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ABSTRACT

Systemic risks have been the focus of economic research for several decades because
they provoke dangerous consequences that cannot be mitigated with traditional macro-
prudential policy tools. Recently, the ESRB warned about high European banks' expo-
sures to the real estate sector and the need to improve macroprudential regulation. The
main purpose of the research paper is to develop the theoretical basis and modelling
tools to clarify the nonlinear relationships between the real estate market and bank
lending, thereby improving macroprudential regulation to mitigate systemic risks. We
used the complex nonlinear systems methodology, mathematical theory of differential
equations, the Lotka-Volterra approach for modelling nonlinear dynamics of interrelated
systems, and the theory of collateral accelerator mechanism in the real estate market
and banking lending. The scientific novelty of the paper is in the new theoretical and
applied results: we developed a new non-linear dynamic model that sheds more light
on the collateral accelerator mechanism and drivers of amplifying systemic financial risk;
new insights about tipping points and structural shifts in the real estate market and
banking system under specific conditions that we determined. We have found that under
the collateral accelerator actions, the real estate market cannot achieve equilibrium. The
real estate prices increase according to the relations we obtained, fueled by new loans.
A price bubble is a dissipative structure in Prigogine's terminology, and the LTV param-
eter is the key driver of the rate of price increase. After reaching a threshold, the price
bubble bursts, and crisis processes intensify. The paper's results are significant for deep-
ening the understanding of the nature of systemic financial risks and assessing the driv-
ers of crises in the banking sector and the real estate market. It can help improve bank-
ing regulation and macroprudential policy to prevent systemic crises and strengthen
banks' strategic management.

Keywords: systemic financial risk, banking system, financial stability, CRE exposure,
strategic management for banks, macroprudential policy, real estate market,
self-enforced cycles, collateral accelerator
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INTRODUCTION

Systemic risk has been the focus of macroeconomic and financial stability research for
several decades because it causes dangerous, uncontrollable consequences for the
whole financial system that are extremely difficult to mitigate through the traditional
instruments of regulation. Since 2008, academic researchers, analysts, and regulators
have done tremendous work to address systemic risk challenges and improve macro-
prudential policy. However, macroeconomic and financial sciences have not fully under-
stood systemic risk’s internal drivers and dynamics. It is @ complex area full of puzzles,
controversy, and regulatory traps, which continue to generate heated discussions and
concerns about the next systemic crises.

The warnings of the ECB’s Financial Stability Reviews (2023) and research of financial
experts in the US banking industry, particularly data analysis of Rebel A. Cole (2024),
are about high risks of future banking system losses on real estate mortgages, real
estate construction loans, and properties selling at falling prices over the coming years.
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In our previous paper, Unkovska T., Taruta S, and Grydzhuk D. (2022), we researched the mechanisms for “self-enforcing
cycles in systemic risk accumulation and analysed the case of China’s economy.” This paper develops our theoretical
approach and suggests a new non-linear dynamic model of the mechanisms for systemic risk arising, building up, and
amplifying. This research sheds light on the non-linear nature and dynamics of systemic risk amplification through specific
interactions between the real estate sector, banking system, and the whole economy that we call “collateral accelerator”.

We consider two paradoxes of systemic risk increase in attempts to reduce individual credit and liquidity banks’ risks
through traditional instruments:

1. Securing loans by collateralising real estate.
2.  Selling mortgaged real estate when borrowers default on loans (fire sales).

It is paradoxical that, under certain conditions, these conventional instruments taken together generate the emergence of
the endogenous self-reinforcing collateral accelerator mechanism of increasing systemic risks. We developed a dynamic
non-linear model of this mechanism that can help to predict some threats.

The paradox of securing loans by collateralising real estate is in the contradiction between the common-sense argument
that taking real estate as collateral should lead to a reduction in individual banks' credit risks and the fact that the same
strategy makes all banks similar, the banking system more homogenous, and banks’ exposure to risk from real estate
higher. In a homogeneous banking system, where assets are concentrated in loans to the real estate sector, the collateral
accelerator mechanism operates more intensively. In turn, the increase in systemic risk exacerbates the vulnerability of
each bank. In this paper, we consider this paradox in more detail, develop a non-linear dynamic model of the Lotka-
Volterra type, and explain a structural shift mechanism that distorts a normal supply and demand adjustment in the real
estate market. This structural shift is one of the root causes for the emergence of bubbles in credit, commercial, and
residential real estate markets. It stimulates boom-bust cycles and increases the systemic risk that impedes the achieve-
ment of equilibrium price in the real estate market and stability of the banking system.

LITERATURE REVIEW

Our research is based on the literature on credit cycles, housing bubbles, and their spillover effects on the economy. There
is a significant body of literature connected with the real estate market, housing bubbles, and macroprudential regulation.

Particularly, in the research paper, Borio (2003), the author wrote about the necessity of a macroeconomic view on im-
proving prudential instruments for addressing financial instability problems. The authors of the work Cerutti et al. (2015)
follow these recommendations and find that an increase in LTV could positively impact the mitigation of a real estate prices
bubble. They wrote that the “recent global crisis highlighted the risks stemming from real estate booms. This has generated
a growing literature trying to better understand the sources and the risks associated with housing and credit booms.” Their
research exploited disaggregated data on credit and the characteristics of the mortgage market, including institutional
factors that vary across countries. The research paper by Markus K. Brunnermeier et al. (2019) focused on the analysis of
the relationship between asset price bubbles and systemic risk. The authors used bank-level data for almost thirty years
and found that systemic risk of banks rises already during a bubble’s build-up phase, and even more so during its bust.
They approved that in a median real estate bust, systemic risk increases by almost 70 percent of the median for banks
with unfavourable characteristics.

The research paper, Cristian Voicu and Michael J. Seiler (2013), devoted to relations between real estate index and bank
lending in different types of cities, found some abnormal returns of banks in some cities. The authors of the paper, Adrian
Alter and Zaki Dernaoui (2021), studied the dynamics of investor composition using a unique and comprehensive dataset
and documented the peak of non-primary home investments in the aftermath of the global financial crisis. They found that
“areas with a higher share of shadow bank lending have been associated with riskier mortgages and a more amplified
house price cycle due to the presence of non-primary home transactions”. They concluded the need for improvement of a
macroprudential policy toolkit for non-bank financial intermediaries and provided evidence that it could limit NBFIs' risk-
taking behavior and potential policy leakages.

The paper Jan Hannes Lang et al. (2019) presented a domestic cyclical systemic risk indicator (d-SRI) that captures risks
stemming from domestic credit, real estate markets, asset prices, and external imbalances. The authors showed that d-
SRI increased before the systemic financial crises, and “in addition, the level of the d-SRI around the start of financial
crises is highly correlated with measures of subsequent crisis severity, such as GDP declines”. The authors of the paper
Deghi et al. (2020) predicted downside risks to future real house price growth (house-prices-at-risk or HaR) in 32 advanced
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and emerging market economies. They showed “that current house price overvaluation, excessive credit growth, and
tighter financial conditions jointly forecast higher house prices at risk up to three years ahead... and a tightening of macro-
prudential policy is the most effective at curbing downside risks to house prices, whereas a loosening of conventional
monetary policy reduces downside risks only in advanced economies and only in the short-term”.

The authors of the paper, Lo Duca et al. (2019), presented the ECB framework for assessing systemic financial risks
connecting with residential real estate markets (RRE). They found that “developments in the residential real estate (RRE)
sector can have strong repercussions on financial stability and the real economy. The importance of the residential real
estate sector for financial stability stems from its central role in the economy, the large fraction of household wealth
invested in real estate assets, the primary role of the financial sector in financing real estate investments, and the important
collateral role of real estate assets”.

The authors of Nistor, S., Ongena, S. (2023) researched the impact of policy interventions on systemic financial risk. They
analysed “a comprehensive sample that combines an original set of bank-specific bailout events with the balance sheets
of key affected and non-affected European banks between 2005 and 2014. We find a positive and significant association
of guarantees with systemic risk that is somewhat weaker in the long run when the regulator appoints members to the
supervisory board”. The paper provided an interesting conclusion that “liquidity injections are positively linked with sys-
temic risk, but the long-run effect is mitigated for small or better capitalized banks. In the short run, injecting liquidity is
associated with reduced systemic risk when the regulator imposes restrictions on supervisory board composition or on
management pay or capital payouts”.

Thus, the current picture of research on the real estate market in connection with banking credit and systemic risk is a
rapidly evolving area. Much has been achieved in the understanding and assessment of real estate market dynamics and
systemic financial risk.

AIMS AND OBJECTIVES

The main purpose of this paper is to develop the theoretical basis and modelling tools for a clearer understanding of
nonlinear interrelationships within the real estate market, banking lending, and systemic financial risks, and improve
macroprudential policy to prevent systemic financial crises.

To achieve this purpose, our research addresses the following objectives, namely:

] developing a holistic approach to the real estate market, households, and banking system interactions;

] research on some blind spots that hinder the effective mitigation of systemic risk and the prevention of systemic
crises. In particular, the regularities and tipping points in the endogenous mechanisms of systemic risk amplification
in the real estate market and the banking system;

] working out a new nonlinear dynamic model that describes the interrelated complex processes of changes in real
estate prices, bank lending secured by real estate, and households’ welfare, finding analytical solutions of the differ-
ential equations system for helping to understand deeply systemic financial risk accumulation, qualitative character-
istics, and key drivers of collateral accelerator tipping points;

= suggest some measures to improve macroprudential policy and banking strategic management.

METHODS

Our research is based on fundamental macro- and microeconomic relationships, complex systems theory, and the theory
of non-linear dynamic processes in the economy and finance.

We use an analytical approach to research systemic risks based on non-linear dynamic modelling of Lotka-Volterra type
("one prey — two predators” type) and the mathematical tools for providing analytical solutions of differential equations.
These approaches have permitted us to find insightful conclusions about tipping points and structural shifts in the real
estate market and banking system under some determined conditions.

Based on these methods, we identified the qualitative characteristics, key drivers, and critical parameters that have the
biggest impact on systemic financial risks amplification.
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RESULTS

We researched the paradox of securing loans by collateralising real estate, which is an example of contradictions between
the microlevel risk-management and macroregulation of systemic risks at the level of the banking system and the economy
as a whole.

In an individual bank’s risk management, the loan collateralisation mechanism seems to reduce the bank's credit risks in
case of the borrower's insolvency. The mechanism of secured lending with real estate as collateral is conventional and
systemically widespread in the world economy. It has been considered an acceptable and primarily necessary tool.

At the macrolevel, the real estate market, the banking system, the construction industry, development companies, com-
mercial property owners, tenants, and the household sector are interlinked in a whole complex system, where collateral
mechanisms generate self-reinforcing cycles leading to an increase in systemic risks. There is a “collateral paradox” in
contradiction between the seeming positive role of collateral lending for reducing individual banks' risks and the negative
role of collateral lending in generating systemic risks at the macrolevel through the collateral accelerator mechanism. After
materialisation of systemic risk, individual banks suffer from unexpected consequences. In other words, it is a contradiction
between the common-sense argument that taking real estate as collateral should lead to a reduction in individual banks'
credit risks, and the fact that the same strategy makes all banks similar, the banking system more homogenous, and
banks’ exposure to risk from real estate higher. In turn, the increase in systemic risk exacerbates the vulnerability of each
individual bank.

In the paper, we have developed a non-linear dynamic model of Lotka-Volterra type and explained a structural shift
mechanism that distorts a normal supply and demand adjustment in the real estate market. We argue that this structural
shift is one of the root causes of the emergence of bubbles in credit and real estate markets. This mechanism stimulates
boom-bust cycles and increases systemic risks that impede the achievement of equilibrium price in the real estate market
and stability of the banking system.

The mechanism of collateral accelerator is the primary driver of excessive concentration of the banking system’s assets in
mortgage lending, which increases systemic risk. The collateral accelerator acts slowly. It is a non-obvious but powerful
destabiliser of the real estate market and banking system that provokes self-reinforcing cycles in the real estate market,
household finance, construction industry, and the banking system with a significant spillover effect on the national and
global economy. The primary source of arising collateral accelerator mechanism is the dual role of real estate:

1. On the one hand, real estate is the object of purchase, i.e., the object of demand and supply in the economy.

2. On the other hand, the real estate assets are the collateral pledges in the banks' balance sheets, stimulating the
expansion of credit and further increasing demand.

The first phase of the collateral accelerator regime — arising and amplifying systemic risks. This phase includes the following
processes:

1. The starting point is the growth of lending against property collateral and CRE and RRE banks’ exposure in a low-
interest rate environment in the economy, when cheap financial resources are affordable to banks.

2. As collateralisation reduces individual credit risks for banks (in the first phase), they lower customer credit standards
and don't pay exceptional attention to their solvency. The credit flows from the banking system into the economy in
an environment of low credit standards for customers, low interest rates (most often banks use floating mortgage
interest rates) on mortgage lending, and a high Loan-to-Value (LTV) ratio triggers a surge of additional solvent
demand for real estate. This demand triggers further price growth that exceeds the fundamental trend.

3. The first impulse of rising real estate prices increases the value of collateral assets in bank balance sheets and the
market price of households' real estate portfolios, increasing their perception of their wealth; these two processes
mutually reinforce the supply of and demand for credit and stimulate additional growth in the level of financial
leverage in sectors of households, companies, and the banking system.

4. The action of the collateral accelerator, intensifying collateral lending, stimulates an increase in mortgage loans in
the banking system's balance sheets.

5. Credit availability and rising real estate prices stimulate the activity of the construction industry and development
companies, which increase the supply of real estate and raise their financial leverage. This strengthens the processes
of banking system homogenisation and banks’ exposure to risks from the real estate sector.
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The critical components of the collateral accelerator mechanism are the increasing credit growth, rising real estate prices,
and growing value of collateral assets, stimulating a new round of credit expansion. This mechanism unwinds the self-
reinforcing spirals of the credit cycle and the associated real estate price cycle and facilitates the building up of systemic
risks. The whole structure of this complex system becomes increasingly fragile to small external shocks or endogenous
fluctuations. The endogenous collateral accelerator mechanism achieves a tipping point and can shift to the second phase
— materialisation of systemic risk.

The second phase of the collateral accelerator regime, a mature stage of systemic risk accumulation, can start from a
slight rise in the mortgage interest rate or other volatility that increases the volume of non-performing loans in bank
balance sheets. A phase shift occurs in a whole complex system of interconnected sectors of the real estate market, related
industries, household sector, and banking system. In this case, the whole construction can start to fall apart, and a systemic
crisis arises.

“Why does this mechanism transform the economy from being financially stable to structurally disproportionate and highly
vulnerable to small shocks and endogenous fluctuations?

The answer is that the collateral accelerator fundamentally changes the market environment and distorts a classical mac-
roeconomic supply and demand adjustment in the real estate market. A collateral accelerator pushes the real estate market
into a “strange regime” where achieving market equilibrium becomes principally impossible” (Unkovska et al., 2022).
Systemic crisis shifts the economy into the “bad equilibrium” state. These non-linear dynamical processes can be described
by our new dynamical model of Lotka-Volterra type (“prey-predator” type).

In classical economics, “supply S(P) and demand D(P) for goods (real estate) depend on the price P in a traditional manner:
when the price of goods rises, their demand falls and supply increases. An achievement of the market equilibrium real
estate price P*, usually described by the equation” (Unkovska et al., 2022):

dp
2 = D P@®) = S(PM)] = 0,(P() = P,

D(P(t)) = a— bP(t),
S(P(t)) = c+mP(t),

"where a, b, ¢, and m are the structural parameters of the real estate market, b and m are the ratios of elasticity of
demand D(P) and supply S(P) concerning price changes”(Unkovska et al., 2022).

The equilibrium price P* in standard classical macroeconomics is expressed as follows:

a—c¢

P =

However, this classic model is irrelevant for the real estate market with real estate collateral lending, because the “collateral
accelerator mechanism comes into action. In this case, the classic budget constraints of real estate buyers, determined by
their savings and income limits (mainly, the level of households’ disposable income), become irrelevant in shaping the
demand for real estate. Households’ wealth is generated not so much by income streams from their productive activities
but by increases in the prices of the houses they buy.

If real estate prices go up (as they inevitably do during the credit boom because readily available credit resources increase
the demand for real estate), the wealth of property owners is constantly on the rise. They receive more and more oppor-
tunities to take collateral loans and purchase real estate. Real estate turns from a means to improve living conditions into
an asset, ensuring the owner's wealth growth” (Unkovska et al., 2022).

The following formulas are derived from these logical patterns: the dynamics of supply and demand on the real estate
market obey the following structural relationships:

D(P(t)) = a—bP(t) + K(Q,h, P(t)) - f(K)

Q =5(P(8)) = c+mP(),
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“where: K (Q, h, P (t)) is the volume of loans received by the households against real estate as collateral; h is the Loan-
to-Value coefficient, i.e., the ratio of the obtained loan to the volume of the market value of the collateral (real estate); Q
Is the volume of real estate (in square metres) offered for purchase in the economy, which can be used as collateral to
obtain loans; P(t) is the market price of a square metre of real estate; f(K) is the function reflecting the volume of loan
repayments by borrowers”(Unkovska et al., 2022).

The dynamics of the volume of loans:
K(P(t)) = hQP(t) = h(c + mP(t))P(t);

f(K) = kK(P(D)),

"where k means the repayment ratio, which is determined by the interest rate and other terms of the loan agreements,
Including the bank's margin call requirements in case of falling real estate prices”(Unkovska et al., 2022).

If the real estate market prices fall to the level where the value of the collateral in the banks' balance sheets becomes
lower than the amount of the outstanding loans, banks require a margin call. Hence,

D(P(t)) =a—bP(t) +K(Q h,P(t))(1—k),
S(P(t)) = c + mP(¢).
Therefore, the non-classical non-linear equation for the real estate price dynamics is:

dP(t)

= BID()—S®)]== B|a—-bP1t)+K(QhP®)(1—k)—c—mP(t)]=

= pBla-c—B+mP®) +K(Q hP(®))1 -k

This is an equation of an autocatalytic process in complex systems. The autocatalytic process is an inductive process in
which the final product serves as a catalyst for its production, first described by Ilya Prigozhin (1981) in his theory of
dissipative structures. Dynamic models of autocatalytic processes are productively applied in the modelling of chemical
and biological processes, thermodynamics, and in economic sciences.

In Nobel Prize winner Ilya Prigogine's terminology, dissipative structures arise in systems that are far from equilibrium and
are maintained only by the inflow of external resources. In our case, the collateral mechanism pushes the system of 'real
estate prices - bank lending - household welfare' far from equilibrium, where there is no equilibrium price for real estate.
Real estate prices, lending volumes, and household welfare are growing rapidly, and a bubble is being formed in the real
estate market, fuelled by more new loans. It behaves like a dissipative structure. As soon as the inflow of new loans ends
due to internal or external shocks to the banking system, this bubble bursts with all the negative consequences for real
estate prices, banks, and households.

We have found that /n economic complex systems, price dynamics in the real estate market under the intensive work of
the collateral accelerator mechanism become autocatalytic processes. All autocatalytic systems are non-equilibrium dissi-
pative structures requiring permanent external inflows of energy, material, or information for fuelling.

The equation for the dynamics of the credit-backed real estate volume K(Q, h, p) in the economy is:

dK(t) _
dac

—kK(t) + hQP(t) (1 + k).

As is well known, the value of real estate has a direct impact on the wealth of the households that own it. Let us denote
by variable W(t) the part of household wealth that represents the market value of the real estate they own. The third
differential equation of household welfare (W) dynamics completes our system:

dmgt) = aW(t)+P(DQ — K (Q.h,P())(1+k).

Therefore, we have the non-linear dynamic system of differential equations:
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AW (6)
= eW®+PMOQ-K(QhPM)A+E)
dl;(tt) = Bla—c—B+m)PE)+K(Q hP®))(1—-K)]
dK(¢t)
— = = —KK(6) + hQP(®) (1+K)

This system has some similar features and differences to the typical dynamic non-linear model of Lotka-Volterra that is
widely applied in different sciences, including economics, with three species (“one prey — two predators’ model”). In our
findings, the processes of collateral loan volume increase and real estate price growth are analogous to the “two predators”,
and the wealth of households is analogous to the “prey.”

We can simplify this general system by an easy transformation

Z_’: = —khQP(t) + hQP(t)(1 + k) = hQP(t),

ar(t) _

L = Bla—c) +P(OIBRQ — k) = (b —m)].
In the case h = 0 (value-to-loan equals zero), “the collateral accelerator mechanism would be absent, and this equation
turns into the standard classical macroeconomic equation” (Unkovska et al., 2022) for the dynamics of price, which tends
to equilibrium P*.

In the real usual "case h > 0, the collateral accelerator works, and the economy transits to a "strange regime” when the
Increase In real estate market prices raises demand” (Unkovska et al., 2022). This is the core of the self-enforcing spiral
or systemic risk accumulation cycle.

Solving this system of differential equations, we obtain its analytical solutions:

P(t) = ¢, eflrO-RQtm-blt 4 ¢, (1)
8= B[h(1 = k)Q +m — b]. (2)
That is:

P(t)=C, e+ ¢,
K(t) — hQ [Cl eB[h(l—k)Q+m—b]t + CZ] (3)
W(t) = C38[1 —h(1+k)Q - e™ + ChehO-RQ+m-blt ¢ 4

Under the conditions of the collateral accelerator mechanism, dynamic patterns and interdependencies can be established.

Thus, we found that the mechanism of the collateral accelerator can shift the real estate market, banking system, and the
whole economy into a highly fragile and volatile dynamic regime with increasing systemic risk. “To reduce systemic financial
risk and ensure financial stability without suppressing economic growth, it is seen as reasonable that macroprudential
regulators considered the described non-linear processes and self-reinforcing cycles, the effect of the collateral accelerator
mechanism as an endogenous destabiliser of the banking system and the whole economy” (Unkovska et al., 2022).

DISCUSSION

The vast amount of research continues to debate systemic risk measurement and regulation. The ongoing heated debate
reflects the complexity of the issue and the multifaceted nature of the problem.

There are many interesting research papers that consider practical cases of connections between the real estate market,
bank lending, and the whole economy, which provide evidence of their non-linear, complex interactions.

For instance, Ren, Y., and Yuan, Y. (2014) suggested a dynamic stochastic partial equilibrium model for explaining resi-
dential investment dynamics in the United States. The authors focused on the cyclical features of residential investment,
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in that it leads the whole economy, and considered news shocks, collateral constraints, and agent heterogeneity, and
found that these variables are essential to dynamics in which residential investment leads consumption and GDP.

In the research paper of Kristian Blickle (2022), the author studied the effects of an increase in the supply of local mortgage
credit on house prices by exploiting a natural experiment from Switzerland. The author showed that “local mortgage banks
increase mortgage lending, which correlates with subsequent house price growth in their markets.”

The research paper Haroon Mumtaz and Roman Sustek (2023) presented an application of a parsimonious model to house
prices in 12 advanced economies since 1950. They accounted for the real estate boom and bust in Japan, the boom
starting in many countries in the early 1990s, and the recurrent cycles in house prices in Switzerland. The authors “for
pragmatic econometric reasons, abstracted from any dynamic interactions between the fundamentals under consideration
(and the real interest rate)” and left such explorations for future work.

A vast body of practical research on the relationship between the real estate market and bank lending in different countries
shows the multifactorial nature and complexity of the nonlinear connections between them. This demonstrates the need
for more in-depth theoretical and methodological studies that generalise these practical cases and justify the fundamental
economic laws that govern them. A great amount of work has already been done in this direction. The literature review in
this paper gives an overview of part of this work. According to Sylvain Benoit, Jean-Edouard Colliard, Christophe Hurlin,
and Christophe Pérignon (2015), one type of theoretical systemic risk research includes source—specific approaches, the
second type of this research includes a global approach, the third family of research emphasises the network approach to
assessing systemic risk, and the fourth family of papers covers the issues of measures of systemic risk. Research into
theoretical foundations and modelling tools continues to develop actively at present.

In our research, Unkovska T. (2009, 2012, 2013), Unkovska, T., Taruta, S., & Grydzhuk, D. (2022), and in this paper, we
develop theoretical foundations and modelling instruments into the framework of the complex nonlinear systems method-
ology. In our previous paper Unkovska T. et al (2022) we gave a big review of literature that cover different approach to
modelling systemic risk: the network approach (The Network Approach); risk correlation analysis-based approach (Co-risk
Model); the method of matrices of the interdependence of distresses (Distress Dependence Matrix); the approach based
on default intensity models Intensity (Default Intensity Model) and suggested a new analytical approach based on model-
ling collateral accelerator mechanism that pushes the banking system and real estate market far from equilibrium.

In this paper, we continued our previous research and suggested a new non-linear model of real estate price and banking
lending bubble. The growth of this bubble requires constant fuelling with new lending, the volume of which, in turn, rises
due to the increase in the prices of collateral assets on bank balance sheets. Thus, an endogenous self-reinforcing spiral
arises. We have built a new dynamic model of this process in the form of three Lotka-Volterra-type differential equations.
Having obtained analytical solutions to this system of differential equations, we have gained insight into the behaviour of
key variables. This phenomenon has the properties of an autocatalytic process. As soon as the inflow of new loans stops
(sudden stop of financial flows) due to exogenous or endogenous shocks, the real estate price bubble bursts. It leads to
deleveraging and a further reduction in lending. We plan to continue this research in the future.

Thus, we contributed to the study of systemic financial risk with a new approach to modelling the interrelated dynamics
of real estate prices, bank lending, and household wealth, based on a modified Lotka-Volterra model for three variables.
This distinguishes our paper from all the above-mentioned works. The scientific novelty of our research paper lies in the
development of a new nonlinear dynamic model — a system of three differential equations describing the interrelated
dynamics of household welfare, real estate prices, and the volume of bank loans secured by real estate. We found an
analytical solution to the system, which revealed the autocatalytic properties of these variables’ dynamics, as consequences
of the action of the collateral accelerator mechanism. We found that the real estate prices bubble is a dissipative structure
in the sense of Nobel Prize winner Ilya Prigozhin's sense. The growth of this bubble needs terms of determined key
qualitative characteristics, drivers, and critical parameters that amplify systemic financial risks.

CONCLUSIONS

Our paper provides a rationale for extending and deepening the macroprudential policy methodology based on the new
dynamic non-linear modelling approach presented here.
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The dynamics of real estate prices have the character of an autocatalytic process: the increasing prices nourish
further price growth through the mechanism of collateral accelerator by the exponential function described by
equation (1). Real estate price growth continues as long as the parameter § = p[h(1 — k)Q + m — b] of the exponent
function is positive. It depends on the values of the mortgage interest rate k, coefficient h (LTV), value Q, and
structural parameters m and b, according to the formula (2).

When the delta-parameter 6 changes its value from positive to negative, the phase shift occurs, and real estate price
dynamics transition to the regime of falling. This, in turn, leads to the collateral lending process being reversed
(“sudden stop” phenomenon).

We found that the real estate price growth phenomenon is a dissipative structure in Prigozhin's terminology in
complex systems methodology. Its dynamics obey the equation (1) that we found. To maintain the existence of this
dissipative structure, a continuing inflow of financial resources is necessary. The collateral accelerator is the
mechanism that supports an expansion of this dissipative structure, and then, after a “sudden stop”, leads to its
collapse.

The exponential function (3) with the § parameter describes the dynamics of collateral mortgage lending. When the
value of § switches from positive to negative, a phase shift occurs, and the mortgage lending volume starts declining.

The phenomenon of collateral lending growth is also a dissipative structure in Prigozhin’s terminology. It requires
continuing feeding to maintain its increase, an increase in real estate prices, and demand for collateral mortgage
lending. So, we have two dissipative structures that support each other.

The households’ welfare dynamics W(t) in the system of collateralised mortgage lending obeys the function (4),
which is the sum of two exponent functions with different parameters a and 8. When the parameter d changes from
positive to negative, there is a change in the dynamic regime of W(t).

The most influential parameters that determine the driving forces for the spiral of interconnected dynamics of real
estate prices, volume of collateral loans, and wealth of households are:

the coefficient h = LTV — the higher the LTV ratio, the faster the increase in prices, credit volumes, and wealth of
households, and then falling them;

the structural parameters of the real estate market and elasticities of demand and supply to the changes of real
estate prices (a, b, ¢, and m);

the level and dynamics of the mortgage interest rate k; at this stage of research, we suppose in our basic model that
k is constant; the future direction for research is widening the model by introducing dynamics for the interest rate k,
LTV ratio h, and volume Q as the functions of time k(t), h(t), Q(t).

There are new directions for further research deriving from our results that could be helpful for macroprudential policy
improvement. The elaborated non-linear dynamic model can be helpful for simulations with concrete parameters of differ-
ent countries with various scenarios of macroprudential regulation and monetary policy.
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the Whole Economy: The Importance of Collateral

YHkoBceka T., lapacid B., puaxyk /.

PUHOK HEPYXOMOCTI, BAHKIBCbKE KPEAUTYBAHHA TA CACTEMHI ®IHAHCOBI PU3UNKW:
HOBA HENIHINHA AUHAMIMHA MOJE/b

CUCTEMHI pU3KKKM BXE KiflbKa AECATUNITb € NMPEAMETOM EKOHOMIYHUX AOCMIAKEHDb, OCKINIbKM Lii PU3MKM MOXYTb CMPOBOKY-
BaTW HeDE3MNEYHI HACNIAKKM, SIKi HEMOXMBO MOM'SIKLUWUTY 33 [0MOMOrol TPAAULIIMHUX iHCTPYMEHTIB MaKponpyaeHLiHOI
noniTukn. HelwoaasHo EBponelicbka Paga i3 CuctemHux Pusukie (ESRB) nonepeanna npo BUCOKY BPasnMBICTb €BPONEN-
CbKWX BAHKIB 40 PU3NKIB KPU3 Y CEKTOPI HEPYXOMOCTI 1 HEOBXIZIHICTb YI0CKOHANEHHS MaKpOMNpyAEHLMHOTO peryntoBaHHS.
OCHOBHOIO METOI LIbOro AOCNIMKEHHS € pO3p0obKa TEOPETMYHOI 6a3M Ta HOBMX iIHCTPYMEHTIB MOAENOBAHHS ANs Nornmné-
JIEHHS PO3YMiHHSAI HEJTIHIMHUX B3AEMO3B'A3KIB MK PUHKOM HEPYXOMOCTi 1 6aHKIBCbKMM KPEAMTYBAHHSM, LUO [03BOSIUTb
YAOCKOHAIMTW MaKponpyaeHUiMHE PErytoBaHHS 3 METOI 3HMXKEHHSI CUCTEMHUX pU3MKIB. My BUKOPUCTOBYBa/IN METOAO-
JIOTit0 CKNAAHUX HENIHIMHUX CUCTEM, MaTeMaTUUHy Teopito AudepeHLianbHUX piBHAHb, Miaxia JIoTku-BonbTeppa ans mMo-
JIENIOBAHHA HENHIMHOI ANHAMIKM B3aEMONOB'SA3aHNX CUCTEM, @ TaKOX TEOPIil0 MEXaHI3My MPUCKOPEHHs LiHu 3actaBu (CA
— collateral accelerator) Ha pyUHKY HEPYXOMOCTi 'y 6aHKIBCbKOMY KpeauTyBaHHi. HaykoBa HOBM3HA MOJIAra€ B OTPUMaHHI
HOBUX TEOPETUYHUX i NPUKNAAHUX PE3YNbTATIB: MU PO3POEUIN HENIHINHY AMHAMIYHY MOAESb, IKa NOrNM6MIOE PO3yMiHHS
Zii MexaHiaMy CA Ta OCHOBHUX ApanBepiB 3aroCTPEeHHS CUCTEMHOIO (hiHAHCOBOMO PU3MKY; HOBI IHCANTW LLIOJ0 TOYOK nepe-
JIOMY Ta CTPYKTYPHUX 3pYyLUEHb HA PUHKY HEPYXOMOCTI 1 Y BaHKIBCbKiii CUCTEMI 3@ MEBHUX YMOB, SIKi MU BU3HAUMIU. Mu
BUSIBWMM, WO 3a Aii MexaHisMy CA pUMHOK HEepyXOMOCTi He MOXe AO0CArTM piBHOBarn. LliHM HAa HepyxOMICTb 3pOCTaloTb
BiAMOBIAHO A0 OTPMMAHMX HaMK CMiBBIAHOLLEHb, MiIKMB/IIOIYMCL HOBUMM kpeanTamu. LliHoBa Bynbballka € gucmnaTtve-
HOO CTPYKTYpOIO B TepMiHonorii [piroxuHa, a napameTp LTV € KNIOYOBUM YMHHMKOM TEMMIB 3pOCTaHHS UiH. icns gocs-
FHEHHS1 MOPOroBOro 3HAaUYEHHS BiAOYBA€ETLCSA KoMarc WiHOBOI 6ynbballkn, aenesepemk 6aHKIBCbKOI CUCTEMU Ta NMOCUIIEHHS
KpY30BKX MpoueciB. Pe3ynbTaTn AOCNIMHKEHHS € BaXIMBUMU ANS NOrIMBAEHHS pO3yMiHHS NpMpoAM CUCTEMHMX (DiHaHCO-
BMX PU3WMKIB Ta OLIHKM YMHHWKIB KpW3 y 6aHKIBCbKOMY CEKTOPI 11 Ha pUHKY HEPYXOMOCTI. Lli pesynbTaTi KOpUCHi Ans opraHis
MakpodiHaHCOBOro perysitoBaHHs Ta ynpaBiHHA 6aHKaMK, BOHWM MOXYTb CMPUSITU BAOCKOHAJSIEHHIO MaKponpyaeHUiMHOT
NoNiTUKK, 6aHKIBCbKOrO perynioBaHHs Ta 3MILHEHHIO CTpaTeriyHKX pilleHb Ha piBHI 6aHKiB i3 MeTolo 3anobiraHHs cuctem-
HUM hiHAHCOBMM Kpun3aM.
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