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"Economists have this outdated notion that economics advances through a
progression of ever-better theories, with empirical testing serving to reject
wrong models and confirm valid ones. In reality, we are really bad at

formulating general models as social reality is malleable and contextual."

Dani Rodrik
Washington Post, March 2016

I Introduction

The effect of the Global Financial Crisis and ensuing Great Recession can be seen as having
triggered a reassessment of the importance of financial intermediaries for macroeconomic
analysis: financial shocks transmitted to the real economy through sharp contractions in
bank credit and increased risk premia. Since then researchers have been busy improving the
modeling of the financial sector in general equilibrium models. One important malaise was,
and still is, that text books and workhorse models are scant of financial intermediaries that
live up to requirements imposed by empirical findings and the corporate finance literature.
At a more detailed level, the Global Financial Crisis can be thought of as a quasi-natural
experiment. Large, unexpected losses from banks let to a sudden drop in capital levels
that banks are still recovering from. While it is generally difficult to separate demand and
supply effects, the fact that US firms largely shifted from bank to bond financing suggests
that most of the following credit crunch might be due to a contraction in supply of bank
credit. This in turn has put spotlight on the role of bank capital. Important questions are
how it affects the steady state equilibrium of an economy but also monetary transmission
and more generally business cycle dynamics.

Since then, a variety of approaches to model bank capital in macroeconomic general
equilibrium models have been produced. Some of these modeling approaches share the
same idea about the function of bank capital and they only differ in the exact mathematical
form. Other modeling approaches distinguish themselves by emphasizing a specific function
of bank capital. For instance, some researchers emphasize that bank capital reduces moral
hazard between the banks and its depositors, allowing for an endogenous capital need, while
others treat the banks’ need to maintain a certain capital ratio as exogenous.

However, there is a lack of comparative studies trying to consolidate different streams
and ideas in the literature. To provide reliable policy advice, these different approaches
need to be compared and their results checked for consistency. Where model results are not

reconcilable, data must tell which model might be more adequate in which situation. The



major purpose of this Master’s thesis is to provide a quantitative analysis of how different
approaches to model bank capital affect the model equilibrium.

To do this comparison, we replicate the mid-scale DSGE model developed in Gerali et
al. (2010), which includes the first of three approaches to model bank capital which we will
consider. The second approach is taken from Jakab and Kumhof (2015)). The third approach
is developed by us and is based on the static model introduced by Disyatat (2011)). In the
first two approaches, bank capital is introduced through exogenous capital requirements.
However, the mathematical forms of the latter differ between the two models. Therefore,
these two models offer an opportunity to gauge the impact of seemingly small differences in
the modeling approach on the quantitative results. In contrast to that, in the third approach
to bank capital, the need of banks to hold capital emerges endogenously from the model.
Comparing it to the first two models enables us to scrutinize the impact of fundamentally
different approaches to bank capital on the model results. While there are other models
with endogenous capital requirements readily available, for example Meh and Moran (2010),
using our own approach facilitates comparison because, by construction, it fits well into the
macro environment that we use. Besides that, we believe that it constitutes an important
mechanism that deserves to be scrutinized in a DSGE model. Endogenous bank leverage
determines the bank’s default probability because the higher leveraged the bank, the more
vulnerable to credit risk shocks is the bank. Depositors know about the default risk of the
bank and demand a premium on their deposit rates in excess of the risk-free rate. This risk
premium varies with bank leverage and macroeconomic fluctuations.

Our model comparison doesn’t aim to reject any of the approaches or create a ranking
among them. The aim is to tease out the implications of modeling decisions for the results.
The quote by Dani Rodrik at the beginning tells more about the way economists should use
models and the adequate degree of humbleness than about modeling decisions themselves.
While there are some very fundamental issues, such as whether or not banks should play a
role in determining business cycles, many model features and outcomes might be valid and
relevant in one situation but not in another one. We provide some tentative empirics.

The rest of the thesis is organized as follows. Section [[]lays out a short review of the
existing literature and of previous studies. A brief introduction into dynamic, stochastic
general equilibrium models is done in Section[[I1] In Section[[V]we describe the three models
used in Section [V]in which the three models are compared and discussed. Section [V]]links
the findings to the data. Section [VII| concludes.



II Literature review

Our Master’s thesis is related to two broad areas of research in finance and macroeco-
nomics. The first area is a response to the apparent lack of understanding of the behavior
of financial agents. The research focuses on modeling the financial sector more realistically,
both in a partial and general equilibrium context, and provides stronger micro-foundations
of financial decision making. The models developed in this literature are often static but
therefore involve complex financial sectors and decision making. The second area studies
quantitatively the business cycle implications of financial frictions and caters the immediate
need of policy makers to broaden their analysis to the financial factors which have garnered
so much attention since the Great Recession. Researchers nest financial sectors in dynamic,
stochastic general equilibrium models, in order to understand the quantitative importance
of financial frictions and their interactions with real frictions which had previously domi-
nated business cycle analysis. Borio and Zhu (2012) and Brunnermeier et al. (2012) provide
excellent overviews.

In the following, we will discuss contributions to the aforementioned literature that
are central to this Master’s thesis. We start to discuss relevant papers which are mainly of
static nature but provide important insight into the microeconomics of banking and the role
of bank capital. Thereafter, we discuss important contributions in the DSGE literature.

Adrian et al. (2012) argue that the key driver of financial frictions are shocks to the
supply of credit. They stage counter-cyclical risk premia and pro-cyclical bank leverage as
important empirical findings which should be reflected in theoretical models. As determi-
nants of risk premia, the evidence presented suggests that book leverage is more important
than the level of net WOTthH Moreover, motivated by the observation that bank lending
changes one-to-one with changes in debt, Adrian et al. (2012)) point out that bank lending
is the consequence of the choice of leverage by banks. These insights are accommodated in
their partial equilibrium model of bank credit supply, where banks maximize profits subject
to a value-at-risk constraint 2] The constraint means that the value-at-risk of the bank loans
(expected losses) must not exceed the book value of the bank’s equity.

The static model developed by Du and Miles (2014)) extends Bernanke and Gertler

(1990) and features banks which can finance their lending, exceeding their initial capital

Tn the literature "net worth" and "capital" are often used interchangeably and refer to funds provided
by the owners of the undertaking, an important real-world example is shareholder equity in issue.

2First introduced in a 2011 working paper and finally published in Adrian and Shin (2014)). In the paper
discussed there is also a model part for bond financing, which is omitted from this discussion.



endowment, with either debt or equity provided by householdsﬂ Absent any regulatory
capital requirement, banks will chose to finance their lending solely with debt because
equity finance is more costly than debt, the latter equalling the risk-free rate to rule out
arbitrage opportunities. Under a regime with regulatory requirement, banks whose initial
capital endowment is too small will seek equity injections from the household to meet (but
not exceed) the regulatory minimum. For most banks, this leads to increased prudence as
represented by an increase in the minimum probability of success a lending project must
possess in order to receive a bank loan. Furthermore, a monetary contraction increases
bank prudence by raising the opportunity cost of risky investments. The neutral monetary
policy rate declines with increases in regulatory capital requirements.

Disyatat (2011)) develops a static, general equilibrium framework in which banks fi-
nance themselves at a premium over the risk-free rate (henceforth Disyatat model)ﬁ This
is an important departure from the mainstream where the holding of bank debt is typi-
cally remunerated at the risk-free interest rate, either by assuming a deposit insurance or
no-arbitrage conditions. Disyatat argues for risky deposits because, in reality, the marginal
source of funding for a bank is always uninsured and therefore risk sensitive. In the model,
the credit risk premium, compensating depositors for the possibility of bank default, is
partly determined by the probability of bank default. The latter, in turn, depends posi-
tively on endogenous bank leverage and the riskiness of the real sector. This is an important
departure from the conventional role of bank capital as e.g. in Meh and Moran (2010) where
bank capital serves to mitigate the moral hazard problem of banks’ incentive to shirk on
their monitoring dutyﬂ The third model in our comparison builds on the Disyatat (2011)).

Before the recent surge in interest in financial sectors in DSGE models, some very
fundamental contributions have been made, from which each of the subsequent papers draws
to some extent. Most importantly, Bernanke, Gilchrist and Gertler (1999)) (henceforth
BGG) formalize their views on the interaction of financial conditions and the real economy
in a New Keynesian setting as they had expounded previously e.g. empirically in Bernanke
(1983)) or in a Neoclassical setting in Bernanke and Gertler (1989)E| In the BGG model, the

cost of external financing of non-financial borrowers depends inversely on their net worth

3The coexistence of banks’ limited liability and their private information on the probability of success
of the lending projects induces a moral hazard problem which they can reduce by holding more capital.

4 Another important feature of the Disyatat model is that deposits are driven by loans and not vice versa,
the latter being commonly the case in the literature. While this is a very significant and welcome departure
from the main stream, our analysis focuses on the role of bank capital and we therefore deliberately refrain
from dealing with this feature in our analysis.

5This is the classic "double” moral hazard problem as in Diamond (1996]).

A very useful overview is provided in Bernanke (2007).



due to a moral hazard problem between the borrowers and the lender a la Townsend (1979)).
Borrower’s net worth varies endogenously with the business cycle and hence their external
finance premium does so too. This implies what BGG coin a "financial accelerator" where
the evolution of financial variables amplifies real macroeconomic fluctuations. An important
limitation is that financial frictions are placed only at the non-financial borrowers. The
recent crisis experience however implies importance of considering shocks emanating from
within the financial system. This concern is alleviated by Gertler and Kiyotaki (2010) who
apply BGG’s frictions to the banks in their model and therefore make it possible to analyze
banks’ influence on business cycle fluctuations.

The DSGE framework developed in Gerali et al. (2010)) is our baseline model (hence-
forth Gerali model). It provides the macro environment in which we compare different
approaches to model a banking sector. We use this model for two reasons. First, the main
goal of Gerali et al. (2010) is to study the role of banking in business cycle fluctuations,
which is well in line with the aim of our Master’s thesis to compare different approaches to
model bank capital in DSGE models. Gerali et al. (2010) focus specifically on monopolis-
tic competition in the banking sector and bank capital. While our intend is not to study
explicitly the role of real frictions such as monopolistic competition, it is nevertheless a
desirable feature as other attempts to model bank capital have been nested into monopo-
listically competitive banking sectors as well and it therefore facilitates comparison. The
second reason is that the Gerali model is used by policy makers, e.g. the Riksbank has
conducted policy analysis with it, and therefore it is relevant to back-test its quantitative
results with different modeling approaches. As in the Disyatat model, in the Gerali model,
bank capital does not serve to mitigate a moral hazard problem. Instead, it matters be-
cause of an exogenously imposed capital requirement, which is modeled as a quadratic term
in the bank’s profit function, implying a pecuniary cost of deviating from the exogenous
capital ratio requirement. However, the approach to bank capital is also different from the
Disyatat model, as banks have unlimited access to a central bank facility and therefore fund
themselves at the risk-free rate. Further details of the Gerali model are layed out in the
section describing the model.

Jakab and Kumhof (2015), henceforth JK, provide us with an alternative way to
model bank capital. However, the key contribution of the paper is that the authors develop
a DSGE framework (henceforth "JK model"), in which loans drive deposits—one of the
main features of the aforementioned Disyatat (2011). Besides that, their model features a
banking sector which operates under an exogenously given capital requirement and where

banking branches receive deposits and lend out loans in a monopolistically competitive way.



The capital requirement is imposed on banks in a slightly different way than it is done in
the Gerali framework. Importantly, in the JK framework, banks are only punished if their
capital ratio falls below the exogenous minimum whereas in the Gerali framework banks
are punished both for downward and upward deviations. Another important difference is
that the banks’ pecuniary costs of deviating from the capital requirement are linear in the
deviation for the JK model, while they are quadratic in Gerali et al (2010)).

Dib (2010) provides another DSGE model including a banking sector and yet another
approach to model the importance of bank capital. An exogenous capital requirement is
imposed by letting the banks produce loans with deposits and capital using a Leontief
technology. Banks can choose a capital level that is above the minimum requirement, in
which case they are rewarded with quadratic gains. Another important feature is that banks
can strategically default on their interbank borrowings, which induces a credit spread in

the wholesale lending rate.



IIT Why using DSGEs and a non-technical introduction

The purpose of this Master’s thesis is to tease out what different approaches to model bank
capital in DSGE models imply for the quantitative results of these models. This clearly
requires us to use DSGE models as our main method. However, spending so much time and
effort to compare different DSGE models with each other implies that we grant importance
to DSGE models as a method in economic research. As well, DSGE modeling is a method
that may seem more technical than others. A non-technical introduction can be helpful,
for readers that are not yet familiar with it. This holds particularly true given that the
targeted audience of this Master’s thesis includes other fellow students. Therefore, this
section provides a rationale for using dynamic, stochastic general equilibrium modeling to
answer macroeconomic questions and gives a non-technical overview of the topics involved.

Readers familiar with the topic can easily skip this section.

I Why using DSGEs to answer macroeconomic questions

DSGE modeling is an abstract exercise. It involves setting up maximization problems and
solving large systems of equations simultaneously. One main stream criticism often is that
any kind of complex, mathematical models are not realistic enough, failing to capture all
aspects of the WOI"ldE] However, it is a fallacy to draw the conclusion that they cannot
be useful for solving analytical problems in macroeconomics. Indeed, DSGE models of
economies are by definition not realistic. The very purpose of creating a model is to reduce
complexity and to allow the analyst to focus on the important aspects of a certain analysis.
Another decision is to choose a mathematical model. The use of mathematics is supposed
to achieve consistency in arguments. It follows that the concern of economists should not
be so much whether their models are realistic or not, they will never be. Instead, focus is
placed on whether a model integrates all important aspects of the given analytical problem.
Only then a model can yield relevant results. This is the judgemental part of mathematical
modeling of economies. When considering which aspects to include in a model, e.g. what
economic problems or type of agents, diverse factors can play a role, inter alia the (assumed)
balance of cost and benefit of including a certain aspect or dogmatic believes in a certain
strand of economic theory.

An alternative to DSGE models for studying macroeconomics would be the use of

purely empirical methods such as time series analysis or cross-sectional data analysis. A

"For example, already in 1976, Robert Lucas wrote that the large-scale econometric models of that time
were often deemed too complex and too simplistic at the same time (Lucas (1976), p. 20).



key advantage of DSGE modeling is that it withstands the so called Lucas Critique. The
Lucas Critique, expounded in Lucas (1976)), states that relationships between macroeco-
nomic variables cannot be inferred solely from historic, aggregate data because they might
not be time invariant. Lucas Robert made this point with respect to the assessment of
macroeconomic policies. By the time of his writing, policy analysis commonly assumed
certain functional forms of the relationship between macro variables. His concern was that
the assumed functional forms might be affected themselves by economic policies, thereby
undermining the validity of the assumption that they were time invariant. In DSGE models,
the relationship between macroeconomic variables are functions of so called “deep parame-
ters.” “Deep parameter” refer to parameters that specify primitive tastes of the respective
agents. A famous deep parameter e.g. is the discount factor that households use in forming
expectations. It is a reflection of households’ impatience. This primitive taste should not
be affected by e.g. monetary policy. Thus, to the extent that the parameters used in DSGE
models are indeed time invariant (because they are truly deep parameters), DSGE models

offer a method that alleviates concerns expressed in the Lucas Critique.

II What is a DSGE and how does it work

Dynamic, stochastic general equilibrium models (DSGEs) are mathematical models used in
modern economic research to study jointly the behavior of macroeconomic (aggregate) vari-
ables such as consumption, income and inflation etc. The name already indicates important

features:

1. Dynamic: The model studies the behavior of the model economy over time.

2. Stochastic: The model includes shocks that affect the economy randomly, e.g. pro-

ductivity shocks.

3. General equilibrium: All variables, that are deemed important for the analytical
problem at hand, are endogenous, i.e. their behavior is determined from within the

model.

A key feature of DSGEs, which distinguishes them from preceding theoretical macroeco-
nomic models is that the behavior of macroeconomic variables is derived from microe-
conomic optimization problems representing the decision making of all key agents in an
economy. Key players are e.g. households, firms, banks, governments and central banks.

One example of a macroeconomic variable is the amount of goods and services consumed



by all households in the model economy in a given quarter of a year. A DSGE model
would quantify this amount and its evolution over time as well as its relationship to other
model variables. One important determinant of how consumption in the model behaves
are, of course, the households who consume. They are usually modeled by a mathematical
optimization problem that captures what basic decisions an archetypical household faces.
For example by assuming that households maximize the utility (some abstract measure of
happiness) they derive from consuming, taking into account that they have to give up some
of their free time in order to work and finance their consumption. Given that these models
are considering the developments in an economy over time, the household’s optimization
problem is dynamic, meaning that the household takes past and future into account. In
summary, the behavior of most variables in a DSGE model is derived from maximization
problems, reflecting the respective decision making of the associated agents. The different
optimization problems yield a few equations that determine the variables of interest. The
set of these equations represents jointly the most important part of a DSGE. In addition,
there are some equations that ensure that all variables behave according to the basic princi-
ples of a market economy, e.g. that supply equals demand, and others that define composite
macroeconomic variables, e.g. the total output of an economy as the sum of private and
public consumption and investment. The system of all these equations together represents
the DSGE model.

The equations are typically non-linear difference equations and it is therefore not
trivial to solve this system. Often times, recourse to approximation techniques is required.
The most common approximation technique is the so called log-linearization, which involves

two principle steps:
1) Taking the natural logarithm of all variables.
2) Linearize the logged equations with a first-order Taylor approximations.

For illustration, we log-linearize the Coub-Douglas production function y; = Atsz‘ltl_a:
Taking natural logs:
In(y:) = In(4y) + aln(ky) + (1 — «) In(ly)

First order Taylor series expansion around steady states (7, k,1, A):

In(j) + ;uﬁ —p)=

In(A) + i—l(At — A +aln(k) + =(k — k) + (1 — ) In(l) + u _l_ @) (I — 1)

= Q



The steady state production function In(y) = In(A4) + aln(k) + (1 — «) In(l) cancels out.

o =B+ S -

;(yt —y) = il(At —A)+

> Q

We can now define percentage deviations from the steady states, e.g. 9y = =(y: — y)

Q=

Finally we arrive at the log-linearized production function:
gt = /Lg + Oé];‘t =+ (1 — Oé)[t

As can be seen easily, the log-linearized production function is now linear in its arguments.
This can be done with all equations representing the DSGE, converting a highly non-linear
system into a linear one. Ome caveat of the standard first-order Taylor approximation
technique is that the approximation gets less and less accurate the greater the distance
from the steady state. To illustrate this, Figure [1| shows with the red line the first-order
Taylor approximation of y = 2 (blue line) around (1,1), which is a straight line with a

slope of 2. It is clear that the discrepancy between the blue and red line grows with the

Figure 1: Taylor approximation illustration

6

distance from (1,1). This is exactly the reason why log-linearization is only an accurate
approximation technique for the solution of DSGE models as long as one considers small
deviations from the steady state of the economy under consideration. As we will show in

our analysis, some of the features of the modeling approaches we consider will only become

10



visible with higher-order approximation techniques.

Dynare is a convenient tool to log-linearize the original system of equations following
the steps outlined aboveﬂ After Dynare has log-linearized the equations, it can solve for
steady state values of the endogenous variables as well as for a dynamic representation of
the system that allows to compute impulse response functions etc. Dynare is a free Matlab
package that provides a large collection of useful functions that are specifically designed
to solve DSGE models. There are many other very interesting details to learn. However,

explaining all of them would exceed the scope of this short introduction.

81t is also possible to use second order Taylor approximations in Dynare. This is crucial if non-linearities
implied by the original model should be taken into account.

11



IV The DSGE Models: Three approaches to model bank

capital

This sections lays out the models used in our comparative analysis. Given that we compare
different approaches to model the banking sector, the models have exactly the same macro
environment and differ only in their banking sectors. For the macro environment, we use
the model economy introduced by Gerali et al. (2010)). This section starts with an outline
of the Gerali model and why we have chosen it to be our baseline. Thereafter, we describe
the banking sector as modeled by Jakab and Kumhof (2015]), which we nest into the Gerali
model. Last but not least, we are presenting the third approach to bank capital in our
comparison which is developed by us. This approach is novel to the DSGE literature
and based on the static framework provided in Disyatat (2011). To simplify discussion

throughout, we adopt the following abbreviations for each model

1. Gerali := The model as presented in Gerali et al. (2010]).

2. Gerali-JK := The standard Gerali with a banking sector & la Jakab and Kumhof
(2015).

3. Gerali-Disyatat := The standard Gerali with a banking sector a la Disyatat (2011)).

I Baseline model including the first approach to bank capital

The Gerali model is a medium scale DSGE model. As such it is enriched with various
features of the real economy such as consumption habit formation, capital utilisation as
a choice of producers, sticky prices and wages. They typically increase the empirical fit
of DSGE models. The main contribution by Gerali et al. was to complement this rich
real economy with a banking sector. While details are explained later, an important factor
that makes the Gerali model suitable as a baseline is that a bank consists of one perfectly
competitive wholesale branch and two monopolistically competitive retail branches (deposit
and lending branches). This structure is also featured by models who provide different
modeling approaches of bank capital, most importantly also in the Jakab and Kumhof
(2015). The common structure facilitates comparison and thus provides a good baseline
model. Moreover, given its sophisticated real sector, paired with an interesting banking
sector, the Gerali model is used by central banks for policy analysis. Back-testing its
quantitative implications with different banking sectors is therefore also of highly practical

relevance for policy maker.
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i Macro environment

In the following, we describe the basic structure of the real economy in the Gerali model. We
refrain from going through technical details because they are not essential to our analysis.
However, we provide a thorough description with all equations in the appendix [A] The
economy consists of three main groups: Patient and impatient households, entrepreneurs,
and banks. We will briefly discuss their activities in the given order. Besides that, there
are capital goods producers, labour packers and unions. The model is closed by assuming
a Taylor-type monetary policy rule that relates deviation from the target inflation rate, the
potential real rate and output to the level of the nominal interest rate, allowing for some
interest rate smoothing.

Both households consume, accumulate housing and supply differentiated labour.
The two household groups are different in their degree of impatience: The patient household
is relatively more patient and therefore prefers to smooth its consumption over time by
saving in the form of deposits. To the contrary, the impatient household is considerably
less patient (hence dubbed impatient) and borrows from the banks (in form of loans).
The amount the borrower household can borrow is subject to a collateral constraint which
depends on the future value of their stock of housing.

The entrepreneurs consume as well, which they finance through the production of
intermediate goods which are sold to final goods producers. They also have the possibility
to borrow from the bank, for which they have to pledge their physical capital. The pro-
duction of the intermediate goods is subject to a standard Cobb-Douglas technology. The
labour input is hired from a competitive labour packer which bundles the differentiated
labour supplied through wage maximising unions by households. And the capital is bought
form capital-goods producers. In each period these producers buy the not yet depreciated
capital of the previous period from the entrepreneurs and ¢; units of final goods, which they

transform into capital.

ii Banking block following Gerali et al.

Given its importance in our analysis, we will here describe in detail the banks, which consist
of three entities: 1. wholesale branches, 2. retail deposit branches and 3. retail lending
branches.

The wholesale branch operates in a perfectly competitive market. It rents wholesale
deposits (D;) from the retail deposit branch at the interest rate R? and lends wholesale
loans (B;) to the retail lending branch at the interest rate R°. From the balance sheet
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constraint follows that the amount lent cannot exceed the amount of wholesale deposits
and bank capital (K?). The bank capital is accumulated slowly over time and consists of

retained profits from the retail branches. This is dictated by the bank capital low of motion:

Wth =(1- 5b)Kf—1 +Jf—1 (1)

where jf,l are the profits and 6° are costs of managing bank capital, and 7 is the gross
inflation rate.

The wholesale bank faces an exogenously given target to reach a certain capital ratio v°. If
the wholesale branch deviates from this target ratio it faces quadratic costs proportional to
the outstanding capital.

The problem of the wholesale branch can be written as followed:

gmx%}}%t 14 RY)B; — Byy1mis1 + Dyyimei — (1 4+ R D,
t,t

2
K Kb

+ (Kf+17ft+1 — K}) — LELLAY [ L K}
2 By

subject to:

B, =D, + K}

where AOt = BPA and is the discount factor of the banks. ki is a parameter for the cost
of capital ratio deviations.
After substituting the balance sheet constraint into the maximization problem and dividing

by K? the derivative with respect to B;/K? yields the following first order condition:

Kb Kb\
et () () >

Gerali et al. allow the wholesale bank to have unlimited access to lending facility from the
central bank at the risk free rate r;. By the standard no-arbitrage condition, this implies
that the wholesale deposit rate must equal the risk free rate, hence Rf =Ty

The retail deposit branch is monopolistically competitive and raises funds from the
patient households. These funds are then lent to the wholesale bank, remunerated at the
risk-free interest rate r;. Hence to maximise its profits, the retail deposit branch sets rf
with a mark-down from the risk-free rate. In order to incorporate interest rate stickiness the

deposit branch is subject to quadratic rate adjustment costs. The maximisation problem is

14



the following:

DN
maxEOZAOt reDy(5) — ré(5)df (j) — R;( Zt . —1) T’,fldt}

46) I e 1(5)

subject to: Dy(j) = df(j)

where the constraint comes from the deposit demand curve.
After substituting the demand constraint, the first-order condition is derived and then

symmetry imposed. This yields:

d d P d d 2
T T A r r di+1
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Similar to the retail deposit branch, the retail lending branch operates in a monop-
olistically competitive market. It receives funds at rate R? from the wholesale branch and
grants loans to impatient households and entrepreneurs. The rates offered to households
and entrepreneurs may differ, and hence the lending branch also faces separate adjustment

costs for each type of rate. Its maximization problem boils down to:
EOZA(F);& [T (j )bt( )+Tt (j)bf(j)_Ri)Bt(j)
t=0
. 2 . 2
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subject to: B(j) = b:(j) = bt( ) + bt (7)

where the constraint comes from the loan demand curves.

The first order conditions are then:

R bS bS
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where s is the index for households (H) and entrepreneurs (E).
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II Second approach to bank capital, following Jakab and Kumhof (Gerali-
JK)

In this section we describe the Gerali-JK model, in particular we focus on the banking sector
of Jakab and Kumhof (2015) and explain how we implemented it into the Gerali model.

As mentioned before, to facilitate comparison, the Gerali-JK model has exactly the same
macro environment as the original Gerali model, i.e. the same set of agents, optimization

problems etc. Only the banking sector has been modified.

i Banking block following Jakab and Kumhof

Just as in the Gerali model the banking block consists of three separate entities: the whole-
sale branch, the retail deposit branch and the retail lending branch. Both retail branches
are modeled in the same fashion, which results in a retail deposit rate with a markdown
from the risk-free (central bank) rate, while the retail lending rates to borrower households
and entrepreneurs respectively have a markup from the wholesale lending rate.

The difference between the two models is found in the wholesale branch. As stated
earlier, in the Gerali model, the pecuniary costs a wholesale bank faces for deviations from
the capital requirement take the form of the squared distance of the actual capital ratio
to the given requirement. This means that the bank will face costs for both holding too
little capital and holding more capital than necessary. Jakab and Kumhof (2015)) choose a
different way to incorporating such a capital ratio requirement. In their scenario, banks only
face penalties for downward deviation. Their modeling approach is akin to the minimum
capital ratio as required under Basel IT and I1I. Jakab and Kumhof (2015)) state that, in order
to have realistic outcomes from the model, banks cannot be assumed to be homogeneous as
this feature would results in all banks simultaneously either holding enough capital or not,
and paying the penalty (Jakab and Kumhof (2015), p. 17). They resolve this problem by
introducing the banks to an idiosyncratic shock. Through this idiosyncratic shock, banks
now have to be treated heterogeneously, which, in equilibrium, results in a continuum of
capital ratios across banks, and thus only a fraction of the banks face the penalties in each
period.

Jakab and Kumhof (2015)) introduce the shock to the bank’s return on its loan book
at the beginning of each period ¢t + 1. The shock is modeled following BGG: it is defined
by w? and is identically and independently distributed across time and across banks. It is
unit mean log-normally distributed and has variance of (¢?)2. Incorporating such a shock

in the Gerali setting results in an idiosyncratic shock w? .1 to the repayment from the retail
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lending branches to the wholesale bank (1 4+ R?)B;. Thus, the ex-post return for the bank
is given by w? (T4 R?)B,. As the bank chooses the amount it borrows and lends before
it knows the size of the shock, there is a probability of facing a penalty ex-post. Given the

size of the shock, we can write down the penalty condition as:
(1+ RY) By — (1 + R Dy + iy men < 4(1+ R) By

where 7 is the minimum capital ratio to be held by the banks. This means that, if the
the ex-post net return of the wholesale branch and the profit transferred from the retail
branches are lower than a certain fraction v of the total amount of assets, the bank has
to pay a penalty feeﬂ This approach follows very closely the approach used by the Basel
Committee, and the ~ can be interpreted as the Basel minimum capital adequacy ratio
(Jakab and Kumhofl (2015), p. 18).

From the penalty condition we can derive the threshold value of w? which defines the
smallest shock (i.e. biggest loss) a bank can suffer and still avoid the penalty. Conversely,
if a bank has a shock below the threshold value, it doesn’t hold enough capital and faces
the penalty costs. The cutoff value of w? is found by setting the penalty condition equal

and solving for @Y, the threshold. This results in the following equation:

b (1+ RHDy — jB m

N e (TP °)

The wholesale bank’s optimization problem looks very similar to the Gerali’s one.
The two differences arise because of the new idiosyncratic shock. On the one hand, the
bank faces the shock to its revenue and, on the other hand, it faces costs when falling short
of the capital requirements. Given that the shock is idiosyncratic, we have to look at the

behavior of a representative bank. Its maximization problem is given by:

(o)
mBax Ey ZA&t (1 + Rg)Btw?+1 — (1 -+ Rf)Dt — Bt+17rt+1Dt+17Tt+1
¢ t=0
+ (KPpmeen — KY) — xme1 BeF (W) )
subject to:

By =D+ Ky

9The ex-post net return of the wholesale branch are ex-post payments received from the retail branch
minus repayments to the retail deposit branch.
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where F(@?) is the cumulative density function of the idiosyncratic shock, and thus defines
the probability of having a shock lower than the threshold value. xB; are the costs of falling
short of the capital requirements as share of the assets held.

After substituting the budget constraint for ¢ and ¢ + 1, dividing by K? and taking the
derivative with respect to % this results in the following FoC

‘B
(14 RY) 4 227t
] =0 (6)

Rb . Rd . F -b + -b
t t — XTt+1 (wt+1) f(wt+1)[(1 —fy)(l—i—RfZ)%,

where f(@?) is the probability density function of the idiosyncratic shock.
The FoC from the Gerali-JK model looks very similar to the FoC of the wholesale bank in
the Gerali model. As in the original, the wholesale lending rate has a premium over the
wholesale deposit rate, hence over the risk-free rate. And the margin is also defined by
the cost of non-compliance with the capital ratio. The difference being, that the costs only
occur if the bank falls short of the capital ratio (as opposed to up- and downward penalty
in the Gerali model).

Before implementing the JK wholesale branch conditions into the model, j?, the banks

profit function, has to be adapted to the new penalty term. This results in:

Jo = 2 B~ Adj? — XBiF(@h) ™

where Adj? are the different quadratic adjustment costs for changing rates over time faced
by the two retail facilities.

The equations [5] [0 [7] and the balance sheet constraint make up the conditions needed
to implement the JK’s wholesale bank into the Gerali model. After implementation the

Gerali-JK model can be calibrated and checked for its robustness.

ii Calibration of the parameters

We describe the calibration of the Gerali-JK model used in section [V]for comparison to the
Gerali and the Gerali-Disyatat model. The calibration of the Gerali-JK model follows very
closely the calibration used for the original Gerali model for the better part of the model.
As the only changes made to the model happen in the financial sector the calibration of

parameters regarding this sector differs from the Gerali model. For this calibration we look

0As Eolw?] =1, Eo[wfRY] = RY.
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at the calibration of the original JK model, and calibrate the parameters accordingly.

Table 1: Calibrated parameters of the Gerali-JK model

Parameter Description Value
Bp Patient households’ discount factor 0.9943
1574 Impatient households’ discount factor 0.975
BE Entrepreneurs’ discount factor 0.975
el Weight on housing 0.2

10} Invers of the Frisch elasticity of labour supply 1

mf Impatient households’ LTV ratio on mortgages 0.7

m¥ Entrepreneurs’ LTV ration on loans 0.35

« Capital share in the production function 0.25

0 Depreciation rate of physical capital 0.025
vy Minimum capital adequacy ratio 0.09

5t Managing cost of bank capital 0.0825
X Penalty coefficient 0.00325
& Parameter of adjustment cost for capacity utilization 0.0487
& Parameter of adjustment cost for capacity utilization 0.00478

Note: &1 and &2 taken as is from Gerali et al. (2010). Make up the adjustment costs for the utilization.

In essence this results in the same values for the discount factors of patient and
impatient households and entrepreneurs which are set at 0.9943 for the former and 0.975
for the two latter following Gerali et al. (QOIO)E As in the Gerali model the weight on
housing in the households utility is set at 0.2, while the weight on consumption is taken from
the posterior estimates following a Bayesian estimation. The inverse of the Frisch elasticity
(of labour supply) is kept at 1. The borrower households’ LTV ratio for mortgages, m;,
is set at 0.7, the same goes for mf , the LTV ratio for the entrepreneurs which is equal to
0.35. Regarding the entrepreneurs’ production function we also follow Gerali and set « at
0.25. The natural depreciation rate of physical capital is set at 0.025. And the markups in
the goods and in the labour market and for the three retail rates are kept the same. For
comparison necessities, we set 7, the minimum capital adequacy ratio, equal to v from the
Gerali model at 9%, which is one percentage point higher as in the JK model. The cost
of managing capital, 6°, is calibrated at 0.0825 such that, according to JK, in equilibrium

"The discount factor for the saver household is calibrated in the original paper such that the r¢ is equal
to the rate on M2 deposits in their sample, while the discount factor for the borrower households and the
entrepreneurs is taken from Iacoviello (2005]).
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banks hold a capital buffer of 2.5 percentage points, resulting in an effective capital ratio of
11.5% in our setting. Bank riskiness (0?)? is also calibrated following JK’s description such
that in equilibrium 2.5% of the banks violate the minimum capital requirement. In order
to achieve these calibrations, y the penalty coefficient is set at 0.00325.

For the exception of p,, the structural parameter for the exogenous process of the
banks’ riskiness given by (6?)?, the remaining structural parameters for both endogenous
equations, as well as the exogenous AR(1) processes are all taken from the posterior esti-
mates from the Bayesian estimation done for the Gerali model. Bank riskiness is typically
a fairly stable measure as we would expect the riskiness to stay low in a positive economic
environment and high in a bad economic environment, p, has thus been set quite high at

0.920 which suggests a strong persistence of past values.

iii Robustness to changes in parameters

In this section we look at the robustness of the Gerali-JK model, and its behavior when we
change one of the parameters at the time. Overall the model behaves as expected. Steady
state values are robust and reasonable. Table [2] depicts steady state values for the main
measures of interest for different values of the penalty coefficient x. As we would expect, an
increase of the penalty costs, increases the spread between the two wholesale interest rate
given by spread_w. Looking at the Equation [6] an increase of x means that the right term
increases, and thus the difference between the two rates, all things equal, must increase.
Furthermore, as the risk-free interest rate does not depend on Y, the increase in the spread
is solely based on an increase in R?. The consequence is that both retail lending rates
increase, and therefore overall borrowings retract. Given the demand elasticities for loans
from households and entrepreneurs, when increasing the penalty cost we see a slow shift
of the loans held from entrepreneurs towards households. The capital ratio is increasing in
the penalty coefficient. Due to the markup resulting from the monopolistically competitive
setting of the retail branches, the impact of an increase in the penalty coefficient is higher
for the retail lending rates than for bank capital. Hence bank capital falls by less than
the amount of outstanding loans for a given increase. Similarly the overall output falls by
less than the other macroeconomic variables, which results in a reduction of per output
variables.

Table [3| shows the steady state values for different values of 6° this time. Similar to

Table 2, the center column are the steady state values of the baseline model with capital
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Table 2: Calibration of Gerali-JK with respect to x

X = 0.000325  0.00325 (Baseline) 0.0325
C/Y 0.89254 0.89049 0.88243
1Y 0.14621 0.14358 0.1333
K/Y 5.8485 5.7434 5.332
rd 2.2931 2.2931 2.2931
Tib 3.8634 3.8634 3.8634
spread__w 0.0049516 0.042996 0.2126
Tbh 6.0279 6.0872 6.3515
The 5.6929 5.7489 5.9985
spread 3.5673 3.625 3.8819
bh/(bh+be)(%) 30.493 30.75 31.7783
be/(bh+be)(%) 69.507 69.25 68.2217
B/Y 2.8311 2.7901 2.6277
D/Y 2.5085 2.4696 2.3143
Kb/B 0.11392 0.11487 0.11927
K%Y 0.32252 0.32049 0.31339

K? is bank capital, B total loans, D total deposits, be loans to entrepreneurs,
bh loans to HH, r;, policy rate, spread_w spread between wholesale lending
and deposit rate, spread is the spread between the retail lending rate and the
policy rate, %, 7y, 7. are retail interest rates. All interest rates and spreads
are annual, in percentages.

managing cost coeflicient of 0.0825. Overall the model responds more strongly to a change
in 8%, than to the change in y. While we change x by a factor 10 the increase in the spread
between the wholesale lending and deposit rate is of approximately a factor 5, compared to
an 1.24 fold increase of §° resulting in a spread increase by a factor over 7. This stronger
reaction can be observed through out the steady state values: while the sign of the change
is the same as after a change in y, the change in absolute as well as in relative terms is
much more pronounced. With higher managing costs, wholesale banks need to increase their
profits, thus they increase the retail lending rates. This results in a fall in loan demand, and
thus production, and by consequence consumption falls—resulting in lower output, overall
physical capital and investments. However, while in the case of a positive change in x the
capital ratio increases, when 6° is increased, the capital ratio falls. The reason being that, in
this scenario, the bank capital falls faster than the borrowings, as the bank tries to increase
its profits by extending relatively more loans.

As in the case of y, a shift of the loan demand from entrepreneurs to impatient
households can be observed. The same reasoning can be applied here: the elasticity of

substitution for entrepreneurs is higher and hence they respond more to a change in interest
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rates.

Table 3: Calibration of Gerali-JK with respect to §°

§kb = 0.062 0.0825 (Baseline) 0.1025
C/Y 0.89216  0.89049 0.87961
1Y 0.14656  0.14358 0.12924
K/Y 5.8625  5.7434 5.1695
7 2.2931  2.2931 2.2931
Tib 3.8634  3.8634 3.8634
spread__w 2.06E-05 0.042996 0.29014
Toh 6.0202  6.0872 6.4723
The 5.6856  5.7489 6.1126
spread 3.5599  3.625 3.9994
bh/(bh+be)(%) 30.4587  30.75 32.1933
be/(bh+be)(%) 69.5413  69.25 67.8067
B/Y 2.8365  2.7901 2.5625
D/Y 2.4 2.4696 2.3185
K®/B 0.15389  0.11487 0.09523
K'Y 0.43652  0.32049 0.24403

K? is bank capital, B total loans, D total deposits, be loans to entrepreneurs,
bh loans to HH, r;;, policy rate, spread__w spread between wholesale lending
and deposit rate, spread is the spread between the retail lending rate and the
policy rate, r¢, ry,, Tpe are retail interest rates. All interest rates and spreads
are annual, in percentages.

As in the case depicted above, similar observations can be made when looking at
the models reaction when comparing the changes in steady state values after changing the
initial variance of the idiosyncratic shock. As we would expect, to counter this risk of
falling below the capital adequacy ratio, banks increase their capital holdings and thus the
capital buffer increases further. This is done by raising the interest rates on loans. The
consequences of this are the same than in the first case after an increase in x. The opposite
is true if the variance is reduced. From this exercise we can conclude that the Gerali-JK
model withstands different changes of parameters and yields robust results and steady state

values.

iv  Asymmetries with second-order approximations

In the bank capital approach of JK only downward deviations are penalized. This should

imply an asymmetric impact of a shock to bank capital: an unexpected fall of bank capital
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will, without further action of the bank, trigger penalty payments because the capital ratio
falls below the regulatory minimum. This is not the case for an unexpected increase in
bank capital. Given the way the capital requirement is formulated, the sudden increase in
capital would not entail any deviation costs.

However, this asymmetry is not going to show up in the Dynare simulations using
default options. Dynare log-linearizes the equations before solving the model. Specifically,
after applying the log-function to each variable, the variables are approximated by the first-
order Taylor approximation. This implies that originally non-linear terms become linear.
This technique strongly simplifies the solution of the system of equations—as it is now
linear. In this respect, we conduct the following experiment to confirm our intuition and
to quantify the difference. We solve the model again but this time with a second-order
approximation and simulate both a positive and a negative shock to bank capital. While
the solution with a second-order approximation is far more complex, the impulse responses
will take into account non-linearities such as the aforementioned asymmetry. Therefore,
we can verify whether the asymmetry exists by comparing the magnitude of the responses
to a positive and to a negative shock to capital for a first order approximation with the
magnitudes obtained with a second order approximation. This is shown in Figure To
facilitate the comparison between the magnitude of the response to a negative shock and
the magnitude of the response to a positive shock, we have reversed the sign of the impulse
response function of the negative shock, i.e. multiplied it by —1. This is also reflected in
the labels in Figure [2| The lower panel shows the results for the first-order approximation.
The line for the impulse response to a positive shock matches perfectly the line for the
reversed-sign impulse response to a negative shock—the responses are perfectly symmetric.

In the upper panel, showing the second-order approximations, this is not the case. The
magnitude of response to a positive shock is smaller than the one of a negative shock, which
is reflected in the line for a positive shock being below the line for the reversed-sign impulse
response to a negative shock. In other words, under a second-order approximation, output
falls more after an unexpected fall in bank capital than it increases after an unexpected
increase in bank capital, which is in line with our expectations: given that banks only
face a penalty fee if their capital ratio is lower than a target ratio, and the probability of
this happening is higher with a negative shock, the economy’s trajectory should be more

pronounced in case of a negative shock.
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Figure 2: IRF: Response of output to bank capital shock, deviations in
basis points
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Note: Variables are shown in percentage deviations from the steady state.

v Impulse responses to an uncertainty shock

In this section we scrutinise the effect of a sudden increase in banks’ riskiness. The variance
of the idiosyncratic shock to the banks’ loan books follows an AR(1) process. This set-up
allows us to look at the impulse responses of the model economy to an unexpected shock to
this bank riskiness measure. The reaction of four non-financial variables to an unanticipated
increase of the banks’ riskiness are shown in Table [3] while Table [4] shows the reaction of
the financial sector. With an increase in the variance of the idiosyncratic shock to the loan
book, the number of banks below the threshold & increases. As a consequence banks’
capital holdings decrease in the first three quarter as a higher number of banks have to
pay a penalty. Thereafter it starts to increase and reaches a positive deviation from the
steady state. The increase starting in period four is caused by higher profits from the retail
lending branches. The latter increases because the retail lending rates start to rise while
the funding costs of the retail lending branch are already falling again. Faced with higher
rates, borrowers from the household group as well as entrepreneurs reduce their demand

for loans. After about 14 quarters the deviation of the bank capital decreases again as
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Figure 3: Impulse responses of the non-financial sector to a shock to the

variance (o”)?
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Note: All rates are given as percentage point deviations from the steady state
while the other variables are percentage deviations from the steady state.

the shock on loans and deposits recovers less fast than the banks’ margin falls back to
its steady state. The reduction in loan demand reduces consumption and production. As
the decrease in overall capital held by capital producers in the economy is lower, inflation
initially increases. In response to this the central bank first increases the policy rate,
but after about 5 quarters, in response to contractionary tendencies in the real economy,
the central bank reduces its policy rate. The impulse response of the model economy’s
consumption reflects these developments: Consumption first falls drastically as, because
of the suddenly higher rates, borrowers reduce their consumption. This reduction is then
partly offset by the higher rates on deposits received by the patient householdsE] Once
the central bank starts lowering the policy rate, patient households also cut back on their

consumption, and thus overall consumption falls again.

2The deposit rate is at a fixed mark-down from the policy rate.
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Figure 4: Impulse responses of the financial sector to a shock to the
variance (o”)?
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IIT Third approach to bank capital, following Disyatat (Gerali-Disyatat)

This section describes our own approach to bank capital in a DSGE, which is based on the
approach developed in a static context by Disyatat (2011)). The macro environment of the
Gerali-Disyatat model is, again, for comparison reasons derived from the original Gerali
model. Except for the banking sector and the patient households, the model follows exactly
Gerali et al. (2010]).

This approach to bank capital is novel to the DSGE literature in that banks finance
themselves at a credit risk premium on top of the risk-free rate. The credit risk premium is
demanded by households as compensation for the default probability of banks. This default
probability depends positively on the banks’ leverage ratio or, conversely, negatively on the
capital ratio. That is because the higher the banks’ leverage ratio, the more vulnerable they
are to shocks on their loan books. This incentivises banks to maintain a capital ratio that
is above conventional levels of minimum capital ratios, absent of any exogenous regulatory

requirement. A key financial frictions of the model are bankruptcy costs that make default
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a wasteful event. In the event a bank defaults on its deposits, households get access to
the bank’s remaining assets and bank capital, but that is associated to value-destruction.
Therefore households lose part of their claims in form of deposits.

Before the model details are developed, the next section briefly discusses the validity
of Disyatat’s argument for considering deposits on which banks can default and whose
deposit rates need to compensate the depositors for this default risk.

Introducing risky deposits is a significant departure from the literature where deposits
are almost in every case remunerated at the risk-free rate. Disyatat (2011) argues that the
possibility of default on bank deposits is important as the marginal source of funding for
banks is usually market funding and hence risk-sensitive. The sensitivity of funding costs to
the debtor’s credit risk should depend on the respective contract underlying the claim of the
creditor. The assumption that banks can fund themselves at the risk-free rate is commonly
justified with the existence of a deposit insurance scheme. Indeed, in the event of bank
default, depositors are then guaranteed a payout from the deposit guarantee fund. The loss
given default is then reduced by that amount which mitigates the credit risk inherent to
the bank. Another type of claim that has reduced exposure to credit risk are repurchase
agreements, which are collateralized. Bank liabilities that are sensitive to the credit risk
of a bank are e.g. equity, subordinated and senior unsecured claims. Ferenius and Tietz
(2016) document that the share of the latter instruments is around 22% on aggregate for
the four major Swedish banks. The less granular data in BCBS (2010)) indicates that this
is also the case for a sample encompassing banks in 13 advanced economies between 1993
and 2007. These finding suggests that banks’ funding costs are at least to some extent
risk-sensitive. This is consistent with evidence reported by Gambacorta and Shin (2016)
showing that banks’ debt funding costs decrease as their capital ratio increases. [Babihuga
and Spaltro (2014)) come to a similar conclusion. They find that a bank’s unsecured funding
costs react to changes in the bank’s credit worthiness and more importantly on the bank’s

level and quality of capital.

i Banking block of the Gerali-Disyatat model

This section describes the approach taken to model the banking sector in the Disyatat
approach, and the impact on the patient households maximization problem.

As in the Gerali-JK approach, a bank’s loans are subject to an idiosyncratic shock
wp .1 that realises only after the lending decisions are made. w? .1 is assumed to be log-

normally distributed with a unit mean, implying that, in expectation, banks will always
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receive back the full amount of their outstanding loans. However, a negative shock might
realise and diminish the banks’ resources to pay back their borrowings. We assume that
bank equity holders have to absorb losses, before the bank defaults on its deposits. Hence,

the default condition for a bank is given by
wy 1 (1+ RY)B, + K} < (1+ RH)D, (8)

The interpretation of Equation [§is straight forward. It states that a bank defaults on its
deposits when its resources, made up by repayments from loans outstanding and their own
bank capital, are less than its repayment obligation for the deposits, that is the principal
D; and interest rate payments R¢D;. Solving Equation [§| for wf 1 with the balance sheet
constraint B; = Dy + K? plugged-in gives a threshold @? .1 below which the bank defaults:

K
o 1+ R{ — (2+ R} H ©
ik (1+RY)

t+1 . 24+ R
Note that, Wlth (Bt b = (1+R”)( e

meaning that the hlgher the leverage ratio, the smaller the minimum amount of losses that

> 0, the threshold increases with the leverage ratio,

will push banks into default.

In case the bank defaults, it will lose the entirety of its loan book as well as its capital
due to bankruptcy proceedings, formally expressed as [ t“( (1+ R B, + K}) f(w)dw. The
remaining value of a bank’s loan book is given by w(1 + R?)B;. As all banks below the
threshold &? default, in order to have the overall value of the loan books of defaulting banks,
we integrate over the values from 0 to the Wt To complete the equation the bank capital
has to be taken into account as well.

The wholesale banks’ optimization problem is

o0
max Fy STOAL (14 R B}y — (1 + RY)Dy(1 — F(@}, 1)) — Besamign + Digames
t
=0

b
Wit
+ (Kt — K8 = [ U+ BB+ K] S (w)de

subject to:

By =D+ K,

where f(@?, ) and F(&?, ) are the probability and cumulative density functions for &, ;.
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Substituting the budget constraint for ¢+ and ¢t + 1 and dividing by K7, before taking the

derivative w.r.t. % yields the first order condition:
_ _ 2+ RY
(L+ RY) — (1 = F(@fs1)) (L + RY) + f(@f41) 5 (1+ RY)

(1+ R}

b 2+ RY dy  —b  pr—b N b b
- f(%ﬂ)W(l + Ry) — w1 f(@/1)(2+ Rt)E = Gwi)(1+ RY)
Ky
_ 2+ RY
- f(w?—i—l) :

(1+R)(5)?
t (10)
where G(@?, ;) = fgj?“ wf(w)dw is the average w?, ;, conditional on w?, ; < &, ;.

For the retail lending branch the same approach and equations are used as in the
Gerali model. Retail lending branches get their funding from the wholesale branch at the
wholesale lending rate R} and set the retail lending rates ¥ and r?# at a markup to
maximize their profits. For simplicity the retail deposit branch operates in a perfectly
competitive setting in the Gerali-Disyatat model. This allows us to set r{ = R¢ and to
close the model.

Updating the banks’ profit function gives:
gt =rt o 4+ PP — (1= F(&)))rid, — G(@p)(1+ RY) By — F (&) K¢

. 2 . 2
Kbl (er(J) _ 1) roHpH 2] (T?E(J) _ 1) rPEpE (11)
2 \rh() 2 \r50)

ii Patient households

Patient households deposit their savings at the banks, knowing about the risk of bank
default and demanding a compensation for it. The opportunity cost of bank deposits is a
risk-free deposit facility, an implicit investment alternative for the household. In case of
bank default, the household will sue in court for its money and get access to the bank’s
remaining assets and equity, but only subject to a bankruptcy cost ¢, expressed as a share of
its original claims D;. As explained above, the bankruptcy costs are an important financial

friction as they imply value-destruction as result of default. This setup implies the following
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no-arbitrage condition for the impatient households:

(L) D == P ID i + [T 0+ mYB K5 D@

= [1 = F(@{1)]De(1+ RY) + (1 + RY) ByG(@f 1) + (K7 — 6°Dy) F(Gr4)

The no-arbitrage condition states that the return from holding deposits at the risky bank
must be equal to the return from a risk-free deposit facility.
Given the new repayment schedule for the patient households, the budget constraint of a

representative patient household is equal to:

cf (@) + qf Ahy (i) + dy (i) <

14+ 7rd 1+ RV, . Kb . — 5%,
wlIF (i) + (1 = F@?)— =L,y + Gah) ——=L By + F(ah) — =22 4 P
Tt Tt Tt
(13)
From this we get the FoCs:
A =l —a")/(cf —alcfy)
J
Mot = e 25 + BB aal] (14)
t

1

P P P -b d -b

At =BT E; [)‘t+1a((1 — F(@)) (1 +ry) — F(@y1)0%)]

where A\ is the Lagrange multiplier of the budget constraint, and Byand K b are the average
share of the loans and bank capital a representative household receives if the bank defaults.
Equations[10] [[I]and the borrowing constraint make up the system of equation implemented
into Matlab for the banking sector, while and [T4] make up the system of equations

for the impatient households.

iii Calibration of the parameters

The calibration of the Gerali-Disyatat follows very closely the calibration of the Gerali
model. Hence the discount factor for the patient household, impatient and entrepreneurs are
kept equal to 0.9943, 0.975 and 0.975 respectively. Weights on housing and on consumption,
as well as the inverse of the Frisch elasticity are kept the same. The two LTV ratios also
have the same values as in the previous models. And the entrepreneurs parameters are all
kept the same. For comparison necessities, 6° is calibrated at 0.015. The bankruptcy costs
0¢ for household is calibrated at 0.3.
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Table 4: Calibrated parameters of the Gerali-Disyatat model

Parameter Description Value
Bp Patient households’ discount factor 0.9943
Br Impatient households’ discount factor 0.975
BE Entrepreneurs’ discount factor 0.975
el Weight on housing 0.2

10} Invers of the Frisch elasticity of labour supply 1

mi Impatient households’ LTV ratio on mortgages 0.7
m¥ Entrepreneurs’ LTV ration on loans 0.35

Q Capital share in the production function 0.25

) Depreciation rate of physical capital 0.025
c Bankruptcy costs for patient households 0.3

st Managing cost of bank capital 0.015
& Parameter of adjustment cost for capacity utilization 0.045
& Parameter of adjustment cost for capacity utilization 0.0045

The structural parameters of the exogenous processes are all taken from the posterior
from the Bayesian estimation done by Gerali et al. (2010). The structural parameter for
the banks’ riskiness is kept at 0.920 as in the Gerali-JK model.

iv  Robustness to changes in parameters

In this section the behavior of the steady state values of the Gerali-Disyatat model is investi-
gated. First off, the steady state values of the baseline model have reasonable and consistent
values. However, in the Gerali-Disyatat model the relationship between the policy rate and
the retail deposit rate differs from the relationship in the Gerali and Gerali-JK model. In
the two previous models the bank financed itself at a markdown from the policy rate, while
in the Gerali-Disyatat model the bank faces a premium on the policy rate. Therefore it is
of interest to look at the steady state policy rate for different parametrizations.

Figure [5| shows, for different parameters, the steady policy rate for a range of parame-
ter values. The same applies for Figure [6] but steady state values of the bank leverage ratio
are depicted. Each time holding the remaining parameters at their baseline values. The
Figure [6] shows that, while an increase in the bankruptcy costs §¢, the weight on housing
j or the LTV-ratio of households m! increase the natural policy rate, an increase in the
wage share of patient households p, in the entrepreneurs’ LTV ratio or in the bank riskiness

(0%)? lowers the steady state policy rate. The mechanism behind the positive relationship
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Figure 5: Steady state values of the policy rate (horizontal axis) for different param-
eter values.
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between the steady state policy rate and the weight on housing and the LTV ratio for
households can be explained by the same reasoning. In the first case, the higher weight on
housing leads to a higher steady state price for housing, which allows impatient households
to borrow more. To mitigate this, the natural policy rate is set at a higher level. This has
two effects: First, it increases the costs for borrowers, which ceteris paribus reduces the
demand pressure for borrowings. Second, it also leads to higher deposit rates, which, all
else equal, raises deposit demand and thus helps the banks to accommodate the increased
loan demand by taking more deposits. In the second case the higher LTV ratio also allows
households borrow more, and thus for the same reasons the policy rate is increased. In-
creasing the wage share of patient households results in a lower natural policy rate. The
explanation is that by lowering the policy rate, the central bank wants to push the patient
household to consume more and save relatively less. When the bank riskiness is increased,
patient households demand a higher credit risk premium. This would lead to higher costs
for both impatient households and entrepreneurs resulting in an overall lower economic
activity. By lowering the natural interest rate, all else equal, retail interest rate decrease

in lock-step which counteracts the increase in the level of interest rates due to the higher
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Figure 6: Steady state values of the capital ratio (horizontal axis) for different pa-
rameter values.
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risk premium. Overall, it must be noted, that except of the impact of changes in the bank
riskiness, the other parameters only have a small impact on the steady state policy rate.
Regarding Figure @, Du and Miles (2014) point out that, as capital requirements increase,
the natural policy rate of an economy decreases. Given that the lines in Figure [6] move in

the opposite direction than the lines in Figure bl our findings are consistent with theirs.
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V  Model comparison

In this section, we first compare the steady state values of the original Gerali, the Gerali-
JK and the Gerali-Disyatat model with the respective baseline calibrations. In a second
stage, we analyze quantitatively the dynamics of the model economies with their different
banking sectors. We conduct different experiments and compare the trajectories of different

economic variables in each model economy in response to exogenous shocks.

I Steady states

In Table 5| steady states values of relevant variables in the three models with their base-

line calibration are shown. Consumption-to-Output is relatively constant across the three

Table 5: Steady state values of the three different models

Gerali baseline Gerali-JK  Gerali-Disyatat

C/Y 0.86642 0.89049  0.88101
/Y 0.11091 0.14359  0.12528
K/Y 4.4366 5.7435 5.0111
r4(%annual) 2.2931 2.2931 2.5276
7 (%annual) 3.8634 3.8634 2.469
spread_ policy(%annual) -1.5703 -1.5703 0.0587
r?"(%annual) 6.0385 6.0872 3.4236
%€ (%annual) 5.7029 5.7489 3.2333
bh/(bh-+be)(%) 36.6162 30.7496  41.1501
be/(bh+be) (%) 63.3838 69.2504  58.8499
B/Y 2.355 2.7901 2.8825
D/Y 2.1438 2.4696 2.3499
K'/B 9% 11.5% 18.5%
K'Y 0.21117 0.3205 0.53252

models. Physical capital seems to differ between the three models. However this is only
a consequence of the small differences in the consumption-to-output ratio, given that en-
trepreneurs need to produce more to satisfy the higher demand and hence need more physical
capital as input factor. The share of household borrowing is the lowest in the Gerali-JK,
with a gradual increase to the Gerali and then to the Gerali-Disyatat model. This dif-
ference is explained by the different interest rates and elasticities of loan demand. The

steady state policy rate is much lower in the third model. However as opposed to the two
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other models, in the Gerali-Disyatat, banks finance themselves at a risk premium, hence
to avoid an extremely high deposit rate, the central bank sets the policy rate at a lower
level. This is confirmed by the spread_ policy variable: the spread between the deposit rate
and the policy rate is negative for the two first models as banks finance themselves at a
markdown from the risk-free rate, while in the Gerali-Disyatat model this spread is positive
for the aforementioned reasons. Borrowing-to-output is the highest in the Gerali-Disyatat
model which is a consequence of the relatively low retail borrowing rates resulting from the
wholesale banks’ maximization problem. These additional loans are mostly financed with
the banks’ own capital, and not with extra deposits, as seen in the capital ratio and in the
capital-to-output.

Another interesting difference across the models is found in the capital ratio banks
hold. In the Gerali model, banks hold capital amounting to 9% of total assets as requested
by the regulator. In Gerali-JK, banks hold 11.5%, which is 2.5% above the minimum
requirement of 9%. The 2.5% is supposed to reflect the Basel capital conservation buffer and
follows from the parameterization chosen by Jakab and Kumhof (2015). Banks in the Gerali-
Disyatat hold far more capital as a percentage of total assets than the other two models.
This might seem surprising given that the banks do not face a (exogenous) requirement to
hold bank capital. However, the fact that bank leverage is an important determinant of the

probability of bank default implies an endogenous bank capital requirement.

II Impulse responses to different shocks
i Negative productivity shock

Figure[7]shows the responses of non-financial variables to a negative productivity shock. The
shock size is one standard deviation and the same across models. The blue, green and red
lines are the responses in the original Gerali model, Gerali-JK model, and Gerali-Disyatat
respectively.

For output, consumption and inflation, the results are qualitatively very similar. Con-
sumption falls because wage income of households decrease and the increase in the nominal
interest rate leads to a temporary increase in the savings ratio. While output and consump-
tion falls, inflation increases, reflecting the supply-side nature of the shock. Quantitatively,
it’s noteworthy that the Gerali-Disyatat produces slightly larger effects. The decline in out-
put and consumption is slightly more pronounced. The differences in the response of total
borrowings across models can be explained jointly by the different shares of entrepreneurial

borrowings in total borrowings across the models, which is shown in Table [5], and the fact
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that the entrepreneur is more directly affected by the productivity shock than the house-
holds. The productivity shock enters directly in the intermediate output, an important
source of income in the entrepreneurial budget constraint. The entrepreneur knows that
the lower output in the upcoming periods will constraint his repayment capacity and there-

fore reduces his borrowings by more than the households.

Figure 7: Impulse responses of non-financial variables to a negative productivity shock
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Note: All variables are percentage deviations from the steady state.

Figure [§] shows again the trajectories of the three model economies for the negative
productivity shock but now for financial variables. Given that Figure[7|shows that the main
real variables such as output and inflation behave relatively similar across the models, it is
not surprising that the policy rate behaves similarly as well. This is simply the endogenous
part of monetary policy, dictated by the same Taylor rule in each model. The relatively
larger initial increase of the interest rates in the Gerali-Disyatat model is merely an artifact
due to the fact that the steady state interest rates are lower than in the other models. A

shock with the same absolute value will then have a relatively larger immediate impact
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across the three models.

Figure 8: Impulse responses of financial variables to a negative productivity shock
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Note: The interest rates and the capital ratio are given as absolute deviations from the
steady state, expressed in percentage points. Bank capital is percentage deviations from
the steady state.

There are some remarkable differences in how the financial variables react to the unex-
pected decrease in productivity. Importantly, bank capital and the capital ratio increase in
the Gerali and Gerali-JK model while they decrease in the Gerali-Disyatat model. The de-
crease in bank capital is consistent with the results posted in Meh and Moran (2010) where
bank capital has an endogenous purpose just as in the Gerali-Disyatat model. However, in
Meh and Moran (2010), the capital ratio increases in contrast to what we observe in the
Gerali-Disyatat model. This is not a qualitative but only a quantitative difference generated
by a fact that, in Meh and Moran, credit outstanding falls faster than bank capital while
the opposite holds for the Gerali-Disyatat. The qualitative difference between the reaction
of bank capital between the Gerali-Disyatat and the Gerali and Gerali-JK model can be ex-
plained by differences in how bank profits react. Bank profits are affected through changes
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in the interest rate margin (lending rate minus deposit rate) and changes in the volumes
of lending. The Gerali-Disyatat model does not feature sticky deposit rates, therefore the
funding costs increase faster than the banks’ revenue, decreasing profits. Furthermore, the
initial decrease in bank capital sets out second-round effects because lower capitalization
will have a negative impact on the banks’ funding costs.

Overall, the finding that the impulse responses of financial variables differ quite sub-
stantially across the models while the responses of real variables are more homogeneous is
consistent with the results reported in Brzoza-Brzezina et al. (2013). Brzoza-Brzezina et
al. (2013) compare two models that reflect the two fundamental approaches to financial
frictions: collateral constraints as in Kiyotatki and Moore (1997)) versus Bernanke et al.
(1999).

ii Positive interest rate shock

In Figure [9] the impulse response functions of a set of variables from the financial sector
to a positive interest rate shock are shown, while Figure [L0| depicts the impulse responses
from the non-financial sector. The blue, green and red lines are the responses of the original
Gerali model, Gerali-JK model, and Gerali-Disyatat respectively.

The shock is the same across the three models and corresponds to an unanticipated
50 basis points increase in the annualised policy rate. The difference observed in the upper
left graph of Figure [9]showing the responses of the policy rate is simply due to the fact, that
the natural policy rate in the Gerali-Disyatat model is lower than in the two other models,
hence a shock of the same size increases the policy rate in the Gerali-Disyatat relatively
more. This increase is transmitted to the wholesale lending rate.

The responses in Figure [10] of the non-financial variables are standard and very sim-
ilar across the three models. After the interest rate increase demand for loans decreases
from both households and entrepreneurs as shown in the bottom right graph of the Fig-
ure. However the amount borrowed in the Gerali-Disyatat decreases slightly more than
in the two other models and takes longer to reach the steady state. In response to the
increase in interest rates, the households reduce their demand for credit by more than the
entrepreneurs, because of different elasticities. A higher share of households borrowings
in total borrowings then implies a stronger decrease in total borrowings. The difference
between the responses of borrowing can be jointly explained by this and the overall sharper
increase in the lending rates in the Gerali-Disyatat model. The reduction of borrowing

across all models results in a reduction of the supply of goods, thus output falls, while at
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the same time demand is reduced. Hence overall consumption falls. And because demand-

side effect dominate, inflation falls. The main difference between the three models is to be

Figure 9: Impulse response of financial variables to a positive interest rate shock
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found in the two graphs at the bottom of Figure [9] showing the impulse responses of bank

capital and the capital ratio. While the movement in the Gerali and the Gerali-JK model

are similar in their direction, the responses of the Gerali-Disyatat differ substantially. The

initial increase in bank capital in the Gerali and the Gerali-JK model can be explained by

the increase in interest rate which offsets the reduction in borrowing up to period 5, before

the reduction in borrowings takes over and bank capital decreases again. The difference

in magnitude between the two models is found in the set-up of the problem, and arises

from higher costs from deviation faced by banks in the Gerali model.This reduces the banks

profits, and thus the impulse responses of the Gerali are lower than for the Gerali-JK model.
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Figure 10: Impulse responses of non-financial variables to a positive interest
rate shock
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The impulse response of bank capital in the Gerali-Disyatat follows a slightly different
dynamic. In this model banks finance themselves in a perfectly competitive market which
is devoid of any frictions. Hence the increase of the deposit rate is much faster and stronger
than the increase of the the retail lending rates. This results in a reduction in the banks
margin channel, reducing overall banks profit and ultimately reducing bank capital. This
trend is reversed from period 4 onwards, when the deposit interest rate is back in the long
term equilibrium while the retail lending rates, because of the frictions, are still higher than
in steady state. In addition the volume of outstanding loans is lower in the Gerali-Disyatat
than in the two others, hence a volume effect is also at work.

The Gerali and the Gerali-JK model predict an increase in bank capital after both a
positive interest rate shock, and a negative productivity shock, while the Gerali-Disyatat
model predicts a decrease in bank capital after each of these shocks. The DSGE literature

does not bring forward a clear consensus on the behavior of bank capital and the capital
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ratio and reflects the findings of this thesis. In a model set up with risky borrowers and a
stochastic risk of foreclosures faced by the banks, Takamura (2013) finds that bank capital
has a negative deviation from the steady state after a negative productivity shock. Meh
and Moran (2010) come to the same conclusion in their model characterised by a moral
hazard problem between the banks and the borrowers, but unlike the trajectories of the
capital ratio in the Gerali-Disyatat model, they find that the capital ratio increases after
a negative productivity shock. While examining the role of bank lending and bank capital
in the transmission of monetary policy, the model introduced by Van den Heuvel (2002
shows that the excess capital buffer held decreases after a positive interest rate shock.
In a model that investigates the implications of various financial frictions and different
capital requirements, the impulse response functions of Parieés et al. (2010 underline the
mixed findings: while three out of their four set-ups show a decrease in bank capital and
an increase in the bank’s leverage ratio for a positive interest rate shock, following an
unexpected decrease in productivity, bank capital first increases for three models. However
the leverage ratio slightly increases too in the first periods after a negative productivity
shock for all four approaches, hence the bank capital ratio falls after such a shock. It is
apparent that the relationship between bank capital and the set of exogenous shocks is not

well defined in the DSGE literature yet, and that future research in this directions is needed.

To sum up, our main observations from this comparison are the following

e The model with endogenous capital requirements (Gerali-Disyatat) amplifies slightly
the responses of real variables to exogenous shocks, relative to the models with ex-

ogenous capital requirements.

e After both shocks considered, bank capital falls in the model with endogenous capital

requirement while it increases in the models with exogenous capital requirements.

e The short-run dynamics of bank capital are mainly driven by the dynamics of bank

profits.
e The magnitude of responses in bank capital is in some cases surprisingly strong.

e The dynamics of the capital ratio are more differentiated across models and shocks
because it depends on how the numerator (bank capital) moves relative to the denom-

inator.

e Surveying the literature, we conclude that there is no consensus on how bank capital

and the capital ratio should respond to certain shocks.

41



iii Robustness of quantitative differences w.r.t. to parameterization

In the previous two sections, the impulse responses of the three model economies to two
exogenous shocks have been investigated. As shown in the Figures[7]to[L0]the trajectories of
the three models are quantitatively different. However the models differ on two dimension:
First, their parameterization is slightly different, and second as shown in Table[5| the steady
state of the variables change considerably, and hence the three economies start off from dif-
ferent points when exposed to an exogenous shock. In order to attribute the differences in
the impulse responses to the differences in modeling, this section investigates the behavior of
the model economies when the parameters are calibrated such that the steady state values

are the same across models. While this can be done for a reasonable parameterization for

Figure 11: Impulse responses to a negative productivity shock starting from
the same steady state values
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Note: Blue lines are the IRFs from the Gerali model, while the green lines represent
the IRFs from the Gerali-JK model. All rates are given as absolute deviations from
the steady state, expressed in percentage points. Other variables are percentage
deviations from the steady state.

the Gerali-JK model, the model structure of the Gerali-Disyatat does not allow for such a
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comparison. From the set up of the Gerali-Disyatat model, with regard to the No-Arbitrage
condition given by Equation the steady state value of the retail deposit rate will not
be smaller than the natural policy rate for any reasonable parameterization. Hence, this

robustness check is done for the two other models.

Figure 12: Impulse responses to a positive interest rate shock starting from the
same steady state values
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Note: Blue lines are the IRFs from the Gerali model, while the green lines represent
the IRFs from the Gerali-JK model. All rates are given as absolute deviations from
the steady state, expressed in percentage points. Other variables are percentage
deviations from the steady state.

Figure [11] shows the impulse responses to a negative productivity shock of the same
eight variables as previously investigated. The trajectories of the variables of the Gerali
model are obviously the same, given that its parameterization has not been changed. While
the trajectories of the variables of the Gerali-JK model differ slightly from the ones shown
in Figures [7] and [§], they are still different from the trajectories of the variables in the

Gerali model. Borrowing decreases further, resulting in a higher decrease in output and
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consumption. The impulse responses of the financial variables do not seem to be affected
by the new parameterization and are the same as in the Gerali-JK baseline parameterization.
Figure[12] shows the impulse responses of models to a positive exogenous interest rate shock.
Except for the impulse responses of output from the Gerali-JK model the trajectories are
the same and starting from the same steady state does not alter the differences in the
dynamics between the two models.

Hence, choosing a parameterization that yields the same steady state values does not
alter our conclusion that the modeling approach of the banking sector plays a non-negligible
role for the dynamics of the model economies and that the different approaches yield results

which are not always consistent with each other.
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VI Data section

The comparison of the dynamics resulting from the three DSGEs has shown that the three
different approaches to model bank capital influence the trajectories of both real and finan-
cial variables. The latter being impacted more severely, we focus on the financial variables in
this section. In particular, one of the three models yields impulse responses of bank capital
that are not only quantitatively but also qualitatively different. This section provides some
basic empirical insights into the relationships that were discussed in the model comparison
and discusses interesting directions for future empirical research needed to verify the model

predictions more formerly.

I Bringing implications for bank capital to the data

The impulse response functions discussed in previous sections implied some significant move-
ment of the models’ bank capital variable after the shocks considered. As we will argue,
there is no formal empirical evidence available that could help to reconcile the implica-
tions of these models on short-term dynamics of bank capital with real-world data. This is
likely due to various difficulties related to the empirical question at hand. To introduce the
discussion of empirical evidence concerning these model implications, Figure [[3] shows, in
logarithmic scale, the evolution of aggregate bank capital and real GDP in the US. Figure
[[3] illustrates that aggregate bank capital is a slow moving variable, even if compared with
GDP. E.g., the major downturn in 2009 led to a drastic drop in the level of US GDP, an
event that is not mirrored in our measure of bank capital.

A first substantial challenge for macro-level empirical work on bank capital is the
definition of bank capital. The measure we employ is plagued with far from trivial defi-
nitional issues. It is provided and aggregated by the Federal Reserve Bank St. Louis and
based on the so called "Call Reports" under the reporting requirements for deposit-insured
US commercial banksE As most other aggregate data on bank capital, the underlying
definition is broad and includes, inter alia, unrealized losses or gains on securities held on
the trading book. For properly testing the implications of the DSGE models, the definition
of bank capital in these models and the one used in the data would have to be matched. In
all three models, the dynamics of bank capital are effectively determined exclusively by re-

tained earnings. Given that the models’ banks business is limited to taking (retail) deposits

13The Fed’s data dictionary, under http://www.federalreserve.gov/apps/mdrm/data-dictionary, gives a
history of the exact definition. Total Bank Equity Capital can be found under item 3210. The MFI statistics
of the ECB feature a similarly defined measure named "Bank Capital and Reserves," as set out in the Manual
on MFT statistics https://www.ecb.europa.eu/pub/pdf/other/manualmfibalancesheetstatistics201204en.pdf
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and granting loans to the non-financial private sector, the source of their earnings is far less
diverse than those of real-world banks. The bank profit in the DSGE models is arguably
closest to the Net Interest Income reported by real-world banks. In future work, we plan on
scrutinizing this series as well. For the present analysis, the inclusion of unrealized trading
losses or gains in the aggregate bank capital measure means that the model implications
cannot straightforwardly be tested with this dataE Besides the definitional issues, there is
also considerable heterogeneity in the sample of our US data. It covers all deposit insured
US commercial banks by adding up small and big banks. In Figure[I7]in the Data Appendix
we show how differently key balance sheet metrics behave within the sample.

Figure 13: Total equity of US commercial banks and real GDP, log-scale
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Note: Source: Federal Reserve Bank of St. Louis via Federal Financial
Institutions Examination Council (US).

In addition to data issues, there are conceptual challenges concerning the short-run
gyrations of bank equity. Figure [14] replicates a graph from Adrian et al. (2012). It shows,

for US commercial banks for any quarter between first quarter of 1988 and fourth quarter

4 This series is available separately, so that one could erase this mismatch. However, the new series starts
only in 2009 and leaving us with a too short sample size to consider it.
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2015, the absolute changes in aggregate total assets, liabilities and equity in billions US
dollar. All data points represent a given quarter and given changes in total assets, depicted
on the horizontal axis, in relation to either changes in total equity capital (red data points)

or changes in total liabilities (green data points). The graph makes clear that quarterly

Figure 14: Changes in total assets, liabilities and equity in billions US dollars
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changes in assets are almost perfectly matched with quarterly changes in liabilities, while
there is a near to zero correlation between changes in assets and changes in equity. Adrian
et al. and, more formally, Adrian and Shin (2014) rationalize this with a model
where bank lending is a consequence of a bank’s leverage decision. Bank credit is clearly
positively correlated with the business cycle, see e.g. in Biggs et al. , Borio (2001)
and Gross et al. (2016). The conjunction of the latter empirical findings and the stylized
evidence from Figure [14] makes it seem unlikely that bank equity is significantly related to
business cycle dynamics. This hypothesis is further supported by Kashyap et al. (2010)

who differentiate between stock costs of equity and flow costs of equity, the latter being
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substantial and making it therefore difficult for banks to react to unexpected capital needs

by issuing equity swiftly.

i Response to a productivity shock

This section examines basic empirical relationships between total factor productivity (TFP)
and aggregate bank capital and capital ratio respectively. We take as proxy for the exoge-
nous productivity shocks in the DSGE model the quarterly change in total factor produc-
tivity in the US as measured by an estimate of Solow Residuals taken from Fernald .

A discussion of the validity and limitations of this exogeneity assumption is transferred to
Appendix

Figure 15: Quarterly growth rates of bank equity, GDP and total factor productivity
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Note: Bank equity and GDP is from Federal Reserve Bank of St. Louis. Total factor
productivity is measured as "Solow Residuals," i.e. output growth minus growth in factor
inputs, adjusted for utilization. Source: John G. Fernald, FRBSF Working Paper 2012-19.

Figure [T5] shows the quarterly growth rates of bank equity, GDP and the TFP in the
US. While GDP shows a very stable, slightly positive average growth rate, the growth rates

of the two other variables are more volatile, although positive on average as well. From a
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visual inspection no clear correlation between bank capital growth and either GDP growth
or growth in TFP is observable and no special link seems to exist.

Table [6] shows the correlation between the TFP and a set of measures for bank capital
and capital ratios respectively. As expected from the visual inspections of the Figure
the correlations are not significantly different from zero for all variables except for the
correlation between the utilization rate adjusted total factor productivity and the first
difference between the capital ratio. The correlation between these two variables is positive
suggesting that an increase in one is followed by an increase in the other. Regarding the
negative productivity shock examined in Section[V]this finding would support the trajectory
of the capital ratio from the Gerali-Disyatat model. However this inference should be

treated with caution, because first, all other correlations can clearly be rejected. Table

Table 6: Cross-correlations of aggregate bank equity and total factor productivity measures

Variables dIUSEQ  dIUSEQeeical USEQ IUSEQwelical dEQTA  EQT Acvelical

dTFP 0.07 0.03 -0.03 -0.09 0.12 0.17
(0.48) (0.76) (0.74) (0.37) (0.20) (0.07)
dTFpUti 0.14 0.11 -0.06 -0.10 0.22 -0.14
(0.15) (0.23) (0.54) (0.31) (0.02) (0.15)

Note: Pairwise correlations with US data from 1988Q1 to 2015Q4. P-values in parentheses. dIUSEQ and IUSEQ
are quarter-on-quarter log-change and log-level of aggregate bank equity respectively. "cyclical" indicates that the
cyclical component of the respective variable was taken, obtained with a HP Filter with A = 1600 for quarterly data.
dTFP is quarterly change in total factor productivity, "util" indicates that the variable was adjusted for varying

utilization rates. Sources: Bank equity data taken from FRED, total factor productivity data taken from Fernald
(2012).

in the Data Appendix [D]lists further correlations between the banking variables and one to
four lags of the TFP and utilization adjusted TFP. With the exception of the correlation
between the fourth lag of the TFP and the cyclical component of the capital ratio all the
others are not significantly different from zero underlining the fragile relationship between
these variables. Second, a significant correlation does not mean that a causal relationship
between the two variables can be established. In addition, to our knowledge, no formal
empirical study has been done establishing such a relationship and to back this finding
up. Hence the data does not clearly support one of the suggested impulse responses of the
bank capital and the capital ratio of the three models. Further research in this area should
be done to identify the relationship between the financial variables and the total factor

productivity.
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ii Response to a monetary policy shock

In this section the reaction of bank capital and the capital ratio to a monetary policy shock
implied by the three models is examined. In order to bring these implications to the data, a
measure of exogenous monetary policy shocks is required. Given the scope of this work, we
settle with a simplistic measure of exogenous monetary policy shocks, namely the residuals
from a Taylor rule regression. We discuss the validity and limitations of this measure in
Appendix

Figure plots the times series of the growth rates of bank equity, GDP and the
Taylor rule residuals for the US over 1988Q1 to 2015Q4. Similar as in Figure [15] a visual
inspection does not yield a clear relation between the Taylor rule residuals and the growth

in bank equity.

Figure 16: Quarterly growth rates of bank equity, GDP and Taylor rule residuals
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Note: Bank equity and GDP is from Federal Reserve Bank of St. Louis. Taylor rule
residuals are percentage points deviations of the effective Fed Funds Rate from the
prediction made with Taylor Rule regression, explained in detail Appendix [C]

Table [7] lists the correlation between a set of financial sector variables and the Taylor

rule residuals and the Fed Funds rate respectively. While the visuals inspection did not yield
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a clear result, the picture from the correlation table is more pronounced. The correlations
between the Taylor rule residuals and the cyclical components of both bank capital and the
capital ratio are all positive and significantly different from zero. This trend is also seen in
Table [I1] in the Data Appendix [D] The one to three period lag of the Taylor rule residuals
are positively correlated with the cyclical component of bank equity and of the capital ratio.
The relationship between the Fed Funds rate and bank capital and the capital ratio is less
striking, and does only yield one significant correlation, which however should be discarded.
The negative correlations between the Fed Funds rate and the log of aggregate bank capital
arises form the trend increase in bank capital as shown in Figure[l13|and the steady decrease
in the policy rate following the years of high rates in the seventies. Hence it is merely an
artifact of the observed period.

The positive correlations between the Taylor rule residuals and the cyclical compo-
nents of the log of the aggregate bank capital and its growth rate, and the cyclical compo-
nents of the capital ratio suggests that a shock to the interest rate results in an increase
in both the bank capital and the capital ratio. Regarding the implied impulse responses
of the three models, this suggests that the Gerali and the Gerali-JK model better predict
the reaction of the banking sector to an unexpected interest rate hike. However again, this
results has to be treated with caution: a positive correlation doesn’t suffice to clearly state
a causal relationship. Once again future research is needed to identify the causality between

these variables.

Table 7: Cross-correlations of aggregate bank equity and interest rate measures

Variables ~ dIUSEQ dlUSEQevical USEQ IUSEQeelical JEQTA  EQT Acvelical

Taylor-Resid  0.12 0.17 -0.02 0.29 0.10 0.35
(0.22) (0.08) (0.82) (0.00) (0.28) (0.00)
FFR 0.09 -0.03 -0.81 0.12 -0.04 -0.06
(0.33) (0.72) (0.00) (0.20) (0.65) (0.55)

Note:Pairwise correlations with US data from 1988Q1 to 2015Q4. P-values in parentheses. dIUSEQ and ITUSEQ
are quarter-on-quarter log-change and log-level of aggregate bank equity respectively. "cyclical" indicates that the
cyclical component of the respective variable was taken, obtained with a HP Filter with A = 1600 for quarterly
data. FFR is the effective Fed Funds Rate. Taylor-Resid are are percentage points deviations of the effective Fed
Funds Rate from the prediction made with Taylor Rule regression. Sources: Bank equity data taken from FRED,
Taylor-Resid are authors’ own calculations, explained in detail Appendix@
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VII Concluding remarks

After the recent financial crisis increased attention has been devoted to the modeling of
banks in DSGE models. This thesis compared three different approaches to model bank
capital in a dynamic, stochastic general equilibrium model and teased out the implications
of the different approaches for the model results.

Two of the three approaches compared feature an exogenous capital requirement faced
by banks but they differ in the mathematical formulation of the problem. In the first,
coming from Gerali et al. (2010]), banks face pecuniary costs for both downward and
upward deviations from the capital requirement. The second approach, coming from Jakab
and Kumhof (2015]), shares the rationale of an exogenous capital requirement, but banks
only pay a penalty when they fall short of the target ratio. In the third approach, the capital
requirement emerges endogenously. Banks finance themselves with unsecured funding whose
interest rate depends on the capital ratio of the bank, hence inducing banks to hold a certain
level of capital. The macroeconomic environment surrounding the three approaches comes
from Gerali et al. (2010) and is kept the same, allowing for a sound comparison of the three
ways to model bank capital.

As a first step, we analyse the three models separately both in terms of steady states as
well as short run dynamics. A high importance has to be accorded to the parameterization of
the models. While most parameters only affect the steady state marginally, some parameters
have a strong impact on the steady states. In the two models that allow for bank riskiness,
a sudden increase in that risk pushes banks to increase their capital holdings and their
capital ratio. Further, we show that the asymmetry implied by penalizing only downward
deviations from the target capital ratio only becomes relevant for the model results if the
approximation technique employed allows for such non-linearities. This raises the question
to what extent the currently conventional solution techniques in the DSGE literature must
be updated, in order to model properly the financial sector which is prone to non-linearities.

In a second step, we compare the steady states and short-run dynamics across the
three models. Specifically, we scrutinize the impulse responses to a contractionary mon-
etary policy shock and to a negative shock to productivity. We show that the different
modeling approaches yield sometimes qualitatively different results for short run dynamics
of bank capital and the capital ratio. We find that there is no consensus in the literature
on the directions of effects. Moreover even if sharing the same basic idea, different model-
ing approaches can generate noteworthy quantitative differences. However the qualitative

inference is the same in non-financial variables for the three models analysed.
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Overall, our findings suggest that the macro outcomes of the different approaches to
bank capital considered are qualitatively reconcilable and yet quantitatively different. We
show that the empirical relationship between the two analysed shocks and bank capital and
the capital ratio respectively is not straightforward and no clear relationships are found in
our basic empirical analyses.

In order to provide reliable and transparent policy advise, the model uncertainty
should be researched more thoroughly. There are too few studies comparing different mod-
eling approaches and thus shedding light on the consequences of them. In future, more work
should be done on comparing different modeling approaches and try to identify the contexts
in which they apply best. In addition, future empirical research is needed to identify how
bank capital and the capital ratio relate to the business cycle. This is necessary in order to
verify the modeling approaches that predict quite substantial variations in bank capital in

response to business cycle dynamics.

53



References

Adrian, T., Colla, P., and Shin, H. S. (2012). Which Financial Frictions? Parsing the Evi-
dence from the Financial Crisis of 2007-9. NBER Working Paper Series 18335, National

Bureau of Economic Research, Cambridge, MA.

Adrian, T. and Shin, H. S. (2014). Procyclical Leverage and Value-at-Risk. Review of
Financial Studies, 27(2):373-403.

Babihuga, R. and Spaltro, M. (2014). Bank Funding Costs for International Banks. IMF
Working Paper 71, International Monetary Fund.

Basel Committee on Banking Supervision (2010). An Assessment of the Long-Term Eco-
nomic Impact of Stronger Capital and Liquidity Requirements. Technical report, Bank

of International Settlements.

Bernanke, B. S. (1983). Nonmonetary Effects of the Financial Crisis in the Propagation of
the Great Depression. American Economic Review, 73(3):257-276.

Bernanke, B. S. (2007). The Financial Accelerator and the Credit Channel. Speech 296,
Board of Governors of the Federal Reserve System (U.S.).

Bernanke, B. S. and Gertler, M. (1989). Agency Costs, Net Worth, and Business Fluctua-

tions. American Economic Review, 79(1):14-31.

Bernanke, B. S. and Gertler, M. (1990). Financial Fragility and Economic Performance.
Quarterly Journal of Economics, 105(1):87-114.

Bernanke, B. S., Gertler, M., and Gilchrist, S. (1999). The Financial Accelerator in a
Quantitative Business Cycle Framework. In Taylor, J. B. and Woodford, M., editors,
Handbook of Macroeconomics, volume 1, Part C, pages 1341-1393. Elsevier.

Biggs, M., Mayer, T., and Pick, A. (2009). Credit and Economic Recovery. DNB Working
Papers 218, Netherlands Central Bank, Research Department.

Blanchard, O. J. and Quah, D. (1989). The Dynamic Effects of Aggregate Demand and
Supply Disturbances. American Economic Review, 79(4):655—673.

Borio, C., Furfine, C., and Lowe, P. (2001). Procyclicality of the Financial System and
Financial Stability: Issues and Policy Options. Technical report, Bank for International

Settlements.

54



Borio, C. and Zhu, H. (2012). Capital Regulation, Risk-Taking and Monetary Policy: A
Missing Link in the Transmission Mechanism? Journal of Financial Stability, 8(4):236—
251.

Brunnermeier, M. K., Eisenbach, T. M., and Sannikov, Y. (2012). Macroeconomics with
Financial Frictions: A Survey. NBER Working Paper Series 18102, National Bureau of
Economic Research, Cambridge, MA.

Brzoza-Brzezina, M., Kolasa, M., and Makarski, K. (2013). The Anatomy of Standard
DSGE Models with Financial Frictions . Journal of Economic Dynamics and Control,
37(1):32 — 51.

Christiano, L., Eichenbaum, M., and Evans, C. (2005). Nominal Rigidities and the Dynamic
Effects of a Shock to Monetary Policy. Journal of Political Economy, 113(1):1-45.

Clarida, R., Gali, J., and Gertler, M. (1999). The Science of Monetary Policy: A New
Keynesian Perspective. Journal of Economic Literature, 37(4):1661-1707.

Clarida, R., Gali, J., and Gertler, M. (2000). Monetary Policy Rules and Macroeconomic
Stability: Evidence and Some Theory. Quarterly Journal of Economics, 115(1):147-180.

Diamond, D. W. (1996). Financial Intermediation as Delegated Monitoring: A Simple
Example. Federal Reserve Bank of Richmond Economic Quarterly, 51(3):51-66.

Dib, A. (2010). Banks, Credit Market Frictions, and Business Cycles. Staff Working Papers
10-24, Bank of Canada.

Disyatat, P. (2011). The Bank Lending Channel Revisited. Journal of Money, Credit and
Banking, 43(4):711-734.

Du, C. and Miles, D. K. (2014). Interaction Between Monetary Policy and Regulatory
Capital Requirements. CEPR Discussion Papers 10200, Center for Economic Policy
Research, London, UK.

Evans, C. L. and dos Santos, F. T. (2002). Monetary Policy Shocks and Productivity

Measures in the G-7 Countries. Portuguese Economic Journal, 1(1):47-70.

Ferenius, C. and Tietz, R. (2016). Total Loss-Absorbing Capacity, TLAC, and Swedish
Banks. Technical Report 1, Sveriges Riksbank.

95



Fernald, J. G. (2012). A Quarterly, Utilization-adjusted Series on Total Factor Productivity.
Working Paper Series 2012-19, Federal Reserve Bank of San Francisco.

Gambacorta, L. and Shin, H. S. (2016). Why Bank Capital Matters for Monetary Policy.
BIS Working Papers 558, Bank for International Settlements.

Gerali, A., Neri, S., Sess, L., and Signoretti, F. M. (2010). Credit and Banking in a DSGE
Model of the Euro Area. Journal of Money, Credit and Banking, 42(s1):107-141.

Gertler, M. and Karadi, P. (2015). Monetary Policy Surprises, Credit Costs, and Economic

Activity. American Economic Journal: Macroeconomics, 7(1):44-76.

Gertler, M. and Kiyotaki, N. (2010). Financial Intermediation and Credit Policy in Business
Cycle Analysis . volume 3, pages 547-599. Elsevier.

Gross, M., Kok, C., and Zochowski, D. (2016). The Impact of Bank Capital on Economic
Activity - Evidence from a Mixed-Cross-Section GVAR Model. Working Paper Series
1888, European Central Bank.

Iacoviello, M. (2005). House Prices, Borrowing Constraints, and Monetary Policy in the

Business Cycle. American Economic Review, 95(3):739-764.

Jakab, Z. and Kumhof, M. (2015). Banks are not Intermediaries of Loanable Funds — and
Why This Matters. Bank of England working papers 529, Bank of England.

Kahn, G. A. (2010). Taylor Rule Deviations and Financial Imbalances. Economic Review,
Federal Reserve Bank of Kansas City, 96(3):63-99.

Kashyap, Anil, J. C. S. and Hanson, S. G. (2010). An Analysis of the Impact of Substan-
tially Heightened Capital Requirements on Large Financial Institutions. Mimeo, Harvard

Business School.

Kiyotaki, N. and Moore, J. (1997). Credit Cycles. Journal of Political Economy, 105(2):211—
248.

Lucas, R. E. (1976). Econometric Policy Evaluation: A Critique. Carnegie-Rochester
Conference Series on Public Policy, 1:19-46.

Meh, C. A. and Moran, K. (2010). The Role of Bank Capital in the Propagation of Shocks.
Journal of Economic Dynamics and Control, 34(3):555-576.

56



Paries, M. D., Sgrensen, C. K., and Palenzuela, D. R. (2010). Macroeconomic Propagation
under Different Regulatory Regimes: Evidence from an Estimated DSGE Model for the
Euro Area. Working Paper Series 1251, European Central Bank.

Severo, T. and Estevao, M. M. (2010). Financial Shocks and TFP Growth. IMF Working
Papers 10/23, International Monetary Fund.

Sims, C. (1980). Macroeconomics and Reality. Econometrica, 48(1):1-48.

Solow, R. M. (1957). Technical Change and the Aggregate Production Function. Review of
Economics and Statistics, 39(3):312-320.

Takamura, T. (2013). A General Equilibrium Model with Banks and Default on Loans.
Staff Working Papers 13-3, Bank of Canada.

Taylor, J. B. (1993). Discretion versus Policy Rules in Practice. Carnegie-Rochester Con-
ference Series on Public Policy, 39(1):195-214.

Townsend, R. (1979). Optimal Contracts and Competitive Markets with Costly State Ver-
ification. Journal of Economic Theory, 21(2):265-293.

van den Heuvel, S. J. (2002). Does Bank Capital Matter for Monetary Transmission?
Federal Reserve Bank of New York Economic Policy Review, 8(1):259-265.

57



Appendices

A Gerali et al., original equations

I Households

Households are modeled as in the Gerali et al. (2010). They are divided into two groups.
The first group consists of impatient households. They hold risk-free deposits at the retail

deposit branch which pay an interest r{. Their maximization problem is the following:

15(i)1+¢
g B> 551 = a”dloglel ) — ael2) + tog(hh(@) - (19
cfhEdf g 1+0¢
subject to the impatient households budget constraint given by:
Py P, LT Py
( ) + g Aht () +dy (i) Swp by () + ———di—1 +t; (4) (16)

Tt

The optimality conditions are given by the first order conditions of the maximization prob-

lem derived with respect to ¢, hy and [; respectively.

N = 6?(1 —a")/(cf —a"cly)

P
Mgl =eh hP + BT BN 1] (17)
1+7r
AN =8B [)\t+1M
T4

where A" is the Lagrange multiplier of the budget constraint.
The three FoCs and equation [16] form the conditions implemented in Matlab.
The other group of households holds no deposits at the bank, but borrows money

from it. The impatient household maximizes the following problem:

I (Z-)1+¢
ma (1 —a")eflog(c —alel )+ o hi L 18
e 3 olel (i) = a'el_y) + el log(h(9) — 12 (18)
subject to its budget constraint given by:
L+ I I I
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The impatient household has to pledge its accumulated housing stock as a collateral for
its loans. Thus, additionally to the budget constraint, the household faces the following

borrowing constraint:
(1 + )b (i) < m{ By [l 1hf (i) (20)

where m/ is the loan-to-value ratio.
The impatient household’s maximization problem boils down to the two constraint and the

following first order conditions:
M=ci(l—a)/(c] —aely) (21)
J
Ma = G?ﬁ + BB N1l + simiqla e (22)
t

(1+rpH)

A =si(1+r") + B'E, P‘z{—&-l
Tt+1

(23)

These five equations form the set of equations for the impatient households, that will be

implemented into Matlab.

II Capital goods producers

The capital goods producers face the following maximization problem:

00
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This results in the two following equations to be implemented in Matlab:
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The first equation describes the amount of capital they can produce in every period,

while the second equations sets the price of capital qf.

III Entrepreneurs

Compared to the two household groups the entrepreneurs has a slightly simpler model.

Only their consumption flows into their utility function, hence, they maximize:
oo
EoY_ Bglog(cf (i) — a®cfy) (27)
t=0
subject to the budget constraint:

1+70 | F

Tt

b1 (i) + af ke (6) + (e (0)) k{7 (i)

£ (i)

Tt

cE (i) +wl 17" (@) + wilP (6) +

Y

< B PG+ gb (- ORE L) (28)

where y (i) is a standard Cobb-Douglas production function given by:

l—«o

yf (i) = al K (Due (i) [y (F )70 (29)

and ¥ (uy) describe the real cost of setting a given level of capital utilization u; and are
equal to & (up — 1) + %(ut - 1)
Like the impatient household, the entrepreneurs is also subject to a borrowing constraint.

It cannot borrow more than a certain share of the capital held in period ¢ + 1:

(1420 (i) < mf Ey(qfamia (1 — 6)kF (i) (30)
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The derivation of the Lagrangian with respect to the entrepreneur’s choice variables, cf ,

kP, bF and the two labour variables lf F and lf o yields the following conditions:

1—af

\Ne—_- - 31
t ctE - aEC£1 ( )
Nqb = SfmtEQfH?Ttﬂ(l —0)+ 5E)\t€.1 [rf+1ut+1 +(1— 5)Qf+1 — (u1)] (32)
E E bE E g L+
Ay = [St (1+r")+8 Et[)‘t+1 Tert ] (33)
E
Y 1%
wf = (1—a)-45 (34)
Tt [
E
I Yy 1—p
=(1-a)2t 35
Wy ( Oé) Tt ltE’I ( )
rF =&+ &(uy — 1) (36)
E Na—11E (:\1—«
where 7k = 2% [k““t(;)] (i) (37)
t

IV  Labour market

In the Gerali et al. (2010) households supply differentiated labour, which is sold by unions
to perfectly competitive labour bundlers. They assemble the bought labour in a CE@
aggregator and sell the resulting homogenous labour to entrepreneurs who use it as input
factor in the Cobb-Douglas Production function.

The economy counsists of two different unions (one for each type of households) denoted by
s € [P, I]. The labour type is denoted by m, which belongs to the continuum of [0, 1]. Given
this, the labour bundler maximises the over all labour supplied subject to overall wage costs

faced by entrepreneurs. Hence his problem can be described by:

€l

1 do1 @t
max [j = [/ lf(m) @ dm]
0

17 (m)

subject to

1 _
/ WE(m)li(m)dm < E;
0

15Constant elasticity of substitution
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From this problem we get the demand for differentiated labour.

Wg(m) . Kw [ WE(m) CONWET B2(i,m)te
max [ ! Csm{ t lSZ,m—w<t—7r‘f7rl Lw> t:|_t7
Ues (i,m) 026 [ i by dlhm) = Wi y(m) 7 Py 1+¢

subject to

1

ta,m) =17 = [ 20

W
(39)
Assuming a symmetric equilibrium the wage-Philips curve is given by:
o (! = mpy )
s _ ﬂ'wsl 2 1 Ellfl+¢
= B,E H‘l Tl — plegtme) (2L (1 — S+ 40
Br| st iy = mper ) () (= Dl (40)
S
T = m for s = P, 1 41
t

W1
V Retalilers

The retailers buy the intermediate goods produced by the entrepreneurs and differentiate
them and sell them in a monopolistically competitve market. Each retailer solves the

following maximization problem:

: Pi) 1)
E,S AL P _pW _“P< t o 1LP)P
i oZ ox [P)ns) = P wl) = (5o~ ) P
subject to the demand function:
Yy
N 1F)
yi(j) = P, Yt
The FoCs of this problem give the Phillips curve:
Y )\P
1—¢€/ + % — Kp(mp — Wé’ilwlﬂp)wt + BpE; )\P Iip(ﬂ't_H - 7Tt 171'1 )yt 1% =0 (42)
t
While the profits of the sector are given by:
. 1 K
=yl = — = F(m - w2 ymt )] (43)
Tt 2
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which are transferred lump-sum to the patient households.

V1 Loan and deposit demand

Before closing the model, and in order to be able to derive the three banking sectors equa-
tions, the demand for loans and deposits has to be established.
Loans and deposits are modeled as differentiated products offered by each bank and subject
to a CES. Hence the bank sets its retail interest rate.
Thus, impatient households take this information as given and try to minimize the amount
of repayment, hence: )

min(s) [ )6 )y

subject to:

€
t
egH bH _4

1 _t e _
[A%@ﬁ#uﬂlt > bl (i)

After solving the problem and aggregating over all impatient households, aggregate demand

for loans of a given bank by households is given by:

Demand by entrepreneurs can be derived in the same fashion, which yields:

bF(j) = (Ti,g)>_t bF (45)

The setup for deposit demand follows the same concept. Except that households do not try
to minimize their costs, but maximize their revenue from holding deposits. By symmetry

this results in the aggregate demand for deposits at bank j of:

d? (j) = (Tg(dj)>_ 0 (46)

T
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VII Monetary Policy and Rest

Aggregation, market clearing and the monetary policy equation close the model. The policy
rate is given by a Taylor-type monetary policy rule that relates deviation from the target

inflation rate and output to the level of the nominal interest rate, allowing for interest rate

smoothing.
— Tt ¢r(1—9r) Yt ¢y(1—dr)
T4r,=(1+r)"2R1 4752 A e 47
t ( ) ( t 1) ( T ) (yt—l) t ( )
and market clearing is defined by:
K,

Yy = ¢t + Qf [kt -(1- 5)k’t—1] + k1 (ug) + 8b

+ Adj;
Tt
4
ct:cf+c{+cf (48)

h=~"h{ (i) + 7"k (i)
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B Discussion of exogeneity of measures for shocks

I Exogenous productivity shocks

As stated in the main text, we take as proxy for the exogenous productivity shocks in the
DSGE model the quarterly change in total factor productivity in the US as measured by
an estimate of Solow Residuals taken from Fernald (2012). The Solow Residuals, following
Solow (1957)), are essentially the share of output growth that cannot be accounted for by
growth in factor inputs (assuming a certain production function and its parameterization),
thus the term residual. The use of Solow Residuals is motivated by the tradition of Real
Business Cycle models who treat variations in total factor productivity (also termed tech-
nology) as exogenous. It must be noted that this assumption is not unchallenged. Empirical
work by Evans and Santos (2002) shows that, in their Advanced Economies sample, total
factor productivity is significantly affected by monetary policy shocks. For our study more
relevantly, Estevao and Severo (2010) identify a statistically and economically significant,
negative effect of firms’ funding costs on their productivity growthm However, considering
these complications is not in the scope of this Master’s thesis. Given that in the three
DSGE models presented in this paper technology is an exogenous process, the use of a

Solow Residual-type measure seems adequate while aforementioned caveats apply.

II Exogenous monetary policy shocks

We employ a simplistic measure for exogenous monetary policy shocks, namely the residuals
from a Taylor rule regression. In macroeconometrics, a major branch of the literature
identifies monetary policy shocks using aggregate data in Vector Autoregressions. A simple
identification technique is a Choleski decomposition as proposed in Sims (1980]), which
imposes a recursive system on the variables. Others, e.g. Blanchard and Quah (1989) choose
a more structural approach, imposing long-run restrictions guided by economic theory.
Another method is to use high frequency movements in asset prices around monetary policy
announcements, solving the severe endogeneity problems arising from low-frequency data.
Gertler and Karadi (2015) show that using the latter measure produces results consistent
with the large VAR literature on the effects of monetary policy such as Christiano, Evans
and Eichenbaum (2005). For the scope of this Master’s thesis, these techniques are too

elaborate. We therefore recourse to deviations of the actual nominal short-term interest

8They rationalize this with a theoretical model in which financial shocks lead to inefficient factor allo-
cation across firms.
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rate targeted by the central bank from the same interest rate implied by a Taylor rule.
Clarida, Gali and Gertler (2000) show that, under the Volcker and Greenspan regime, a
forward-looking variant of the Taylor policy rule fits the US data well, suggesting that US
monetary policy indeed followed relatively closely such a systematic rule. Deviations from
such a rule could then be interpreted as exogenous to the normal conduct of monetary
policy. In the DSGE models in this thesis, deviations from the Taylor rule clearly represent
exogenous movements in monetary policy. However in reality, it seems unlikely that these
deviations are truly exogenous shocks. For example, Kahn (2010) explores the linkages
between financial stability and Taylor rule residuals, suggesting that central banks might not
follow blindly the Taylor rule out of concerns that are not related to output and inflation. To
truly test the implications of the DSGE models, we would need to better identify monetary

policy shocks. Given the constraint for this work, we have to accept this limitation.
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C Taylor rule regression

The time series presented in Figure[16|are the residuals originating from an estimated Taylor
Rule Policy Function. The residuals are taken as a measure for exogenous monetary policy
shocks because they reflect fluctuations in the short-term nominal interest rate targeted by
the Federal Reserve that cannot be explained by a standard Taylor Rule of the following
form

Ry = (1= ¢r)(R" — (7 — ") + v2x¢) + ¢rRt 1

x; is the difference between actual and potential real GDP, 7y is the annual inflation rate
obtained from the GDP deflator, and R; is the nominal short-term interest rate targeted by
the central bank, in our case the effective Fed Funds rate. The equation follows the original
rule proposed in Taylor (1993), allowing for interest rate smoothing as in Clarida et al.
(1999). This policy rule says that the central bank has to raise interest rates if inflation is
above target 7* or actual output above potential, i.e. if z; > 0. If both inflation and output
are on target, the nominal interest rate R; will equal the equilibrium nominal interest rate
R*, here assumed to equal 4%. ¢ is the degree of interest rate smoothing and set to 0.9 in

the estimation. The values assumed for R*,7* and ¢p follow closely Clarida et al. (1999).

Table 8: Taylor rule regression

Inflation Output gap

FFR  1.425%%%  1523%%*
(0.2066)  (0.3100)

Notes: Standard errors in parentheses.
*¥** p<0.01, ** p<0.05, * p<0.1.

The equation was estimated with Ordinary Least Squares on US data covering a
sample from first quarter 1988 to third quarter 2008, Table [§ gives the results. The estimate
on inflation is greater than 1, which is required to fulfill the Taylor principle: The nominal
interest rate has to increase by more than one-to-one with inflation, in order to ensure
determinacy of the system. The estimates are broadly consistent with Clarida et al. (1999),
even though the coefficient on the output gap is quite large. As well, the residuals obtained
are similar to those reported in Kahn (2010 and, given the scope of this thesis, we stick

with this basic estimation result.
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D Data appendix

Table 9: Data sources

Abbr. Description Period Source
nGDP nominal GDP 1988Q1 - 2015Q4 FRED
GDP real GDP 1988Q1 - 2015Q4 FRED
GDPPOT real potential GDP 1988Q1 - 2015Q4 FRED
FFR effective Fed Funds Rate 1988Q1 - 2015Q4 FRED
USEQTC  Total Equity Capital 1988Q1 - 2015Q4 FRED
EQTA Total Equity to Total Assets 1988Q1 - 2015Q4 FRED
USTLI Total Liabilities 1988Q1 - 2015Q4 FRED
dtfp Business Sector TFP 1947Q2 - 2015Q4  Fernald, FRSBSF Working Paper
dtfp_util  Utilization-adjusted TFP 1947Q2 - 2015Q4  Fernald, FRSBSF Working Paper

Table 10: Cross-correlations of aggreagte bank equity and total factor productivity measures, pre-
crisis sample

Variables dIUSEQ dIUSEQ®¥cical  TUSEQ [IUSEQcical  dEQTA EQT Acvclical

dTFP 0.07 0.03 0.01 -0.22 0.11 -0.02
(0.54) (0.76) (0.91) (0.04) (0.32) (0.89)

dT F pUti 0.08 0.08 -0.00 -0.14 0.14 -0.13
(0.46) (0.48) (0.99) (0.22) (0.20) (0.25)

Note: Pairwise correlations with US data from 1988Q1 to 2008Q2. P-values in parentheses. dIUSEQ and IUSEQ are
quarter-on-quarter log-change and log-level of aggregate bank equity respectively. "cyclical" indicates that the cyclical
component of the respective variable was taken, obtained with a HP Filter with A = 1600 for quarterly data. dTFP is
quarterly change in total factor productivity, "util" indicates that the variable was adjusted for varying utilization rates.
Sources: Bank equity data taken from FRED, total factor productivity data taken from Fernald (2012).
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Table 11: Cross-correlations of aggregate bank equity and interest rate measures, pre-crisis sample

Variables ~ dIUSEQ dIUSEQ®<lical 1USEQ IUSEQeical dEQTA EQT Acvelical

Taylorresid  0.14 0.14 0.24 0.24 -0.02 0.29
(0.21) (0.20) (0.03) (0.03) (0.84) (0.01)
FFR -0.18 -0.04 -0.59 0.17 -0.04 -0.07
(0.11) (0.74) (0.00) (0.12) (0.74) (0.55)

Note: Pairwise correlations with US data from 1988Q1 to 2008Q2. P-values in parentheses. dIUSEQ and IUSEQ are
quarter-on-quarter log-change and log-level of aggregate bank equity respectively. "cyclical" indicates that the cyclical
component of the respective variable was taken, obtained with a HP Filter with A = 1600 for quarterly data. FFR is
the effective Fed Funds Rate. Taylor-Resid are percentage points deviations of the effective Fed Funds Rate from the
prediction made with Taylor Rule regression. Sources: Bank equity data taken from FRED, Taylor-Resid are authors’

own calculations, explained in detail Appendix D

Figure 17: Total equity to asset ratios of US commercial banks
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Note: Total Equity to Asset Ratios are shown for different samples: All banks includes all
deposit-insured US commercial banks, "1bn<assets<10bn" means all banks whose total
assets range between 1 and 10 billion USD, "20bn<assets" means all banks whose total
assets exceed 20 billion USD. Source: Federal Reserve Bank of St. Louis via Federal
Financial Institutions Examination Council (US).
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Table 12: Cross-correlations with different lags

Variables dIUSEQ dIUSEQeveical USEQ IUSEQwelical JEQTA  EQT Acvelical

L.Taylor-Resid -0.05 -0.01 -0.02 0.28 -0.05 0.32
(0.58) (0.93) (0.82) (0.00) (0.57) (0.00)
L2.Taylor-Resid -0.13 -0.08 -0.02 0.22 -0.05 0.30
(0.18) (0.40) (0.83) (0.02) (0.60) (0.00)
L3.Taylor-Resid -0.10 -0.04 -0.02 0.19 -0.14 0.21
(0.30) (0.69) (0.87) (0.05) (0.15) (0.03)
L4.Taylor-Resid -0.13 -0.07 -0.02 0.14 -0.18 0.11
(0.17) (0.47) (0.82) (0.15) (0.07) (0.27)
L.FFR 0.07 -0.06 -0.81 0.08 -0.05 -0.13
(0.49) (0.52) (0.00) (0.40) (0.62) (0.19)
L2.FFR 0.06 -0.07 -0.81 0.03 -0.02 -0.18
(0.53) (0.49) (0.00) (0.73) (0.81) (0.06)
L3.FFR 0.06 -0.07 -0.80 -0.02 -0.02 -0.23
(0.54) (0.48) (0.00) (0.87) (0.87) (0.02)
L4.FFR 0.06 -0.07 -0.80 -0.06 0.01 -0.27
(0.52) (0.49) (0.00) (0.51) (0.94) (0.01)
L.dATFP 0.05 0.01 -0.01 -0.08 -0.11 0.09
(0.64) (0.92) (0.89) (0.39) (0.24) (0.36)
L2.dTFP 0.01 -0.03 -0.01 -0.11 -0.00 0.09
(0.93) (0.73) (0.91) (0.27) (0.99) (0.36)
L3.dTFP 0.19 0.16 -0.01 0.01 0.10 0.16
(0.05) (0.09) (0.91) (0.90) (0.31) (0.09)
L4.dTFP 0.10 0.06 0.00 0.06 0.09 0.23
(0.32) (0.54) (0.98) (0.57) (0.38) (0.02)
L.dTFPUt 0.11 0.08 -0.04 -0.04 0.08 -0.08
(0.27) (0.38) (0.66) (0.71) (0.41) (0.42)
L2.dTFPUt 0.04 0.01 -0.04 -0.03 0.13 0.02
(0.67) (0.91) (0.68) (0.77) (0.17) (0.83)
L3.dTFPUt 0.06 0.02 -0.05 -0.01 0.02 0.04
(0.55) (0.84) (0.59) (0.90) (0.85) (0.72)
L4.dTFPU 0.02 -0.02 -0.05 -0.03 0.09 0.10
(0.84) (0.81) (0.63) (0.76) (0.33) (0.29)

Note:Pairwise correlations with US data from 1988Q1 to 2015Q4. P-values in parentheses. "L." means variable is lagged
by one quarter, "L2." means variable lagged by two quarters and so on. dIUSEQ and IUSEQ are quarter-on-quarter
log-change and log-level of aggregate bank equity respectively. "cyclical" indicates that the cyclical component of the
respective variable was taken, obtained with a HP Filter with A\ = 1600 for quarterly data. FFR is the effective Fed
Funds Rate. Taylor-Resid are are percentage points deviations of the effective Fed Funds Rate from the prediction
made with Taylor Rule regression. Sources: Bank equity data are taken from FRED. Taylor-Resid are authors’ own
calculations, explained in Appendix [C]
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