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In hydrodynamics, the Reynolds number is used to establish the critical points between laminar (stable)
and turbulent fluid dynamics. The essence of the presented research is the search for an analogy between
the evolution of housing prices and hydrodynamic phenomena accompanying the movement of bodies
in the incompressible fluid. The aim of the article is to develop an equivalent of the Reynolds number
(eReHM) used in the hydrodynamics for its implementation for the housing price dynamics analysis.
The time horizon of research (2001-2017) includes a period of rapid increases in housing prices in
2006—2007. The obtained values of the Reynolds number of equivalents for the housing market allow

(2020)

to determine critical points between the stable and unstable evolution of property prices.
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1. Introduction

The housing market is the fundamental areas
of the national economy which significantly affect
the level of social needs fulfillment, the pace of
socio-economic processes, and the effectiveness of
all development activities [1]. Also is an important
element of wealth as well as the single biggest ex-
penditure for a majority of households [2]. Housing
property is a special type of commodity because is
a spatially immobile, highly durable, highly expen-
sive, multidimensionally heterogeneous and physi-
cally modifiable commodity [3]. The housing mar-
ket activity is largely affected by the phenomenon of
interaction between the variables describing the eco-
nomic environment and the factors which charac-
terize demand, supply and prices [4], with the phe-
nomenon, according to Orenstein and Hamburg [5],
exhibiting high variability in time and space.

The mechanistic concept of economic phenomena,
which is the essence of mainstream economics, still
remains the main theoretical way of describing the
housing market. The mechanistic approach neglects
the existence of complex economic systems that on
the whole have properties different from those spe-
cific of the elements they are made of [6]. According
to Unold [7], the mechanistic concept is an economic
atomism where the individual irreversibly influences
the collective. Such a vision of the world can be
reduced to a statement that the whole is only a di-
rect sum of its parts. In that sense, the cause-effect
mechanistic concept of the housing market is based
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on the paradigm of linearity, general equilibrium
theory and human rationality (homo oeconomicus).
Linearity means proportional input-output depen-
dence, and that the dynamic of a system can be
reconstructed by summing up the effects of single
causes acting on single components, which allows ef-
ficient causality to operate, equations to be solved,
and predictive modeling. By focusing on systems
in equilibrium, researchers implicitly accept that
the number of possible states a system may at-
tain is limited (and computable) and that search
time following the onset of instability is short com-
pared to “equilibrium” time [§8]. In a traditional
approach the housing market have been treated
as a synonym for stability and safety. However,
the traditional manner of understanding the hous-
ing markets was significantly redefined by the con-
siderable intensification of the tendency of a close
relation between that market and financial markets
via the mortgage system and properly constructed
financial instruments, which became apparent in
the beginning of 20th century. These issues are
presented in more detail in the works of: Acharya
et al. [9], Ashton [10], Roubini and Mihm [11],
Demyanyk and Van Hemert [12]. As a conse-
quence, the global financial crisis occurred, some-
times known as the mortgage crisis, which signifi-
cantly changed our perception of the housing mar-
ket. It also directed large attention to non-classic
economic theories [13-20], because mainstream eco-
nomics was unable to explain the increasing in-
stability of market structures. As a result of this
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work, six assumptions were made to perform a non-
classical analysis of economic systems [21]: dis-
persed interaction among heterogeneous agents, no
global controller in the economy, cross-cutting hi-
erarchies with tangled interactions, continual adap-
tation and learning by evolving agents, perpetual
novelty and out-of-equilibrium dynamics with no
presumption of optimality.

Presented work promotes methodological plural-
ism which is characterised by greater openness in
search of alternative solutions while applying inter-
disciplinary research methods in the field of housing
prices dynamics. Consequently, the authors fully
accept that the multidimensionality of housing mar-
ket requires the extension of mechanistic conception
of general equilibrium and principles of determin-
ism and reductionism, to be extended into inter-
disciplinary framework of multi-point dynamic bal-
ance, limited human rationality and paradigm of
nonlinear processes. We believe that inertial prop-
erties of real estate markets are best revealed dur-
ing short-term, sudden changes of structural origin,
while during long-term evolution stages transition
rates are slow enough for these systems to remain
near to equilibrium. We suggest to treat the housing
markets as complex [22], non-linear, dynamic [23]
and open systems which evolve between [24] vari-
ous equilibrium states.

This study is aimed at searching an analogy be-
tween the evolution of housing prices and hydrody-
namic phenomena accompanying the movement of
bodies in the incompressible fluid. Proposed in this
paper description of the dynamics of housing prices
as an analogy to the Reynolds number, has met only
limited number of similar works in this field. Among
others, the so-called stock market Reynolds number
was developed by Antoniewicz and Juzwiszyn [25].
Thus, the aim of the article is to develop an equiv-
alent of the Reynolds number (eReHM) for its im-
plementation in the dynamical analysis of housing
prices. The study concerns time series of housing
(dwellings) prices from 2001 to 2017 recorded in
north-eastern part of Poland (city Olsztyn).

2. The analogy between the evolution
of housing prices
and hydrodynamic phenomena

According to the mainstream economy, sud-
den, unusual and unexpected phenomena are usu-
ally treated as an extraordinary deviation from
the current long-term trends, which the mar-
ket mechanism will be able to deal with per-
fectly. Such phenomena were observed in Poland
in the years 2006-2007, when there were sudden in-
creases in property prices, followed by steady falls
in the years 2008-2017. The main source of long-
term stable declines in housing prices arises from
the consequences of the international financial cri-
sis (2007-2008) when the access to financing sources
was restricted, the uncertainty of employment
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Fig. 1. Scatter plot of housing prices (dwellings) in
the period from January 2001 until December 2017

in Olsztyn.

and long-term maintenance of high incomes in-
creased, and the investment opportunities for
the wealthy section of society relatively decreased.

The idea of searching an analogy between the evo-
lution of housing prices and hydrodynamic phe-
nomena arose from the observation of price disper-
sions of 12 thousand transactional housing prices
(dwellings) in the period from 2001 until 2017 in
Olsztyn (north-eastern part of Poland) presented
in Fig. 1.

In the first period, from 2001 to 2005 (Fig. 1),
slow increase in housing prices was observed
(around 4-5% per month). Then, the increase was
sharper until 2006 (from 10% to 15% per month, so
over 120% per year). Such an unprecedented rise
has not been registered since 1989 year (the onset
for the polish housing market as a part of the mar-
ket economy). Since December 2007 till December
2017, housing prices gradually fall down at the rate
from 0.5% to 1% per month. Figure 1 clearly
shows morphological disproportions in the distribu-
tion of housing prices in particular sub-periods of
2001-2017. In the initial phase (2001-2007) a slight
price stratification (min-max) is observed and its
level does not change despite price increases in
2004-2007. A significant disruption of the current
price evolution, combined with a rapid price in-
crease, took place in 2007. This can be identified
with the release and spillage of liquid from the pre-
vious regulated river course and the passage to un-
regulated river banks. Such an understanding of
the price dispersion (Fig. 1) was the basis for search-
ing an indicator of different levels of housing price
dynamics. It refers directly to the thought of Al-
fred Marshall, who believed that economic laws do
not resemble simple and precise gravity laws, but
they seem to be more similar to complex and more
difficult to predict — rights of fluid flow.

According to hydrodynamics, regular flow (ideal-
istic phenomenon) occurs when the particles move
steadily along the channel so that the current lines
remain parallel to each other [26]. Any irregulari-
ties introduce disturbances and turn such an ideal
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liquid flow into a stable flow, also known as laminar
flow. The increase in fluid velocity changes the char-
acter of this motion and generates chaotic and un-
predictable eddy currents referred to as the turbu-
lence [15]. Flows of fluids through various media are
described by Navier-Stokes equations [27, 28]. In
1883, English scientist Osborne Reynolds published
approximate solution to that problem and demon-
strated that a given fluid flow might be described
using a dimensionless number, today referred to as
the Reynolds number [29].

Reynolds number Re is the ratio of inertial to
viscous forces acting on a body moving relative to
a fluid:

LV

Re 0 (1)

where L is a characteristics linear dimension (chan-
nel width), V' means flow velocity, and p is kine-
matic viscosity of the fluid. In hydrodynamics,
the Reynolds number is used to determine tran-
sitions between flow regimes on a spectrum from
laminar to turbulent dynamics. Note, however, that
the above formula needs re-defining to study the dy-
namics of any housing market, and the equivalence
principle might be established in terms of stable and
unstable price changes. From this point of view, it is
justified to make use of certain measures of the dy-
namics of housing prices shown in Fig. 1 including,
for example: price range, monthly-averaged vol-
ume of transactions and absolute month-to-month
change in transactional price. In this study, it is as-
sumed that the equivalent Reynolds number, which
we called pseudo-Reynolds number for the housing
market is given as:
NS

R )
where IV is the number of transactions per month
(value equivalent to L), S is an absolute month-to-
month change in transactional price (value equiva-
lent to V'), and R is the range of transactional prices
(value equivalent to ).

eReHM =

3. Results and Discussion

The study was conducted in the city of Olsztyn,
the north-eastern part of Poland. The city is cur-
rently inhabited by about 180,000 people in the area
of almost 90 km?. The research used 12,000 housing
(dwellings) prices in the range from January 2001
to December 2017. The source of data was the Real
Estate Price and Value Register (RCiWN) main-
tained by the Olsztyn Municipal Office.

In the beginning, original data from Fig. 1 were
processed into series of monthly-averaged transac-
tional prices and absolute month-to-month changes
in transactional prices, presented in Fig. 2.

Figure 2 clearly shows two levels of stationary
prices: about PLN 1,800 per sqm (EUR 450) and
about PLN 4,500 per sqm (EUR 1,500). Apart
from that, there was unprecedented sharp increase
in prices (120% per annum) observed between 2006
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Fig. 2. Selected characteristics of time series of
housing prices in Olsztyn (2001-2017): monthly-
averaged transactional prices (a), absolute month-
to-month change in transactional price (b).

and 2007. There has been no such rapid rise in hous-
ing prices in Poland since 1989, i.e., since the mar-
ket economy has been introduced. A number of
transactions per month and a range of transactional
prices are presented in Fig. 3. Month-to-month ab-
solute change in transactional prices is a measure of
the dynamics of this market indicating the velocity
of price changes in time units. Therefore, we have
taken this indicator as an equivalent of the mean
flow velocity V.

As seen in Fig. 3, the smallest number of price
transaction per month was found between 2004
and 2005, although large fluctuations turned out
between 2006 and 2007 and later on from 2015.
The number of real estate purchase/sale transac-
tions in these intervals can be taken as a measure
of the activity of the market. The lower the num-
ber of transcriptions in a given month, the greater
the impact of a few transcriptions on the monthly
average. In classical model, the linear dimension
(channel width) L sets the boundaries of fluid move-
ment. Likewise, a number of price transactions in
pseudo-Reynolds number for housing market limits
the market, but due to its specific aspects it varies
with elapsed time. We believe that this ratio may
be a good equivalent of characteristics linear dimen-
sion (channel width) L.
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Fig. 3. Selected characteristics of time series of
housing prices in Olsztyn (2001-2017): the number
of transactions per month (a), the range of transac-
tional prices (b).

It can be seen that during the stable evolution
of the system, the range of prices approaches PLN
2,000 (EUR 500) per sqm and almost doubles in
the beginning of the turbulent phase remaining at
the level of PLN 4,000 (EUR 1,000) per sqm. We
believe that this ratio may be a good equivalent
of characteristics kinematic viscosity of the fluid pu.
The kinematic viscosity of the fluid is a measure
of the resistance relative to dynamic loads or vis-
cosity of a given fluid. The higher the viscos-
ity, the larger internal drag force within the fluid.
Figure 1 exhibits higher density of prices corre-
sponding to their constrained fluctuations between
2001 and 2007. Accordingly, in the period from
2008 to 2017 the kinematic viscosity of the prices de-
creases resulting in significant price variations (low
price density).

Measures of the dynamics of housing prices shown
in Fig. 2 and Fig. 3 (absolute month-to-month
change in transactional price, monthly-averaged
volume of transactions and price range) significantly
vary with elapsed time, because sub-series of trans-
actional prices averaged over shorter time intervals
remain independent of each other. Such a peculiar-
ity makes the housing market completely different
from the financial markets. In order to diminish
seasonal and random fluctuations within selected
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TABLE I

Statistical descriptors of the smoothed time-series
2001:01-2017:12

Range of |Absolute change| Number of
transactional | in transactional | transactions
prices (FFT)| price (FFT) (FFT)

Niotal 204.00 203 204.00
mean 3562.71 13.27747 68.52
std. dev. 1156.06 27.41763 13.14
SE of mean 80.94 1.92434 0.92

variance 1336478.96 751.72646 172.66
skewness —0.81 1.39673 0.22

kurtosis —1.16 1.03215 —0.63
deviation 1042.65 20.76049 10.74
minimum 1447.02 —16.06024 42.55
median 4246.64 5.04017 66.58
variance 1336478.96 751.72646 172.66

TABLE II

Coeflicients of the linear correlation of the smoothed
time-series.

Range of Absolute change Number of
transactional | in transactional transactions
prices (FFT) price (FFT) (FFT)

1.0000 —0.1765 0.0745
- 1.0000 —0.1687
— — 1.0000

quantities, smoothing procedure was carried out.
Thanks to that, primary noise of raw prices can
be substantially reduced leaving basic trends un-
touched, but more homogeneous between time in-
tervals. The smoothing procedure was done us-
ing 12-point Fast Fourier Transform (FFT) with
0.04166 cutoff frequency. Table I summarizes basic
statistics of the smoothed time-series (2001-2017).
Table II presents coefficients of the linear correla-
tion of the smoothed time-series.

At a significance level below 0.05, the hypothe-
sis of correlation between the variables studied was
rejected. Smoothed time-series of averaged transac-
tion prices, absolute changes in transactional price,
numbers of transactions and ranges of transactional
prices, are presented in Fig. 4.

Time-dependent plot of the pseudo-Reynolds
number for housing prices calculated according
to (2) is presented in Fig. 5.

As a result of the research of evolution of house
prices in Olsztyn in 2001-2017 the three phases were
defined:

[A] stable evolution of the housing market —
equivalent to laminar flow (JeReHM| < 0.5)

[B] transitional evolution of the housing mar-
ket — equivalent to disturbed flow, namely
0.5 > |eEReHM| < 1

[C] unstable, structural change of the hous-
ing market — equivalent to turbulent flow,
namely |eReHM| > 1.
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Fig. 5. Equivalent of the Reynolds number for the

housing market in Olsztyn in the period from Jan-
uary 2001 till December 2017.

We believe that exceeding the limits of pseudo-
Reynolds number for the housing market, eReHM
indicates that the price dynamics of dwellings has
reached a critical point. In this sense, when
leReHM| < 0.5 there is laminar housing price dy-
namics, 0.5 > |[eReHM| < 1 there is unstable hous-
ing price dynamics, and for [eReHM| > 1 there is
turbulent housing price dynamics.

4. Conclusions

Since hydrodynamics phenomena appear signif-
icantly different from those related to the hous-
ing market, it might be hardly possible to find out
the straight equivalence of dimensionless Reynolds
number within the series of housing prices. Having
hydrodynamic relation for Re that includes linear
channel size, mean flow velocity and kinematic vis-
cosity of the fluid, presented work was aimed at
establishing analogous measure of the stability of
trends in housing prices using the term: pseudo-
Reynolds number or Reynolds number equivalent
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(eReHM) for housing market. Common factors
in these two pictures are: (1) short-range sharp
changes in some quantities (turbulence = market
bubble), and (2) long-term slow fluctuations (lam-
inar = market development). Actually, the rea-
son behind observed evolution of the housing prices
from 2001 to 2017 was out of the scope of this work,
because it is widely discussed elsewhere. Sharp
changes in housing prices in Olsztyn between 2005
and 2006 are correlated with those observed on
other housing markets in Poland. External stim-
uli appear to have detrimental effect on the sta-
bility of the housing market resulting in reduction
of the number of transactions (uncertainty as to
the prospective benefits for the sellers, increased
pressure from the buyers), followed by asymptotic
transition towards new equilibrium state. In that
time, however, the number of transactions remained
relatively low, which might be a sign of excessive
contribution of the speculation. Before and after
that time, the number of transactions substantially
increases (lower speculation contribution).

Presented in this paper equivalent Reynolds num-
ber (eReHM), expressed in terms of the range
of transactional prices, absolute month-to-month
change in transactional prices and number of trans-
actions per month, can be applied as a warning in-
dicator of instability on housing markets. While in
hydrodynamic there is the threshold in always posi-
tive Re numbers that delimits laminar flow the tur-
bulent one, however some parameters might become
negative locally (flow velocity, for example) even
though the average velocity remains larger than
zero. On the other hand, equivalent Re value for
housing markets might be negative, because critical
transition might occur as a result of sharp increase
(as in presented case study) as well as the collapse
in housing prices. Here, monthly absolute change
in transactional price (equivalent to flow velocity)
in the range from 2008 to 2013 goes below zero, but
beyond that period the housing markets no longer
suffer from crises.

We believe that the determination of the thresh-
olds for pseudo-Reynolds number for other local
housing market and their later analysis may con-
tribute to an increase in market predictability.
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