banks that

22We directly impose a deposit-in-advance constraint, i.e. households can only buy physical
goods with bank deposits. Such constraints—usually in the form of cash-in-advance constraints—
have been introduced by Clower (1967) and Lucas (1982). For a discussion of their microfoun-
dations, see Shi (2002). Microfounded approaches to monetary policy include Lagos and Wright
(2005). Their model, however, only considers exogenously created outside money. We build on
these microfoundations, but we then depart from this approach by concentrating on the process
of inside money creation and the banks’ incentives for its endogenous creation.
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have net claims against other banks will thus receive reserves at the central bank
and interest payments according to the policy rate. Therefore, the central bank

policy rates will steer the banks” money creation (question Q2).

Governmental authorities impose either a minimum equity ratio requirement or a
minimum reserve requirement coupled with haircuts on borrowing from the central
bank, which banks have to comply with at the end of Period ¢ = 0. In a general
equilibrium perspective, these constraints at the end of Period ¢t = 0 will be taken
into account in the banks’ lending decisions at the beginning of Period t = 0
(questions Q2 and Q3). We consider both the case where banks maximize the
shareholders’ value and the case where there are financial frictions at bank level,
for example, in the sense of Holmstrém and Tirole (1997). Both cases are very
different in terms of the banks’ incentive to create money, and we can then examine

how the introduction of financial frictions influences this money creation (question
Q6).
Figure 1.1 summarizes the agents’ interactions during Period ¢ = 0.

Flow of physical good
Flow of money
«—— Flow of claims

Market for
investment good I. = Investment good
D. = Deposits

L. = Loans

S. =Bonds

E. = Equity

Entrepreneurs R. = Reserves

Frictionless
Technology (FT)

Entrepreneurs
Moral Hazard
Technology (MT)

Households

Market for
consumption good

Government Central Bank

Figure 1.1: Flows and interactions during Period ¢t = 0. Source: Own illustration.

At the beginning of Period t = 1, a macroeconomic shock occurs and affects
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the output from production. The firms’ production technologies transform the
amount of investment good acquired in the previous period into some amount of
consumption good. An economy in a downturn can then be easily modeled as
being an economy for which the rate of production of the consumption good in
terms of the investment good is sufficiently low in all states of the economy. We
can then study how this parameter influences the banks’ money creation (question
Q7).

The firms directly financed by bonds repay them by delivering the amount of con-
sumption good due, which means that bonds are real assets. The other firms sell
the amount of produced consumption good to households in exchange for deposits.
These latter firms use the deposits to repay bank loans. When borrowers pay back
loans, the deposits originally created during Period ¢ = 0 are destroyed. Since
repayments by borrowers depend on the macroeconomic shock, the items in the
banks’ balance sheets are risky. As banks’ shareholders are protected by limited
liability, some banks may default on depositors. As monetary policy, capital re-
quirements, and reserve requirements together with haircuts will have an impact
on the banks’ lending decisions, they will also impact the banks’ stability (ques-
tion Q4). The households’ deposits may be either fully insured by government
authorities or not insured, which enables to investigate the role of deposit insur-
ance with regard to money creation (question Q5). To guarantee the value of
deposits, the government resorts to lump-sum taxation if some banks default and
households’ deposits are indeed protected by deposit insurance. The dividends
of non-defaulting banks are paid to households in the form of deposits. At the
end of Period ¢ = 1, households consume the consumption good. We focus on
a complete market setting in the sense that all contracts can be conditioned on
macroeconomic events®® and we consider both the case where prices are flexible,
i.e. where they can adjust to the macroeconomic shock, and the cases where prices

are rigid, which means that they do not react to macroeconomic conditions.

Figure 1.2 summarizes the agents’ interactions during Period t = 1.

23The market setting is incomplete in two other respects: Payments must be made with bank
deposits, and households cannot invest in all firms directly. The firms in one sector rely on
financial intermediation.



1.8. Approach

Market for

investment good

Entrepreneurs
Frictionless
Technology (FT)

Households

Market for
consumption good

Government
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Flow of physical good
«—— Flow of money
«<—— Repayment of claims

C. = Consumption good
D. = Deposits

L. = Loans

S. =Bonds

T. = Taxes

Entrepreneurs R. = Reserves

Moral Hazard
Technology (MT)

Central Bank

Figure 1.2: Flows and interactions during Period ¢t = 1. Source: Own illustration.

It is a priori not clear how some of our assumptions affect our results, and we

perform several robustness checks in Chapters 3 to 4, using the model of Chapter

2 as a baseline model.

Finally, one important remark is in order. The features of our model entail results

of knife-edge type. For instance, money

creation is either at optimal level, explodes,

or collapses to zero. This has the advantage of illustrating in the simplest and most

transparent way both the forces at work and the appropriate monetary policy and

capital regulation.
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1.4 Results

1.4.1 Money Creation in a General Equilibrium Model
(Chapter 2)

The analysis of the model of Chapter 2 produces three main insights. First, with
perfectly flexible prices, i.e. prices adjusting perfectly to macroeconomic condi-
tions, equilibria with money creation are associated with the first-best allocation,
regardless of the central bank’s monetary policy. If prices are rigid, there is a cen-
tral bank policy that induces socially efficient money creation and lending. But
for all other central bank policies, money creation collapses or explodes, there
is no financial intermediation, and the allocation is inefficient. Capital regula-
tion in the form of a minimum equity ratio requirement that is sufficiently strict
can supplement some of the latter central bank policies and restore socially effi-
cient money creation and lending. Second, with price rigidities and the zero lower
bound, there may not even exist a feasible central bank monetary policy inducing
socially efficient money creation and lending. Again, a capital regulation that is
sufficiently strict together with an appropriate monetary policy can limit money
creation and—under normal economic conditions—can implement the first-best
allocation. Third, with rigid prices and the zero lower bound, capital regulation
and monetary policy can merely avoid a slump in money creation and lending if

economic conditions are sufficiently favorable.?*

1.4.2 Generalizations and Variations of the Model with

Money Creation (Chapter 3)

In the absence of moral hazard, firms and banks maximize the shareholders’ value,
which is expressed in real terms. However, in the model of Chapter 2, we assume
that agents maximize their profits in nominal terms. We show that in our set-

ting, these two formulations are equivalent. For the remainder of the thesis, we

24Formally, this means that there is a positive probability that the real interest rate is above
zZero.
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will assume that firms and banks maximize profits in real terms unless otherwise

specified.

In the model of Chapter 2, bonds are denominated in real terms. In a formulation
where the bonds are denominated in nominal terms, the payment processes are
more complex, as they may involve several rounds of payments—which, however,
do not involve conceptual changes—, and these payment processes have to be re-
written. Moreover, additional constraints on equilibria with banks must hold to
ensure that in equilibria with banks, firms do not default. Under these new no-
default conditions, we show that this formulation is equivalent in the sense that it
implies qualitative results that are identical to the formulation with denomination

of bonds in real terms.

We also demonstrate that the assumption that the macroeconomic shock only
impacts the firms financed by banks is not critical for our conclusions and that
we could allow the shock to also impact firms financed by households. Again,
this would only require that a no-default condition is added to the definition of
equilibria with banks. Similarly, replacing the linear production function of the
technology financed by banks by a general concave function does not change our
findings qualitatively, as long as some new assumptions about this function hold.
Yet, it requires no-default conditions to hold in any equilibrium with banks. We

also generalize our results to N > 2 states of the world.

When the real deposit rates cannot be written contingently on the state of the
world, no equilibrium with banks exists if no capital requirement is imposed. A
capital requirement, however, can restore the existence of equilibria with banks.
For low capital requirements, there are only inefficient equilibria with banks and
with sufficiently high capital requirements, only efficient equilibria with banks

exist.

When banks incur costs in real terms for the issuance of their equity, the banks’
incentive to create money is impacted by these costs. If prices are flexible and
there is no capital requirement, there is no equilibrium with banks when the costs
of equity issuance are positive but small enough, and there is a set of inefficient
equilibria with banks when the costs of equity issuance are sufficiently high. In the

latter case, the government authorities are thus unable to implement the second-



14 Chapter 1. Introduction

best allocation. However, when prices are rigid and there is a minimum equity
ratio, the government authorities can implement any welfare arbitrarily close even
to the first-best welfare.

Finally, we prove that reserve requirements and haircuts are equivalent to a capital
requirement in the sense that they have a similar effect on banks” money creation

and that they thus do not impact any equilibrium variable differently.

1.4.3 More Sophisticated Households’ Problems in the Model
with Money Creation (Chapter 4)

In Chapter 2, households are risk-neutral. We demonstrate in Chapter 4 that for
flexible prices, our main result still holds when households are risk-averse for an
arbitrary concave utility function, i.e. we prove that the allocation is first-best for
any central bank policy rates and we illustrate this result with a particular concave
utility function, namely the quadratic utility function, and a linear production

function, from which closed-form solutions can be derived and interpreted.

In the macroeconomic model of Chapter 2, no investment-consumption decision
is taken by households. In a model with an initial investment-savings decision by
households, we demonstrate that the first-best allocation is still implemented in a

competitive equilibrium.

1.4.4 Changes in Critical Features of the Model with Money
Creation (Chapter 5)

In Chapter 2, we only consider symmetric equilibria with banks. We demonstrate
that when prices are flexible, there are inefficient asymmetric equilibria with banks,
along with efficient equilibria, and we show that these inefficient equilibria are
eliminated by sufficiently high capital requirements. Moreover, when prices are
rigid and the central bank policy rates are not equal to the real gross rates of
return, there is no symmetric equilibrium with banks, and inefficient asymmetric

equilibria with banks may appear. In the latter case, only capital requirements
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can establish the existence of efficient equilibria with banks.

In the absence of deposit insurance, we prove that there never exists an inefficient
equilibrium with banks and we show that when prices are rigid, deposit insurance
eliminates inefficient equilibria with banks, thus potentially leaving only the inef-
ficient equilibria without banks. As equilibria without banks implement a lower
welfare than inefficient equilibria with banks, we can thus conclude that deposit

insurance increases welfare in our setting.

When there are financial frictions at bank level, there only exist equilibria with
banks when a capital requirement is imposed. Moreover, there only exist equilib-
ria with banks that implement the second-best allocation when the intensity of

financial frictions is sufficiently low.

Finally, we describe alternative monetary architectures, for which money is cre-
ated by the central bank alone. In a Decentralized Deposit System, the banks’
default against households is still possible. However, the banks’ incentive to grant
loans may differ according to the existence of a rationing scheme. The important
consequence is that in the presence of a rationing scheme, money creation is lim-
ited and that there may thus be inefficient equilibria with banks when prices are
flexible. In a Centralized Deposit System, banks cannot default on households, and
either there is no equilibrium with banks or the prevailing equilibria with banks

are efficient.



Chapter 2

Money Creation in a (General
Equilibrium Model

Abstract!

We study inside money creation by commercial banks in today’s
monetary architecture and examine the impact of monetary pol-
icy and capital regulation in a general equilibrium setting. In our
model, there are two production sectors, financial intermediation,
aggregate shocks, safe deposits, and two types of money created:
bank deposits created when banks grant loans to firms or to other
banks and central bank money created when the central bank grants
loans to private banks. We demonstrate that equilibria yield the
first-best level of money creation and lending when prices are flex-
ible, regardless of monetary policy or capital regulation. Under
rigid prices, we identify the circumstances in which money creation
is excessive or breaks down, and the ones in which an adequate
combination of monetary policy and capital regulation can restore
efficiency. Under normal economic conditions, an adequate com-
bination of monetary policy and capital regulation can restore the
existence of equilibria and efficiency. A slump in money creation
and lending can only be avoided if economic conditions are suffi-
ciently favorable.

!This chapter is joint work with Hans Gersbach and was published as “Money Creation
and Destruction”, Center for Financial Studies Working Paper 555, (2016) as well as “Money

16
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2.1 Introduction

2.1.1 Motivation and Approach

Money is predominantly held by the public in the form of bank deposit contracts.?
These deposits are typically created by the banks’ lending decisions. How is such
money creation controlled, and how can it be steered towards socially desirable

levels? These long-standing questions are the focus of our research.?

For several reasons the constraints on asset and money creation in the commercial
banking system in today’s architectures have received renewed attention recently
(see McLeay et al. (2014)). First, the price of reserves, i.e. the short-term interest
rate, has widely replaced traditional quantity instruments in the form of reserve re-
quirements, which do not restrict lending directly.* Moreover, at exceptional times
some central banks purchase securities or lend to banks at low and even negative
interest rates. Whether such policies trigger corresponding money creation and

foster economic activities is unclear.

In Chapter 2 we develop a sequential general equilibrium model to study these
issues. Bank deposits are essential to buy physical goods, and these deposits are
created in the lending process by banks for firms that can only obtain funds through

monitored lending. The central bank sets an interest rate (or policy rate) at which

Creation, Monetary Policy, and Capital Regulation”, Centre for Economic Policy Research Dis-
cussion Paper 11368, (2016) (cited as Faure and Gersbach (2016a) and Faure and Gersbach
(2016b), respectively). The research on which this chapter is based was supported by both the
SNF project no. 100018_137570 “Monetary Policy and Banking Regulation in Normal Times and
Crises” and the Risk Center project “ETH48 Systemic Risk — Systemic Solutions”.

2The use of banknotes and coins in daily transactions today is low. For instance Bennett
et al. (2014) estimate the share of the volume of payments made in cash in the US at 14%.

3Gurley and Shaw (1960) and Tobin (1963) are well-known contributions. For instance,
Tobin (1963) established the so-called “new view” by stressing that there are natural economic
limits to the amount of assets and liabilities the commercial banking industry can create.

4Based on a 2010 IMF survey of 121 central banks, Gray (2011) describes the main purposes
of reserve requirements and points out that nine countries do not have any reserve require-
ments, including the United Kingdom, Australia, Mexico, and Canada. Similarly, Carpenter and
Demiralp (2012) show that the standard money multiplier model cannot explain the relationship
between reserves and money. For instance, they point out that reserve balances held at the Fed
increased dramatically—by a factor of at least 50—from July 2007 to December 2008 and that
no similar increase in any measure of money could be observed during this time frame.
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banks are able to refinance themselves and which they can earn by holding reserves
at the central bank. Households sell their endowment of investment goods to firms
and choose a portfolio of bank equity, bank deposits, and bonds. Consumption
goods are produced by firms and sold to and consumed by households. With the

proceeds, banks and firms pay dividends and reimburse bonds and loans.

2.1.2 Relation to the Literature

Our research is inspired by the long-standing issue of the limits on money creation
by commercial banks in a world where money is fiat. Independently of this work,
Jakab and Kumhof (2015) construct a DSGE model in which a bank can create
money. They show quantitatively that shocks have larger effects on bank lending
and on the real economy than in the corresponding loanable-funds model in which
banks are constrained by resources provided by depositors. We focus on the welfare
properties of general equilibrium models when private banks compete with regard

to money creation—both in the absence and presence of price rigidities.
Conceptually, our research is connected to three further strands of the literature.

First, one important line of reasoning and the corresponding models show that
fiat money can have positive value in a finite-horizon model when, first, there are
sufficiently large penalties when debts to governments—such as tax liabilities—
are not paid and, second, there are sufficiently large gains from using and trading
money (Dubey and Geanakoplos, 1992, 2003a,b; Shubik and Wilson, 1977).5 To
this literature we add the two-tier structure with privately and publicly created
monies. Commercial banks create bank deposits (privately created money) when
they grant loans to firms enabling them to buy investment goods. Bank deposits
will be used later by households to buy consumption goods.® The central bank

creates reserves (publicly created money) when it grants loans to commercial banks

5There are various important approaches to constructing general equilibrium models with
money to which we cannot do justice in our model. We refer to Huber et al. (2014) for a summary
of the reasons why the value of fiat money can be positive in finite and infinite horizon models.

6We will directly impose a deposit-in-advance constraint, i.e. households can only buy
physical goods with bank deposits. Such constraints—usually in the form of cash-in-advance
constraints—have been introduced by Clower (1967) and Lucas (1982). For a discussion of their
foundations, see Shi (2002).
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enabling them to settle claims on privately created money among banks. The

publicly created money is often called “central bank money”.

Second, beside their role in money creation, the existence of banks in our model is
justified by their role as delegated monitors.” In this respect, our research builds on
the seminal work by Diamond (1984), whose rationale for the existence of financial
intermediaries relies on economies of scale in monitoring borrowers under moral
hazard. Furthermore, Boot and Thakor (1997) provide a rationale explaining why
financial markets and banks can coexist. They show that high-quality firms can
borrow directly from the financial markets and that the moral hazard problem
can be alleviated by banks’ monitoring activities. Similarly, Bolton and Freixas
(2000) develop a model based on asymmetric information with equity and bond
issues as well as bank loans. They show that safe firms borrow from the bond
market, whereas riskier firms are financed by banks. Based on these insights we
construct our model on the assumption that there are two different types of firms.
The first type encompasses small and opaque firms, which are risky and need to
be monitored by banks to get financing. The second type assembles large firms,
which are safe and can obtain financing directly from households through bond

1ssues.

Third, a large body of literature on banks in partial or general equilibrium has
provided important insights on how appropriate capital regulation may reduce
excessive risk-taking and stabilize credit cycles.® We examine the role of capital

regulation with regard to money creation.

2.1.3 Main Insights

The analysis of our model produces three main insights. First, with perfectly flex-

ible prices, i.e. prices adjusting perfectly to macroeconomic conditions, equilibria

"For a complete account of the role of banks as delegated monitors, see Freixas and Rochet
(2008).

8Recent general equilibrium models are developed by Gersbach and Rochet (2017) to provide
a foundation for counter-cyclical capital regulation and Gersbach et al. (2015b) on the role
of capital regulation as an equilibrium selection device. Cao and Iling (2015) model banks’
incentives to overinvest in illiquid assets and provide a rationale for ex ante liquidity coverage
requirements.
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with money creation are associated with the first-best allocation, regardless of the
central bank’s monetary policy. If prices are rigid, there exist central bank policies
for which money creation collapses or explodes. In the only equilibrium possible,
in these cases, there is no financial intermediation, and an inefficient allocation oc-
curs. Appropriate central bank policy can restore socially efficient money creation
and lending. Second, with price rigidities and the zero lower bound, there may
not exist a feasible central bank monetary policy inducing socially efficient money
creation and lending. Capital regulation in the form of a minimum equity ratio
and monetary policy can jointly limit money creation and under normal economic
conditions restore the existence of equilibria with socially efficient money creation
and lending. Third, when prices are rigid, the central bank’s choice of zero interest
rates? and appropriate capital regulation can only avoid a slump in money creation

and lending if economic conditions are sufficiently favorable.!?

One important remark is in order. The features of our model entail results of
the knife-edge type. For instance, money creation is either at optimal level, or
explodes, or collapses to zero. This has the advantage of illustrating in the simplest
and most transparent way both the forces at work and appropriate monetary policy

and capital regulation.

2.1.4 Structure

The set-up of the model is outlined in Section 2.2. Section 2.3 derives the resulting
equilibria and their welfare properties and the role of capital regulation when prices
are perfectly rigid and the central bank policy rate is constrained by the zero lower

bound is analyzed in Section 2.4.

9Since the central bank chooses its interest rate before the shock is realized, such monetary
policy commitment can be called Forward Guidance.

0Formally, this means that there is a positive probability that the real interest rate is above
zZero.
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2.2 Model

The economic activities of the four types of agent—entrepreneurs, bankers, house-
holds, and the government—are described in Subsections 2.2.1 and 2.2.3. Subsec-
tion 2.2.2 describes the macroeconomic shock. The institutional set-up is given
in Subsection 2.2.3. The sequence of decisions by the agents and the markets
across the two periods (¢ = 0, 1), including all payment processes, are detailed in

Subsection 2.2.4. Subsection 2.2.5 defines the notion of equilibrium.

2.2.1 Agents

Entrepreneurs

Two different technologies are employed by firms to transform the investment good
into a consumption good. These firms are run by entrepreneurs, who only play a

passive role and simply maximize the value of shareholders.

There is a moral hazard technology called hereafter Sector MT or simply MT.
Entrepreneurs running the firms employing this technology are subject to moral
hazard and need to be monitored.!* We use!? Ky € [0, W] to denote the aggregate
amount of investment good invested in M'T, where W > 0 denotes the total amount
of the investment good in the economy. An investment of Ky; produces KyntRv
units of the consumption good, where Ry; > 0 denotes the real gross rate of

return.'?

There is a frictionless technology referred to hereafter as Sector F'T or simply FT.

Entrepreneurs running the firms employing this technology are not subject to any

" Typically, Sector MT comprises small or opaque firms that cannot obtain direct financing.

12To differentiate nominal from real variables—investment or consumption goods—we express
the latter in bold characters. Furthermore, to distinguish individual quantities from aggregate
quantities, the former are denoted by small letters, the latter by capitals.

13We define a real gross rate of return—also called hereafter real gross rate or simply gross
rate—as being the amount of the consumption good produced by investing one unit of the
investment good. Similarly, we define a nominal gross rate of return—also called hereafter
nominal gross rate or simply gross rate—as being the amount of money which has to be repaid
to the creditor by the debtor per unit of nominal investment.
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moral hazard problem.!* We use K¢ € [0, W] to denote the aggregate amount of
investment good invested in FT and f(Kg) to denote the amount of consumption
good produced by FT. We assume ' > 0 and f” < 0 as well as the following

conditions:

Assumption 1

(W) < Ry < £(0).

In words, the above assumption ensures that the expected total production can
never be maximized by allocating the entire amount of the investment good to one

sector of production.

Firms in MT and FT are owned by households, and as long as they are positive,
the resulting profits from both technologies, denoted by II,; and Ilg, are paid
to owners as dividends. The shareholders’ values in nominal terms are given by

max(Ilys,0) and max(Ilg, 0), respectively.

Bankers

There is a continuum of banks labeled b € [0, 1] and operated by shareholders’
value-maximizing bankers.!> At the very beginning, banks are only labels or indices
and offer equity contracts. We assume that each bank receives the same amount
of equity financing, denoted by eg. The aggregate amount is denoted by Eg. As
the measure of banks is 1, the aggregate amount is numerically identical to the
individual amount eg. For the time being, we will concentrate on constellations
with Ez > 0 and thus on circumstances in which banks are founded'® and can

engage in money creation and lending activities.!” For simplicity, we assume that

M Typically, these entrepreneurs run well-established firms that do not need to be monitored
for repayment after having borrowed money.

5Without loss of generality we assume that bankers maximize the shareholders’ value in
nominal terms, as this assumption eases the presentation of our results in Chapter 2. In Chapter
3 in Section 3.1, we show that the same model with shareholders’ value maximization in real
terms is equivalent. However, the maximization of shareholders’ value in real terms is more
appropriate, as shareholders’ utility only depends on real and not nominal variables, and we use
this formulation generally in Chapters 3 to 5 unless otherwise specified.

16 Typically, banks need to have some minimal equity to obtain a banking license.

17The case Eg = 0 will be discussed in Subsection 2.2.4.
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banks can perfectly alleviate the moral hazard problem when investing in MT by
monitoring borrowers and enforcing contractual obligations. Moreover, we assume
that monitoring costs are zero. Banks provide (nominal) loans to firms in Sector
MT at a lending gross rate R;. The individual and aggregate amounts of loans
are denoted by 1§, and Ly, respectively. We can express the ratio of individual
lending by Bank b to average lending by banks as o}, := Ly 8

VL
By granting loans to firms in MT, Bank b simultaneously creates deposits d4, =
15, We use Dy = Ly to denote aggregate private deposits. d4, (or o) is
the distribution of MT firms’ deposits across banks. In the course of economic
activities, these deposits will be transferred to households that will keep them to
buy some amount of the consumption good. We assume that households keep
deposits evenly distributed across all banks at all times. For example, they never
transfer money from their account at one bank to another bank. Bank owners
are protected by limited liability, and as long as they are positive, the resulting
profits of Bank b, denoted by I1%, are paid as dividends to owners. The bank

shareholders’ value and the gross rate of return on equity are given by max(Il%, 0)

max(I1%,0
and mex(l3,0)

o respectively.

Households

There is a continuum of identical and risk-neutral’® households represented by
[0,1]. They are the only consuming agents in the economy. We can focus on a
representative household initially endowed with W units of the investment good
and ownership of all firms in the economy. It sells a part of its endowment of
the investment good to firms in MT against bank deposits. Then it chooses a
portfolio of bank equity and bank deposits and lends the remaining endowment

of the investment good directly to firms in FT against bonds.?® The dividends

18Ag the continuum of banks is of a measure equal to one, the aggregate lending Lj; can
also be interpreted as the average lending per bank and o4, as the ratio of individual lending to
average lending.

9 Household risk aversion would require more elaborate portfolio decisions. A detailed analysis
is given in Chapter 4 in Section 4.1.

20 Alternatively, we could assume that firms in FT are only financed by equity. Since house-
holds are the only agents financing firms in FT and financing is frictionless, they are indifferent
between different capital structures, and this would not affect our results.
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from firm ownership and bank equity investment as well as the repayments from
bonds and bank deposits are used to buy the consumption good. The details of

this process are set out in Subsection 2.2.4.

2.2.2 Macroeconomic Shock

A macroeconomic shock s = [, h occurs at the beginning of Period ¢ = 1 after the
investment good has been allocated to the two technologies during Period ¢ = 0.
It affects the real gross rate of return from production in Sector MT.2! Specifically,
an investment of Ky in MT produces Ky RE; and Ky Rl with probability o in
the good state and 1 — ¢ in the bad state of the world, respectively (0 < o < 1),
where R§; is the real gross rate of return in State s (s = [, h). We assume that
0 <Ry <RR.

Banks monitor entrepreneurs running firms in MT and plagued by moral hazard
(see Subsection 2.2.1) and offer state-contingent loans with nominal lending gross

rates (Rj)s—n. The lending interest rates are given by (R5 — 1)s—ip.

In general, we assume that in all contracts during Period ¢ = 0 all nominal gross
rates to be repaid during Period ¢ = 1 can be written contingently on the outcome
of the macroeconomic shock. This reflects our assumption of complete markets.
As the output in FT is not stochastic, the real gross rate of return on bonds Ry

is risk-free.

We will use interchangeably the notations E[X] and X to denote the expected value
of some real or nominal variable X. Finally, taking into account the occurrence of

a macroeconomic shock, we restate Assumption 1 as follows:

f'(W) < Ry < f(0).

21Letting the macroeconomic shock impact Sector FT would not change our results qualita-
tively but would complicate the analysis. Details are given in Chapter 3 in Section 3.3.

22Throughout the thesis, we also use the notation ¢® to denote the probability that State s
occurs.
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2.2.3 Institutional Set-up

We purposely impose favorable conditions on the working of the monetary archi-

tecture and the public authorities involved.

Monies and Interbank Market

Two types of money (privately created and publicly created monies) and three
forms of money creation are representative of the modern money architecture.??
A first type of money is privately created by commercial banks through loans to
firms, held at banks in the form of deposits by households or firms and destroyed
when households buy bank equity and when firms repay loans. This type of money
can also be privately created by commercial banks when they grant loans to other
banks. It is held at the former banks by the latter in the form of deposits. We
call the first type of money “private deposits”. A second type of money is publicly
created by the central bank via loans to banks. It is held at the central bank in

the form of deposits by banks. We call this second type of money “CB deposits”.

The essential rules linking publicly created and privately created monies are illus-
trated as follows. We impose a deposit-in-advance constraint, which means that all
physical goods traded in markets have to be paid for with private bank deposits.
When households use private deposits to make payments, these deposits typically
move from one bank (account of buyer, say b;) to another bank (account of seller,
say b;). To settle the transfer of private deposits, Bank b; becomes liable to b;.
These banks now have two options. Either b; obtains a loan from Bank b;, or it
refinances itself at the central bank and transfers the central bank money received,
CB deposits, to Bank b;. The institutional rule is that one unit of central bank
money settles one unit of liabilities of privately created money, and both types of
money have the same unit. This fixes the “exchange rate” between central bank
money and privately created money at 1.2* Finally, we assume that there are no

transaction costs for paying with private or CB deposits.

23We abstract from banknotes and coins, as they are not used in our economy and all payments
are done by transferring deposits.
24Tn principle, this exchange rate could be fixed at any other level.
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The prices of the investment and the consumption goods in units of both privately

created and publicly created monies are denoted by p; and (pf)s—i n, respectively.

We integrate an interbank market. In this market banks can lend to and borrow
from each other at the same gross rate. This lending / borrowing gross rate and
the amount of lending can be conditioned on the macroeconomic shock. Banks
cannot discriminate between deposits owned by households and deposits owned
by other banks. As a consequence, the gross rate at which banks can lend to, and
borrow from, each other is equal to the households’ deposit gross rate, which we
denote by (R3))s=in- The interbank market works as follows: At any time, banks
can repay their central bank liabilities?® by using their deposits at other banks,
repay their interbank liabilities by using CB deposits, and require their debtor
banks to repay their interbank liabilities with CB deposits.?® Accordingly, as long
as banks can refinance themselves at the central bank, interbank borrowing is not
associated with default risk. Moreover, we assume that no bank participating
in the interbank market makes any loss by doing so. Finally, the following tie-
breaking rule simplifies the analysis: If banks are indifferent between lending to

other banks and depositing money at the central bank, they will choose the latter.

Role of Public Authorities

Two public authorities—a central bank and a government—ensure the functioning

of the monetary architecture. These authorities fulfill three roles.

First, banks can obtain loans from the central bank and can thus acquire CB de-
posits at the same policy gross rates (R g)s—i,n at any stage of economic activities,
where (R} — 1)s—1 5, are the central bank interest rates. This assumption implies
that banks do not have to worry about the exact flow of funds at any particular
stage. Only their net position at the final stage matters.?” Banks can also borrow

from, or deposit at, the central bank contingently on the state of the world s.

Second, the government impose heavy penalties on those bankers whose bank

ZSLiabilities against the central bank are called “CB liabilities” in the remainder of the thesis.

26The mechanisms by which banks become liable to other banks or hold assets against them
are explained in detail in Appendix 2.D.

2"Note that this assumption also rules out the possibility of bank runs.
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defaults on obligations to any public authority.?® As a consequence, no bank will
default on its liabilities against the central bank in any state of the economy.
Moreover, we assume that the central bank ensures the repayment of interbank
loans by taking them on its balance sheet if the counterparty bank were to default.
By this assumption, heavy penalties on bankers whose bank defaults against the
central bank translate directly into heavy penalties on bankers whose bank defaults

on other banks. A bank, however, may default on households’ deposits.

In such cases, the government has a third role. It makes deposits safe by levying
lump-sum taxes on households to bail out banks that default on households’ de-
posits. In practice, making deposits safe is a necessary condition for their use as
money. Later we will introduce a third public authority, i.e. bank regulators, and

bank regulation in the form of a capital requirement.

We explore equilibrium outcomes for different policies—the central bank policy
gross rate and the capital requirement—and for each combination of these out-
comes we determine the associated level of welfare expressed in terms of household
consumption. We assume that the central bank and the bank regulators aim at

maximizing the welfare of households.

2.2.4 Timeline of Events

An overview of the timeline of events is given in Figure 2.1.

We next describe the timeline of events in detail. For this purpose we divide each

period into several stages.

Period t =0

It is convenient to describe the sequence of economic activities via the balance
sheets of households and banks. The economy starts with the following balance

sheets:

28 As banks are able to borrow from the central bank at any time, it is sufficient to assume
that heavy penalties are imposed on those bankers whose bank defaults on obligations to the
central bank.
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t=20 | t=1
I I I | T I

Stage A Stage B Stage C Stage D Stage E
Foundation Granting Payment Macroeconomic Dividend
of banks of loans process, shock, payment,
to firms investment production, repayment

and money in FT, and and of debt,

creation payment of potential and
by banks bank equity government payment
taxation process

Figure 2.1: Timeline of events. Source: Own illustration.

Households Bank b

W Ey 0 0

Table 2.1: Balance sheets at the beginning of Period ¢ = 0. Source: Own illustra-
tion.

Ey denotes the households’ equity, which represents the ownership of the invest-

ment good and both production technologies at the beginning of Period ¢ = 0.2

Stage A: Foundation of Banks FEither banks are not founded because no
household invests in bank equity and the only possible allocation is given in Sub-
section 2.2.4, or households found banks by pledging to convert a predefined share
¢ € (0,1] of their initial deposits, which we denote by D,;, into an amount
Ep = Dy, of bank equity before production in Stage C. When banks are founded,
the gross rate of return on equity is equal to the shareholders’ value per unit of

max(ng,S,O)
e

equity, and it is denoted by Rbs = . In the remainder of Subsection 2.2.4,

we focus on the case where banks are founded (unless specified otherwise).

29Note that households also own firms in Sectors MT and FT and may receive dividends from
firms’ profits.
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Stage B: Granting of Loans by Banks Bank b grants loans 1§, = of, Ly,
to firms in MT at the contingent lending gross rates (R3)s, which simultaneously
creates dj, private deposits at Bank b and aggregate private deposits Dj;. The

resulting balance sheets are given in Table 2.2.

Households Bank b

W | Ey B,

Table 2.2: Balance sheets at the end of Stage B. Source: Own illustration.

Stage C: Payment Process, Investment in FT, and Payment of Bank
Equity Households sell an amount of the investment good to firms in MT. Then
they invest in F'T by buying Sr bonds denominated in real terms at the gross
rate of return R, meaning that such a bond costs one unit of investment good
and promises the delivery of Ry units of the consumption good once production
has occurred.®® Finally, at the end of Period ¢ = 0, households pay for the equity
Ep pledged in Stage A with deposits, which reduces the amount of deposits in
the economy. The resulting amount of deposits is denoted by dy for an individual
bank and Dy = L), — E for the aggregate banking system. At the end of Stage C
and depending on their lending decisions, some banks labeled b; have claims dl(’}' B
and the other banks have liabilities lejB against the central bank. These processes

are detailed in Appendix 2.A. The balance sheets are displayed in Table 2.3.

A summary of the agents’ interactions during Period ¢t = 0 is given in Figure 2.2.

Period t =1

In Period t = 1 we distinguish between two cases, when either no bank is founded
by households, or banks are founded by households. The latter case can again be

divided into two subcases: Either no bank defaults, or some banks default.

30In practice, such bonds are called “inflation-indexed bonds”. Using bonds denominated in
nominal terms does not change the results qualitatively but complicates the analysis, as one has
to verify that firms do not default. Details are given in Chapter 3 in Section 3.2.



30 Chapter 2. Money Creation in a General Equilibrium Model

Households Bank b; Bank b;
Sk dlgB lng
by b,
Dy Ey Ly dy Ly dy
Ep €B €

Table 2.3: Balance sheets at the end of Stage C. Source: Own illustration.

Flow of physical good
« Flow of money
<« Flow of claims

Market for
investment good I. = Investment good
D. = Deposits

L. = Loans

S. =Bonds

E. = Equity

Entrepreneurs Entrepreneurs R. = Reserves

Frictionless Moral Hazard
Technology (FT) Technology (MT)

Households

Market for
consumption good

Government

Figure 2.2: Flows and interactions during Period ¢t = 0. Source: Own illustration.

Case I: No Bank Is Founded When no bank is founded, we have Fg = 0. This
could constitute an equilibrium, as no household can found a bank individually. We
call this an equilibrium without banks. In such circumstances, no money creation
takes place, the central bank is inactive, no investment in MT is possible, and the

investment good is allocated entirely to Sector FT, which leads to the following
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allocation:3!

where * denotes equilibrium variables. This is an inefficient allocation, as house-
holds are risk-neutral and Assumption 1 stipulates that f'(W) < Ry.

Case 1II: Banks are Founded When banks are founded, they grant loans to
firms in MT, and we can considerably simplify the description of Period t = 1 by

making the observation given by Lemma 1:32

Lemma 1

An equilibrium with banks and hence with positive lending to Sector MT requires
MPe = Ripr
and implies 115, = 0 for s =1, h.

Lemma 1 is a direct consequence of the MT technology. If for some state s R} p¢ >
R$ pr, firms in MT would demand an infinite amount of loan, as their shareholders’
value per loan unit would be positive in one state, be at least zero in the other
state, and scale with the level of borrowing. If R3;ps < Rjp; for both states of

the world, firms would forgo borrowing from banks.3*

Subcase II.a: No Bank Defaults. Suppose next that no bank defaults. Then

the following stages occur:

31Note that no bank deposits are needed to buy the output from Sector FT, as bonds are in
real terms and are repaid in terms of the output.

32This observation enables us to rule out considerations in which firms in MT would make
positive profits or go bankrupt.

33Since entrepreneurs running firms in Sector MT do not have any wealth, they have zero
profit if they cannot repay and thus default against banks.

34Other arguments could be used to derive the zero profit condition in Sector MT. As banks
monitor entrepreneurs running firms in Sector MT, they can offer them state-contingent repay-
ment gross rates of return, and are thus able to extract the entrepreneurs’ entire surplus.
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Stage D: Production. The macroeconomic state s is realized. Firms produce
and repayments contingent on s fall due. Using bank balance sheets in Table 2.3
as well as the expression of the net position of Bank b against the central bank
given by Equation (2.11) in Appendix 2.A, we derive the expression of Bank b’s
profits as follows:®
% = (1 — o)Ly RS + o4, Ly Ry — dy RS,

=(1—ab)LuRig + ol LyR; — (Ly — Ep)R)

= abyLa (R}, — Rep) + Lu(Rep — Rp) + EpRp,. (2.1)

Profits from firms in the real sector are given by

v = Km(Rype — Ripr),
I = (f(Kr) — KrRr)pg-

The balance sheets are given in Table 2.4, where R}, denotes the resulting gross rate
of return on household ownership of the investment good and of both production

technologies.

Stage E: Dividend Payment, Repayment of Debt, and Payment Process.
Households obtain dividends from their equity investment®® and buy the amount
of consumption good produced. All debts are paid back. These processes are

detailed in Appendix 2.B. The resulting balance sheets are given in Table 2.5.

Subcase II.b: Some Banks Default. Finally, we consider the scenario where

some banks default. In this case, Stages D and E have to be modified as follows:

Stage D: Production and Government Taxation. The macroeconomic state
s is realized. Firms produce, and repayments fall due. Two cases can occur. First,
if —dyR; < 1% < 0, Bank b defaults on households but not on the central

35Note that profits are non-negative here, as we have assumed that banks do not default. In
the case of default by Bank b, Hl]’és will be negative, but the shareholders’ value will be equal to
zero, and bank shareholders will not be affected by the magnitude of H%s, as they are protected
by limited liability.

36Banks pay dividends to households in anticipation of the repayment of loans by firms in
Sector MT.
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Households Bank b; Bank b;
SrRe | EuRy | | dipRip lépRes
Dy R, 1% RS dy RS, % RS dy RS

bi,s bi,s
EpRy epRp’ epRy
1%

Table 2.4: Balance sheets at the end of Stage D if no bank defaults. Source: Own
illustration.

Households Bank b
KnR3y Ey Ry, 0 0
f(Kr)

Table 2.5: Balance sheets at the end of Stage E if no bank defaults. Source: Own
illustration.

bank. Second, if H%’s > 0, Bank b does not default. We note that the case
1% < —dy R < 0 cannot occur, as banks would default on households and the
central bank. Due to the heavy penalties incurred for default against governmental

authorities banks will avoid the latter case under all circumstances.

Consider now a non-defaulting bank b. If Ri. 5z > Rj for some state s, there then
exists an upper bound on %, given by
_ Rep —(L—9)Rp

b s .
oy < apg = o e )
CB L

such that this bank does not default on households in State s. af,j is the critical

amount of money creation at which a bank is just able to pay back depositors
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in State s. af,y is obtained from Equation (2.1) by setting H%’s = 0 and using
© = LE—AB; From now on, consider a defaulting bank b. If R}z > Rj for some state
s, there exist a lower bound a$,;; and an upper bound o} for af, given by
ahy < aly < ahep = %7
CB L
which mark two default points. For of, € (ay, a%epl, Bank b defaults against
households but not against the central bank in State s. For of, > a%p, the
bank would default against households and the central bank in State s. aj) .y is
the critical amount of money creation at which a bank is just able to pay back
the central bank in State s. «af,p is obtained from Equation (2.1) by setting
HI]’S’S = —DyR7. The lump-sum tax levied to bail out Bank b in State s is denoted

by t»*. Aggregate tax payments in State s by households are then given by

T = / 5 db.
be[0,1]

Furthermore, we use HE’S to denote the aggregate profits of non-defaulting banks

in State s. The balance sheets possible are given in Table 2.6.

Households Bank b, Bank bj
S bi/ b]'/
SrRr Euy Ry dépr lepr
D Mry | T | | YR
HE,S H%/,S + ng/,s +
tbi’vs tb]-/,s
1%

Table 2.6: Balance sheets at the end of Stage D if some banks default. Source:
Own illustration.

In Table 2.6, the labels by and b; denote banks with a non-negative and negative
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net position against the central bank, respectively. The exact expressions of dlgBT
and lg?ng are not needed for the subsequent analysis, but for completeness they
are given in Appendix 2.C. We note that the balance sheets in Table 2.6 are
structurally identical to the ones in Subcase Il.a of Subsection 2.2.4. Therefore,

the description of Stage E is similar to the one laid out in Appendix 2.B.
A summary of the agents’ interactions during Period ¢ = 1 is given in Figure 2.3.

Flow of physical good
Flow of money
Market for <«<—— Repayment of claims

investment good C. = Consumption good
D. = Deposits

L. = Loans

S. =Bonds

T. = Taxes

R. = Reserves

Entrepreneurs
Frictionless
Technology (FT)

Entrepreneurs
Moral Hazard
»| Technology (MT)

Households

Market for
consumption good

Government Central Bank

Figure 2.3: Flows and interactions during Period ¢t = 1. Source: Own illustration.

2.2.5 Definition of an Equilibrium with Banks

We look for symmetric equilibria with banks in the sequential market process de-
scribed in Subsection 2.2.4. In a symmetric equilibrium with banks; all banks take
the same decision regarding money creation and lending and thus have identical
balance sheets in equilibrium. Moreover, the policy gross rates (R )s are set by

the central bank, so equilibria with banks are dependent on this choice.

Definition 1

Given the central bank policy gross rates (Rig)s, a symmetric equilibrium with



36 Chapter 2. Money Creation in a General Equilibrium Model

banks in the sequential market process described in Subsection 2.2.4 is defined as

a tuple

& = ((R)s, (Rp)s, (R3)s, R,
Pr, (psc’>57
EB)DHy (D;]>S7LM;SF7
K, Kr )
consisting of positive and finite gross rates of return, prices, savings, bank deposits

Dy at the end of Stage C of Period t = 0, bank deposits (5%)5 in Stage E of

Period t = 1, and the corresponding physical investment allocation, such that
— households hold some private deposits Dy > 0 at the end of Stage C,*"

— households maximize their expected utility

max {EBE [RSE} + Dy {RSD} +f(SF)}
{Du,EB,Sr} Pe Pc

s.t. Eg+ Dy +piSr=p/W,

taking gross rates of return (R3)s and (RY)s as well as prices pr and (pl)s

as given,

— firms in MT and FT as well as each bank b € [0, 1] mazimize their expected

shareholders’ value,®® given respectively by

KNIIIéE[)&{W]{E[maX(KM( MPc — RLpI>’ 0)]}7

s.t. Ryt = Ripr for s =1,h,
max ]{E[maX((f(KF) — KrRr)pe, 0)]},

Krelo,W

and max{E[max(al, Ly (R — Rip) + Ly (R — RS)) + EgR5, 0)]},

04117\/[20

37 As deposits are the only means of payment, we rule out knife-edge equilibria with banks in
which private money creation at the end of Period ¢ = 0 is zero.

38In our setting the maximization of profits in nominal terms by firms and by banks is quali-
tatively equivalent to the maximization of profits in real terms. Details are given in Chapter 3
in Section 3.1.
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taking gross rates of return (R3,)s, (RS)s, and Ry as well as prices pr and
(p&:)s as given,
— all banks choose the same level of money creation, and

— markets for investment and consumption goods clear in each state.

In the remainder of this thesis we will use Superscript * to denote equilibrium
variables. Henceforth, for ease of presentation, an equilibrium with banks given
(R%p)s is a symmetric equilibrium with banks given (R{ ), in the sense of Defi-

nition 1.

2.3 Equilibria with Banks

2.3.1 Individually Optimal Choices

In this subsection we prepare the characterization of equilibria with banks by
determining the individually optimal choices of banks, households, and firms. We
first establish the way in which deposit gross rates are related to policy gross rates.

Since banks can grant loans to, or borrow from, other banks, we obtain

Lemma 2
In any equilibrium with banks, the nominal lending gross rates on the interbank

market satisfy

D = Rip  for all states s =1, h.

The proof of Lemma 2 can be found in Appendix 2.G. It is based on a simple arbi-
trage argument: Any differential in the gross rates could be used in the interbank
market by borrowing or lending to infinitely increase the expected shareholders’

value.

We next investigate the optimal choice of money creation by an individual bank.
For convenience, we denote circumstances in which no finite amount of money

creation is optimal by “occ”. Then we obtain
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Proposition 1

If R}, = Rip in all states s = 1, h, the privately optimal amounts of money creation
and lending by an individual bank are represented by a correspondence denoted by
an s REL x (0,1) = P(RU {+o0}) and given by

car((RL)s, (Rep)s, 9) =
{400} if RS > Rip for all states s =1, h

with at least one strict inequality,
{abepy  if (R > Rep, R < Ry, and Ry < RE) or

if (R, < Rcp, Ritg < R}, and ¢ < (:Z) gi;f}%ﬁ )
{ahept  if (R, > Rep, R} < R, and RLy < RY) or

if (Ry, < Rep, Rby < RY, and ¢ < (=2) % ,
[0,+00)  if R} = Rip for all states s =1, h,

{0,ahc5} if RL < Rep, Rip < RE, and ¢ = (1Z) R} —R¢p

1-0/ RL,—RL’
. o R BRZ L

h : I ! (1 -
{0,ahep} if Ry < Res, Rop < Ry, and ¢ = (2) o

{0} if (RS < Rip for all states s =1, h
with at least one strict inequality) or

. _ — Rh*Rh
if (Ry < Rcp, Rltg < RY, and (:Z) PJLszf <) or

if (R, < Rep, Rl < RY, and (=2) Blfep < ).

h h
RCB_RL

The proof of Proposition 1 can be found in Appendix 2.G. There are several ob-
servations to make. First, the banks’ behavior depends only on (R} — R&g)s—i.n,
which is the intermediation margin, on average lending by banks, and on their
capital structure ¢. If the intermediation margin is zero in all states, it is obvious
that banks are indifferent between all lending levels. For positive intermediation
margins in all states, banks would like to grant as many loans as possible. For
negative intermediation margins, banks are not willing to grant any loans. Finally,
if the intermediation margin is positive in one state and negative in the other state,
banks can use shareholders’ limited liability and depositors’ bail-out by the gov-
ernment to maximize their expected gross rate of return on equity by defaulting

against households in one state and by making large profits in the other. This

39Tf X denotes a set, we use P(X) to denote the power set of X.
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strategy is only profitable in the following two cases: (i) when the expected inter-
mediation margin is non-negative, meaning that banks can weakly increase their
expected shareholders’ value even if they do not use limited liability and depos-
itors” bail-out by the government, (ii) when the expected intermediation margin
is negative and banks can sufficiently leverage on limited liability, which occurs
when the banks’ equity ratio is sufficiently low. Next we turn to the households’

investment behavior. We obtain

Lemma 3
The representative household’s optimal portfolio choice depends solely on the com-

parison of expected real gross rates of return E [RE] L E [R—D] , w, and ) when
Pc Pc pr pI

choosing Eg, Dy, and Sg.

The correspondences representing households’ optimal choices for different con-
stellations of these expected real gross rates of return are given in Lemma 6 in
Appendix 2.E.

We next turn to the firms’ behavior.

Lemma 4
Demands for the investment good by firms in MT and FT are represented by two
correspondences denoted by Ky € P(RU {+00}) and Ky : Ry — P([0, W]),

respectively and given by

Ky = [0, W]
| {0} if £'(0) < Ry,
ond Ke(Re) =\ (W} ifRp < f(W),
\ {f~'(Rp)} otherwise.

The proof of Lemma 4 can be found in Appendix 2.G. We note that in Sector M T,
firms are indifferent between any investment level Ky, as the condition in Lemma

1, Rypi = Ripr for s = [, h, implies that these firms make zero profits at any
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level of K.

2.3.2 Characterization of Equilibria with Banks

The preceding lemmata enable us to characterize all equilibria with banks.

Theorem 1

Given the policy gross rates (REg)s—in, all equilibria with banks take the following

form:
¥ = Ry =Ry = Rop Rp=Ra, (22)
* S* SC’B
PI=Dp PO =DPoe (2.3)
I RM

Ki; =W — f'(Ry), Kp=Ff"(Ru).

where the price of the investment good denoted by p € (0,+00) and the aggregate
equity ratio p* € (0,1) are arbitrary. The equilibrium profits of firms and banks

are given by

gy =0, I3 = pf:ihf (£(F " (Rar) ) = £ (Rng) Rna ) (2.8)
5 = o'p(W — 7! (Raa) ) i (2.9)

The proof of Theorem 1 can be found in Appendix 2.G.

We now look at the equilibrium conditions in detail. First, all nominal gross rates
are equal to the policy gross rates set by the central bank, as expressed in (2.2).
The equilibrium with banks is unique in real terms, i.e. the physical investments in
both sectors expressed in (2.7), and thus with respect to the real values of lending

and savings expressed in (2.6), where we divide L}, by p.
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As expressed in (2.4) the initial split of investments in banks into deposits and
equity is indeterminate. In fact, in an equilibrium with banks any capital structure
of banks can occur. Equation (2.5) reflects macroeconomic uncertainty, as the
dividends and the deposit gross rates depend on the state of the world. Equations
(2.8) and (2.9) represent the profits of firms and banks. The representative firm’s
profits in Sector F'T are paid in terms of the consumption good, while banks’

dividends are paid in the form of bank deposits.

Finally, the second equation in (2.3) relates the prices of the consumption good in
different states to the price of the investment good. The latter is not determinate.
The economic system is nominally anchored by the price of the investment good
and by the central bank interest rate. While these parameters determine prices
and interest rates, the asset structure and the payment processes are additionally

determined by the capital structure of banks.

Here, more remarks are in order. First, no bank defaults in equilibrium. Indeed,
the profits of any bank in State s are given by gp*p(W — f’*l(f_{M)>RSCB and
are thus positive. The reason is twofold. On the one hand, loan interest rates
equal deposit interest rates in each state of the world. On the other hand, low
gross rates of return R}, trigger a high price p% for the consumption good, which
enables firms in Sector MT to pay back their loans, which, in turn, enables banks

to pay back depositors.

Second, the theorem shows that in any equilibrium with banks, private money
creation is naturally limited. Since R}* = R{j in both states s = [, h, banks
have no incentive to increase money creation, as they would be forced to refinance

themselves at the gross rates (R{)s to cover additional money creation.

Third, the capital structure of banks has no impact on the physical investment
allocation, so there is no need to regulate bank equity capital. Fourth, the phys-
ical investment allocation is independent of the central bank’s policy gross rates.

Monetary policy is neutral.

There are important implications and a variety of further consequences of Theorem

1, which we summarize in the next subsection.
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2.3.3 Welfare Properties and Implications

We start with the characterization of the optimal investment allocation. The social

planner’s problem is given by

(Knm,KF)

It is clear that household utility is maximized at KEB := f'~!(Ry;). From Theorem

1, we immediately obtain

Corollary 1
Given any policy gross rates (Rp)s, the equilibria with banks yield the first-best

allocation.

As a direct consequence, the central bank is indifferent between policy gross rates
(R%g)s=1.n, as they all implement the first-best allocation. Essentially, Theorem
1 is a first welfare theorem for an economy with private money creation. It is a

benchmark for the results we derive in the next section.

We stress that the welfare theorem does not depend on whether the policy gross
rates—and as a consequence, all nominal interest rates—depend on the state of

the world. Indeed, another immediate consequence is given by

Corollary 2
Suppose that R is the same in both states s of the world. Then the nominal
lending and deposit gross rates are not contingent on the states of the world, and

the resulting allocation is first-best.

The corollary implies that the nominal gross rate of return on deposits does not
need to depend on the macroeconomic shock to guarantee the first-best allocation.
The reason is that in the event of a negative macroeconomic shock, firms in Sector
MT compensate for lower real production gross rates of return by higher prices

for the consumption good, thereby avoiding default against banks and rendering
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non-contingent deposits safe even without government intervention.’® The reason
why the prices of the consumption good increase when a negative macroeconomic

shock occurs is detailed below.

The equilibria with banks described in Theorem 1 are indeterminate in two re-
spects, with regard to (a) the price of the investment good and (b) the capital
structure of banks. Regarding the former, it simply represents a price normaliza-
tion problem, and we can set p; = 1 without loss of generality. The indeterminacy
of the capital structure in equilibrium is a macroeconomic manifestation of the
Modigliani-Miller Theorem. As banks do not default in equilibrium and the gross
rates of return on equity and deposits are the same, households are indifferent be-
tween equity and deposits. Moreover, different capital structures of banks have no
impact on money creation and lending by banks. Finally, we note in the following
corollary that with price normalization p; = 1 and some capital structure choice

©*, all equilibrium values are uniquely determined.

Corollary 3
Given p; = 1 and some ¢* € (0,1), all equilibrium values are uniquely determined

when the central bank sets the policy gross rates (REg)s.

The relationship between the policy gross rates and the prices of the consumption

good in different states of the world is contained in the following corollary:

Corollary 4

(i) If R:y does not depend on the state s of the economy, i.e. if Rby = Rl p,

ro _ Ry

then pl <pL and = —.
pe Ry

(ii) For central bank policy gross rates (Rpg)s characterized by

Rty _ R
Rtp R/

40The conclusion would not hold if the real deposit gross rates of return were independent of
the state of the world and thus if deposit interest rates were inflation-linked. This is addressed
in Chapter 3 in Section 3.6.
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the price of the consumption good is independent of the state of the world

(Pl = pl).

We note that central bank policy gross rates described in (ii) imply RLp < R 5.
Corollary 4 stems from the equilibrium condition in (2.3) and is based on the
following intuition: If R¢jp is independent of the state of the world and State [
occurs, the households possess a comparatively large amount of deposits in Period
t = 1 when production has occurred, which causes the price of the consumption
good to rise, as its supply is low. When the central bank chooses lower interest
rates in bad states, the amount of privately created money declines in line with the
supply of the consumption good. As a consequence, the price of the consumption

good remains constant across states.

In the next section we explore potential cases of friction that may move allocations
away from the first-best allocation and may even cause a collapse of the monetary
system. We also explore whether monetary policy or capital regulation might help
to restore efficiency. We note that the explosion of money creation and lending
could not happen in a banking model that only comprises a real sector, as in such

models lending is constrained by the funding of banks with the investment good.

2.4 Price Rigidities and Capital Requirements

2.4.1 Absence of Capital Requirements

In Section 2.4 we explore what happens when money creation is affected by price
rigidities and the zero lower bound. In such a setting we also examine how a capital
requirement can improve the possible equilibrium allocations. For this purpose, it

is useful to introduce three types of situation:

(1) Money creation is positive and limited, but aggregate investment is distorted

between sectors,

(77) money creation is zero, and physical investment occurs only in Sector FT,

and
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(731) money creation explodes without limit, the monetary system collapses, and

physical investment remains viable in Sector FT only.*!

In Section 2.4, without loss of generality, we normalize the price of the investment
good to p; = 1. We assume in this section that nominal prices are perfectly rigid
in the sense that they do not depend on the state of the world, and we assume

that they are equal to some value pc, which for convenience we set to 1.42

From Corollary 4, we obtain that when
Rip = Riy, (2.10)

which means that the central bank chooses the real gross rates of return as its policy
gross rates, we recover the first-best equilibria with banks in Theorem 1. We next
investigate circumstances where the central bank does not or cannot choose the
policy gross rates according to (2.10). This occurs, for example, if Ry; < 1, i.e. the
real gross rate of return in the bad macroeconomic state is sufficiently low, since
due to the zero lower bound the policy gross rate Rl 5 cannot be set smaller than
one.*3 It could also occur if the central bank—for example because of uncertainty
about the underlying real gross rates of return—does not or cannot choose the

policy gross rates according to (2.10). From Proposition 1, we immediately obtain

Proposition 2
Suppose prices are rigid and Rz # R}y for some state s of the world. Then
either there is no money creation, or it explodes.** In both cases all investments

are channeled to Sector F'T.

“Essentially, no equilibrium with banks with finite money creation exists. However, there
exists an equilibrium in which no household offers equity to banks, all investment goods are
channeled to Sector FT, and no lending to Sector MT occurs.

420f course, this is a strong assumption. The results could be extended to models with
multiple consumption goods, where a subset of firms would face such rigidities in the sense of
Calvo (1983). Throughout Section 2.4 the concept of price rigidities refers to pZ = p; = 1 for
both states s = [, h.

431n practice, banks can exchange central bank deposits for banknotes and coins. By storing
cash, banks could in principle bypass negative central bank policy interest rates. The same pos-
sibility protects depositors from negative interest rates. Accordingly, the presence of banknotes
and coins is essential in rationalizing the zero lower bound. In our model we assume that the
central bank is constrained by the zero lower bound by the threat of private agents to withdraw
deposits and store banknotes, but we do not explicitly model banknotes and coins.

“We say that there is no money creation when dn((Ryy)s, (REg)s, ) is a set that
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We note that the equilibrium allocation of Proposition 2 is inefficient, as expected
output is maximized only when investment is channeled to both sectors. Expected

loss in output is given by

(W — 7" (Rm))Rum + £(£ 7' (Rm)) — £(W).

Rip < Ry Rip = Ry R > Ry

M C h
RELp < RR; | Money Explosion | Money Explosion M(:)rrlli)};f EZI:)T(SSiOOIi‘

Efficient Money Crunch,

h  —=RR | M Explosi
Rép M oney Lxplosion Equilibrium No Banking

Money Crunch or Money Crunch, Money Crunch,

Ry > RE
B M | Money Explosion No Banking No Banking

Table 2.7: Possible constellations with price rigidities. Source: Own illustration.

The possible constellations with price rigidities are depicted in Table 2.7.

2.4.2 Capital Requirements

We next investigate the extent to which whenever there is a difference between
R¢ 5 and Ry, for some state s a capital requirement can restore both the existence
of an equilibrium with banks in the sense of Theorem 1 as well as efficiency. A

capital requirement is defined as follows:

Definition 2

A minimum bank equity ratio "9 (™9 € (0,1)) requires each bank to hold more
equity at the end of Period t = 0 than the fraction ©"®9 of its total assets. In other
words, the realized equity ratio of each bank b, which we denote by ©°, has to be

larger than ¢™.

is only constituted of elements smaller than 1 and that money creation explodes when
dM((Ri/I)S, (RSCB)S,cp) is a set that is only constituted of elements larger than 1. Finally,
we say that either there is no money creation, or it explodes if 1 ¢ dn (R3y)s, (REg)s: 9)-
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We first establish a lemma describing how a capital requirement impacts money

creation by an individual bank.

Lemma 5
Suppose the average capital structure in the economy is ¢ and @™ < . Then the

capital requirement @™ imposes an upper bound on individual money creation:

¥
Spreg

ab, < for all banks b.

The proof of Lemma 5 can be found in Appendix 2.G. We next determine the
optimal money creation choice by banks when the government sets a capital re-
quirement. When Rf 5 # R}, for some state s of the economy, money creation
is either limited by the threat of default against the central bank, by the capital
requirement, or it is not profitable. The detailed characterization of the correspon-
dence describing these three situations is given in Lemma 7 in Appendix 2.F. We
use Lemma 7 to derive general conditions under which equilibria with banks exist

when R( 5 # R, for some state s of the world.

Proposition 3
Suppose that prices are rigid and R} # Ry for some state s. Then there exists
an equilibrium with banks if the central bank policy gross rates (Rip)s and the

capital requirement level "9 are set as follows:

= =~ Rh,__Rh RL __RI
(Z) Rep = Rv and max < CEgB M CEZCB M) < pred,

— J— 1 _pl h _ ph
(i) Rep > Ry and 0 < "9 = max <1_—”—RM en o Rurfes RCB) < 1.
i Rep o Rgp
The proof of Proposition 3 is given in Appendix 2.G. From Proposition 3 and its
proof, we can derive the welfare properties of equilibria with banks when a capital
requirement is imposed. These welfare properties are summarized in the following

corollary:

Corollary 5
Suppose that prices are rigid and R}z # R}y for some state s. Then the central

bank policy gross rates (REg)s and the capital requirement level " implement a



48 Chapter 2. Money Creation in a General Equilibrium Model

socially efficient equilibrium with banks if and only if

— — R, —RY RL,— R\
Recg =Rm and max B - M CBl M) < "I,
Reég Rep

The intuition for Proposition 3 and Corollary 5 runs as follows: If in some state
s, Rt g < R}y, banks would like to expand money creation to high, if not infinite,
levels because potential losses in the other state s’ # s would be bounded, due
to limited shareholder liability. In such cases, the capital requirement constrains

money creation. Two cases may occur.

When Rcp = Ry, no bank has any incentive to push money creation above av-
erage, since first, losses in some state s’ exactly offset gains from money creation
in the other state s # s, and second, the minimum capital requirement is set at a
level that prevents banks from defaulting against depositors and thus from lever-
aging on limited sharecholder liability. By preventing default against depositors,
such a minimum capital requirement induces socially efficient money creation and

lending.

When Rep > R, banks would expand money creation above average in the
absence of a capital requirement, since for an increasing money creation level,
the shareholders’ value increases in some state s, while it stays at zero in the
other state s’. Thus, the capital requirement directly limits money creation by

preventing banks from granting any above-average amount of loans.

In this case, even though such a minimum capital requirement restores a potential
equilibrium with banks, it does not implement a socially efficient allocation. The
inefficiency results from banks’ default against depositors. When they make their
investment decision, households do not take into account the impact of banks’ de-
fault on the lump-sum taxes levied to bail them out. From the proof of Proposition
3, it is straightforward that the equilibria with banks’ default can be ranked in
terms of welfare according to the capital requirement level ©"9. The intuition runs
as follows: A larger equity ratio reduces the amount of taxes levied to bail out
banks, which in turn improves households’ investment decision making. There-
fore, the intensity of the inefficiency associated with banks’ default declines in the

capital requirement level ™.
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2.4.3 The Zero Lower Bound and Capital Requirements

We next explore the case where the central bank is constrained by the zero lower
bound and prices are assumed to be rigid, i.e. when pZ¥ = pj = 1 for all states

s = [, h. From Corollary 5, we obtain

Corollary 6

Suppose that prices are rigid, R\; < 1 < Ry, and the central bank is constrained
by the zero lower bound (Rig > 1 for all states s =1, h). Then there exist central
bank policy gross rates (R&p)s and capital requirement levels ¢ such that the

allocation of the resulting equilibrium with banks is socially efficient.

(i) The central bank policy gross rates have to satisfy Rog = Ry, One example
18
EM — (1 — 0')

Rip=1 Rip=
CB ) CB o

(i1) The regulatory capital requirement levels ¢"* have to satisfy

l 1
reg > RCB - R‘M
SD — Rl N
CB

The proof of Corollary 6 can be found in Appendix 2.G. Corollary 6 shows that
price rigidities and the zero lower bound can be countered by a suitable combina-
tion of monetary policy and capital regulation. The capital requirement ensures
that money creation is sufficiently constrained for no individual bank to default.
The central bank policy gross rates RL; =1, R, = m ensure that in the
good state gains from money creation are sufficiently high to offset losses in the
bad state. In other words, setting R, < RR; generates sufficient incentives for
banks to lend and to create money. The capital requirement, in turn, ensures that
money creation does not become excessive. We note that any monetary policy
that satisfies Rop = R achieves the same purpose and induces a socially effi-
cient allocation. In Appendix 2.H we illustrate our results with a simple numerical

example.

From Corollary 5 and the proof of Proposition 3, we also immediately obtain
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Proposition 4

Suppose that prices are rigid, Ryt < 1, and the central bank is constrained by the
zero lower bound (R > 1 for all states s = [, h). Then there exist no central bank
policy gross rates (Rp)s and capital requirement level ¢ making the allocation

of the resulting equilibrium with banks socially efficient. We derive two cases:

— If 1 < RY;, there exist central bank policy gross rates (Rig)s and a capital
requirement level " implementing equilibria with banks.
(a) The central bank policy gross rates have to satisfy Rhy, < R, An

example s
! h

(b) The regulatory capital requirement level ©™9 has to satisfy

o R}I\I/I_RZ“B
l1—0 RZCB

reg __

¥

— If Ry < 1, there are no central bank policy gross rates (Rig)s and capital

requirement level ©"® implementing an equilibrium with banks.

Proposition 4 states that in a depressed economy characterized by Ry < 1, where
prices are rigid and the central bank is constrained by the zero lower bound, money
creation can only be induced by a suitable combination of monetary policy and

capital regulation if Ry > 1.

If RY, < 1, the only possible equilibrium is the equilibrium without banks, which
is inefficient, as all investments are channeled to FT.%> The reason is that under
any feasible monetary policy and even with no capital requirement, money creation

and lending are not profitable in such cases.

If Ryy < 1 but 1 < RE,, the central bank and the bank regulators can only
make banking profitable and thus trigger money creation and lending by inducing
profits in the good state and letting them default against depositors in the bad

state. From the proof of Proposition 3, we deduce that the policy gross rates

45In such a case, other kinds of policies such as Quantitative Easing might be useful to
stimulate money creation and lending. We leave this to future research.
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inducing the equilibrium with banks with highest welfare are given by R} 5 =
for s = [, h. Moreover, a capital requirement has to be imposed on banks to

prevent money creation from exploding.

The equilibria associated with the policy gross rates Rz = 1 for s = [, h in the
case 1 < RY; are inefficient. Hence, the central bank and the bank regulators will
implement such a policy only if the welfare induced by the policy described in
Proposition 4, (a) and (b) is higher than the welfare associated to the equilibrium
without banks. A sufficient condition for this is f(W) < RyyW.

The above result in the cases Ry < 1 and R, > 1 can be interpreted in terms of
Forward Guidance.?® The central bank announces that it will set the policy gross
rates at 1 in both states of the world, even if the real gross rate RY; is larger than
one. This announcement means that banks can expect positive profits in the good
state of the world, thereby making money creation and lending profitable. This
stimulates money creation and lending at the zero lower bound. However, in the
bad state of the world money creation is associated with bank failures, so expected

social welfare is lower than in the first-best allocation.

46Tn our two-period model the central bank does not face a time-inconsistent problem regard-
ing such announcements. For the implementation of Forward Guidance at the zero lower bound,
see e.g. Woodford (2013), Gersbach et al. (2015a), and Liu (2016).



Appendix

2.A Stage C

We examine the detailed payment process, investment in FT, and payment of bank
equity in Stage C through a series of substages. For this purpose, we index all

variables changing in some substage by an integer starting from 1.

Stage C, Substage 1: Borrowing of Banks from the Central
Bank

To have enough CB deposits to guarantee payments using bank deposits, Bank b

borrows from the central bank?*’ the amount of*

b b _ b

As a result, bank-specific CB deposits amounting to df.g = l&5 as well as an
aggregate amount of CB deposits amounting to Deop, := Dy > 0 are created. The

balance sheets of banks and households are given in Table 2.A.1.

47 As the description of the interbank lending process is formally identical to that of depositing
at and borrowing from the central bank, we limit the description to the case where all banks
deposit at, and borrow exclusively from, the central bank.

48Tn this first substage, banks do not need to borrow that much to guarantee payments in
subsequent substages, as banks will obtain deposits back from households when firms make
payments with their deposits. The amount Bank b needs to borrow from the central bank is
given by max((l —ab,) L, 0). This result will be demonstrated in the subsequent substages.

52
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Households Bank b

I dys

Table 2.A.1: Balance sheets at the end of Stage C, Substage 1. Source: Own
illustration.

Stage C, Substage 2: Sale of an Amount of Investment Good
to MT

We assume that firms in MT buy the largest possible amount of investment good
they can afford and do not hold deposits in the production stage D:*?

L
pr

To settle these payments, each bank b transfers %, = ob,;Dys to other banks and
receives the same amount dy, := D) from other banks in the form of CB deposits.
We note that dg, does not depend on the individual bank b, due to our assumption
that households keep deposits evenly distributed across all banks at all times. The
corresponding aggregate amount is denoted by Dy, . This transaction impacts the
CB deposits of Bank b as follows:

dléBz = dléBl - CY?MDM + DM = DM

The balance sheets of banks and households are given in Table 2.A.2.

49Note that relaxing this assumption would not change the equilibrium allocation of the
investment good, as firms would not be able to improve the shareholders’ value in equilibrium
by holding deposits.
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Households Bank b
D Hy l?\/[ dH 1

Table 2.A.2: Balance sheets at the end of Stage C, Substage 2. Source: Own
illustration.

Stage C, Substage 3: Investment in FT

When buying Sg bonds from firms in F'T, households deliver Kg = Sr units of the
investment good against the promise to obtain KgRyg units of the consumption
good from FT after production has taken place. The balance sheets of banks and
households are given in Table 2.A.3.

Households Bank b
D Hy l?\/[ dH 1

Table 2.A.3: Balance sheets at the end of Stage C, Substage 3. Source: Own
illustration.

Stage C, Substage 4: Netting of CB Deposits and CB Lia-
bilities

Now banks can net their CB deposits and CB liabilities, as no further payment

has to be made before production. We use

8" i=dlp, — I, = (1—aly) Ly (2.11)
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to denote the net position of Bank b against the central bank. We distinguish
banks with claims against the central bank and banks that are debtors of the

central bank:

By :={b; €[0,1] st. " >0}
and By:={b; €[0,1] s.t. &% <0}.

Net claims against the central bank are denoted by dlg 5 = 0% for all b; € By, and
net liabilities by lgB := —§% for all b; € By. The balance sheets of banks and
households are given in Table 2.A 4.

Households Bank b; Bank b;
S dbCZ;B lejB
b; bj
Dy, Ey Ly dm, Ly dpm,

Table 2.A.4: Balance sheets at the end of Stage C, Substage 4. Source: Own
illustration.

Stage C, Substage 5: Payment of Bank Equity

Now households pay the equity Fg = @Dy > 0 pledged in ¢ = 1, thereby de-
stroying the corresponding amount of bank deposits. We use Dy = (1 — @)Dy
to denote the remaining amount of deposits. Accordingly, Dy, = Ep + Dpy. The
balance sheets of two typical banks representing a net depositor and a net borrower

from the central bank are displayed in Table 2.3.

2.B Stage E—No Bank Defaults

We examine the detailed dividend payment, payback of debt, and payment process
of Stage E through a series of substages. Similarly to Appendix 2.A, whenever a
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variable changes in some substage, we increase the index by 1, starting with the

last index from Appendix 2.A.

Stage E, Substage 1: Borrowing of Banks from the Central
Bank

To have enough CB deposits to guarantee payments using bank deposits, Bank b
borrows from the central bank the amount of Iy, = dgiy, == DR} + Iy We

use the notations

bi,s . gbis bi s
dep, = dcp, +dopRep
lbj,s

. gbsss b s
and OB, = lCB3+lCB B

The balance sheets of banks and households are given in Table 2.B.1.

Households Bank b; Bank b;
SiRe | EuRy desy, s, diip, Ié5,
DyRs, YRS dy Rs) 1% RS dy R3)
EgRj; I Iy

IT%

Table 2.B.1: Balance sheets at the end of Stage E, Substage 1. Source: Own

illustration.

Stage E, Substage 2: Dividend Payment

Bank profits are paid as dividends to households. This creates bank deposits, and
households’ deposits at Bank b become d?{ := Dy R}, +11%. The aggregate amount
of households’ deposits is then denoted by qu. To settle these payments, each
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bank b transfers H%‘S to other banks and receives I} from other banks in the form

of CB deposits. These processes impact CB deposits of Banks b; and b; as follows:

bi,s . gbi,s b;,s s __ 1b; s s s
dops = deg, — U™ + g =digRop + DuRp + 1
and  dyy, = dgy, — 1" + 115 = Dy RS, + 115,

The balance sheets of banks and households are given in Table 2.B.2.

Households Bank b, Bank b;
SPRe | EyRj, A, Ieis, dés, I,
Dy, 1% R d3; Iy R dy
1T

Table 2.B.2: Balance sheets at the end of Stage E, Substage 2. Source: Own
illustration.

Stage E, Substage 3: Repayment of Debt and Distribution
of Profits

From the repayment of debt SpRyg and the distribution of profits II3,, both in terms
of the consumption good, households obtain f(Kg) units of the consumption good.

The balance sheets of banks and households are given in Table 2.B.3.

Stage E, Substage 4: Sale of the Consumption Good Pro-
duced by MT

Firms in MT sell the entire amount of the consumption good they have produced.
Households buy it with their private deposits consisting of their wealth in terms

of equity and deposits.”® The supply of KyR3; units of the consumption good

50The household receives additional deposits from the banks’ dividend payments.
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Households Bank b; Bank b;
Ds Ey RS dbws [bos dvs 18
H Hivg CBg CBs3 CBs CBy
f(Kr) IR, dy; IR d;

Table 2.B.3: Balance sheets at the end of Stage E, Substage 3. Source: Own
illustration.

Dy
e

meets the real demand . Hence, the equilibrium price is given by

D3,
KumRS,

Pe =

To settle these payments, each bank b transfers Jﬁf to other banks and receives an
amount dl])\jl := ob,d3, from other banks in the form of CB deposits. By summing
over all banks b € [0, 1] in the expression of banks’ profits in Equation (2.1), we
obtain Ly, R} = Dy R}, +11%, which means that dlj’\’/[s1 = b, Ly R . This transaction

impacts the CB deposits of Banks b; and b; as follows:

bi,s . gbi,s 78 bi,s b s b; s
dop, = dop, — di + dyj, = oy Ly R + dépRep

bj,s L bj,s Is b]-,s - bj s

The balance sheets of banks and households are given in Table 2.B.4.

Households Bank b; Bank b;
s is8 i S bj,s bj,s
f(KF) EHRH dbCBg lgB3 dC’B7 ZCB4
KnR3, LeRy | i R | i

Table 2.B.4: Balance sheets at the end of Stage E, Substage 4. Source: Own
illustration.
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Stage E, Substage 5: Repayment of Loans by Firms in MT

Firms in MT pay back their loans, and bank deposits are destroyed. The balance
sheets of banks and households are given in Table 2.B.5.

Households Bank b, Bank b;
s isS i 55 bj,s bj,s
f(Kr) EnRy deiie 16, dep, lep,
KMmR3,

Table 2.B.5: Balance sheets at the end of Stage E, Substage 5. Source: Own
illustration.

Stage E, Substage 6: Netting of CB Deposits and CB Lia-
bilities
Banks net their CB deposits and CB liabilities. Using the expression of bank
profits given by Equation (2.1), we obtain
deg, — o, = o Ly Ry + (1 — a5) Ly Re — ((Lar — Ep) Ry, + T15°) =0,
g — s, = a Ly Ry — (ay; — D)Ly RS — ((Ly — Eg)R3y + 115°) = 0.
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2.C Net Positions of Banks Against the Central
Bank After a Bail-out

In Table 2.6 the label b, denotes banks with a non-negative net position against

the central bank. For completeness, the net position is given by
(

A if Y Rep —T° >0 and T1° > 0,

bi’ o y . . -/
dépr = d%BRSCB —T5 4+ ¢brs if dlgB &g — T% 4+t >0 and H%, ® <0, and

thrs — s (% RS i [0S RS, 4+ T — th% < 0 and 1 < 0,
\
where T are the tax payments introduced in Subsection 2.2.4 representing the
households’ deposit withdrawals to pay taxes in State s = [, h and t**, the possible
bail-out in State s = [, h if Bank by defaults against households. Similarly, the
label b;; denotes banks with a negative net position against the central bank:

;

b.s,s

1 RS + T° if T2 > 0,
by . b b.r,s
T5 — iy Re., if dYyRsy — T° < 0 and T2 > 0,

b

lepr =
. . b/ b"7

Ts — % —dJRey if ddgRep — T° + 1% <0 and I1)”° < 0, and

b.s,s

. .o 40
opRep + T =t if ldpRep +T° —t%* > 0 and I < 0.

2.D Interbank Borrowing and Lending

In Appendix 2.D we describe how banks settle payments between agents and how
banks can borrow and lend to each other, thereby creating bank assets and liabil-
ities. Ultimately, we will be able to investigate the implications of this process for

the gross rates of return on private and CB deposits in equilibrium. For ease of
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presentation, we omit the superscript s as the same considerations hold for both
states of the world.

We use an example with two banks, b; and b;. Assume that Bank b, grants a loan
to Bank b;. Then four entries in the balance sheets are created, as shown in Table
2.D.1.

Bank b; Bank b;

D; L; L; D,

Table 2.D.1: Balance sheets representing interbank lending and borrowing (1/4).
Source: Own illustration.

L; represents the amount of loans granted by Bank 0; to Bank b;, and D; the
amount of deposits held by Bank b; at Bank b;,. We have assumed a competitive
interbank market with a single gross rate of return for lending and borrowing. Since
banks cannot discriminate between deposits owned by households and deposits

owned by other banks, the corresponding gross rates are both equal to Rp.

We next investigate the relationship between Rop and Rp. Assume first that some
buyers pay with their deposits at Bank b; and that the sellers deposit the money
at Bank b;. To settle the transfer, Bank 0; has two options. If Rep < Rp, it
will borrow from the central bank and transfer CB deposits to Bank b;. Suppose
now that Rcp > Rp. Then Bank b; directly becomes liable to Bank b;. The
buyers’ deposits at Bank b; are replaced by a loan Bank b; grants to Bank b;.
This loan is an asset for Bank b; that is matched by the liability corresponding to
the new sellers’ deposits. As assumed in Subsection 2.2.3, Bank b; has the right
to require Bank b; to repay its liabilities with CB deposits, which Bank b; will
do as Rop > Rp. The balance sheets at the end of the process look exactly the
same, no matter whether or not Bank b; became liable to Bank b; in the first
place. Therefore, independently of Rp, the refinancing gross rate is equal to R¢p.
However, assuming that no bank participating in the interbank market makes any

loss by doing so requires Rp = R¢op, which we show next.

Here we prove that Rp = Rcp. By contradiction, assume first that Rp < Rep.
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Bank b;, for example, would borrow from Bank b; at the gross rate of return Rp
and from the central bank at the gross rate of return R¢p, as shown in the balance
sheets in Table 2.D.2.

Bank b; Bank b;

D; Li Li D

Dep Leg

Table 2.D.2: Balance sheets representing interbank lending and borrowing (2/4).
Source: Own illustration.

Using deposits at Bank b;, Bank b; can now repay CB liabilities. To carry out this
payment, Bank b; has to borrow from the central bank at the gross rate of return

Rcp. The balance sheets are given in Table 2.D.3.

Bank b; Bank b;

DCB LZ Lz LCB

Table 2.D.3: Balance sheets representing interbank lending and borrowing (3/4).
Source: Own illustration.

Bank b; would make positive profits from this operation, while Bank b; would make
losses. As we assumed that no bank participating in the interbank market makes

any loss by doing so, Rp < Rep cannot occur in any equilibrium with banks.

Now assume that Rcp < Rp. Then Bank b; would like to repay its liabilities
against Bank b; using CB deposits. This would result in the balance sheets given
in Table 2.D.4.

Bank b; would make positive profits from this operation, while Bank b; would make
losses. As we assumed that no bank participating in the interbank market makes

any loss by doing so, Rp > Rcp cannot occur in any equilibrium with banks.?!

51Otherwise, we could have constellations with Rcp > Rp and an inactive interbank market,
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Bank b; Bank b;

D; Lep Dep D;

Table 2.D.4: Balance sheets representing interbank lending and borrowing (4/4).
Source: Own illustration.

2.E Households’ Optimal Investment Choices

Lemma 6
The representative household’s optimal portfolio choices are represented by three

correspondences denoted by

Ep: R, x [0,W] = P(R, U{+00}),
Dy :RY, xRy x [0,W] = P(R; U {+00}),
Sp:RT, — PRy U {+o0}),

and given by

( Eg((R%)s, (RD)s, pr; (p3)s: Sr),
H( R3)s, (RD)s: pr, (02)s: EB, Sr),
Sr((R3)s: (Rb)ss pr, (05)s) ) =
( ({0}, {0}, {W})

if max <IE [1;23
({0}, {pW},{0})

p if max (f’("),E [RE]) - |:RSD] (2.12)

({prW},{0}, {0}) |

if max (f/(o),E [ D]) <E [R—?f],

as no bank would lend in such a market. An active interbank market requires Rp = Rcpg.
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[ ([0,p/W], {p/W — Eg},{0})

Z’fm [ﬁ] EHP:E ;
C

({0} {pr (W = )} A (niE [

if max (M,E fe 1) < ol S )
pI | Pc Pc pI
({pr (W = Sp)} {01 A (B [22] ) 1)
if max <w E _RED <E [RE} < £(0)
pr T | PG e | — pr’
/

(1051 (W = Sp)]. {p1 (W = ) = Eg} {£ (niE [32])})
if S < E[1E] —E |52] < 5@,

The proof of Lemma 6 is given in Appendix 2.G.

2.F Optimal Choice of Money Creation by Banks
with Capital Regulation

Lemma 7

Suppose that banks have to comply with a minimum equity ratio "9 at the end of
Periodt = 0. If R}, = Rip in all states s = [, h, the privately optimal amounts of
money creation and lending by an individual bank are represented by a correspon-
dence denoted by & : RS, X [¢"9, 1) — P(Ry U {+00}) and given by

ATeg(<RL)S7(RCB)S7 ):
[ {-Z. ) i (Ry = Rgp for all states s =1, h
with at least one strict inequality) or
if (R, > Rop, RY < RLy, Rhy < R, and S < abep) or
if (R, > Rop, R < Ry, RLy < RY, and ﬁ <ahop) or
if (R, = Rep, Ry < RLy, Rhy < R, and aDH <@ § OzDCB) or

Zf (RL < RCB; RL < RZCVB; RI&B < R aDH < reg < aDCB’
R —R]
reg o CB
\ and @9 < 7U—R, ) or
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{07 O‘lDCB}
{07 O‘%C’B}

{0}

Zf (RL<RCB7 Rh <RCB7 RZB<RL, OCDH< reg <aDCB7

and @™ < %%)

if (Ry < Reg, R’L < Rgp, Rt < R, apeop < S5,

and ¢ < Ug? B) or

if (R, > Rep, Ry < Rby, Ry < R, and abyop < Jﬁ—g),
if (Re < Rop, R} < Rtp, Rep < Ry, apep < S,

and ¢ < O_" gh RCB) or

Zf (RL Z RCB; RL < RCB7 RI(JB < RZL and aDCB T‘eg)

if (R = RSCB for all states s =1 h) or

Zf (EL - RCB7 RL < RCB’ RICVB < RL a/nd _T‘i_g < OC%H)

Zf (EL < ECB, RlL < Rlch, RZVB < Rii @DH <t reg < aDCB,
o R RCB

= 170—Rl ) or

Zf (RL<RCB, RL<RCB7 RleB<RlL aDH< 'r‘eg <aDCB7

and @™

1— O'R RCB)
R.p
Zf (RL < RCB: RL < RCB: RZ‘B < R}Llr OélDCB < %7
_o R}-Rip
1—0 Rop—Ry 7’
if (R, < Rop, R < Ry, Ry < R, ol < -2

— (P'reg J

and "9 =

and ¢ =

UR RCB)
o RE,—RE

if (R < Rip for all states s =1, h
with at least one strict inequality) or
Zf (RL < RC’B; RL < RCB7 RévB < R}i, achB < rd

— Sareg J

and p = =2

Rh
cmd aw<§0} or

< Sreas
and UU% <) or

if (Rt < Rop, Ry < Rpp, Rt < R}, aby < i < apep,
and 1_0% < ") or

if (Rr < Rop, R} < Rtp, Rep < RY, by < i < dbep,
and =2 % < ") or

if (R < Rep, RY < RLp, Rhy < R and s S oy ) or
Zf (RL < RC’B; RL < RCB7 RZCVB < RlL, CLnd 3‘@6_9 S OC%H)
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The proof of Lemma 7 is given in Appendix 2.G.

2.G Proofs

Proof of Lemma 2.

As set out in Subsection 2.2.3, banks can lend to, and borrow from, each other at
the gross rates (Rjy)s contingently on State s. Similarly, as explained in Subsection
2.2.3, they can also borrow from, or deposit at, the central bank at the policy
gross rates (R p)s contingently on State s. Suppose now, by contradiction, that
R} # R{p for some state s. If R}y < R{p, all banks would like to become liable
to other banks and use the money obtained to hold assets against the central bank,
contingently on State s. Similarly, if RY > R¢ 5, all banks would like to become
liable to the central bank and use the money obtained to hold assets against other
banks, contingently on State s. As we assumed that no bank participating in
the interbank market makes any loss by doing so, both cases cannot hold in an

equilibrium with banks.?? O

Proof of Proposition 1.
Let b € [0,1] denote a bank. As R$, = Ry in all states s = [, h by Lemma 2, the

expected shareholders’ value of Bank b is given by
E[max (o}, Ly (R — Rép) + EpR5), 0)].

Suppose that R, < Reg.

— Suppose first that R} < R for all states s = [, h with at least one strict
inequality. In this case, Bank b’s expected shareholders’ value is decreasing

in the volume of loans. Therefore, its choice is o, = 0.

— Suppose now that RY < RLp and Rz < R?. For these constellations

Figure 2.G.1 depicts three typical cases representing the expected gross rate

52The mechanisms by which banks become liable to other banks or hold assets against them
are explained in detail in Appendix 2.D.
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of return on equity as a function of a,. The three different cases are given

h _ ph
by the comparison between the capital ratio ¢ and ﬁgf }_2}0%?.
CB L

For of, < ab,, Bank b does not default on depositors, and its expected

shareholders’ value is decreasing with of,, as illustrated in Figure 2.G.1.
However, for ab,,; < of;, Bank b defaults on depositors in the bad state.
Then Bank b can further increase the expected shareholders’ value by grant-
ing more loans, as illustrated in Figure 2.G.1. The reason is that shareholders

are protected by limited liability and due to depositors’ bail-out by the gov-

ernment, the deposit gross rate of return of Bank b received by households
in the bad state is RY,.

Y hd
No default Default in State [ only
¥7) . _ D ) > h _ ph
aRbE _ R;, — Rcp <0 8RbE _ URL Rép ~ 0
dah, o daly, ¢

Figure 2.G.1: Expected gross rate of return on equity of Bank b as a function of ab,
when R;, < Rcp and RELp < R! for three typical cases given by the comparison

. . Rl Rl .
between the capital ratio ¢ and 2 Z—%F. aby,; and the corresponding areas of
CB™ 'L

R —RI . .
2L —<¢B Source: Own illustration.
1-o RL,—Rl,

default and no default are depicted for ¢ =
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However, money creation levels of, > ol .5 cannot be optimal for Bank

b, as it would default on the central bank and its banker would be subject
to heavy penalties. Therefore, Bank b compares the expected shareholders’

value with af, = 0 given by
EgRep
and the expected shareholders’ value with of,; = al,p given by
o (apoplm(R} — Rep) + EpRep) -

This comparison leads to the threshold equity ratio ¢

o R%_R}CL'B

below which Bank b chooses o4, = a},,5 and above which it chooses a4, = 0.

Suppose now that Rf < RIL, and RL, < RL. Analogously to the previous

case,

o Rtp— R}

is the equity ratio below which Bank b chooses b, = a5 and above which

: b
it chooses aj, = 0.

Suppose now that R;, = Rep.

— Suppose first that R} = R¢p for all states s = [,h. In this case, Bank b

cannot influence its expected shareholders’ value by varying its amount of

loans. Therefore, [0, +00) constitutes the set of Bank b’s optimal choices.

Suppose now that RY < RLp and Rbp < RE. In this case, for of, <
alyy, Bank b does not default on depositors, and its expected shareholders’
value is constant and equal to EpRp. However, for ol < of,, Bank b
defaults on depositors in the bad state. Then Bank b can further increase

the expected shareholders’ value by granting more loans. The reason is that
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shareholders are protected by limited liability and due to depositors’ bail-
out by the government, the deposit gross rate of return of Bank b received
by households in the bad state is R},. However, levels of money creation
ab, > aly .z cannot be optimal for Bank b, as it would default on the central
bank and its banker would be subject to heavy penalties. Therefore, Bank
b chooses the highest level of lending for which it does not default on the

central bank. This means that Bank b chooses ob; = ol 5.

— Suppose finally that R? < R, and RL 5 < Rl. Analogously to the previous

case, Bank b chooses of;, = ol 5.

Suppose finally that Ry, > Rep.

— Suppose first that Rl z < R7 for all states s = [, h with at least one strict
inequality. In this case, Bank b can increase the expected shareholders’ value

by granting more loans. Accordingly, its choice is o}, = +o0.

— Suppose now that R}, < RL, and Ry < R In this case, for of, < alyp,
Bank b does not default on depositors, and it can increase the expected
shareholders’ value by increasing its lending level. However, for o, < of;,
Bank b defaults on depositors in the bad state. Then Bank b can further
increase the expected shareholders’ value by granting more loans. The reason
is that shareholders are protected by limited liability and due to depositors’
bail-out by the government, the deposit gross rate of return of Bank b received
by households in the bad state is R!,. However, levels of money creation
ab, > ol p cannot be optimal for Bank b, as it would default on the central
bank and its banker would be subject to heavy penalties. Therefore, Bank
b chooses the highest level of lending for which it does not default on the

central bank. This means that Bank b chooses ob; = ol 5.

— Suppose finally that R} < R, and RL; < R}. Analogously to the previous

case, Bank b chooses of; = ol 5.

We can summarize the choices of lending levels by banks, given gross rates (R )s,
policy choices (R g)s, and their equity ratio ¢, with the correspondence

o ((R3)s, (R&p)s: ) given in the proposition. O
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Proof of Lemma 6.
Suppose first that max (E [1;53] JE [REED < flgv). Now we define the auxiliary

c bc

function

1(¢) = E(W) = (£(59) + (W = Sy max (| 2] 5 | TE] ) ),

e e

It is easy to verify that, for all Sg € [0, W), ¢/(Sr) < 0. Moreover, ¢;(W) = 0.
Therefore, ¢1(Sp) > 0 for all Sp € [0, W), which establishes the first case in
Equation (2.12).

Suppose now that max (f/(o) JE [RSE]) <E [Ri’]. Next we consider the function

pr Pe Po
Rp Rp
92(Sr) == prWE | —=| — | £(SF) + pr(W — Sp)E | —; ;
Pc Pc

which shares similar properties to g;: for all Sp € [0, W], ¢g5(SF) > 0, ¢g2(0) = 0,
and thus ¢g2(Sr) > 0 for all Sp € (0, W]. Accordingly, we can apply the same
argument to g, as previously for g; and obtain the second case in Equation (2.12).

With similar arguments we also obtain the third and fourth cases.

Suppose finally that max (f’(W) E [RE]) <E [1;:[)
C

pI Pc

o= (e o 3]) (o= (2o

= (#Cs0) 4 pa(W - 800 | 72 )

C

} < %. Now we consider

Ry
e

We observe that gs is strictly convex in Sg, ¢g5(0) = —f'(0) + p;E [
93(W) = —f'(W) + p/E

] <0, and

[];g’] > 0. Hence, on [0, W], g5 takes the minimum at

Sp = f'-! (pIIE [};:gD, and it holds that g3 (f’*1 (pIIE [i’ﬂ)) = 0. Therefore,

g3(SF) > 0 for all Sp # f'~1 (pIIE [?}D, which proves the fifth case in Equation
C

(2.12). With similar arguments we also obtain the last two cases. ]

Proof of Lemma 4.

Demands for the investment good by firms in MT and FT are directly derived
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from the following shareholders’ value-maximization problems:

KMHé%fW]{E[maX(KM( mPe — Ripr), 0)]}

s.t. Rype = Ripr for all states s =1, h
and  max {E[max((f(Kr) — KrRr)p:,0)]}.

KFE[O,W]

Proof of Theorem 1.
Let £* be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted by
asy. At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o, = 1. The result of Lemma 2
implies that we can apply Proposition 1. Thus, given gross rates of return (R$*)s,
policy choices (R p)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level af; € s ((R5)s, (R&p)s: "), as given in Proposition 1. The only gross rates

of return in Proposition 1 rationalizing o}, = 1 are

S*

DS
L — ficp
for all states s = [,h. A direct consequence of this relation, Lemma 2, and the

expression of profits in Equation (2.1) is that
g = Rp = R = Rep (2.13)

for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule
introduced in Subsection 2.2.3, the interbank lending market is not used in an
equilibrium with banks. Finally, II%5 = 0 for all states s = [, h (see Subsection
2.2.4), which translates into

Sk, %

S Sk __
MPc = L Pr
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for all states s = [, h. Given gross rates of return (R3)s and (R )s as well as prices
py and (pg)s, households choose EY, € EB((Rz:*)S, (R3)s, P}, (085, S) given Sp,
Dy € Du((Rg)s, (RE)s, 15, (05)s, B, S3) given E and Sk, and

S € SF((R%*)S,( ), 0}, (9E)s). These correspondences are given in Lemma 6
in Appendix 2.E. Only the first, the fourth, and the seventh cases of the definition
of the correspondences EB, ﬁH, and Sp correspond to equal nominal gross rates
of return R} and R and are hence consistent with the equality of nominal gross
rates of return in Equation (2.13). However, the assumption f'(W) < Ry < £/(0)

plus R} p& = R7*pj rule out the first and fourth cases. As in an equilibrium with
banks Ej, Dy > 0, we thus obtain

Ep € (0,p; (W — " (Rwm))),
D3, =pj (W — f’_l(f_{M)) — E%, and
=" Rnm).

Finally, R§ can be determined by using Lemma 4 and equating the demand for
the investment good Kj to its supply S7. With the help of the equity ratio ¢*,

we can then re-write all equilibrium variables as given in Theorem 1.

In turn, it is straightforward to verify that the tuples given in Theorem 1 constitute
equilibria with banks as defined in Subsection 2.2.5. O

Proof of Lemma 5.
Let £ be an equilibrium with banks for which a minimum equity ratio " is
imposed on banks at the end of Period ¢ = 0. If aj,; > 1 for some bank b € [0, 1],

the minimum equity ratio imposes the following constraint on money creation o},

*

B .
I > "9 or equivalently
MM
*
al]’w < Ld

gDreg :
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If o4, < 1, the previous constraint becomes
Ly
Ly
(p* Z ()07"69.

reg

> " or equivalently

Proof of Lemma 7.
Let b € [0, 1] denote a bank and assume that a minimum equity ratio " < ¢ is
imposed on banks at the end of Period ¢ = 0. Using Lemma 5 and the property

5 = R for all states s = [, h, Bank b’s maximization problem simplifies to

max _{E[max(a}, Ly (R — Rip) + EpREp,0)]}
aly<[o. o]
As the arguments used in this proof to investigate the impact of lending on the
shareholders’ value are similar to the ones given in the proof of Proposition 1, we

refer readers to the proof of Proposition 1 for further details.
Suppose that Ry, < Rep.

— Suppose first that R} < R for all states s = [, h with at least one strict
inequality. In this case, the expected shareholders’ value of Bank b is de-

creasing in the volume of loans. Therefore, its choice is a§, = 0.

— Suppose now that R, < RLp and REp < RE.
— Suppose first that a5 < %. Then the equity ratio requirement does
not impose an additional constraint on Bank b, and its optimal choice

of money creation is

h h
o R;—R¢p

b =0 if <
. o RY— Rl
ol € {0, ahep} 1f90:1_0R1L _f%?,
B "

g RL_RZ‘B

and b, = abop it o <
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— Suppose now that ab.p > Sies- Then either aby < e and the

expected shareholders’ value of Bank b is decreasing for of, € [0, al, ]

and increasing for of, € [al,,, Sies)s or abyy > e and the expected

shareholders’ value is decreasing for b, € [0, ;;Lg] Therefore, if aly, >

s, the choice of Bank b is ab, = 0. Suppose that ol < sz~ Then
the choice of Bank b can be derived by comparison between the expected
shareholders’ value for a4, = 0 and for o}, = ;,‘f’e—g. Using the expression
for profits in Equation (2.1) and rearranging terms establishes that the

choice for Bank b is

g RZ - R?}B
l1—0 RICB

4 R% - RZ‘B
l1—0 RlCB ’

4 R% - RZ‘B
l1—0 RlCB

ab, — it < e,

oy € {0, 55} i g9 =

b _ _p ; re
and ajy = %5 it "9 <

— The analysis for R < R, and R.5; < R} is similar to the previous one.
Suppose now that R;, = Rep.

— Suppose first that R} = R} for all states s = [, h. Then [0, =] constitutes

pred

the set of Bank b’s optimal choices.
— Suppose now that R, < RLp and Rk, < R
— Suppose now that aly, < Z’%' Then the expected shareholders’ value
of Bank b is constant for all o4, € [0, o}, ;] and increases with o}, in the

interval (o, ;] Therefore, Bank b chooses af; = min(apop, S )-

— Suppose now that oty > ﬁ. Then Bank b’s expected shareholders’

value is constant for all of, € [0, stes)- Therefore, [0, Z£7] constitutes

the set of Bank b’s optimal choices.

— The analysis for R < RL, and RL; < Rl is similar to the previous case.
Suppose finally that R; > Reg.

— Suppose first that R} > R for all states s = [, h with at least one strict

inequality. In this case, Bank b can increase the expected shareholders’ value

by granting more loans. Therefore, its choice is o, = (pi.’;g.
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— Suppose now that Rf < RLp and REp < RP. In this case, Bank b can
increase the expected shareholders’ value by granting more loans. Therefore,

. . . b . . l (p
its choice is o}y, = min(apep, ;5 )-

— The analysis for R} < R, and RL5; < R} is similar to the previous case.

We can summarize our findings with the correspondence &7’ given in the lemma.

O

Proof of Proposition 3.
Let £ be an equilibrium with banks for which a minimum equity ratio ¢" is
required to be held by banks at the end of Period ¢ = 0. We first note that a

direct consequence is that ¢* € [¢"%, 1).

Then all banks choose the same level of money creation and lending, denoted by
ajy. At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,;db = 1, which translates into a3, = 1. The result of Lemma
2 implies that we can apply Lemma 7. Thus, given gross rates of return (R5")s,
policy choices (R g)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level of; € a4 ((Ry)s, (REp)s, ¢*) as given in Lemma 7. Therefore, the only gross
rates of return and capital structure ¢* in Lemma 7 in Appendix 2.F rationalizing

oy = 1 are such that

either Case a) (RS = R for all states s =, h),
or Case b) (R, = Rep, RY < RLy, Ry < R, and oy, > @“’,ﬁ:g),
or Case c¢) (R, = Rep, R¥ < Ry, Rbp < Ry, and oy, > w",ﬁ:g),
or Case d) (R, < Rep, R < RLy, Rty < R ol <1,

hx h
and o* — gres — o RiFlpy

1-0 Rgp
* =) h h l I h
or Case e) (RL < RCB, RL* < RCB’ RCB < RL’ OéDH < ].,

Lk pi
1-o B _hRCB )
o R p )

and @* = " =
or Case f) (R > R:j for all states s = [, h with at least one strict
inequality, and ¢* = ¢"%),
or Case g) (R, =Rcp, R < RLy, Ry < RP™ ol <1, and ¢* = "),
or Case h) (R, =Rcp, R < RlLy, Rbp < Ry o, <1, and ¢* = "),
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or Case i) (R, < Rep, RY < RLp, Rlp < RI*, oy, <1,

hx* h
o Rp _RCB)
1-0o )

and ¢* = @'Y < "

or Case j) (R, < Rep, R < Rl Rbp < R ol <1,

! l
1-o Rp _hRCB )
o Rt g )

or Case k) (R, > Rep, Ry < RLg, Rlp < Rl and ¢* = @),
or Case 1) (R, > Rep, R < Rl RLp < RY, and ¢* = "),

and p* = " <

Note first that for Cases f) to 1), the expected gross rate of return on equity achieved
by any Bank b when choosing o, = 1 is higher than the expected gross rate of
return on equity when choosing a4, = 0. Since the latter is equal to the expected
deposit gross rate, we can conclude that in all cases f) to 1) the expected gross rate
of return on equity is larger than the expected deposit gross rate. Moreover, for
Cases a) to e), the expected gross rate of return on equity is equal to the expected
deposit gross rate.

Given gross rates of return (Rj

)s
households choose Ej, € EB((Rf)S, (R3)s,p; = 1,p& = 1,53 given S,
D3, € lA?H((Rj;E*)S, (R3)s, 0} = 1,p& = 1, B}, Sp) given Ej and S, and

Sy € SF((RSE*)S,(Rg)S,p? = 1,p. = 1). These correspondences are given in

and (R})s as well as prices p; = p& = 1,

Lemma 6 in Appendix 2.E.

For Cases f) to 1), Lemma 6 implies that D3, = 0, which is excluded from the
definition of an equilibrium with banks. Therefore, Cases f) to 1) do not correspond

to possible equilibria with banks.

For Cases a) to e), expected gross rates of return E*E and E; are equal, and only
the first, the fourth, and the seventh cases of the definition of the correspondences

EB, bH, and Sy in Appendix 2.E are consistent with }_%*E = }_%Z.

For Cases a) to c), the assumption f'(W) < Ry < f/(0) together with Ry =

R, = R rule out the first and fourth cases. As in an equilibrium with banks
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E%, Dy > 0, we obtain

Ep € (0,(W—f""(Rwm))),
Dy = (W —f""(Rm)) — E;, and
St = (Ru).

For Cases d) and e), the assumption f'(W) < Ry together with Ry < Ry, = R,

rule out the first case. As in an equilibrium with banks E}, D3, > 0, we obtain

Ly € (0,(W = Sp)),
D?{: (W_S;>_Egv

. =1 (Rep) if £(0) > Rep,
SF = .
0 otherwise.

In turn, it is straightforward to verify that the tuples found in this proof constitute
equilibria with banks as defined in Subsection 2.2.5. O

Proof of Corollary 6.

Corollary 6 immediately results from Corollary 5 and from the observation that
Rep = R, Ri; < 1 < Ry, and Rty > 1 for all s = [, h together imply that
R, > RR.

]

2.H Example

We illustrate our results with an example. In this example we use the normalization
p; = 1, and we set households’ portfolio choice to ¢* = 0.4. We use the parameter

values given in Table 2.H.1.

We note that all assumptions on parameters and the function f are fulfilled, in-

cluding Assumption 1. We now distinguish two cases:

— Either the central bank sets (R, Rlg) = (1.02,1.02). Then we obtain the
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\%\% 1

(RL;,RE,) | (0.98,1.06)

o 0.5

f(Kr) 2(Kp — X1)

Table 2.H.1: Parameter values. Source: Own illustration.

variable values given on the left side of Table 2.H.2.

— Or the central bank sets (RLp, REg) = (Ry, RY). Then we obtain the
variable values given on the right side of Table 2.H.2.

In the case of price rigidities characterized by pZ = 1 for s = [, h, the policy

presented in Corollary 6 yields the following values:

R.;=1, RLp,=1.04, and ¢ 9 =0.02.



2.H. FEzample 79
(Rp, ) (Rp, )
= (RY,RM) | (1.02,1.02) = (RY,R") | (0.98,1.06)
= (R, RE) = (R, RE)
Ry 1.02 Ry 1.02
(P 1) (1.04,0.96) (P ) (1.00,1.00)
Ly =Ky | 051 Ly =Ky | 051
Sp=Kgp |049 Sp=Kgp |049
Dy 0.31 Dy 0.31
Eg 0.20 Eg 0.20
(DL, D) | (0.52,0.52) (DL, D) | (0.50,0.54)
I3, 0 115, 0
(I%,, 11%) | (0.25,0.23) (ITL,, T8 | (0.24,0.24)
(IT,,, TI) | (0.21,0.21) (I, TI) | (0.20,0.22)

Table 2.H.2: Variable values with policy gross rates (RLg, Rtg) = (1.02,1.02)
on the left side and (RLp, REg) = (0.98,1.06) on the right side. Source: Own
illustration.



Chapter 3

Generalizations and Variations of
the Model with Money Creation

Abstract

We demonstrate that our main findings from Chapter 2 can be
extended to various changes to our assumptions, such as the de-
nomination of bonds and of profit maximization, the extent of the
macroeconomic shock, the form of the production functions in the
two sectors we defined, and additional states of the world. More-
over, if the real deposit rates do not adjust to the macroeconomic
shock, we prove that only capital requirements that are sufficiently
high can establish the existence and uniqueness of efficient equilib-
ria with banks. If banks incur costs in real terms for the issuance of
their equity, we show that governmental authorities can use mone-
tary policy and capital requirements to implement any welfare that
is arbitrarily close to the first-best welfare. Finally, we demonstrate
that reserve requirements coupled with haircuts are equivalent to
capital requirements as to their effect on banks’ money creation.

Preliminary remark: In the generalizations and variations of Chapter 3, we
use the model described in Chapter 2 and its variables, and we only re-define the

variables that change with the new features examined.

80
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3.1 Equivalence of Profit Maximization in Real

Terms

In Chapter 2, banks maximize the expected shareholders’ value in nominal terms.
However, as only consumption matters for shareholders, banks should maximize
the expected shareholders’ value in real terms. In Section 3.1, we show that these
two maximization problems are equivalent in the sense that they implement exactly

the same equilibria with banks.

We begin by re-stating the notion of an equilibrium with banks, using the new

banks’ optimization problem:

Definition 3
A symmetric equilibrium with banks and shareholders’ value mazimization in real
terms is an equilibrium with banks as defined by Definition 1, in which the banks’

optimization problem is replaced by the following maximization problem:

R; — R? s — RS RS
max {E lmaX (O/MLML—CB + Ly—8 D g, D O>} } . (3.1)

)
ab,>0 e e Pe

where gross rates of return (R3)s, (R3)s, and (Rig)s as well as prices (p)s are

taken as given.

Using this new definition, Proposition 1 re-writes as follows:

Proposition 5
If R}, = Rip in all states s = 1, h, the privately optimal amounts of money creation
and lending by an indiwvidual bank are represented by a correspondence denoted by
dnr : RE, x (0,1) = P(RU {+o0}) and given by
dM((Ri)S’ (RE‘B)S’ (pSC)57 QO) =
{400} if R5 > Ry for all states s =1, h

with at least one strict inequality,
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;

. [Rs [Rs, ]
{abyop} if (E ﬁ >E PLSCB , Rb < RLp, and Rl < R") or

. (R3] (Re 5] o RE R, R:M_RE
(3 " E —QB and M VL “'L CB
f (E e | ST e , Rty < Rp, Y <~ 1R\, R RL,—R,/’

: [R3 T (Re L]
{aheg}  if (E | ZE 52| Rl < Rlp, and RLg < RL) or

e[ <= [t

[0,400)  if R} = R¢p for all states s =1, h,

! _s Ry, BRI RL—RL,,
:| RB<R,GTLdg0< o Rh R_ZR,CI«B—R?/ 1]

I R R? RY R, R!—Rl
{0,0bcs} E || <E |52, Rby < RY, and o = s e =R,

{0,0hes} IE|5:| <E[%2), RLy < RY, ond o= o gl f-tep,
{0} if (R} < Rp for all states s =1, h
with at least one strict inequality) or
if (E [?ﬂ <E
rifs] <= (2

The proof of Proposition 5 is straightforward and follows the proof of Proposition

RSCB RM RZL Rh RCB
[ - ] R, < R and 1_R_R_Rl —n < @) or

1 1_JRMRLR R
] Rep < R, and RE Ry RE, —Rh <¢).

1, with the difference that banks maximize their shareholders’ value in real terms.
This implies that the threshold equity ratio that makes both lending and defaulting
against households profitable slightly differs from the one given in Proposition 1.
However, our results remain qualitatively the same. We are now able to prove that

equilibria are identical to the ones found in Theorem 1:

Corollary 7
The equilibria with banks where the shareholders’ value is mazximized by bankers in
real terms are identical to the equilibria with banks where the shareholders’ value

15 maximized by bankers in nominal terms.

The proof of Corollary 7 is given in Appendix 3.A. Finally, we simply note that in
the case of price rigidities, the two maximization problems are directly identical

and thus that the two models are completely identical.
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3.2 Bonds Denominated in Nominal Terms

In Chapter 2, we assumed that bonds were denominated in real terms to simplify
the exposition. In this section, we show how the model could be written with bonds
denominated in nominal terms and we prove that the two models are equivalent
in the sense that the denomination of bonds in nominal terms yields a similar
definition of equilibria with banks, where the only difference is the presence of

no-default conditions when bonds are denominated in nominal terms.

The only parts from Chapter 2 that change are Appendices 2.A and 2.B, where
the exact payment processes are described. In Subsections 3.2.1 and 3.2.2, we
re-write these appendices completely, using bonds denominated in nominal terms.
In Subsection 3.2.3, we give the no-default conditions that have to be added to

the definition of an equilibrium with banks.

3.2.1 Stage C

We examine the detailed payment process, investment in F'T and the payment of
bank equity in Stage C through a series of substages. For this purpose, we index

all variables that change at some substage by an integer starting from 1.

Stage C, Substage 1: Borrowing of Banks from the Central Bank

To have enough CB deposits to guarantee payments, Bank b borrows from the

central bank the amount of
dléBl =18, =al,Dy.

As a result, an aggregate amount of CB deposits amounting to Do, = Dy > 0

is created. The balance sheets of banks and households are given in Table 3.1.
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Households Bank b

Iy dys

Table 3.1: Bonds denominated in nominal terms—Balance sheets at the end of
Stage C, Substage 1. Source: Own illustration.

Stage C, Substage 2: Sale of an Amount of Investment Good to MT

We assume that firms in F'T and MT buy the highest amount of investment good
they can afford and do not hold deposits in the production stage D:

_ Sr+ Lu
pr '

W

Firms in MT buy Ky = % from households. To settle these payments, each bank
b transfers d}, = o, Dy to other banks and receives dy, := Dy, from other banks
in the form of CB deposits. We note that Dy, does not depend on the individual
bank b, due to our assumption that households keep deposits evenly distributed
across all banks at all times. The corresponding aggregate amount is denoted by

Dy, . This transaction impacts the CB deposits of bank b as follows:
dv.p, = db.p, — a5y Dar + Dy = Doy

The balance sheets of banks and households are given in Table 3.2.

Stage C, Substage 3: Sequential Investment in FT and Sale of an

Amount of Investment Good to FT

As the distribution of private deposits of entrepreneurs in FT across banks clearly
does not matter in equilibrium, we first assume for the sake of simplicity that these

private deposits are distributed uniformly across banks at all times.
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Households Bank b
Dy, 1% dm,

Table 3.2: Bonds denominated in nominal terms—Balance sheets at the end of
Stage C, Substage 2. Source: Own illustration.

The investment of Sz by households at the nominal return' Ry and the sale of
an amount of investment good Kg := i—f take place sequentially in n; 4+ 1 rounds,
where n; := [g—]ﬂ 2 A round k € {1,...,n; + 1} consists of two steps.

In the first step, households buy the highest quantity of bonds issued by FT that
they can afford. To settle these payments, in round & € {1,...,n;} (resp. round
k = ny+1), each bank b transfers some CB deposits amounting to dg, = D) (resp.
dp, == Sr — n;Dyr)? to other banks, and receives some CB deposits amounting
to dp, := Dy (resp. dy, — dy, = Srp — n;Dyy) from other banks. Clearly, these

transactions do not impact the CB deposits of bank b.

In the second step, firms in F'T use the proceeds of bond issuance to buy the
highest affordable amount of investment good from households. To settle these
payments, in round k € {1,...,n;} (resp. round k = n; + 1), each bank b transfers
some CB deposits amounting to dp, = Dy (resp. dy, — dy, = Sp — nrDy) to
other banks, and receives some CB deposits amounting to dg, = Dy (resp. dg,)
from other banks. Clearly, these transactions do not impact the CB deposits of
bank b.

For k € {1,...,n;}, the balance sheets of households, firms in FT, and banks are
given in Table 3.3 for the first step and in Table 3.4 for the second step. For

k =nr + 1, the balance sheets of households, firms in F'T, and banks are given in

'We note that the gross rate of return on nominal bonds is also denominated in nominal
terms.

2We denote by [z] the highest integer such that [z] < .

SWG define dH2 = dH1 - (SF - TLIDM)
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Table 3.5 for the first step and in Table 3.6 for the second step.

Chapter 3. Generalizations and Variations

Table 3.3: Bonds denominated in nominal terms—Balance sheets in Stage C,

Households FT Bank b
Ky — (]{7 — 1>DM SFk b Ib
(k—1)Dyy Ey 1 kD, CBa Ch
pbr ll]yw dFl
SFk = DFl
kD

Substage 3, at round k € {1,...,n;}, first step. Source: Own illustration.

Households

FT

Bank b

kD
b1

kD

b
dep,

b
les,

Ey

Dy,

Table 3.4: Bonds denominated in nominal terms—Balance sheets in Stage C,
Substage 3, at round k € {1,...,n;}, second step. Source: Own illustration.
Stage C, Substage 4: Netting of CB Deposits and CB Liabilities

Now banks can net their CB deposits and CB liabilities, as no further payment

has to be made before production. We use
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Households FT Bank b
D
KF — M S db lb
nIDM Pr P C B> CB1
b1 Dr, dH2
Sr Ey
l?w dp,
Dy,

Table 3.5: Bonds denominated in nominal terms—Balance sheets in Stage C,
Substage 3, at round k = n; + 1, first step. Source: Own illustration.

Households FT Bank b
Sr Ky Sp olbC B, l?) B,
.DH1 EH l?\/[ dH1

Table 3.6: Bonds denominated in nominal terms—Balance sheets in Stage C,
Substage 3, at round k& = n; + 1, second step. Source: Own illustration.

to denote the net position of bank b against the central bank. We distinguish
banks with claims at the central bank and banks that are debtors of the central
bank:

Br:={b;€[0,1] st. &% >0}
and Bj:={b; €[0,1] s.t. &% <0}.

Net claims against the central bank are denoted by dlg p = 0% for all b; € By, and
net liabilities are denoted by lgB := —§% for all b; € B;. The balance sheets of

banks and households are given in Table 3.7.
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Households Bank b; Bank b;
Sk dlgB lng
Dy, Ey % dp, 0 dn,

Table 3.7: Bonds denominated in nominal terms—Balance sheets at the end of
Stage C, Substage 4. Source: Own illustration.

Stage C, Substage 5: Payment of Bank Equity

Now households pay the equity Ep := @Dy > 0 pledged in t = 1, thereby
destroying the corresponding amount of bank deposits. We use Dy := (1 —¢)Dy
to denote the remaining amount of deposits. Accordingly, Dy, = Ep + Dy. The
balance sheets of two typical banks representing a net depositor at and a net

borrower from the central bank are displayed in Table 2.3 in Chapter 2.

3.2.2 Stage E—No Bank Defaults

We examine the detailed dividend payment, payback of debt, and payment process
of Stage E through a series of substages. Similarly to Subsection 3.2.1, whenever
a variable changes in some substage, we increase the index by 1, starting with the

last index from Subsection 3.2.1.

Stage E, Substage 1: Borrowing of Banks from the Central Bank

To have enough CB deposits to guarantee payments, Bank b borrows from the

central bank the amount of l%ng = d%%g .= Dy RS, +I1%°. We use the notation

b; _ 1bi,s b; S
dep, = dop, +dépRep,

bj,S _ bJ b] S

The balance sheets of banks and households are given in Table 3.8.
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Households Bank b; Bank b;
Sy Ry d, i, dé, ¢85,
Dy R, EnRs, 1% RS dy RS, % RS dy RS
EgRj; I g’
1%

Table 3.8: Bonds denominated in nominal terms—Balance sheets at the end of
Stage E, Substage 1. Source: Own illustration.

Stage E, Substage 2: Dividend Payment

Bank profits are paid to households as dividends. This creates bank deposits, and
the households’ deposits at bank b become d}; := DyR3 + II5. The aggregate
amount of households’ deposits is then denoted by qu. To settle these payments,
each bank b transfers Hlfgf to other banks and receives I from other banks in the
form of CB deposits. These processes impact CB deposits of Banks b; and b; as

follows:

A, = dy, — 11" + 115 = Dy RS, + 113,
anddl, i= dig, — TU" + 10 = dly Ry + Dty + 11

The balance sheets of banks and households are given in Table 3.9.

Stage E, Substage 3: Repayment of Debt, Distribution of Profits, and
Sale of an Amount of the Consumption Good to Households by FT

We assume that firms in FT and MT sell their entire stock of consumption good

and do not hold deposits at the end of Period ¢ = 1. The price of the consumption
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Households Bank b; Bank b;
oy ¢, e, As, I,
SpRp EnRs, % RS i, % RS ds;
I

Table 3.9: Bonds denominated in nominal terms—Balance sheets at the end of
Stage E, Substage 2. Source: Own illustration.

good is determined by equating demand and supply, i.e.

. D3, + SpRyp + 115,
PO = F(Kp) + KmRy,

The repayment of the debt SpRp, the distribution of profits I to households,*

and the sale of the amount of the consumption good f(Kg) = SFR;+H% take place
C
sequentially in n{, + 1 rounds where n§, := [SF}%F—:FH%} . Around k € {1,...,nf+1}
H

consists of two steps.

In the first step, households buy the highest amount of consumption good they can
afford. To settle these payments, in round k € {1, ...,n%} (resp. round k = n{,+1),
each bank b transfers some amount of CB deposits CZ%, (resp. dp, s == SpRp+115% —
ng,D3;) to other banks and receives dp, , == d3; (resp. dp, ) from other banks.

Clearly, these transactions do not impact the CB deposits of Bank b.

In the second step, firms use the proceeds of the sale to repay their debt and
distribute profits to households. To settle these payments, in round k € {1, ...,n%}
(resp. round k = nf, + 1), each bank b transfers some amount of CB deposits dp, s
(resp. dp, ) to other banks and receives some amount of CB deposits d; (resp.
dp, s) from other banks. Clearly, these transactions do not impact the CB deposits
of Bank b.

4As bonds and profits will be repaid in the same manner, we regroup them in one position
in the ensuing balance sheets.
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When k € {1,...,n%}, the balance sheets of households, firms in FT, and banks
are given in Table 3.10 for the first step and in Table 3.11 for the second step.
When k£ = n{, + 1, the balance sheets of households, firms in FT, and banks are
given in Table 3.12 for the first step and in Table 3.13 for the second step.

Households FT
Euty o) — 20 | Selir 1~
re P e (k—1)Dj
SrRp + 5 —
(k—1)D3, Dp, s
Bank b, Bank b;
b;,s bi,s bj,s bj,s
dép, log, dep, leg,
bi ps bj s
Ly Ry dpy.s Ly Ry dp, s

Table 3.10: Bonds denominated in nominal terms—Balance sheets at the end of
Stage E, Substage 3, at round k € {1, ...,n%}, first step. Source: Own illustration.

Stage E, Substage 4: Sale of the Consumption Good by MT

Firms in MT sell the entire amount of the consumption good they have produced.
Households buy it with their private deposits consisting of their wealth in terms of

equity and deposits. The supply of KpmRy, units of the consumption good meets

the real demand f{’. Hence, the equilibrium price is given by
C
._ Dy
Pc = s
KnRyy

To settle these payments, each bank b transfers some amount of CB deposits CZ;,
to other banks and receives some amount of CB deposits dlj\}fl from them. By

summing over all banks b € [0,1] in the expression of banks’ profits in Equation



92

Chapter 3. Generalizations and Variations

Households FT
kfi;’ f(KF) - SrRp +
% | I kDY
SpRp + e
F S
M —kDy | Erlt
Dy,
Bank b, Bank b;
bi,s bi78 bj s bJ S
dcp, lep, dep, leg,
1 R; d; I R d;
M g H M H

Table 3.11: Bonds denominated in nominal terms—Balance sheets the end of Stage
E, Substage 3, at round k € {1,...,n%}, second step. Source: Own illustration.

(2.1), we obtain Ly R; = Dy Rj, + 11%, which means that d?\’jl = ol Ly Rs. This

transaction impacts the CB deposits of Banks b; and b; as follows:

bj,s o bj,s Js bj,s _ bj S
dep, L = dep, — dy +dy;, = oy Ly Ry,

bi,s . gbi,s 7s bi,s __ b s b; s

The balance sheets of banks and households are given in Table 3.14.

Stage E, Substage 5: Repayment of Loans by Firms in MT

Firms in MT pay back their loans and bank deposits are destroyed. The balance
sheets of banks and households are given in Table 3.15.
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Households FT
f(Ky) EyR; Dp, := s _
(SrRp + 113 — SFRFs—t PF
s s nCDH
5 DH3,8 = nC’DH>
D3, — (SFBF +
I3 — ng Dy

Bank bz Bank bj
b;,s b;,s bj,s bj,s
dCBG lCBg dCB5 ZCB4
1% Rs d 1% Rs d
ML Hs,s MmAtL Hs,s
dF4,s dF4,s

Table 3.12: Bonds denominated in nominal terms—Balance sheets at the end of
Stage E, Substage 3, at round k = n¢, + 1, first step. Source: Own illustration.

Stage E, Substage 6: Netting of CB Deposits and CB Liabilities

Banks can net their CB deposits and CB liabilities. Using the expression of bank
profits given by Equation (2.1), we obtain

dlg§7 - lej§4 - O‘?\ZLMRSE - (0/17\2 — 1) LuRep — ((LM — Ep)Rp + HIE’S)

dys, — lon, = b Ly Ry + (1 — oY) Ly Rep — (La — Ep) Ry, + 11%°)

)

0
0

3.2.3 No-default Conditions

As real profits in Sector FT are given by

max (f(KF) — w, 0) )

e
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Households FT
f(Kg) En Ry 0 0
Dj;
Bank b; Bank b,
bi,s bi75 bj,S bj78
dCBG lCBg dCB5 lC’B4
b 5 b; 5
LR dy Ly Ri dyy

Table 3.13: Bonds denominated in nominal terms—Balance sheets at the end of
Stage E, Substage 3, at round k = n{ + 1, second step. Source: Own illustration.

Households Bank b, Bank b;
S 7 5S 35S b,-7s b‘,s
f(Kr) EnRy i I, de'p, lep,
KnmRyy R dy; IR dyy

Table 3.14: Bonds denominated in nominal terms—Balance sheets at the end of

Stage E, Substage 4. Source: Own illustration.

Table 3.15: Bonds denominated in nominal terms—Balance sheets at the end of

Stage E, Substage 5. Source: Own illustration.

Households Bank b, Bank b;
" ;.S i )5 bi,s bj,s
f(Kr) EnRy i I, de'p, lep,
KMmR3,
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where Rp is the nominal rate on bonds, real profits in Sector FT depend on the
state of the world s, and thus production in Sector F'T is now risky. As banks can
always expect a certain repayment of firms in a general equilibrium, this requires
a condition on Rp, i.e. that profits of firms in F'T are positive in equilibrium. We
impose the stronger condition that profits of firms in FT are positive for all levels

of Kg, which we can write as follows:

f(W)ps, > WRgpy for all states s =1, h.

3.3 An Economy-wide Macroeconomic Shock

In Section 3.3, we assume that Sector F'T is also affected by the macroeconomic
shock. In particular, we denote the production technology in Sector FT by f5(-).

We reformulate Assumption 1 with the following conditions:
E[(f*)'(W)] < Rm < E[(f*)'(0)].
We first investigate the social planner’s problem:

E[R} -K E[f*(Kg)].
e ERR (W — Ki)] + E[f*(Kr)

We obtain the following proposition:

Proposition 6

There is a unique allocation (Ky, Kg) such that

W = KM + KF7
and E[(f*) (Kyg)] = Rar.

This allocation is the first-best investment allocation and we denote it by (KE2, KEB).

The proof of Proposition 6 is given in Appendix 3.A. As production in the FT
sector is now risky and as banks can always expect a certain repayment of firms

in a general equilibrium, we impose the condition that profits of firms in FT are
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positive for all levels of Kg in equilibrium. The demand for the investment good
of firms in FT is then directly® given by the following lemma:

Lemma 8
The demand for the investment good by firms in F'T is represented by the corre-

spondence denoted by Ky : ND — P(R U {+00}) and given by

(

{0} if Re > E[(f°)(0)],
Kp((RE):) =1 (W} i Re < E[(£7)/(W)),

{Kg} otherwise,

\

where
ND = {(R})s € R s.t. £5(W) > WR, for all states s =1, h}
and Ky is the unique solution of
E[(f*) (Kr)] = Rr.
We also characterize the households’ optimal portfolio choices in the following

lemma:

Lemma 9

The representative household’s optimal portfolio choices are represented by three

correspondences denoted by

Ep:R7, x [0,W] = P(R, U{+0o0}),
Dy :RY, xRy x [0,W] = P(R; U {+00}),
S’F : RLF — PRy U {+0o0}),

5The proof of Lemma 8 is almost identical to the one of Lemma 10, to which we refer for
further details.
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and given by

( Eg((Ry)s (RD)s, v, E)s: SF),
H( (Rg)s: (Bp)s: o1, (08)s, B, SF),
Sr((Ry)ss (Rp)ss b1, (9)5) ) =

( ({0}, {0}, {W})

if max (E [ ] [ ]) < —]E[(f?,l](w)];
({0}, {pr W3, {0}) n N

i (LB [F]) <2 [5].
({p:W}.{0},{0}) _

s (B2, [2]) < 3]

([0, pr W], {p/W — Eg},{0}) )
z’fE[(f;% <E[% :E[R‘SE}
({0} {pr (W = Sp)}. {Ks})

where Kg is the unique solution of the equation E[(f3)(Kg)] = p/E [
if max (E[(fﬁ)’(wn E [RS ]) <FE [ } < El*)(0)]
pI ’ P& P& | — PI 7
where Kg is the unique solution of the equation E[(f3)(Kg)] = p/E [
if max (E[(fﬁ)’(wn E [R_DD <E [ﬁ} < El*)(0)]
pI ’ P& P& | — pI 7
([0,pr (W = Sp)], {p1 (W — Sp) — Ep}, {Kr})
where Kg is the unique solution of the equation E[(f3) (Kg)] = p/E [
if BEYW) [ﬁ] ) [R_D} < Elf*)(0)]
pI P& e | — ’

C pr

Ry
Pe

Ry
Pe

Ry
Pe

(3.2)

The proof of Lemma 9 is similar to the proof of Lemma 6, where f'(W) and f’(0)
have to replaced by E[(f%)"(W)] and E[(f*)'(0)], respectively, and where the ex-
pression of Sp cannot be written as an explicit formula anymore: The intermediate
value theorem ensures the existence and uniqueness of the amount of investment

good K defined in the three last cases. We now obtain the following theorem:
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Theorem 2

Given the policy gross rates (REg)s—i,n, all equilibria with banks have the following

form:

Ry = Ry = Ry = Ri, (3.3)
* S SCB

PI=D, PO =DPpqs (3.4)
I C RM

Ep = w*p(W — KEB>, Dy =(1— w*)p(W — KEB), (3.5)

Dy = p(W = KEB) Rt (3.6)

Ly =p(W - KE®), S; = KE®, (3.7)

Ky =W —Kg®,  Ki =Kg®, (3.8)

where the price of the investment good denoted by p € (0,+00), the aggregate equity
ratio ¢* € (0,1), and (RE)s are arbitrary such that

(W)

Ry =Rm and Ry < W

The equilibrium profits of firms and banks are given by

RS
5 =0, I =p<® (f(K§B> - KEBRSF*> , (3.9)
M
13 = o*p (W . K§B>RSCB. (3.10)

The proof of Theorem 2 is given in Appendix 3.A. Moreover, it is now straightfor-
ward to see that a shock in the FT sector neither affects qualitatively the results

obtained in the case of rigid prices, nor in the case of a zero lower bound.

3.4 Two Concave Production Technologies

In Section 3.4, we assume that Sector MT is also characterized by a concave pro-
duction function, which we denote by f3;(-). We use fg(-) to denote the production

function of the FT sector.
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We replace Assumption 1 by the following assumptions:

Assumption 2

E[(fx)'(0)] < (fr)'(0) and E[(fyy)'(W)] > (fr) (W),

and the assumption 0 < R}; < RR; by

Assumption 3

0 < (fy)' < (fpr)"

We first derive the first-best allocation in the following proposition:

Proposition 7
The first-best allocation (KEB, KEB) chosen by a social planner mazimizing house-

hold consumption is the unique solution of

Ky = W — Kg,
and  E[(f) (W — Kg)] = (fr) (Kr).

The proof of Proposition 7 is given in Appendix 3.A. As agents maximize their
expected consumption, firms and banks maximize their profits in real terms, which

we assume in the following.® We next turn to the firms’ behavior in the MT sector.

Lemma 10

The demand for the investment good by firms in MT is represented by the corre-

6Recall that in Chapter 2, profit maximization in real and in nominal terms is equivalent.
This was due to the special features assumed in this Chapter, but it is not a general property.
The equivalence between profit maximization in real and nominal terms is given in Section 3.1.



100 Chapter 3. Generalizations and Variations

spondence denoted by Kyg : ND — P(RU {+00}) and given by

e

{0} i E || pr > El(5e)(0)),
Rna((BL)epr (00):) =\ (W) i E [5L] pr < El(E) (W),

{Km} otherwise,

\

where
ND = {((Ri)s,pl, (pso)s) € Ri s.t. pity (W) > WRip; for all states s =1, h},

and Ky is the unique solution of

Bl (Kne)] = | 22
Pc
The proof of Lemma 10 is given in Appendix 3.A. On purpose, we exclude any
default by firms in MT in any state of the world and any parameter constellation
in and out of equilibrium, so that we do not have to consider situations where
firms in MT default, as in a general equilibrium, banks expect a lower repayment
from lending to defaulting firms in MT. Out of equilibrium, banks would lower the

expected repayment until firms do not default anymore.

We now also have to account for the profits and thus for the dividends paid by
firms in MT to households after production, as they may not be equal to zero
anymore. However, households have no direct impact on the profits of firms in

MT. Therefore, we can still use Lemma 6 with f = fg.

The preceding lemmata allow to characterize all equilibria with banks.

Theorem 3

Given the policy gross rates (REg)s—in, all equilibria with banks have the following
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form:
¥ = Ry = Ry = Rbp, Rp— £/(KEP), (3.11)
o=, (3.12)
By =¢'p(W-KE®), Di=(01-¢)p(W-K®),  (313)
Dy = p(W - KEB)RSCB, (3.14)
L, = p(w - KgB), Sk = KEB, (3.15)
Ky =W - KiB K; = Ki2, (3.16)

where the aggregate equity ratio ¢* € (0,1), the price of the investment good de-
noted by p € (0,400), and the price of the consumption good (pl)s—in can take

arbitrary values as long as

Rép > f(W) 1 /1-FB [RéB:|
max | —= < ——2 and (fp) (K =E|—== . 3.17
se{z,h}<pgpf =W () (Ke™) o |V (3:17)

The equilibrium profits of firms and banks are given by’

* S RS S*
I3 = B (W~ KE?) = (W KE?)=C0p, 113 = (KE®) — ' (KEP)KE®,
C

(3.18)
* * RS
5 = (W - K£B> Zeny, (3.19)

Pc

The proof of Theorem 3 is given in Appendix 3.A.

Corollary 1 continues to hold in this set-up. To demonstrate this, it suffices to
show that for all (R jg)s, there exist p; and (pf)s such that both conditions in
(3.17) hold, which is obviously the case. Similarly, Corollary 2 continues to hold.
However, as the price of the consumption good is not anchored as in the benchmark

set-up of Chapter 2, Corollary 3 has to be adapted as follows:

"Note that we indicate the profits in real terms, as we have used the firms’ and banks’ profit
maximization in real terms.
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Corollary 8
Given p; = 1, some values of pi, > 0 for all states s = [, h, some value of
©* € (0,1), and the central bank policy gross rates (R p)s such that both conditions
in (3.17) hold, all equilibrium values are uniquely determined.

Lital:;

Pc
sentially determine the amounts of consumption good the households earn through

With everything else equal, the levels of the ratio pr in both states s = [, h es-
banks and through firms’ profits from MT in each state. The expected value
E [%} pr is determined by the equation in (3.17) and thus given by fundamen-
tals. However, the values can fluctuate across different states. Finally, we note that
a similar version of Corollary 4 can be established in this set-up, where constrain-
ing the central bank policy rates, or alternatively, the prices of the consumption
good so that they do not depend on the state of the world, would narrow the
possible range of prices of the consumption good or the possible range of central

bank policy rates, respectively.

We now explore price rigidities and capital requirements. When we assume p; =
p& = 1 in all states s = [, h, the range of central bank policies (R p5)s for which
there is an equilibrium with banks is smaller compared to the possible range of
central bank policies when prices are flexible. However, we do not obtain a result
as strong as in Proposition 2. With price rigidities, the central bank policy rates
have to fulfill

Rep = (fr) (KEB).

The equivalent version of Proposition 3 writes as follows:

Proposition 8
Suppose that prices are rigid. Then given the central bank policy rates (R p)s
and the capital requirement "9, in addition to the equilibria with banks given in

Theorem 3 with p; = p& = 1 for all states s =1, h, there exist other equilibria with
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banks and without banks’ default such that for some state s,

— = R
R, = Rep, Ry <Rip, ¢“9>1- %

o (W) _
R < fp) (KEB) = R
Jnax L < Ry (fr)' (Kg") CB»

and the allocation is first-best. Moreover, there exist equilibria with banks and

banks’ default such that either for some state s,

/ / /

Tk D) Sk S re US RS f - ¢
R, < Rep, RI <R{p, ¢“9= P —+ <P Rep <B
fr(W) - =+ W
s < f / ]E fs !
Sren{%i{} R7 < W (fr)'(0) < Rep, Ry < El(f3) (W)],

Eg € (O,p?W), D?{ Ip;W - EE, and S}k«“ =0,

or such that for some state s,

/ / /

— - Sx S Te US Rs T _s
R; < Recp, R} <Rig, ¢ g:; LRSCBCB’

fr (W = §=) R
s 7 < Fév ) (8)(0) > o, E[(80) (W — (fe) " (Ren)| = By

Ey € (0,piW), Dy =piW — S — Ep, and S = (fp)'(Ren).

The proof of Proposition 8 is given in Appendix 3.A. The zero lower bound problem

then arises as soon as
(fp) (KE") < 1.

Then from Proposition 8, we directly obtain

Proposition 9

In the case where (fp) (KEB) < 1 and the central bank is constrained by the zero
lower bound in its policy choice, the equilibria with banks with the highest welfare
arise when the central bank chooses Rtz = 1 for all states s = [, h and the bank

!

requlator imposes the capital requirement Q"9 = = (RSL’* — 1), if the following

oS
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conditions hold:

fr (W)
R; <
slen{(?ﬁf} L= W

E[ (50 (W - () (1)] = 7},

., (fp)'(0)>1, and

3.5 Multiple States of the World

In Section 3.5, we explore how our main results translate when there are more

than two states of the world.

Suppose that there are N states of the world s = 1,2,..., N, where N > 2. We
use the notation N = {1,2,..., N}. Without loss of generality, we can order these
states such that (R3;)s is strictly increasing in s and assume that o* € (0, 1) for all
s € N. The exposition of our model and the definition of an equilibrium are general
and translate without further changes to N > 2 states of the world. Therefore,
we focus exclusively on how our results change in this new setting. To reduce the
number of notations, we will assume that banks maximize the shareholders’ value

in nominal terms.®

We first observe that Lemma 2 applies to N states of the world, as the argumenta-
tion of its proof is independent of the number of states. To ease the exposition of
the results, we first introduce some notations. For given ((Rj)s, (Rip)s) € R,

we define
No={seN st. R} +#R:p}

For given ((Rj})s, (Rip)s) € RZY and using the previous notation, we define
Spy ={seMNy st. ahep >0},

R: .
where ahop = 5 “P=. Spy represents the set of states s where Rip > Rj, i.e.

CB_RL

8In this setting, the result of Section 3.1 that there is complete equivalence between the
maximization of the shareholders’ value in nominal and in real terms continues to hold.
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the set of states in which banks make losses. Using this notation, we also define
sp: N —=1{0,1,2,...,N}

0 if Spy \ {sp(1),sp(2),...,sp(s = 1)} ={},
5

arg min (a%03> otherwise,
s'€Sps\{50(1),5D(2)ssp(s—1)}

where we use the notation that {sp(1),sp(2),...,sp(s — 1)} ={} for s =1. In

words, sp sorts the states in which banks make negative profits out of lending

in ascending order with regard to (a}op)ses,, and attributes the value 0 to any

number in N that is larger than the number of states in which banks make negative

profits out of lending:

CYSD(S) is Weakly increaSing in s and
DCB
S€{1,2,...,|SD+‘}

sp(s)=0 forall se {|Spy|+1,...,N}.

Finally, given ((R])s, (Rip)s) € R2Y and ¢ € (0,1), for any lending level of,, we

define the following two sets:

Si(ab)={s€Mo st. sp(s)=0 or aphy>ak}, and

S_(ab)={s€eMNy st. sp(s)>0 and a%y <al,}.

In words, S (ab,) denotes the set of states in which banks make positive profits
after lending the amount o, to firms in MT. Similarly, S_(a},) denotes the set
of states in which banks default against households after lending the amount o},
to firms in MT. We note that for all lending levels o, Mo = S;(a},) U S_(a%,).

Using these notations, we obtain

Proposition 10
If RS, = R in all states s € N, the privately optimal amounts of money creation

and lending by an individual bank are represented by a correspondence denoted by
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dnr : R x (0,1) = P(RU {+o0}) and given by

( {+oo} if RS > Ri.p for all states s € N

with at least one strict inequality,

2. (B - Rgp)

seSy <O¢SDDC(}13))
sp(l . sp(l
(o) vocanT)
CB

sES_ <aEDC%> )

[0, +00) if RS = Ry for all states s € N,

anr ((R})s, (REp)s ) = S o*(R} — R¢p)

seSy (ocsDDC(};)>
sp(l . sp(l
{0, aDDc(zg)} if o= aDDC(’B) $

> o*(R — Rgp)
sES aSD(1)>

{0} g (e
>

SES_ (asDDC%)>
\

The proof of Proposition 10 is given in Appendix 3.A. Proposition 10 states that

o*Rep

whenever the intermediation margin R} — R is negative in at least one state
s of the world, the banks’ behavior generally depends on the banks’ equity ratio
. Typically, a bank has an incentive to leverage as much as possible on the
shareholders’ limited liability when its equity ratio is low, and it has no incentive

to grant any loan to firms if its equity ratio is high.

Furthermore, we note that the results of Lemma 4, the logic of the proof and the
results of Theorem 1, as well as Corollaries 1 to 3 directly translate to multiple
states of the world without further change. Similarly, Corollary 4 can be directly

re-written with multiple states, as follows:
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Corollary 9
(1) If R does not depend on the state s of the economy,
then pg>pe>...>py  and

e Ry
pi Ry

for all states s, s € N.

(ii) For the central bank policy gross rates (Rfpg)s characterized by

s s
RCB _ RM

st s’
RCB RM

for all states s,s' € N,
or equivalently by
INeR,, st Vs, s €N, Rip=R},

the price of the consumption good is independent of the state of the world,
i.e. pi = p& for all states s,s' € N

When there are price rigidities, the results of Proposition 2 and Lemma 5 continue

to hold. However, Lemma 7 has to be replaced by the following lemma:

Lemma 11
Suppose that banks have to comply with a minimum equity ratio "9 at the end of

Period t = 0. If R}, = R in all states s € N, the privately optimal amounts of

money creation and lending by an individual bank are represented by a correspon-
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dence denoted by a4 : R2Y x [, 1) — P(Ry U {+o0}) and given by

@mg((Rs)sa (Rzp)s, ) =
({2 S if R > R g for all states s € N

with at least one strict inequality, or

if (9;7“069 < ai)chle) and (R > Rep

>, o'(Rp— Ryp)

and @™ <
(preg Z oS SCB

s€S_ ((Pfeg )

sp(l
or (apy <

sp(1)
s€5+ (aDDC‘B )
sp(1)

< =) )

>, o' (Rp - Rgp)

1 . ¥ 1
{QSDDC('JB)} Zf (gpreg > O[SDDCEB) and SO < aDCB Z O-SRS

CB
SES_ (aSDDC%)>

S
[0, ;f—g] if RS = Rip for all states s € N, or
ZfRL = RCB and —_— < Dh(l );
. sp(1l 2 sp(1l
{0,281 if (a5 < 7 S o)

>,  o*(RL— Ryp)

seSt <<P;Oeg )
),

and Q" =
v >, o°Ryp

s€S_ <¢f;g )

2. o(Rp—

(1)
s€Sy <asD )
sp(1) sp(1) per

on)

- 4
{0 aDC(’B)} if (SOTEQ > apep and o = apop > o RS

CB
seS_ (a%%?)
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' S o*(R) - Rip)
seSy (a%%&?)
O} (5 > aifly) and o < @il >

sES_ (aSD%(; )

if (S;feg < ozi)Dc%) and (R;, < Rep and ozSDDh(,l) > (pf;g

2. o'(Rp— Ryp)

S€S+ (7;29)
sp(1) 2 ®
o by < and
DH= preg > oRip

8657( = >
\ eres

),

S
o Ry p

<¢"))),

The proof of Lemma 11 is given in Appendix 3.A. Lemma 11 states that money
creation is either limited by capital regulation or by the threat of heavy penalties
for defaulting against the central bank. Whenever the intermediation margin Rj —
R{. g is negative in at least one state s of the world, the banks’ behavior generally
depends on the banks’ equity ratio ¢ and on the minimum equity ratio ¢©"* imposed
by the bank regulator. Typically, a bank has an incentive to leverage as much as
possible on the shareholders’ limited liability when both its equity ratio and the
capital requirement level are sufficiently low, and it has no incentive to grant any
loan to firms if its equity ratio is high or if the capital requirement is too tight.
We now use Lemma 11 to derive general conditions under which equilibria with

banks exist when R{.z # R}, for some state s of the world.

Proposition 11
Suppose that prices are rigid and R}g # Ry for some state s. Then there exists
an equilibrium with banks if the central bank policy gross rates (Rig)s and the

capital requirement level "9 are set as follows:

_ — 1
(i) Rep = Rym and ——= < ™9, or
sp(1)
XpoB
> o*(Ry — Rep)
s€S4 (1)
Y. 0 Ryp
seS_(1)

(ii) Rop > R, aify”) < 1, and 7 =
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The proof of Proposition 11 is given in Appendix 3.A. Similarly, Corollary 5 trans-

lates into the following corollary.

Corollary 10
Suppose that prices are rigid and R}.g # R}y for some state s. Then the central
bank policy gross rates (Rg)s and the capital requirement level ¢ implement a
socially efficient equilibrium with banks if and only if
D n. 1 re
RCB:RM and —SQO g,
aSD(l)
DCB
The intuition for Proposition 11 and Corollary 10 is identical to the one for Propo-
sition 3 and Corollary 5. We next explore the case in which the central bank
is constrained by the zero lower bound and prices are assumed to be rigid, i.e.

pe = p; = 1 for all states s € N. From Corollary 10, we obtain

Corollary 11

Suppose that prices are rigid, 1 < Ry, there exists s, € N such that Ry <1<
Ry, and that the central bank is constrained by the zero lower bound (R p >
1 for all states s € N'). Then there exist some central bank policy gross rates
(REp)s and capital requirement levels ™9 such that the allocation of the resulting

equilibrium with banks is socially efficient.
(i) The central bank policy gross rates have to satisfy Rcp = Ry. An example
18
Rip =1 for all states s € {1,2,...,s,}, and

A,
RSC,B:R?VI—— fOTallStateSSE{Sz+17sz+2a"'7N}7
0—3

where we define

2105(1 —R3y)
A, =5
N — s,
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This example is only valid under the condition that

A,
Ry — — >1 forall statess € {s,+1,..,N}.
0—8

(ii) The regulatory capital requirement levels ™9 have to satisfy

reg
YU Z o
XpeB

In our example in (i), the requlatory capital requirement constraint becomes

> 1 —RL,.

The proof of Corollary 11 is given in Appendix 3.A. Corollary 11 shows that price
rigidities and the zero lower bound may be countered by a suitable combination
of monetary policy and capital regulation. The central bank policy gross rates
given as an example ensure that in the good state, gains from money creation are
sufficiently high to offset losses in the bad state. In other words, setting Rz < R}y
for all states s > s, generates sufficient incentives for banks to lend and to create
money. The capital requirement, in turn, ensures that money creation does not

become excessive.

From Corollary 10 and the proof of Proposition 11, we also immediately obtain

Proposition 12

Suppose that prices are rigid, Rv < 1, and the central bank is constrained by the
zero lower bound (R&p > 1 for all states s € N'). Then there exists no combination
of the central bank policy gross rates (Rig)s and the capital requirement level @9
such that the allocation of the resulting equilibrium with banks is socially efficient.

We obtain the following two cases:

— If there exists a state s, € N such that 1 < R}, there exist central bank
policy gross rates (RGp)s and a capital requirement level ™9 implementing
equilibria with banks.

(a) The central bank policy gross rates have to satisfy ozEDIgl) < 1. An ex-
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ample is
fp=1 forallstatess e N and ¢" <1— Ry

(b) The regulatory capital requirement level ©™9 has to satisfy

2. o*(Ry — Rep)
reg _ s€SL(1)

' - s
>, 0°Ryp
s€S_(1)

In our example in (a), the requlatory capital requirement constraint be-
comes

>, "Ry —1)

reg _ s€S4(1)

gp - z oS

s€S_(1)

and @™ <1 — Ry

— IfRY; < 1, there are no central bank policy gross rates (Rip)s and capital

requirement level ™ implementing an equilibrium with banks.

The interpretation of the results in Proposition 12 is identical to the one written
in Chapter 2 after Proposition 4. In a nutshell, all our results continue to hold

qualitatively with multiple states of the world.

3.6 The Role of Capital Requirements in the Case
of Non-contingent Real Deposit Rates

In Section 3.6, we examine an economy in which the real deposit gross rate offered

by banks cannot be written contingently on the state of the world. We obtain

Corollary 12
If the deposit gross rate of return in real terms is independent of the state of the

world, no equilibrium with banks exists.

The proof of Corollary 12 is given in Appendix 3.A. Corollary 12 follows from

the following considerations. With a non-contingent real gross rate of return on
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deposits, either banks have an incentive to increase money creation beyond the
average level or they have no incentive to lend at all. This can derived from the

following equations, which hold in any potential equilibrium with banks:

Rp Ry
vy pr
Rey By g
I ’

where Rp denotes the deposit gross rate of return in real terms, which is inde-
pendent of the state of the world. Following Proposition 1, three cases can occur,
depending on the value of Rp compared to %: Either there is no privately op-
timal finite amount of money creation or the privately optimal individual amount
of money creation is the level at which a bank is just able to reimburse the central

bank in the state when the bank makes losses, or no bank grants any loan.

In the first two cases, an individual bank would grant a larger amount of loans than
the average lending level in the economy, and would borrow from the central bank
the amount it does not receive in the form of households’ deposits. However, in a
symmetric equilibrium with banks, an individual bank cannot grant more loans and
generate more money creation than the average, which means that money creation
in these two cases is explosive and that the monetary system breaks down. In the
case where no loan is granted, no money is created and investment is only possible
in Sector FT.

We now investigate the role of capital requirements in this setting. We obtain

Proposition 13
There exists an equilibrium with banks and non-contingent real deposit gross rates
of return if the central bank policy gross rates (Rfpg)s and the capital requirement

level ©™9 are set as follows:
©" >0 and RLy < Rl

The equilibria can be partitioned into two sets, depending on the value of @™

Rum — Ri
— The allocations of equilibria associated with "9 € (O, u) are in-
M
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efficient and welfare is decreasing in ©".

Ry — RA
— The allocations of equilibria associated with @™ € [u

best.

, 1) are first-

M

The proof of Proposition 13 is given in Appendix 3.A. We obtain the interest-
ing result that inefficient equilibria arise for low capital requirements, while high
capital requirement implement the socially efficient allocation. Higher capital re-
quirements thus improve welfare. If we now consider price rigidities, from the

proof of Proposition 13, we directly obtain

Proposition 14
There exists an equilibrium with banks, non-contingent real deposit gross rates of
return, and rigid prices if the central bank policy gross rates (REp)s and the capital

requirement level ©"% are set as follows:
_ Ru — R
— RL,=Rh, =Ry and 0 > =M M
M

— RLp = Rlp >R and 9™ =

We now consider the zero lower bound problem. From Propositions 13 and 14, we

obtain

Proposition 15

If Rp < 1, RY; > 1, and the central bank is constrained by the zero lower bound,
there exists an equilibrium with banks, non-contingent real deposit gross rates of
return, and rigid prices if the central bank policy gross rates (R g)s and the capital

requirement level ©"% are set as follows:

o RR/I _}_%CB

l—0  Rep

Rip =Rl >Ry and @9 =

The welfare-mazximizing policy is given by

o
Rh —1
1_0_( M )7

l=R.p=RLy;>RMm and ¢ =

when cRpy < 1.

If Ry, < 1, there is no equilibrium with banks.
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We can conclude that the main results found in Chapter 2 continue to hold in this

setting.

3.7 Costs of Equity Issuance

In Section 3.7, we look for the optimal policy mix when banks incur costs in real

terms that are proportional to the real equity they issue.”

We assume in Section 3.7 that issuing an amount Ep—f of real equity is costly for
banks, that the costs incurred by banks are proportional to the amount of real
equity, and that they are given by

Ep

C—,

Pr
where c is the cost per unit of consumption good in terms of real equity issued.
Following this description, we can restate the banks’ optimization problem as

follows:

R} — R? R’ E
max (al]’wLM# + Ep SB — C—B,O> .
a8, >0 Pc Pe pr

We first investigate the second-best welfare allocation in the presence of costs of
equity issuance in real terms. The second-best allocation is given by the following

social planner’s maximization problem:

— E
max | {f(KF) + (W — Kp)Ryn — c—B]
Kr€[0,W] br
E L
st —2 = =M — (W — Kp).
pr pr

We replace Assumption 1 by the following assumption, which ensures that the

social planner’s maximization problem has an interior solution:

9Note that we could also assume that households incur the costs in real terms as an alternative
model. In this alternative model, the costs of equity issuance would change the representative
household’s optimization problem, and the equilibrium properties that we would obtain would
very likely differ from our findings in Section 3.7.
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Assumption 4

f'(W) <Rp —c¢ and Ry < £(0).

The interior solution is given by
f'(KEB) = R — cop.

It is straightforward to see that the welfare of the second-best allocation is strictly

decreasing in ¢ € (0, 1).

We now investigate how the banks’ behavior is affected by the costs of equity
issuance. We first calculate the value of lending above which a Bank b would
default on the central bank in State s and under which it would potentially only
default against households in State s. This value which we denote by ajqp in
Section 3.7 is given by the equation

5 = apoplu(R; — Ryp) + EsRyp — CEB% = —DuRep = —(Lyw — Ep)Rep,
I

which implies that
of _ B~ SOC%
DCB =™ "ps  _ ps -
Rép — R,
We can now derive the expression of banks’ behavior in the following proposition:
Proposition 16
The privately optimal amounts of money creation and lending by an individual bank

are represented by a correspondence denoted by dpy - RS, x (0,1) = P(RU{+00})
and given by:

dM((Ri)sv (RéB)sa (p50>87 90) =
{ {+o0} if Ri > Ry for all states s =1, h

with at least one strict inequality,
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Pe

PE e

[0,400)  if R} = R¢p for all states s =1, h,

| {0} in all other cases,
where we define

S
Rép
S/
bc

( 4 . 3 S ’ ’
{apest  if (B Bl >E|fes| and RS < RY  for some s # s') or

pr

@T,S _
1 / 7 7 .
o <R%B___g> 72} (REB—RE> c

o\ pg rr) pg \Ri—R¢p

117

if |5 <E|fez| Rs. < RS, and o < o for some s £ &),

{0,505} ifE [%} <E [%%B} , R&p < RS, and ¢ = ) for some s # §,

The proof of Proposition 16 is given in Appendix 3.A. We now investigate the

equilibria with banks resulting in this setting. We obtain the following proposition:

Proposition 17

If R, > c, there is no equilibrium with banks. We suppose in the following that

Rl; < c. Given the policy gross rates (R g)s=in, all equilibria with banks have the

following form.:

S R} — R¢ s s'x
E:L—*CB+RCBJ RE :0’
¥
R = /(0) — max (0.£(0) - | 72 ).
bc

. A
pl_pa pC_prvIa

Ep = 90*p<W — f"l(Ri?)>, Dy = (1- w*)p(W — f"l(R*F)>7

Dy =p(W = £~ (Rg) ) e,
Ly =p(W -7 (Rp)), Si=1"(Rg).
Ky =W —f'(R;), Kji=f"1(R}),

where the price of the investment good denoted by p € (0,+00) is arbitrary, the
s/

equity ratio ©* € (0,1) is given by p* =

M " and the lending gross rates of return
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(R5")s are arbitrary such that

Rip > R3*, Rip <Ry, and

R , N RS
E{ S CB:|—|—0’S( v — Ry = 0" Ry —22 (1— M).
R C

The equilibrium profits of firms and banks are given by

M5 =0, I = pok (F(r"(Ri)) = £ (Ri)Ri ) (3.27)
Ry
I3 = p<W — f’—l(R*F)> (Rz* — Rip+¢* SCB>, 3" < 0. (3.28)

The proof of Proposition 17 is given in Appendix 3.A. From Proposition 17, we
can derive the following corollary about the welfare that can be achieved by the

central bank policy gross rates:

Corollary 13

Suppose that Ry; < c. There is a set of investment allocations, each one of which
can be supported by any given arbitrary central bank policy gross rates (Ripg)s,
and these investment allocations are all dominated by the second-best investment

allocation.

The proof of Corollary 13 is given in Appendix 3.A. Corollary 13 means that
the central bank cannot influence the investment allocation and that the best
investment allocation that can occur is dominated by the second-best allocation.
The intuition runs as follows. Prices and interest rates can adjust, so that it is not
possible for the central bank to implement a pre-determined allocation. Moreover,
in any equilibrium with banks, banks have to default in one state to make bank
equity as attractive to households as deposits. However, banks’ default entails a
mispricing by households and thus a misallocation, compared to the second-best
allocation. In such equilibria with banks, the threat of default against the central

bank combined with the costs of equity issuance limits money creation by banks.

If we now suppose that prices are rigid, a higher welfare is achieved by central bank

policy gross rates that are closer to the real rates. The equity ratio is constant



3.7. Costs of Fquity Issuance 119

to prevent money creation from exploding: It is such that by lending the average
amount of loans to firms, banks completely default on households and are on the
brink of defaulting against the central bank. This is made possible by the costs of

equity issuance.

We now investigate the impact of capital requirements on welfare when prices
are rigid and examine how the regulatory authorities can improve welfare with
a combination of a minimum equity ratio requirement together with the central
bank policy gross rates. We first obtain a characterization of the equilibria with

banks that can be implemented in this case:

Proposition 18
Suppose that prices are rigid, i.e. that p; = p&r = 1 for all states s =1, h. Depend-
ing on the policy gross rates (Rip)s—in and the minimum equity ratio requirement

0" € (0,1), all equilibria with banks are of one of the following four types:

— Type 1: If

R\ > Rép  for all states s =1, h with at least one strict inequality and

ECB = EM — C(preg,

there is an equilibrium with banks where no bank defaults in any state s =1, h

and
e (3.29)
Ry = Riy Ry =Ry, Ry = fies ;*RSCB + R}y, Ry = Res,
(3.30)
B =" <W . f"l(R})>, Dy =(1— ") (W . f’—l(R*F)), (3.31)
Dy = (W =1 (R}) ) R, (3.32)
Ly = (W=7 (Rp)), Sp =7 (Ryp), (3.33)
Ky =W-f"(R}), Ki=f"R;). (3.34)
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The equilibrium profits of firms and banks are given by
My =0, I3 = (£(£7(Rp)) — £ (Rp)Rs ), (3.39)

Iy = (W — ! (Ri‘)> (R?\/I — Rep + SO*RSCB> . (3.36)

— Type 2: If for some states s # s' we have R§; > c,

EC’B = EM - Cgpreg’ RSC/«B > Rsl\,/l, and
/ /
Rep — Ry

reg >

>0,

there is an equilibrium with banks where no bank defaults in any state s =1, h

and
o= ", (3.37)
RS, — RS -
5 =Rig Ry=R}, Ry=-""—""S5+Ry Rp=Res,

(3.38)
By =¢' (W= (Rp)), Dj=(1-¢)(W-1"(Ri)), (339)
Dy = (W = 7' (Ry) ) Res, (3.40)
Ly = (W= (Rp)), Si=f"'(Rp), (3.41)
Ky=W-f"'(R}), Kp=f"R). (3.42)

The equilibrium profits of firms and banks are given by
My =0, 15 = (£(£7 (Ry)) - £ (Ri) Ry ), (3.43)

Iy = <W - f,_l(R;“>> ( M — Rep + SO*R?JB) (3.44)
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— Type 3: If for some states s # &

R:p > RSy, and
RS, — RS RS, — RS, RS
reg — 58 M CB S min CB M M 7

s’ ps’ s s’ )
0¥ Rt p + o¢c Rtp—c c

¥

there is an equilibrium with banks where banks default in some State s' and

" =", (3.45)
Ry = Rép, R =Ry, (3.46)
Ry = f'(0) — max (0,f(0) — Reg) , (3.47)
Ry = % +Rip, Ry =0, (3.48)
By =o' (W= (Ry)), Diy=(1-¢)(W-"(R;)), (3.49)
Dy = <W - f'—l(R*F)> . (3.50)
Ly = (W=7 (Rp)), Sp=F7'(Rp), (3.51)
Ky =W-f"'(R;), Ki=f"R;). (3.52)
The equilibrium profits of firms and banks are given by
s =0, I3 = (f(f’*l(R*F)) - f’*l(R;)R*F> , (3.53)

Iy = (W — £ (R;)> (Ri/l — Rep+ ¢ SCB>> 13" < 0. (3.54)

— Type 4: If for some states s # s’ we have Ri//l <c,

s/

E:B > RT\,/I, RM > Rép, ¢ < M, and

C
RS / / / RSI RS/
E [RT\/I Rif} + 0 (Ry — Ry) = 0" Ry (1 — TM) :
L L
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there is an equilibrium with banks where banks default in some State s’ and

R3s
* 3.55
c '’ (3.55)
Ry = Reg, RY =Ry, (3.56)
Ri = f'(0) — max (0,f(0) — Rep) , (3.57)
R, — R ,
Ry ="M __—CB R Ry=0, (3.58)

>
By = (W=7 (Ry)), Dy =(1-¢)(W-1"(R})),
D = (W — 7' (Rg) ) R,

Lip= (W' (Ry)). S5 =1 (Rp),
Ky=W-f"'(R}), Ki=f""Rp).

The equilibrium profits of firms and banks are given by
My =0, 1 = (£(r'(Rp) ) — £ (Rp)Ri.) (3.63)

1 = (W - (R) ) (RT\/I —Rep+¢' éB>, Mp"<0. (3.64)

The proof of Proposition 17 is given in Appendix 3.A. This proposition has welfare
implications in terms of the best regulatory policy, i.e. of the best combination of
central bank gross rates (R p)s with a minimum equity ratio requirement ¢"*9 €

(0,1). In this respect, we obtain the following corollary:

Corollary 14

Suppose that prices are rigid. By setting (R%g)s appropriately in adequate com-
bination with the minimum equity ratio requirement ™9 € (0,1), the regulatory
authorities can implement any allocation arbitrarily close to the first-best alloca-

tion.

The proof of Corollary 14 is given in Appendix 3.A. The regulatory authorities can
achieve an allocation that is arbitrarily close to the first-best allocation only with

policies that prevent a default against households, that involve minimum equity
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ratio requirements that are low enough, and that create an incentive strong enough

for households to invest in bank equity.

3.8 Reserve Requirements and Haircuts

In Section 3.8, we study the impact of reserve requirements coupled with haircuts

on money creation. We introduce reserve requirements as follows:

Definition 4
A minimum reserve requirement "9 (r**9 € (0, 1)) requires each bank to hold more

central bank reserves at the end of Periodt = 0 than the fraction r™9 of its deposits.

d
the following relationship on central bank reserves dbp:

. db . .
If we denote the reserve ratio of Bank b by r® = L}f, a reserve requirement imposes

db
rred < 7’b — CB.
du

We define a haircut regulation h as follows:

Definition 5
A haircut requlation h (h € (0, 1)) requires each bank to hold more loans to Sector
MT at the end of Period t =0 than a multiple ﬁ of its OB liabilities.

The balance sheets of banks b; and b; which are complying with some reserve
requirement "% and some haircut regulation h are given in Table 3.1. In these

balance sheets, we use the following notations:

7AVERN VAV reg b;
dey = lop = max(0,r"dy — dgp),

Aj  Aj  reg
and dop = lop =1r"%dy.

In the following proposition, we investigate the impact of a minimum reserve re-
quirement 7" coupled with a haircut regulation i on money creation o}, by a
Bank 0. We obtain
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Bank b; Bank b;
dcy I de lch
dlgs lgB
1 dy 0 dir
€éB €B

Table 3.1: Balance sheets at the end of ¢ = 0, with a combination of a minimum
reserve requirement " and a haircut regulation h. Source: Own illustration.

Proposition 19
A combination of a minimum reserve requirement "9 and a haircut requlation h

imposes the following constraint on money creation by Bank b:

1—7"9(1 — )
. :

b
oy <

FEquilibria with banks exist if and only if the equity ratio o fulfills

rreg S ®-

The proof of Proposition 19 is given in Appendix 3.A. From Lemma 5 in Chapter 2
and Proposition 19, we directly deduce that the impact of the reserve requirement
coupled with the haircut regulation on money creation by commercial banks given
in Proposition 19 is identical to the one of the minimum equity ratio requirement

given in Lemma 5. In particular, we directly obtain

Proposition 20
A combination of a reserve requirement "9 and a haircut requlation h imposes

the same constraint on the banks’ behavior as a minimum equity ratio requirement
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@' if and only if

reg __ SOh
1—rrea(1—¢)

¥

The condition on the bank capital structure for which an equilibrium with banks

exists then writes

0" < o,

or alternatively

1—-nh

rreg

1—

<.

As a consequence, we can focus on the impact of a minimum equity ratio require-
ment on the banks’ incentives to create money—which was performed in Chapter
2—and we deduce that similar results to the ones obtained in Chapter 2 hold when

imposing a reserve requirement coupled with a haircut regulation.



Appendix

3.A Proofs

Proof of Corollary 7.
Let £* be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted by
oy At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into a}; = 1. The result of Lemma 2
implies that we can apply Proposition 5. Thus, given gross rates of return (R5*),,
policy choices (R p)s, prices (pl)s, and the equity ratio ¢*, all banks b € [0, 1]
choose a lending level o8, € an ((R5)s, (Rig)s, (P&)s, ¢*), as given in Proposition

5. The only gross rates of return in Proposition 5 rationalizing o}, = 1 are

Sk

]
L — *'CB

for all states s = [, h. A direct consequence of this relation, Lemma 2, and the

expression of profits in Equation (3.1) is that

Ry = Rp = Ri’ = Rep (3.65)
for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule

introduced in Subsection 2.2.3, the interbank lending market is not used in an

equilibrium with banks. Finally, II%5 = 0 for all states s = [, h (see Subsection

126
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2.2.4), which translates into

Rupe = REp;

for all states s = [, h. Given gross rates of return (R3)s and (R )s as well as prices
p; and (p&)s, households choose Ej; € EB((R‘Z;*)S, (R3)s: 0}, (P85, S3) given S,
Dy € Du((Rg)s, (RE)s, 15, (05)s, E5, S3) given E and Sg, and

Sie S r((R3)s, (R3)s, 1}, (pE)s). These correspondences are given in Lemma 6
in Appendix 2.E. Only the first, the fourth, and the seventh cases of the definition
of the correspondences EB, ﬁH, and Sp correspond to equal nominal gross rates
of return R3 and R and are hence consistent with the equality of nominal gross
rates of return in Equation (3.65). However, the assumption f'(W) < Ry < £/(0)

plus R} p& = R7*pj] rule out the first and fourth cases. As in an equilibrium with
banks E%, D7 > 0, we thus obtain

Ep € (0,p; (W—f"Rwm))),
D3, =p; (W — f’_l(I_{M)) — E%, and
St =f"1Rnm).

Finally, R} can be determined by using Lemma 4 and equating the demand for
the investment good Kj to its supply Sy. With the help of the equity ratio ¢*,

we can then re-write all equilibrium variables as given in Theorem 1.

In turn, it is straightforward to verify that the tuples given in Theorem 1 constitute

equilibria with banks as in Section 3.1. O

Proof of Proposition 6.

We use the following auxiliary function:
9(Kr) = —Rat + E[(f*) (Kr)].
This function is strictly decreasing:

9 (Kr) = E[(f*)"(KF)] <0,
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and

9(0) = —Ru + E[(£*)'(0)] > 0
9(W) = —Ru + E[(f*)(W)] < 0.

As g is a continuous and strictly decreasing function with ¢(0) > 0 and ¢g(W) < 0,
we can apply the intermediate value theorem. Therefore, there exists a unique
value Ky such that ¢g(0) = 0, i.e.

E[(f*)'(Kr)] = R,
which solves the social planner’s problem. O

Proof of Theorem 2.
Let £* be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted by
o At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into a’}; = 1. The result of Lemma 2
implies that we can apply Proposition 1. Thus, given gross rates of return (R5")s,
policy choices (R )s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level of; € an((Ry)s, (Rip)s, ¢) as given in Proposition 1. The only gross rates

of return in Proposition 1 rationalizing o}, = 1 are
sx __ S
Rp" = Rep

for all states s = [, h. A direct consequence of this relation and of Lemma 2 is that

Ry = Rp = Rp = Rep (3.66)
for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule

introduced in Subsection 2.2.3, the interbank lending market is not used in an

equilibrium with banks. Finally, 1135 = 0 for all states s = [, h (see Subsection
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2.2.4), which translates into

MPe = Bipp
for all states s = [, h. Given gross rates of return (R3)s and (R )s as well as prices
p; and (p&)s, households choose Ej; € EB((R‘Z;*)S, (R3)s: 0}, (P85, S3) given S,
Dy € Du((Rg)s, (RE)s, 15, (05)s, E5, S3) given E and Sg, and
St e Sp ((R)s, (R3)s, 0}, (pE)s), where these correspondences are given in Lemma
9. Only the first, the fourth, and the seventh cases of the definition of the corre-
spondences E B, ﬁH, and Sp correspond to equal nominal gross rates of return R
and R}y, and thus, are consistent with the equality of nominal gross rates of return
in Equation (3.66). However, the assumption E[(f5) (W)] < Ryt < E[(f%)'(0)] to-
gether with R},;p& = R7*pj rule out the first and fourth cases. As in an equilibrium
with banks E%, Dy > 0, we thus obtain

Ej € (0,p; (W — Kp)),
Dy =} (W — K;) - Ej, and

; = K;‘a
where K} is the unique solution to the following equation:
E[(*) (Kr)] = Rt

Finally, Ry can be determined by using Lemma 8 and equating the demand for
the investment good Kj to its supply Sj. Thus, with the help of the equity ratio

©*, we can re-write all equilibrium variables as given in Theorem 2.

In turn, it is straightforward to verify that the tuples given in Theorem 2 constitute

equilibria with banks as in Section 3.3. O

Proof of Proposition 7.

The social planner’s maximization problem is given by

L Elff (W — Kp)] + fr(Kr).
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We now show that the first-order condition has a unique solution. For this, we use

the notation
9(Kr) = E[(f51)' (W — Kp)] — (fr) (Kr).
We obtain
9 (Kr) = —E[(f})"(W — Kp)] — (fr)"(Kr) > 0,

which means that g is a strictly increasing function over [0, W]|. Moreover, As-

sumptions 2 and 3 imply that
g(0) <0 and ¢g(W)>0.

As g is continuous over [0, W], by the intermediate value theorem, we conclude
that there exists a unique value Ky € (0, W) such that g(Kg) = 0, which is

solution of the social planner’s maximization problem. ]

Proof of Lemma 10.
Profits of firms in the MT sector are given by
Ry,

pr
e

I3, = £4(Knt) — K

for each state s = [,h. As firms in MT do not default in any of the parameter
constellations considered, their expected profits are equal to their expected share-
holders” value, and the first-order condition with respect to the maximization of

expected profits is given by

E[(8) (Kar)] = E [ﬂ o (3.67)

In the following, we use the notation

9(Kne) = E[(£) (Kaa)] — E [ﬂ o
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We note that g is a strictly decreasing function that is continuous over [0, W].

o
Expected profits are thus decreasing in Ky;. Thus, Ky = 0 maximizes expected

Suppose first that E [52} pr > E[(£31)(0)]. Then g(Kn) < 0 for all Ky € [0, W].

profits.

ﬁg}pf < E[(f3;)(W)]. Then g(Knm) > 0 for all Ky €

[0, W]. Expected profits are thus increasing in Ky;. Thus, Ky = W maximizes

Suppose now that E [

expected profits.

Suppose finally that E[(fy;) (W)] < E [Ri] pr < E[(f};)'(0)]. We now show that

e

Equation (3.67) has a unique solution Ky; € [0, W]. We observe that

9(0) = E[(£,)/(0)] — E [fc] pr >0
and g(W) = E[(£,)/(W)] - E [fc] pr <0,

Therefore, the intermediate value theorem applies and there exists a unique solu-
tion to Equation (3.67), which we denote by Ky . O

Proof of Theorem 3.

Let £* be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted by
ajy. At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o, = 1. The result of Lemma 2
implies that we can apply Proposition 1. Thus, given gross rates of return (R5")s,
policy choices (R g)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level of; € an((Ry)s, (Rép)s, ¢7) as given in Proposition 1. The only gross rates
of return in Proposition 1 rationalizing o}, = 1 are

Sk

s
L — *'CB
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for all states s = [, h. A direct consequence of this relation and of Lemma 2 is that

Ry = Rp = R’ = Rep (3.68)
for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule

introduced in Subsection 2.2.3, the interbank lending market is not used in an

equilibrium with banks.

Given gross rates of return (R3)s and (R3y)s as well as prices pj and (pgF)s, house-
holds choose E%, € EAB((R?)S, (R3)s, 5, (E)s, S3) given S,

Dy € Du((R3)s, (R)s: 1F, (9)sr B, Si) given Ejy and S,

and S% € S F((R)s, (R5)s: 0], (pE)s), where these correspondences are given in
Lemma 6 in Appendix 2.E. Only the first, the fourth, and the seventh cases of the
definition of the correspondences EB, ﬁH, and S correspond to equal nominal
gross rates of return R and R7), and thus, are consistent with the equality of

nominal gross rates of return in Equation (3.68).

Suppose first that

RS

e[ %> By o) (3.69)
Pc

which is the first case in Lemma 10. Then by Lemma 10, K}; = 0 and thus

K} = W. This corresponds only to the first case in Lemma 6. By Lemma 6,

E [RSC;B} < $=XW) - Tyoether with Inequality (3.69), this inequality implies

e | — pr

E[(£)'(0)] < (fr)'(W). (3.70)

By our assumption that E[(f5;)(W)] > (fg)' (W) and by the concavity of f§;
for all states s = [, h, we obtain E[(f§;)'(0)] > E[(f§;)'(W)] > (fr) (W), which
contradicts Inequality (3.70).

Suppose now that

S

E {RCB} pr < E[(£) (W) (3.71)

S

Pc
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which is the second case in Lemma 10. Then by Lemma 10, K3; = W and thus
K% = 0. This corresponds only to the fourth case in Lemma 6. By Lemma 6,
o) g [iﬂ} We thus obtain

£'(0) < E[(f)'(W)]. (3.72)

By our assumption that E[(£§;)'(0)] < (fr)'(0) and by the concavity of £§; for all
states s = [, h, we obtain E[(f§;)'(W)] < E[(£5;)'(0)] < (fg)’(0), which contra-
dicts Inequality (3.72).

Thus, in any equilibrium with banks, it must be that

E[(8,) (Kna)] = E BZ] ” (3.73)

and

E[(£,)'(W)] < piE [p—ﬂ < E[(£,)(0)]

Together with the assumptions E[(£§;)(0)] < (fr)'(0) and E[(£§;)'(W)] > (fr)' (W),

the previous inequalities imply that

S

() (W) < E[(f)' (W)] < p/E [};iB} < E[(f%)'(0)] < (£r)'(0),

which rules out the first and fourth cases in Lemma 6. From the remaining seventh

case in Lemma 6 and Equation (3.73), we obtain
(fr) (K) = E[(f) (W — Kg)].

We note that Proposition 7 shows that this equation has a unique solution, which

corresponds to the first-best allocation. As in an equilibrium with banks E7;, D3, >
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0, we thus obtain

Ep € (0,p7 (W - KgP)),
Dy =p; (W —Kg®) — Ej, and

* FB
F_KF :

Finally, R} can be determined by using Lemma 4 and equating the demand for
the investment good K3 to its supply Sj. Therefore, with the help of the equity

ratio ¢*, we can re-write all equilibrium variables as given in Theorem 3.

In turn, it is straightforward to verify that the tuples given in Theorem 3 constitute

equilibria with banks as in Section 3.3. O

Proof of Proposition 8.
Let £ be an equilibrium with banks for which a minimum equity ratio ¢" €
(0, ¢*] is required to be held by banks at the end of Period ¢ = 0.

Then all banks choose the same level of money creation and lending, denoted by
oy At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o, = 1. The result of Lemma
2 implies that we can apply Lemma 7. Thus, given gross rates of return (R5*)s,
policy choices (R p)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level of; € &4 ((Ry)s, (REp)s, ¢*) as given in Lemma 7. Therefore, the only gross
rates of return and capital structure ¢* in Lemma 7 in Appendix 2.F rationalizing

oy, = 1 are such that

Sk

o = R?.p for all states s =, h),

R}, = Rep, RY < Rip, Ry < RY, and ol > 2
L= Rcp, R < Rpp, Rép < Ry, and apy > 55),

o _h h h ! ! h

Ry, = Rep, Ri" < Rép, Rop < R, and apy > 55),

— =

o RP'—Rip

and 90* — ('DTEQ — _—)7

7
-0 Rgp

either Case a

or Case b
or Case ¢

or Case d

)
)
)
)

o~ o~ o~~~

or Case e) (R, < Rep, Rl* < Rlip, Rbp < RE, al, < 1,

1 1
1-o B _hRCB )
g Re¢p ’

and p* = @'Y =
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or Case f) (R3* > R{j for all states s = [, h with at least one strict
inequality, and ¢* = ¢"%),
or Case g) (R, = Rep, R¥ < RLp, Rly < R by, < 1, and ¢* = '),
or Case h) (R, = Rep, Rl < RLy, RLy < RY, oy, < 1, and ¢* = ¢"9),
or Case i) (R, < Rep, RY < RLp, Rip < Rl oy, < 1,
o RI"—Rip

and @* = @'Y < 7o —Lo—CB),

1o Rep
or Case j) (R, < Rop, R < Ry, Rbp < RY, ol <1,
and SO* — SDreg < ITTO'R%R_Z,}ZCB)’
or Case k) (R; > Rep, R¥ < RLy, Ry < R, and ¢* = '),

or Case 1) (R; > Rep, R < Rlp, RL, < RY, and ¢ = @),

Note first that for Cases f) to 1), the expected gross rate of return on equity
achieved by any Bank b when choosing %, = 1 is higher than the expected gross
rate of return on equity when choosing o, = 0. Since the latter is equal to
the expected deposit gross rate, we can conclude that the expected gross rate of
return on equity is larger than the expected deposit gross rate in all cases f) to 1).
Moreover, for Cases a) to e), the expected gross rate of return on equity is equal
to the expected deposit gross rate.

Sk

Given gross rates of return (R3), and (R5)s as well as prices pj = p& = 1,
households choose £ € EB(( s, (R3)s0) = 1,05 =1, S5) given S,

Dy € Du((RE)s, (RY)s,1; = 1,p5 = 1, B, St given Ef and Sj, and

Sp € SF((RE“)S, (R%)s, 05 = 1,05 = 1), where these correspondences are given in

Lemma 6 in Appendix 2.E.

For Cases f) to 1), Lemma 6 implies that Dj; = 0, which is excluded in the definition
of an equilibrium with banks. Therefore, Cases f) to 1) do not correspond to

possible equilibria with banks.

For Cases a) to e), expected gross rates of return E*E and R; are equal, and only
the first, the fourth, and the seventh cases of the definition of the correspondences

Eg, Dy, and Sr in Appendix 2.E are consistent with E*E = EE.

Suppose in the following that we are in Case a), b), or c).
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— Suppose first that

R, > E[(£5)(0)], (3.74)

which is the first case in Lemma 10. Then by Lemma 10, K}; = 0 and thus
K} = W. This corresponds only to the first case in Lemma 6. By Lemma
6, Rop < (fr)'(W). Together with Inequality (3.74), this inequality implies

E[(£1)'(0)] < (fr)' (W), (3.75)

By our assumption that E[(£§;)'(W)] > (fr) (W) and by the concavity of
£5y for all states s = [, h, we obtain E[(f§;)'(0)] > E[(f5;)'(W)] > (fr)' (W),
which contradicts Inequality (3.75).

Suppose now that
Ry < E[(fyy) (W)], (3.76)

which is the second case in Lemma 10. Then by Lemma 10, K}; = W and
thus K = 0. This corresponds only to the fourth case in Lemma 6. By
Lemma 6, f'(0) < Rgp. We thus obtain

£'(0) < E[(fXy)'(W)]. (3.77)
By our assumption that E[(£§;)'(0)] < (fr)’(0) and by the concavity of £§

for all states s = [,h, we obtain E[(fy;)(W)] < E[(f};)'(0)] < (fr)'(0),
which contradicts Inequality (3.77).

Therefore, in any equilibrium with banks, it must be that
E[(f})'(Km)] = Ry, (3.78)
and

E[(fx) (W)] < Res < E|[(fy)'(0)].
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Together with the assumptions E[(£§;)'(0)] < (fp)'(0) and E[(f5;)'(W)] >
(fr)' (W), the previous inequalities imply that

(fr)' (W) < E[(fy) (W)] < Rep < E[(fy0)'(0)] < (£¢)'(0),

which rules out the first and fourth cases in Lemma 6. From the remaining

seventh case in Lemma 6 and Equation (3.78), we obtain
(fr)'(Kg) = E[(fR0) (W — K§)].

We note that Proposition 7 shows that this equation has a unique solution,
which corresponds to the first-best allocation. As in an equilibrium with
banks E7%, D7 > 0, we thus obtain

Eg S (Oap; (W - KEB))v
Dj; =p; (W —Kg") — Ej, and
Sy = KiB.

Suppose finally that we are in Case d) or e).

— Suppose first that
Ry, > E[(£0)'(0)], (3.79)

which is the first case in Lemma 10. Then by Lemma 10, K§; = 0 and thus
K} = W. This corresponds only to the first case in Lemma 6. By Lemma
6, Rep < (fr)(W). Together with Inequality (3.79) and Rep > Ry, this

inequality implies
E[(fR0)'(0)] < (fr)'(W). (3.80)

By our assumption that E[(f§;)'(W)] > (fr)'(W) and by the concavity of
£5y for all states s = [, h, we obtain E[(£§;)(0)] > E[(£§,)(W)] > (fr)' (W),
which contradicts Inequality (3.80).
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— Suppose now that

R, < E[(f5) (W)], (3.81)

which is the second case in Lemma 10. Then by Lemma 10, K3; = W and
thus K = 0. This only corresponds to the fourth case in Lemma 6. In this

case, we obtain
(fF)I(O) < ECB.
As in an equilibrium with banks E}, D}, > 0, we thus obtain

Ep € (0,prW),
Dy =piW — Ej, and
Sy =0.

Suppose now that
E[(fy) (K] = Ry (3.82)

Then 0 < Ki; < W and (fg)/(0) > R,5. Only the seventh case in Lemma

6 corresponds to such a constellation and in this case, we obtain
(fe)'(K3) = Rop  and  E[(§))' (W — Kg)] = Ry
and thus
E[(80) (W = (te) " (Fen))| = Ry, (3.83)
As long as Rop and R, fulfill (3.83), we obtain

Eg € (0,(W = 55)),
D;I = (W_S}i”) _Ega
Si = (fe) " (Ren).
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In turn, it is straightforward to verify that the tuples found in this proof constitute

equilibria with banks as in Section 3.4. O]

Proof of Proposition 10.
Let b € [0,1] denote a bank. As R} = R in all states s € N, the expected

shareholders’ value of Bank b writes
E[max(alj’wLM(RsL — Rip) + EgRp, O)}

We obtain the following cases:

— Suppose first that Mg = {}. In this case, R} = Ry for all states s € N,
and Bank b cannot influence its expected shareholders’ value by varying its
amount of loans. Therefore, [0, 4+00) constitutes the set of Bank b’s optimal

choices.

— Suppose now that M # {}. More particularly, suppose that Sp; = {}. In
this case, R > R for all states s € N with at least one strict inequality,
as M # {}, and Bank b can increase the expected shareholders’ value by

granting more loans. Thus, its choice is denoted by o}, = +o0.
— Suppose now that Sp. # {}. In this case, S_ (aSDDCSg)) # {}, as sp(1) €

S_ <a%’(/%)>, and the maximum possible amount of lending by banks under

the constraint that they do not default against the central bank in any state

of the world is given by aj)DC(B. The expected shareholders’ value of Bank b is

clearly convex and not constant in aj;. Therefore, its maximum is attained

at cither o2, = 0 or o8, = a24}). The expected shareholders’ values of Bank

bat ob, =0 and at of, = O‘i)Dc(}a) are given respectively by

EpRcp  and ai)DCS}S)LM Z o*(R} — Rép) + BB Z o*R¢g,

sESy (aSDDC(}B)> seSy (aSDDC%,)>
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which leads to the threshold equity ratio ¢

2. 0By - Rgp)

sDc(l
bes > o°Rep
s€ES— (az%%)>
below which Bank b chooses af; = ozijc%) and above which Bank b chooses

b
oy = 0.

We can summarize the lending level choices of lending levels by banks, given gross
rates (R} )s, policy choices (R p)s, and their equity ratio ¢, with the correspon-
dence

e ((R3)s, (RE&p)s, @) given in the proposition. O

Proof of Lemma 11.
Let b € [0, 1] denote a bank and assume that a minimum equity ratio ¢"* < @ is
imposed on banks at the end of Period ¢ = 0. Using Lemma 5 and the property

R, = Ry for all states s € N, Bank b’s maximization problem simplifies to

max E[max(aﬂ’wLM(Ri — Rip) + EgRp, 0)}

o} €[0, ;7]

We obtain the following cases:

— Suppose first that My = {}. In this case, R} = Ry for all states s € N

and Bank b cannot influence its expected shareholders’ value by varying

_P_
) (preg

its amount of loans. Thus, [0 ] constitutes the set of Bank b’s optimal

choices.

— Suppose now that Mg # {}. More particularly, suppose that Sp. = {}. In
this case, R§ > R for all states s € N with at least one strict inequality,

as Mo # {}, and Bank b can increase the expected shareholders’ value by

[
pred .

granting more loans. Therefore, its choice is denoted by o}, =

— Suppose now that Sp; # {}. In this case, S_ (ai%ﬁ) # {} as sp(1) €

S_ (a%’é?), and the maximum possible amount of lending by banks under
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the constraint that they do not default against the central bank in any state

of the world is given by max (ag’ég, i

of Bank b is clearly convex in a4,. Thus, if the expected shareholders’ value

of Bank b is not constant between of;, = 0 and of, = max(asDDc(lB), ;,‘%),

). The expected shareholders’ value

. . . . . b b SD(]-) ©
its maximum is attained at either o, = 0 or o}, = max (a DCB > . The

expected shareholders’ values of Bank b at of, = 0, at af, = aSDDZ}B), and at
b, = (pjf’eg are given respectively by
EpRes, (3.84)
aSDDngLM Z 0* (R} — Rép) + E Z o°R¢p, and
sESy (@%‘Q) s€Sy <a;%(;>>
(3.85)
Lu Y (R, -Rip)+Ex Y. o°Rip (3.86)

907-69

sESy (w—“’eg> seSy (ﬁ)

— For now, we suppose that the expected shareholders’ value of Bank b is

not constant between o}, = 0 and of, = max(asDDc(}B), ;,%) Suppose

that & < aszcgg. If S_ (ﬁ) # {}, the comparison between the
expected shareholders’ value of Bank b expressed in (3.84) and the one

in (3.86) leads to the threshold equity ratio ¢"*9

>, o'(Ry—R¢p)
sESy (ﬁ)
>, o°Rip

s€S_ (ﬁ)

below which Bank b chooses o}, = —£-

af, = 0. If S_ (L> = {}, the value of the expression in (3.84) is

pred

and above which Bank b chooses

strictly larger than the one in (3.86) if and only if R, < Rop. Suppose

©
pred

now that > o2 I S (a?é?) # {}, the comparison between

the expected shareholders’ value of Bank b expressed in (3.84) and the
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one in (3.85) leads to the threshold equity ratio ¢

> o*(Ry — Rep)
on(1) seSy (a%%f?)
pes > 0°Ri:p ’

seS_ <af_-)DC%))

below which Bank b chooses af, = ach%) and above which Bank b

chooses o, = 0. If S_ (04‘;)[’0(}13)) = {}, the value of the expression in
(3.84) is strictly larger than the one in (3.86) if and only if R, < R¢p.

— Finally, we suppose that the expected shareholders’ value of Bank b is

constant between of, = 0 and of, = max(ostDég, ﬁ). We observe
that this occurs if and only if £ < a2V and R, = Res.

We can summarize the choices of lending levels by banks, given gross rates (R )s,
policy choices (RE)s, and their equity ratio ¢ with the correspondence &7 given

in the lemma. O

Proof of Proposition 11.
Let £ be an equilibrium with banks for which a minimum equity ratio ¢" &
(0, ¢*] is required to be held by banks at the end of Period t = 0.

Then all banks choose the same level of money creation and lending, denoted by

oy At the aggregate level, however, the amount borrowed by banks from the

central bank has to equal the amount deposited by banks at the central bank,

meaning that fol ab,db = 1, which translates into o}, = 1. The result of Lemma

2 implies that we can apply Lemma 11. Thus, given gross rates of return (R5")s,

policy choices (R p)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
~reg

level b, € &) ((Ry)s, (Rip)s, ¢*) as given in Lemma 11. Therefore, the only

gross rates of return and capital structure ¢* in Lemma 11 rationalizing o}, =1



3.A. Proofs 143

are such that

either Case a) (R3* > Ry for all states s € N with at least one strict
inequality and ¢* = "),
or Case b) (R, > Rep
>, o*(Ry" = Rep)

SES+(1)

Z o°Rép
s€S_(1)

or Case ¢) (R§* = Ry for all states s € ),
or Case d) (R, = Rep and o8 > 1),

or Case ¢) (a}2V <1

or (aSDDh(,l) < land p* =" <

),

>, o' (Rp = Rgp)

$€S+(1)

>, 0°Rgp
seS_(1)

).

and p* = " =

Note first that for Cases a) and b), the expected gross rate of return on equity
achieved by any Bank b when choosing %, = 1 is higher than the expected gross
rate of return on equity when choosing o, = 0. Since the latter is equal to
the expected deposit gross rate, we can conclude that the expected gross rate of
return on equity is larger than the expected deposit gross rate for Cases a) and b).
Moreover, for Cases c) to e), the expected gross rate of return on equity is equal
to the expected deposit gross rate.

Sk

Given gross rates of return (R3) and (R3)s as well as prices pj = p& = 1,
households choose £, € EB((RSE*)S, (R3)s, 0} = 1,p& = 1,5p) given Sj,

Dy € Du((RE)s, (RY)s,1; = 1,pt = 1, B, St given Ef and Sj, and

S eS F((RE)s, (R5)s,p; = 1,p& = 1), where these correspondences are given in

Lemma 6 in Appendix 2.E.

For Cases a) and b), Lemma 6 implies that D}, = 0, which is excluded in the defi-
nition of an equilibrium with banks. Therefore, Cases a) and b) do not correspond

to possible equilibria with banks.

For Cases c) to e), expected gross rates of return E*E and EZ are equal, and only
the first, the fourth, and the seventh cases of the definition of the correspondences

EB, ﬁH, and Sy in Appendix 2.E are consistent with EE = EE.
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For Cases c) and d), the assumption f'(W) < Ry < f/(0) together with Ry =
R, = R}, rule out the first and fourth cases. As in an equilibrium with banks

E%, Dy > 0, we obtain

Ep € (0, (W - 7' (Rm))),
Dy = (W —f"'(Rm)) — Ep, and
St = (Rm).

For Case e), the assumption f'(W) < Ry together with Ry < Ry, = R rule out

the first case. As in an equilibrium with banks, £}, D3, > 0, we obtain

Eg S (O7 (W - S})),
Dy = (W —5%) — Ep,

\ =1 (Rep) if £(0) > Ry,
SF = .
0 otherwise.

In turn, it is straightforward to verify that the tuples found in this proof constitute

equilibria with banks as in Section 3.5.

Now we assume that there exists some state of the world s € N such that R}, #
R . Therefore, Case ¢) cannot hold. In the following, we prove that the remaining
possible cases d) and e) are equivalent to () and (i7) in Proposition 11, respectively.

is equivalent to ¢* > %

®pcB

For Case d), we observe that ozj)Dh(,l) > (p‘f,:g

For Case e), we first observe that

Z US(RT\/I - RsOB)
o = pre = €50
Y. 0°Rip
s€S_(1)

(3.87)

is equivalent to
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Now we note that by definition of S_(1),
s€S_(1) < (Ry— Rig) +9RLp <O.
Therefore, Equation (3.87) implies Ry — Rep < 0. H

Proof of Corollary 11.
Corollary 11 is an immediate consequence of Corollary 10. We will just prove that

the example given by

op =1 for all states s € {1,2,...,s.}, and

A,
SCB:RT\/I_; for all states s € {s, + 1,5, +2,...,N},

where

Sz

>, 0°(1 =Ry

=1
A, =12
z N—Sz )

fulfills the conditions for a first-best allocation. First, we can calculate
N

Rep = i:as + Z o’Ry — AL(N —s,)
s=1

s=s,+1
N
-3 Ry
s=1
= E[R}].

Finally, we note that for s < s,,

s 1
XpcB = m;

which is increasing in s. From this, we can derive the regulatory capital require-

ment constraint given in (i7). O
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Proof of Corollary 12.
Suppose that there is an equilibrium with banks denoted by £* for which the
deposit gross rate of return in real terms is independent of the state of the world.

We denote by Ry, the deposit gross rate of return in terms of the consumption

good:
Rl* Rh*
Rp = ll*) - hD* :
Pc Pc
Theorem 1 implies that
RS
Rp = =M,
Dy
in all states s = [, h, which is a contradiction to Ry; < R [

Proof of Proposition 13.
Let £ be an equilibrium with banks for which a minimum equity ratio ¢ €
(0, ¢*] is required to be held by banks at the end of Period ¢ = 0.

Then all banks choose the same level of money creation and lending, denoted by
oy At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o}, = 1. The result of Lemma
2 implies that we can apply Lemma 7. Thus, given gross rates of return (R5")s,
policy choices (R p)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level b, € &)/ ((RSL*)S, (R&p)s, 4,0*) as given in Lemma 7. Therefore, the only gross
rates of return and capital structure ¢* in Lemma 7 in Appendix 2.F rationalizing

oy, = 1 are such that

either Case a) (R$" = Rf g for all states s =1, h),

(R, = RCB, Ry < Rip, Rbp < RY, and afyy > £5),
(R, = Rop, RI* < Ritp, Rbp < RYf, and afyy > ),
(R

RL < RCB, Rl* < RCB’ R CB < R’l—'ﬁ*, OélDH < 1,
o Rh* Rg‘B)

1—0

or Case b

)
)
or Case ¢)
or Case d)

and @* = "

I )
RCB
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or Case e) (R, < Rep, R'* < Rl Rby < Ry ol <1,

1£3 !
1—o R —Rep )
g Rt p ’

or Case f) (R7* > R for all states s = [, h with at least one strict

and p* = " =

inequality, and ¢* = ¢"%),
or Case g) (R, = Rep, RY < Ry, Ry < RI ol < 1, and ¢* = ¢9),
or Case h) (R, = Rep, R < RlLy, RLy < RY, o, < 1, and ¢* = ¢"9),
or Casei) (R, < Rep, RY < Ry, Ry < Rl oy, < 1,

and ¢* = @Y < ﬁ%),
or Case j) (R; < Rep, Rl < Rlp, Ry < R, ol < 1,

and * = e < lze fi-Fon)

CB

or Case k) (R, > Rop, RY < RLy, Rlyp < R, and ¢* = ¢"®9),

or Case 1) (}_%2 > Rop, R < Ry, RLy < RY, and ¢* = "),

Note first that for Cases f) to 1), the expected gross rate of return on equity achieved
by any Bank b when choosing o, = 1 is higher than the expected gross rate of
return on equity when choosing o, = 0. Since the latter is equal to the expected
deposit gross rate, we can conclude that the expected gross rate of return on equity
is larger than the expected deposit gross rate for all cases f) to 1). Moreover, for
Cases a) to e), the expected gross rate of return on equity is equal to the expected

deposit gross rate.

Given gross rates of return (R3)s and (R7y)s as well as prices p; and (pfF)s, house-
holds choose E}, € EB((REk)s,( s D5, (D)5, Sp) given S,

Dy € Dy ((R5)s, (RY)s, 1h, (05, B, ) given Ejy and S,

and S € S F((R3)s, (R3)s, 0}, (pE)s), where these correspondences are given in
Lemma 6 in Appendix 2.E. Only the fourth and the seventh cases of the definition
of the correspondences EB, Dy, and Sp in Appendix 2.E are consistent with D7;,
E% > 0. Therefore,

S

E {RE} =R}. (3.88)
bc
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For Case a), = R} for all states s = [, h. Thus,

R By _ Ry
2 N

*
:RDa

which cannot hold as Ri; < RY;.

For Cases b) and c), the gross rate of return on equity is given by
R
===+ R
E o CB:

31, we obtain

CB = Ry and pi Ry = pF Ry,

[ ] = ¢ PR
bc '4

From Equation (3.88), we obtain E [TCB] = R]‘D = ﬁpM We note that this alloca-
C

h
tion is efficient. Moreover, as Rfy = o pM and
! 1 ! h h
RL*:RM<R RD_RCB<RM:RL*
R R ZC R ot

From these inequalities, we obtain
RY¥ < RL, and RL,; < RM

which excludes Case c). Finally, the condition o), > -2 Jrs 1s equivalent to

reg

QOTe‘q > R R{\/I/pl
R*

For Case d), the gross rate of return on equity is given by

RY RY  Ry/pi —R
lf =0 and }i = M/Pi .
Pc Pc 2

D LR},
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We can thus write the expected gross rate of return on equity as
Rs* Rh * R*
E[TE]:U< M/pI* D+RB)=
bc ¥
which is equal to R}, according to Equation (3.88). This equality implies that

h*x _ _I*
Pc = Pes

l h
where we used that (1 — O')iff = = <P;E" — R;‘D). We denote the price of the
c I

consumption good by pg in both states. Thus,
Rppe = R?IB = RlCB'

Moreover, dividing both sides of the inequality E*L < Rep by pé yields

S oy - [ ).

*
by C

We note that this allocation is inefficient. We can easily verify that af,,; < 1.

For Case e), similar derivations as in Case d) yield

pe = pé = e

1
RM
Py

Moreover, 12—2/1 < Ry implies < Rp and
I

l 1 l
RE _ RM < RC’B

— R:.
pe pr P P

From these inequalities, we obtain
! !
RE < RCB?

which excludes Case e).
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For Case f), the inequalities R$* > Rf. 5 for all states s = [, h imply that

R

*

Pr

> Rp.

Moreover, combining to Equation (3.88) with

Sk R * R
E[SE*]:REJr w/ri —Rp.
Pc P
we obtain ﬁpﬁ“ = R}y, which is in contradiction with Equation (3.89).
I

For Case g), the gross rates of return on equity are given by

R% Ry Ry/p; — Ri
zf =0 and hb; = M/pl* D L Rj.
bc Pc ¥

We can thus write the expected gross rate of return on equity as

Sk Rh *_R*
E[%}za( M/pl* D—i-RB),
Pe ¥

which is equal to R}, according to Equation (3.88). This implies that

*

o= Ri/pi — Rp

l—-0o Ry

By inserting Equation (3.90) into the inequality ¢* < 1, we obtain

RY, <R’]‘D

*
by o

Inserting the expression of ¢* in Equation (3.90) into the equality o, = ¢

and using }_32 = Rep yields

o= O Ry/vi —Rp _ p¢ _ Rep
l—oRy —Ry/p; P Ris

*

(3.89)

(3.90)

l
RCB

1 15
RCB_RL
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Therefore, the inequality al,;; < 1 implies that
R} > Rym/p;, o <pl, and RL; < REp.

We note that this allocation is inefficient, as R, > R /p}.

For Case h), similar derivations as in Case g) give R, < RLp and thus

Ry _ Ry _ Ry

pE o pr o ply

. _Rep Ry _RE
=Rp=—<— =
Pc by Po

which contradicts Ry; < Ry

For Case i), the gross rates of return on equity are given by

Rl* Rh* Rh * _ Rx
szo and }i — M/p[* D+Rik)
Pc Pc ¥

We can thus write the expected gross rate of return on equity as
Rs* Rh * R*
E|:TE*:|:J< M/Pz* D-I—RE),
Pc ¥
which is equal to Rjy according to Equation (3.88). This implies that

0 Rlﬁ/l/p? - Rp
Y= . 3.91
l1—0 Ry ( )

By inserting Equation (3.91) into the inequality ¢* < 1, we obtain

h *
Bm _ Bp
by o

l
* RCB

Inserting the expression of ¢* in Equation (3.91) into the equality oy, = ¢ yrape e

and using Fz < Rep yields

l g Rk/[/pj - Rp Plék - RZCB

Ay = = .
PP 1-oRL —RM/p R

Inserting the expression of ¢* in Equation (3.91) into the inequality
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pe <p& and  Rep < Rip.
Moreover, the inequality a},,; < 1 implies that
Rp, > Rym/p}-

We note that this allocation is inefficient.

For Case j), similar derivations as in Case i) yield

Ry R _Rby . Ry Ry R
P * x D * P * 0
I R I e
which contradicts Ry; < RE.
For Cases k), suppose first that al,;; > 1, i.e. that banks do not default. Then

the gross rate of return on equity is given by

Sk S
sx RL _RCB + RS
E= 5 CB:
¥
Using Bes — Ry and pi Ry = pZRY,, we obtain
e D 11 c v

S* *
¥

S% E L
E[RE} — Ry 4+ M/ D} D
bc

* .
I

From Equation (3.88), we obtain E [iﬂ] =Ry = PEM We note that this alloca-
C

. . R R) RY
tion is efficient. Moreover, as Ry = BM  then =M < R} < =M and
Py Py Py
I 1 l h h ha
Ry Ry _ Rep _Rép Ry _ R

= < =Ry = = .
I T Pl T opp ol

From these inequalities, we obtain

R¥ < RL, and RL, < Rl
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Case 1) is excluded when o ;; > 1, as the same previous inequalities can then also
be derived and contradicts those of Case 1). The condition aly; > 1 is equivalent

to

(preg > R*D _ R{\/I/p?
pe— Rik) M

Finally, the condition Ez > Rep translates into

Ris _ v _ o Riy/pi—Rp
b, ol 10 Rp—Rhg/pj

Suppose now that al,; < 1, i.e. that banks default in the bad state. Then the

gross rates of return on equity are given by

I
Ry

Rh* Rh * R*
.~ =0 and ,ﬁ = M/p]* D L R}.
Pc Pc ¥

We can thus write the expected gross rate of return on equity as

Rs* Rh p* - R* .
E|:_SE:|:0_< M/I* D+RD),

Pc ¥
which is equal to R}, according to Equation (3.88). This implies that

1—o0 RD* ( )

By inserting Equation (3.92) into the inequality ¢* < 1, we obtain

Rb _Rp
pr o

l
* RCB

Inserting the expression of ¢* in Equation (3.92) into the equality o, = ¢ R, RF

and using Rz > Rep yields

ok g Rll\l/l/p? - Rp plc* - RICB
DH — * * * :
1-0Ry —Ry/p; ~ P Rip
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Therefore, the inequality al,;; < 1 implies that
pe<pl, Rep < Rtp, and Ry > Rum/pj-

We note that Case 1) is again excluded by p% < pl and that the allocation is

inefficient.

We observe that all efficient equilibria fulfills either

. _
R
© = Rp.
Pr .
o> e > Rp — Rm/pi
(P }17B) : B B Rp ’
RZCB = R};CBv X
R* _ RCB o RCB
D — Ix hx
\ Pc Po
or
r EM B )
P P 1
Spreg _ 90* > RD B RM/pI
(P %B) : N R} 7
RZCB < RE‘B:
Rx _ RICB — R}CL'B
D % hx
\ Pbc Pc
Moreover, all inefficient equilibria fulfills
. _
R
© < Rp,
Py b
(preg — ‘P* — o R’M/pl — RD = 0’
(P[) 1-— g Rik:)

l h
RCB < R?B’ N
R* _ RCB o RC’B
D I« h* °
\ Pc Pc

Reciprocally, we first prove that the tuples described in (P} ) and (P25) constitute
efficient equilibria with a non-contingent real gross rate of deposit as in Section

3.6.
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— Suppose that a tuple & verifies (P}g). We deduce from the first equation

R Ry R, . Rb, R RE
x * - D — * x *
2 R 7 pE P P

and thus RY < Rl , = Rl < R"™. Using the fourth equation of (Plg), we
obtain pi§ = pls. The first equation of (P}) then implies that R, = Rep

and the second equation that o, > which means that banks do not

A
SOwig Y

default. Using the fact that banks do not default as well as the first equation,

we obtain

E {Rj} =R},
Pc

This tuple is the same as the tuple in Case b), and it constitutes an equilib-

rium with banks, with a non-contingent real gross deposit rate of return.

— Suppose now that the tuple & verifies (PZg). We deduce from the first

equation that

! 1 l h h h
By _Bm _Bep _ p.  fop Ry BP
Ix D —

[ pE Py

and thus R < Rl < R, < R, Using the fourth equation of (P2z), we
obtain p% < pl. The first equation of (P2z) then implies that

e 1—o Rl R
p}(lj* o R}LZ* - R?)B

From pl% < pl& and the previous equation, we derive R; > Rcp. Moreover,

the second equation implies that al,; > :’T—:g, which means that banks do

not default. Using the fact that banks do not default as well as the first

equation, we obtain

Sk

E {RE] =R}.
Pc

This tuple is the same as the tuple in Case k), and it constitutes an equilib-
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rium with banks, with a non-contingent real gross deposit rate of return.
Suppose now that a tuple £ verifies (P;). We deduce from the first two
inequalities

Ry Ry _ R
pe Pr o pe

. Rty Ry _RY
= RD = hx P P
Pc pr pc

and thus RY < RL, < Rl < RP*. Using the fourth equation of (Pr), we
obtain plt < p. The second equation of (Pr) implies that

! o Ri/p;—Rp ¢

Apg = < 1,
PH T 1—oRp — Ry /p; ¢

which means that banks default in the bad state. Using this fact as well as

the second equation, we obtain

E {Rj] =R},
bc

We now differentiate the two cases where RLp = Ry and RLp < Rh 4

— Suppose first that RL5; = RlLg. The fourth equation of (P;) implies
that plt = p&. As a consequence, RY,;/pt < R}y implies that Ez <
Rep. Finally, the second equation of (P;) implies that ¢* = ™9 =

hx _ ph
%RLPJ&. This tuple is the same as the tuple in Case d), and it

CB
constitutes an equilibrium with banks, with a non-contingent real gross

deposit rate of return.

— Suppose now that RLp < REg. The second equation of (P;) then
implies that

_ o RYy/m—Rp
l—0o Ry,
o RPF — Rty pt o RPF - Rip
l—0o Rl pr T 1l-o0 Rl

This tuple covers Cases g), i), and k), and it constitutes an equilibrium

with banks, with a non-contingent real deposit rate of return.
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We finally observe that

o Ru/pi—Rp _ Rum — Ry

for all R}y > RY;/p; and that in the constellation given by (P;), Ry — R /p}-

Welfare is thus decreasing in ¢". O

Proof of Proposition 16.

The proof is similar to the one of Proposition 1. The only difference is the calcula-
tion of the equity threshold, which we denote by golT’S: It equalizes the shareholders’
value when banks lend o, = a3,z and b, = 0. This equity threshold is given

by the following equality:

S/ T,S pSC/
—¢1 ¢ L y E R? E
of | =2 M (pe _ Re )+ Ep—SB =2 | —F [EB fB] —c=E,
Rtp — Ry pg Pc Dr Pe Pr
which yields the value gplT’S given in Proposition 16. [

Proof of Proposition 17.

Let £* be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted
by aj;. At the aggregate level, however, the amount borrowed by banks from
the central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o, = 1. From Proposition 16, we
obtain that given gross rates of return (Rj*),, policy choices (R{g)s, consumption
prices (pZ)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending level

ol € dn ((R3)s, (REp)s: ()5, ") as given in Proposition 16.

ps* ps* «
Now suppose first that Ry; > ¢. Then as p*c pc? < Rfv[# = Ry for all states

s = [, h and for all values ¢* € (0, 1), aj, oz > 1 for all states s = [, h and all values
©* € (0,1). The only gross rates of return in Proposition 16 rationalizing o}, = 1

would thus be

S*

S
L — *'CB
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for all states s = [, h. A direct consequence of this relation and of Lemma 2 would
be that

Ry = Rp = Ry’ = Rep (3.93)

for all states s = [, h. We would then obtain the following relationships between

real gross rates of return:

] - [B] -] B

pe pe pe P
E {R?‘| _ RM—C <E {RSD*‘|
P P Iz
as IT3, = Ryp& — Ry*p; = 0. Given gross rates of return (R3 ), and (R7;)s as well

as prices pj and (pg)s, households would choose

Ey € Eg((Ry)s, (R3)s, 05, (), Sir) given S5,

Dy € Dy ((Rg)s, (R, 05, (0E)ss Ef, S3) given Ej and S, and

St e Sp ((R$)s, (R3)s, P}, (p&)s), where these correspondences are given in Lemma
6 in Appendix 2.E in Chapter 2. None of the seven cases of the definition of the
correspondences EB, @H, and Sy would correspond to both a real gross rate of
return on equity smaller than the real gross rate of return on deposits and to the
condition E5 > 0. We conclude that there is no equilibrium with banks whenever
R%v[ > c.

Suppose in the remainder of the proof that Ry; < c¢. Then as go*c% > R%\A};g =
I I

R3* for high enough values ¢* € (0,1), there exists a State s’ = [, h such that
a%o 5 < 1 for high enough values ¢* € (0,1). Similarly to the previous case, there

is no equilibrium with banks if ¢* # %. Therefore, in any equilibrium with banks

/
« _ Ry

Y =

From the previous analysis, we conclude that the only gross rates of return ratio-
nalizing households’ investment D7j;, 5 > 0 given in Lemma 6 in Appendix 2.G
of Chapter 2 would be such that

2| =2 ) =2l
e 2] 2
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However, from Proposition 16, we conclude that Bank b is indifferent between

ab, =0 and of; = o if and only if

2| =E ]
e e P}

We can therefore exclude the fourth and similarly the fifth cases in the definition

of the correspondence in Proposition 16. We note that when R%, > R;* and

Rt p < RYY,
Po Pc

. / . . o .
where R3 is calculated for o, = a} g, is a sufficient condition for banks to choose

/ . . . .
ab, = a%op and is moreover a necessary condition from households’ investment

perspective. Thus, the remaining cases in the definition of the correspondence in

Proposition 16 are summarized by

, , RS* S
op > R1", Rip <Ry, and E [ fi] =K [—ff} .
Do Po

Banks’ default in State s’ and the latter equality can be written as follows:

!
Sk
e}

s’ *
— C—= * * S
s CB ¥ Py * Ri Rz‘B E* SCB EB —F|E* RCB
g Rs/ Rs/* M Sk + Lp =«  C - B o |
cB — g bc Do by DPc

which also writes

O_S

RgB_SD*C;Li**RS*— S RS c s
Pr L CB+<P*< C’B__) ZQO*E|: CB:|'

s’ s/ % S% S* * Sk
g — Ri bc be D1 Pc

The latter equation is equivalent to

s/ % s’ s’ s’ s’ s’ %
Pc\ s «C S*RCB — RL ok s’RCB s*RCB — RL
g “PC Der D5
1

s s’ *
J < cB — ¥ C— S s - o s'x PC psx P
by Ry — R¢p b Ry" — R
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*

from which we can derive an expression for the equity ratio ¢*:

Lite):

* psc:*
QO - (i + U_S,RS,B> ps* RS,B_Ri,* + i.
Py o® pir ) pir Ri'—Rip ]

s

. R . . .
Using ¢* = =21, we can re-write this equation as follows:

Ri//l <( o *RgB) (RZ,‘B _RSL,*>/pSc,* —|—c> _ *RE:B

C+ —pr— —
c oo T pgr ) (Ry — Rep)/pe Fpgr

which is equivalent to

*

Sk s s’ s’ s’ s’ s’ s’ %
RS (USRL _RCB+03RCB_RL +‘7 Rép Rep — Ry )
M S

! I / /
e Pe c o pet pe*
s’ Sk s
— op* RCB RL — ‘0B
=0 Pr g S :
Po bc

We re-write this equation using the notation!’

" =piE [(ﬁ - R—L> + eO*C]
Po Po

* R¢ s s’ s
ZPIE{pff}JFU( M — Ry),
C

which is equivalent to

Ry — SCB_‘7S,RSCIB_R7:,*_i_(R?\//I I*) 1

i o5 pt pi py) o

as follows:

/

RY, (RT\/I ~ I Rip— Ry o RiyRep- R)

P; pe R o
s’ s’ s * s’ *
_ x*'CB S’RCB_RL +RM_I
—PI g% o s% * :
Pe Y 2o] Dy

10We note that I = 0 if the investment allocation is second-best and I is a measure of the
intensity of the inefficiency compared to the second-best allocation.
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Finally, this equation can be re-written as

RS RS
I = 0"y i (1 - _M)
Pc Y

s’ s/

_ _s'ps RC’B 1 RM
=0 M ps'x - :

R c

We conclude that there are equilibria with banks given by

By € (0,97 (W=7 (Ry) )
Djy = pj (W —£7!(R})) - B, and
S =7 (Ry).

where Ri can be determined by using Lemma 4 and equating the demand for the

investment good Ky, to its supply Sp:

R = /(0) — max (0.£0) - & | 222 ).
%6

Therefore, with the help of the equity ratio ¢*, we can re-write all equilibrium

variables as given in Proposition 16.

In turn, it is straightforward to verify that the tuples given in Proposition 17

constitute equilibria with banks as in Section 3.7. O

Proof of Corollary 13.

For any central bank policy gross rates (Rfp)s, equilibria with banks are given
by Proposition 16. These equilibria with banks are essentially characterized by
two parameters (R )s and three variables, (R$")s as well as pj. Clearly, the price
of the investment good has no impact on the investment allocation. Once the
central bank policy gross rates (R p)s are set, there is a continuum of investment

allocation supported by equilibria with banks that are characterized by

, , . R RS
Rip > RS, Ri,< RS, and I"=0"R$,—CB(1-—"M),
CB L > CB L

™M /
Ry C



162 Chapter 3. Generalizations and Variations

For any given central bank policy gross rates (R p)s, if RE; > ¢, the set of possible

investment allocations is given by

1
I*:UZR{\/IA< —%>,
c

where A can take any value in (1, 400). For any given central bank policy gross
rates (R&pg)s, if Ry < ¢, the set of possible investment allocations is given by

I’ .= 'R} A( —R—{“> and b
1= M c ) y

Rh
I3 .= "Ry B ( - TM) :

where A, B can take any value in (1,4+00). We first note that any possible in-
vestment allocation is dominated by the second-best allocation. Furthermore, we
note that depending on the choice of parameters, the set of possible investment
allocations may even by reduced to (Ki, K3;) = (0, W). O

Proof of Proposition 18.
Let £€* be an equilibrium with banks with rigid prices.

Then all banks choose the same level of money creation and lending, denoted
by «aj,;. At the aggregate level, however, the amount borrowed by banks from
the central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o}, = 1. From Proposition 16, we
obtain that given gross rates of return (Rj")s, policy choices (RZg)s, consumption
prices (pi¥)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending level %,
maximizing their expected gross rate of return on equity in real terms. Analogously
to the derivation of Proposition 16 we can easily derive a proposition similar to
Lemma 7 in Appendix 2.F in Chapter 2 that gives the expression for the privately
optimal amounts of money creation and lending by an individual bank when there

are costs of equity issuance.

We note that banks will create the maximum amount of money that will fulfill the

capital requirement ¢" and which-—at the same time—will preserve them from
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defaulting against the central bank. The limit case where Bank b is indifferent
between this amount of money creation and %, = 0 cannot hold in an equilibrium
with banks, as the return on equity in such cases would be

e[| =[] -
Pe Pc P

and a necessary condition from households’ investment perspective is

][]
Po Pc

due to the conditions that Dy, E; > 0.

From this analysis, in any equilibrium with banks, we can rule out all cases where
banks are indifferent between a maximum amount of money creation and no money
creation, as well as all cases where banks do not wish to create any money. In
the remaining cases, either the banks’ demand for money is limited by the capital

requirement—and in these cases af; = ;;:g = 1—, or the demand is limited by the

heavy penalties bankers have to pay when their bank defaults against the central
bank. In the latter cases, o, = a5 = 1 for some State s'. The former cases can

be summarized as follows in Cases a) to ¢) and the latter cases can be summarized

in Case d):

Case a) (R}; > Ry for all states s =1, h
with at least one strict inequality),
Case b) (Ry > Rep, Ry < Ry, and j_; < adhy),

Case c) (R§; < Rip, Rip <R3y, and af)y, < —@fzg < adhep),
Case d) (R§; < Rip, Rip < Ry, and o)z <

*

£,

with the condition that the real expected gross rates of return on equity are equal
to the real expected gross rates on deposits in all cases, and where

Rip—c
Retp — Ry

S %
Opg = ¢

Suppose first that the central bank policy rates (R p)s are as given in Case a).
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Then banks do not default in any state and the condition stemming from the
households’ optimization problem that the real gross rates of return on equity are

equal to the real gross rates on deposits implies that

p" Ry — Rep
Spreg (p*

+ Rip — ¢| = Rep,
which is equivalent to
ECB = EM - CQDTega

as " = .

Suppose now that the central bank policy rates (R p)s and the equity ratio re-
quirement " are as given in Case b). Then banks do not default in any state and
the condition from the households” optimization problem that the real gross rates
of return on equity are equal to the real gross rates on deposits implies, similarly
to Case a), that

) _ reg
RCB - RM —Cyp 7,
oy * / . .
as ¢* = "%, Moreover, the condition prTg < ajyy 1s equivalent to

s’ s’/
RCB — RM

reg >

> 0,

which can only hold if R§; > c.

Suppose now that the central bank policy rates (R p)s and the equity ratio re-
quirement " are as given in Case c¢). Then banks default in State s’ and the
condition from the households’ optimization problem that the real gross rates of

return on equity are equal to the real gross rates on deposits implies that

* RS, — RS -
o <g§:eg Mgp* CB+RSC'B_C> = Res,
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which is equivalent to

Ry — I¢
R (3.94)
0% Iigg + 0°C

oy / * . .
as * = ™. Moreover, the condition af,,; < <% is equivalent to

Lp”‘
Rip — R

Te
P
cp — €

and the condition that = < apcp to

S/

reg < M )
o= c
We can also calculate in this case the value of I* := Rcp — Ry + c™ using

Equation (3.94). We obtain

: , (Rip — Ry
I"=(R.z —c)o* <—C§ M _ gomg> > 0.
ce— C
Suppose finally that the central bank policy rates (R{p)s and the equity ratio
requirement ¢"“ are as given in Case d). Then banks default in some State s and
the possible equilibria with banks are described in Proposition 17. In addition,

the equity ratio requirement ¢"* has to fulfill the following inequality:

*

’ ¥
apep < ores’
which is equivalent to
U Rl
c T Rip — R+ pec
This inequality re-writes
S/
Spreg < ™M
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In turn, it is straightforward to verify that the tuples given in Proposition 18

constitute equilibria with banks. O

Proof of Corollary 14.
If the central bank policy rates (R ) and the equity ratio requirement ¢" are

chosen such that
cp = Ry — o°cp™,
we obtain
R3; > Riy for all states s = [,h and Reop = Ry — ¢™,

and the welfare in these equilibria with banks converges to the one implied by the

first-best allocation when ¢" converges to 0. [

Proof of Proposition 19.
Suppose that a minimum reserve requirement 7" € (0, 1) and a haircut regulation
h € (0,1) are imposed on each Bank b at the end of Period ¢ = 0.

Then a Bank b; has to borrow the amount max(0,r"*dy — dlgB) of central bank
money at the end of Period ¢t = 0 to fulfill the reserve requirement r"*9. The
maximum amount of reserves which Bank b, can borrow from the central bank is
given by (1— h)l?\ﬁl.n Therefore, the following constraint should hold in equilibrium
at the end of Period t = 0:

max(0, 7" 9dy — d%g) < (1 — )%,

which is equivalent to

L—7r"9(1 — )

0<ah < ; ,

where o% < 1.

"'Note that banks are indifferent between borrowing any lower reserve level as soon as it
fulfills the reserve requirement, as the gross rate of return charged for CB liabilities is equal to
the gross rate of return for holding CB deposits.
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Similarly, a Bank b, has to borrow the amount r"“/dy of central bank money at the
end of Period t = 0 to fulfill the reserve requirement r"*. The maximum amount
of reserves which Bank b; can borrow from the central bank is given by (1 — h)l?\g.
Therefore, the following constraint should hold in equilibrium at the end of Period

t=0:
re bj bj
r"dy + 1 < (1 —h)ly),

which is equivalent to

, 1 —7rre9(1 —
az]z&g r h( 80)7

where a?\g > 1. We note that for any Bank b, the constraint is given by

1—7r"9(1 — o)
7 )

b
oy <



Chapter 4

More Sophisticated Households’
Problems in the Model with

Money Creation

Abstract!

We demonstrate that our main findings from Chapter 2 can be
extended to a sophistication of the households’ problem, i.e. to the
introduction of households’ risk aversion and of households’ savings
decisions.

Preliminary remark: In the models with more sophisticated households’” prob-
lems of Chapter 4, we use the model described in Chapter 2 and its variables, and

we only re-define the variables that change with the new features examined.

!The research on which this chapter is based was supported by the SNF project no.
100018165491 /1 “Money Creation by Banks, Monetary Policy, and Regulation”.

168
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4.1 Households’ Risk Aversion

4.1.1 General Concave Utility Function

In Section 4.1, we assume that households are risk-averse and we investigate how
this impacts our results. In Subsection 4.1.1, we use a general concave utility
function. First, to simplify the analysis, we use more restrictive Inada Conditions

on the production function, as follows:

Assumption 5

lim f'(Kgp) =00 and lim f'(Kg)=0.

Kg—0 Kgr—W

Moreover, we assume that households maximize their expected utility E[U(C?)],
which they will obtain from the consumption of the physical good in Period ¢t = 1.
In particular, we assume that U is increasing, strictly concave, and twice differen-

tiable. The definition of an equilibrium with banks becomes

Definition 6
Given the central bank policy gross rates (Rig)s, a symmetric equilibrium with
banks of the sequential market process described in Subsection 2.2.J is defined as

a tuple

& = ((Ry)e (Rp)s, (R3)s R,
pr, (P&)s,
EByDHa (DSH)Sa LM7SF7
K, Kr )
consisting of positive and finite gross rates of return, prices, savings, bank deposits

Dy at the end of Stage C of Period t = 0, bank deposits (lN)fq)S at Stage E of

Period t =1, and the corresponding physical investment allocation, such that

— households hold some private deposits Dy > 0 at the end of Stage C,
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— households mazimize their expected utility

max E[U(C?)]

{Du,EB,Sr}
s.t. Ep+ Dy +prSr=pW,
S RS
and C° = Ep—L + Dy—L2 +£(Sp),
Pe Pe

taking gross rates of return (Ry)s and (RY)s as well as prices pr and (pl)s
as given,
— firms in MT and FT as well as each bank b € [0, 1] mazimize their expected
shareholders’ value given respectively by
E K amPe — R 0)]},
e {Emax(Kn(Rype = Fipn), 0)]}
s.t. Ryupe = Ripr for s =1,h,
max }{E[max((f(KF) — KrRr)pe, 0)]},

KFE[O,W

and max{]E[max(ocﬂLMRL_—sRCB—b—LM@+EB L 0)]},

ab,>0 Do D Pc
taking gross rates of return (R%)s, (R3)s, and Ry as well as prices pr and
(pz)s as given,
— all banks choose the same level of money creation, and

— markets for investment and consumption goods clear in each state.

All lemmata and propositions that do not concern households remain unchanged.
We now examine how Lemma 6 is affected by our new assumption of risk-averse
households. For this, as we exclude corner solutions with Dy = 0 or Eg = 0
in Definition 6, only interior solutions Dy, Eg, S > 0 to the households’ maxi-
mization problem are relevant for the ensuing analysis. To state the households’

portfolio choice, we need some mathematical definitions given as follows:
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Lemma 12
We first define the following functions:

. Rs Rs Rs _ Rs
ge(Ep,Sp) =E [U (EB L+ (p1(W = Sp) — Ep)—2 + f(SF)) M} ;
Do Pe Do
, RS RS /(S RS
be(Ea 55) = B [07 (Bl + (oW = 50) — B) 22 i) ) (152 - BB,
Po Pc pr Pc

Then for all Eg € (0,p; W), there is a unique solution to
hE(EBa SF) - Oa

which we denote by S?,E(EB). Finally, we define the function Xg(Eg) for all
EB € (Ovplw) by

Xp(Eg) = gu(Ep, S} (Ep)).

The function Xg(-) is strictly increasing.

/

Ry _ Ry _Rj Ry

If —= < —; — < — for states s # s, there is a unique solution to
Pc Pc Pc Pe
E
hi (EB,W - —B) =0, (4.1)
pr

which we denote by EMAX.

Similarly, we define the following functions:

, RS RS RS - RS
9p(Dpr, Sp) = E {U (DH pD + (pr(W = Sp) — D) —= +f(SF)> £ _2D D} ,

S S S

C Pe Pe
) RS Rs (S R;
Pe Pe pr Pc

Then for all Dy € (0,p/W), there is a unique solution to
hp(Dg, Sr) =0,

which we denote by SEP(Dy). Finally, we define the function Xp(Dy) for all
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Dy € (0,prW) by

Xp(Du) = go(Du, Si?(Dy)).

The function Xp(-) is strictly increasing.

Ry, Ry Ry R
If —SD < —SE < —5 < S[,) for states s # s, there is a unique solution to
Po Po Pc Pe

D
hp (DH,W - —H> =0, (4.2)
pr

which we denote by DYAX

The proof of the claims given in Lemma 12 is given in Appendix 4.A. We now
obtain

Proposition 21

The existence of an interior solution with Dy, Eg,Sp > 0 to the representative

household’s expected utility mazimization problem requires either

(i) R3, = R3, for both states s =1, h, or
., Ry, R RS, R3
(ii)) L <L <DL
Pec Pe Pe b

Ry, Ry Ry R
(iii)) =2 < £ <L <D

Do Pe Pe Pc
We distinguish the following cases, depending on the parameter values (R%)s,

(RSD)S7 Pr, and (psC>s

for states s # s and Xp(0) < 0 < Xg(EMAX), or

for states s # s and Xp(0) < 0 < Xp(D¥AX).

— In Case (i), households are indifferent between different capital structures,

and their portfolio choice is given by

(B ((Ry)sr (RD)sopr, (02)5).
DH((RSE>57 (RSD)sapb (psC’)S7 EBa SF)a
Sr((Ri)os (Rp)os b, (0)s: Bi) ) =

((0, EY4Y), {pr (W — Sp) — Es}, {Sk* (En)}),
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where EMAX denotes the unique solution of hg (EB,W - %) = 0.

— In Case (11), the interior solution is unique and given by

(B ((RE)s, (B))ospr (06
DH((RSE>S7 (RSD)saplv (pSC)Sa S, EB)’
Se (R (Rb)srpr, (52)s: Fs) ) =

({E# Y Aps(W = Si) = Es}, {Si* (E)}),

where B is the unique solution of Xg(Eg) = 0.

— In Case (1i1), the interior solution is unique and given by

(B ((RE)s: (B))es b1, (05, Sr, D).
D ((R3)s, (Rp)ss 11y (08)s)),
Se((RE)er (BY)erpr. (0 D)) =

({p1(W = Sr) = Du} D} {SE" (D)} ).

where DYp denotes the unique solution of Xp(Dy) = 0.

— For all other parameter values of (Ry)s, (RS)s, pr, and (pl)s, there is no

interior solution to the representative household’s maximization problem.

The proof of Proposition 21 is given in Appendix 4.A. We now define and then
give a characterization of a first-best allocation with risk-averse households. We

define the first-best allocation as follows:

Definition 7
A first-best allocation is a feasible allocation denoted by (KEB, K¥B) which maxi-

mizes the representative household’s utility given by

E[U(KMRT\/I + f(KF))]
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We can show that there is a unique first-best allocation, which we characterize in

the following proposition.

Proposition 22
There is a unique first-best allocation (KRB, KY¥B). This allocation is the unique

solution of the following system of equations:

E|U"((W — Kp)Riy + £(Ke))f'(Kp)| = E[U'((W ~ Ke)Ry + £(Ke) /Ry
KF + KM = W.

The proof of Proposition 22 is given in Appendix 4.A. We can now characterize
the symmetric equilibria with banks as defined in Definition 6, and compare them

in terms of welfare to the first-best allocation. We obtain

Theorem 4

Given the policy gross rates (REg)s—in, all equilibria with banks have the following

form:

R? = R%k = Rz* = RéBa R;‘ = f,(KgB)a (43)

Rép
Pr=Dp PO =DPoa (4.4)

I C RM
By =¢'p(W-KE®), Dy = (1-¢")p(W - KE®), (4.5)
Dy = p(W — KE® ) Rep, (4.6)
Ly =p(W-KE®), ;= KE®, (4.7)
Kiy = W - KEB,  Kj = KEP, (4.8)

where the price of the investment good denoted by p € (0,400) and the aggregate
equity ratio p* € (0,1) are arbitrary. The equilibrium profits of firms and banks

are given by

Mgy =0, Iy = pf;i‘B (F(KE®) - KEPr (KE®) ), (4.9)
M

13 = o*p (W . KEB)RSCB. (4.10)
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The proof of Theorem 4 is given in Appendix 4.A. We now illustrate our results

with a specific utility function.

4.1.2 Quadratic Utility Function

In Subsection 4.1.2, we use a quadratic utility function given by

b

() =c - 5(C),

where

b < ! ,
~ F(0)W + WRE,

so that U’'(C®) = 1—bC® > 0 for all possible consumption levels C®. The first-best

allocation is given by the following optimization problem:
E|U(KnR3 + f(Kr)) |
e 0225wy U (Koo + £(Kr)

We use a linear production function for f and we denote f'(Kg) = f’ for all
Kr € [0,W]. We assume that R}; < f’ < Ry and similarly to the proof of
Proposition 22, we can show that the latter optimization problem has a unique

solution given by
E[U'((W — Kp)Riy + £(Kp))f'| = E[U/(W — Ke)R3; + £(Kp)) R |- (4.11)

Solving Equation (4.11) gives the following investment allocation:

(Rt — £)(WE + 1)
E[(R}p)?] + (£)2
KEB =W - KIE.

FB _
KM —

We note that KEE > 0 and for f’ sufficiently close to Ry, we obtain KEB < W,

which we assume in the following. We note that KEP is decreasing with respect to
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b: As b is a measure of the intensity of households’ risk aversion, more risk-averse
households that can choose to directly invest in the two production technologies
will shift investment to the less risky one, which means that KE2 decreases when
households become more risk-averse. Moreover, we can show that the first-best
level of investment in the FT sector is larger with risk-averse than with risk-neutral
households. As the production function is linear, the households’ maximization
problem does not have an interior solution when households are risk-neutral and
f’ # Ry. For f/ < Ry, risk-neutral households invest all their endowment in the
risk technology, whereas the maximization problem of risk-averse households has
an interior solution. It is thus straightforward to see that risk-averse households
invest less in the risky technology than risk-neutral households, everything else

being equal.

We now investigate whether the first-best allocation is indeed implemented in any

equilibrium with banks, as suggested by Theorem 4.

Analogously to the derivations in the proof of Theorem 4, we obtain the following

equations in any equilibrium with banks:

Sk

s
Sk _ Sk __ DSk __ DS o MPc
Rp = Rp = R} = Rop = .

1

We note that the solution of the households’ maximization problem is clearly
interior, as R{VI < f' < Ry and f' is sufficiently close to Ry. The first-order

conditions of the households’ maximization problem write

E [(1 _ bCS*)M] _E {(1 Yo (f—/ - ng)} ~0.

* * *
2% %
. R% Ry . .
Using o = b, We can re-write the second equality as follows:
C I

E [U’((W — Kp)RS, + f(KF))f’} - E[U’((W ~ Kp)RS, + f(KF))R;d . (4.12)

which is the equality characterizing the first-best allocation. We conclude that the

first-best allocation is indeed implemented in any equilibrium with banks.
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4.2 The Households’ Savings Decisions

In Section 4.2, the physical good at ¢ = 0 cannot only be invested to produce
some amount of consumption good in Period ¢ = 1, it can also be consumed
directly in Period ¢ = 0—the remaining amount being invested. The representative
household is risk-neutral and discounts future consumption in Period ¢ = 1 at rate
£. We denote consumption in Period ¢ = 0 by Cq and the one occurring in State
s in Period t = 1 by C§. Moreover, we use I to denote the amount that the
representative household saves in Period ¢ = 0 for future investment in Period

t = 1. The definition of an equilibrium with banks is then as follows:

Definition 8
Given the central bank policy gross rates (Rig)s, a symmetric equilibrium with

banks is defined as a tuple

€ = ((Rp)s (Rp).. (R} Re.

pr, (P&)s
EB7 DH7 (Dj'—[)m LM7 SF7

LK, Kr)

consisting of positive and finite gross rates of return, prices, savings, bank deposits
Dy at the end of Stage C of Period t = 0, bank deposits (5%)5 at Stage E of

Period t =1, and the corresponding physical investment allocation such that
— households hold some private deposits Dy > 0 at the end of Stage C,

— households mazimize their expected utility

max {0~ Co + BE[CS] }

{Dy,EB,Sr,1€[0,W]}

C() = W-— I,
s.1.

RS RS
oE + Dk +£(S),

e

Cs = FEp

and Epg+ Dy + piSr = pil,
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taking gross rates of return (R%)s and (R%)s as well as prices pr and (pg)s

as given,

— firms in MT and FT as well as each bank b € [0, 1] mazimize their expected

shareholders’ value given respectively by
e {Emax(Kv(Rype = Ripn), 0]},

s.t. Rype = Ripr for s =1, h,
max }{E[max((f(KF) — K¢Rr)pi,0)]},

KFE[O,W
RS _ Rs Rs _ Rs s
and max{E[max(al, Ly —~2—L + L, —E——L 1 pz—L 0)]},
20 c Pc C

taking gross rates of return (R3)s, (R3)s, and Ry as well as prices p; and
(p)s as given,
— all banks choose the same level of money creation, and

— markets for investment and consumption goods clear in each state.

All lemmata and propositions not concerning households clearly stay unchanged.
We now examine how Lemma 6 is affected by our new assumption that households
make a consumption-savings decision in Period ¢ = 0. We obtain the following

lemma:

Lemma 13
The representative household’s optimal portfolio and consumption-savings choices

are represented by four correspondences denoted by

Ep:R" . x[0,W]* = PR, U{+o0}),

Dy R, xRy x [0, W]* = P(R; U {+00}),
Sp R, — PRy U {+o0}),

I:RY, = PRy U{+00}),
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and given by

(B (R, (RD)s, 1, (0 S, T),

D ((R3)s. (B)s. b1, (92)ss Es, Sr. 1),
Se((Ry)s (RD)spr, (P2)s)),

T((R5)os (B)or, (02):) ) =

[ ({0}, {0}, {W}.{W})

if max (E | 52| B | $5] , 55) < 2%,
({0}, {piT}, {0}, [0, W))

if max f;f?),E _%_) < E [%} = 5;17
({0}, {p/W}, {0}, {W}) ]

if max %,E _%_ ,5]1”) <E []:—ﬂ;
({03}, {0}, {0}, {0})

i (SR [JE| R [5E]) < 5
({p:1}, {0}, {0}, [0, W]) _

ifmax(f;f?),E };_Sg > <E [%} = 5;17
({prW3}, {0}, {0}, {W}) -

fmax (U g [52] L) < [5],
(10. s, {psT — Ez}, {0}, [0, W)

fo(o <E[:ﬂc :E[%} :ﬁ,

([0,prW], {p/W — Eg}, {0}, {W})
if max (f/(o) L) <E [ﬁ} =E [%] ’
({0}, {0}, {1}, {1})

if max (IE [R—D] E [ﬁ] f’(W)) < 1 < f
~psc ’ p& |’ pI Bpr — pr ’
({0} {ps(T = Sp)}, {1}, [T, W])
if max (”W) E | £k ) <E [R_D} _ 1 < P
pr L P b Bpr — prI

(0}, (W — 51}, {0 (1w [22])3. W)

. £/(W) [ B3 R3 £/(0)

zfmax( > ,E_E_,%m><l[ﬂ[ﬁ}§ p?,
({p:(X = Sp)}, {0}, {1}, T, W)

/(W) ) R Ry | _ f'(0)

fmax (" E 52 ]) <E[JE] = 5 < 5

({p:(W = Sp)}, {0}, {£"" (pIE R—} JhAWY)

if max ({0 [52] L) < E |22 <
pI | P& | 7 Bpr pc

179
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[ (10,01 Sp)]. {pr(T— Sp — Ep)}, {07 (B [22] )}, T, W)

FER <E || =[] =g <52

c

Brr
(10.p1(W = Sp)] {pr(W = Si = Eg)}{£ " (piE | 52| )} AW})
max (50 57) < B[] =B 5] < 52

where we define I:= f'~1(1/).

The proof of Lemma 13 is given in Appendix 4.A. We can now investigate the

equilibria arising in this set-up. We obtain

Theorem 5

The existence and the form of potential equilibria with banks depend on the model

parameters. We distinguish four cases:

(i)

1 —
If — < R, given the policy gross rates (REg)s=in, all equilibria with banks
take the following form:

g = Rp = R} = Rgp, Ry = Ruy, (4.14)

* S SCB
= = p—=2 4.15
pI p7 pC p RS 9 ( )

(
D;}F :p(W—flil(EM)> SCB, (
Ly =p(W=1"Rn)), S =" (Rn). (
I'=W, Ky=I-f"Rum), Ki=f"Rum), (

where the price of the investment good denoted by p € (0,+00) and the

aggregate equity ratio ¢* € (0,1) are arbitrary. The equilibrium profits of

firms and banks are given by

My, =0, Iy =

e ) R

13 = o*p (W - f'—l(ﬁM))RgB. (4.21)
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1 —
(11) If 3 = R, given the policy gross rates (Rgg)s—in, all equilibria with banks
take the following form.:

Ry =R% = R = Ris, Ri =R, (4.22)

s
Sk RCB
c — s

RM

Ep = w*p(s - f'_l(ﬁM)>a Dy = (1- 90*)29<S - f'_l(EM)>a (4.24)
D = p(S — 7' (Rn) ) Rip. (4.25)
L, = p(S . f’—l(ﬁM)>, Sp = £ (Ru), (4.26)
I'=S, Ky=S-f"'Rum), Ki=f"Rm), (4.27)

P =D,

where the price of the investment good denoted by p € (0, +00), the aggregate
equity ratio * € (0,1), and the savings S € [i,W] are arbitrary. The

equiltbrium profits of firms and banks are given by

I =0, Iy = pf{% (£(r (Ra)) — £ (Ba)Re) . (4:28)
My = ¢'p(S — £ (Rna) ) R (4.29)

— 1
(1)) If Rm < = < f/(0), given any policy gross rates (Rig)s—in, there is no

equilibrium with banks. The allocation is as follows:

I'=1I, Ky,=0 K,=L (4.30)

1
() If £'(0) < ik given any policy gross rates (REg)s—in, there is no equilibrium

with banks. The allocation is as follows:

I'=0, Kj,=0 Kj=0. (4.31)

The proof of Theorem 5 is given in Appendix 4.A. This theorem describes the clas-

sical consumption-savings trade-off: When the real interest rate is high, households
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are more willing to save and when it is low, households increase their immediate
consumption. In terms of welfare, we now show that the equilibria found in The-

orem 5 all implement the first-best allocation. We obtain

Proposition 23
The equilibria with and without banks found in Theorem 5 all implement the first-

best allocation.

1
B?
equilibrium with banks exist. In particular, if Ryg < 1, there is no equilibrium

The proof of Proposition 23 is given in Appendix 4.A. Note that if Ry < £, no
with banks for all § < 1. This differs from the zero-lower bound problem in
Chapter 2, as the allocation implemented when Ry < % is first-best and as there
is thus no welfare improvement possible by regulation. When Ry > %, equilibria
with banks exist and the results concerning capital requirements and their welfare
benefits from Chapter 2 in the case where prices are rigid and Rz # R}, for some

state s continue to hold in this set-up.



Appendix

4.A Proofs

Proof of Lemma 12.
Let Ep € (0,p;W). From the definition of hr and the Inada Conditions, we obtain

lim hp(Ep, Sp) >0 and  lim hg (Ep, Sp) <O0.
SF—>W

SFHO

Moreover, to examine the monotonicity of hg with respect to Sr, we can calculate

its partial derivate with respect to S as follows:

Ohg
E(EBMSF) =
f// S RS RS
E {MU/ <EB SE + (pI(W — SF) — EB) SD + f(SF)>:| +
pr Pc Pc
/(S REN® ., RS R3
pr Pe Pe Pc
< 0,

as U and f are concave. As Sg +— hg(Fpg, Sr) is continuous, by the intermediate
value theorem, for all Ez € (0, py W), there exists a unique value, which we denote
by S¥?(Epg), such that

hg(Eg, Sp) = 0.

183
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We note that Ep — SZE(EB) is continuously differentiable. We can now use the
stated definition of Xz and we note that Xz is also continuously differentiable in
Ep. We first investigate the monotonicity of Xg by calculating its derivative as

follows:

dEB N 8EB aSF dEB .

(4.32)

We now calculate the first term in the addition as follows:

99k

=—EK
0Ep

S pé

, RS RS R — R3\°
U (EB E 4 (pr(W — Sp) — Eg) SD + f(SF)) (u)
Po Pc

> 0.

For the second term in Equation (4.32), we note that

995 _

9Sr

E Kf’(SF) o RSD) Ab — By (EB B (01(W = Sp) — Bg) D ¢ f(SF))}
P P Pc Po

o

= =PI EYors

Moreover, we note that

dSpr Ohg/0Eg

dEgz ~ Ohp/0Sp
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Thus, Equation (4.32) re-writes as follows:

E

C

v(ce) (f’<sF> - f?pf) ]

Jdgr Ohg Jdgr Ohg
dEg Ohp
Rs RS — RS 2
fro0-120) (555) ]
e Pe

dXEg _ 9Bp 0Sy _ 95r 0Bp
OSp
1 s _ s 2
- = E UII(CS) (RD - RE)
plasF Pc
1 1( (s niesy ( Bp—RE
Bl (s)0(C)E [U'(7) (M55

+ . Ohg
p[asF

Using the Theorem of Cauchy-Schwarz, which is given by

E |:(Ys)2:| E [<ZS)2} > E[Y°Z°]?,

with
ys — —U”(CS)RD;SRE
b
S / RSD
and Z°=+/-U"(Cs) | {'(Sp) — ~Dr |,
Pc
we obtain

o (Tt e (s - 2 p)]

(E B
E Kf’(SF> - ];;Dpf) (Rsp )U cs] )

and as Ohg/0SF < 0, we obtain

dXpg
dEp
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From the definition of hg, we obtain

f(W-— £z s s
E E
hi (EB,VV——B) —E M_R_SD U (E Ry +f(vv__3))
pr P Dr

We first note that

E E
lim hp (EB,W - —B) <0 andthat lim hg <EB,W - —B) > 0.

Ep—0 Pr Ep—prW pbr

As Ep — hp(Ep, W — Eg/py) is a continuous function, by the intermediate value

theorem there exists a solution E¥4X to the equation

E
h (EB,W - —B) =0.
pr
R, RS RS A .

< —£ < =& for some states s # ¢, this solution

C pC pc Pc

is unique.

< < By < —Z for some states s # . Then the equation

pC pc pc

(W EMAX)
hg(Ep, W — i—f) — 0 implies that ———+ 2 ¢ (R:D, Bp > We can calculate

pr Po psc

dhyg (EB7W—§—?> E MU (EBREEH(W_%D

dEp P e

o (v (w - E2) rW-g) m) (Vo) m

P& Pr Pr Pe Pr e
£ (W-LZB s ps'\ dhg(EgW
For all E5 such that M € (RSD, s ), % > (0. Therefore, there
pr Pe psc B

is a unique solution to the equation hg(Ep, W — %) =0.

By symmetry when we replace Ep by Dy and Rj by Rj, we obtain similar

properties for hp and Xp. O
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Proof of Proposition 21.
An interior solution Dy, Fg, and Sr to the representative household’s expected

utility maximization problem fulfills the following system of equations:

9e(EB, Sr) =0,
hE(EBasF) = Oa
and Ep+ Dy +prSr =prW.

This system is clearly equivalent to

9p(Dp, Sr) =0,
hp(Dy,Sp) =0,
and EB + DH —l—p[SF = p[W.

We distinguish the following cases:

— Note first that there is no interior solution with R}, < Rj for all states
s = 1, h with at least one strict inequality or R}, > R, for all states s = [, h
with at least one strict inequality, as in the former case, gg(Ep, Sr) < 0 and
in the latter case, gg(Fp, Sp) > 0 for all Eg, Sp > 0.

— Assume now that R, = Rj, for all states s = [, h. Then gg(Eg, Sr) =0 for

dhg EB,Wpr—B
% >0 and hE(EB,W— %) <0

for Ep small enough and hg(Ep, W — i—f) > 0 for Ep large enough, the
equation hg(Ep, W — i—f) = 0 has a unique solution denoted by EM4X  We
now focus on the equation hg(Ep,Sr) = 0. As ghﬁ < 0 and hg(Ep,0) >
0, the previous equation has a solution Sg € (0, W — Ji—f) if and only if
hg(Eg, W — i—f) < 0, i.e. if and only if Ep < EMAX. This solution is then
unique and we denote it by SI};E(EB). As gg(Ep, Sp) =0 for all Eg, Sp > 0,

Xp(Eg) =0 if and only if Ep € (0, EMAX),

all Eg,Srp > 0. Moreover, as

’ ’
Ry _ R, _ RS _ R

— Assume now that o <32 < pT’? < pT‘? for some states s # s’. We know from
C C C C

Lemma 12 that there is a unique solution to the equation hg(Eg, W — %) =

0, which is denoted by EMAX. Moreover, hy(Ez, W — %) < 0 when Ep
is small enough and hg(Fp, W — Ep—IB) > 0 when Ep is large enough. Thus,
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hp(Ep, W — 22) < 0 for all Ep < EY*X and hp(Ep, W — 22) > 0 for all
Ep > EMAX We now focus on the equation hp(Eg, Sr) = 0. As ghﬁ <0
and hg(Ep,0) > 0, the previous equation has a solution Sp € (0, W — %)
if and only if hg(Ep, W — i—f) < 0, i.e. if and only if Ep < EMAX. We
denote this solution by ST (Ep). As %—g > 0, Xg(Ep) = 0 has a solution
Ep € (0, EMAX) if and only if Xg(0) < 0 < Xp(EYAX). This solution is

then unique.

— The same analysis can be done by symmetry with gp, hp, and Xp when R}

is replaced by R}, and Ep by Dp.

Proof of Proposition 22.

By Definition 7, a first-best allocation (KE®, KkP) maximizes the welfare function
E [U(KMRT\/I + f(KF))]

under the constraint Kg + Ky = W. This welfare function can thus be expressed
in terms of K only and we denote it by g(Kg). First, we note that g is strictly

concave:

3" (K) =2 ([0 (W — K R3, + £(5)) (F'(Ke) — R&,) )
—(E|U"((W ~ Ke)R3; + £(Kp)) (' (Kp) - Ry)°] )

+ (E [U’((W CKp)RS, f(KF))f”(KF)D <0,

as U and f are strictly concave. Thus, ¢ has a unique maximum. Because of the
Inada Conditions, this maximum has to be attained for some Kg € (0, W). As
consequence, (KEB, KIP) is unique and is characterized by the first-order condi-

tion given by
E [U’((W — Kp)RS, + f(KF))f’(KF)} - E[U’((W ~Ke)RS, + f(KF))RfVI} ,

]
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Proof of Theorem 4.
Let £ be an equilibrium with banks.

Then all banks choose the same level of money creation and lending, denoted by
asy. At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into o, = 1. The result of Lemma 2
implies that we can apply Proposition 1. Thus, given gross rates of return (R5*),,
policy choices (R p)s, and the equity ratio ¢*, all banks b € [0, 1] choose a lending
level oy, € dnr ((R)s, (RE&p)s, ") as given in Proposition 1. The only gross rates

of return in Proposition 1 rationalizing o}, = 1 are

Sx

S
L — *'CB

for all states s = [, h. A direct consequence of this relation and of Lemma 2 is that

z = Rp = R} = Ry (4.33)
for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule

introduced in Subsection 2.2.3, the interbank lending market is not used in an
equilibrium with banks. Finally, 1135 = 0 for all states s = [, h (see Subsection
2.2.4), which translates into
mPe = Rpp

for all states s = [, h. Given gross rates of return (R%)s and (R5)s as well as
prices pj and (pgF)s, households choose Ej, Dj;, and S; according to Proposition
21. Only the case (i) in Proposition 21 corresponds to equal nominal gross rates
of return R and Rj;, and thus, are consistent with the equality of nominal gross

rates of return in Equation (4.33). We thus obtain

Ej € (0, BYAY),
D, = p} (W — 5}) — Ejj, and
Sp = S (Ep).
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As Ry = Ry = Rip = p?%, K = SPE(E7) solves the following equation:

E [U’((W ~ KRS, + f(KF))f’(KF)} - E[U'((W ~ Kp)RS, + f(KF))RfV[} .

From the proof of Proposition 22, we note that K2 solves the unique solution of
this equation. Thus, K = KEB. Finally, Rj can be determined by using Lemma
4 and equating the demand for the investment good K3 to its supply Sy. Thus,
with the help of the equity ratio ¢*, we can re-write all equilibrium variables as

given in Theorem 4.

In turn, it is straightforward to verify that the tuples given in Theorem 4 constitute

equilibria with banks as defined in Definition 6. n

Proof of Lemma 13.

The Lagrangean for this maximization problem writes

R; Rj
-+ D=2

Po Po

— M (Eg+ Dy +prSp —piI) — (I - W),

+f(Sk)

where \; and ~; denote the Lagrange parameters associated with the constraints
prl = Eg+ Dy + prSr and W > 1, respectively. As the objective function of the
households’ maximization problem is concave and the constraints are linear, the
Kuhn-Tucker Conditions for an optimum are necessary and sufficient. By writing
these conditions and solving for the system, we will thus find all possible solutions.

The system of equations writes

( BE[EE] <N, Ep>o0, O:EB<BE R —)\I>,
pPe |2e]

BE 52| <A1 Dy 20, 0=Dy (BB |22 - ),
Pe bc

Bt (SF) —prAr <0, Sp>0, 0= SF(ﬂf'(SF) —p;)q),
—14+XApr—7 <0, I>0, 0=I(=1+ N\pr— 1),
v >0, IT<W, 0=~/(I1-W),
Ar >0, 0=Sppr+ Ep+ Dy —pil.

\

We first solve for possible constellations with vy = 0. We first treat the case with
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I=0. In this case, Eg = Dy = Srp = 0 and A\; > 0. We thus obtain

R3 1
E p§ S Bpr?
E Bp| « L

p& | — Bpr’

We note that this case corresponds to the fourth case in the definition of the

correspondence in Lemma 13.

Assume now that I > 0. Then either Eg # 0 or Dy # 0 or Sgp # 0. We thus

investigate the following cases:

— Ep,Dy =0 < Sr and in this case, \; > 0. We thus obtain

([ Bf/(Sp) =1,
E|%E| < L

E|fb| <L
Sp=1.
\

This implies that f'(W) < p% < f/(0). This case corresponds to the ninth

case? in the definition of the correspondence in Lemma 13.

— Fp =0< Dy, Sr and in this case, A; > 0. We thus obtain

E [RSD] _ 1 _ f'(Sk)
P& Bpr pr
(W) <

This case corresponds to the tenth case in the definition of the correspondence

in Lemma 13.

— Dy =0 < Eg,Sr and in this case, A; > 0. We thus obtain

2By this statement and following similar ones, we generally exclude the boundary cases,
which will not be addressed specifically.
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This case corresponds to the twelfth case in the definition of the correspon-

dence in Lemma 13.

— Sr=0< Ep, Dy and we thus obtain

This case corresponds to the seventh case in the definition of the correspon-

dence in Lemma 13.

— S = FEp =0< Dy and in this case, we thus obtain

Bp| — L
E ps | T Bpr’

R 1
E P& Sﬁpz’
/ 1
£(0) < 1.

This case corresponds to the second case in the definition of the correspon-

dence in Lemma 13.

— Sp =Dy =0 < Ep and in this case, we thus obtain

Bp| — 1
E pe | Bpr’

Bp 1
E P& Sb’pf’
/ 1
£(0) < 1.

This case corresponds to the fifth case in the definition of the correspondence

in Lemma 13.

— FEg,Dpy,Sr > 0 and in this case, we thus obtain

( RS _ 1
I p; ~ Bpr’
Rp| _ 1
I Pg ~ Bpr’
f,(SF) - %7
| f'(W) < 5 <f(0).

This case corresponds to the fourteenth case in the definition of the corre-
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spondence in Lemma 13.

We now tackle the case with v; > 0. Then I = W and we thus obtain the following
cases:

— FEp, Dy =0 < Sp and in this case, A; > 0. We thus obtain

(), = BFW)

I

NS

E Ry (W)

) P& PI

E Rp (W)
PG pr

f'(W) >

)

IN

1
\ B’

This case corresponds to the first case in the definition of the correspondence

in Lemma 13.

— FEFp =0< Dy, Sr and in this case, A; > 0. We thus obtain

! 1
E [Ri“} <E [RE} _ t'(Sk)
P& | — P& pr

£'(W) < p;E [j—g} < £(0).

This case corresponds to the eleventh case in the definition of the correspon-

dence in Lemma 13.

— Dy =0 < Epg,Sr and in this case, A; > 0. We thus obtain

F(Sp) > 4,
E [Rf:)] <E [RE} _ t'(Sk)
P& | — P& pr
RS
£(W) < p/E [22] < £(0)

This case corresponds to the thirteenth case in the definition of the corre-

spondence in Lemma 13.

— Srp=0< Ep, Dy and we thus obtain

]E[Ri“] —E || > L
pS

o P& | — Bpr’

£(0) < piE 12| =piE [32].

C
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This case corresponds to the eighth case in the definition of the correspon-

dence in Lemma 13.

— S = FEp =0< Dy and in this case, we thus obtain

This case corresponds to the third case in the definition of the correspondence

in Lemma 13.

— S =Dy =0 < Ep and in this case, we thus obtain

This case corresponds to the sixth case in the definition of the correspondence

in Lemma 13.

— FEp,Dy,Sr > 0 and in this case, we thus obtain

E [R%} —E [R_D] = — Fr) 5 1
pS S —

c bg

(W) <E [}jE} —E [R%] _A ) < £(0).

C

This case corresponds to the fifteenth case in the definition of the correspon-

dence in Lemma 13.

Proof of Theorem 5.

All arguments not related to households’ portfolio and consumption-savings choice

carry on from Theorem 1. These arguments imply that in any equilibrium with
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banks,

S Sk
R
—.

I

Sk __ Sk __ S*x __ DS _
RE_ D — +'L — S CB —

Households make their portfolio and consumption-savings decision according to
Lemma 13. The only choices that are consistent with the above equality between
gross rates of return are given in Cases 4, 9, 14, and 15 of the definition of the
correspondence in Lemma 13. Banks exist only in Cases 14 and 15. We thus
obtain Theorem 5. [

Proof of Proposition 23.
The first-best allocation is obtained by maximizing the households’ utility subject

to their budget constraint, as follows:

max {U = CO+BE[C§}}

{KF JKm aI}

CO == ‘Af—I7
S.t.

Cs = KwumRyy +f(Kp),

and KF + KM =1L
We can re-write this maximization problem as follows:

max {U =W — I+ B(I—-Kg)Rnm + f(KF)}

{Kr,I}
s.t. Kg,I >0,
I> Kp,
and W >1.

We denote by
L=(W—1)+5((I- Kp)Rum + f(Kp)) = A(Kg —I) = 7(I- W)

the Lagrangean associated with this maximization problem, where A and v denote
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the Lagrange parameters corresponding to the constraints I > Kg and W > 1,
respectively. As the objective function of the households’ utility maximization
problem is concave and the constraints are linear, the Kuhn-Tucker Conditions for
an optimum are necessary and sufficient. By writing theses conditions and solving

for the system, we will thus find all possible solutions. The system of equations

writes
oL - R
7= 1HARM+ A=y <0, 120, I(~1+fRm+A—7)=0,

oL _ , = :

e = —Rar + 01 (Ke) = A <0, Kp >0, Kp(—FRu + 51 (Ke) = A) =0,
F

1>Kp, A>0 AI—Kg)=0,

Suppose first that Kg = 0. Then I =0 < W and thus v = 0. Then

6_L+ OL <0
ol 0Ky —

is equivalent to f'(0) < 4. In this case, any A € [B(f'(0) — Rm),1 — SRu] is

B
a parameter fulfilling £<_LF and %—’i < 0, and defines a particular optimum. This

allocation corresponds to the one given in Theorem 5 in Case (iv).

Suppose now that Kg > 0. Then I > 0 and we obtain the following four cases:

— A=~ =0 and in this case,
f'(Kg) = Ry

Thus, any investment level I € [f/(Rng), W] defines a particular optimum.

These allocations correspond to the ones given in Theorem 5 in Case (ii).
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— A =0 < v and in this case, = W and

£/(Kp) = R,

This implies that Ry > % This allocation correspond to the one given in

Theorem 5 in Case (7).

— 7 =0 < X and in this case, Ky =TI and

—1+BRpm — A =0,
—BRym + Bf'(Kg) — A = 0.
This implies that Ry < % and f'(Kg) = % This equation has a solution

Ky € [0, W] if and only if f'(0) > % This allocation corresponds to the one

given in Theorem 5 in Case (7).

— A,7 > 0 and in this case, K =1 =W and

—1+5EM+)\—7:0,
—BRum + BF(Kg) — A = 0.

This implies that f/(W) > Ry, which is excluded by assumption. Thus,
there is no optimum with v, A > 0.



Chapter 5

Changes in Critical Features of
the Model with Money Creation

Abstract!

We investigate whether the model of Chapter 2 is robust to changes
in critical features. We demonstrate that inefficient asymmetric
equilibria may arise when prices are flexible, but that these ineffi-
cient equilibria are eliminated if capital requirements are sufficiently
high, so that only the efficient equilibria with banks persist. We
find that deposit insurance increases welfare in our setting. If there
are financial frictions at bank level and if these frictions are not
too intense, we prove that the second-best allocation can only be
implemented by a combination of monetary policy and capital reg-
ulation. Finally, we outline alternative monetary architectures in
which money is solely created by the central bank, and we discuss
some of their properties.

Preliminary remark: In the models of Chapter 5, we use the model described in
Chapter 2 and its variables, and we only re-define the variables that change with

the new features examined.

1Section The research on which this chapter is based was supported by the SNF project no.
100018165491 /1 “Money Creation by Banks, Monetary Policy, and Regulation”.
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5.1 Asymmetric Equilibria

In Section 5.1, we extend our results to asymmetric equilibria with banks by al-
lowing banks to display different behaviors in an equilibrium with banks. We
first focus on the case with flexible prices and without capital requirement. We
then describe the equilibria that arise when a capital requirement—in the form
of a minimum required equity ratio—has to be held by banks. We show that the
there are inefficient equilibria and efficient equilibria with banks when capital re-
quirements are sufficiently low, but we also prove that inefficient equilibria with
banks are eliminated by capital requirements that are sufficiently high. Finally,

we investigate how our results change under rigid prices.

To take the fact that banks’ behavior can now differ across banks into account,
we have to re-define the notion of an equilibrium with banks: An equilibrium with
banks is now defined as an equilibrium with banks as in Definition 1, yet where the
constraint that all banks choose the same level of money creation is relaxed. The
variable o}, can vary across banks b. Without loss of generality, we can assume
that of, is increasing in b. Finally, the gross rate of return on equity and banks’
profits can vary from banks to banks, depending on whether they default. We use

ngs to denote the gross rate of return on equity of Bank b in State s.

5.1.1 Flexible Prices

From Proposition 1, we obtain the following theorem:

Proposition 24
Given the policy gross rates (REg)s—in, equilibria with banks take one of the fol-

lowing two forms:
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— Type 1: No bank defaults and in such equilibria with banks,

5 = Rp = R = Rtp, Rp =R, (5.1)
pi=p PG = p%, (5:2)
By =¢'p(W—1"(Rn)), Dy =(1—¢)p(W-1"(Ru)), (53)
Di = p(W — £~ (Rax) ) R, (5.4)
Ly =p(W=1"Ru)), S =1"(Ru). (5.5)
Ky=W-f"1Rym), Kj=f"Rum), (5.6)

where the price of the investment good denoted by p € (0,+00) and the
aggregate equity ratio ¢* € (0,1) are arbitrary. The equilibrium profits of

firms and banks are given by

g =0, I3 =p Réj (F(f"(Rm)) - £ (Ra)Baa) . (57)
M5 = ¢'p(W = £ (Rna) ) Res (538)

In such equilibria with banks, the level of money creation o4, of an individual

Bank b is indeterminate. The only constraint that has to hold is given by

1
/ ah,db = 1.
0

— Type 2: Banks by € l%, 1] default in State s' and
CB

/
s’ *

Banks b,, € [O, ;;L } do not default in any state s =1, h and

o/
CB
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in such equilibria with banks,

s’ R — RS ,

Rbwsr — CB_L " CB | ps = RhS ), 5.9

E (10* RSCB . Ri* CB E ( )
Ry™ = Ry = Rip, (5.10)
R; = f'(0) — max (0, f'(0) — piE [P”ff’D : (5.11)

bc

* S RS*
Pi=p Pg= pR—§47 (5.12)
By =o'p(W =" (Rp)). Di=(1-¢p(W-"(Rp)), (5.13)
D = p(W = 7 (Ry) ) Reop, (5.14)
Ly =p(W -7 (Rp)). Si=f"(Rp), (5.15)
Ky =W —f'(Ry), Kp=f"(R}), (5.16)

where the price of the investment good denoted by p € (0,+00), the aggregate

equity ratios p* € (0,1), and the lending gross rates (R3*)s are arbitrary such

that
g <Ry, E {Ri* <E SCB} and (5.17)
CB L» Sk Sk ) :
c Do
* o’ pSC/’* RSL* — SC’B
pr= 7 5.18
o pg Rep — Ry, (5.18)
The equilibrium profits of firms and banks are given by
M =0, T =ppc? (f(f"l(R;)> - f’-l(R*F)R;>, (5.19)
M
My = ¢'p(W = £ (Ri) ) R, and (5.20)
. Ry — R I
I :p<w — f’*l(R;)> ( e T };f;i + w*RgB) , IE* <.
CB L
(5.21)

In such equilibria with banks, the level of money creation o8, of an individual
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Bank b is given by

b _
Qpr =

The proof of Proposition 24 is given in Appendix 5.A. We now examine the equi-
libria with banks in the case where capital requirements are imposed. We obtain

the following proposition:

Proposition 25
Given the policy gross rates (REg)s—in, equilibria with banks take one of the fol-

lowing three forms:
— Type 1: No bank defaults and in such equilibria with banks,

RSL* — Rs

o= TCB + R p, (5.22)
R} = Rtp, Rp =R, (5.23)
Re
pr=p P& =DPms (5.24)
I C RM

By =¢'p(W =17 Ru)), Dy =(1—¢")p(W - (Rn)).

where the price of the investment good denoted by p € (0,+00) and the

aggregate equity ratio p*, and the lending gross rates (R3*)s are arbitrary

such that
RS* S RS*
IE{SL*}:E[ gf} and  max (1— f)gd“egggo*.
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The equilibrium profits of firms and banks are given by

M5 =0, I = p];éj (£(r (Ra)) — £ (Ra)Rt) . (5:20)
My = o'p(W = £ (Ru) ) B (5.30)

In such equilibria with banks, the level of money creation ob; of an individual

Bank b is indeterminate. The two constraints that have to hold are given by
1 o*
b b
aydb=1 and o) € {O, —} .
/0 M M o7

’
]

— Type 2: Banks by € {R#

L ,1] default in State s’ and
RCB

Banks b, € {O, %L,*] do not default in any state s =1, h and
CB

in such equilibria with banks,

s’ R — RS ,

Rbd,s* _ B L, C%? 4+ RS ’ Rbd’s *_ 0’ 531

E (10* RSCB . Ri* CB E ( )
Ry™ = Ry = Rip, (5.32)
R; = f'(0) — max (o, '(0) — p;E {RffD , (5.33)

bc

* S* RS*
pPi=p PE= pR—§47 (5.34)
By =¢'p(W =7 (Ry)), Dy =(1- ¢ p(W-7(Ry)), (5.35)
Dij = p(W — £ (Ry) ) Res (5.36)
Ly =p(W -7 (Rp)). Sp=f7'(Rp), (5.37)
Ky =W-—f"'(R}), Ki=f"R;), (5.38)

where the price of the investment good denoted by p € (0,+00), the aggregate

equity ratios p* € [¢"9, 1), and the lending gross rates (R5*)s are arbitrary
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such that

E [Rj*} <E {@] , and (5.39)
Dbc bc

s s .8 Sk s
Rt g < « 0 Do R} — Rip

0< Spreg s’ o =P = /o sk s s'x (540)
Rép — R o p¢ Rtp — Ry
The equilibrium profits of firms and banks are given by
Sk S* RE‘B /—1 * /—1 * *
M
%% = o*p (W —f! (Ri})) &g, and (5.42)

EL - * s’ RT" — R¢ * DS s'*
I :p(W—f’ 1(RF)> ( T _Rii +o CB), " < 0.
CB L

(5.43)

In such equilibria with banks, the level of money creation o8, of an individual

bank b is given by

) RS
0 Zfbe O,RT 5
ol = cB
b=
RS, RS/*
CB . L
reper ol Vel |

-/ Sk .
o Po ¢*Rip

— Type 3: Banks by € {1 — "—Slﬁw, 1} default in State s’ and

Banks b,, € l(), 1— o re Ri*_RSCB} do not default in any state s =1, h and

o] o S* 7
o’ Pe (’D*RQCB
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in such equilibria with banks,

Rs* — Rs ,
Ri™ = =+ Row, Rg™" =0, (5.44)
Ry™ = Ry = Rep, (5.45)
R; = f'(0) — max (o, f'(0) — piE { CBD : (5.46)
bc
* S* RS*
Pi=p PE = PR (5.47)
M

By =o'p(W =" (Rp)). Di=(1—¢ (W7 (Rp)), (5.48)
Dii =p(W = £ (Ry) ) R (5.49)
Ly =p(W—1"(Ri)), Sp=f"'(Rp), (5.50)
Ky=W-f7'(Rs), Kp=1f""(Rp), (5.51)
where the price of the investment good denoted by p € (0,+00), the aggregate

equity ratios p* € [¢"9, 1), and the lending gross rates (R5")s are arbitrary
such that

/

E |:Ri*:| <E |:RSCB‘| and 80* RSC/B B FiSL#< reg __ U_spSC/* Ri* _ SC’B.

S S s’ < ¥ T sl 8% s/
Pc c Rep o pg Rep
(5.52)
The equilibrium profits of firms and banks are given by
* Sk RS — * - * *
5, =0, I = pRCSB (f(f’ 1(RF)> —f 1(RF)RF>, (5.53)
M
ng“s* _ 90*]? <W . f/—l (R;)) SC’B7 and (554)
; 3 , Rs* s o
My = p(W =7 (Rp) ) ( Repp— o + @' Reg ), T <0
Rgy— Ry
(5.55)

In such equilibria with banks, the level of money creation ob; of an individual
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Bank b is given by

/
- _ ot Pt RP-Ryp
o 0 if b€ [0,1 T e |
b=

N _ o Pt RY—Rep

@red if b€ [1 0¥ PG ¢*REpg ’1}

The proof of Proposition 25 is given in Appendix 5.A. We observe that there are
three different types of equilibria with banks in Proposition 25 and that both
inefficient and efficient equilibria with banks arise. We can now investigate how

monetary policy and capital requirements can remove the inefficient equilibria with
banks. We obtain

Proposition 26

— For any given central bank policy gross rates (R g)s, there exists an efficient

equilibrium with banks for any capital requirement ™9 € [0, 1).

— The minimum equity ratio requirement ™9 € [0,1) can remove inefficient

equiltbria with banks if and only if

maxXs— (asRi/I>
()07’89 > __ .
> Rt
The proof of Proposition 26 is given in Appendix 5.A. We now investigate the

equilibria with banks, when prices are rigid.

5.1.2 Rigid Prices

In contrast to the results in Chapter 2, there are equilibria with banks even without

any capital requirement when R{. 5 # R};. From Proposition 24, we directly obtain

Proposition 27
Suppose that prices are rigid and Ri.gz # Ry for some state s. Then there exists
an equilibrium with banks if and only if the central bank policy gross rates (R&g)s

are set as follows: Res > Ry
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Similarly to Proposition 3 in Chapter 2, we directly obtain from Proposition 25

Proposition 28

Suppose that prices are rigid and R}z # R}y for some state s. Then there exists
an equilibrium with banks if and only if the central bank policy gross rates (Rig)s
and the capital requirement level "9 are set as follows:

Ry p RS,

(i) Rep = Ry and maxs—;p, (W) < e,

(ii) Rep > Ry and 0 < "% < maxgy <;’:,%> < 1.
We observe that this proposition is similar to Proposition 3 in Chapter 2, with the
difference that there are equilibria even without capital requirements. Moreover,
we can also note that the efficiency of equilibria with banks can only be restored
with capital requirements when R{; # R}, for some state s. We indeed obtain
a corollary with regard to welfare that is essentially identical to Corollary 5 in
Chapter 2. In the presence of the zero lower bound problem, it is straightforward
that the results that we obtain are similar to the ones given in Corollary 6 and
Proposition 4 in Chapter 2, the only difference being that no capital requirement

is needed in Proposition 4 to guarantee the existence of an equilibrium with banks.

5.2 Money Creation in the Absence of Deposit

Insurance

In Section 5.2, we suppose that banks defaulting on households are not bailed out

by the government. In this setting, we obtain the following proposition:

Proposition 29
When defaulting banks are not bailed out by the government, there never exists an

equiltbrium with banks and default.

The proof of Proposition 29 is given in Appendix 5.A. This proposition enables
us to use all our previous results of Chapter 2, in each of which the possibility

of banks’ default is removed. Thus, there is no change when prices are flexible.
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However, when prices are rigid, equilibria with banks and default disappear and
in these cases, only the equilibria without banks remain, whose welfare is lower
than the welfare of equilibria with banks and default. We can thus conclude that

deposit insurance increases welfare in our model.

5.3 Financial Frictions

In Section 5.3, we explore situations in which the economy described in Chapter
2 is affected by financial frictions.? We introduce a well-known financial friction
into our model: Bankers cannot pledge the entire return from their investment
to depositors or shareholders and hence, they receive a non-pledgeable income for
carrying out their monitoring activities, which is proportional to the repayments
Oab, Ly R; at t = 1, where 6 € (0,1). This financial friction arises from several
theories on the micro-foundation of such frictions such as moral hazard in the
sense of Holmstrom and Tirole (1997), asset diversion (Gertler and Karadi, 2011;
Gertler and Kiyotaki, 2011), and inalienability of human capital (Diamond and
Rajan, 2001; Hart and Moore, 1994).

Following these approaches, the financial frictions are integrated into our model in
the following form: Bankers need to be paid the amount 0a%,LyR3 in the form
of deposits in Period ¢ = 1 to ensure that they behave—do monitor entrepreneurs
and do not divert assets, for instance. Bankers will use these deposits to buy an

amount of consumption good, like households.

We assume that bankers are risk-neutral. Hence, they aim at maximizing their

own expected consumption instead of their expected shareholders’ value:?

00l Lo R
E {%} . (5.56)
C

2Some form of financial frictions is already present in the economy in Chapter 2, but these
frictions are eliminated by banks when they monitor entrepreneurs running firms in Sector MT.

3The central bank’s and the bank regulators’ objective function is more subtle in this case.
We will focus on policies that maximize the households’ welfare. However, policies could also
be derived by maximizing a utilitarian welfare function that bankers’ and households’ utilities
would enter with some weights. This is left to future research.
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Since the price of physical goods and aggregate lending cannot be influenced by
an individual banker, bankers aim at maximizing their expected consumption by
choosing af, under the constraint that their bank does not default against the

central bank.* We obtain

Lemma 14

In the presence of financial frictions, the privately optimal amounts of money
creation and lending by an individual bank are represented by a correspondence
denoted by dpy - RE . — P(Ry U{+oc}) and given by

[ {+o0}
if R} > R¢p in all states s =1, h,
A {apes}
Q R} sy ¢ s) =
M(( L) (fep) ) if R} < Rp in only one state s =1 or h,

{min (OélDCBa a}bC’B) }
if R7 < Rip in all states s =1, h.

Lemma 14 follows directly from the observation that bankers want to increase
money creation as much as possible, but must avoid a default against the central
bank. The formal proof of Lemma 14 is given in Appendix 5.A. An important
implication of Lemma 14 is that no constellation of gross rates (R$)s and (R g)s
is compatible with ab, = 1 for any Bank b in an equilibrium with banks. The
reason is that bankers aim at increasing money creation and lending to raise their
own income. The only constraint is the threat of default against the central bank.
If R > R}y for s = [, h, there is no limit to money creation, as an individual
bank can always pay back obligations against the central bank that occur in the
payment process. If R7 < R¢p for one or both states of the world, there is a
limit to money creation and lending by an individual bank, given some average
money creation and lending by banks. However, an individual bank would like to
increase lending beyond average, as it will only default against the central bank
if money creation reaches al,.p or af 5. However, as all banks face the same

incentives, no finite money creation or lending is possible in an equilibrium with

4We continue to assume that bankers face severe penalties if they default against the central
bank. These penalties are assumed to be higher than expected consumption.
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banks. The breakdown of money creation thus only allows equilibria without

banks. We summarize these observations in the following proposition:

Proposition 30

In the presence of financial frictions,

— no equilibrium with banks exists, and

— the no-bank equilibrium exists and is unique.

Since the equilibrium without banks is inefficient, we next explore whether a capital
requirement as defined in Definition 2 in Chapter 2 can reduce or even eliminate
this inefficiency. We first characterize money creation by an individual bank when

this bank faces a capital requirement.

Lemma 15

Suppose that financial frictions are present and banks have to comply with a min-
imum equity ratio ©"9 at the end of Period t = 0. The privately optimal amounts
of money creation and lending by an individual bank are represented by a corre-

ATEQG

spondence denoted by &} : Ry % [¢"9,1) — P(R U {+o0}) and given by

({5}

gpreg

if R > Rip in all states s =1, h,
{min(apep, ;7))
G5 ((B)s, (Rip)sr0) = oo
i ((BL)ss (Rep)s, @) if R} < R in just one state s =1 or h,
{min(alDCBa abep ﬁ)}
if R < Rip in all states s =1, h.

The proof of Lemma 15 is straightforward and follows the proof of Lemma 14.
For the sake of completeness, the proof of Lemma 15 is given in Appendix 5.A. A
capital requirement limits money creation and is thus effective when bankers aim

at increasing money creation to generate more rents.

Similarly to Lemma 2, we next establish how the deposit gross rates are related
to the policy gross rates. Since banks can grant loans to or can borrow from other

banks, we obtain



5.83. Financial Frictions 211

Lemma 16
In any equilibrium with banks, the nominal lending gross rates on the interbank

market satisfy

Sk

5 = Rip  for all states s =1, h.

The proof of Lemma 16 can be found in Appendix 5.A. It is also based on a simple
arbitrage argument: Any differential in the gross rates could be used in the inter-

bank market by borrowing or lending to increase bankers’ expected consumption.

With the help of Lemmata 15 and 16, we can establish conditions that the policy

rates and capital regulation have to fulfill to restore the existence of equilibria with
banks:

Proposition 31
In the presence of financial frictions, there exist central bank policy gross rates
(R%p)s and capital requirement levels ™9 such that an equilibrium with banks

exists. The policy gross rates (R&p)s and the capital requirement level ¢"*9 have

to fulfill

s _Rs*l_g
— eI > max{ ¢B A >}; or

T se{l,h} gB
e 0 RERYRP(-0) - Rep  Rep—RE(1-0)
1 -0 R* Ry, RLp RL, ’
veg _ L= 0 RE RN RE(1—6) — Rop _ Rep — Ri7(1-96)
o RF RNy Rl R, .

The proof of Proposition 31 is given in Appendix 5.A. The intuition for Proposition
31 runs as follows: First, note that banks cannot inflate their balance sheets by
lending more than the average bank if and only if o* = ¢"®. Moreover, if the
banks’ equity ratio is sufficiently high, as in the first case of Proposition 31, no bank
defaults, and investment in MT is decreasing in the intensity of financial frictions,
which is measured by #. In the last two cases, all banks default in one state of
the world. As depositors do not take into account the impact of their investment
on the lump-sum taxes that are sued to bail out their deposits, investment in

MT becomes relatively more attractive and hence, its level is higher than in the
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no-default case. Financial frictions and bank defaults are thus two countervailing
effects, whose impact on the households’ and the bankers’ consumption is a priori

not clear. From the proof of Proposition 31, we obtain

Proposition 32
When prices are rigid and there are financial frictions, there are central bank policy
gross rates (R g)s and capital requirement levels @™ implementing the second-best

allocation if and only if

Ry — /(W)

0 < —
Rwm

In this case, the second-best allocation is implemented if and only if the central

bank policy gross rates (Rig)s and the capital requirement level ™9 fulfill

aB—Riaa—e)}
Ren

An example of such a policy combination is given by

e =Ry (1—0) and ¢ €(0,1).

The proof of Proposition 32 is given in Appendix 5.A. The allocation associated
with equilibria without banks’ default maximizes the households’ utility subject
to the bankers’ incentive constraint. Thus, the policy combination of central bank
gross rates and capital regulation as defined in Proposition 32 implements the
second-best allocation for households. Moreover, if financial frictions are too in-
tense, investment in MT can only appear to be profitable for households in the

case when banks default.
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5.4 Money Creation by the Central Bank

5.4.1 Overview and Money Supply Schemes

The two models we will elaborate on in Section 5.4 are variations of the model
described in Chapter 2, for which the money creation process is entirely adminis-
trated by the central bank and for which deposits held at banks have to be covered

by an equal amount of central bank reserves.?

In the two models of Section 5.4, we assume that money is created at the beginning
of time by the central bank, when it grants loans to banks. Banks can also borrow
from the central bank to be able to make dividend payments to households. As
banks will make profits from lending the money to firms in MT, they have a demand
function for money from the central bank. The amount of money supplied to an

individual bank is defined by one of the two following supply schemes:

— Either the central bank fulfills any banks’ demand for money, which we will

call the “no-rationing scheme”,

— or the central bank rations banks and grants the same finite amount of loans
to every bank (ab, = 1 for all banks b), if all banks demand an amount of

loans above the average. We call this set-up the “rationing scheme”.

We still assume that bankers have to pay heavy penalties for defaulting against
the central bank. Finally, in both models, we assume that R}, = Rz for all states
s = [, h, which means that there is a perfect pass-through between the deposit

gross rate and the central bank policy gross rate.’

In our first model in Subsection 5.4.2, the deposits that households or firms use to
make payments are either held directly at the central bank or are off the banks’
balance sheets. This essentially means that banks cannot default on these deposits.
In our second model in Section 5.4.3, these deposits are held on the banks’ balance
sheets and banks can default on them, although these deposits are covered at 100%

by central bank reserves.

®Section 5.4 is based on joint work with Hans Gersbach (see Faure and Gersbach (2017)).

6This assumption simplifies considerably the analysis. We note that in the rationing scheme,
there may be other more meaningful assumptions, but they would entail much more involved
analyses.
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Money Creation

T

Commercial Banks Central Bank
Central Bank /\

Centralized Decentralized
Deposit System Deposit System

Rationing No Rationing  Rationing No Rationing

of Loans to of Loans to of Loans to of Loans to

Commercial Commercial Commercial Commercial

Banks Banks Banks Banks

Figure 5.1: The various monetary architectures discussed in Section 5.4. Source:
Own illustration.

5.4.2 Centralized Deposit System

We call a monetary system in which only the central bank can create money, all
deposits are fully covered by central bank reserves, and all agents have an account
at the central bank only “a Centralized Deposit System”. In this monetary system,
banks cannot default against households, as deposits are not held at commercial
banks. Depositing and lending are thus completely decoupled. As an alternative
and equivalent formulation, we could assume that deposits and the corresponding
reserves are held off the banks’ balance sheets. Banks are thus solely financed by
equity and by loans from the central bank and they have a demand function for

money from the central bank.

Period t =0

The central bank grants loans to banks. Each bank b has a demand function for
loans [2;. Depending on whether banks are rationed, the amount of loans that
the central bank supplies is 1 or {%5. Then banks grant loans to firms, and at

the same time, transfer the deposits they have obtained from the central bank to
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them. Firms in MT now hold deposits at the central bank and use them to buy
some amount of investment good from households. Households use some deposits
dp = ep to invest in bank equity. The balance sheets before the macroeconomic

shock takes place are given in Table 5.1.

Households Firms in MT Bank b Central Bank
Sp Ey Kv | Ly 15, Iy Lep | Dy
Dy dp ep Dg
Ep

Table 5.1: Centralized Deposit System: The balance sheets of agents before the
macroeconomic shock. Source: Own illustration.

Period t =1

After production and the macroeconomic shock, banks demand an amount of loans
max(ep Ry — dgRgy,0) from the central bank to be able to pay the dividends.
Then banks pay dividends to households and households buy the investment good.
Firms repay their loans and bonds, and banks reimburse their loans to the central
bank. Money is destroyed only at the end of Period ¢ = 1, when banks repay their

loans to the central bank.

Informal Results

In a Centralized Deposit System, the default of banks against households is not
possible, and this excludes the existence of inefficient equilibria with banks. More-
over, the rationing and the no-rationing schemes are equivalent, as banks demand-
ing more money than the average always have a return on equity exceeding the
cost of capital, even when they only grant the average level of loans to firms in

MT. As a consequence, equilibria with banks are characterized by intermediation
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margins that prevent banks from defaulting and make banking an attractive in-
vestment in the form of both equity and deposits in any equilibrium with banks.
In any equilibrium with banks, the banks’ equity ratio is large enough compared

to the intermediation margins, so that banks do not default in any state.

5.4.3 Decentralized Deposit System

We call a monetary system in which only the central bank can create money, all
deposits are fully covered by central bank reserves, and only commercial banks
have an account at the central bank a “Decentralized Deposit System”. In such
a monetary system, banks can default against households, and depositing and
lending are thus not completely decoupled. Banks are thus financed by equity,
by a loan from the central bank, and by households’ deposits, and they have a

demand function for money from the central bank.

Period t =0

The central bank grants loans to banks. Each bank b has a demand function for
loans I . Depending on whether banks are rationed, the amount of loans that the
central bank supplies is 1 or {%5;. Then banks grant loans 4, to firms, which use
the deposits to buy the investment good from households. Households invest in
bonds and use some of these deposits to invest in bank equity. The total amount
of reserves held by any bank is denoted by dop and fulfills dog = dy + ep. At all
times, banks hold reserves that are equal to the deposits agents hold at them. The

balance sheets before the macroeconomic shock takes place are given in Table 5.2.

Period t =1

After production and the macroeconomic shock, either some banks default or no
bank defaults. Banks demand an amount of loans max(e BRZ—’,S—l—d aRy—depREg,0)
from the central bank to be able to pay the dividends. Then banks pay dividends
to households and households buy the investment good from MT. Firms repay
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Households Firms in MT Bank b Central Bank
Sk Ey Kyv | Ly 15, 1y Leg | Dep
Dy dep | dum

Eg en

Table 5.2: Decentralized Deposit System: The balance sheets of agents before the
macroeconomic shock. Source: Own illustration.

their loans and bonds and banks reimburse their loans to the central bank. Money
is destroyed only at the end of Period ¢ = 1, when banks repay their loans to the

central bank.

Informal Results

In a Decentralized Deposit System, the default of banks against households is pos-
sible. Such a monetary system with a no-rationing scheme is equivalent to the
monetary system described in Chapter 2, as banks demand and obtain an infi-
nite amount of money as soon as there is a small intermediation margin. In the
rationing scheme, banks are rationed if they all demand more money than the av-
erage, which can only occur in equilibrium when banks default for a lending level
that is equal to the average level. There are such inefficient equilibria with banks
with distorted investment across sectors of production. However, for sufficiently
high capital requirements coupled with an adequate monetary policy, these equi-
libria with banks can be eliminated, leaving a larger set of efficient equilibria with

banks than the one prevailing in Chapter 2.
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5.A Proofs

Proof of Proposition 24.
Let £* be an equilibrium with banks.

The result of Lemma 2 implies that we can apply Proposition 1. Thus, given
gross rates of return (R5")s, policy choices (Rfp)s, and the equity ratio ¢*, all
banks b € [0,1] choose a lending level of; € an((R5)s, (Rip)s, ¢*) as given
in Proposition 1. The only gross rates of return in Proposition 1 rationalizing

fol ab,db =1 are

(R} = R,z for all states s =1, h)
Rs* R 5 )08 % R — RS
and (E{ SL*] <E[ (ij} , Rop < Rp, and SO*IU_s'p(s{k 7 [;i)
P& 25 0" Pc fiep — g
(5.57)

In the case of equal nominal gross rates of return Rj* = R{. 5, we obtain the same
equilibria as in Theorem 1. We assume now that Equations in (5.57) hold. We
denote banks choosing a4, = 0 by b, and banks choosing af, = a%.p by bg.
Moreover, we use m,, to denote the measure of banks choosing a4, = 0. This case
constitutes an equilibrium with banks, if the equation fol a4, db = 1 holds, which

is equivalent to

S/

/ 0db+/ apepdb= (1 —m,)——L— =1
be[0,mr] bE[mn,1] CB RL

218
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The previous equation enables to derive the expression of m,, as follows:

s'*
_ RL
= .
RCB

My

A direct consequence of Lemma 2 is that

by, 8% S Sk S
Rg™ = Rp = R = Regp (5'58>
for all states s = [,h. Moreover, due to Lemma 2 and the tie-breaking rule

introduced in Subsection 2.2.3, the interbank lending market is not used in an
equilibrium with banks. Finally, 1135 = 0 for all states s = [, h (see Subsection
2.2.4), which translates into

s Sk Sk %

mPc = L Py
for all states s = [, h. From the proof of Proposition 1, we can also give the gross
rates of return on equity of banks by which default in State s, as follows:

Rbd,sl* _ 0 d Rbd,s* - ‘Fislji< - RSC'B
E = an E — QpcB —80*

+ RéBa
which directly implies the expressions of the gross rates of return on equity and
the profits of banks b; given in Proposition 24. As banks are indifferent between

ab, =0 and of; = ab g, we note that in these equilibria with banks,

Rbn,s* Rbd,s* Rs*
E|-—£2-|=E|-£ :E[ D} (5.59)
P Pc bc

Given gross rates of return (R3)s and (R3y)s as well as prices p} and (pgF)s, house-
holds choose E%, € E’B((Rf)s,( ), D} (D)5, S3) given S,

Dy € Du(RE)s, (RE)s, 15, (055, E, S3) given Fj and Sp, and

St e Sp ((R3)s, (R3)s, 0}, (pE)s), where these correspondences are given in Lemma
6 in Appendix 2.E. Only the first, the fourth, and the seventh cases of the def-
inition of the correspondences EB, DH, and S r are consistent with the equal-

ity of real gross rates of return in Equation (5.59). However, the assumption
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f'(W) < Rm = piE [RSL} together with E [RSL] < E [R%] rule out the first
j 25 Pc pc
case. As in an equilibrium with banks E%, D7 > 0, we obtain in the case where

E [I%F} < % the following equilibrium variables:
I

C
* * /—1 * RSCB
e (001 (W (2 [ 522)))).
Pc
D3 = p; (W — ! (ij [ﬂD) — E3, and
Pe

Sp=1" (p}E RffD
Pc

and in the case where E [R&B} > £ (P),
Pc Py

E% € (0,pfW),
Dy = pi(W — E}), and
S5 =0.

Finally, R§ can be determined by using Lemma 4 and equating the demand for
the investment good K} to its supply Si. Thus, with the help of the equity ratio

©*, we can re-write all equilibrium variables as given in Proposition 24.

In turn, it is straightforward to verify that the tuples given in Proposition 24
constitute equilibria with banks as defined in Subsection 2.2.5, where the constraint

that all banks choose the same money creation level is relaxed. O

Proof of Proposition 25.
Let £ be an equilibrium with banks for which a minimum equity ratio ¢" €
(0, ¢*] is required to be held by banks at the end of Period ¢ = 0.

The result of Lemma 2 implies that we can apply Lemma 7. Thus, given gross
rates of return (R3*)s, policy choices (R jg)s, and the equity ratio ¢*, all banks
b € [0,1] choose a lending level o, € &3 ((R5)s, (Rip)s, ¢*) as given in Lemma
7.

We first examine the symmetric equilibria with banks, in which all banks choose the

same level of money creation. These equilibria with banks require constellations



5.A. Proofs 221

similar to the ones given in Proposition 3. We draw on these results and on Lemma
7 to directly generalize Proposition 3 for the case of flexible prices. The two

resulting types of symmetric equilibria with banks are described in the following:

— Banks do not default and either

Ry = Rip for all states s =1, h

or

/

]E{Ri} :E{%} and 0<1-— RSL, < ',
Pc Pc RCB

In this case,

Ey € (0,(W—-f""(Rwm))),
Dy = (W —f"'(Rm)) — Ep, and
S = 71 (Ru).

— Some banks default in one state, say s’, and

!
x _  reg __ o psC’* Ri* — SCB
=Y T E o py
0" Pc Rép
Ri* RS ! / /
CB *
E {ps(j <E ., RI"<Rip, and apy <Ll

In this case,

EJ*B S (Ou (W_S;))7

£ (piE [}2%9}) if £'(0) > piE [%]7

Sy =

0 otherwise.

We now turn to potential asymmetric equilibria with banks. According to Lemma
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7 in Appendix 2.F, the gross rates of return rationalizing more than one choice of

level money creation are such that

either Case a) (R = Ry for all states s =1, h),

_Rs*- -Rs , ; f *
or Case b) (E | k| =E |-, R}* < Rgp, and apy > S for s’ =l or h),
(e} C
C E -RSL*- E -RSCB- RS Rs* s’ ©* s’
or Case ¢) ( v | S| | floB < fvp Qb < g < Qposs

/
ot Pt Ry —Rip _ s
s/ pS* / S (F )7
o° Pc Rép

and " =

[ Ry ] Rep s sk 8 ©*
or Case d) (E o <E | Rtp < RY, apep <
o* p2* Ry —Rip

o' pg RSC’B—RSL’*)‘

and " < p* =

Similarly to the analysis in the proof of Proposition 24, Case a) gives rise to the
same equilibria with banks and without default with the exception that the level

of money created by an individual bank is limited as follows:

(p*
ab, € {o, 90“9} : (5.60)

Suppose now that the gross rates of return fulfill the conditions given in Case b).

In this case, no bank defaults and

E[Rjk} :E[Rff] and 0<1-— Rj,
Pe pe R

i S gpreg.

B

Then households choose Ej, € E’B((Rf)s,( )s: D} Pe, Sp) given Sp, Dy €
D ((R3)s (RS)s, 97 s By Si) given Ejy and S, and

St e s r((R$)s, (R5)s, P}, P, where these correspondences are given in Lemma
6 in Appendix 2.E. Only the seventh case in the definition of the correspondences
given in Lemma 6 is consistent with equal real gross rates of return as well as

positive equity and deposits. Thus, we can conclude that

Ep € (0, (W —f""(Rwm))),
Dy = (W —f"'(Rm)) — Ep, and
St =1 Rum).
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In this case, the level of money created by an individual bank is limited by the

same constraint as in (5.60).

Suppose now that the gross rates of return fulfill the conditions given in Case c).

In this case, some banks default and

RS* RS
El L} <]E[ CB] and
Pc Pc
* SCB — Ri* < S07"65] _ U_SpsC* Ri* B Rz‘B < 90*
OB o pE R¢p B

Then households choose Ej € EB((RSE*)S, (R3)s, 0}, 16, Si) given Sy, Dy €
Dy ((Rg)s, (R%)s, 0%, Py B, S3) given Ej and Sp, and

St el r((R3)s, (R3)s, 1}, P), where these correspondences are given in Lemma
6 in Appendix 2.E. Only the fourth and seventh cases in the definition of the cor-
respondences given in Lemma 6 are consistent with equal real gross rates of return
on equity and on deposits as well as positive equity and deposits. Thus, we can

conclude that in the case where E [%] < %, we obtain
C I

Pc
D3 = p} (W — ! (p’;E {—CB} )) — E%, and
Pc
Sp =1 (p;E CBD ,
Pc

RéB} - f'(0)

e’ Py’

and in the case where E [

B € (0.5 W),
Dy = pi(W — E}), and
St =0.

In this case, the measure of banks defaulting against households that we denote
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by my is given by the following equality:

1 *
b ¥
oy, db = my =1,
/o M s

which is equivalent to

s'x sk

S S
. — 0" Po v, — Ngp
d — s/ S¥ * s/
0” Pc ¥ ligp

Suppose finally that the gross rates of return fulfill the conditions given in Case

d). In this case, some banks default and

Rs* s Rs’ o’ s'x RS — RS
B L] <B || g o<yt <y - DI T,
bc b Rép — R} o pg Rep — Ry

In this case, households choose E, € E’B((RE“)S, (R3)s: 0}, P, S1) given Sy, Dy €

Du((Rg)s, (R%)s: 0%, P B, S3) given E and Sg, and

S eS r((R$)s, (R3)s, P}, P, where these correspondences are given in Lemma

6 in Appendix 2.E. Only the fourth and seventh cases in the definition of the

correspondences given in Lemma 6 are consistent with equal real gross rates of

return on equity and on deposits as well as positive equity and deposits. Thus, we
£/(0)

can conclude that in the case where E [%} < e we obtain
C I

Pc
Dy =} (W — ! (ij { CBD) — B, and
Pe

e (e[ 2]).
pc
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REB} - f(0)

and in the case where E [ CL =,
bc by

Ly € (0,p1W),
Dy =pi(W — Ef), and
St = 0.

In this case, the measure of banks defaulting against households that we denote

by myg is given by the following equality:

1
/ ab, db = mda‘gCB =1,
0
which is equivalent to

s’
s’
RC’B

md:1

Finally, for Cases a) to d), R} can be determined by using Lemma 4 and equating
the demand for the investment good K} to its supply Sj. Thus, with the help of
the equity ratio ¢*, we can re-write all equilibrium variables as given in Proposition
24.

In turn, it is straightforward to verify that the tuples found in this proof constitute
equilibria with banks as defined in Subsection 2.2.5, where the constraint that all

banks choose the same money creation level is relaxed. O]

Proof of Proposition 26.

Let ¢ € [0,1) be a minimum equity ratio requirement and (Rfp)s the cen-
tral bank policy gross rates. From Propositions 25 and 24, we conclude that the
equilibrium with banks such that Rj* = R, for all states s = [, h exists and is

independent of the capital requirement ¢™9 € [0,1) as

S%

s
CB

1 =0

for all states s =1, h.



226 Chapter 5. Changes in Critical Features

We now prove the second claim in Proposition 26. Let ¢"¢ € [0,1) be a minimum
equity ratio requirement and (R{g)s be the central bank policy gross rates. Let
©* € [, 1) be the prevailing equity ratio of banks. We look for necessary and
sufficient conditions for an equilibrium with banks of the second type in Proposition
25 and we assume without loss of generality that banks default in State s’. Let

e > 0. We define

1 =Rep(l+e).
We also define

oS40 RER,
L eos Ry + (1 + €)oo R p0*

(5.61)

Equation (5.61) implies that

!
0® R1" Ry R — Rip
Y Sk s’ s’ sk’
0% Ry" Ry Rop — R

*

¥

The existence of an equilibrium with banks requires RSL/* < RS(‘;B, which, in turn,
requires € to be large enough. To complete the definition of the equilibrium with

banks, the following inequalities have to be shown:

E {RL} <E {RCB} and goreg& < "

j %) j 2

The first inequality also writes

?\/I O_s’ s’ Ré‘B
l1+e M Ry
_ o Bu , Ry (149’0 RYy
I+e (1+e)p*

sS s'ps’ s
o’Ry + 0 Ry <o

Y

which is equivalent to ¢* < 1. This inequality holds in any equilibrium with
banks. The following inequality is thus a sufficient and necessary condition for the
existence of an inefficient equilibrium with banks of the second type in Proposition

25, given central bank policy gross rates (R%p)s and the minimum equity ratio



5.A. Proofs 227

requirement ¢":

s07“eg§90>c<(1_Rsl; >’

CB

which is equivalent to

reg < v er’ Ry
~ eo*Ry + (1 +€)o" Ry

¥

The right-hand side of this inequality is increasing in € and in ¢*. As any € that
is sufficiently large qualifies for the existence of an equilibrium with banks as de-
scribed above given that the previous inequality holds, there is such an equilibrium
with banks if and only if

prec’ Ry fopdl R -4

©" < lim lim ” " oy S s
p—olemoo Ry + 9" (1 +€)0¥ Ry, 0*R3; + 0¥ Ry,

For any such ¢ there are indeed an ¢ > 0 and an equity ratio ¢* < 1 that are
both sufficiently high such that

oo < prer’ Ry
~ eoR3; + o (1 + €)o R,

As another direct consequence, we obtain that if

S S
lopd R -4

sRSs s’Rs’
o Ry + 0% Ry,

g07"eg >

there is no equilibrium with banks as described above.

Let ¢ € (0,1) be a minimum equity ratio requirement and (R )5 be the central
bank policy gross rates. Let ¢* € [¢"%, 1) be the prevailing equity ratio of banks.
We look for necessary and sufficient conditions for an equilibrium with banks of
the third type in Proposition 25 and we assume without loss of generality that
banks default in State s’. Let € > 0. We define

I = SCB(l + f)-
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We also define

s s’
Rs’* _ gOv"egRs’ O_ 1+ 6]':{‘M
L CB s € Ri/[

(5.62)

Equation (5.62) implies that

reg

_ & R{'R§, Ry — Riy
- 0¥ Ry Ry, s

The existence of an equilibrium with banks requires le: < RSC:B, which, in turn,
requires € to be large enough. To complete the definition of the equilibrium with

banks, the following inequalities have to be shown:

RS* s Rs/ _Rs’*
E [ L} < E [—gf} and cp*—CB L < p".

Sk S/
Pc Pc CB

The first inequality also writes

iy : o Rip
S S S S S S S
o + 0" Ry <o + o —=
M M M po'x
T+e R
S S S
s R ec’ Ry

=0 s
1+e (1+e)gpres

which is equivalent to

1 s’ Rs’ s’ Rs’
e(mf4—05y>>asy. (5.63)
® osR3y o*Ryy
: : N (A req o
Finally, the inequality ¢ —Cpr o < @' writes
CB
* SRS
SO'reg @ €0 M (564)

co’R3; + p*(1 +€)o" Ry,

Equation (5.64) holds for any ¢* sufficiently close to ¢"®. Equation (5.63) holds
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if and only if € is sufficiently large and

S S
lopd R4

sRs ssRs’
Ry + 0 Ry,

reg

(5.65)

¥

As a consequence, similarly to the reasoning for the case of equilibria with banks
for the second type, Equation (5.65) is a necessary and sufficient condition for the

existence of an equilibrium with banks of the third type in Proposition 25. m

Proof of Proposition 29.

Suppose that there is an equilibrium with banks and that in this equilibrium, banks
default in some state s’. Then households anticipate the banks’ default and expect
a lower return on their deposits in State s’. Thus, this cannot be an equilibrium
with banks. O]

Proof of Lemma 14.

The banker’s objective function of Bank b € [0, 1] is given by
28
Hence, this banker chooses the highest level af, such that Bank b does not default

against the central bank. We distinguish the following cases:

— Suppose that RS > Rgp in all states s = [, h. Then for any level b, € R,
Bank b does not default against the central bank. Therefore, its optimal

choice is denoted by af, = +o0.
— Suppose that R < R in all states s = [, h. Then the highest level a4, for
which Bank b does not default against the central bank is

ajy = min {O/DCBa O/ZL)CB} :

— Suppose that R < Ry in just one state s. Then the highest level af, for

which Bank b does not default against the central bank is o}, = a%qp.

We can summarize the choices of lending levels by bankers, given gross rates (R3 )s

and policy choices (R ), with the correspondence dny ((R3)s, (REp)s) given in the



230 Chapter 5. Changes in Critical Features

lemma. O

Proof of Lemma 15.
Let b € [0,1] denote a bank and assume that a minimum equity ratio ¢ € (0, ¢]
is required to be held by banks at the end of Period t = 0. Using Lemma 5, the

banker’s maximization problem can be written as

max
al]’VIG[O,T‘@g

;Lo

subject to the constraint that it does not default against the central bank. We

distinguish the following cases:

— Suppose that R] > R} for all states s = [, h. Then as Banker b’s objective

function is increasing in a%; on [0, %] and as its bank does not default
against the central bank for any o}, € [0, Stes); the banker chooses b, = il

— Suppose now that R} < R¢p for all states s = [, h. Then the banker chooses
the highest lending level that is compatible with the minimum equity ratio
on the one hand and the no-default condition against the central bank on
the other, i.e.

b s l h ¥
Gy = Ml { @pop, YpeBs :
SOreg

— Suppose finally that R} < R} in just one state s € {/, h}. Then the banker
chooses the highest lending level that is compatible with the minimum equity

ratio and the no-default condition against the central bank, i.e.

b : s 2
aj; = min O‘DCB’_(preg .

We can summarize our findings with the correspondence &7’ given in the lemma.

]
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Proof of Lemma 16.

Due to the Inada Conditions,” in any equilibrium with banks, a positive amount of
investment good is invested in F'T. Lemma 2 shows that any differential between
the deposit gross rates and the central bank policy gross rates can be used by
bankers to infinitely increase their expected shareholders’ value. In this case, as the
expected return on equity becomes arbitrarily large, bank equity becomes the most
profitable investment for households according to Lemma 6, and the households
shift their investment from FT to MT. As bankers can increase their expected
consumption, this cannot be an equilibrium with banks. Thus, an equilibrium
with banks requires R}y = Ry for all states s = [, h. ]
Proof of Proposition 31.

Let £ be an equilibrium with banks for which a minimum equity ratio ¢" &€
(0, ¢*] is required to be held by banks at the end of Period ¢ = 0.

Then all banks choose the same level of money creation and lending, denoted by
ajs. At the aggregate level, however, the amount borrowed by banks from the
central bank has to equal the amount deposited by banks at the central bank,
meaning that fol ab,db = 1, which translates into a%, = 1. As Lemma 15 applies,
given gross rates of return (Rj*),, policy choices (R{g)s, and the equity ratio ¢,
all banks b € [0, 1] choose a lending level o, € &3/ ((Ry)s, (R&p)s, ¢*). Thus, the
only capital structure ¢* in Lemma 15 rationalizing o}, = 1 is such that ¢* = ¢".
Reciprocally, if ¢* = "9, each bank b will choose a4, = 1. Finally, Lemma 16

implies the relationship R} = R{ g for all states s = [, h.

As bankers receive an amount 6L3, R7*, the shareholders’ value of Bank b in State

s amounts to
max(L}‘w(RsL*(l —6) — Riy) + ERYp, o).

We can distinguish three cases:

"We now need a stronger assumption than the Inada Conditions of Chapter 2. This proof
requires that limk, 0 f'(Kg) = 400, so that we make this assumption.
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— Suppose first that

Rip—R7¥(1 -0
©* > max { ¢B A )} . (5.66)
se{l,h} R g

Condition (5.66) means that no bank defaults in any state of the world. The

expected gross rate of return on equity in real terms is thus given by

5% s5(1 — Q) — RS s
E {RSE*} ~F {RL( 5 CB} +E {—CB} . (5.67)
%6 ¥ Pc Pc

Given gross rates of return (R3)s and (R3;)s as well as prices pj and (p&)s,
households choose £} € EB((RSE*)S, (R3)s, 5, (D)5, S3) given Sh,

Diy € Du((R)s: (RE)sr b 02)ss Ejyy Sp) given By and Sp, and

Sy € SF((RE" )s, (R$3)s, js (PEF)s), where these correspondences are given
in Lemma 6 in Appendix 2.E. Only the fourth and the seventh cases of
the definition of the correspondences Ep, Dy, and Sp in Appendix 2.E are
consistent with the equilibrium conditions £} > 0 and D > 0. Both cases
require the equality of expected gross rates of return on equity and deposits

in real terms:

E [RSE*} =E [@} : (5.68)
bc bc

Together with Equalities (5.67) and R$*p} = R} ps, Equality (5.68) implies
that

R—E‘(l—@:E{R—Sﬂ-
Pr Pc

pI pE
the fourth case. Thus, we obtain

Thus, Bu - E [RSCB], which together with condition f/(0) > Ry rules out

Ep € (0,p7 (W = 5%)),
Dy =p; (W = S;) — Ep,
St = £ (Raa(1 — 6)).



5.A. Proofs 233

However, this can only correspond to an equilibrium with banks if

/ s n
W) <k { fﬂ — ),
Pr Pc Py

implying that

Ry — /(W
P R S A ( ).

0 —
Rm

In turn, one can directly verify that the tuples found in this case constitute

equilibria with banks and financial frictions.

— Suppose now that

¢* < min {RCB_RL(l_G)}.
se{l,h} R¢p

This condition implies that the shareholders’ value of banks is zero in both
states. Thus, R% = 0 in both states s = [, h. Given gross rates of return
(R5)s and (R3)s as well as prices pj and (pg)s, households choose E} €
Eg((R3)s, (R)s, P}, (0E)s, Sp) given S,

Dy € Du((R3)s, (R3)er 1}, (98, B, S5) given By and Sy, and

Sh € SF((RE“)S, (R3)s: 0}, (pE3)s), where these correspondences are given
in Lemma 6 in Appendix 2.E. Only the fourth and the seventh cases of
the definition of the correspondences Ep, Dy, and Sy in Appendix 2.E are
consistent with the equilibrium conditions £ > 0 and Dj; > 0. As they
are not compatible with R7 = 0 in all states s = [, h, we can conclude that

there is no equilibrium with banks.

— Suppose finally that

Rs* Rs*
min {1— - (1—6’)}<<p*< max {1— - (1—9)}. (5.69)
se{l,h} Rip se{l,h} CB

This condition implies that the shareholders’ value of banks is zero in one
state, say w.l.o.g. State [, and that this value is positive in the other state, h.

As a consequence, the expected gross rate of return on equity in real terms
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is given by
S* Rh* 1—0)— Rh Rh
E[Rﬁ]:a< A 1 <+ ff‘). (5.70)
bc ¥ Pc bc

Given gross rates of return (R3)s and (R3;)s as well as prices pj and (pZ)s,
households choose Ej, € EB((Rg)S, (R3)s: 05, (DE3)s, S3) given S,

Dy € Du((R%)s, (RE)s, 15, (05)s, B, S3) given E and Sk, and

Sy € S'F((R%* )s, (R$3)s, 1}, (PE)s), where these correspondences are given
in Lemma 6 in Appendix 2.E. Only the fourth and the seventh cases of
the definition of the correspondences EB, ﬁH, and Sp in Appendix 2.E are
consistent with the equilibrium conditions E% > 0 and D7, > 0. Both cases

require the equality of expected gross rates of return on equity and deposits

=[] == 5]
e j 2

By combining this equality with Equality (5.70), we find the following rela-

in real terms:

tionship:

o pg R(1-0) = Ry

*

- l—apg* RZCB

Thus, piE [Z%B] > f'(W) has to hold and

Dy =p; (W = S) — B,

/—1 * R? : / * R?
Sk = f (pIE[p%BD lff(O)ZpIE[p%B
0 otherwise.

|

Finally, this can only correspond to an equilibrium with banks if ¢* € (0, 1),

which implies

o p¢ Ri(1-06) — R

0<
1—crpg RZCB

<1,
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and if Conditions in (5.69) hold. In turn, it is straightforward to verify that
the tuples found in this case constitute equilibria with banks and financial

frictions.

The case when banks default in the good state is similar.

Proof of Proposition 32.
As we investigate how the households’ consumption can be maximized without
taking into account the impact on the bankers’ consumption, the second-best al-

location is given by the following maximization problem:
max EKyRy + f(Kg) — Ch
e [KmR3y + £(Kp) — Cg]

where C§ denotes the bankers’ consumption in State s = [, h and the second
condition represents the bankers’ incentive-compatibility constraint. The above

optimization problem has clearly a unique solution given by

K = £~ (R(1 - ),
Ki, =W — K, and
s = gK, RS,

From the proof of Proposition 31, we show in the following that in any equilibrium
with banks’ default,

RC’B > EM(l — 9), (571)

which directly implies that investment in MT is always higher than the second-
best level, when banks default. The second-best allocation is thus only attained

without banks’ default.

We now show Inequality (5.71). Consider first the case when banks default in the
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bad state of the world. Then from Proposition 31, we obtain

o R}Ka(l —0) — RléB < RlCB - R{\/I(l —0)
l-0o RZCB RZCB

reqg __

This inequality can also be re-written
EC’B > ].:_{M(l — 0),

which is Inequality (5.71). The case when banks default in the good state of the

world is similar. ]



Chapter 6

Further Extensions and Outlook

Abstract

We outline further possible extensions to the model of Chapter 2
and we provide an outlook for future research based on inside money
creation out of thin air.

6.1 Further Extensions

6.1.1 Financial Frictions Without Deposit Insurance

This extension combines two features: financial frictions and the absence of de-
posit insurance. They have been dealt with separately in Subsections 5.3 and 5.2,
respectively. In the following, we only outline the different steps and problems

arising when solving for the equilibria with and without capital requirements.

First, the level of money creation for different capital requirements and central
bank policy rates should be derived from the bankers’ incentive problem. To do
that, the influence of the absence of deposit insurance on bankers’ incentive would
have to be clarified. Then all other lemmata and results in Chapter 2, together
with the fact that households’ deposits are not bailed out if some banks default
against households, could be used to find the equilibria with banks.

237
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6.1.2 Lending to Bank-specific Production Technologies

This setting is characterized by the banks’ heterogeneity regarding the production
function of the firms they can lend to. The production function of firms which
can only borrow from bank b would be a concave production function that could
be denoted by f5”(K,), where K®; would denote the amount of investment good
bought by the firms financed by bank b. As banks would now be heterogeneous,
we would have to depart from our investigation limited to symmetric equilibria

with banks and also consider asymmetric equilibria with banks.

In this set-up, some banks may want to grant a larger amount of loans to firms than
other banks. The banks’ incentive to create money would have to be investigated.
All other agents’ optimization problem would remain unaffected. However, the
feature that firms in MT would make profits in some state of the world would have
an impact on the formulation of the households’ maximization problem. Inefficient
equilibria with banks and default could not be excluded a priori. In the case of
rigid prices, however, this feature may allow smoother distortions than the ones

caused by a complete breakdown of equilibria with banks.

6.1.3 Two Central Bank Policy Rates

In practice, the interest rate charged for borrowing central bank money is higher
than the interest rate paid on central bank deposits. We could thus differentiate
these two rates in our model to investigate whether this feature has a significant
qualitative effect on our results. We would denote the gross rate of return charged
for borrowing central bank money by R¢p,; and the gross rate of return paid on

central bank deposits by R¢ g 4.

We would then first note that R would be equal to R¢p, from our previous
assumption that banks cannot differentiate between households’ and other banks’
deposits. Moreover, we would also note that R¢ ., would have to be larger than
R p 4, as otherwise banks would borrow an infinite amount of money from the
central bank. It would then be straightforward that the central bank would make

profits. We would assume some kind of redistribution of these profits: For example,
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these profits could be redistributed as a lump sum to households.

The main challenge would be the analysis of the bankers’ maximization problem.
Knowing the level of money creation for each possible combination of gross rates of
return and capital structures would, however, allow to find all possible equilibria
and to examine whether the additional central bank’s policy degree of freedom

could improve welfare, compared to the model of Chapter 2.

6.2 Outlook and Conclusion

Several research directions may be worth investigating in future research.

First, integrating inside money creation into a dynamic setting, either with infinitely-
lived agents or in an overlapping-generation model would probably reveal new in-
sights regarding price stability and financial stability. The model developed in
Chapter 2 could then provide a framework that simplifies the exposition of a new,

dynamic model with inside money creation.

Second, as most banking models are expressed in real terms and thus use the
loanable-funds approach, a precise investigation whether their conclusions con-
tinue to hold in a monetary architecture with inside money creation would be very
interesting. For example, banking was integrated into a dynamic growth model by
Gersbach et al. (2015¢), using the loanable-funds model of banking. It could be
worthwhile to examine whether their conclusions still hold with the more realistic
financing-through-money-creation approach. In general, the issue whether the cre-
ation of inside money by commercial banks allows the existence of equilibria with
asset price bubbles, excessive lending, or boom-bust cycles should be examined.
First analyses include Jakab and Kumhof (2015), who show that the bank-lending
volatility is larger in the financing-through-money-creation approach than in the

loanable-funds approach.

Third, the financial crisis of 2007/2008 has revived claims that the creation of
money by commercial banks when they grant loans has played a role in this boom-
bust cycle and that alternative monetary architectures may be more efficient in

terms of financial stability, in terms of the appropriate amount of money created,
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and even with regard to the appropriate choice of borrowers. These claims that
asset price bubbles or boom-bust lending cycles may be avoided or mitigated in
other monetary architectures and that these monetary architectures would then
react differently to shocks should be dealt with thoroughly. Benes and Kumhof
(2012), for instance, provide arguments that advocate the Chicago Plan and are
based on a DSGE model with inside money creation. However, their analysis

should be completed by other micro-founded theoretical models.

Fourth, pioneering analyses of DSGE models characterized by inside money cre-
ation were performed by Benes and Kumhof (2012) and Jakab and Kumhof (2015).
It would certainly be fruitful to further investigate their approach, which might
yield more accurate predictions regarding inflation and thus might be a better tool

for the assessment and the design of monetary policy.

Fifth, the modeling of inside money creation might help understand the problem
caused by so-called “zombie banks”! or more generally, to understand and find

potential solutions to the debt-overhang problem.

Sixth, the rise of cryptocurrencies such as Bitcoin or Ethereum has triggered
a strong interest among central banks. Major central banks are investigating
whether these alternative currencies pose a threat to monetary or financial sta-
bility and whether they undermine the efficiency of the central bank policies.?
Moreover, major central banks are examining the case for national cryptocurren-
cies that would be based on the blockchain technology.® Since 2014, the People’s
Bank of China is actively investigating such a digital national currency,® which
would be issued within the next fews years, with the ultimate goal to replace
coins and banknotes. The introduction of such a digital currency would entail a
comprehensive overhaul of the monetary system. Ultimately, banks will have to
attract depositors with higher deposit rates, as the depositors’ alternative would

be to hold the digital currency that would not involve any credit risk. If banks

! According to the definition in Financial Times Lexicon (no date b), a zombie bank is a bank
“that is insolvent but continues to operate until its fate is resolved by closure or merger”.

2Ali et al. (2014) from the Bank of England assesses whether private digital currencies pose
a threat to monetary or financial stability, for instance.

3Barrdear and Kumhof (2016) from the Bank of England use a DSGE model to assess the
impact of the introduction of such a digital national currency on GDP.

4See Zhao (2017).



6.2. Outlook and Conclusion 241

do not offer higher rates, households may stop holding deposits at banks, and the

monetary architecture will converge to the one described in Subsection 5.4.2.

The framework developed in this thesis will allow to analyze some aspects of mon-
etary policy, capital regulation, and financial stability in such new monetary ar-
chitectures. Such analysis is necessary before making changes to the current archi-
tecture. It should also determine which monetary architecture is most beneficial
for monetary and financial stability, as well as for an efficient intermediation of

funds between borrowers and lenders.

Seventh, it will be essential to introduce a government and its role in public good
provision into future economic models with inside money creation because money
creation is highly intertwined with the money market via repurchase agreements,
which are essentially based on government bonds. Such a model would allow to
answer key questions such as to whether money creation by banks is a subsidy to
banks. This claim is made by some organizations that promote a ban on private
money creation.® Such more comprehensive models would also yield insights on the
impact of quantitative easing on the real economy. Finally, the government and its
role in public good provision could be introduced into economic models in which
only the central bank can create money. This would allow to compare a monetary
architecture in which government spending is the only way to create money and
a monetary architecture in which money is only created when the central bank

grants loans to banks.

Finally, our model could also provide the basis for an extended macroeconomic
model of an open economy, with tradable and non-tradable goods. This model
could be used to examine the impact of the purchase of foreign or domestic assets
by the central bank on the exchange rate, on the households’ consumption and

investment decisions, as well as on output.

>The non-profit organization called “Positive Money” in the United Kingdom is an example
of such an organization: See Ryan-Collins (2017).
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