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Iversitat

MONEY CREATION, DEBT DYNAMICS
AND FINANCIAL INSTABILITY

Christoph Scheuch

Abstract

This thesis surveys recent contributions on the macroeconomics of
private debt. Particular focus is given on two main channels which
might lead to recessions or even depressions. On the one hand, there is
an aggregate demand channel: indebted households cut down their con-
sumption expenditures and repay their outstanding debt in response to
a macroeconomic shock to the economy-wide safe level of debt. Mon-
etary policy might end up in a liquidity trap if the deleveraging pro-
cess is large enough, leading to severe recessions. On the other hand,
there is an aggregate supply channel through financial intermediar-
ies’ portfolio decisions. Intermediaries’ balance sheets are affected by
macroeconomic shocks leading to failing of some investment projects
financed via debt. As intermediaries contract their balance sheets, de-
flation might arise amplifying the initial shock and leading to further
reductions of investment financed by intermediaries. In light of recent
empirical work, both channels seem to have contributed substantially
to the recent financial and economic crisis.
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1 INTRODUCTION

I INTRODUCTION

“[W]hat happens in our economy is so largely determined by fin-
ancial considerations, economic theory can be relevant only if
finance is integrated into the structure of the theory.”

Minsky (1986), p.21.

If there is one thing the current economic crisis managed to accomplish, then
it is that it revived economists’ interest in understanding money, credit and
financial intermediaries. Especially public sector debt drew considerable at-
tention, while private sector debt was largely neglected in the immediate
aftermath of the crisis. According to Roxburgh et al. (2010) total debt had
been markedly increasing before the outbreak of the crisis, and afterwards
entered a phase of aggregate debt reduction. Roxburgh et al. (2012) note
that financial crises are typically followed by episodes of deleveraging and
resultantly hampered growth. They identify two phases of deleveraging.
First the private sector, including households, firms and financial institu-
tions, reduces its debt level significantly, economic growth slows down or
turns negative and public debt rises. In the second phase, growth picks up
and public debt gradually recovers. In historical terms, the whole process of
deleveraging might last more than a decade on average until output growth
fully recovers.

Interest in economic thinking about money and debt has varied substan-
tially over time (see e.g. Freixas and Rochet, 2008, ch.6). For instance,
Bernanke (1983) argues that high cost and low availability of credit during
the Great Depression reinforced the depressing effects on aggregate demand.
In addition, he points out the unprecedented creation of debt in the preced-
ing decade and that deflation caused wide-spread bankruptcy.

Most prominently, Fisher (1933) developed the theory of debt-deflation
in which falling prices due to debt liquidation increase the real burden of
debt, which is followed by further deflation. If the economy is in a state
of overindebtedness, this will eventually lead to liquidation of debt, and
subsequent falling prices. This negatively affects the net worth of the private
sector and leads to a reduction in output, loss of confidence and a fall in the
nominal interest rate. This puts an additional strain on the deleveraging
process and might lead to further selling of assets. Put differently, the
repayment of debt may have contractionary effects on money supply and
the price level.

Fisherian debt-deflation has been mostly overlooked in the past century,!
with notable exceptions being Tobin (1980), Minsky (1982) and Kindleber-

1One popular explanation might be that “[...] debt-deflation represented no more
than a redistribution from one group (debtors) to another (creditors)” and “[a]bsent im-
plausibly large differences in marginal spending propensities among the groups [...] pure
redistribution should have no significant macroeconomic effects” (Bernanke, 1995, p. 17).
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ger and Aliber (2005).2 Especially Minsky (1986) — whose work gained
popularity recently — famously argues that financial crises are endogenously
created in modern economies. Calm periods of economic volatility lead to
complacency about debt and foster rising leverage and risk-taking among
firms and households. The banking sector might be willing to accommodate
to the desire for leverage. A resulting credit boom eventually leads to un-
sustainable levels and subsequent busts as well as debt-deflationary spirals.
In other words, economic stability itself creates instability, which will ulti-
mately culminate in a recession or a depression once economic conditions
worsen. Moreover, Minsky’s work strongly emphasises the role of financial
intermediaries in the process of money and debt creation.

Recent contributions suggest that there exists a causal link between debt,
financial instability and business cycle dynamics. This thesis aims to address
the following research question: what role do private debt and financial
intermediaries play in financial crises? To answer this question, a particular
focus is given to relevant macroeconomic models, which incorporate debt-
deflation & la Fisher and financial instability a la Minsky.

Section II revisits the textbook approach to debt and financial intermedi-
aries and contrasts it with a relatively new approach to money creation.
Given this new approach, the necessity to study the financial sector for
macroeconomic issues becomes evident. Section III provides a brief liter-
ature survey reviewing important contributions centring around debt and
financial intermediaries in macroeconomic models. A DSGE-type model of
dynamic deleveraging is presented in section IV. Simulations of a linearised
version of the model are able to replicate Minsky-type results qualitatively.
Section V provides a novel approach to macroeconomic modelling based on
continuous-time optimal portfolio choice, also featuring financial instability
and debt-deflation. The exposition of both models is completed by a brief
discussion of their main insights, policy implications and possible shortcom-
ings in section VI. Section VII concludes, including suggestions for further
research questions that build on the aforementioned approaches.

2See von Peter (2005) for a detailed discussion of Fisherian debt-deflation.
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II A PRIMER ON MONEY CREATION

Following Blanchard (2009), introductory textbook economic theory tells a
simple story of banks acting as intermediaries between lenders and borrow-
ers. Banks collect deposits from savers and lend them out to borrowers,
such as households who take out mortgages to buy houses, or firms look-
ing to finance their investments. Bank lending is restricted by the reserve
requirement set by the central bank, which ensures that each bank has suf-
ficient liquidity when deposits are withdrawn. Reserves are partly held in
cash and partly in an account at the central bank. In this simplified set-
up, liabilities of banks are deposits and their assets consist of reserves and
loans. Liabilities of the central bank, on the other hand, are the reserves
that banks deposit in their accounts at the central bank and the currency in
circulation. The lending capacity of banks is ultimately constrained by the
supply of central bank money (either in the form of currency or reserves).
By increasing the supply of central bank money (i.e. high-powered money),
the central bank can stimulate the loan supply of banks by increasing avail-
able deposits. The overall increase in the level of money in the economy
depends on how much of this high-powered money is deposited and lent out
by banks. These credits, in turn, create more deposits that can be lent out.
After several rounds of passing on available deposits, the overall supply of
money is equal to a multiple of the initial injection of central bank money.
This process of money creation involves a money multiplier, which is simply
the inverse of the reserve requirement. This ideal notion of a financial sec-
tor acting as a frictionless intermediary clearly excludes the possibility of
financial crises.

In spring of this year, the Bank of England publically distanced itself from
the conventional theory of money creation (McLeay, Radia and Thoma,
2014). Viewing banks as mere intermediaries ignores the fact that banks
are actually creators of money.® In contrast to conventional theory, banks
create money in the sense that they determine the overall volume of debt
and deposits in the economy.

To elaborate on the mechanism of money creation, consider the money
balance sheets of different sectors of a stylised economy as in figure 1. The
central bank holds some non-money assets (e.g. government debt) and has
the reserves of commercial banks and the currency in circulation on its liabil-
ity side (where the latter two constitute the available base money). Balance
sheets of commercial banks are composed of reserves and currency (to meet
deposit withdrawals) on their asset side and deposits of the household sec-
tor as liabilities.* The household sector represents the private sector of con-

3Bundesbank (2014) basically states the same in a recent version of their schoolbook
on monetary policy.
4Commercial banks balance sheets usually also include non-money assets such as gov-
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sumers and companies. Its balance sheet only shows broad money assets (i.e.
deposits and currency holdings) and corresponding non-money liabilities.?
Now, suppose an agent from the household sector approaches a commercial
bank for a loan. By granting a new loan, the affected commercial bank in-
creases its asset holdings while the agent increases its liabilities by the same
amount. By either spending or investing the available amount of additional
money, some other agents are able to increase their deposit holdings — pos-
sibly at some other bank. Ultimately, both sides of the aggregate balance
sheets of the households and the commercial banks increase, thus creating
new broad money while leaving the base money unchanged. Now, there is
some bank in the economy with a surplus of deposits, while another bank
might face a shortage of funds to meet some regulatory requirement. The
bank in the latter case can now either receive a loan from another bank
or acquire additional funds from the central bank, while the surplus bank
might create additional loans, thus further increasing the supply of available
deposits in the banking sector.b

McLeay, Radia and Thoma (2014) emphasise that the quantity of base
money does not directly constrain the volume of bank lending. A higher
stock of deposits might force banks to increase their reserves at the central
bank. In normal times,” central bank money needed for reserves can be
acquired on demand. Even though banks create money through their lending
behaviour, they cannot do so without limits as indicated by Tobin (1963).
Broadly put, there are three main restrictions on money creation:

(i) Behaviour of households: The non-bank private sector might use
additional loans to expand their consumption or investment expendit-
ures, which eventually leads to the passing on of newly created money
and possibly inflationary tendencies. However, households might also
take out loans to repay outstanding debt, thereby effectively destroying
money. Thus, shifts in expectations, preferences or beliefs may have
an impact on the overall money in the economy.

(ii) Constraints of banking: Even though the banking sector as a whole
can create loans with matching deposits on its aggregate balance sheet,
individual banks cannot do so without limitations. They have to ad-
equately manage risk associated with loans, which involves both liquid-
ity risk (holding a sufficient amount of deposits, reserves, currency or
other liquid assets to be able to repay all of their depositors) and credit

ernment debt or non-money liabilities like equity.

5This illustration excludes real assets such as housing or non-money liabilities including
existing secured or unsecured loans.

5For ease of exposition, this illustration completely abstracts from lending restrictions
of individual banks and lending between financial institutions of different types, which is
undeniably a crucial feature of the financial sector in reality.

"The term ’normal times’ refers to non-crisis periods.



A PRIMER ON MONEY CREATION

Broad
money

Assets

Non-

money

Assets

Reserves

Currency

Assets

Deposits

Currency

CENTRAL BANK

Liabilities

Reserves

Currency

Base
money

Assets

Non-
money

COMMERCIAL BANKS

Liabilities

Deposits

Assets

New
Loans

Reserves

Currency

HoUSEHOLDS

Liabilities

Non-
money

Broad
money

Assets

New
Deposits

Deposits

Currency

Liabilities

Reserves

Currency

Liabilities

New
Deposits

Deposits

Liabilities

New
Loans

Non-
money

Base
money

FIGURE 1: Money creation illustrated in sectoral balance sheets.

Source: Adapted from McLeay, Radia and Thoma (2014).
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risk (accounting the possibility of defaulting debtors). In order to re-
main profitable, market forces should ensure that banks adequately
manage the risks associated with granting new loans. Prudential reg-
ulation usually aims to discourage banks from building-up excessive
risk. The interest rate set by the monetary authority serves as the
ultimate constraint on money creation.

(ili) Monetary policy: Nowadays, many central banks typically focus on
setting the price for money (the interest rate) rather than choosing
the quantity of available reserves. Due to demand for central bank
money by commercial banks, changes in the central bank interest rate
have an impact on other interest rates in the economy. This means
that monetary policy usually affects the price of credit and the overall
volume of debt in the economy. In addition, some central banks adopt
more unconventional measures to increase financial market liquidity,
such as purchasing assets from distressed institutions or issuing bonds.

Before proceeding, it is useful to introduce and explain the notions of outside
and inside money, which will reappear in subsequent sections.® Outside
money is money outside the private sector and is either backed by some
asset (e.g. gold) or fiat money (i.e. unbacked). As this includes currency in
circulation and bank reserves, it can be set equal to base money in the above
exposition. Inside money, on the other hand, is backed by some asset form
inside the private sector. This includes deposits and loans created through
the bank lending process from above. This means that inside money can be
equated to broad money minus base money.

In its essence, this thesis deals with the three aspects of money creation out-
lined above. As behaviour of households determines how much debt they
want to hold, the model discussed in section IV deals with the macroeco-
nomic effects of deleveraging. Households delever when they wish to reduce
their debt levels, which leads to a large scale reduction of inside money. As
this model abstracts from any explicit formulation of the financial sector, it
is sensible to look at a model where the health of the financial sector and the
ability to mitigate economic risk associated with debt foster the creation of
inside money. This is the crucial feature of the model presented in section
V. Conventional monetary policy is incorporated in both models. However,
limitations of monetary policy as a stabilising factor for the economy are
featured in both modelling approaches.

8See e.g. Lagos (2006) for a thorough discussion of inside and outside money.
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III LITERATURE REVIEW

There is an abundance of literature on the link between financial frictions
as key drivers of macroeconomic fluctuations, that continues to increase in
light of the ongoing recession. In frictionless economies, the distribution of
debt has no effect. Differences in productivity, patience or risk-taking affect
the flow of funds, but for aggregate outcome only total capital and total
labour matter. In an economy with frictions, financial intermediaries are
crucial in mitigating some of these frictions. By creating inside money, banks
may overcome financial frictions and channel funds from less productive (or
more patient) to more productive (or less patient) agents, but they might
also generate additional fragility through potentially erratic money creation.
Without a financial sector, funds are constrained by the available outside
money. (Brunnermeier, Eisenbach and Sannikov, 2012)

This section provides a short review of relevant contributions on debt
dynamics and financial frictions, as well as on the explicit modelling of com-
mercial banks and inside money in macroeconomic models. As the survey is
far from being complete, it is best to refer to Gertler and Kiyotaki (2010),
Quadrini (2011) and Brunnermeier, Eisenbach and Sannikov (2012) amongst
others for extensive discussions of the related literature.

A. Financial Frictions

Seminal contributions typically focus on the role of financial frictions and
their implications for the dynamics of debt in macroeconomic models.

Bernanke and Gertler (1989) (BG) analyse the role of borrowers’ balance
sheets in an overlapping generations model with asymmetric information.
There are two classes of agents in the economy who live for two periods:
lenders and entrepreneurs, the latter of which can create new capital goods
that are used by firms to produce consumption goods. Entrepreneurs invest
using their own wealth and borrow from lenders. The key friction of the
model is the assumption of costly state verification; lenders face monitoring
costs, as only entrepreneurs can see the results of their investment projects.
A negative productivity decreases wages and thus entrepreneurs’ net worth.
This tightens borrowing constraints and has a depressing effect on invest-
ment in capital. A decrease in capital reduces next period’s wage levels
which implies lower net worth and a further drop in investment. Temporary
shocks can therefore have persistent effects on economic activity.

Kiyotaki and Moore (1997) (KM) construct a model in which credit con-
straints arise from real estate serving both as a factor of production as well
as collateral for loans. Their economy is populated by two types of agents:
less productive and less patient lenders and more productive and more im-
patient borrowers. Borrowers have to secure their loans with real estate in
incomplete contracts with lenders. If some highly leveraged firms are hit by
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productivity shocks, they are forced to cut back on investment expenditure,
including real estate. Falling asset prices cause the net worth of other highly
leveraged firms to fall. As a result, asset demand of constrained firms con-
tinues to decline which causes asset prices to fall even further. Borrowers’
credit limits are affected by the prices of collateralised assets, while prices
are in turn affected by the credit limit. Adverse feedback loops through asset
prices cause initial small shocks to have potentially large effects.

Bernanke, Gertler and Gilchrist (1999) (BGG) consider three types of
agents in a New Keynesian framework: risk-averse households, risk-neutral
entrepreneurs and retailers facing staggered prices. Entrepreneurs are the
only ones who hold capital used in production of the consumption good and
serve as financial intermediaries. The production sector consists of hetero-
geneous firms in a perfectly competitive environment who use capital and
labour to produce consumption goods and face random foreclosure. As new
firms vanish and emerge constantly, they cannot accumulate enough wealth
to be independent of financial intermediaries. Retailers buy consumption
goods and and offer differentiated products in a monopolistically compet-
itive environment. BGG introduce non-linear adjustment costs of capital,
such that when a negative shock hits net worth, the price of capital falls.
A lower price of capital further diminishes net worth, amplifying the initial
shock. Similar to BG, endogenous variations in the balance sheets of firms
are amplified by financial market conditions — a phenomenon the authors
denote as financial accelerator.

Both KM and BGG consider the dynamic propagation and amplification
of small shocks through asset prices. Furthermore, both approaches focus
on linear approximations around the deterministic steady-state. However,
it is important to emphasise that temporary shocks affecting net worth can
have persistent and possibly large effects on economic activity.

For instance Kocherlakota (2000) constructs a simple model with credit
constraints, building on a neoclassical growth model. Productive agents
face credit constraints on how much they may borrow at an exogenously set
interest rate. The agents use capital and land to produce output. Unanti-
cipated increases in income have no impact on output as firms production is
already considered to be optimal, so additional income is either consumed or
saved. If large enough, negative income shocks may reduce output as credit-
constrained entrepreneurs have to reduce their productive assets, thereby
driving down asset prices, which, in its turn, shrinks debt capacity and de-
presses output. Thus, due to credit constraints, temporary income shocks
may have asymmetric persistent effects.

Eggertsson and Krugman (2012) present a simple Keynesian-style model
of debt-driven slumps with an endogenous natural rate of interest. They
start out with a flexible-price endowment setting in which impatient agents
borrowing from more patient agents face a debt limit. If the debt limit is
reduced, impatient agents are forced to deleverage and cut spending. If the
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deleveraging effect is large enough, the economy might end up at the zero
lower bound (ZLB). If debt is contracted in nominal terms while the debt
limit is defined in real terms, Fisherian debt-deflation arises, as a drop in the
price level leads to a further decrease of the natural rate of interest, making
the price level decline further.

Gu et al. (2013) follow a different methodology where they assume limited
commitment as the key friction. Borrowers produce an intermediate good
and promise to pay back lenders when their investments pay out. In order to
avoid punishment by being excluded from future credit, borrowers honour
their debt. However, they might choose to abscond from paying back. As
lenders anticipate limited commitment, debt limits are endogenous. Gu et al.
(2013) derive multiple equilibria which can lead to deterministic, chaotic or
stochastic cycles through shifts in beliefs. If agents believe tomorrow’s debt
limit will fall, they are more willing to pay back debt today to avoid being
excluded from the credit market. This alleviates today’s endogenous debt
limit. However, tomorrow, they expect the next day’s debt limit to go back
up, in which case they prefer not to pay back debt, driving debt limits up.
Depending on the magnitude of the shifts in beliefs, the resulting oscillations
might lead to chaotic dynamics or sunspot equilibria.

Brunnermeier and Sannikov (2014a) build upon the work of BGG, KM
and Kocherlakota (2000) in a continuous-time model with productive experts
and less productive households. Due to financial frictions the distribution
of wealth is crucial as experts are constrained when it comes to buying
capital and using it productively. They derive significant non-linearities
around the steady-state and uncover the volatility paradox: “the idea that
the system is prone to crises even if exogenous risk is low” (Brunnermeier
and Sannikov, 2014a, p.5). Novel features of this approach are the non-
linear and asymmetric reactions of the system to shocks, i.e. positive shocks
may be subject to little amplification, whereas negative shocks may lead to
significant crisis periods and sluggish recovery phases.

B. Financial Intermediaries

As can be seen from above, the majority of seminal contributions on models
of financial frictions are constructed without explicit modelling of a com-
mercial banking sector. That is, financial contracts are arranged directly
between agents without any special intermediation by other agents. Some
papers, however, explicitly model banking.

Building on BG and BGG, Goodfriend and McCallum (2007) provide
a two sector model with a goods-producing sector and a banking sector.
Households own and work in both sectors, buy consumption goods and hold
money for transaction purposes. The banking sector uses a Cobb-Douglas
technology to produce loans (and hence deposits) by combining collateral
and loan monitoring, where the latter is performed by households supplying
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labour to banks. Government bonds and capital serve as collateral, but the
latter is assumed to be inferior in the sense that the monitoring cost of capital
are higher than for government bonds. As loans and deposits are costly
to produce, as they require work effort, there are several different interest
rates in the model. The banking sector generates two opposite effects: the
banking attenuator dampens the effects of monetary policy shocks as the
external finance premium is pro-cyclical. A positive monetary shock has
a positive effect on consumption in the model. Higher consumption leads
to an increase in deposit demand which must be met by an increase in
loan production. This also requires an increase in monitoring effort and by
concavity of the production function, the monitoring costs grow faster than
the loans. Higher costs of lending increase the spread between loan and
policy rate and dampen the effect on consumption. The second effect, the
banking accelerator, stems from the positive effect of expansionary monetary
policy on the marginal product of capital and the price of capital. This
increase in the price of capital increases collateral value and, by the form of
the production function, monitoring cost. So the increase in deposit demand
is partly offset by a higher cost of loan production.

Tacoviello (2005) builds on BGG and KM and features an economy popu-
lated by patient households, impatient entrepreneurs, retailers and a central
bank. Households consume, work and demand real estate and money. En-
trepreneurs consume, hire households and use collateralised real estate to
produce a homogeneous intermediate good. Retailers purchase the interme-
diate good and transform it into a final consumption good on a monopolist-
ically competitive market which is the source of nominal rigidity. Negative
monetary shocks drive up the real interest rate, discourage current consump-
tion and depress output. As house prices fall, borrowing decreases as does
investment, which reinforces the initial effect. In addition, deflation raises
the cost of debt-service which leads to further declines in consumption and
investment. Iacoviello (2014) closely follows a flexible price version of this
model and introduces a banking sector. In this model, bankers maximise
their private consumption by acting as intermediaries between households
and entrepreneurs while facing regulatory constraints on the leverage of their
balance sheets. As the production sector is bank-dependant for its opera-
tions, losses sustained by the banking sector can have substantial effects on
the business cycle.

Kobayashi (2008) develops a New Keynesian model with financial inter-
mediaries and studies the imperfect pass-through from money-market rates
to lending rates. The model economy consists of intermediate-good and
final-good producing firms, commercial banks, households and a central
bank. Employers of the intermediate-goods sector have to pay wages in
advance at the beginning of each period while receiving revenue at the end
of each period. To compensate for the wage bills, firms borrow funds from
commercial banks on a geographically segmented loan market which leads
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to heterogeneity in lending rates. Commercial banks face Calvo-type pri-
cing with respect to the determination of the loan rate. By incorporating
profit-maximising behaviour of commercial banks, the difference between
the policy rate and the retail lending rate becomes endogenous.

Similarly, Curdia and Woodford (2009) introduce a financial intermediary
sector into a New Keynesian setting. Their model is populated by two types
of consumers facing random preference shocks. There are agents with high
marginal utility of consumption (borrowers) and agents with lower marginal
utility of consumption (savers). Agents can only borrow from and lend to
financial intermediaries who face some intermediation costs, as some agents
might abscond from paying back loans. These costs determine the spread
between loan and deposit rate. The cost and spread vary with the amount
of lending.

Adrian and Shin (2010a) build a New Keynesian model in which they focus
on the balance sheet activities of financial intermediaries as a determinant
of the price of risk. Expanding balance sheets lead to an increase in the risk-
bearing capacity of intermediaries and a fall in risk premia. Balance sheet
quantities are indicative for the risk-taking capacity of the whole financial
sector, and should therefore be taken into consideration by the monetary
authority.

Eggertsson and Krugman (2012) also embed the deleveraging mechanism
described above in a sticky-price New Keynesian type model where the de-
leveraging shock affects output instead of prices. In the appendix of their
paper, they show how dynamic deleveraging can be modelled in a dynamic
model with a banking sector, drawing on Curdia and Woodford (2009).
Banks lend out available deposits in a loan-contracting setting with inter-
mediation costs. These costs increase with the individual and aggregate
level of debt, which leads to a spread between lending and deposit rate.
If the debt overhang is too large, that is, the interest rate spread is large,
deleveraging of borrowers may lead to a negative natural rate of interest.

In summary, financial frictions invoke important dynamic feedback mech-
anisms between debt and economic activity. Moreover, models embedded
in a New Keynesian framework mostly build on the interest rate channel of
monetary policy. Several other contributions, however, highlight the import-
ance of the health of financial intermediaries for fluctuations in prices and
debt. To gain a broader basis for discussion in later sections, it is therefore
reasonable to choose one model of each strand.
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IV  MODEL OF DELEVERAGING

Eggertsson and Krugman (2012) (EK) and Benigno, Eggertsson and Romei
(2013) (BER) provide a New Keynesian model with heterogeneous agents
and dynamic deleveraging. The basic story can be summarised in the fol-
lowing way: there are borrowers and savers in the economy. In periods of
high optimism, borrowers acquire debt to finance consumption expenditures,
thus the economy as a whole builds up leverage. When people realise that
the newly issued debt might in fact not be sustainable, the economy enters
a period of low optimism. All of a sudden borrowers realise they are in fact
overleveraged and have to pay down their debt - a Minsky moment. As bor-
rowers enter a process of fast deleveraging, someone has to compensate for
the decline in expenditure. By cutting the policy rate and driving down the
real interest rate, the central bank aims to induce savers to increase their
consumption expenditures in order to preserve full employment. However,
if the debt-overhang is too large, this might lead to a scenario where the
nominal interest rate needed to induce sufficient spending of savers may be
negative. That is, negative real interest rates might make the zero bound
on the nominal interest rate binding. As the central bank cannot reach its
target interest rate, the economy enters a recession.

The model presented in this section is essentially a blend of EK and BER.”
As can be seen below, the model may serve as a generalisation of the stand-
ard New-Keynesian textbook model.

A. Households

The economy is populated by two types of households on an interval [0, 1],
borrowers with measure y; = x and savers with measure ys = 1 — x. De-
note the group of savers by s and borrowers by b, and the group index by
¢ € {s,b}. Savers are endowed with a discount factor 85 € (0,1), while
borrowers’ discount factor §p satisfies 0 < f < s < 1. Each individual
i € [0, 1] solves

o0

max B> 477 (u(Ch) — vo(li)

T=t
subject to the budget constraint
i

) ) . B . ) .
Bl |+ PC}+1T} = 173 —i—tii + Wihi+ Z! + I,
t

9EK provide an extension building on Ctrdia and Woodford (2009), in which they
embed the deleveraging mechanism developed in a two-period set-up in a DSGE framework
in the appendix to their paper.
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where a positive B! is debt of individual i, C} the consumption bundle of
individual ¢ and h{ labour supply of individual i. W; denotes the nominal
wage rate and P; the aggregate price level; Z! are profits from operating
retail firms, while I} are profits from financial intermediation; 7} are lump-
sum taxes.

Borrowing and lending between agents is only possible via financial in-
termediaries. Savers receive the risk-free short term interest rate i;, while
borrowers face the borrowing rate

. N bz bt
1+id; = (14w (df:’dt>’

which is proportional to the nominal interest rate 7; and specific to borrower
i, where @(+,-) > 1 is a borrowing premium depending on individual i’s real

debt b = B{/P, and the aggregate level of debt b; = (fx bédz’) /x. If the

individual level of debt exceeds an exogenously given risk-free level of real
debt d;, the borrowing premium increases, i.e. @wpi(+,-) > 0. Similarly, the
borrowing premium is assumed to be increasing with respect to the aggregate
level of debt, i.e. @y(+,-) > 0. Note that even if both individual and aggregate
real debt are equal to dy, then there is a spread w = @(1,1) > 1.19

Given the positive spread between borrowing and deposit rates, aggregate
profits from intermediation are given by

1 1 ;
It:/ —— ) bidi >0,
% 1+Zt 1+’L%

where the profits are assumed to be distributed to savers only.!!

Given the risk-free rate i;, savers’ optimisation problem implies the fol-
lowing consumption Euler equation for all individuals of the group of savers
s:

1+ 4 uc(Chyy)

— (1)

1= 8.E ,
O (Cs)

where II; = P,/P,_;. As borrowers’ debt decisions depend on their indi-
vidual borrowing costs, they are not price-takers. The consumption FEuler
equation for each individual ¢ in the group of borrowers depends on the
elasticity of the borrowing premium with respect to individual real debt.
However, in equilibrium, borrowers choose the same level of debt bi = b,

0The positive spread between the borrowing and deposit rate arises due to different
discount factors. This ensures that w(-, -) is continuously differentiable in a neighbourhood
around the steady state. Unfortunately, this property is overlooked in BER. Moreover,
the steady state interest rate spread is uniquely determined by the discount factors.

1Tt seems reasonable to assume that indebted agents are excluded from receiving the
profits of intermediation. Both EK and BER note that the qualitative results do not
depend on this assumption.
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which implies that the consumption Euler equation for borrowing individu-
als is

144 UC<C£)+1)
I 4 <1 —€ (Z—i)) u(Cy)

where €(-) = (by/d;) (wp(+)/w(+)) is the elasticity of the borrowing premium
with respect to real debt, and w(b;/d;) = @w(by/ds,by/dy). Note that the
equilibrium borrowing rate is now

1 = BplEy

(2)

b

1+i§:1+ilg:(1+z’t)w<di> (3)

for each borrower 1.
Optimal labour supply of each saver is given by
on(hf) _ Wi
’U,C(Cis) Pt ’

and similarly for each borrower by

op(h}) W,

u(C?) P

B. Firms

There is a continuum of firms j € [0, 1], each of which produces a differenti-
ated intermediate good y¢(j), but all use an identical technology represented
by the following constant returns to scale production function!?

ye(J) = he(d)-
Perfectly competitive firms assemble the intermediate goods with a Dixit
and Stiglitz (1977) technology

0

1 o—1 01
Y, = (/ yt(])gdj> ;
0

where 6 is the elasticity of substitution between goods. Final good firms
maximise P;Y; — fol pt(7)y+(j)dj subject to the production function, which
yields the demand functions for the intermediate goods

) = (p]ﬁ”)oy with P, = ( / 1pt<j>19dj> -

12By keeping the model as simple as possible, it is convenient to abstract from any
changes in technology, so A; = A is normalised to 1. In addition, the constant returns to
scale assumption yields some nice properties which are exploited in appendix A.
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The profit maximisation problem of each intermediate good firm in period
t is hence given by

z(7) = (L + 7)pe(9)ye (5) — Weha(4),

where 7 is an employment subsidy financed by means of lump-sum taxes
levied on individuals according to

T! = T PY;.

Furthermore, pricing a la Calvo (1983) is assumed. That is, firms only
get to revise their prices with probability (1 — «) at the beginning of each
period, while the remaining firms leave their price unchanged. Furthermore,
firms take the exogenously set inflation target Il into account. Each firm j
that revises its price at time ¢ chooses p; to maximise its discounted profits

m@xEt {Z(QB)T_t)\T [(1 + T)HT_tﬁ;yT(j) - ‘;/;hT(j)} } ) (*)

Py T—t

where \; is a weighted average of the marginal utilities of savers and bor-
rowers since profits are risk-shared across the two classes, and § = (1 —
X)Bs + xBp. The first order condition of this problem implies an optimal
price pf/P;. Together with

which also follows from Calvo-pricing.

The maximisation problem given by (%) under Calvo-pricing, together
with the Dixit-Stiglitz aggregator, implies the New Keynesian aggregate
supply equation given by

<1—Oé(r111t)0_1>1_9:MEt (6)

with u = 0/[(6 — 1)(1 + 7)] and auxiliary variables F; and F; recursively
defined as

W, M)’
Ey = NY,— +aBE, (=22 ) E, 4 and (7)
P, I
Ht L 0—1
Fy = \Y; + aBE, < 1_; ) Fiiq. (8)

The derivation of this result can be found in appendix A.
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Define price dispersion due to sticky prices as Ay = fol (pe(4) /Pt)_e di
with the following law of motion'?

01 % 0
Ar=(1—a) (M(%)) + A <Ht> . (9)

11—« II

C. Equilibrium

Realising that aggregate labour supply is hy = (1 — x)h$ + xh? and recall-
ing the constant returns to scale assumption together with the individual
demand functions, yields

A EN L O A
-nt it = [Cwa= [ (M) a=via, o)
0 0

where the aggregate resource constraint is simply given by
Y = (1-x)C; +xCY. (11)

Finally, the borrowers’ budget constraint gives the evolution of aggreg-
ate real debt. Substituting Z¢ = (1 + 7)P,Y; — Wihy, T} = 7P,Y;, noting
the composition of aggregate labour supply, and recalling that I} = 0 for
borrowers, yields

=+ C = =00~ ). (12)

To close the model, monetary policy is assumed to follow a general form
iy = max(0, pXy), (13)

where ¢ is a vector of exogenous policy parameters and X; is a vector of
endogenous variables. It suffices to provide a specific policy rule for the
linearised model. Now an equilibrium for the model can be properly defined.

Definition 1. An equilibrium is a set of endogenous stochastic processes
(Y, CP,C5 hy, Wy, By, Fy TLy, Ay, 2, A, bt}zto, evogenous process {di};~, ,
and given initial conditions dy, |, and Ay, |, such that equilibrium conditions
(1)-(13) are fulfilled. In other words, the endogenous variables are consistent
with optimal inter-temporal decisions by individuals and firms, given their
objective functions and constraints, such that all markets clear at all times.

Before the effects of a deleveraging shock can be discussed, the steady
states for the linearisation have to be pinned down.

3For details on the derivation see appendix B.
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D. Steady State

As a starting point, consider an initial steady state where the economy is
in a highly leveraged state with d; = d". In steady state, the inflation
rate is equal to the inflation target II; = II. This implies that there is no
price dispersion in steady state, i.e. Ay = 1. Given the consumption Euler
equations, savers earn a risk-free rate of

14i= B, (14)
while borrowing households pay a risk-free rate
1+’ = g, 'L (15)

The relationship between the two interest rates pins down the steady-state
spread w = (s, 1 14 Note that this implies positive profits from intermedi-
ation for savers in steady state. This means that savers’ steady-state income
from intermediation falls in response to a drop in d.

In order to simplify notation, the production subsidy 7 is assumed to
eliminate the static distortion due to monopolistic competition, i.e. p =
W = 1, and the steady-state real wage is set as W/P = 1/u = 1.
Furthermore, it is convenient to normalise steady-state aggregate output to
Y = 1, which implies h = 1.1

Similar to EK, the steady-state values for C®, C*, h® and h* can be backed
out from the optimal labour supply, the evolution of aggregate debt and the
aggregate resource constraint.

E. Linearisation

This section presents the linear approximation of the equilibrium conditions
around the steady state defined above. Moreover, it can be shown that
the linearised version of the model represents a more general version of
the standard New Keynesian model by incorporating heterogeneous agents
and financial frictions.'® Denote the deviations of endogenous variables
from their steady-sates as by ¢ = (Y; —Y)/Y, & = (Cf —Y)/Y and
he, = (kS — he)/he for each ¢ € {s,b}, by = (by — d")/d", dy = (dy — d")/d",
m = Inl;, i = In(1 4 4;) /(1 +4) and 22 = In(1 + %) /(1 + ).

“Note that the consumption Euler equation can be rewritten as 8, 'TI = (1 + i°)(@ —
@yi(1,1))/@ which implies that @&:(1,1) = 0. That is, marginal cost of additional indi-
vidual borrowing is zero in steady state.

5Note that this normalisation is justified by the assumption that 7 eliminates the effect
of price stickiness on steady-state output, which makes the steady-state values of output
in the flexible price and the sticky price setting equivalent.

1Examples of similar models but with a different focus are Ctirdia and Woodford (2009,
2010, 2011).
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The consumption Euler equations (1) and (2) can then be rewritten as

Bl — & =0 [%t — Ey(mgr — w)} (16)
Eté?_,_l —é?:J [i?—i—A(Et—(L) —Et(ﬁt+1 —71') (17)
where 7 = InIl, 0 = —ue.Y/uc and X\ = (1) > 0.17 Linearising (3) gives

an approximation for the spread between borrowing and deposit rate
iy =i+ ¢ (Bt - CZt) ; (18)

where ¢ = wp(1) > 0 is the steady-state elasticity of the borrowing premium
with respect to real debt.'® Linearisation of the evolution of real debt (12)
yields

i) A A B 2 ~ ~ 7 78
114 <bt _Zg) = I (bt—l — (m _77)) +C? — Yt — hg"‘hta (19)

where b=b/Y.
The aggregate resource constraint (11) gives

g = (1= x)& + xé/ (20)
and, noting that price dispersion drops on a first-order approximation,
9 = (1= x)hi + xhy. (21)
Aggregate labour supply can be summarised as
ol + o7l = ohi + o071 (22)

where ¢ = v, Y/vp. Equations (16)-(22) describe the aggregate demand
block of the economy.

Log-linear approximations of equations (6)-(8) yield the New Keynesian
Phillips curve that represents the aggregate supply block of the model

m — 7 = Kk + PE(mp41 — 7), (23)

where Kk = (1 — a)(1 — aB) (o + ¢)/a.
Finally, monetary policy is assumed to follow a standard textbook spe-
cification taking into account the ZLB

i = max(B; 'L = 1, ¢y + Gy ). (24)

"Note that XA > 0 is guaranteed by assuming that the cross derivative @yi,(1,1) > 0
since €(1) = @y, (1, 1) /@(1,1).

8To ensure ¢ > 0, the assumption made above that @s(-,-) > 0 suffices since wy(1) =
(@pi (1,1) + @u(1,1))/@(1,1) where @i (1,1) = 0.
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Equations (16)-(23), together with the exogenous process {d};Z, , monet-
ary policy rule (24) and the initial condition l;to,l, determine the equilibrium

processes of the endogenous variables {@)t, ég, ¢, hff’ e T 0,10, bt} .
=lo

At this point it has to be emphasised that the linearised version of the
heterogeneous agent model derived above is closely linked to the standard
textbook New Keynesian model, e.g Woodford (2003) or Gali (2008). Com-
bining equations (16)-(18) and (20), yields

G =B — o [gt — Ey(m41 — ) — f’?] ;
where the natural rate of interest 7" is now endogenous and given by
i = —x(A+¢) (b —dy).

Moreover, the aggregate supply schedule from above is exactly the same
as in the standard model. The standard New Keynesian model with an exo-
genous natural rate of interest is a nested special case of the model outlined
above. To determine the natural rate of interest in the above setting, one
has to figure out the evolution of debt first. If the real value of debt is
higher than the safe value of debt, borrowers find themselves in a situation
were private debt is too high. This is equivalent to a negative shock to the
natural interest rate, which in turn implies a negative shock to the demand
schedule. In particular, if the negative shock to th is large enough, one can
easily get a negative natural rate of interest. Conversely, if real debt is below
the safe level, borrowers will have an incentive to lever up and increase their
spending, which is equivalent to a positive demand shock.

F. Simulation

To conclude the characterisation of the model, consider now simulations of
the linearised model (a) without the ZLB and (b) with the ZLB binding.
The model is implemented in Dynare (cf. Adjemian et al., 2011) and the
model file to replicate the figures can be found in appendix C. To solve
the model for a binding ZLB, Guerrieri and Iacoviello (2014) provide a
convenient algorithm which is used for solving the linear model within the
Dynare environment, see appendix D.. In a nutshell, the algorithm is a
piecewise linear perturbation method that checks in every step whether the
Z1B is binding or not.

TABLE 1: Baseline parameter set for the linearised deleveraging model.

Bs =099 [5,=099 o=1 p=1 x=04
¢p=014 A=014 k=002 b=10 o04=0.3

Table 1 shows the parameters used in all simulations. Using the common
calibration of 5 ensures that the annual risk-free nominal interest rate is
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about 2 percent.!? Borrowers’ discount factor 8y is just slightly below those
of savers. This relationship is crucial as the classification of indebted and
saving agents emerges endogenously from some agents being less patient
than others. As in Gali (2008), it is assumed that o = 1 (implying log
utility) and ¢ = 1 (a unitary Frisch elasticity of labour supply). In line with
Tacoviello (2005) and BER, the share of borrowers in the economy is assumed
to be x = 0.4. BER calibrate b to match an initial ratio of aggregate debt to
GDP, denoted by b8, of 100 percent. That is, b8P = (yb)/(4y) = 1 which
implies b = b/y = 4/x.2° The simulation analyses the transition between
two steady states as the safe level of debt drops unexpectedly from d” to d',
with d < d". To stick to the above notation, the following process for dy is
assumed

7 7 d
dt+1 = dt —&41-

In order to get a drop in d of 30 percent, one simply has to assume that
ed big (0,02), where o4 = (1 — d"/d"). An unanticipated one-time shock to
d at period 1 with standard deviation o, creates a Minsky-moment, in which
borrowers suddenly find themselves at too high debt levels. This triggers
the deleveraging dynamics that will be discussed shortly.

As in Woodford (2003), the measure of the degree of price flexibility & is
assumed to be 0.02.2! The calibrations of the steady-state elasticity of the
borrowing premium ¢ and the steady-state derivative of the elasticity of the
premium seem somewhat arbitrary, as they lack empirical backing at the
moment. However, both parameters essentially determine the impact of the
drop in d via equations (17) and (18). Pragmatically, values are chosen in
order to generate meaningful results.

Scenario (a). Figures 2 and 3 show the effects of the deleveraging shock
without the ZLB. The central banking is assumed to target a 2 percent
annual inflation rate. There are two cases in this scenario: one where the
central bank is able to perfectly target 2 percent inflation, and one where
the central bank follows standard textbook parametrisation.

In both cases, the negative shock to the risk-free level of debt triggers an
increase in the spread between the borrowing and deposit rates, since bor-
rowers suddenly find themselves far away from the risk-free borrowing limit.
As the cost of borrowing is high, borrowers start paying down their debt by

9Note that the steady-state annual nominal interest rate is i**® = 4(8~* — 1).

20EK, on the other hand, consider an initial value of aggregate debt to GDP of 130
percent, while both BER and EK contributions analyse the effects of a 30 percent drop
in d. Note that (12) depends on b which means that the deleveraging process has a level
effect. That is, if aggregate debt is very high, then the effect of the deleveraging process
is even more pronounced, as discussed further below.

2I1Note that k is a function of several other structural parameters. However, for the
linearised model, it suffices to just calibrate k.
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both decreasing their consumption and increasing their total hours worked,
while savers do exactly the opposite.?? If prices are perfectly flexible (which,
in this case, is equivalent to successful inflation targeting), household con-
sumption smoothing completely offsets the effect on aggregate output. On
the other hand, if price frictions do matter (i.e. under a standard para-
metrisation of the policy function), output and inflation are affected by the
deleveraging process. As the policy rule does not trigger a response of the
interest rate which is large enough to offset the decline in consumption of
borrowers, output and hence prices are negatively affected.

Note that as the natural rate of interest becomes negative, the risk-free
rate of savers declines. This means that consumption in the current period is
relatively less expensive now than it was before. This is why savers increase
their consumption while borrowers deleverage. As there is no bound on
the nominal interest rate, the real interest rate can adjust such that savers
can compensate for the drop in consumption of borrowers. However, the
necessary decline in the interest rate is quite large which poses problems
once the ZLB is taken into account.

It has to be emphasised that once the central bank cannot successfully
target inflation, the deleveraging process has a negative effect on output and
inflation, even though the ZLB is not binding. This means that shifts in the
risk-free level of debt might trigger considerable fluctuations in output.

Scenario (b). The key mechanism behind the aforementioned deleveraging
process is that the risk-free interest rate declines in response to the lower
consumption of borrowers inducing savers to increase their, thereby com-
pensating for the loss of borrower consumption. Given an inflation target
of 2 percent, the real interest rate of savers can be at least -2 percent when
the nominal rate is zero.

Figures 4 and 5 give the simulation results when the ZLB is binding and
the central bank tries to perfectly target its inflation goal. The economy
experiences a significant drop both in output and in the rate of inflation
as the central bank cannot set its interest rate at the desired level. Lower
output means lower income for borrowers who are now forced to decrease
consumption even further in order to reduce their debt levels. This slows
down the deleveraging process and the borrowing rate increases. Due to
the endogeneity of the natural interest rate, a slower deleveraging process
caused by the ZLB implies a slower recovery of the natural rate of interest.
Consequently, the ZLB on the nominal interest rate is binding for a longer
time period than if it had been caused by a purely exogenous shock.

Quantitatively, the deleveraging shock can be quite large, particularly

%Note that households can only smooth consumption by varying their labour supply.
For instance, a modified version of the model including capital would give households a
further margin for consumption smoothing. However, this aspect goes beyond the scope
of this thesis and is postponed to future research.
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FIGURE 2: Impulse response functions following a 30 percent deleveraging shock without
the ZLB.

when the economy is close to the ZLB. BER emphasise that the effect on
output with an endogenous natural rate of interest, which incorporates a
feedback loop with output and the policy rate, is much more pronounced
than with an exogenous natural rate of interest. Put differently, the output
gap lowers the natural rate of interest even further, thereby making the
nominal interest rate binding for even longer. As aggregate demand also
depends on expected output, expected inflation and expected future nominal
interest rates, all these factors will depress demand today. Thus both the
persistence of the crisis, as well as its impact are higher with an endogenous
natural rate than with an exogenous one. Furthermore, BER argue that
the implications for optimal monetary policy are similar to Eggertsson and
Woodford (2003), who show that keeping the nominal interest rate low for
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FIGURE 3: Impulse response functions following a 30 percent deleveraging shock without
the ZLB (cont’d).

a period of time longer than really needed for inflation targeting can lead to
a small output boom and inflation in the very short run. However, due to
the endogeneity of the natural rate of interest, the commitment has to be
even stronger in the scenario simulated above.

EK, on the other hand, strongly argue in favour of fiscal policy in counter-
acting the negative effects of the binding ZLLB. When the economy is at the
ZLB, their results suggest that the government spending multiplier should
be greater than one, since monetary policy is not able to offset the effect
of fiscal policy. As long as borrowers benefit from an increase in govern-
ment spending, the deleveraging process will take less time and substan-
tially reduce the length of the crisis period. BER further note that the fiscal
multiplier is larger than in the standard New Keynesian model with ZLB,
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since government spending also affects the natural rate of interest through
the deleveraging process. The size of the multiplier of course depends on
the distribution of taxes and spending between savers and borrowers. If
savers finance the increase in government spending, which mostly targets
overleveraged borrowers (essentially a redistribution from savers to borrow-
ers), the multiplier becomes relatively large. Conversely, if only borrowers
face the tax burden and transfers are shared across all individuals, the im-
pact of government spending can also be negative. These results are fairly
straight-forward as the length and intensity of the deleveraging process of
borrowers essentially determines the decline in the natural rate of interest
and, consequently, output and inflation.
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FIGURE 4: Impulse response functions following a 30 percent deleveraging shock with and
without the ZLB under perfect inflation targeting.
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FIGURE 5: Impulse response functions following a 30 percent deleveraging shock with and
without the ZLB under perfect inflation targeting (cont’d).

Interestingly, the magnitude of the effects is not scale-invariant (see foot-
note 20). While the drop in the natural rate of interest only depends on
the relative change in the risk-free debt level (i.e. the debt overhang), the
impact on output and inflation depends also on the level of aggregate debt,
as depicted in figure 6. This means that the more indebted the economy,
the worse the crisis following a deleveraging shock. This stems from the fact
that the steady-state value of consumption of borrowers ultimately depends
on the safe level of debt d before the shock. The higher d, the higher the
steady-state output share of borrowers’ consumption. If highly indebted
agents cut down their consumption expenditures, falling prices make it even
harder for them to decrease their debt levels. If the initial debt level is
high enough, deflation might kick in despite monetary policy targeting their
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positive inflation goal. This leads to debt-deflation and amplifies the initial
drop in borrowing. Hence, the deleveraging of borrowers can have stronger
effects when they are highly indebted. This is consistent with Minsky’s view
that calm periods of economic volatility, which may lead to high levels of
private debt, can be followed by severe financial crises.

APR

b99=1300

FIGURE 6: Impulse response functions following a 30 percent deleveraging shock at dif-
ferent debt levels (with ZLB and perfect inflation targeting).
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V MODEL OF MONEY CREATION

Brunnermeier and Sannikov (2014a,b) provide a new modelling approach by
incorporating a financial sector in macroeconomic models to tackle issues
centring around financial stability and financial frictions. Their economy is
populated by three different groups of agents: borrowers, savers and inter-
mediaries. Borrowers fulfil one or more of the following characteristics: they
are entrepreneurs and more productive than other agents, or more impa-
tient, risk-tolerant and optimistic than others. Most importantly, they want
to hold more capital than their own resources would allow. In these models,
there are financial frictions in the sense that direct contracts are incomplete,
e.g. savers cannot monitor borrowers effectively, and financial intermediar-
ies that can partially mitigate these frictions. Similar to Holmstrom and
Tirole (1997), financial intermediaries take over at least some of the risk of
borrowers. How much risk the financial sector can take on, however, de-
pends on its overall health, or more specifically, its net worth. The state
of the economy can therefore be described by the aggregate net worth of
the production and the intermediation sectors. Exogenous macroeconomic
shocks essentially affect the return on capital, whereas the price of capital
also depends on the net worths of borrowers and intermediaries.

In addition to risky capital, Brunnermeier and Sannikov (2014b) (BS) in-
troduce outside money as a safe store of value. Intermediaries create inside
money by issuing debt-obligations. The model is able to derive endogen-
ous systemic risk dynamics manifested in deflationary and liquidity spirals,
thereby incorporating elements in the spirit of Fisher and Minsky.

This section draws on the model of BS.?* Their model features finan-
cial intermediation with a particular focus on the creation of inside money.
Money serves as a store of value, as a liquidity buffer and a means of insur-
ance instead of as a mere transaction tool. Heterogeneous households live in
an environment with fully flexible prices, where intermediaries can mitigate
financial frictions. By creating inside money, intermediaries also create en-
dogenous risk which might lead to severe crisis episodes due to deflationary
amplification effects. Due to redistributional macroeconomic shocks, inside
and outside money are only imperfect substitutes, which will trigger the
dynamics outlined below.

A. Agents

The model economy consists of households and intermediaries. The optim-
isation problem of all agents is twofold: they choose consumption rates to
maximise utility subject to their wealth levels and they allocate their port-

ZMore specifically, this section replicates the baseline model of the original paper and
includes a simple interest rate rule rule of the monetary authority. The original paper
includes conventional and unconventional monetary policy at the same time.
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folio between different assets in order to maximise returns. That is, the
income of the individuals is generated by capital gains on investments in
different assets. All households are assumed to have logarithmic utility of

the form
E [/ et logctdt] ,
0

where ¢, is the rate of consumption and r € (0,1) is the discount rate of
households. Some households are savers and some are borrowers. The latter
are assumed to value physical capital higher since they have direct access
to the production technology. For simplicity, the total wealth of borrowers
is assumed to be zero, i.e. savers own all household wealth. Without inter-
mediaries, borrowers have to borrow physical capital from savers in order
to produce output. With an intermediary sector, savers can deposit some
of their funds with the intermediaries who can diversify borrowers’ risk and
thus provide an additional funding channel to finance borrowers’ projects.

Physical capital k; used by borrowers produces output at rate (a — ¢¢)ky,
where a > 0 is a technology parameter and ¢; is the rate of investment. New
capital can be built through investment and evolves according to

ift = (q)(bt) — (5) ]{?t,

where ® represents a standard investment technology with adjustment cost,
ie. ®(0) =0, ®'(0) =1, ®'(-) > 0 and ®”(-) < 0. That is, for ¢; > 0 there
are decreasing returns to scale and for ¢; < 0 there is technological illiquidity,
as adjustment costs imply irreversibility of investment.?* In the absence of
investment, physical capital depreciates at rate §. Taking capital holdings
of savers into account, total capital in the economy K evolves according to
Kt = (@(Lt) - (5) Kt.
Intermediaries also have logarithmic utility of the form

o0
E {/ e Pt log Ctdt:| ,
0

where ¢; is their rate of consumption and r < p < 1 is the discount rate. In
other words, intermediaries are more impatient than households. In addi-
tion, intermediaries have certain advantages with respect to macroeconomic
shocks.

Macroeconomic shocks follow a Poisson process with intensity A. In the
case of a shock, a fraction ¢ of borrowers steal physical capital and become
savers. Analogously, savers lose their entire capital that they rented out with
probability ¢ and become borrowers. This can be interpreted as some agents

Trreversible investment means that capital cannot be converted back to consumption
goods. Moreover, the depreciation rate can here be interpreted as the average duration of
the capital goods (Brunnermeier and Sannikov, 2012).
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being subjected to failing investments, hence losing their invested capital to
other agents. Intermediaries are able to reduce the probability of losing
capital to ¢ < ¢ since they can diversify across borrowers and are assumed
to have a superior monitoring technology. In the event of a macroeconomic
shock, however, intermediaries lose a fraction ¢ of their wealth. That is,
shocks affect the net worth of intermediaries, but leave the total quantity of
capital K; unaffected.

B. Assets and Returns

There are two types of assets across which agents can allocate their wealth:
money and capital. All asset values are measured in units of output, i.e.
the price of output is one. Let ¢; be the equilibrium price of one unit of
physical capital, while p; is the price of money per unit of physical capital.?®
The total amount of physical capital depends on aggregate investment and
the allocation of capital between borrowers and savers. Money is assumed
to be backed by taxes and pays a floating interest rate iy > 0 set by the
monetary authority. Fiscal policy taxes output at rate 7 € [0,1) and buys
money at the current price, while the monetary authority prints money and
takes outside money as deposits to finance interest payments.?® Both the
prices of money and the price of capital are endogenously determined. The
total amount of real wealth in the economy is therefore equal to (p; + q;) K.

Savers choose to hold their wealth as money or capital. They can either
hold inside money, by making a deposit with an intermediary, or hold outside
money directly. As each saver loses her entire capital with intensity Ao,
holding physical capital only is very risky. The expected utility of holding
capital only is —oo which ensures that there is a demand for money.

Intermediaries create inside money by providing funds to invest in cap-
ital projects and accepting deposits from savers. They have to guarantee to
repay the savers even in the event of a macro shock. As deposits are denom-
inated in money, inside money created by the intermediaries can be viewed
as an imperfect substitute for outside money. However, the amount of in-
side money intermediaries are willing to create depends on their risk-taking
capacity which is essentially determined by their net worth.

Furthermore, intermediaries are assumed to issue debt only and no equity,
i.e. they have to entirely absorb all losses from their lending activity. This

ZFor this definition of the price of money to make sense, the total money supply has to
be normalised to one and remain unchanged. Let P; = P be the value of the total money
stock (in terms of output). Then a change in p; = P;/K; = P/K; implies a change in
the value of the money supply. Note that a growing capital stock implies that the price
of money is decreasing. The main advantage of this assumption, however, is that it keeps
everything scale invariant with respect to the size of the economy.

26Note that i, is the sole policy instrument in this setting, while BS also include long-
term bonds issued by the central bank. The implications of this additional policy instru-
ment are discussed below.
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assumption creates the necessary financial friction which comes into play
below.

Before the equilibrium can be characterised formally, one has to look at
the returns households and intermediaries receive from money and capital.
Denote by

Pt gt
pf == and uf = =

25
bt qt ( )

the endogenous equilibrium laws of motion of prices without shocks and by
p; and ¢; the price levels in the event that a shock hits at time .

First, consider an investment in physical capital of q.k;. It earns a return
of

1—7)(a—1
rf:(zftxﬂﬁ+®u0—5 (26)
N————
_ﬁ_/ capital gains rate
dividend yield

in the absence of shocks.?” After a shock, the value of capital owned by
households drops to zero with probability ¢ and changes by a factor of ¢;/q;
with probability 1 — ¢. However, capital held by an intermediary changes
by (1 - 6)d/ar
Moreover, the optimal equilibrium rate of investment solves the first-order
condition
Lt ’ 1
max®(t) — — = () = —. (27)
b a4t a
As fiscal policy buys money at the current market price, the flow of pay-
ments to money holders is 7aK;. In addition, monetary policy pays the
floating interest rate i;. Since the total value of money in the economy is
pi Ky, the return on money is
v _ T(a—1)

T :—ig—wwfmﬁ+®@g—& (28)

where the value of money changes by a factor p;/p; following a shock.

C. Optimal Portfolio Choice

Logarithmic utility has the advantage that portfolio and consumption de-
cisions are independent of each other and consumption decisions only depend
on consumers’ wealth levels. Put differently, consumption is independent of
investment opportunities. Moreover, in case of infinitely-lived agents, the

2"Note that the dividend yield follows from output remaining after internal investment,

and the capital gains rate follows from W, where ¢; follows from (25).
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optimal consumption rates are simply equal to the discount rates times
agents’ wealth levels (Merton, 1992, ch.4).

Intermediaries choose portfolio weights x; and 1—x; on capital and money,
respectively, to solve

max 28 4 (1 — 2,)rM + Mog (%(1 — ¢)% +(1— xt)pt>,
Tt qt bt
return if no shock
utility drop if shock
which yields the following first-order condition:
(1-9)p -2
rK My @ pe 2 0. (29)

wi(1— @)L 4 (1 — )2t
Similarly, households choose portfolio weights (z;,1 — z;), z, € [0,1] to
solve

max gy + (1= z)ri" + M1~ ¢)log (wtgt +(1- -’Ifﬂff) +Aglog(1 — zy),
t - t t ————
return if no shock loss of all capital
utility drop if shock

which yields the first-order condition of households

gt _ Pt 1 '
K M qt Pt :
KM N1 - ) — R = 0. 30
! ! ( *)xt%Jr(l—x)% i (30)

D. Market Clearing

Let Ny be the total net worth of intermediaries. Then the aggregate net
worth of households is (p; + ¢;) Ky — N;. As stated above, consumption rates
are simply equal to discount rates times net worth and hence independent of
investment opportunities. In other words, there is no precautionary saving.
The market-clearing condition for output is therefore

(a — )K= pNe + 1 ((pr + q0) K — Ny) .

The market-clearing condition for capital follows from equating the ag-
gregate value of capital in the economy to the total value of capital held by
intermediaries and households

@Ky = 2Ny + 2y (0 + @) K — Ny)
Denote by

O = qt/(pe + @)



MODEL OF MONEY CREATION 32

the fraction of the economy’s wealth that is invested in capital, and by

n (pe + q1) Ky

the fraction of total wealth owned by intermediaries. Then the market-
clearing conditions can be rewritten as

a — U
Pt + qt

= pne + (1 —n) and xmp + (1 — 1) = 04 (31)

In the absence of shocks, the law of motion of the net worth of interme-
diaries, given their optimal portfolio and consumption choices, is

N; = (zerf + (1 — 2)r}" — p) Ny (32)

In the event of a shock, net worth of intermediaries changes to

ai Di
Equations (32) and (33) also imply the evolution of net worth of households
which is given by (p; + ¢) K¢ — Ny.

E. Equilibrium

BS identify two important benchmark cases. First, the pure money regime
in which intermediaries have zero net worth and A > 0. In this scenario,
saver households hold outside money only and all capital, so there is no
inside money in this regime. Second, the frictionless regime in which agents
can perfectly insure themselves against redistributional shocks, i.e. A = 0.
In this scenario, the financial friction becomes obsolete as intermediaries do
not need buffers to absorb any risk. This makes both capital and money
risk-free and leads to unimpeded creation of inside money by intermediaries.
Intermediaries are well capitalised and are able to lend freely.

The equilibrium path of the economy lies between these two regimes. In
the absence of monetary policy, a negative macroeconomic shock decreases
the net worth of intermediaries and lowers their capacity to mitigate financial
frictions. The price of capital decreases, while the price of money increases.
This leads to a lower money multiplier (total money to outside money), as
the economy drifts towards the money benchmark. As the economy recovers,
intermediaries are able to create more inside money, increasing the money
multiplier and lowering the value of outside money. After the recovery, the
economy moves towards the frictionless benchmark.

To characterise an equilibrium, one has to find prices and allocations for
any history of previous shocks, such that all agents maximise utility and all
markets clear. More formally, a definition of an equilibrium is the following.
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Definition 2. An equilibrium is a map from histories {t; < ta < ... <t, <
t}, where ty,...,t, are the times of all previous shocks and t is the current
time, to prices py and q, allocations (v¢,1 — xt), (2,1 — ;) and (ct,c;), as
well as wealth levels (N, (pr + qi) K¢ — Ny), such that

(i) all markets (for money, capital and consumption goods) clear,

(ii) all agents choose portfolio allocations and consumption rates to max-
imise utility,

(iii) and wealth levels of agents satisfy their budget constraints.

From the laws of motion of the aggregate wealth levels and the equilibrium
conditions, one can derive the drift of n;, which is

=

Nt qt Dt
+ (wp — Op) (i — pf) — p

(34)

in the absence of shocks. In the event of a shock, the wealth share of
intermediaries drops by a factor

@: (xt(1_¢)9t+(1—xt)1:22). (35)

Finally, it is useful to summarise all equilibrium conditions in the following
proposition, including scaled variables only instead of aggregate variables.

Proposition. In a Markov equilibrium, the law of motion of the state vari-
able ny is given by (34) and (35), where ¢ = 0y(pi+qi), pe = (1—0¢) (P +q1),
and iy, py + q¢ satisfy

O1(petq)® (1) = 1, and (r+ (p—r)m)(pe + @) =a—u.  (36)

Functions 0y = 0(ny), ¢ = x(n) and z, = z(n;) are jointly determined by

o+ 24 (1 —ne) = 04,

(L-7)la—w) T7(a—1u) iy 0’ (n) i ne
qt Dt ! 9(1 - Qt)
0, 1-06; Nt
—|— )\ ]. - - - = 07 a‘nd
<( ¢)0t 1—9t) Mt
Q-na—w) rla-u) ,  Coubn
qt Dt 0:(1 —0)
G _ 1-6 A
A1l —p)—— P e _y

— [} 1—6 1—=x
itef + (1 —z4) 179§ =t
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Proof. See BS. O

The proposition from above implies a first-order ordinary differential equa-
tion for 6(n;), which can be solved numerically to find an equilibrium for
given parameter values. The outline of the algorithm used for computations
in the next section can be found in the appendix of BS.?® To facilitate com-
putation, a degenerate investment function ® : {0} — R is assumed leading
to some growth rate g = ®(0) — ¢ while output is produced at rate a. This
has some major computational advantages exploited in the MATLAB im-
plementation of the algorithm used for computing solutions.?"

F. Simulation

Table 2 gives the parameter values used for computation. Recall that a is a
productivity parameter, r is the discount rate of households, p the discount
rate of intermediaries, and A the intensity of the macroeconomic shock. The
idiosyncratic probability of households losing their entire capital ¢ can be
interpreted as a measure for market liquidity, while the fraction of capital
intermediaries lose in case of a shock, ¢, quantifies exogenous risk faced by
the intermediary sector. The parameters 7 and £ are related to fiscal and
monetary policy, respectively.3?

TABLE 2: Baseline parameter set for the money creation model.

r=005 p=006 A=1 a=0.1
¢$=0001 ¢=01 7=01 ¢&=0.09

As a first example, consider an economy without monetary policy. Recall
that the fraction of the net worth of intermediaries 7, is the state variable of
the economy, which determines the value share of capital 6(n) on an interval
[0,n*], where n* is the stochastic steady-state. Figure 7 gives the equilibrium
on the whole interval [0, 7*]. Recall that y, which can be seen as the solid
line in the bottom left panel, is the drift of the net worth of intermediaries
from equation (34). The drift is monotonically decreasing towards zero over

%8The idea behind the algorithm is as follows: first, an initial value §(0) = (1—7)r/(r +
A¢) (which corresponds to the pure money regime) is defined on a small interval. Then
the derivative 6’ (1) can be computed on that interval. Next, the system has to be solved
for n along the tangent line for a small step size. This is accomplished by iteratively
executing the following steps: (i) compute prices (for a given 7 which is initially close to
0), (ii) search the segment where 1 jumps to after a shock (by computing price jumps
and portfolio allocations, given an initial guess for 1), (iii) compute n and 6 after the
jumps using linear interpolation, (iv) compute 6’, and the drift of n and (v) increase 6
accordingly.

29T am very grateful to Markus Brunnermeier and Yuliy Sannikov for providing me with
a preliminary version of their code.

30Extensive discussion of different parameter constellations is omitted and can be found
in BS.
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the whole interval, indicating that the economy is moving towards the steady
state and staying there as long as there are no shocks. The dotted line in
the bottom left panel gives the jump in 7 once a shock arrives. Note that
7 jumps down as some of the capital financed by intermediaries is stolen
by other households. Importantly, the jumps are smaller than the drift,
implying that the system tends to return to n*, whereas the margin between
drift and drop narrows.

The top left panel shows that 6(n) increases as the net worth of inter-
mediaries rises, suggesting that capital becomes more valuable. The top-
right panel shows the equilibrium allocations of capital to intermediaries
W = may /6. For a sufficiently large net worth of intermediaries, all physical
capital is financed by intermediaries. The middle panels show the endogen-
ous evolution of the prices of physical capital ¢ and money p. In the event
of a negative shock money appreciates while capital depreciates.

When financial intermediaries are hit by a shock, they are forced to shrink
their balance sheets. A decrease on the asset side of intermediaries means
that they issue less inside money. Borrowers are forced to reduce their
investment which decreases the demand for capital and thereby depresses
the price of capital. A decline in the price of capital means that the value
of the asset side of intermediaries is declining further. This liquidity spiral
increases the effect of the shock on the asset side of intermediaries. In
addition, by creating less inside money, the overall money supply decreases,
but the value of outside money increases, i.e. deflationary pressure arises.
Deflation increases the real value of the liabilities of intermediaries and hence
negatively affects their net worth, giving rise to a Fisherian deflationary
spiral. This means a negative shock affects both sides of intermediaries
balance sheets, thus amplifying the initial shock. The size of the jumps of
the prices of money and capital depends on the location of the equilibrium
(middle-left panel).

Note that the money multiplier slightly decreases near the steady state.
This is due to the fact that at this point intermediaries are already financing
all of the capital in the economy, i.e. 1)y = 1. As their net worth continues to
increase towards the steady state, intermediaries need relatively less funds
from savers to provide all the necessary inside money.

Interestingly, even though the level of exogenous risk (i.e. the fraction
of capital that intermediaries lose in the event of a shock) is very low, en-
dogenous risk is very high in the region where intermediaries are forced to
reduce their assets, i.e. 1y < 1 and savers are forced to hold capital. This is
due to the fact that low exogenous risk induces intermediaries to build up
high leverage which can be sustained near the steady state. If the economy
is slightly further away from the steady state, a deep crisis with the afore-
mentioned effects follows. This gives rise to a volatility paradox: the system
appears stable near the steady state due to low exogenous risk, but as soon
as it move slightly away, high levels of endogenous risk emerge (Adrian and
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FIGURE 7: Equilibrium for baseline parameter values (without monetary policy) - quant-
ities related to capital are in red, to money in blue.

Boyarchenko, 2012; Brunnermeier and Sannikov, 2014a).

Market liquidity is directly related to the relative advantage of intermedi-
aries in monitoring borrowers. If the friction that savers face is lower, mean-
ing that the valuation of capital is closer to the first-best value achieved by
intermediaries, then prices of both capital and money react less in the event
of a shock. With endogenous risk on the asset side and a deflationary spiral
on the liability side of intermediaries, market illiquidity strongly amplifies
the inefficiencies created by financial frictions.

Fiscal backing of money dampens the effect of the deflationary spiral, as
it ensures that the value of money is strictly positive in equilibrium. For
7 = 0 the steady-state value of money would be zero, thus making it a
pure flight to safety asset in crisis times. This would lead to an excessively
large money multiplier, as agents do not have an incentive to hold outside
money.?!  Since, in this case, the wealth of intermediaries would be very
high, the deleveraging process after a shock would be followed by an extreme
increase in the value of money. By setting a strictly positive 7, a much more

31Brunnermeier and Sannikov (2012) also note that deviating from the assumption of
log-utilities introduces a precautionary savings motive, leading agents to hold money for
safety considerations at all times.
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stable equilibrium can be ensured.

Introducing monetary policy in terms of an interest rate rule will affect
the price of money. In the following, the central bank is assumed to set
the interest rate according to ¢y = &ny, where & > 0 serves as a weighting
parameter.3? Monetary policy affects the nominal return on money and
how much intermediaries pay to depositors. As the interest rate is higher,
as the net worth of intermediaries increases, the value of money rises due to
this policy. As a consequence, the earnings of intermediaries fall and their
steady-state wealth share decreases. Figure 8 shows the effect of introducing
this interest rate policy.
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FIGURE 8: Equilibrium for baseline parameter values (with simple monetary policy).

The effect of the simple interest rate rule is very limited in this model.
The inefficiencies created by the financial frictions cannot be sufficiently
mitigated through the interest rate channel affecting expected future interest
rates. While the wealth distribution between intermediaries and households
is shifted in favour of the latter, endogenous risk persists at high levels.
This is why BS introduce perpetual long-term bonds issued by the central
bank. The monetary authority then controls the short-term interest rate
and the amount of outstanding long-term bonds paying a fixed interest rate

32Note that the net worth of intermediaries cannot be negative in this model, implying
i, > 0.
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in money.?®> To maintain a constant ratio of outstanding bonds to money,
the central bank buys bonds and sells money, or, in other words, performs
open-market operations. As only intermediaries are assumed to hold long-
term bonds, the redistributive character of monetary policy is even more
pronounced.

When the short-term interest rate is lowered as a response to a fall in
7t, long-term bonds appreciate, recapitalising those intermediaries that hold
them. This now compensates for some of the lost demand for money induced
by the shock, leading to a lower appreciation of money in downturns. Inter-
mediaries can use the bonds for (partially) hedging against the shock and
creating more inside money by borrowing against them (which is equivalent
to higher leverage). Despite lower intermediary net worth, the money mul-
tiplier is larger and all capital is still financed by intermediaries in steady
state, as the risk associated with the deflationary spiral is now reduced.
While the strain on the liability side of intermediaries (i.e. the endogenous
risk of money) is now reduced, the asset side is still exposed to defaulting
borrowers. However, those financial institutions insuring themselves with
bonds benefit significantly in this scenario. Note that this policy redistrib-
utes towards more cautious rather than failing institutions.

33Replicating the extended model with long-term bonds would go beyond the scope of
this thesis. However, the main results in terms of system dynamics are captured in the
above exposition.
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VI DISCUSSION OF THE TWO APPROACHES

Both models presented above feature heterogeneous agents, with some of
the agents taking out debt to finance their projects (i.e. consumption or in-
vestment). In the first model, households decrease their debt obligations in
response to worsening aggregate lending conditions, thereby effectively des-
troying inside money. The effect of debt emerges through a credit demand
channel as overindebted households cut down their consumption expendit-
ure. The second model, on the other hand, operates through a credit supply
channel, as financial institutions decrease the supply of inside money in re-
sponse to macroeconomic shocks. Both models can therefore be linked to
the process of money creation outlined in section II.

In what follows, the main insights are evaluated with respect to their
policy implications and empirical relevance. Some references to relevant
literature that has gained particular attention in light of the recent crisis
are also enclosed.

A. Main Insights and Policy Implications

The main insight of the deleveraging model from section IV is that the ZLB
poses a significant obstacle to optimal monetary policy. Dynamic deleverag-
ing leads to an endogenous natural rate of interest that depends on monetary
policy, thereby making crisis periods more persistent than in a scenario with
a purely exogenous natural rate of interest. The monetary authority should
be concerned with the redistributive character of the deleveraging process,
regarding borrowers and savers. It could speed up deleveraging and shorten
the time the economy spends at the ZLB.3

As noted above, the deleveraging model presents a somewhat unconven-
tional stance with regard to optimal monetary policy. As agents rationally
anticipate the how long the economy will be at the ZLB, committing to
lower interest for an extended period of time, followed by a sharp increase
might actually lead to an output boom. This, however, will come at the
cost of an inflation rate that exceeds the target.

The deleveraging model might also be used to argue in favour of fiscal
policy. EK argue that since Ricardian equivalence does not hold, as some
agents are debt-constrained, fiscal policy can have a large impact. Redis-
tributing funds from savers to borrowers eases the strain on overindebted
borrowers, thus slowing down the deleveraging process and leading to a

34Hall (2011) also emphasises the role of of debt-overhang, high consumer commitment
to service debt and increased financial frictions following the crisis. In an environment of
low inflation, the real interest rate might easily be unable to adjust such that demand in
other sectors is stimulated sufficiently to preserve full employment. Similarly, Guerrieri
and Lorenzoni (2011) show how a credit crunch can lead to a recession through increases
in precautionary savings and debt repayments.
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faster recovery of the economy.?® Arguing in favour of fiscal policy when
the economy is at the ZLB is supported by several other recent contribu-
tions, e.g. Christiano, Eichenbaum and Rebelo (2011), Eggertsson (2011)
and Werning (2012). These these studies typically assume an exogenous
shock to the natural rate of interest. In contrast to the model of section
IV, the duration of the liquidity trap is therefore exogenous and there is no
interaction between policy and the binding constraint.

However, the restriction of the model to a linear approximation of its non-
linear counterpart implies only local properties in contrast to full system dy-
namics. Richter, Throckmorton and Walker (2014) and Gavin et al. (2014),
for example, study global solutions of the New Keynesian model, however fo-
cussing on technology and preference shocks. They note that once capital is
introduced the linear approximations differ significantly from the non-linear
solutions. Ferndndez-Villaverde et al. (2012) also study non-linearities of
the standard New Keynesian model around the ZLB. They argue that lin-
ear approximations might obscure non-linear interactions between the ZLB
and the optimality conditions of agents, especially since the policy function
of the interest rate is non-linear by definition. While finding support for a
larger multiplier when the economy is at the ZLB, they conclude that the
dynamics of the economy near the ZLB are only poorly approximated by
conventional linearisation.

The model of money creation outlined in section V, on the other hand,
captures full system dynamics. A crucial feature of this model is the volat-
ility paradox, which states that low exogenous risk might lead to the build
up of high levels of systemic risk, because low risk environments invite fin-
ancial institutions to build up leverage.?¢ Strong non-linear amplification
effects might emerge in response to a macroeconomic shock. Brunnermeier
and Sannikov (2012) argue that the event triggering the crisis — a Minsky
moment — does not necessarily have to be of major economic significance
because there might be large spillover effects throughout the financial sec-
tor.

Liquidity and deflationary spirals amplify the effect of macroeconomic
shocks through financial frictions. Endogenous risk emerges due to shock
induced price movements, as financial institutions might drive down their
asset positions and create less inside money. The impact of this deleveraging
is stronger when most projects are financed via debt (i.e. the money mul-
tiplier is large). In this framework, monetary policy can mitigate the effect

35Geanakoplos (2014) also emphasises that leverage is more important than the risk-less
interest rate when it comes to macroeconomic stability. He argues that in case of a large
decline in asset values, partial debt forgiveness might be better for everybody.

36Fostel and Geanakoplos (2012b) also emphasise the pro-cyclicality of leverage. By
providing a model with heterogeneous beliefs and endogenous leverage, they show that, in
normal times, agents increasingly invest in technologies that become very volatile in bad
times.
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of the deflationary spiral by providing liquidity to the financial sector in the
form of long-term nominal assets. By reducing the nominal interest rate in
economic downturns long-term bonds appreciate, thereby benefiting insti-
tutions which hedged against the risk of borrowers.?” Note that the model
highlights how price stability can be increased by using a financial stabil-
ity channel, as lower endogenous risk is associated with less deflationary
pressure in the event of a shock.

B. Main Frictions

The deleveraging model is based on a New Keynesian framework that typic-
ally incorporates some form of wage or price stickiness to motivate an interest
rate channel for monetary policy. In the deleveraging model, however, the
crucial friction is now a risk-free level of debt, which serves as a financial
friction and determines the total borrowing capacity in the economy. Vari-
ations in the given safe level of debt can either encourage borrowers to build
up leverage, or trigger a deleveraging process in which borrowers find them-
selves in an overleveraged state. The induced deleveraging process drives
down the natural rate of interest. If the economy is close to the ZLB, a
liquidity trap might have a depressing effect on aggregate demand, even if
monetary policy ensures full flexibility and output stabilisation.?®

The main role of monetary policy is to overcome the price and the fin-
ancial friction by influencing agents’ reactions to a shock. Importantly, the
policy rule is fully known to agents who form consistent expectations and
maximise their desired objectives. Furthermore, money serves mainly as a
unit of account, which ensures that the interest rate rule is the leading policy
instrument.?® This excludes money from serving other roles, such as pro-
tection against uncertainty. However, introducing the borrowing constraint
leads to a substantial deviation from the complete markets benchmark. This
is manifested in having a savings rate, a borrowing rate and a natural rate
of interest all behaving quite differently in the case of a shock, and therefore
preventing the economy from reaching full-employment immediately.

The model of money creation on the other hand, solely relies on finan-
cial frictions as its source of inefficiency, while money also serves as a store

37Brunnermeier and Sannikov (2012) note that even though aggregate well-being might
be improved, providing an additional source of insurance through perpetual bonds gives
also rise to moral hazard opportunities. Excessive changes should therefore be addressed
with macro-prudential regulatory measures.

38However, the shock to the borrowing constraint is purely exogenous, and thus neglects
the importance of credit as a facilitating role during the financial boom. Lax financing
constraints might foster misallocation of resources, which ultimately leads to falling asset
prices, expenditure cuts, and so on. Instead of arguing in general equilibrium terms, the
economy might also be in an excess disequilibrium enabled by debt and capital stock
overhangs (Borio, 2012).

39Gee King (2002) for an interesting treatment of money in conventional macroeconomic
models.
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of value.’® Again, financial frictions prevent agents from perfectly insur-
ing themselves against macroeconomic shocks, which leads to shifts in the
wealth distribution. As initial shocks are amplified through price move-
ments, systemic risk arises endogenously. Since asset holdings are not sym-
metric across different groups of agents, monetary policy has asymmetric
effects and hence a redistributive character. Monetary policy can mitig-
ate endogenous risk and stabilise the economy by ensuring that funds are
channelled to productive projects.

C. Link to Empirics

A growing strand of recent empirical contributions deals with leverage of
both households and financial institutions. To underpin the relevance of the
above models, it is useful to look over some of this literature.

Schularick and Taylor (2012) provide a long-run analysis of the dynamics
of money, credit and output. They identify two financial eras, where in the
pre-WWII era money and credit maintained a roughly stable relationship,
while in the post-WWII era a divergence between money and credit supply
emerged. They emphasise that the second era is associated with unpreced-
ented financial risk and leverage. The authors also note that crises in the
post-WWII era mostly avoided debt-deflation, since monetary policy seemed
to have taken a more aggressive stance against deflation. Furthermore, they
find support for a positive relationship between financial fragility and size of
the financial sector, as well as that shocks in stock markets can be more prob-
lematic in economies with high degree of financialisation. Jorda, Schularick
and Taylor (2013) complement this study by focusing on the link between
private debt overhang and the business cycle. They find that countries with
larger credit booms before the 2008 collapse are facing slower recovery than
economies with smaller credit booms. Both studies emphasise that the data
calls for the inclusion of financial factors in macroeconomic models.

Mian and Sufi (2011) focus on the effect of house prices on household
debt. As the majority of US households already owned property before
housing price boom, they benefited from the rising prices. The borrowing
by these existing home-owners contributed significantly to the rise in US
household leverage before the outbreak of the crisis. In addition, Mian and
Sufi (2012) show that the drop in aggregate demand, following a shock to
household balance sheets at the outbreak of the crisis, is associated with
a sharp increase in unemployment in the first two post-crisis years. They
also find that a drop in aggregate demand has been more pronounced in
states with high household debt. Mian, Rao and Sufi (2013) then show that

49The role of money being more liquid than other assets is also explored in Kiyotaki
and Moore (2012). In this framework, investment opportunities are randomly distributed
and agents hold money in their portfolio because they expect to be liquidity constrained
at some point in the future.



43 DISCUSSION OF THE TWO APPROACHES

households, following a shock to their net worths, significantly reduce their
spending. Mian and Sufi (2014) further argue that the decline in housing
net worth significantly contributed to the decline in employment in the US,
especially in states with high household leverage and a strong tie to the non-
tradable sector. Glick and Lansing (2010) further note that these patterns
are not unique to the US, as industrial countries with the largest increases
in household leverage also tended to experience accelerating housing prices,
followed by significant drops in consumption once prices declined. The im-
portance of household leverage and the aggregate demand channel in light
of the recent crisis is also supported by Philippon and Midrigan (2011) for
the US and Martin and Philippon (2014) for the Eurozone.!

Borio (2012) stresses the relevance of a financial cycle, which he defines
as “[...] self-reinforcing interactions between perceptions of value and risk,
attitudes towards risk and financing constraints [...].” Drehman, Borio and
Tsatsaronis (2012) empirically identify the financial cycle as medium-run co-
movement of property prices and credit. This type of cycle typically lasts
for 16 years, so more than twice as long business cycles last. Peaks of the
financial cycle are generally associated with financial crises. If contraction
phases of the financial cycle coincide with downturns of the business cycle,
then recessions are particularly severe.

Adrian and Shin (2010b) provide empirical evidence for the role of fin-
ancial intermediaries’ balance sheets in determining aggregate liquidity. In
times of rising asset prices, intermediaries find themselves in a situation with
surplus capital in the sense that their leverage is too low. To exploit this
excess capacity, intermediaries have to take on more short-term debt and
look for potential borrowers, thereby expanding their balance sheets. They
argue that continuing adjustments of strong balance sheets contributed sub-
stantially to the expansion of the sub-prime mortgage market.4?

Summarising, there is substantial empirical evidence highlighting the im-
pact of changes in debt levels on macroeconomic fluctuations, due to leverage
decisions of both households and financial intermediaries. It has to be noted
that the causality is not unambiguous. The deleveraging of the private sec-
tor might have triggered the distress of the financial sector, or vice versa.
Once a financial crisis erupts, this reinforces the mechanisms illustrated in
the above models.

41Gimilarly, Koo (2008) argues that Japan’s Great Recession can be attributed to bal-
ance sheet distress of firms that focus on paying back their debt rather than exploiting
profitable investment opportunities.

42 Adrian and Shin (2010a) also emphasise the importance of intermediaries’ balance
sheet quantities with respect to monetary policy, as they might be indicative for the
risk-taking behaviour of financial institutions.
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D. Possible Shortcomings

As both models presented above are simplistic by nature, they lack several
aspects that are related to the recent financial crisis. From an economic
perspective, the ongoing discussion about the recent crisis is vast.

From an open economy perspective, both approaches neglect the possibil-
ity of debt being denominated in foreign currency. Private-sector indebted-
ness in foreign currency makes the economy prone to a mechanism similar
to Fisherian debt-deflation. As the domestic currency loses its value against
the foreign currency this leads to an increase in debt obligations of firms and
thus to a reduction in the borrowing capacity of firms. A subsequent fall
in investment and output might lead to further depreciation and put fur-
ther strain on firms indebted in foreign currency (Krugman, 1999; Aghion,
Bacchetta and Banerjee, 2001).

As noted above, the deleveraging mechanism of section IV is very simple
with a particular focus on the leverage decisions of households. Battacharya
et al. (2011) put a greater emphasis on how learning and expectations about
future investment profitability and growth influence borrowing decisions of
financial institutions. Building on multi-period portfolio choice, they derive
a framework with endogenous defaults and an endogenous borrowing rate
that is determined by the expectations of the financial institutions. In their
approach, over-optimistic expectations are a driving force behind overlever-
aging, i.e. their findings also provide support for Minsky’s hypothesis.

Geanakoplos (2010) also emphasises the role of leverage on the price of
assets, but focuses on the ratio of collateral values to the down payment that
must be made to buy assets. An agent applying for a loan has to negotiate
the interest rate and how much he can borrow. The borrowing volume will
be restricted by the lender to reduce the risk of default. In order to secure
the repayment of a loan, lenders typically insist on collateral. How much
collateral is required depends on how reliable the borrower seems and on
the value of the collateral itself. During extended periods of low volatility,
leverage might rise because lenders feel more secure. If some buyers manage
to get more money by highly leveraged borrowing (i.e. getting a loan at
a lower collateral rate), they will spend the loan on assets and drive their
prices up. These highly leveraged borrowers are willing to spend more for the
collateral since they can use it to borrow even more. So, borrowing rises as
both the loan-to-value ratio and collateral prices increase, thus narrowing the
margin of down-payment. When volatility or uncertainty increases, credit
markets tighten and restrict the optimistic buyers from borrowing. As they
now buy less assets, the assets fall into more pessimistic hands and hence
decline in value. The decline in asset prices causes a drop in the wealth
of the optimistic buyers who were highly leveraged and now have to sell
assets to meet their margin. This leads to further declines in asset values
and wealth levels and concludes in the same way that excessive deleveraging
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does.

Brunnermeier (2009) focuses on how losses in the mortgage market led to
disruptions of the overall financial market. He identifies four core mechan-
isms that led from a mortgage crisis into an economy-wide financial crisis:
first, the balance sheet effects of borrowers cause liquidity spirals. Second,
the lending channel dries up as banks become increasingly concerned. Thirdly,
bank runs erode capital. Finally, network effects emerge as financial insti-
tutions become increasingly interconnected. Risk diversification on credit
networks becomes a source for financial instability, as emphasised by Bat-
tiston et al. (2012a,b), Acemoglu, Ozdaglar and Tahbaz-Salehi (2013) and
Teteryatnikova (2014). This approach highlights that individual financial
robustness is interdependent with the financial robustness of its counter-
parties, such that highly interconnected financial networks might be prone
to high levels of systemic risk and default cascades.

The role of financial innovation in the build-up phase of the financial
crisis is also frequently stressed, e.g. Gennaioli, Shleifer and Vishny (2012)
and Fostel and Geanakoplos (2012a), as new financial instruments might
have contributed significantly to the increase in asset prices and risk-taking.
Brunnermeier and Sannikov (2012) further note that securitisation and other
financial innovation can be beneficial in the sense that it helps investors to
hedge idiosyncratic risk and reduce the cost of shocks. At the same time,
however, it can amplify shocks throughout the whole economy via network
effects. Pozsar et al. (2010) identify shadow banks as a crucial element in the
context of interconnectedness of financial institutions and financial innova-
tion. In a nutshell, shadow banks carry out traditional banking functions,
but lack regulation and access to liquidity of conventional commercial banks,
which means that a highly developed shadow banking sector might acceler-
ate liquidity spirals. Conversely, shadow banking facilitates the expansion
of liquidity provisions and rising asset prices, investment and output during
boom times, but substantially decreases the resilience against macroeco-
nomic shocks.*?

The enumeration of shortcomings can be extended arbitrarily, e.g. by in-
cluding developments in behavioural finance, moral hazard issues, principal
agent problems and other rather microeconomic approaches dealing with
financial crises. However, even though the focus on the roots and causes of
the financial turmoil are diverse, all of them are in some way connected to
debt.

438ee, for example, Moreira and Savov (2014) and Meeks, Nelson and Alessandri (2014)
for recent macroeconomic models incorporating shadow banking.
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VII CONCLUSION

This thesis highlights two main channels through which debt might influ-
ence macroeconomic stability. The first channel is a demand channel that
looks at the deleveraging behaviour of households. By adjusting its interest
rate, the monetary authority aims to stimulate aggregate demand by influ-
encing intertemporal consumption decisions of households. The ZLB on the
nominal interest rate provides a substantial limit to the effectiveness of the
monetary authority’s attempt as the fall in consumption of overleveraged
households might be too large to be compensated for by other households
at non-negative interest rates. The second channel looks at how the de-
leveraging process of financial institutions forces agents to channel funds
away from their first-best use. This lowers asset prices, depresses invest-
ment and hence output. Conventional monetary policy cannot mitigate the
endogenous risk generated in the economy, which arises due to the presence
of financial frictions.

While the overleveraged state of households might be resolved by redis-
tributive fiscal policy (e.g. taxing savers and transferring funds to borrowers)
the effect of the deleveraging of financial intermediaries might be weakened
by redistributive monetary policy (e.g. providing additional insurance op-
portunities for more cautious institutions in the form of long-term bonds).
Both models show how the destruction of inside money might trigger eco-
nomic dynamics that cannot be resolved by a central bank focussing on
a simple interest rate policy. Moreover, while crisis periods in the dele-
veraging model emerge through the demand for credit, the model of money
creation provides an explanation for instability through the supply of credit.
Arguably, there might be a simultaneity problem when it comes to the re-
cent recession, as the whole private sector deleveraged, thus reinforcing the
mechanisms that lead to recessions.

The above approaches might serve as interesting baseline frameworks for
addressing much richer questions with respect to the macroeconomics of
debt. To give some examples, consider first the model of deleveraging: what
happens if investment and capital are introduced, giving households an ad-
ditional channel for consumption smoothing? What if agents are not able
to rationally anticipate how long the ZLB is binding or how long monet-
ary policy commits to a low interest rate? What if the model is solved for
full system dynamics, i.e. taking non-linearities into account that might
arise close to the ZLB? Concerning the model of money creation, there are
additional open questions: what happens if the economy is at the ZLB or
monetary policy follows some Taylor rule? What about relaxing the fiscal
backing of money, i.e. providing another microfoundation of money? What
if the model allows for a more active fiscal policy? At this point, it should
be noted that both models presented above lack government debt as they
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both assume government budgets to be balanced at all times. Soaring public
debt poses an additional problem when it comes to aggregate debt dynam-
ics, possibly leading to some interesting interactions with private debt, as
noted in the introduction.

The above exposition suggests that the role of debt as a driving force
in business cycle dynamics and as a potential cause for financial instability
should be addressed more thoroughly from a macroeconomic perspective.



REFERENCES 48

REFERENCES

Acemoglu, Daron, Asuman Ozdaglar, and Alireza Tahbaz-Salehi.
2013. “Systemic Risk and Stability in Financial Networks.” National Bur-
eau of Economic Research Working Paper 18727.

Adjemian, Stéphane, Houtan Bastani, Michel Juillard, Frédéric
Karamé, Ferhat Mihoubi, George Perendia, Johannes Pfeifer,
Marco Ratto, and Sébastien Villemot. 2011. “Dynare: Reference
Manual, Version 4.” Dynare Working Papers, 1, CEPREMAP.

Adrian, Tobias, and Hyun Song Shin. 2010a. “Chapter 12 - Finan-
cial Intermediaries and Monetary Economics.” In Handbook of Monetary

Economics. Vol. 3 of Handbook of Monetary Economics, , ed. Benjamin
Friedman and Michael Woodford, 601 — 650. Elsevier.

Adrian, Tobias, and Hyun Song Shin. 201054. “Liquidity and leverage.”
Journal of Financial Intermediation, 19(3): 418 — 437.

Adrian, Tobias, and Nina Boyarchenko. 2012. “Intermediary leverage
cycles and financial stability.” Federal Reserve Bank of New York Staff
Reports 567.

Aghion, Philippe, Philippe Bacchetta, and Abhijit Banerjee. 2001.
“Currency crises and monetary policy in an economy with credit con-
straints.” European Economic Review, 45(7): 1121 — 1150.

Battacharya, Sudipto, Charles Goodhart, Dimitrios Tsomocos,
and Alexandros Vardoulakis. 2011. “Minsky’s Financial Instability
Hypothesis and the Leverage Cycle.” London School of Economics, Fin-
ancial Markets Group Special Paper 2020.

Battiston, Stefano, Domenico Delli Gatti, Mauro Gallegati, Bruce
Greenwald, and Joseph Stiglitz. 2012a. “Default cascades: When
does risk diversification increase stability?” Journal of Financial Stability,
8(3): 138-149.

Battiston, Stefano, Domenico Delli Gatti, Mauro Gallegati, Bruce
Greenwald, and Joseph Stiglitz. 2012b. “Liaisons dangereuses: In-
creasing connectivity, risk sharing, and systemic risk.” Journal of Eco-
nomic Dynamics and Control, 36(8): 1121-1141.

Benigno, Pierpaolo, Gauti Eggertsson, and Federica Romei. 2013.
“Dynamic Debt Deleveraging and Optimal Monetary Policy.” Working
Paper.



49 REFERENCES

Bernanke, Ben. 1983. “Nonmonetary Effects of the Financial Crisis
in Propagation of the Great Depression.” American Economic Review,

73(3): 257-76.

Bernanke, Ben. 1995. “The Macroeconomics of the Great Depression: A
Comparative Approach.” Journal of Money, Credit and Banking, 27(1): 1-
28.

Bernanke, Ben, and Mark Gertler. 1989. “Agency Costs, Net Worth,
and Business Fluctuations.” American Economic Review, 79(1): 14-31.

Bernanke, Ben, Mark Gertler, and Simon Gilchrist. 1999. “The fin-
ancial accelerator in a quantitative business cycle framework.” In Hand-
book of Macroeconomics. Vol. 1 of Handbook of Macroeconomics, , ed. John
Taylor and Michael Woodford, Chapter 21, 1341-1393. Elsevier.

Blanchard, Olivier. 2009. Macroeconomics. Prentice Hall.

Borio, Claudio. 2012. “The Financial cycle and macroeconomics: What
have we learnt?” Bank for International Settlements, Monetary and Eco-
nomic Department, BIS Working Papers No. 395.

Brunnermeier, Markus. 2009. “Deciphering the Liquidity and Credit
Crunch 2007-2008.” Journal of Economic Perspectives, 23(1): 77-100.

Brunnermeier, Markus, and Yuliy Sannikov. 2012. “Redistributive
Monetary Policy.” Jackson Hole Symposium 2013331-384.

Brunnermeier, Markus, and Yuliy Sannikov. 2014a. “A Macroe-
conomic Model with a Financial Sector.” American Economic Review,
104(2): 379-421.

Brunnermeier, Markus, and Yuliy Sannikov. 2014b. “The I Theory of
Money.” Princeton University, Working Paper.

Brunnermeier, Markus, Thomas Eisenbach, and Yuliy Sannikov.
2012. “Macroeconomics with Financial Frictions: A Survey.” National
Bureau of Economic Research, Inc NBER Working Papers 18102.

Bundesbank. 2014. Geld wund Geldpolitik. Schilerbuch fiir die
Sekundarstufe II.

Calvo, Guillermo. 1983. “Staggered prices in a utility-maximizing frame-
work.” Journal of Monetary Economics, 12(3): 383—-398.

Christiano, Lawrence, Martin Eichenbaum, and Sergio Rebelo.
2011. “When Is the Government Spending Multiplier Large?” Journal of
Political Economy, 119(1): 78 — 121.



REFERENCES 50

Curdia, Vasco, and Michael Woodford. 2009. “Credit frictions and op-
timal monetary policy.” Bank for International Settlements BIS Working
Papers 278.

Cirdia, Vasco, and Michael Woodford. 2010. “Credit Spreads and
Monetary Policy.” Journal of Money, Credit and Banking, 42(1): 3-35.

Curdia, Vasco, and Michael Woodford. 2011. “The central-bank bal-
ance sheet as an instrument of monetary policy.” Journal of Monetary
Economics, 58(1): 54 — 79.

Dixit, Avinash, and Joseph Stiglitz. 1977. “Monopolistic Compet-
ition and Optimum Product Diversity.” American Economic Review,
67(3): 297-308.

Drehman, Matthias, Claudio Borio, and Kostas Tsatsaronis. 2012.
“Characeterising the financial cycle: don’t lose sight of the medium term!”

Bank for International Settlements, Monetary and Economic Department,
BIS Working Papers No. 380.

Eggertsson, Gauti. 2011. “What Fiscal Policy is Effective at Zero Interest
Rates?”” In NBER Macroeconomics Annual 2010, Volume 25. NBER
Chapters, 59-112. National Bureau of Economic Research, Inc.

Eggertsson, Gauti, and Michael Woodford. 2003. “The Zero Bound
on Interest Rates and Optimal Monetary Policy.” Brookings Papers on
Economic Activity, 34(1): 139-235.

Eggertsson, Gauti, and Paul Krugman. 2012. “Debt, Deleveraging,
and the Liquidity Trap: A Fisher-Minsky-Koo Approach.” The Quarterly
Journal of Economics, 127(3): 1469-1513.

Fernandez-Villaverde, Jestus, Grey Gordon, Pablo Guerrén-
Quintana, and Juan Rubio-Ramirez. 2012. “Nonlinear Adventures
at the Zero Lower Bound.” National Bureau of Economic Research, Inc
NBER Working Papers 18058.

Fisher, Irving. 1933. “The Debt-Deflation Theory of Great Depressions.”
Econometrica, 1: 337-357.

Fostel, Ana, and John Geanakoplos. 2012a. “Tranching, CDS, and
Asset Prices: How Financial Innovation Can Cause Bubbles and Crashes.”
American Economic Journal: Macroeconomics, 4(1): 190-225.

Fostel, Ana, and John Geanakoplos. 2012b. “Why does bad news in-
crease volatility and decrease leverage?” Journal of Economic Theory,
147(2): 501-525.



o1 REFERENCES

Freixas, Xavier, and Jean-Charles Rochet. 2008. Microeconomics of
Banking. . 2nd ed., Cambridge, MA: MIT Press.

Gali, Jordi. 2008. Monetary Policy, Inflation, and the Business Cycle:
An Introduction to the New Keynesian Framework. Princeton University
Press.

Gavin, William, Benjamin Keen, Alexander Richter, and Nath-
aniel Throckmorton. 2014. “Global Dynamics at the Zero Lower
Bound.” Federal Reserve Bank of St. Louis, Working Paper Series.

Geanakoplos, John. 2010. “The Leverage Cycle.” NBER Macroeconomics
Annual 2009, Volume 24, , ed. Daron Acemoglu, Kenneth Rogoff and
Michael Woodford, 1 — 65. University of Chicago Press.

Geanakoplos, John. 2014. “Leverage, Default, and Forgiveness: Lessons
from the American and European Crises.” Journal of Macroeconomics,
39(PB): 313-333.

Gennaioli, Nicola, Andrei Shleifer, and Robert Vishny. 2012. “Neg-
lected risks, financial innovation, and financial fragility.” Journal of Fin-
ancial Economics, 104(3): 452 — 468. Market Institutions, Financial Mar-
ket Risks and Financial Crisis.

Gertler, Mark, and Nobuhiro Kiyotaki. 2010. “Financial Intermedi-
ation and Credit Policy in Business Cycle Analysis.” In Handbook of Mon-
etary Economics. Vol. 3 of Handbook of Monetary Economics, , ed. Ben-
jamin Friedman and Michael Woodford, Chapter 11, 547-599. Elsevier.

Glick, Reuven, and Kevin J. Lansing. 2010. “Global household lever-
age, house prices, and consumption.” FRBSF Economic Letter.

Goodfriend, Marvin, and Bennett McCallum. 2007. “Banking and
interest rates in monetary policy analysis: A quantitative exploration.”
Journal of Monetary Economics, 54(5): 1480 — 1507. Carnegie-Rochester
Conference Series on Public Policy: Issues in Current Monetary Policy
Analysis November 10-11, 2006.

Gu, Chao, Fabrizio Mattesini, Cyril Monnet, and Randall
Wright. 2013. “Endogenous Credit Cycles.” Journal of Political Eco-
nomy, 121(5): 940-965.

Guerrieri, Luca, and Matteo Iacoviello. 2014. “OccBin: A Toolkit
for Solving Dynamic Models With Occasionally Binding Constrains Eas-
ily.” FEDS Working Paper No. 2014-47 (Journal of Monetary Economics,
forthcoming).



REFERENCES 52

Guerrieri, Veronica, and Guido Lorenzoni. 2011. “Credit Crises, Pre-
cautionary Savings, and the Liquidity Trap.” National Bureau of Eco-
nomic Research, Working Paper 17583.

Hall, Robert E. 2011. “The Long Slump.” American Economic Review,
101(2): 431-69.

Holmstrom, Bengt, and Jean Tirole. 1997. “Financial Intermediation,
Loanable Funds, and the Real Sector.” The Quarterly Journal of Eco-
nomics, 112(3): 663-91.

Iacoviello, Matteo. 2005. “House Prices, Borrowing Constraints, and
Monetary Policy in the Business Cycle.” American Economic Review,
95(3): 739-764.

Iacoviello, Matteo. 2014. “Financial Business Cycles.” Federal Reserve
Board Working Paper.

Jorda, Oscar, Moritz Schularick, and Alan Taylor. 2013. “When
Credit Bites Back.” Journal of Money, Credit and Banking, 45(s2): 3-28.

Kindleberger, Charles, and Robert Aliber. 2005. Manias, Panics and
Crashes: A History of Financial Crises. Palgrave Macmillan.

King, Mervyn. 2002. “No Money, No Inflation - The Role of Money in the
Economy.” Bank of England Quarterly Bulletin, Summer.

Kiyotaki, Nobuhiro, and John Moore. 1997. “Credit Cycles.” Journal
of Political Economy, 105(2): 211-48.

Kiyotaki, Nobuhiro, and John Moore. 2012. “Liquidity, Business
Cycles, and Monetary Policy.” National Bureau of Economic Research,
Inc NBER Working Papers 17934.

Kobayashi, Teruyoshi. 2008. “Incomplete Interest Rate Pass-Through
and Optimal Monetary Policy.” International Journal of Central Banking,
4(3): 77-118.

Kocherlakota, Narayana. 2000. “Creating Business Cycles Through
Credit Constraints.” Federal Reserve Bank of Minneapolis Quaterly Re-
view, 24(3): 2-10.

Koo, Richard. 2008. The Holy Grail of Macroeconomics: Lessons from
Japan’s Great Recession. New York: Wiley.

Krugman, Paul. 1999. “Balance Sheets, the Transfer Problem, and Fin-
ancial Crises.” International Tax and Public Finance, 6(4): 459-472.



53 REFERENCES

Lagos, Richard. 2006. “Inside and Outside Money.” Federal Reserve Bank
of Minneapolis, Research Department Staff Report 374.

Martin, Philippe, and Thomas Philippon. 2014. “Inspecting the Mech-
anism: Leverage and the Great Recession in the Eurozone.” NYU Stern
Working Paper.

McLeay, Michael, Amar Radia, and Ryland Thoma. 2014. “Money
creation in the modern economy.” Bank of England, Quaterly Bulletin
2014 Q1: 14-27.

Meeks, Roland, Benjamin Nelson, and Piergiorgio Alessandri.
2014. “Shadow Banks and Macroeconomic Instability.” Bank of England
Working Paper No. 487.

Merton, Robert. 1992. Continuous-Time Finance. Wiley-Blackwell.

Mian, Atif, and Amir Sufi. 2011. “House Prices, Home Equity-Based
Borrowing, and the US Household Leverage Crisis.” American Economic
Review, 101(5): 2132-56.

Mian, Atif, and Amir Sufi. 2012. “What explains high unemployment?
The aggregate demand channel.” National Bureau of Economic Research
Working Paper 17830.

Mian, Atif, and Amir Sufi. 2014. “What Explains the 2007-2009 Drop
in Employment?” Fama-Miller Working Paper, Chicago Booth Research
Paper No. 13-43.

Mian, Atif, Kamalesh Rao, and Amir Sufi. 2013. “Household Balance
Sheets, Consumption, and the Economic Slump.” The Quarterly Journal
of Economics, 128(4): 1687-1726.

Minsky, Hyman. 1982. “Debt-Deflation Processes in Today’s Insitutional
Environment.” Banca Nazionale del Lavoro, Roma, Quarterly Review,
143: 375.393.

Minsky, Hyman. 1986. Stabilizing an Unstable FEconomy. New Haven:
Yale University Press.

Moreira, Alan, and Alexi Savov. 2014. “The Macroeconomics of Shadow
Banking.” NBER Working Paper No. 20335.

Philippon, Thomas, and Virgiliu Midrigan. 2011. “Household Lever-
age and the Recession.” National Bureau of Economic Research, Inc
NBER Working Papers 16965.

Pozsar, Zoltan, Tobias Adrian, Adam Ashcraft, and Haley Boesky.
2010. “Shadow Banking.” FRB of New York Staff Report No. 458.



REFERENCES 54

Quadrini, Vincenzo. 2011. “Financial frictions in macroeconomic flucta-
tions.” FEconomic Quarterly, 3Q: 209-254.

Richter, Alexander, Nathaniel Throckmorton, and Todd Walker.
2014. “Accuracy, Speed and Robustness of Policy Function Iteration.”
Computational Economics, 44(2): 1-32.

Roxburgh, Charles, Susan Lund, Tony Wimmer, Eric Amar,
Charles Atkins, Ju-Hon Kwek, Richard Dobbs, and James Ma-
nyika. 2010. “Debt and deleveraging: The global credit bubble and its
economic consequences.” McKinsey Global Institute.

Roxburgh, Charles, Susan Lund, Tony Wimmer, Eric Amar,
Charles Atkins, Ju-Hon Kwek, Richard Dobbs, and James Ma-
nyika. 2012. “Debt and deleveraging: Uneven progress on the path to
growth.” McKinsey Global Institute.

Schularick, Moritz, and Alan Taylor. 2012. “Credit Booms Gone Bust:
Monetary Policy, Leverage Cycles, and Financial Crises, 1870-2008.”
American Economic Review, 102(2): 1029-61.

Teteryatnikova, Mariya. 2014. “Systemic Risk in Banking Networks: Ad-
vantages of ”Tiered” Banking Systems.” Journal of Economic Dynamics
and Control (forthcoming).

r

Tobin, James. 1963. “Commercial Banks as Creators of 'Money’.” Cowles
Foundation for Research in Economics, Yale University Cowles Founda-
tion Discussion Papers 159.

Tobin, James. 1980. Asset Accumulation and Economic Activity. Oxford:
Basil Blackwell.

von Peter, Goetz. 2005. “Debt-deflation: concepts and a stylised model.”
BIS Working Papers, Np 176.

Werning, Ivan. 2012. “Managing a Liquidity Trap: Monetary and Fiscal
Policy.” Working Paper.

Woodford, Michael. 2003. Interest and Prices: Foundations of a Theory
of Monetary Policy. Princeton University Press.



55 APPENDIX

APPENDIX

A. Derivation of New Keynesian Aggregate Supply Equation

Using y:(j) = (pe(4)/P)~%Y; and 4 (j) = he(j), the profit maximisation
problem of intermediate firms can be rewritten as
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The first-order condition with respect to pf can then be written as
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and similarly
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Then the first-order condition from above can be rewritten as

p;ik E;
===
P; F;.

1
From the definition of the aggregate price level P, = ( fol (g )l_edj) e
one can derive the law of motion of aggregate prices. Let S; C [0, 1] be the

set of firms that do not revise their prices at time ¢ while all other firms
choose pf. Recall that firms index their prices with II. Then

Pi0 = /S (TP () dj + (1 — )t
t

:a(HPt_1)179 +(1- a)pfl_a,

which can be rewritten as

The aggregate supply equation used in section IV immediately follows
from the above results.

B. Law of Motion of Price Dispersion

Note that the definition of price dispersion can be rewritten as
1 N
pt(4) .
o \ B
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~(1—a) (ﬁ) C ea (i’f) "

Combining this with the result for p;/P; from appendix A., this yields the
recursive definition of the law of motion of price dispersion used in the main
text.

C. Model Code for Linearised Deleveraging Model

Linearised Deleveraging Model
Christoph Scheuch, August 2014

%% Define variables

var y cb cs hb hs pi i inot ib r b d w;

o° o

©

varexo ed;

parameters betas betab chi beta sigma varphi kappa target
i_st ib_st phi_pi phi_.y bbar lambda phi sigma.d;

%% Calibrate parameters

betas = 0.995;

betab = 0.99;

chi = 0.4;

beta = (1l-chi) *betas+chixbetab;
sigma =1;

varphi = 1;

kappa = 0.02;

target = 0.02/4;

i_st = (betas” (-1)) xexp(target)-1;
ib_st = (betab” (-1)) xexp(target)-1;
phi_pi = 9999999;

phiy = 0;

bbar = 4/chi;

lambda = 0.14;

phi = 0.14;

sigma.d = 0.3;

o

%% Specify model

model (linear) ;

y = chixcb+ (l-chi) xcs;

y = chixhb+ (1-chi) xhs;

cs(+1l)-cs = sigmax (i-(pi(+1)-target));

cb(+1l)-cb = sigmax (ib+lambdax (b-d) - (pi(+1)-target));
varphixhb+ (sigma” (-1))*xcb = w;

varphixhs+ (sigma” (=1)) *cs = w;

bbar/ (1+ib_st) = (b—ib) = bbar/exp (target) = (b (-1) - (pi-target))
+cb-y-hb+hs;
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pi-target = kappaxytbetax* (pi(+1)-target);
ib = i+phix* (b-d);

d = d(-1)-ed;

inot = phi_pix(pi-target)+phi_yx*y;
i = inot;

r = —chix (lambda+phi) * (b-d) ;

end;

%$% Give initial values

initval;

y=0;

cb=0;

cs=0;

hb=0;

hs=0;

pi=target;

i=0;

1ib=0;

b=0;

d=0;

r=0;

end;

%% Check

steady;

%% Shock and plot

shocks;

var ed = sigma.d”2;

end;

stoch_simul (order=1,nocorr, nomoments, irf=20) ;

D. Code for Linearised Deleveraging Model at the ZLB

Deleveraging model at ZLB
Based on Guerrieri and Iacoviell (2014)
Christoph Scheuch, August 2014

o° oo oe

clear

global M. oo_

modnam = 'dd.model';

modnamstar = 'dd.model ZLB';

%% Define binding constraint
constraint = '"i<-i_st';
constraint_relax ='inot>-i_st';

%% Define shock and timing
irfshock =char('ed'");

shockssequence = [0
0.3
17
nperiods = size (shockssequence,1l)+18;

%% Main Algorithm

[zdatalinear zdatapiecewise zdatass oobase_ Mbase_. ]
solve_one_constraint (modnam, modnamstar, ...
constraint, constraint_relax,...
shockssequence, irfshock, nperiods);
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%% Label Results
for i=1:Mbase_.endo_nbr
eval ([deblank (Mbase_.endo_names (i, :)), ...
'_nozZLB=zdatalinear (:,1i);"'1);
eval ([deblank (Mbase_.endo_names (i, :)),

' wZLB=zdatapiecewise (:,1);'1);
eval ([deblank (Mbase_.endo_names (i, :)),
'_ss=zdatass(i);'1);

end

%% Post-processing of results
ilevel_ss=1i_st;

ilevel wZLB=400+* (i_wZLB+ilevel_ss);
ilevel noZLB=400x (i_noZLB+ilevel_ss);
iblevel_ss=ib_st;

iblevel wZLB=400* (ib_.wZLB+iblevel_ss);
iblevel noZLB=400% (ib_noZLB+iblevel_ss);
rlevel_ss=i_st;

rlevel wZLB=400* (r_.wZLB+rlevel_ss);
rlevel noZLB=400* (r_.noZLB+rlevel_ss);
pi-wZLB=pi_wZLB+target;
pi-noZLB=pi_noZLB+target;
b_wZLB=(1+b_wZLB) +x100;
b_noZLB=(1+b_noZLB) *100;
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GERMAN ABSTRACT

Diese Arbeit untersucht aktuelle Entwicklungen zu makrodkonomischen Ef-
fekt von privaten Schulden. Spezielles Augenmerk wird auf zwei Kanéle
gelegt, welche zu Rezessionen und sogar Depressionen fiihren kénnen. Ei-
nerseits kann ein Nachfragekanal identifiziert werden. Wenn die allgemeine
Auffassung, was als sicheres Schuldenniveau akzeptiert wird, fillt, dann fin-
den sich manche Haushalte in einem Zustand der Uberschuldung wieder.
Uberschuldete Haushalte sind gezwungen, ihre Konsumausgaben zu redu-
zieren und ihre Schulden zuriickzuzahlen. Geldpolitik kann in eine Liqui-
ditdtsfalle tappen, wenn die Auswirkungen des Entschuldungsprozesses auf
die aggregierte Nachfrage zu grofl sind. Andererseits kann ein Angebotskanal
iiber Portfolioentscheidungen von Finanzintermedidren identifiziert werden.
Makrotkonomische Schocks in Form von scheiternden Investitionen, welche
iiber Intermediére finanziert werden, schwichen deren Bilanzen. Wenn In-
termedidre ihre Bilanzsummen reduzieren, kann dies zu Deflation fiithren,
welche den urspriinglichen Schock weiter verstarkt. Aus empirischer Sicht
scheinen beide Kaniile wesentlich zur aktuellen Finanz- und Wirtschaftskri-
se beigetragen zu haben.
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