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Chapter 1

General Introduction



CHAPTER 1. GENERAL INTRODUCTION 2

1.1 Motivational Background

“[...] banks got to be too big and overleveraged. [...]. Banks in the United States,
even with investment banks now banks, bank assets are about one times GDP of the
United States. In many other mature countries—in Europe, for example—they’re a
multiple of that. So again, around the world, banks got to just be too big, took on

too much risk relative to the size of their economies.”

Timothy Geithner, Charlie Rose Show on PBS, May 2009

One major aspect of the last financial crisis in 2007-2009 that subsequently spilled out and
challenged the entire world economy has been the macrofinancial linkages. We observed
that vast fluctuations in asset prices as well as asset flows, such as credit and other capi-
tal streams, may impact the financial well-being of single households, enterprises and even
sovereign nations dramatically. Ample research has been done to study the interplay between
the financial sector and the real economy. Recent survey articles regarding the (analytical
and empirical) literature on macrofinancial linkages are e.g. Basel Committee on Banking
Supervision (2011, 2012), Morley (2016) and Claessens and Kose (2017, 2018) which primar-
ily emphasize the mutual feedback between both spheres. On the one hand, shocks may arise
in the real sector, transmit through the financial sector and thereby amplify the business
cycle. This financial acceleration effects have been emphasized by numerous papers. The
most popular are probably Bernanke and Gertler (1989a) and Kiyotaki and Moore (1997a).
These two seminal papers are representing nowadays the classical references and appear very
frequently in most of the contributions which have been done in this field of research. On the
other hand, the financial sector can be the source of the shocks and may contribute to more
pronounced business cycle fluctuations, see e.g. Bernanke et al. (1999) and Brunnermeier
and Sannikov (2015), in which pecuniary externalities causes the goods market output to be
inefficient due to exogenous credit constraints. Correspondingly, financial shocks propagate
to the real economy through the financing structure of companies and households. The fi-
nancial accelerator is then liable for the amplifications, i.e. small shocks may lead to large
changes in business investment and consumption and may thus have tremendous effects on

the business cycle.

Regardless of their origin - whether they spill over from the demand or supply side of the

financial or the real sectors - financial market imperfections, which are responsible for the
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propagation of risks between markets, eventually emerge at the microeconomic level. Accord-
ing to the review article of Quadrini (2011), financial frictions arise due to agency problems,
such as asymmetric information and limited enforcement. ! Other forms of incomplete mar-
kets are e.g. overlapping generations, cash-in-advance approaches and misaligned incentives.
As Quadrini (2011) points out, all theories of financial frictions have something in common,
namely, heterogeneous (or at least two groups of) agents. In most of the articles in this
field, heterogeneity arises due to different shocks agents experienced at any point in time,
no matter whether they are ex-ante identical or not. To put it into a nutshell, the existence
of incomplete financial markets implies that the perfect insurance characteristics which are
predominant in an Arrow-Debreau world vanish (cf. Freixas and Rochet, 2008). As a result,

agents are not capable to hedge risk completely, causing fragility on financial markets.

This thesis shall contribute to the rapidly expanding literature on macrofinancial linkages
while a special focus is set on the implications of financial fragility for real macroeconomic
outcomes. KEach chapter investigates the corporate finance of business investment from a
different perspective. Bank lending plays a crucial role as ) it represents the direct interface
of the financial and the real sphere and ) it is relevant for the transmission of monetary
policy. The respective channels that transmits financial frictions into the real economy and
eventually translate into systemic risk, are versatile. This work pays special attention to
mechanism that contribute to financial acceleration through such channels, which are rarely
discussed by the existing literature and aims to advance our understanding of macrofinancial
linkages. The contribution of each chapter of this cumulative dissertation to the existing

literature is different and introduced separately.

Chapter 2 highlights the dangerous role of the build-up of excess corporate leverage ra-
tios on business cycle fluctuations. A behavioral (and deterministic) macroeconomic model
is provided in which financial acceleration takes primarily place through the firm investors’
bounded rational expectations about business investment. Financial market imperfections
are exogenously given and do not take center stage. Firm investors’ sales expectations are
(mis-)guided by their subjective beliefs of the economy’s prospects. In principle, there are

two groups of investors in the economy, some being optimistic, the others pessimistic. Their

!These agency problems imply that not all trades of financial assets are feasible due to one major aspect,
incomplete (or missing) markets. A world where Arrow-Debreau securities are available, trades are not state-
contingent, implying that certain markets for contingencies are missing, leading to a limit of intertemporal
trades. As a consequence, agents (intertemporarily) misallocate spending and are unable to insure against
uncertain events.



CHAPTER 1. GENERAL INTRODUCTION 4

attitude towards the state of the economy is composed in an aggregated business climate
or sentiment index which evolves over the business cycle. The index indicates the major-
ity attitude among investors and is evolving from a simple heuristic switching mechanism
reminiscent to the discrete choice approach.? Since the economy in this chapter evolves in
continuous time, the application of the discrete choice approach may turn out to be prob-
lematic. Hence, the transition probability approach, first proposed by Weidlich and Haag
(1983), helps to govern the changes in the sentiment index.? It is assumed that changes
in the attitudes are associated through herding behavior and some key economic variables,
namely capacity utilization, aggregated corporate profits and the average on-balance sheet
corporate leverage ratio. It is shown that under moderate financial acceleration a deleverag-
ing process may set in and force the economy in a recession a la Fisher-Minsky-Koo. This
feedback loop may appear recurrently and endogenously. Interestingly, if the impact of the
aggregated corporate indebtedness in the economy on the average credit risk premium in-
creases, which is synonymous to a reinforcement of financial acceleration, two deterministic
co-existing business cycle regimes emerge. One regime still provides a theoretical explanation
of the deleveraging recession mentioned above, the other is characterized by extensive high
equilibrium corporate leverages. The proposed model predicts that relatively small shocks in
the firms’ external finance position may cause a regime switching with permanent high av-
erage corporate leverage ratios which partly explains the empirical findings of Graham et al.
(2015a) who empirically observed a persistent increase in the average US corporate debt-asset
ratio over the last decades. In addition, the simulated economy suffers on less profitability
in the firm sector and chronicle pessimism. To summarize, it is emphasized that relatively
small changes in the firms’ financing position may have tremendous effects on the state of the

business cycle through large accelerator effects which are backed up by herding behavior.

Chapter 3 is partly related to the second chapter in the sense that it investigates the
securitization of business loans which are to some extend responsible for the build-up of such

high levels of corporate debt, as discussed above. In brief, banks, securitize contractual debt

2Tt was first applied in a theoretical economic context by Brock and Hommes (1997). Subsequently, it was
elaborated numerous times. Worth mentioning contributions regarding financial economics, where financial
market participants predict asset prices and switch between forecast strategies are e.g. Schmitt and Westerhoff
(2014, 2015), with regard to exchange rate dynamics see Flaschel et al. (2015), and the real economic sector,
with heuristic switching in the sentiment as described in the main body of the text, are e.g. Westerhoff (2006)
and Westerhoff and Hohnisch (2007).

3This methodology was first applied in financial economics by Lux (1995), for macroeconomics by Franke
(2012) and extended in a bunch of papers, e.g. Flaschel et al. (2018) and Franke and Westerhoff (2019) where
in the latter, a third attitude is introduced, which refers to a neutral state.
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in order to enhance its lending capacity, especially when it is approaching its regulatory
capacity constraint. The cash flows related to the underlying pool of debt obligations are
then carved up to different tranches, i.e. securities with distinct maturity, risk, liquidity
etc. and sold as a diversified bundle to passive capital market investors. In principle, banks
aim to transform on-balance to off-balance sheet exposures in order to expand their lending
capacity to maintain stable and high profits. Hence, the process of securitization enables an
economy to reach its risk-bearing capacity to the fullest extent possible (cf. Rajan, 2006). This
phenomenon gained importance in the recent decade especially with regarding its possible
systemic relevance. In particular, most empirical studies emphasize the important role the
process of securitization has played in deepening the last financial crisis in 2007-2009, see
e.g. Maddaloni and Peydré (2011), Gorton and Metrick (2012) and Acharya et al. (2013),
to name just a few. Overall, these papers have in common that they found evidence that
securitization amplifies market imperfections and thus financial acceleration through various

channels.

In the European Union a new standardized type of securitization has been recently pro-
posed aiming to increase the volume of cross-border lending and to facilitate the access of
bank loans for small- and medium size enterprises. In this chapter of the thesis, it is investi-
gated to evaluate this plan. Special attention is paid to the question to which extent higher
levels of securitized business loans might increase the vulnerability of the financial system
and the business cycle. For this purpose, a proper agent-based model (ABM) is developed
that tries to cover different institutional designs of the banking sector and its connection to a
special purpose vehicle (SPV). It includes different features such as a bank rescue mechanism
for banks that went bankrupt, a partner-selection process that is responsible for the creation
of firm-bank relations. The aggregated dynamics at the macro level are nonlinear and result
from the interaction of the heterogeneous agents at the micro level given all the prevailing
market frictions in the economy. Numerical simulations are carried out to estimate the effects
for increasing securitization intensities which measure the percentage of securitized loans to

the total volume of loans.

The results can be summarized as follows. Our results indicate that significant adverse
medium- to long-term effects become apparent as soon as the securitization intensity reaches
about 10% of the aggregate loan volume in the period of SPV origination. Welfare losses are

realized irrespective of whether the collapse of the special purpose vehicle leads to distortions
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in the banking sector or whether increasing liquidity constraints dampen households’ con-
sumption due to their financial investment in the securitized tranches. A more concentrated
banking sector reinforces the adverse shock of a liquidation of the SPV whereas a faster and
better equipped bank rescue mechanism in the form of levies within the banking sector helps

to dampen the consequences of a possible collapse of the securitization market.

Each chapter in this dissertation is focusing on a different aspect that favors financial
acceleration. While chapter 2 and chapter 3 are dedicated to the macroeconomic perspec-
tive, where financial acceleration finds support at different stages due to several reasons,
e.g. herding, cascade failures and sluggish bank bailouts, chapter 4 primarily investigates the
risk-taking of an individual (or representative) financial intermediary from the microeconomic
perspective. Special attention is paid to the individual risk-taking behavior and its connec-
tion to the prevailing monetary policy. Nowadays, it is acknowledged that ongoing phases
of loose monetary policy influence the risk management of financial intermediaries, such as
banks, which ultimately trigger them to excessive risk-taking. This may cause severe eco-
nomic damages and the built-up of systemic risk especially in conjunction with weak banking
supervision. In this context, ample empirical research has been done, such as Dell’Ariccia
and Marquez (2006), Maddaloni and Peydré (2011), Delis and Kouretas (2011) and recently
Adrian et al. (2019), among others, who found empirical evidence on this link, especially for
the US and Europe. However, little has been done theoretically except of the two notable
studies Dell’Ariccia et al. (2014) and Martinez-Miera and Repullo (2017) with the focus on
the banks’ search-for-yield behavior. In both papers, the financial intermediary pays moni-
toring costs due to asymmetric information to the reduce credit risk and to maintain stable
profits. Further, a reduction in the prevailing monetary policy rate lowers banks’ monitoring
(equivalent to a reduction of the size of the monitoring banking sector) and thus increases
risk-taking. In those frameworks, however, the banks’ asset portfolio management is designed
poorly since the only asset considered are risky loans. Chapter 4 tries to complement these
studies. In particular, a partial equilibrium model is introduced based on Greenwald and
Stiglitz (1988, 1993a). A representative bank funds (partly) a firm’s investment project and
pays a kind of bankruptcy costs due to moral hazard. Beside granting loans to the firm, the
bank may manage a financial asset portfolio consisting of a risky asset, like a stock and a
risk-free asset, like a bond. A credit contract between the firm and the bank is signed where
both parties find an agreement about the respective volume of the loan and the repayment

rate while the bank reserves the right to ration the credit. Loose monetary policy, a reduction
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in the policy rate, then triggers the bank managers to re-allocate the asset portfolio towards
the risky exposures, i.e. risky bank lending and the risky stock, because the expected return
on the risk-free asset cease to be profitable enough. Consequently, the bank is incentivized
to search-for-yield which leads to higher risk-taking despite of the fact that it pays pecuniary
cost due to its risk aversion. The bank’s financial position impairs which makes it less resilient

against shocks inducing an increase in systemic risk.

1.2 Outline

This dissertation is organized as follows: Chapter 2 introduces a theoretical model in con-
tinuous time that primarily focuses on the dynamic interaction of the (corporate) investor
sentiment and the general indebtedness in the economy. The herding behavior of bounded
rational agents towards excessive leverage ratios turns out to favor financial acceleration and
may lead to recessions a la Fisher-Minsky-Koo. Under specific configurations, two co-existing
regimes may arise, characterized by recurrent business cycles, fluctuating around distinct

trend levels of e.g. leverage ratios. This chapter is already published in Lojak (2018).

Chapter 3 discusses how the intensification of the practice of securitization (of corporate
loans) may amplify financial acceleration. For this investigation, a proper stock-flow con-
sistent agent-based model is introduced. As this paper is not published yet, all rights are

reserved by the authors.

Chapter 4 investigates contributing factors to financial acceleration, stemming from the
risk management of an individual (representative) bank. For this purpose, a partial equi-
librium model is provided in which the representative bank determines its optimal asset
portfolio. We then analyze its risk-taking behavior for different monetary policy environ-
ments using comparative statics. It is shown that, despite of the bank’s risk aversion, it
chooses riskier financial positions during times of low policy rates. The corresponding article
to this chapter is not published in a reviewed scientific journal yet, but as a working paper

(see Lojak et al., 2019).

Finally, Chapter 5 clothes the dissertation by summing up the main findings and discusses

possible future directions.

Note that variables and parameters are declared newly in each chapter and are supposed

to be independent among the chapters of this dissertation. It might therefore occur that a
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letter or variable specification varies across chapters.



Chapter 2

The Emergence of Co-Existing
Debt Cycle Regimes in an
Economic Growth Model

This article has already been published in Metroeconomica (2018), Vol. 69 (3),
https://doi.org/10.1111/meca.12199.

All rights are reserved for the publisher John Wiley and Sons. The license number for

the usage in this dissertation refers to 4639340477720
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2.1 Introduction

The development of the capital structure of US (non-financial) corporations has changed over
the previous decades. Empirical evidence displays a steep increase in firms’ leverage ratios
in the middle of the 20th century. For instance, Graham et al. (2015a) found in an empirical
study a cluster in the evolution of corporate leverages (debt-asset ratios). In particular,
they identified gradual increases in the trend of aggregate leverages (at least for unregulated
companies). To be more precisely, the trend of corporate leverages evolved fairly stable during
the periods 1920 and 1945. From 1946 onwards, leverages increased continuously and were
more than tripled in the 70th and remained relatively stable thereafter. These prolonged
periods of leveraging increased the individual risk of financial corporations which made these
regimes more vulnerable to financial shocks. Shortly after the onset of the previous crisis,
periods of de-leveraging set in, not just in the US but also in some EU Member States, see
also Papanikolaou and Wolff (2014). For some economists, such as Richard Koo, periods of
de-leveraging may have important implications for macroeconomic stability, even leading to
full-fledged “balance sheet recessions” Koo (2011). Further, Eggertsson and Krugman (2012)
and Crowe et al. (2013), among others, consider the rapid reduction in the private sector’s
debt in the US as one of the key factors responsible for the last economic recession and the

following slow recovery.

Focusing on the business sector, the effects of increasing leverages on the state of the
economy are one of the main concerns of Minsky’s “Financial Instability Hypothesis”. He
made the point that firms’ external financing structure is closely linked to the current state of
the business cycle and the investor sentiment. He explicitly stressed this fact when he wrote:
“Acceptable financing techniques are not technological constrained; they depend upon the
subjective preferences and views of bankers and businessmen about prospects. |...] However,

success breeds a disregard of the possibility of failure” (Minsky, 2008, p.237).

There are various works that elaborate the interdependency of firms financing decisions and
the state of confidence formally, e.g. Taylor and O’Connell (1985), Flaschel et al. (1997, ch. 12)
and Ryoo (2013a,b), just to name a few. Partly motivated by the aforementioned works, this
paper proposes a dynamic macroeconomic framework that incorporates various important
features which have not been studied thoroughly by the existing literature. The model
considers heterogeneous firms that determine their investment demand by taking into account

their subjective beliefs about future sales, i.e. according to recurrent and endogenously
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determined waves of optimism and pessimism. The evolution of the respective firm shares
are then composed into a sentiment index that represents a further non-linear dynamic law

which is elaborated formally along the lines of Franke (2012, 2014).

In the proposed theoretical framework, firms finance their investment by means of retained
earnings or by taking out loans from commercial banks. Corporate indebtedness or leverage
is expressed in terms of the debt-asset ratio and is derived residually from their financing
constraint. Commercial banks charge a loan rate on outstanding debt which consists of a
mark-up. Since the individual risk of financial intermediaries is closely linked to the firms’
degree of leverage (Papanikolaou and Wolff, 2014), we consider that the banking mark-up
varies endogenously depending on deviations of firms’ leverage ratio. In particular, the loan
rate exhibits a financial accelerator term that amplifies destabilizing effects. We show that

this feature implies some important consequences for the dynamics of the model framework.

The interaction of firm’s leverage ratio and the investor sentiment gives rise to a two-
dimensional system of differential equations which is able to produce periodic business cycle
fluctuations. It is shown that the resulting dynamics strictly depend on the responsiveness
of the endogenous loan rate and on how investors perceive the evolution of debt as potential
risk for their future sales and thus growth. In some cases, the model generates co-existing
periodic orbits, where sufficiently large disturbances may drive the economy from a “low-" to
a “high-indebted” regime where corporate leverages fluctuate around a higher steady state
and generate consequently a higher trend ratio. Related to the observations of Graham et al.
(2015a), the model is thus flexible enough to mimic the gradual increase in the trend of

aggregate leverage ratios, at least in a very stylized manner.

The remainder of the paper is as follows. Section 2.2 introduces the basic model framework
where an investment driven IS-relationship expressed in terms of effective demand is derived.
A law of motion governing the dynamics of corporate debt by means of firm’s debt-asset ratio
is then introduced. Section 2.3 extends the basic model framework by the formulation of the
sentiment dynamics. Section 2.4 contains the parameter calibration as well as a brief discus-
sion of some shortcomings of the model framework. We provide the numerical simulation of
the model and the discussion of the emergence of i) an uniquely determined business cycle

in section 2.5.1 7) two co-existing business regimes in section 2.5.2. Section 2.6 concludes.
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2.2 The Structure of the Real Sector

The following model describes a closed economy without government activity and Harrod-
neutral technological progress in a Kaleckian framework. Firms merely produce one type
of commodity that can be used for investment as well as consumption. Firms can finance
their investment either by internal or by external sources, whereas the only external financing
structure is the granting of loans from commercial banks. Firms do not issue new equities
or bonds, i.e. portfolio decisions are neglected. Internal finance refers to the firms retained
earnings. In this section, we consider that economic activity is supposed to be debt-led,

meaning that economy expands when firms’ debt ratio increases.

2.2.1 Entrepreneurial Sector

Let us assume that firms’ investment decisions (I) are demand driven and related to the
capacity of the economy. Accordingly, a common formulation of firms’ accumulation rate is

given by (see Sasaki and Fujita, 2012; Nishi, 2012)

%Zfr%u—wﬂ:g (2.1)
where 7 is a positive constant representing the trend rate of growth, i.e. the rate at which
the sales are expected to grow on average in the near future. This term is also supposed
to represent the investor’s sentiment or animal spirits which will be endogenized in section
2.3. The variable u = Y/K is the output-capital ratio (assuming that the capacity is repre-
sented by the capital stock) or the rate of (capacity) utilization of capital. For the debt-led
configuration of economic activity, it is worth to mention that firms’ investment decisions
(I) depend negatively on the firms’ debt service and not merely on the level of debt (A)
(as it is considered in the debt-burdened formulation of the model in appendix). The term
A = A/pK represents the debt-asset or leverage where p describes the aggregated price level
which is assumed to be constant for simplicity (see Franke (2007, 2012) for a related model
with a varying price level expressed in terms of a general inflation climate) and j refers to
the respective loan rate which is charged by the commercial banks. The coefficients =, and

v are both constant and positive.

Consider further a banking system which in turn extends loans (A) to firms and collects

deposits (Ag) from households. For simplicity, let us assume that loans to firms are the only
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asset of banks, the lending rate is equal to the deposit rate, the public does not hold any cash
and commercial banks do not hold reserves. Therefore, the issuance of bank loans generates

a corresponding increase in liabilities, i.e. deposits, since A = Ag.

2.2.2 Household’s Sector

Turning to the households, their consumption is determined along the lines of Flaschel et al.

(1997, ch. 12), that is
pC =wL+ (1 —sc)[(1—sp)(IT— 6 — jA) + jA] (2.2)

where C' is real consumption; ¢ is the capital depreciation rate, w and L are the nominal
wage rate and the number of the employees; s. is the capitalists propensity to save; sy is the
firms retention rate; (1 — s¢)(II — d — jA) are firms net profits or dividend income (II are
the gross profits, and jA are firms’ interest payments to the commercial banks). While the
bank’s lending rate (j) is often considered to be fixed at a certain value, e.g. Hein (2007),
Sasaki and Fujita (2012), Nishi (2012) and Ryoo (2013b), here it is set by the commercial
banks as an endogenously evolving banking mark-up over the base rate similarly to Lima
and Meirelles (2007). Moreover, Lima and Meirelles (2007) assume that the mark-up varies
either pro- or anticyclically with the rate of capacity utilization, we instead suppose that it
depends positively and linearly on the firms’ leverage ratio.! In contrast, we measure it in

terms of deviations from a target debt ratio. However, it is given by
F=7) =i+ (A =29, (2.3)

The parameter ¢y measures the sensitivity with which banks update their mark-up w.r.t.
changes in firms’ indebtedness. We assume that ¢y > 0 to ensure that the dynamic mark-up
adjusts in a pro-cyclical manner. When the firms’ leverage ratio exceeds the benchmark value
A, banks interpret it as a deterioration of firms’ solvency and thus charge a higher mark-up
over the base rate i. Consequently, if banks perceive a declining credit risk by a shrinking
spread, they will reduce their loan rate in response. Although this specification is not widely

used in the literature, we endogenize j as a plausible configuration of a financial accelerator,

'The idea, that the banking loan rate varies positively with firms’ indebtedness, was already proposed in
Keen (1995) for instance.
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not just to spice up the dynamics of the model, but to emphasize that bank’s lending behavior
has important effects on the economy’s (in-)stability and to illustrate the flexibility of the
underlying theoretical model. As it turns out, the arising non-linear features of the model

are worth studying.

Expressing real consumption (2.2) as proportion of the capital stock (K) yields

= omu— (1= 5p)(1 = 53 + 571 — 5e)i(A = (A, V) (2.4)

where w = wL/pY = 1—m is the wage share, 7 = II/pY’ the profit share and o = s.+(1—s.)sy
is a composite parameter. Correspondingly, the profit rate can be decomposed into the profit
share, determined by unit costs times the utilization rate, reflecting the development of
effective demand. According to equation (2.4), aggregate consumption as a proportion of the
capital stock is determined by firms’ debt ratio. It is linear in the leverage ratio ¢(A) for
tx = 0 and becomes non-linear ¢(A\?) for all ¢y > 0 due to the multiplicative combination of A
and j(\). Correspondingly, we denote this feature by F(A, A\?), where F refers to an arbitrary

function.

2.2.3 Market Clearing

The goods market equilibrium is given by

c I
U=+ +o (2.5)

In the Kaleckian literature it is common to use capacity utilization as a measure of economic
activity. For simplicity, we use the output-capital ratio (u) instead. Accordingly, the uti-
lization rate adjusts to establish goods market equilibrium. Replacing C/K by (2.4), net

investment, i.e. investment less capital depreciation, I/K by (2.1) and solving for u gives

2oty — ) = ]I
N Om — Yy

= u(\, \?) (2.6)

which roughly corresponds to the resulting equilibrium utilization rate of Sasaki and Fujita
(2012, eq.6) and Nishi (2012, eq.5). According to the “Keynesian stability condition”, a
stable adjustment process requires that the denominator of (2.6) is positive, which means

that investment reacts less sensitive to changes of utilization than saving (see Bhaduri and
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Marglin, 1990)
O > Yy

Regardless of whether the interest rate changes over time or not, equilibrium utilization is an
increasing function of the debt ratio, i.e. debt-led capacity utilization, given that the reaction
coefficient of investment (7)) to interest payments as well as the capitalists’ propensity to

consume (s.) is very weak. Formally, whenever s¢(1 — s.) — vy > 0 is satisfied.
In order to get the short-run capital accumulation rate, we substitute equation (2.6) in

(2.1), obtaining

Pulsr(X = sc) =) = (07 = )T (M)A
O — Ty

g=7+ = g(\\?) (2.7)
where 4 = v+, (y+00)/(0m — ) is a composite parameter that determines the location of
the function. Following the same methodology, the growth rate of the capital stock is debt-led
for vu(sf(1—sc) =) > (o —vu)7va. Hence, it depends on the value of the profit share, the
coefficients in the accumulation rate and on the retention rate and the capitalists’ propensity
to consume. Further, note that capital accumulation gives rise to be a quadratic function of
the debt ratio for each nonzero banking mark-up. Given that equilibrium utilization rate is

quadratic in A, the non-linear nature applies also for the profit rate net of interest payments

f=mu(A?) =6 —F(MNX = F(\A2). (2.8)

Accordingly, changes in the financial position of firms affects the utilization rate, the capital
accumulation rate and net profits in a non-linear manner. Whether an increase in A may or
may not raise effective demand depends on the specific parameter values of equation (2.6)-

(2.8).

2.2.4 Debt Dynamics

The interaction between the financial and the real sector is linked through the financing of
firms investment projects. Firms can either finance their investment by retained earnings or
by taking out loans. Accordingly, the level of firms’ indebtedness is assumed to be residually
determined. Debt financing becomes the closure of the spread between firm’s planned level

of investment and their accumulated retained earnings. It should be noted that banks are
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always ready to provide firms the required amount of loans that is needed. Hence, “credit
rationing” does not play any crucial role. The only restriction on credit supply is the varying

mark-up on the lending rate (2.3). The finance identity is
pl = sp(I1— 8 — j(A)A) + A

where A is the increment of debt (where the dot above a variable indicates its time derivative).
Then, the law of motion of the leverage is obtained by normalizing the financing constraint by
the value of the capital stock and by a logarithmic differentiation of the resulting expression.

Its evolution is governed by
A= (1-Ng(\?) —spf(A) — pA = A\, A5 03) (2.9)

where p is the inflation rate which is assumed to be constant over time. Ryoo (2013b)
already pointed out the non-linear nature of the law of motion for the debt-asset ratio which
in turn may result in multiple equilibria. In our investigation, the differential equation for the
dynamics of firms debt ratio may be shaped like a cubical function, at least for high values
of the parameter linking firms’ leverage to the accumulation rate vy, or/and the financial
accelerator ). It possesses those properties due to the leverage depending banking mark-up

in the loan rate.

2.3 Endogenous Sentiment Dynamics

The present paper aims to provide a stylized model which is able to generate a type of en-
dogenous long-term “Minsky cycles” from the interaction of corporate debt and the investors
sentiment. Therefore, it remains outstanding to provide a law governing the dynamics of
the firms business sentiment. In this section, we introduce a mechanism that enables us to

differentiate between two types of firms which differ in their perceptions of future sales.

Let us turn back to the assumptions concerning firms investment decisions. The constant
term in equation (2.1) v, firms capital stock growth expectations, often refers to being animal
spirits or even to a general business sentiment (Skott and Zipperer, 2012; Franke, 2012).
The assumption that this term may increase (decrease) in a case of over-(under-)utilization

leads to the Harrodian destabilizing mechanism which was first raised by Skott (2012). The
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consequences of permanent deviations of actual from desired utilization were often discussed
and many authors argued that it refers rather to a temporary phenomenon and cannot persist
systematically. Amadeo (1986) and Lavoie (1995), among others, raise the issue whether it
seems to be convincing to assume that utilization may probably differ from the desired or
targeted utilization rate. They argue that the variability of utilization can reconcile actual
and desired utilization if the desired rate itself varies endogenously. Harrodian instability,
in contrast, is a process of cumulative causation. In the case of a permanent mismatch of
actual and desired utilization of productive capacity, entrepreneurs would eventually revise
their investment plans and respond with adjustments of their expected secular rate of sales
(7), which in turn raises investment and thus utilization again. This unstable process leads

to ever rising rates of capacity utilization.

In order to cope with that instability problem, some authors have introduced endogenous
adjustment processes for v and the normal or desired utilization rate u? (Schoder, 2012;
Franke, 2015). Correspondingly, in a case of rising sales expectations, firms reduce their
target rate in order to respond more spontaneously to demand fluctuations. However, this
part of the present paper aims to endogenize the business sentiment term in a convenient
manner. The formalization of the dynamic law governing the adjustments of the animal
spirits are in the line of Franke (2012) who provided a behavioral foundation for the agent’s

attitudes.

Following Franke (2012), aggregate sales expectation can be written as

vy =9"+ Ba=17(a) (2.10)

where ¢g* is the trend capital stock accumulation rate and a refers to the sentiment term
(which law of motion should be defined below). Firms determine their investment by taking
into account their beliefs about the future prospects of the economy, whereas they can either
be optimistic or pessimistic. The sentiment index a can be understood as an average among
the shares of firms with the respective attitude. It is bounded at a = —1, the state where
all investors are pessimistic about the return of an investment, and a = +1, the state where
firms are optimistic. In a balanced state a = 0, the share of optimistic firms corresponds

exactly to the share of pessimistic firms which in turn indicates a steady state environment.

Using such a sentiment dependent investment function, the associated utilization rate
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becomes

yo 9ot Bat[sp(d—se) =l
O — Yy

= u(a, A\, \?). (2.11)

Note that the introduction of the sentiment variable does not influence the condition in
which debt regime the economy is actually located, i.e. whether s¢(1 — s.) — vy is positive
or negative. Assuming that the investor sentiment influences firms’ investment decisions

positively, i.e. that g > 0, equilibrium utilization will also increase in it (Qu/da > 0).

Changes in the sentiment index can be formalized using the “transition probability ap-
proach” which has its origin in statistical mechanics and was first published in social sciences
by Weidlich and Haag (1983). The first contribution adapting this approach in the context
of financial markets is Lux (1995). Franke (2012) put it forward into a business cycle model
and derived a differential equation for the evolution of the sentiment index without having

invoked the statistical mechanics apparatus, namely
a=v[(l—a)exp(s) — (1+ a)exp(—s)]. (2.12)

The parameter v measures the adjustment speed and exp(-) is the exponential function.? The
variable s = s(+) represents a switching index function that captures the key variables which
are responsible for the firms’ subjective evaluation of the current state of the business cycle.

It is given by

s = Gt + du(u — u?) + ¢ (f(u, 4, ) — i — p*) = paa(A = ) (2.13)

where ¢4, ¢y, dr and ¢, are sensitivity parameter.

An increase of s indicates a rise in the general business sentiment. More specifically,
the switching index function is assumed to be determined as follows: According to equation
(2.13), the switching index depends on self-reference and hetero-reference terms. The former
represents a positive feedback of the sentiment a on itself. In particular, it constitutes a
concept of contagion or herding where the parameter ¢, measures the degree of group pressure
and can therefore be understood as a “herding parameter”. The remaining terms within the

function refer to hetero-reference effects, i.e. the feedback of external norms or more objective

2Note that this formula can be reformulated by using hyperbolic functions. Accordingly, it can be illustrated
as @ = 2v[tanh(s) — a] cosh(s).
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factors that induce firms to change their attitude. The first external norm is the current
state of the business cycle expressed in terms of deviations of utilization from firm’s desired
benchmark rate. It is assumed to have a positive impact on the general sentiment which is
quite intuitive since if firms observe an increase in effective demand, they believe that their
sales will increase as well. The second component refers to the return differential f — i — p*
where 7 is the real rate of interest which is supposed to be exogenous. Specifically, firms (or
their entrepreneurs) compare their (net) profits with the returns from the safer investment in
government bonds (whose return is assumed to be constant within the present framework).
Accordingly, they match the spread between the return on profits and the real interest rate
against a desired return differential p* that in turn reflects what they think would be a
suitable benchmark measure. Hence, the sentiment index increases if f — ¢ exceeds p*. In
contrast, it decreases if the spread falls short of p*, indicating that the return on investment is
no longer profitable enough (Franke, 2015). The third building block consists of the banking
mark-up, i.e. the spread commercial banks impose on the lending rate to cover potential
losses. In particular, consider that higher corporate leverages indicate greater future “default
risk” which in turn exerts a downward pressure on the state of confidence. Therefore, the

last term enters negatively.

2.4 Calibration, Accounting Consistency and its Shortcomings

The equilibrium position of the utilization rate and the debt-asset ratio can be explicitly
determined. For this purpose, we will assume that utilization as well as the debt-asset
ratio are at their respective target rate in steady state. Accordingly, we will derive possible
restrictions on specific parameters which permit utilization and the debt ratio to reach fully
adjusted positions in the long-run, i.e. the realized rates (u,\) adjust to the exogenous
given desired rates (u?, A\?) (Amadeo, 1986; Duménil and Lévy, 1999). Taking the dynamic
equilibrium condition A = 0 into account, the parameter values can be determined from those

steady state values.

Proposition 1 Let a steady state position of the model framework be determined
by the desired or target values, i.e. u = u® and A = \¢, where line below the

variable indicates the steady state. A fully adjusted position in the long-run can
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be thus reached with

1—\)g—pA
sp = 1 =A)g—-pA (2.14)
S
and
*+ » _ )\_
5= L T T INIA 511 (2.15)
(1=sp)f +JA
with
g=9"+ Yl — 7 jA
y o 9 o0+ sp(d = se) —mljA
T O — Yu
pr=f—1i
j=i.

For the calibration and the numerical simulations, we employ the parameter values depicted
in table 2.1 (column for Scenario 2). The depreciation rate ¢ and the profit share 7 are
broadly compatible with the values in Franke (2016). Following the detailed discussion of
Franke (2017) we adopt a steady state utilization rate of u? = 0.9 for both scenarios. The
parameter value for v, and the steady state utilization rate are from the empirical estimates
of Skott (2012) and the target debt-asset ratio A? of the firms is taken from Flaschel et al.
(1997).3 The values of 7, Y, and 4 are arbitrarily but plausibly chosen.?

Under the numerical parameter values depicted in column Sc.1 (Scenario 1) of table 2.1, we
obtain values for the retention rate sy = 25,40%, for the capitalist’s marginal propensity to
save out of income s, = 23.53%, for the reference value in the return differential p* = 13.10%,
for the steady state profit and accumulation rate f = 16.10% and g = 7.13%. Without

putting too much emphasis on these particular magnitudes, despite of the high value of the

3Note that the value is also compatible with the findings of Graham et al. (2015a). They identified a
corporate leverage ratio, expressed as debt to capital ratio, of 31% at least for unregulated corporations in the
US between the years 1970 and 2010.

4Note that the numerical value of ~x has been reduced in scenario 2 since the effect of the debt-asset ratio
on investment is highlighted trough the sentiment channel and accelerator channel. Notice further that the
values of the behavioral parameters in the switching index are chosen to ensure persistent fluctuations. Since
the debt ratio fluctuates merely in a small vicinity around its desired level, the parameter ¢, is chosen very
high in order to maintain a significant impact of the debt-asset ratio, expressed as deviation from its long-term
counterpart, on the sentiment variable. Unfortunately, the high value of ¢, as well as the other behavioural
parameters lack on any empirical validation. Since an estimation would exceed the scope of this paper by far
we leave it for future work on this model.
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Table 2.1: Numerical parameter values

Parameter Description Sc.1  Sc.2
u? Desired and steady state utilization rate 0.900 0.900
P Desired and steady state debt-asset ratio 0.300 0.300

Constant sales expectations 0.000 0.000
%u Sensitivity investment react to changes in the utilization rate  0.080 0.080
YA Sensitivity investment react to changes in the debt-asset ratio 0.080 0.010
Ly Financial accelerator 1.000 3.000
T Profit share 0.300 0.300
w Wage share 0.700 0.700
) Depreciation rate 0.100 0.100
D Inflation rate 0.030 0.030
i Average loan rate or base rate 0.030 0.030
B Parameter linking the sentiment index to accumulation 0.055 0.062
ba Herding parameter in s(-) 0.440 0.220
Ou Sensitivity parameter in s(-) 0.500 0.630
Or Sensitivity parameter in s(-) 0.350 0.200
o Sensitivity parameter in s(-) 8.000 1.800
v Adjustment speed parameter in sentiment index 3.000 3.000

The table displays the numerical parameter values for the scenarios: i) the occurence of the unique Minsky cycle i) the
emergence of two co-existing business regimes

steady state accumulation rate g, most of the above listed values are convincing and broadly
compatible with those of the literature. Unfortunately, the model lacks on the calibration
of a convenient short-run investment multiplier. It amounts to du/dg = 20.46 which does
not coincide with any plausible value the multiplier may take on. This specific shortcoming
concerns not just the present model set-up, instead, it afflicts many models with IS market

clearing which consists of feedbacks of the residually determined debt-asset ratio.’

5This specific insufficiency was already pointed out by Flaschel et al. (1997, ch.12). For an elaborated and
detailed discussion see Franke (2016). He also provides a way to cope with the problem by incorporating an
active government which levies taxes (automatic stabilizers). This solution requires to add a further dimension,
i.e. the issuing of sovereign debt. The large multiplier often leads to the phenomenon that the amplitudes
of the debt-asset ratio in models of this type may be unrealistically low compared to those of the utilization
rate. The impact of firms’ leverage on investment is especially low when we express it as the margin A — A?
as done in the banking mark-up specification in equation (2.3). Due to this fact, a large value of the financial
accelerator is required to increase the impact of firms’ external capital structure on IS-utilization and to unfold
the accelerators amplification effects. Hence, it is fixed at ¢x = 1 for all scenarios that are recorded in table
2.1. For the following discussion on this model, we will accept the disproportions which are coming from
the multiplier and merely focus on the resulting dynamic features without spending too much emphasis on
particular magnitudes.
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2.5 Persistent Fluctuations

In this section, we identify and explain the scope for persistent cyclical behavior which emerges
intrinsically without imposing the assumption of repeated random shocks. By doing so, the
resulting bounded and self-sustaining oscillations embody the properties of limit cycles which
may be interpreted as the business cycle. Interestingly, we show that the non-linear dynamic
framework can generate various kinds of dynamic behavior, namely, the emergence of i) an
attractive and unique closed orbit displaying periodic solutions reminiscent of Minsky cycles

Y

and i) the emergence of two contemporaneous existing business regimes, a “low-” and a

“high-” indebted regime.

2.5.1 The Existence of an Uniquely Determined Limit Cycle

The long-term dynamics of two or more variables can be decently analyzed in a phase diagram.
In this case, we are interested in the dynamic interaction between the sentiment index, whose
changes are determined by the law of motion given by equation (2.12), and firms’ debt-asset
ratio which evolves according to equation (2.9). The local stability properties of the dynamic
system can be studied by using the Jacobian matrix (represented by equations (A.1.2)-(A.1.5)
in the appendix). Since the Jacobian matrix, evaluated at the steady state, is analytically
no longer tractable, instead we use the numerical values of the particular entries (equation

(A.1.6) in appendix). Its sign pattern is given by

+ —
Juc = (2.16)
+ —
where the subindex UC' stands for unique cycle.

While the elements on the main diagonal of the Jacobian matrix (2.16) display the respec-
tive auto-feedback, the elements in the off-diagonal indicate the mutual feedback of a and A.
Accordingly, the signs in the main diagonal indicate destabilizing sentiment and stabilizing
debt dynamics. Even though the determinant of (2.16) is positive, which is required for local
stability, the equilibrium point is repelling due to the positive trace of the Jacobian. As the
numerical values suggest (see equation (A.1.6) in appendix), local instability stems from the
destabilizing sentiment dynamics which are relatively strong in contrast to the self-stabilizing

feedback of the debt dynamics. Given the repelling steady state, the dynamics of the system
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are illustrated in the phase diagram in figure 2.1a. The left panel of figure 2.1 illustrates
the dynamic interaction of firms’ debt ratio and the sentiment index. A constituent part
of the phase diagram are the isoclines, that are, the geometrical locus of all pairs of (a, \)
that give rise to @ = 0, the bold black line, and to A = 0, the bold white line. Since the
explicit analytical solution of both isoclines is not transparent enough to directly draw any
conclusion from it due to the non-linearities within both dynamic laws, we instead employ
the contour plots of the reduced form which exhibit a height of zero to illustrate our results.
The resulting curves are equivalent to plots of the analytical solution of the isoclines. The
point where both isoclines intersect refers to the equilibrium point Eyc = {0,A}.6 Arrows

in the plane indicate the off-equilibrium dynamics.

The dynamic interaction of the sentiment index and firms’ leverage ratio gives rise to the
existence of an uniquely determined limit cycle that exhibits a cycle length of 8.0 periods.
The time unit refers to years that can be attributed to the calibration depicted in table 2.1.
Different starting points of the trajectories (in blue) indicate that the closed orbit is stable
and attractive, i.e. that they can neither spiral outwards nor converge to the point of rest
Eyc. The blue arrowheads on the trajectories (as well as the black arrows) point out that
the trajectories move counterclockwise. This can be seen on the off-diagonal entries of the
Jacobian (2.16). The mutual effect of A\ on a is negative. An increase in the debt ratio
pushes up consumption since the capitalist household’s income has been increased. Firm’s
investment and thus utilization is also increasing due to the debt-led properties discussed
previously. Even though the effect of A on real economic activity is stimulating, the impact
on the investor sentiment is negative due to increasing debt default perceptions. The huge
value of ¢ in the switching index ensures that the direct effect of the debt ratio on the

sentiment index is predominant and outweighs the formerly discussed positive effects.

The sign pattern of the Jacobian matrix also suggests that firms’ leverage ratio increases
in the sentiment index a. This effect is more obvious. Consider a positive swing of optimism
which increases firms’ planned investment and thus capital accumulation. Then, the economy
works over its capacity (u?) which in turn increases firms’ profits. Firms need to invest more

to cope with the additional demand (and thus the increase in firms’ sales). They realize it by

5Notice that global stability can be ruled out due to the emergence of two additional fixed points which are
lying in an unrealistic locus. The second equilibrium point is located at E2 = (—0.965,0.445) and refers to a
saddle point. The third fixed point appears at E5 = (—1.00,1.873) and is locally stable. Each trajectory that
starts above the stable branch of Fs converges to E3. Due to the fact that the stable point of rest is located
in an economically unrealistic area, a detailed analysis of it becomes redundant.
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taking out further loans from commercial banks due to the fact that firms’ internal funds are

insufficient and exhausted. The right panel in figure 2.1 illustrates the cyclical motions of all
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(a) Phase diagram: (a, \)-interaction (b) Cyclical motions of the model

Figure 2.1: The dynamics of the non-linear economy for the numerical parameter values depicted in table 2.1 in
column Sc. 1. Note that the thick blue line in subfigure 2.1a displays the trajectories, the bold black line illustrates
the (@ = 0) - and the bold white line the A = 0 isocline. The cyclical motions in subfigure 2.1b are detrended by
the respective steady states.

variables. Before going into detail, note that the time series in figure 2.1b are detrended due
to illustrative purposes. The emergence of limit cycles in the aforementioned deterministic
economic system is merely a very general objective of the current work. A more specific
aim is to analyze whether the self-sustaining periodic solutions make any economic sense. In
particular, we are interested in the co-movements, i.e. the qualitative lead-and lag-behavior
of the variables. We will not spend too much emphasis on the particular order of magnitudes
since, as already pointed out in section 2.4, the motions are biased due to the large investment

multiplier.

The analysis starts at the first trough of firms’ profit rate (thin dashed line). The increase
of firms’ profitability contemporaneously increases firms’ internal funds and reduces thus
their credit needs. Once the profit rate begins to increase, firms, or their entrepreneurs,
expect that the profit rate will also rise in the near future so that the general sentiment index

starts to increase as well. Formally, this effect occurs due to the increase in the switching



CHAPTER 2. INVESTOR SENTIMENT AND DEBT CYCLES 25

index function given by equation (2.13) and the inherent mean-reverting tendency of the
sentiment index specification in equation (2.12). Due to the fact that the share of firms
which are optimistic about their future sales enlarged to a certain amount, they will be
engaged in investment projects that promise a higher accumulation rate. Consequently, the
accumulation rate starts to increase. The positive impulse in firms investment stimulates
capacity utilization so that the utilization rate begins to increase immediately. The expanding
economy, the positive state of confidence and the consequent increasing capital accumulation
also tends to ever rising liabilities up to a point where firms start to increase the loan demand
from commercial banks since their retained earnings are exhausted earlier.” As the debt ratio
begins to increase, firms’ profits still increase as well, but at a diminishing rate. Since the