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Dysfunctional markets: A spray of prey perspective

ABSTRACT

We revisit the theory of financial crises using a predator-prey metaphor, highlighting
the relationship between greed, risk aversion and debt accumulation and aggregating concepts
from economics, finance and psychology. We argue that regulations that are implemented
inefficiently, with weak enforcement or at the wrong time can have deleterious effects on the
market, worsening the ailment they initially intended to correct and leaving a spray of prey in
their wake. To illustrate our hypothesis, we examine the role of regulations in the years
leading up to and during the Global Financial Crisis (GFC) in the U.S., when the Federal
Reserve tried to restrain the over-heated housing market fuelled by the predatory mortgage
frenzy and the increased use of securitization in risk-hiding financial tools such as
Collateralized Debt Obligations (CDOs). Our results indicate that deleterious government
interventions may act as a chemotherapy of sorts, causing harm followed by a slow recovery.
This understanding can help governments draft better regulations to lower market frictions

and better protect investors.

Key words: risk aversion; predation; regulations; contagion; debt trap

JEL: GO01, G18, G21, G40, H31, H63
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1. INTRODUCTION

Deleterious effects of economic policies have long been known (Bordo, 2008). As an
example, in 1925 English Prime minister Stanley Baldwin reinstated the gold standard (a
decision immediately criticized by Keynes), which caused unemployment, inflation and in the
end harmed all of Europe. In its wake and in 1931, panic set in, especially in Austria and

Germany, with large bank runs set off by consumers (Kindleberger, 1996).

Since the earliest days of financial markets, there have been examples of market crises
around the world. See, for example, the Dutch-based Tulipomania in Holland in the 17"
century, the Mississippi Bubble in France in the 18™ and the U.S. savings and loans fiasco in
the 1980°s (Kindleberger, 1996; Rajan, 2010). Certainly, from the 17" to early 20™ century,
the absence of proper regulatory institutions endangered financial stability, but this
vulnerability has since then been alleviated with, for example, the creation of the Federal
Reserve in the U.S. in 1913 (Grossman & Meissner, 2010). Yet the dubious management of
government-sponsored enterprises (GSES) such as Fannie Mae and Freddie Mac cannot be
ignored (Calomiris & Wallison, 2008)". In the same vein, Samuel (2009) notes that the Great
Depression was followed by unprecedented government regulations and the creation of the
Securities Exchange Commission in the 1930s, but these measures proved ineffective during

the 1980s’ savings and loan debacle.

The 2007-2009 Global financial crisis (GFC) crisis offers the most recent example of
government failure, one that damaged the confidence of consumers, communities, and
businesses (K. J. Brown, 2010; Sama & Shoaf, 2005; P. Wallison, 2009)>. The market acted

as a pressurized container that sprayed its toxicity over time, covering an ever-increasing

! Wallison and Pinto (2010) argue that the Dobb-Frank Act allowed the substitution of the Federal Housing
Administration (FHA) by Fannie Mae and Freddie Mac as the main provider of subprime mortgages. By their
estimation, the U.S. government sponsored no less than 27 million subprime mortgages.

% The U.S. government is not the only one at fault. Authors note that other governments have had failures as well
(Glaeser & Shleifer, 2001).
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range of victims, hence the name “spray of prey” (Carroll, Otsuka, & Slacalek, 2011). Indeed,
the market can be seen for what it was: many sellers acting as predators, using subprime
(predatory) mortgages to trap their prey (customers) in order to obtain financial gain. This
type of behavior we define as toxic as it potentially leads to market failure (Akerlof & Shiller,
2009).

As opposed to the Market Efficiency Hypothesis (Fama, 1970) and similar economic
theories (e.g., Adam Smith’s invisible hand) that assume market agents act in good faith and
for the benefit of the overall market, we adopt a paradigm by which we assume that some
market agents - sellers and buyers included - are motivated by self-interested, hidden agendas,
in line with the concept of predation and one that can affect the collective unconscious (see
Carl Jung in Roudinesco and Plon (2000)). As such, for the sake of our framework, we focus
on predatory behaviors, those framed by moral hazard and deceit, leading to market toxicity.
Subprime or “predatory” mortgages and other such financial products were part of a financial
arsenal of securitization meant to hide risk, which were by nature toxic and served as a trap to
catch non-vigilant/distracted/ill-prepared buyers or prey. A detailed list of such products and
behaviors can be found in Appendix 3. The notion of predator-prey dynamics has been used
in economic science in the past, although sparingly (Dejuan & Dejuan-Bitria, 2018; Ditzen,
2018; Henry, 2012; Samuelson, 1971; Zhang, 2012).

During the GFC, the U.S. housing market had roughly seven million loans worth USD
1.2 trillion in circulation, out of which subprime or predatory mortgages made up 23.5% at
their peak in 2006 (Frame, Lehnert, & Prescott, 2008). Consumer debt accumulated and
ballooned, forcing countless delinquencies and foreclosures (of which nearly 50% were
predatory loans — Albanesi, De Giorgi, and Nosal (2017)), up to a value of USD 250 billion,
or 2% of U.S. GDP®. Debt from housing purchases was accompanied by other forms of debt,

for example expenses linked to house repairs and furniture, bought on credit cards (Case,

® U.S. Census Bureau (https://www.census.gov); World Bank (https://data.worldbank.org). Accessed Feb. 1,
2019.
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Quigley, & Shillder, 2005; Elul, Souleles, Chomsisengphet, Glennon, & Hunt, 2010; Guiso,
Sapienza, & Zingales, 2009). In addition, many buyers purchased new cars within two years
of buying a new home (Mian & Sufi, 2015).

On the corporate side, losses skyrocketed: 43 billion USD for Citigroup, 38 for UBS, 37
for Merrill Lynch, 20 for HSBC, 10 for JP Morgan Chase, 8 for Lehman Brothers and the
Deutsche Bank, and 6 for Barclays®. All of the largest U.S. market players were affected:
Lehman Brothers was forced to close, Bear Stearns and Merrill Lynch sought new owners,

and Morgan Stanley and Goldman Sachs transformed into bank-holding companies (BHCs).

The Financial Crisis Inquiry Commission (2011) and the International Monetary Fund
(2009b) blame in part the U.S. government’s interventions as the source of the crisis through
the promotion of risk-free and easy credit (Fostel & Geanakoplos, 2012), low interest rates,

weak enforcement, and lax controls.

Root GFC causes that have been identified are many and varied, yet not focused on
richer analyses than standard assumptions. (See, for example, Appendix 3, which outlines the
fact that hidden, potentially toxic agendas may have been at play in the markets.) They range
from policy-driven to agent-driven factors, with the former actually encouraging toxicity in

the marketplace and the latter linked to psychological forces such as deceit, biases® and greed.

The crisis had long been in the making (Razin & Rosefielde, 2011). The 1977 US
Community Reinvestment Act (CRA) permitted banks to grant credits to unqualified clients, a
leniency that was reinforced by the Glass-Stegall Act revision of the mid-1990’s (White,
2009)%’. From 2005 to 2007, the Fed’s discount rate (main lending rate) varied and increased

* Bloomberg. Accessed Feb. 1, 2019.

® To that effect, Stiglitz (2009) mentions: “Thus, the notion that markets, by themselves, lead to efficient
outcomes has, today, no theoretical justification: no one believes that the conditions under which that statement
is true are satisfied.”

® See also: Hellwig (2009), Reinhart and Rogoff (2009), and Priewe (2010).

5
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from roughly 1 to 5 percent, and, in parallel, housing starts (new houses being built) declined
from approximately 2 million to 1.5, and then to 500,000 units in 20108, After 2007, the Fed
passed a series of cuts to drive the interest rate close to the zero point (Saunders, Cornett, &
McGraw, 2014; Veronesi, 2010)°. (See also Appendices 1 and 2 for an outline of the events
and regulations before and during the GFC. The latter, in particular, provides examples of the
many missed opportunities the U.S. government had to protect consumers ahead of the GFC.)
In such a financial ecosystem, lax regulations tend to encourage abuse on the part of lenders
and sellers of toxic products, with the net effect of leading the market towards collapse, a

situation that benefits neither the regulators, nor sellers, nor buyers.

In addition to the above-mentioned policy-driven causes, the following also appear in
the literature: (1) the voluntary registration of the U.S.-domiciled hedge funds (S. Brown,
Goetzmann, Liang, & Schwarz, 2009); (2) financial liberalization (Kaminsky & Schmukler,
2003); (3) financial imbalances across advanced economies (Acharya & Richardson, 2009; B.
S. Bernanke, 2009; Obstfeld & Rogoff, 2009); (4) the absence of protection or affordable
legal recourse for victims (Ferguson (2012), Appendix 1); and (5) the compression of long
10-year yields versus the short-term yields on 3-month Treasury securities (Merrouche &
Nier, 2010).

In summary, events indicate that the choice to avoid regulations is a policy in and of
itself. A no-government intervention policy is a policy, and we posit that such policy may
have had deleterious effects on the economy as proven by the build-up to the GFC.

” The Glass-Steagall Act meant to separate commercial from investment banking, developed to fight the Great
Depression.

® Federal Reserve Bank of St. Louis (https://research.stlouisfed.org). Accessed February 1, 2018.

° From June 2004 to June 2006 rates rose steadily from 1.00% to 5.25%, and then stood still for a year. The
Federal Reserve began lowering its rates in September 2007. While the interest rate was set in large part to target
inflation (Saunders, Cornett, & McGraw, 2014; Veronesi, 2010), as a consequence it certainly encouraged
borrowing. By December 2015 the target rate was between 0.00-0.25%, the lowest in the Fed’s history, at least
in part resulting from the aftermaths of the GFC. See https://www.federalreserve.gov/. Accessed June, Sept.,
Dec. 2019, January 2020.
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This paper posits that, albeit little use has been made of multidisciplinarity in the
financial theoretical field, resorting to concepts borrowed from biological ecosystems and
medicine can rightfully serve to express the dynamics of troubled markets. The name

“predatory mortgages”, after all, indicates that the thought of such use already exists.

In the second section of this paper, we lay out our key assumptions with respect to
modelling the GFC from a predator-prey perspective. We present our conceptual model
framework in the third section and indicate the most important links between key variables. In
the fourth section, we examine the implications of our proposed model. The final section

makes recommendations on how our model can be exploited for drafting economic policies.

2. KEY ASSUMPTIONS

Current models explaining the GFC point to the need for a new approach, one capable
of rendering what happened during the crisis in a way that can more effectively explain its
mechanics as well as better forecast future market upheavals. However, resorting to such
comparisons requires a better grasp of the natural forces behind market movements. We
would argue that these forces include predator-prey relationships between sellers and buyers
of housing mortgages, which necessarily involves perceived risk and risk aversion, toxicity,
traps and utility maximization'®. In our proposed model framework, we attempt to balance
simplicity and complexity and focus on five core variables: sellers of predatory mortgages,
buyers of predatory mortgages, regulations (interest rates), toxic products (predatory

mortgages), and debt. To achieve this, we make a number of assumptions (Samuel, 2009):

% We are using the phrase ‘utility maximization’ to refer to market agents acting in their own self-interest.
Although our framework could be used to analyze traditional utility maximization problems, it includes
psychological constructs such as deception, greed, and fear, which often violates assumptions of mainstrain
economics (Huck, Mavoori, and Mesly, 2019).
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(1) We posit that one of the government’s main concerns is to minimize household over

indebtedness by controlling interest rates, and we assume that consumers respond to
government interventions (Feldstein, 1980). Governments are seen as benevolent entities,
which prioritize the welfare of its citizens (Lysandrou, 2013). In industrialized countries,
they thus endeavor to stay within sustainable levels of national and personal debt (Fincke
& Greiner, 2011). Yet, the context of our model is a buoyant U.S. market where predatory
mortgages (and other risk-hiding tools such as Special Purpose Entities, a process
generally called securitization) engage greedy buyers and astute sellers, all willing to
maximize their profits in the shortest time possible. We focus on interest rates because,
unlike other types of government regulations, they are effective, easy to measure, and

straightforward to implement.

(2) The market is composed of four market variables: two policy-driven (stock) variables —

interest rates and predatory mortgages — and two agent-driven (population) variables —
sellers and buyers of predatory mortgages. Regulations act as predators to toxic products;
namely, subprime or predatory mortgages. Our research suggests that there existed for the
U.S. subprime crisis, Lotka-Volterra predator-prey relationships between these market
variables (Brady, 2017; Lotka, 1920; Volterra, 1928), as follows (Table 1, Figure 1):
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Table 1 — The four markets variables (agents)

Predators Prey

1% pair Sellers of predatory

(agent-driven) mortgages

Ratio of shadow to

Buyers of predatory mortgages

- (0
Proxy traditional banking 1- (% of foreclosures)
2 pait Regulations Predatory mortgages
(policy-driven) g y gag
Proxy Interest rates set by Ratio of predatory to total mortgages

the Federal Reserve

In ecology, populations of predators (such as foxes) and prey (such as hares) are
known to follow Lotka-Volterra equations (Edelstein-Keshet, 2005; Gotelli, 1995). In
their simplest form, Lotka-Volterra equations link the populations of predator and prey
together via an interaction term to describe how the levels of each population fluctuate
with the rise and fall of the other. In our framework, we associate sellers of predatory
mortgages as predators and potential buyers of such products as prey, and attempt to
show that they in fact follow similar dynamics. As for the predatory mortgages, they are
the result of the interaction between predators and prey. They can be thought of as
“caught” prey. Similarly, regulations are meant to curve predatory behavior and in their
wake the rise and presence of the number of predatory mortgages. As they become
effective, they negatively impact the number of predatory mortgages and facilitate the
survival and growth of the prey. Hence, patterns in regulations could be thought of as a
predatory interaction exerted on sellers of subprime mortgages. We provide a more
detailed explanation of Lotka-Volterra equations and their connection to financial
markets in Appendix 4.

Market data suggest that the government responded in part via a delayed response

to the increase in predatory mortgages (Figure 1). As the number of sold predatory
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mortgages increased, the number of sellers of predatory mortgages kept increasing even
when the number of sold products diminished, as is typical in Lotka-Volterra (LV)
predator-prey dynamics (Appendix 4). As the predatory mortgages’ teaser rates came to
an end (with a lag effect), buyers in vast numbers realized how much debt they had
actually taken on, while the number of sellers of predatory mortgages decreased.

Figure 1 — Market data suggesting Lotka-Volterra trends in the U.S. market

Notes: The curve “predatory mortgages” was calculated using actual predatory mortgages that existed in
the U.S. market. We posit they are toxic products. The government responded to these by increasing
interest rates to reduce the capacity of buyers to borrow money. However, buyers who had purchased
predatory mortgages found themselves unable to pay as their grace period came to an end. Thus,
foreclosures followed. All curves were built from market data, adjusted to emphasize their tendencies
through exponentiation, and standardized to allow comparisons.

Figure 2 highlights the effects of the government intervention. That is, even though the
Federal Reserve increased interest rates and buyers reduced their investment in real
estate, surprisingly, debt kept mounting. The nature of the predatory mortgage
(adjustable interest rate, higher payments several years after the initial purchase) led to
the delayed burst of foreclosures and debt, and decline in owner equity. In other words,
even though the number of predatory mortgages was declining by 2006, when the
purchasers of the previous years’ mortgages were hit with the adjustable interest rate
(see the parallel increase in the Fed’s interest rate) and higher payments it led to the
delayed increase in foreclosures and decline in owner’s equity going into 2007-2009. In
other words, by controlling the interest rate while aiming to be benevolent, the
government actually acted as a super-predator of sorts at the top the financial

ecosystem.

10
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(3) The basic nature of sellers and buyers’ interaction is predatory (Besanko, Doraszelski,
& Kryukov, 2014). In any natural ecosystem, predator and prey populations reach an
equilibrium that theoretically guarantees the survival of both agents (Bonsall &
Hassell, 2007). The market is prime for manipulations: sellers want to take advantage
of naive prey, which are blinded by the appeal of easy money, unknowingly locking
themselves in a debt trap (Seyfert, 2016). This is equivalent to neglecting risk, which

in turn encourages security issuance (Gennaioli, Shleifer, & Vishny, 2012).

(4) The U.S. government’s interventions during the GFC primarily targeted debt
accumulation. Past a certain level, the debt-to-disposable income ratio becomes
unsustainable as consumers are assumed not to be able to pay off their debt, and the
economic system collapses. For the government, too large a household debt means less

tax revenues, so that debt is actually a threat to the government;

Figure 2 — Owners’ equity and debt

Note: Debt kept mounting despite disinvestment of buyers in the housing market. This
is due not only to interest rates but also to the delayed effects of predatory mortgages.
Government intervention initially exacerbated the problem, much like chemotherapy
initially makes the patient worse off before improvement.

(5) Buyers are motivated by greed but also fear a possible debt trap, assuming they are able
or willing to realize that it exists. All buyers of predatory mortgages assess their risks,
yet they are vulnerable due to (in)voluntary blindness to risk (Keltner & Gross, 1999;
Kunzmann, Kappes, & Wrosch, 2014);

(6) U.S. home buyers during the GFC exhibited little financial product diversification,

focusing mostly on houses bought in their local neighborhood and making themselves

11
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more susceptible to market hazards. This tied them down financially and

geographically, reducing their opportunities to escape the claws of a predatory market;

(7) The market system exists as a series of spillover effects (feedback loops) between the
different variables and agents. For example, sellers of predatory mortgages adjust their
behavior based on the level of government intervention (or lack thereof), buyers of
mortgages base their decisions to buy mortgages based on interest rates and risk, and

the Federal Reserve analyzes market changes and reacts by adjusting interest rates.

(8) A market characterized by excessive frictions that cause debt to accumulate without
ceasing except through exceptional government intervention is assumed not to be

sustainable.

3. THE GFC USING A PREDATOR-PREY MODEL

There has been a number of economic models trying to explain financial crises and the
banking system, including those of B. Bernanke, Gertler, and Gilchrist (1996), Bayoumi and
Melander (2008), Gennaioli et al. (2012), Gennaioli, Shleifer, and Vishny (2013), and
Brunnermeier and Sannikov (2014). We do not challenge the validity of the various models
but complement them with a predator-prey perspective based on dynamical systems analysis.
Many of these models emphasize utility maximization; this maximization, however, is
implicitly considered in the interaction between predators and prey. In ecology prey attempt
to maximize their utility while remaining vigilant against harmful outcomes. The end effect of
such scenario is that complete extinction of the market is rare: predators and prey, being
mutually dependent, must both survive no matter how toxic the markets are. Crises are one of
the many possibilities by which markets can behave. Frictions-free markets imply stable

cycles with repeated patterns; frictions-loaded markets imply unstable cycles with stochastic

12
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forces. In either case, the coevolution between predators and prey illustrate this type of market
dynamics. Of course, a predator-prey analysis necessarily resorts to populations (or
aggregates) whereas other models focus solely on utility maximization, the assumptions of

which has been challenged by various authors (Boland, 1981).

We now present our conceptual model, which again, is meant to be a mere

simplification of reality. Our core model is as follows (Figure 3).

Figure 3 — The GFC as a predator-prey phenomenon

Notes: Sellers and buyers of predatory mortgages interact in typical predator-prey fashion. Debt is a
stock that can accumulate, but a high rate of reimbursement can overcome the influx of indebtedness.
Interest rates are stocks of which the accumulation is conditioned by market frictions; however, the
more efficient the interest rate is at curbing debt, the less there is a need to adjust interest rates.
Innovation in predatory mortgages boosts the opportunity to hide risk in toxic products while high
interest rates and tougher regulations discourage the buying (and selling) of these products, making
them obsolete.

Governments have many tools at their disposal to steer the economy in a targeted
direction''. Specifically, interest rates are effective levers, easy to measure, and are
straightforward to implement. Increases in interest rates are fuelled by market frictions and by
debt, in particular. However, sound regulations drive the market towards more efficiency, and
as the market becomes more efficient, fewer regulations are needed. It is worth clarifying that
we are not claiming that the Fed’s discount or interest rate is meant solely to curb predatory
behaviors. Rather, it is one way that the government can regulate inflation, unemployment,

and debt, among other objectives. When the market overheats (at times due to excessive

11 gpecifically, these include threats, collusion, resources control inclusion withdrawal, false information, easy
credit, incentives, lawsuits, and regulatory agencies (Djankov, Glaeser, La Porta, Lopez-de-Silane, & Shleifer,
2003).

13
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predatory financial behaviors), the Feds may increase the discount rate to discourage

consumers and companies from borrowing.

The government wants to minimize the “bathtub” (“aggregate” or “population”) of toxic
products, including predatory mortgages, by pulling the plug, that is, by accelerating the rate
of obsolescence. It therefore enacts tougher regulations to drain the market of toxic products
and tricky, risk-hiding financial instruments (Artzrouni & Tramontana, 2014). A deceitful,
toxic instrument is one with “terms and conditions that ultimately harm borrowers,” as stated
by the U.S. Government Accountability Office’?. Financial product innovation serves the
goals of the predatory sellers when they are designed to hide risks and obliviate consumers’
vigilance, thus leading them to neglect the danger of a debt trap (DeMarzo, Kaniel, & Kremer,
2007; Gennaioli et al., 2012). We also assume that the government monitors and regulates the
household debt-to-disposable income — a point that will be discussed in more detail in the
proceeding text.

Sellers of predatory mortgages are motivated by gain, and more precisely, quick profits
with minimal risk aversion (Garling, Kirchler, Lewis, & dan van Raaij, 2009). They are
considered agent-driven predators. Shiller (2005) describes these agents as follows: “When
clever persons become professionals at deceiving people, and devote years to perfect their act,
they can put seemingly impossible feats before our eyes and fool us, at least for a while.” The
“bathtub” of sellers increases when avid sellers enter the market (“rate of sellers’ expansion”),

and empties as sellers leave the market (“rate of sellers’ extinction™).

Buyers are prey only if they are deemed in sufficiently good financial health to interest
financial predators. Agent-driven predators and prey entertain a Lotka-\olterra relationship.
Captured prey are buyers who have purchased a predatory mortgage, which can be

approximated by the number of sold predatory mortgages. The “bathtub” of prey increases

12 Government Accountability Office (https://www.gao.gov/). Accessed June 13, 2017.

14
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when new, potential buyers enter the market (“rate of buyers’ expansion”), and empties when
eager, highly-motivated and greedy buyers disregard risk and buy toxic products (such as
subprime mortgages). We also include the rate at which potential buyers naturally leave the

market (“rate of buyers’ extinction”).

Just like predators, prey are motivated by gain, and more precisely, quick profits. They
are characterized by their vulnerability and gullibility, both of which affect the probability of
purchasing a predatory mortgage (Frame et al., 2008; Sama & Shoaf, 2005). Researchers have
noted that the majority of the buyers were from younger and older age groups (Tongren,
1988)"34 with lower levels of education, financial literacy and income (lacoviello, 2008;
Roy & Kemme, 2012), at times suffering psychological impairments (Danis & Pennington-
Cross, 2008) and belonging to minorities, including the African American population
(Albanesi et al., 2017). For simplicity we consider all sub-populations of people to be within a

single group.

The links between the sellers and buyers, as well as the link between regulations and
sellers exhibit a Lotka-Volterra dynamics in our framework. Sellers engage in predatory
behavior to sell subprime mortgages to potential buyers, with sold predatory mortgages
inviting more sellers to join the market. Government regulations (in the form of interest rates)
push sellers out of the market, essentially acting as a pseudo-predator on sellers. Interest rates
further affect how buyers manage their debt, both in terms of paying off debt but also

engaging in new mortgages (rates of “indebtedness” and “reimbursement”).

Our model includes two psychological constructs in the prey: greed and the fear of the
debt trap. Greed has been expressed in various ways by academics, including the fear of not

13 Academics have noted that older people are fooled more easily because of cognitive biases (Mather &
Carstensen, 2005) or lower capacities (Charles & Piazza, 2009) while younger people are more naive because
they have less experience.

4 Eighty percent of fraud victims were aged 65 years or more (U.S. Federal Trade Commission, 2001; Yoon et
al., 2005).

15
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entering the market on time (Mesly & Racicot, 2018). Greed fuels the rate of indebtedness:
consumers borrow more to take advantage of a booming market, ignoring risk. The “bathtub”
of debt is emptied when consumers reimburse their debt, providing they have not fallen into a
debt trap that leads them towards foreclosure/bankruptcies. The fear (anxiety) related to the
latter will motivate buyers to reimburse their debt, of course. As for the fear of the debt trap,
this is a more detailed term for the psychological concept of perceived threat, perceived risk
or the fear of not exiting the market on time. The equivalent term in finance is risk aversion,
which can be high or low: a few bad news are not sufficient to sway the positive outlook of
investors (Gennaioli, Shleifer, & Vishny, 2015). In our context, buyers must weigh the
fulfillment of their needs against the fear of the debt trap.

The “bathtub” of predatory mortgages changes as a result of the interaction between
sellers and potential buyers. It fills in as astute financiers create more sophisticated financial
products meant to hide risk and escape regulations (“rate of innovation”), but empties when
these products become obsolete (“rate of obsolescence”), because consumers are now guarded

against them or government regulations curb their inherent toxicity.

The existence of sold subprime mortgages encourages astute sellers to seek buyers who
can afford them while being duped™. During the GFC, higher interest rates discouraged
sellers because they found it more difficult to make their products attractive to buyers who
often must borrow to buy houses. Considering the fact that there was a lag effect during the
GFC, the embedded toxicity of predatory mortgages appeared only once the teaser rates were
no longer effective, because the grace period (usually one to two years) had expired (Figures
1 and 2). Until this point, though, eager buyers borrowed heavily as motivated by ease of

access to credit (Rajan & Ramcharan, 2012) and promptly bought one or multiple houses, the

> The toxicity of the GFC ecosystem is exemplified by Razin and Rosefielde (2011): “Richard Bowen, III
testified to the Financial Crisis Inquiry Commission that mortgage underwriting standards collapsed in the final
years of the U.S. housing bubble (2006-2007). Sixty percent of mortgages purchased by Citicorp from some
1,600 mortgage companies were defective. Clayton Holdings reported in parallel testimony that only 54 percent
of mortgage loans met their originators' underwriting standards.”
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sales of which were encouraged by heavy advertising (Ben-David, 2011). Many buyers
renovated their houses through credit, hence pushing the selling prices up. As prices
increased, more profits were generated, allowing them to keep buying and borrowing by using

their assets as collateral (Wachter, 2015).

House prices rose faster in areas where subprime mortgages prevailed (Paviov &
Wachter, 2011). Greenspan and Kennedy (2008) note that “free cash generated by home
equity extraction contributed an average of $136 billion per year in personal consumption
expenditures from 2001 to 2006—more than triple the average yearly contribution of $44
billion from 1996 to 2000”. This phenomenon is not unique to the U.S. or limited to
individuals. For example, in Japan, one refers to the “evergreening” or “forbearance lending”

practices that precipitated the banking-crisis period of 1996-97 (Okada & Horioka, 2007).

As for predatory mortgages and a booming housing market, the possibilities of profits
increased, as did the household debt-to-disposable income ratio and the eagerness of sellers
and buyers to jump on the bandwagon in anticipation of future gains. In this context of self-
reinforcing loops, astute financiers developed more sophisticated products aimed at hiding
risk, such as Collateralized Debt Obligations (CBOs) and SPEs (Brunnermeier & Sannikov,
2014). Of course, the ease of access to credit accelerated the contagion effect (Allen & Gale,

2000) and the rising housing prices and in its wake, buyers’ indebtedness®®.

During the GFC, the interaction between the policy-driven and the agent-driven
variables created a contagion process (Allen & Gale, 2000; Shiller, 2005). Originally derived
in epidemiology to describe the spread of disease, contagion has found its way into general
analyses of networks in ecology, sociology, and finance (Albert & Barabasi, 2002; Baggio et
al., 2016; Newman, 2003; Rayfield, Fortin, & Fall, 2011). In our context contagion refers to

the creation of a positive feedback loop in the selling and purchasing of subprime mortgages

18 U.S. Financial Crisis Inquiry Commission (http://fcic.gov). Accessed February 1, 2017.
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and debt accumulation'’. This means that only a portion of the financially healthy buyers
remained healthy; the remainders were either eliminated from the market (via foreclosures
and bankruptcies) or left financially weakened (via arrears and delinquencies). The debt trap
links regulators and potential buyers of predatory mortgages. It forms a closed habitat where

toxicity can develop exponentially, because the opportunity to escape is non-existent.

In our model, as mentioned, we consider the household debt-to-disposable income as
the main motivational force that drives the Federal Reserve’s intervention. Indeed, “Financial
crises are ultimately related to two problems: insolvency and illiquidity,” (Hinds, 2009)*.
When market agents — whether individuals or institutional — are unable to recover, the

government must intervene: during the GFC, this came in the form of the Paulson’s plan.

Our framework sheds a different light on concepts such as perceived risk and risk
aversion, toxicity, traps and utility maximization. Clearly, as consumers become greedy, they
tend to ignore risk just as astute financier are eager to hide risk. Risk aversion is at its
minimum in a context where the appearance of financial opportunity is great and ease of
credit prevails. This, however, soon leads to a financial debt trap as buyers resort to ongoing
borrowing. Maximization of utility implicitly filters through to all market agents. Buyers may
choose to ignore or seek risk in order to maximize wealth (even going so far as to present
falsified financial reports). Indeed, even though it is to the potential prey’s advantage to assess
risk and monitor the market, only some chose to search for proper information, being driven
by an optimistic profit-making track (Abreu & Brunnermeier, 2003). Obviously, greed is an
expression of need, though exaggerated from a normal need (Lewin, 1951). Lenders may
deceive buyers or close their eyes on their obvious inability to assume their debt in the near

future. Government regulations are put in place specifically to manage the overall

A variety of terms in the literature roughly describe the same phenomenon: herding (Dass, Massa, & Patgiri,
2008), “keeping up with the Joneses” (Dupor & Liu, 2003) or the bandwagon effect (Granovetter & Soong,
1986).

'8 Razin and Rosefielde (2011) cited an erroneous belief that structural deficits promoted accelerated economic
growth.
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functionality of the entire market. At the same time, our framework extends the notion of
utility maximization, relaxing some of the assumptions of neoclassical economics.
Psychological constructs such as greed or fear naturally violate assumptions such as stable

preferences or rational behavior (Huck, Mavoori, & Mesly, 2019).

4. THE DELETERIOUS EFFECTS OF INADEQUATE REGULATIONS VERSUS THE
DEBT TRAP

Government policies, when ill-timed, insufficiently robust, or both, can have a
deleterious effect on the economy. We showed that the rise in interest rates by the Federal
Reserve during the GFC actually harmed a large portion of the population. More particularly,
we showed that prior to the GFC government policy encouraged deceptive, predatory (risky)
behaviors on the part of sellers (buyers) and that the delayed increase in interest rates during
the GFC interacted with the nature of subprime mortgages to propagate foreclosures and

nourish debt.

Debt accumulation and servicing have long been at the heart of banking activities and
economic systems. The Great Depression and the First and Second World Wars created a
series of debt-building and coping mechanisms that influenced the way the entire world
evolved. Some argue that the debt incurred by the Germans as part of the First World War
reparations set the stage for the Second World War even more decisively than political
agendas (Bordo, 2008). With deficits, governments face no other choice but to raise taxes, as
did, for example, J.F. Kennedy in 1963 (Bordo, 2008). The deleterious effect of the policy
was immediate: instead of stopping the exodus of American dollars, it actually increased the
incoming flow of the dollars held outside the U.S., thus aggravating the American deficit.
President Johnson would only worsen the situation by inciting voluntary limitations of foreign

investments.
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In our model, the debt trap results from the problematic interaction between regulators
and potential buyers of predatory mortgagees. The debt trap forms a closed habitat where
toxicity can develop, because the opportunity to escape is nul. The only way to solve an
unsustainable debt problem is through strong government intervention (Cantamutto &
Ozarow, 2016). As can be seen from Figure 3, our model mixes monetarist, financial fragility
and business cycle approaches, which are traditionally used in analyzing banking crises
(Bordo & Meissner, 2012). It takes the position that debt accumulation revels in weaknesses
in the financial and banking system (Benmelech & Dvir, 2013). Indeed, academics have noted
that, “Overall there is a strong positive relationship between real credit growth and the
probability of having a banking crisis” (Bordo & Meissner, 2012). Once individuals or banks
cannot reimburse their debt, it becomes a debt trap, which, economically, we consider to be

the worst ailment possible.

To make matter worse, studies on consumers’ habits show that about 26% of home
buyers choose to default on their mortgage, thus increasing their debt load (Guiso et al.,
2009). In the same vein, Elul et al. (2010) find that mortgage default risk increases over a
percentage point per quarter for homeowners with 80% utilization rate on their credit card. In
short, debt invites debt. In the U.S., the household mortgage debt-to-consumption ratio rose
from approximately 2.5 to 4.5 between 2000 and 2007, only to decline sharply to 3 by 2015.
During that same entire period, the ratio of housing rent to consumption decreased from
roughly 0.08 to 0.07. As for the ratio of consumption-to-income, it rose from 0.90 to 0.94 at
the peak of 2005, and reached 0.87 in 2015. Mortgage debt grew, and grew nearly twofold for
prime mortgages from 2001 to 2008 and by a bit less than twofold for predatory mortgages
(Albanesi et al.,, 2017). The government intervened but, in the process, put countless
borrowers against a wall. This resembles chemotherapy treatments; initially, they cause great
harm on the body but in the process, allow it to get rid of cancerous cells and recover.

With increases in housing-related debt come increases to other related debts

accumulating expenses (Carroll et al., 2011; Case et al., 2005), such as automobile-related
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debt — consumers generally buy a new car within two years of buying a new house (Mian &
Sufi, 2009). In fact, data suggest that cumulative defaults kept rising between 2005 and 2009
even though the interest rates had started to decrease by 2008 (Foote, Gerardi, & Willen,
2012). Consumers embarked on a house spending spree that increased their household debt
substantially (Gelain, Lansing, & Natvik, 2018); a phenomenon that took place across all

income levels (Antoinette & Schoar, 2016).

In a debt-accumulating economy, greed far exceeds the fear of the debt trap, a fact that
that is thought to have fueled the housing bubble (McCoy, Pavlov, & Wachter, 2009). The
fact that the Standard & Poors’ risk premium between 2000 and 2010 rose from roughly -1 to
20 speaks to the level of greed that prevailed.

When the fear of not entering the market on time (with the result of not making a quick
profit) far outweighs the fear of the debt trap (with the risk of falling into defaults,
delinquencies or foreclosures), deceit (framing, subversion and the like'®) and the use of toxic
products are a natural consequence (Hallsworth, List, Metcalfe, & Vlaev, 2015). That is, risk-
seeking behavior promotes the use of surprise effects designed to lure the more vulnerable
individuals (Caballero & Krishnamurthy, 2008). The surprise effect is emblematic of
asymmetry of information: sellers withhold information valuable or essential for proper
decision-making by their prey. It is a tool to catch potential buyers by dissimulating facts and
data that would prevent them from falling into a debt trap (Mishkin, 2015). But what is
particularly interesting is that asymmetric information can and did go in the other direction,
with consumers falsifying financial documents in order to obtain loans (Ashcraft &
Schuermann, 2008; Bianco, 2008).

19 See, for example, Glaeser and Shleifer (2001): “Subversion includes such techniques as intimidating judges
and regulators, bribing them, and using delay tactics to postpone a trial or a liability payment. By expending
sufficient resources on subversion of justice, the potential violator can avoid either regulatory compliance or a
liability payment.”
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In this regard, S. Brown et al. (2009) report strategic, regulatory, and legal
misstatements hovering over 25% during the GFC. Certainly, shadow banking falls into the
same category of behaviors (Gennaioli et al., 2013; Moreira & Savov, 2014), which also
includes the creation of “predatory cells” and dubious partnerships of “politicians,

administrators, business persons and activists” and lobbyists (Razin & Rosefielde, 2011).

In short, the U.S. market had traits of a predator-prey ecosystem: it was financially and
geographically bounded by the nature of the products (houses); it put at play predators
(sellers) and prey (consumers); and it engaged in foraging efforts whereby sellers aggressively
sought their prey and prey weakly debated between the opportunity to gain access to wealth

and the risk of engaging in a debt trap.

The U.S. policy before the GFC (or lack thereof) and the FED’s manipulation of the
interest rates, and their consequent interaction with predatory mortgages caused further
market frictions in the market. Regulations were ineffective in part due to the U.S. economic
system in place, which compared unfavorably with the conservative Canadian system. Indeed,
there is an additional under-appreciated insight to the U.S. government’s failing role with
respect to the GFC that comes by comparing it to what happened in Canada during the same

period®.

Canada was a notable exception to the crises that engulfed the U.S. and many European
countries during the GFC (Bordo, Redish, & Rockoff, 2015), though it certainly had troubles
of its own. (See, for example, complications with respect to asset-backed commercial paper
(ABCP) (Fortin, 2014)). This stems from the fact that the Canadian banking and brokerage
industries are highly regulated. As such, Canada can serve, for the sake of argumentation, as a
baseline against what happened in the U.S. More particularly, as Canada was more regulated

2 Similar comparisons can be done made with other countries. For example, Glaeser, Johnson, and Shleifer
(2001) show that 1900’s Poland and the Czech Republic differed sharply, with the latter sustaining the collapse
of securities markets following a policy of laissez-faire to securities regulation.
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with respect to housing mortgages, opportunities for predatory behavior was rather limited, as
compared to the U.S. From 1996 to 2008, the ratio of assets to equity in Canadian banks was
stable at approximately 20%; for banks in the U.S., it decreased from roughly 13 to 10%. The
U.S. broker’s ratio increased from roughly 25% in 1996 to 35% in 2008, but it decreased
sharply to Canadian levels in 2008 at the heart of the GFC*. In Canada, mortgages in arrears
of 90 days or more (as a percentage of total residential mortgages) were stable at near 0%
from 1999 to 2014. In the U.S., they remained at around 2.5% from 1999 to 2007, then

climbed and reached a peak of 9% in 2008 and started to decrease slowly afterwards?.

As explained by Crawford (2015), non-prime mortgages accounted for about 5% of all
mortgages in Canada in 2007 compared to 20% in the U.S., credit scores for newly-originated
mortgages were stable during the GFC, and unregulated lenders were in low numbers, again
in stark contrast with the U.S. As for non-traditional mortgages — those typically with higher

default rates — offerings were also limited.

Several other features differentiate Canadian from U.S. policies, helping to explain the
stability of the Canadian system and underscoring the deleterious effects of U.S policies.
Canadian bankers have traditionally adopted a more prudent regulatory and supervisory
system, through Ottawa’s Office of the Superintendent of Financial Institutions (OSFI). The
government requires that federally regulated lenders and most provincial lenders insure high-
ratio mortgages. Safeguards against interest rate risk are more robust, with borrowers opting
for variable-rate mortgages required to meet tight debt-service limits. Unlike the U.S.,
mortgage interest payments are not tax deductible, which reduces the incentive to contract
debt and to slow down the payment of the principal. Lobbying for deregulation is more

powerful and active in the U.S. than in Canada (Igan, Mishra, & Tressel, 2011). Finally,

2l Statistics Canada (wwws5.statcan.gc.ca); Federal Deposit Insurance Corporation (www.fdic.gov); U.S.
Securities and Exchange Commission (www.sec.gov). Accessed June, Dec. 2018.

# U.S. Mortgage Bankers Association (https://www.mba.org); Canadian Bankers Association (https://cba.ca).
Accessed Sept. 5, 2018.
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borrowers have legal recourse in Canada whereas only 11 states in the U.S. forbid such

action.

Further comparison of Canada and the U.S. using Worldwide Governance Indicators
(WGI) shows that Canada ranks better with respect to two key dimensions: government
effectiveness (by about 4%) and regulatory quality (by about 2% but with Canada taking a
strong lead starting in 2007) (Kraay, Kaufmann, & Mastruzzi, 2010).

The net effect of these fundamental differences is that Canada did not suffer a
subprime crisis. In fact, house prices continued to rise in Canada well beyond 2006-2007,
while they collapsed in the U.S. as in many other countries, such as Ireland, Spain, and the
U.K. Construction relative to total economic activity followed the same pattern, though to a
lesser degree (Miles, 2015). We would like to emphasize that while we find our comparison
convincing, it is far from causal and is beyond the scope of our manuscript to explicitly test

this claim. Further work is warranted.

5. CONCLUSION

Academics have made countless analyses and hypothesized numerous causes for the
GFC (see Appendices 2 and 3), yet none have arrived at a final conclusion. The U.S.
economic system during the GFC was indeed a complex ecosystem (Haldane & May, 2011),
one that can only be analyzed in depth by using appropriate methods and tools. Our approach
complements current analyses of the market by using a predatory-prey perspective. We thus
resort not only to utility maximization (in the present case, it is implicit in predatory nature:
sellers and lenders develop their tools and products to maximize their returns) but also to
aggregates, five of them — populations of predators and prey, and aggregates of predatory
mortgages, interest rates and debt. In the last, the absence of means to reimburse debt, caused

at least in part by financial hardship, leads the system into a debt trap. In the model, we
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propose that the predatory nature of sellers creates a positive feedback loop in a debt trap that
ultimately leads to collapse. This approach has the benefit of complementing the standard
analyses related to financial crises (and in particular to the GFC), and puts the crises in a
dynamic framework that better captures its intricate financial, psychological and
epidemiological components.

Our brief study shows that there is evidence that the U.S. government policies in the
years prior to the GFC and during the GFC nurtured this crisis, or if not, were a main cause of
it. Put differently, in light of the comparison with the Canadian policy making, the U.S. policy
of minimal or no intervention in the market place is a policy that invited deviant behaviors,
which lead to crises the like of the GFC. Several features of the Canadian regulatory system
can serve as clues to avoiding toxic predatory-prey mechanisms, including stronger
regulations on lenders, a conservative supervisory system, insurance on high-ratio mortgages.,
use of safeguards against interest rate hikes through tight debt-service limits, absence of
measures to slow down the payment of the principal, limited lobbying power, and borrowers

have legal recourse in Canada.

Weak policies are, in fact, policies: they send messages to market agents that free-for-
all attitudes are acceptable and that free-riding is permitted, allegedly without social
consequences. However, this stand has deleterious effects, which are compounded, at least in
the short term, by the very cure designed to curb them. The end result is a dysfunctional
market where predators take considerable advantage of prey, where some prey turn into
predators (buyers of houses who flip them and lure new prey), and where some predators
refine their skills to become more efficient predators (Goldman-Sachs being a prime example
as it benefited hugely from the crisis, having played both sides of it — up and down). Such a
financial ecosystem runs the risk of market agents’ extinction, in which everyone loses. A

predator-prey perspective is logically expressed as a contagion process (herding) takes place,
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first in the attempt by eager sellers and buyers to benefit from the heated market, and then in

the desperate flee to escape debt traps.

Our research is preliminary and intends to put forth a base upon which we will develop
a full mathematical model in an up-coming article, in which we will present different states of
predators-infected markets, such as stationary, heading towards extinction or else tampered by
noise. Based on the research detailed in this paper, we argue in favor of prudent policy-driven
regulation that must be of sufficient force and adequately timed in order to be effective
(Brunnermeier & Sannikov, 2014). Delayed responses to market frictions and inadequate
enforcement of laws drive the inevitable astute financiers and greedy consumers towards a

debt trap which, in the end, harms to the entire economy.

6. REFERENCES

Abreu, D., & Brunnermeier, M. K. (2003). Bubbles and crashes. Econometrica, 71(1), 173-204.

Acharya, V., & Richardson, M. (2009). Causes of the financial crisis. Critical Review, 21(2-3),
195-210.

Acharya, V., & Schnabl, P. (2010). Do global banks spread global imbalances? Asset-backed
commercial paper during the financial crisis of 2007-09. IMF Economic Review, 58(1),
37-73.

Akerlof, G. A., & Shiller, R. J. (2009). Animal spirits: How human psychology drives the
economy, and why it matters for global capitalism. New Jersey: Princeton University
Press.

Albanesi, S., De Giorgi, G., & Nosal, J. (2017). Credit growth and the financial crisis: A new
narrative NBER Working Paper.

Albert, R., & Barabasi, A. (2002). Statistical mechanics of complex networks. Review of
Modern Physics, 74, 47-97.

Allen, F., & Gale, D. (2000). Financial contagion. Journal of Political Economy, 108(1), 1-33.

Antoinette, M. A., & Schoar, F. S. (2016). Loan originations and defaults in the mortgage
crisis: The role of the middle class. The Review of Financial Studies, 29(7), 1635-1670.

Artzrouni, M., & Tramontana, F. (2014). The debt trap: A two-compartment train wreck... and
how to avoid it. Journal of Policy Modeling, 36(2), 241-256.

Ashcraft, A. B., & Schuermann, T. (2008). Understanding the securitization of subprime
mortgage credit Federal Reserve Bank of New York Staff Reports (pp. 318).

26



690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732

Baggio, J. A., Burnsilver, S., Arenas, A., Magdanz, J., Kofinas, G., & DeDomenico, M. (2016).
Multiplex social ecological network analysis reveals how social changes affect
community robustness more than resource depletion. Proceedings of the National
Academy of Sciences, 113(48), 13708-13713.

Bayoumi, T., & Melander, O. (2008). Credit matters: Empirical evidence on U.S. macro-
financial linkages IMF Working Paper.

Ben-David, 1. (2011). Financial constraints and inflated home prices during the real estate
boom. American Economic Journal: Applied Economics, 3(3), 55-87.

Benmelech, E., & Dvir, E. (2013). Does short-term debt increase vulnerability to crisis?
Evidence from the East Asian financial crisis. Journal of International Economics, 89,
485-494.

Bernanke, B., Gertler, M., & Gilchrist, S. (1996). The financial accelerator and the flight to
quality. The Review of Economics and Statistics, 78(1), 1-15.

Bernanke, B. S. (Writer). (2009). Financial reform to address system risk, Speech at the
Council on Foreign Relations. Washington, D.C.

Besanko, D., Doraszelski, U., & Kryukov, Y. (2014). The economics of predation: What
drives pricing when there is learning-by-doing? American Economic Review, 104(3),
868-897.

Biacabe, J.-L. (2000). Crises financieres et réforme du systeme monétaire international. In C.
de Boissieu (Ed.), Les mutations de I'économie mondiale. Paris: Economica.

Bianco, K. (2008). The subprime lending crisis: Causes and effects of the mortgage meltdown.
New York: Wolters Kluwer Law & Business.

Boland, L. A. (1981). On the futility of criticizing the neoclassical maximization hypothesis.
The American Economic Review, 71(5), 1031-1036.

Bonsall, M. B., & Hassell, M. (2007). Predator-prey interactions. In R. May (Ed.), Theoretical
ecology: Principles and applications (pp. 46-61). Oxford: Oxford University Press.

Bordo, M. D. (2008). A historical perspective on the crisis of 2007-2008 NBER Working
Paper.

Bordo, M. D., & Meissner, C. M. (2012). Does inequality lead to a financial crisis NBER
Working Paper.

Bordo, M. D., Redish, A., & Rockoff, H. (2015). Why didn't Canada have a banking crisis in
2008 (or in 1930, or 1907, or ...)? Economic History Review, 68(1), 218-243.

Brady, M. E. (2017). Modeling Adam Smith’s analysis of the very severe, negative impacts of
projectors, imprudent risk takers and prodigals’ on the macro economy in the Wealth of
Nations using a modified Lotka-Volterra nonlinear coupled model of differential
equations. SSRN. doi: https://dx.doi.org/10.2139/ssrn.3053111

Brauer, F., & Castillo-Chavez, C. (2012). Mathematical models in population biology and
epidemiology. New York: Springer-Verlag.

Brown, K. J. (2010). The economics and ethics of mixed communities: Exploring the
philosophy of integration through the lens of the subprime financial crisis in the U.S.
Journal of Business Ethics, 97, 35-50.

Brown, S., Goetzmann, W., Liang, B., & Schwarz, C. (2009). Trust and delegation NBER
Working Paper.

27



733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

Brunnermeier, M. K., & Sannikov, Y. (2014). A marcoeconomic model with a financial sector.
American Economic Review, 104(2), 379-421.

Caballero, R. J., & Krishnamurthi, A. (2009). Global imbalances and financial fragility.
American Economic Review Papers and Proceedings, 99(2), 584-588.

Caballero, R. J., & Krishnamurthy, A. (2008). How credit cycles across a financial crisis NBER
Working Paper.

Calomiris, C. W., & Wallison, P. J. (2008, September 23, 2008). Blame Fannie Mae and
Congress for the credit mess, The Wall Street Journal.

Cantamutto, F. J., & Ozarow, D. (2016). Serial payers, serial losers? The political economy of
Argentina's public debt. Economy and Society, 45(1), 123-147.

Carroll, C. D., Otsuka, M., & Slacalek, J. (2011). How large are housing and financial wealth
effects? A new approach. Journal of Money, Credit and Banking, 43, 55-79.

Case, K., Quigley, J., & Shillder, R. T. (2005). Comparing wealth effects: The stock market
versus the housing market. Advances in Macroeconomics, 5, 1-34.

Charles, S. T., & Piazza, J. R. (2009). Age differences in affective well-being: Context matters.
Social and Personality Psychology Compass, 3(5), 711-724.

Clinton, B. (2004). My life. New York, New York: Random House.

Cochrane, J. H. (2005). Asset pricing. Princeton, New Jersey: Princeton University Press.

Crawford, A. (2015). Building stable mortgage markets: Lessons from Canada's experience.
Journal of Money, Credit and Banking, 47(S1), 81-86.

Danis, M. A., & Pennington-Cross, A. (2008). The delinquency of subprime mortgages.
Journal of Economics and Business, 60(1), 67-90.

Dass, N., Massa, M., & Patgiri, R. (2008). Mutual funds and bubbles: The surprising role of
contractual incentives. The Review of Financial Studies, 21(1), 50-99.

Dejuan, O., & Dejuan-Bitria, D. (2018). A predator-prey model to explain cycles in financial-
led economies. Review of Keynesian Economics, 6(2), 159-179.

DeMarzo, P., Kaniel, R., & Kremer, I. (2007). Technological innovation and real investment
booms and busts. Journal of Financial Economics, 85(3), 735-754.

Ditzen, J. (2018). Cross-country convergence in a general Lotka-Volterra model. Spatial
Economic Analysis, 13(2), 191-211.

Djankov, S., Glaeser, E. L., La Porta, R., Lopez-de-Silane, F., & Shleifer, A. (2003). The new
comparative economics NBER Working Paper.

Dupor, B., & Liu, W. (2003). Jealousy and equilibrium overconsumption. The American
Economic Review, 93(1), 423-428.

Edelstein-Keshet, L. (2005). Mathematical models in biology. New York, New York: Society
for Industrial and Applied Mathematics.

Elul, R., Souleles, N. S., Chomsisengphet, S., Glennon, D., & Hunt, R. (2010). What "triggers"
mortgage default? American Economic Review, 100(2), 490-494.

Fama, E. (1970). Efficient capital markets: A review of theory and empirical work. The
Journal of Finance, 25(2), 383-417.

Feldstein, M. (1980). Government deficits and aggregate demand NBER Working Paper.

Fenzl, T., & Pelzmann, L. (2012). Psychological and social forces behind aggregate financial
market behavior. Journal of Behavioral Finance, 13(1), 56-65.

28



776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818

Ferguson, C. H. (2012). Predator nation: Corporate criminals, political corruption, and the
hijacking of America. New York: Random House.

Fernandez, R., & Wigger, A. (2016). Lehman brothers in the Dutch offshore financial centre:
The role of shadow banking in increasing leverage and facilitating debt. Economy and
Society, 45(3-4), 407-430.

Fincke, B., & Greiner, A. (2011). Do large industrialized economies pursue sustainable debt
policies? A comparative study for Japan, Germany and the United States. 23, 3(202-
213).

Foote, C. L., Gerardi, K. S., & Willen, P. S. (2012). Why did so many people make so many ex
post bad decisions? NBER Working Paper.

Fortin, P. (2014). Cing ans aprés, le point sur I'annus horribilis de la Caisse de dépot, from
https://lactualite.com/lactualite-affaires/cing-ans-apres-le-point-sur-lannus-horribilis-de-
la-caisse-de-depot/

Fostel, A., & Geanakoplos, J. (2012). Tranching, CDS, and asset prices: How financial
innovation can cause bubbles and crashes. American Economic Journal:
Macroeconomics, 4(1), 190-225.

Frame, S., Lehnert, A., & Prescott, N. (2008). A snapshot of mortgage conditions with an
emphasis on subprime mortgage performance.

Garling, T., Kirchler, E., Lewis, A., & dan van Raaij, F. (2009). Psychology, financial decision
making, and financial crises. Psychological Science in the Public Interest, 10(1), 1-47.

Gelain, P., Lansing, K. J., & Natvik, G. J. (2018). Explaining the boom-bust cycle in the U.S.
housing market: A reverse-engineering approach. Journal of Money, Credit and
Banking, 50(8), 1751-1783.

Gennaioli, N., Shleifer, A., & Vishny, R. W. (2012). Neglected risk, financial innovation, and
financial fragility. Journal of Financial Economics, 104(3), 452-468.

Gennaioli, N., Shleifer, A., & Vishny, R. W. (2013). A model of shadow banking. The Journal
of Finance, 68(4), 1331-1363.

Gennaioli, N., Shleifer, A., & Vishny, R. W. (2015). Neglected risk: The psychology of
financial crises. American Economic Review, 105(5), 310-314.

Glaeser, E. L., Gyourkab, J., & Saizb, A. (2008). Housing supply and housing bubbles. Journal
of Urban Economics, 64, 198-217.

Glaeser, E. L., Johnson, S., & Shleifer, A. (2001). Coase versus the Coasians. The Quarterly
Journal of Economics, 116(3), 853-899.

Glaeser, E. L., & Shleifer, A. (2001). The rise of the regulatory state NBER Working Paper.

Gotelli, N. J. (1995). A Primer of Ecology. Sunderland, MA: Sinauer Associates.

Graafland, J. J., & van de Ven, B. W. (2011). The credit crisis and the moral responsibility of
professionals in finance. Journal of Business Ethics, 103(4), 605-619.

Granovetter, M., & Soong, R. (1986). Threshold models of interpersonal effects in consumer
demand. Journal of Economic Behavior and Organization, 7, 83-99.

Greenspan, A., & Kennedy, J. E. (2008). Sources and uses of equity extracted from homes.
Oxford Review of Economic Policy, 24, 120-144.

Grossman, R. S., & Meissner, C. M. (2010). International aspects of the Great Depression and
the crisis of 2007: Similarities, differences, and lessons NBER Working Paper.

29



819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860

Guiso, L., Sapienza, P., & Zingales, L. (2009). Moral and social constraints to strategic default
NBER Working Paper.

Haldane, A. G., & May, R. M. (2011). Systemic risk in banking ecosystems. Nature, 469, 351-
355.

Hallsworth, M., List, J. A., Metcalfe, R. D., & Vlaev, I. (2015). The making of Homo
honoratus: From omission to commission NBER Working Paper.

Hellwig, M. F. (2009). Systemic risk in the financial sector: An analysis of the subprime-
mortgage financial crisis. De Economist, 157(2), 129-207.

Henry, J. F. (2012). The Veblenian predator and financial crises: Money, fraud, and a world of
illusion. Journal of Economic Issues, 46(4), 989-1006.

Hinds, M. (2009). The poisoned pool. International Finance, 12(2), 269-289.

Huck, N., Mavoori, H., & Mesly, O. (2019). The rationality of irrationality in times of financial
crises. Economic Modelling, Online early.

lacoviello, M. (2008). Household debt and income equality, 1963-2003. Journal of Money,
Credit and Banking, 40(5), 929-965.

Igan, D., Mishra, P., & Tressel, T. (2011). A fistful of dollars: Lobbying and the financial
crisis NBER Working Paper.

International Monetary Fund. (2009a). Restarting securitization markets: Policy proposals and
pitfalls Global financial stability report. Washington, D.C.: International Monetary
Fund.

International Monetary Fund. (2009b). World economic outlook: Crisis and recovery.
Washington, D.C.: International Monetary Fund.

Kaminsky, G., & Schmukler, S. (2003). Short-run pain, long-run gain: The effects of financial
liberalization NBER Working Paper (pp. 9787).

Keltner, D., & Gross, J. J. (1999). Functional accounts of emotions. In T. Dalgleish & M.
Power (Eds.), Handbook of Cognition and Emotion (pp. 467-480). New York: John
Wiley and Sons, Ltd.

Kindleberger, C. (1996). Manias, panics, and crashes: A history of financial crises (3rd ed.
ed.). New York, New York: Basic Books.

Kraay, A., Kaufmann, D., & Mastruzzi, M. (2010). The worldwide governance indicators:
Methodology and analytical issues World Bank Policy Research Working Papers.

Krugman, P. (2009, May 31, 2009). Reagan did it, The New York Times.

Kunzmann, U., Kappes, C., & Wrosch, C. (2014). Emotional aging: A discrete emotions
perspective. Frontiers in Psychology, 5, 380.

Lewin, K. (1951). Field theory in social science: Selected theoretical papers. New York:
Harper.

Lotka, A. J. (1920). Analytical note on certain rhythmic relations in organic systems.
Proceedings of the National Academy of Sciences, 6, 410-415.

Lysandrou, P. (2013). Debt intolerance and the 90 per cent debt threshold: Two impossibility
theorems. Economy and Society, 42(4), 521-542.

Mather, M., & Carstensen, L. L. (2005). Aging and motivated cognition: The positivity effect
in attention and memory. Trends in Cognitive Sciences, 9, 496-502.

30



861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903

McCoy, P. A., Pavlov, A. D., & Wachter, S. M. (2009). Systemic risk through securitization:
The result of deregulation and regulatory failure. Connecticut Law Review, 41, 493-541.

Merrouche, O., & Nier, E. (2010). What caused the Global Financial Crisis: Evidence on the
drivers of financial imbalances 1999-2007 IMF Working Paper.

Mesly, O., & Racicot, F.-E. (2018). Heteroscedasticity of deviations in market bubble moments
- How the goods and bads lead to the ugly. Applied Economics, 50(32), 3441-3463.

Mian, A., & Sufi, A. (2009). The consequences of mortgage credit expansion: Evidence from
the U.S. mortgage default crisis. Quarterly Journal of Economics, 124, 1449-1496.

Mian, A., & Sufi, A. (2015). Household debt and defaults from 2000 to 2010: Facts from
credit bureau data NBER Working Paper (pp. 21203).

Miles, D. (2015). Housing, leverage, and stability in the wider economy. Journal of Money,
Credit and Banking, 47(S1), 19-36.

Milgrom, P., & Roberts, J. (1982). Predation, reputation, and entry deterrence. Journal of
Economic Theory, 27(2), 280-312.

Mishkin, F. S. (2015). The economics of money, banking and financial markets (11th ed.).
Boston, MA: Pearson.

Moreira, A., & Savov, A. (2014). The macroeconomics of shadow banking NBER Working
Paper.

Newman, M. E. J. (2003). The structure and function of complex networks. SIAM Review,
45(2), 167-256.

Obstfeld, M., & Rogoff, K. (2009). Global imbalances and the financial crisis: Products of
common causes Centre for Economic Policy Research Discussion Paper.

Okada, T., & Horioka, C. Y. (2007). A comment on Nishimura, Nakajima and Kiyota's "Does
the natural selection mechanism still work in severe recessions? Examination of the
Japanese economy in the 1990s" NBER Working Paper.

Pavlov, A., & Wachter, S. M. (2011). Subprime lending and real estate prices. Real Estate
Economics, 39, 1-17.

Posner, R. A. (2009). A failure of capitalism: The crisis of '08 and the descent into depression.
Cambridge: Cambridge University Press.

Priewe, J. (2010). What went wrong? Alternative interpretations of the global financial crisis.
In S. Dullien, D. J. Kotte, A. Marquez & J. Priewe (Eds.), The financial and economic
crisis of 2008-2009 and developing countries.

Rajan, R. (2010). Fault lines. Princeton, New Jersey: Princeton University Press.

Rajan, R., & Ramcharan, R. (2012). Anatomy of a credit crisis: The boom and bust in farm
land prices in the United States in the 1920's NBER Working Paper.

Rayfield, B., Fortin, M., & Fall, A. (2011). Conncectivity for conservation: A framework to
classify network measures. Ecology, 92(4), 847-858.

Razin, A., & Rosefielde, S. (2011). Currency and financial crises of the 1990's and 2000's
NBER Working Paper.

Reinhart, C. M. (2015). The antecedents and aftermath of financial crises as told by Carlos F.
Diaz Alejandro NBER Working Paper.

Reinhart, C. M., & Rogoff, K. S. (2009). The aftermath of financial crises. The American
Economic Review, 99(2), 466-472.

31



904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946

Roudinesco, E., & Plon, M. (2000). Dictionnaire de la psychanalyse. Paris: Fayard.

Roy, S., & Kemme, D. M. (2012). Causes of banking crises: Deregulation, credit booms and
asset bubbles, then and now. International Review of Economics and Finance, 24, 270-
294.

Sama, L. M., & Shoaf, V. (2005). Reconciling rules and principles: An ethics-based approach
to corporate governance. Journal of Business Ethics, 58, 177-185.

Samuel, D. (2009). The subprime mortgage crisis: Will new regulations help avoid future
financial debacles. Albany Government Law Review, 217(2), 217-258.

Samuelson, P. A. (1971). Generalized predator-prey oscillations in ecological and economic
equilibrium. Proceedings of the National Academy of Sciences, 68, 980-983.

Saunders, A., Cornett, M. M., & McGraw, P. A. (2014). Financial institutions management: A
risk management approach (5th Canadian ed.). Boston, MA: McGraw-Hill Irwin.
Scherbina, A., & Schlusche, B. (2013). Asset price bubbles: A survey. Quantitative Finance,

14(4), 589-604.

Seyfert, R. (2016). Bugs, predations or manipulations? Incompatible epistemic regimes of
high-frequency trading. Economy and Society, 45(2), 251-277.

Shiller, R. J. (2005). Irrational exuberance. New York: Crown Publishing Group.

Stiglitz, J. E. (2009). Government failure vs. market failure: Principles of regulation. In E. J.
Balleisen & D. A. Moss (Eds.), Government and markets: Toward a new theory of
regulation (Vol. 13-51). Cambridge: Cambridge University Press.

The Financial Crisis Inquiry Commission. (2011). The financial crisis inquiry report: Final
report of the national commission on the causes of the financial and economic crisis in
the United States. Washington, D.C.

Tongren, H. N. (1988). Determinant behavior characteristics of older consumers. Journal of
Consumer Affairs, 22(1), 136-157.

U.S. Federal Trade Commission. (2001). Staff summary of federal trade commission activities
affecting older Americans: January 1999-August 2001: A commission staff report to
the United States Senate Special Committee on aging.

Veronesi, P. (2010). Fixed income securities. Hoboken, New Jersey: J. Wiley & Sons.

Volterra, V. (1928). Variations and fluctuations of the number of individuals in animal species
living together. Journal du Conseil International pour I'Exploration de la Mer, 3(1), 3-
51.

Wachter, S. (2015). The housing and credit bubbles in the United States and Europe: A
comparison. Journal of Money, Credit and Banking, 47(S1), 37-42.

Wallison, P. (2009). Cause and effect: Government policies and the financial crisis. Critical
Review, 2, 365-376.

Wallison, P. J., & Pinto, E. J. (2010). How the government is creating another bubble AEI
Articles and Commentary.

White, W. R. (2009). Should monetary policy "lean or clean"? Working Paper: Globalization
and Monetary Policy Institute.

Yoon, C., Laurent, G., Fung, H., Gonzalez, R., Gutchess, A., Hedden, T., . . . Skurnik, I.
(2005). Cognition, persuasion and decision making in older consumers. Marketing
Letters, 16(3), 429-441.

32



947
948

949

950

Zhang, Y. (2012). Lotka-Volterra evolutionary model of China's incremental institutional
reform. Applied Economic Letters, 19, 367-371.

33



951

952

953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978

979

CAPTIONS FOR FIGURES

Figure 1 — Market data suggesting Lotka-Volterra trends in the U.S. market.

Notes: The curve “predatory mortgages” was calculated using actual predatory mortgages that
existed in the U.S. market. We posit they are toxic products. The government responded to
these by increasing interest rates to reduce the capacity of buyers to borrow money. However,
buyers who had purchased predatory mortgages found themselves unable to pay as their grace
period came to an end. Thus, foreclosures followed. All curves were built from market data,
adjusted to emphasize their tendencies through exponentiation, and standardized to allow
comparisons.

Figure 2 — Owners’ equity and debt.

Notes: Debt kept mounting despite disinvestment of buyers in the housing market. This is due
not only to interest rates but also to the delayed effects of predatory mortgages. Government
intervention initially exacerbated the problem, much like chemotherapy initially makes the
patient worse off before improvement.

Figure 3 — The GFC as a predator-prey phenomenon.

Notes: Sellers and buyers of predatory mortgages interact in typical predator-prey fashion.
Debt is a stock that can accumulate, but a high rate of reimbursement can overcome the influx
of indebtedness. Interest rates are stocks of which the accumulation is conditioned by market
frictions; however, the more efficient the interest rate is at curbing debt, the less there is a
need to adjust interest rates. Innovation in predatory mortgages boosts the opportunity to hide
risk in toxic products while high interest rates and tougher regulations discourage the buying
(and selling) of these products, making them obsolete.
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APPENDIX 1 - A BRIEF HISTORY OF THE GFC EVENTS

Date

2007
Jan-Jul
August
September

2008
March 11

March 16
June 15
September 7

September 15
September 25

October 3
October 14

2009
October

Event

Institutional bankruptcies start (e.g., Ownit Mortgage Solutions)
The interbank market, countrywide suffer
Bank run in the U.K. (Northern Rock)

Creation of the Term Securities Lending Facility by the Fed to foster
liquidity

JP Morgan Chase agrees to buy Bear Stearns

SEC bans naked short-selling of financial stocks

Fannie Mae and Freddie Mac fall under the federal government
control

Lehman Brothers files for bankruptcy

Government seizes the largest savings and loans company in the
U.S. (300 billion USD in assets)

U.S. Congress approves 700-billion USD financial-aid package

Nine major banks receive 250-billion USD from the U.S. Treasury

Unemployment rate peaks at 10 percent
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APPENDIX 2 — A BRIEF HISTORY OF REGULATIONS® THAT WERE NEVER SIGNED
INTO LAW

We present this to underline that fact that the legislative branch of the U.S. government
sometimes proposed tougher measures that might have prevented the crisis but that the U.S.
ultimately did not have the motivation to adopt them. Prior to these regulations, many Acts
and Laws worked in opposite directions, attempting to curb overstretched borrowing but also
to encourage home ownership among the middle class. For example, the Community

Reinvestment Act (CRA**) encouraged commercial banks and savings associations to

facilitate borrowing among the low- and moderate-income households.

Requlations (Acts, Laws) — a few examples

Consumer Mortgage Protection Act

Predatory Lending Consumer Protection Act

Predatory Lending Consumer Protection

Protecting Our Communities from Predatory Lending Practices Act
Predatory Mortgage Lending Practices Reduction Act
Mortgage Loan Consumer Protection Act

Predatory Mortgage Lending Practices Reduction Act
Prevention of Predatory Lending Through Education Act
Prohibit Predatory Lending Act 2005

Responsible Lending Act

Fair and Responsible Lending Act

2% |gan, Mishra, & Tressel, 2011.

Date introduced

April 6, 2000
April 12, 2000
March 15, 2001
Dec. 20, 2001
Feb. 27, 2002
May 22, 2002
April 8, 2003
April 29, 2003
March 9, 2005
March 15, 2005
Dec. 8, 2005

2 https://www.federalreserve.gov/consumerscommunities/cra_about.htm. Accessed Jan. 30, 2020.

3



Financial Services Relief Act May 18, 2006%°

Mortgage Reform and Anti-Predatory Lending Act of 2007 Oct. 22, 2007
995
996 Notes: In his memoirs, former U.S. president Bill Clinton gives an eye-opening account of how difficult it
997 is to pass laws and Acts given the relentless tensions between the Republicans and the Democrats
998 (Clinton, 2004). He cites, for example, the Private Securities Litigation Reform Act (p. 727), which, in his
999 mind, was limiting too much access to tribunals for investors who had been victims of fraud. Many feuds
1000 involve attempts at controlling the national debt, health care, and regulations versus deregulations (e.g.,
1001 gun control, consumerism, etc.)
1002

% passed by the U.S. Senate on May 25, 2006 and soon signed into law, it imposed a huge debt on U.S. taxpayers.

4



1003 APPENDIX 3 - A BRIEF ACCOUNT OF GREED AND RISK HIDING RELATED
1004 TO POTENTIAL CAUSES OF THE GFC

1005

Potential source Example of authors

Likely associated with greed and hidden, predatory agendas
Window-dressing “sweetheart deals Akerlof and Shiller (2009)
and teaser rates
Enjoying peer pressure predatory
webs, network effect and oligopolies
Fostering predatory behaviors with
such tools as predatory mortgages
Leveraging Scherbina and Schlusche (2013)
Rewarding predatory behaviors with Graafland and van de Ven (2011)
extravagant bonuses
Close financial ties among the most
influential market players
Deceitful over-estimation of credit
ratings granted to large financial  Various authors

Scherbina and Schlusche (2013)

Various authors

Rajan (2010)

institutions.
Overall weaknesses of  policy- Krugman (2009)
making

“Too big to fail” philosophy Reinhart (2015)

Building-up volatility an element Cochrane (2005)

that made consumers nervous

Creating an artificial boom Glaeser, Gyourkob, and Saizb (2008)
1006

1007



1008

1009
1010

Potential source

Likely associated with risk hiding (reducing the fear of the debt trap)

Example of authors

A mounting predilection for excess
deficit spending
Fostering  weak
unjustified tax breaks
Lacking of product standardization
Moral hazard, securitization and risk
hiding

Providing a false sense of security
(e.g. The use of the Federal Reserve
Bank as a lender of last resort)
Resorting to creative accounting

Risk hiding and securitization

controls and

Shadow banking

Taking advantage of market frictions
and friction-loaded mechanisms
Absence of proper controls
Amalgamation of real and hidden
risks in the U.S. financial sector and
their hiding in complex financial
instruments

Financial imbalances of capital flows
crossing borders across various
economies

Lenient monetary and regulation
laissez-faire policies (that were
initiated in 1977 with a loose
regulation setup of the U.S. CRA)
Reckless and institutionalized credit
lending practices

Use of technological innovation to
hide risk

Abusing asymmetry of information

Reinhart (2015)

Rajan (2010)
International Monetary Fund (2009a)
Brunnermeier and Sannikov (2014)

Various authors

Akerlof and Shiller (2009)
Various authors
Fernandez and Wigger (2016)

Fenzl and Pelzmann (2012) (e.g.,

complexity)
Acharya and Richardson (2009)

Caballero and Krishnamurthi (2009)

Acharya and Schnabl (2010)

Posner (2009)

Reinhart and Rogoff (2009)

DeMarzo et al. (2007)
Milgrom and Roberts (1982)

use of
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APPENDIX 4 — A BRIEF OVERVIEW OF LOTKA-VOLTERRA EQUATIONS

Lotka-Volterra equations are well-known in ecology for modeling the interactions
between two or more species (Edelstein-Keshet, 2005; Gotelli, 1995; Lotka, 1920; Volterra,
1928). Specifically, we focus on a predator-prey interaction, in which one species benefits
(the predator) at the expense of the other (the prey). The classic example is that of the lynx
and the hare (Gotelli, 1995), where the populations of each species fluctuate according to the
rise and fall of the other (Figure S1). In its simplest form, a Lotka-Volterra system is
composed of two equations of four parameters such that

%— rx—axy for prey
dt

(;—i/ =qfxy—my for predators

where dx/dt and dy/dt are the changes in the aggregates or populations (“bathtubs™ in the

main text) of prey and predators. The parameters r and m represent the natural growth and
death rates of the prey and predator respectively. The parameter « is the predation rate, or the
fraction of the prey population that is consumed per predator. In epidemiology, this is
equilvalent to the “contact rate” between types of individuals (Brauer & Castillo-Chavez,

2012). The parameter £ is the conversion efficiency. It explains how much the predator

population increases as a result of eating prey. For a detailed discussion of Lotka-Volterra

equations and their extensions, see Gotelli (1995).

In the context of financial markets, references to predatory behavior frequent our
language: “loan sharks”, “predatory mortgages” and the like. Indeed, these terms reflect a
predatory interaction. One market agent - in our case, sellers of subprime mortgages - preys
upon another - potential buyers - to the benefit of one and the detriment of another. In this

case, instead of modeling a lynx and a hare, the Lotka-Volterra equations are the changes in
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the quantity of potential buyers of (prey) and sellers of predatory mortgages (predators). The
parameters r and m are re-interpreted as the rates at which potential buyers and sellers leave
the market. The parameter « is the probability that a potential buyer purchases a subprime
mortgage (including the chance of contact between a buyer and seller), and £ is a measure of
the attractivity of a sold mortgage to new sellers entering the market. “Caught” or “eaten”

prey are those potential buyers who purchased a subprime mortgage.
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Figure S1 - lllustration of Lotka-Volterra dynamics

Notes: Line style and color indicate the prey (blue, dashed) and predator (red, solid) populations.
Notice that the scale of the left, y-axis demarking the prey population is larger than the right, y-axis
for the predator. In absence of outside intervention, the system will continue to exhibit fluctuates in
the rise and fall the populations of prey and predator.
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