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ABSTRACT. Simulation modelling performs a prognostic function through model research and the 
shaping of the future. Thorough insight into the analysed system and exploring its characteristics for 
the selection of optimal tools of analysis is an extremely significant process that precedes the stage of 
the simulation itself. For modelling and transaction simulation, the problem concerning the optimal 
range of the kernel function used for exploring the spatial activity of a property market should be ad-
dressed first. A probability function is the basis for the subsequent phase of research, which allows 
one to answer the question of whether the transaction density in a given year can be reflected in the 
transactions of the following year and subsequent years, and whether transaction distribution is cor-
related, in any way, with the transaction density in the previous year. The final results of the work are 
maps of the dynamics of transactions on the market and of the simulated transaction density.

KEYWORDS: Real estate market; Simulation modelling; Kernel density estimation; Transaction den-
sity; Map of transaction

1. INTRODUCTION

The information stored within spatial information 
systems may concern not only the physical, but 
also the economic aspects related to the property 
market. Properties are key goods for the national 
economy, but they have also become a fundamen-
tal pillar of financial stabilisation. Open, transpar-
ent and reliable information on a property market 
is a high value good. Access to information and its 
skilful use determine the proper functioning and 
economic growth of a region, as well as the effi-
ciency or effectiveness of managing commune or 
district property. Reliable information on the cur-
rent situation and property market trends exist-
ing in social awareness is essential at the decision-
making level, inter alia, for potential investors.

The property market is one of the most dynami-
cally growing sectors of the economy. Thousands 
of transactions made every year on the property 
market bring in millions in capital. Scientific re-
search on tendencies forming on the property 

market proves that one of the key determinants 
of price is location (Kiel, Zabel 2008). A relatively 
large amount of data regarding the property mar-
ket is of a geospatial nature, relating to buildings 
(properties) and factors that determine demand 
and supply. Examples of spatial variables are the 
transactional prices of properties and attributes 
which are a function of their location. As one of its 
features, the location of a property within an area 
is a constant and invariable factor determined by 
spatial conditions that only partly explain the level 
of prices.

Information about the future regarding the 
place where a transaction on the property market 
will take place is a desirable good for many stake-
holders participating in spatial management in a 
broad sense. This information is also required by 
entities making transactions on the property mar-
ket, market service domains, public institutions, 
local government institutions, natural persons, 
organizations connected with the real estate mar-
ket, and others. Simulation modelling performs a 
prognostic function through model research and *  Corresponding author. E-mail: zrobek@uwm.edu.pl
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the shaping of the future. Thorough insight into an 
analysed system and exploring its characteristics 
in order to select the optimal tools of analysis is 
an extremely important process that precedes the 
stage of the actual simulation.

In the present work, an assumption was made 
that the probability of a transaction taking place 
in a given location in the future depends on the 
activity of the market in the surrounding areas of 
the analysed location in previous years. This dis-
tribution may be identified with the intensity of 
the analysed phenomenon in space. Kernel estima-
tion is a useful tool for exploring the above.

For modelling and transaction simulation, the 
problem concerning the optimal range of the ker-
nel function used for exploring the spatial activ-
ity of a property market must be addressed first. 
The effects of the events (transactions) that took 
place on future market developments will then be 
investigated further in the work. After this phase, 
trends showing changes in the number of transac-
tions on the property market over time will be con-
sidered, with maps of their transaction dynamics 
and simulated density being the final results of the 
research. The above problems will be the subject 
of this article.

research which uses modelling and simulation 
has been successfully conducted in numerous fields 
of studies and has inspired real estate research-
ers to carry out prediction research with the use 
of such methods on the real estate market. The 
motivation for the study is an attempt at explain-
ing the possible directions of future processes that 
will take place on the real estate market. There 
have only been a few studies that relate to predic-
tion methods and real estate simulation (applying 
mainly to commercial real estate: Miller 2014; Haß 
et al. 2012).

The works undertaken aim primarily to expand 
knowledge and verify hitherto obtained informa-
tion on certain spatial phenomena on the property 
market. The conducted research will serve as the 
basis for formulating new theories regarding prop-
erty market processes and spatial phenomena oc-
curring on this market. Simulation modelling may 
also serve as a foundation of knowledge on the pos-
sible processes that can occur in its structure.

2. RELATED WORK

Taking into account the set of elements entangled 
in the interrelations which comprise the property 
market, we should look at its structure in a sys-
temic manner, including internal relations and 

structural features. The property market system 
comprises a set of subjects interacting with each 
other, i.e. a set of subjects, interrelations and re-
lations between their features (Ho, Addae-Dapaah 
2014). The subjects of a property market system 
are the entities participating in the processes oc-
curring in its structure (e.g. a person selling a 
property) and the objects (e.g. a property – the sub-
ject of a sale) connected with them. Each subject 
has specific features that are attributed to it and 
characteristic of it (e.g. the size of a plot). Rela-
tions are the connections between the subjects of 
the system and their features. Each relation has 
its own characteristic features. Due to these rela-
tions, the entirety has features that are not dis-
played by its constituents (Kaklauskas et al. 2005; 
Xie et al. 2014). The individual subjects, features 
and relations have a dynamic character and are 
affected by specific factors that define their tra-
jectory of movements in the space of conditions. 
A market system has a heterogeneous structure, 
considering that, e.g. demand is a combination of 
needs, purchasing power (income, credit capacity) 
and price, supply is a combination of a sale offer, 
good and price, and the market is a combination of 
demand and supply (Wyman et al. 2011; Cellmer 
2010). In research regarding the property market 
as a system, an indirect method of research is 
used, i.e. analysing substitutes of the real world in 
the form of models. Direct research on the entirety 
of phenomena occurring on the property market 
may be a long-lasting and costly process, or even 
unachievable due to the complexity of the sys-
tem. The components of a property market system 
and its interrelations may, thus, be presented by 
means of models mapping the real word and facili-
tating the identification, diagnosis and assessment 
of the state of reality. In addition, the identifica-
tion of cause and effect connections enables one to 
assess and predict changes related to, inter alia, 
prices and property value.

Modelling property value was also explored, in-
ter alia, by: (renaud 1997; Kouwenberg, Zwinkels 
2014; Kaklauskas et al. 2011; Zoppi et al. 2015). As 
the property market grows, scientists have been 
building increasingly more complex types of models, 
including rating models of the property market that 
facilitate the transparent evaluation of its condition 
and growth potential (Hurst 2012; renigier-Biłozor, 
Wiśniewski 2012; feige et al. 2013).

The modelling of structures of the property 
market for cognitive purposes has been attempted 
by many researchers, however only a few of them 
have attempted to carry out market research with 
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the use of simulation modelling (Diappi, Bolchi 
2008; Mc Breen et al. 2010; Bao et al. 2012; Fila-
tova 2015; Özbaş et al. 2014; Vorel 2014). The 
great advantage of this specific research approach 
is the lack of limitations connected with the struc-
ture and degree of complexity characterizing the 
analysed system, as well as the possibility of in-
cluding stochastic processes, hence allowing one 
to carry out the modelling of real systems with a 
high degree of complexity and high percentage of 
random factors (Von Malottki 2008). This is of key 
importance for researchers focusing on the behav-
iours of the property market, where processes and 
relations may have a random nature. until now, 
simulation tests in the field of the property market 
have been focused on streamlining the economic 
decisions made (Bao et al. 2012), the effectiveness 
of investing, inter alia, the maximization of prof-
its from the rental sector (Mc Breen et al. 2010), 
or the influences of environmental or social and 
economic features on demand (Vorel 2014). The 
simulations also aimed to analyse and explore 
price fluctuations on the property market, as well 
as analyse the dynamics of a local property market 
(Özbaş et al. 2014; Diappi, Bolchi 2008; filatova 
2015), while the spatial aspects of the modelled 
system were less addressed. The area of study that 
needs investigation is the issue of a transaction 
occurring on the property market in the future 
(transaction location), which currently constitutes 
an information gap. Simulation modelling allows 
one to acquire knowledge on future processes form-
ing on the property market to bridge this gap. In 
addition, this method has been successfully used to 
simulate the probabilistic nature of real phenom-
ena, as well as enabling the mathematical model-
ling of real processes whose results could not be 
predicted with the use of analytical solutions due 
to their complexity.

The present property market paradigm is based 
on the behavioural approach to explaining the be-
haviours of its participants, which entails both 
risk and uncertainty. A retrospective analysis of 
the property market shows that one of its main 
features is variability, defined, inter alia, by price 
or value variability. The price established on the 
property market is an effect of the influence of 
many factors determining its level. In addition, 
uncertainty also occurs within the property mar-
ket, which testifies to the stochastic nature of in-
formation processes that determine the price of its 
space. According to (Hanappi 2011; Xiong 2011), 
uncertainty is a phenomenon that relates to situ-
ations of no information on or unfamiliarity with 

the probability distribution, or the impossibility of 
determining it. uncertainty manifests itself in the 
impact of particular random factors on market ac-
tors; it is a characteristic and inseparable element 
that shapes the property market as an open sys-
tem (Wiśniewski 2007; Bełej 2011). uncertainty is 
defined as all factors and phenomena that are the 
effect of difficulties connected with identification, 
technical aspects (data collection), calculation, in-
terpretation and others deemed to be important. 
It is a long-lasting condition that accompanies the 
functioning of the system and results from the lim-
ited predictability and ambiguity of the behaviours 
of system subjects, and the unreliability of real 
and informative processes. uncertainty naturally 
exists on the property market. It should be treated 
as an inherent feature of the market, since it re-
sults from its dynamic and process characteristics, 
the subjective behaviours of market participants, 
information asymmetry, the specificity of property 
as a good, etc. (Heilperen 1998). Simulation mod-
elling allows one to establish, in a creative and 
cognitive way, a new set of concepts and theories 
that relate to the contemporary understanding of 
a market as an economic category, as well as one 
that incorporates spatial aspects.

Both variability and uncertainty greatly hinder 
the building of a full analytical model of the func-
tioning of the property market, while modelling 
and simulation approaches enable one to include 
the elements of uncertainty, randomness, complex-
ity and risk in its modelling process.

The existing models of the property market 
concern short-term issues on the local market, 
which is limited by the number of property at-
tributes assuming a constant environment of the 
modelled market. furthermore, questions arise 
that cannot be answered by the existing model of 
analysis. Scientists search for knowledge regard-
ing tendencies revealing possible price changes 
on the market in the future. The answer to these 
insightful questions can be found in the evalua-
tion of market functioning, which often incorpo-
rates many concurrent and feedback factors. In 
such cases, traditional analysis and econometric 
modelling might be extremely labour intensive, or 
even unachievable. The simulation modelling of 
systems provides promising solutions as regards 
the answers to these questions. It is recommended 
that the knowledge gap on the property market 
in regards to simulation modelling of the spatial 
aspects of the market be bridged by an analysis of 
transactions on the property market in the future, 
including the impact of random factors.
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3. RESEARCH METHODOLOGY

The dynamic nature of the processes that shape 
space and the complexity of procedures in spatial 
management necessitate the application of infor-
mation on the future nature of the processes tak-
ing place in the system, which makes the decision-
making process reliable. Data generation processes 
reveal mechanisms that determine the evolution of 
a modelled property market system on the basis 
of features contained in econometric data. Econo-
metric models that quantify cause and effect de-
pendences are built under uncertain conditions, as 
a complete set of causes determining the state of 
a modelled variable cannot usually be established 
(Kouwenberg, Zwinkels 2014). Prediction and sim-
ulation are processes implemented with the use of 
a property market model in order to improve the 
reliability of the decisions made. Prediction shall 
be construed as a forecasting process making use 
of knowledge regarding regularities or tendencies 
observed in the past (Wiśniewski 2007), thus ra-
tional reasoning on unknown events on the basis 
of known events. Its aim is to provide objective 
information necessary for taking decisions (Arm-
strong 2001). Making predictions regarding the 
property market system is difficult, complex, and 
has a certain degree of uncertainty. It is difficult, 
because it concerns properties, i.e. heterogeneous 
objects. It is complex, because there are a lot of 
market participants who have an impact on the 
value of a property, each of whom has a subjective 
approach to the property. It has a certain degree 
of uncertainty, as it concerns predicting future 
behaviours that have some degree of uncertainty 
(Wiśniewski 2007). The prognostic models that 
have been used so far in property market analy-
ses allow one to predict some phenomena, while 
simulation models allow one not only to predict, 
but also to create phenomena in a virtual dimen-
sion (giulioni, Bucciarelli 2008).

literature presents a lot of definitions of simu-
lation, which may be defined as, inter alia, a prob-
lem-solving technique that is based on tracking 
changes occurring over time in a dynamic system 
model (gordon 1974), or a numerical technique 
used for carrying out experiments on certain types 
of mathematical models that describe the behaviour 
of a complex system in the long-term perspective 
(fishman 1981). A similar definition has been for-
mulated by (law, Kelton 1991), defining simulation 
as a numerical technique that is based on carrying 
out experiments on a model to gain knowledge on 
the influence of input parameters on particular out-

put indicators. In its essence, simulation is a spe-
cific research approach, which is not considered to 
be a single approach, but rather a set of methods 
and techniques for describing and analysing com-
plex systems by referring to the natural human 
abilities to explore and shape the future (prognos-
tic function), present (rational function) and past 
(retrospective function) by means of modelling (Von 
Malottki 2008). Simulation increases the possibili-
ties of quantitative research with the qualitative re-
search of spatial phenomena, enabling the solving 
of problems with “unclear” definitions, as well as 
open system or variable structure system research.

Market growth poses new challenges related to 
the processes of analysing the complexity of the 
property market system. Progressing complexity 
brings about specific repercussions in the pro-
cesses of market analysis, in particular, modelling 
processes. When building simulation models, the 
increasing complexity of a system structure as 
well as of the description of its elements should be 
taken into account.

A property market is a conceptual system exist-
ing in the mental space of its participants, while 
price is its emanation. In addition to being mar-
ket facts, property prices are also information that 
participates in the processes occurring on the prop-
erty market. System and comprehensive diagnosis 
of a simulated phenomenon should lead to an un-
derstanding of the structure of processes determin-
ing property prices as a phenomenon that reflects 
(represents) the activities of a property market.

Simulations allow one to define different states, 
which are the fruition of random functions with 
known distribution patterns. Extending the prop-
erty market theory to include the main role of in-
formation, uncertainty and non-linearity results 
in the application of proper methods of simulating 
the essentials.

In practice, theoretical aspects provided by the 
property market theory and the role of spatial ac-
tivity should be taken into account in the model-
ling and simulation of transaction location. Spatial 
activity of a property market may be measured by, 
inter alia, the number of transactions recorded in 
the analysed area in a given period of time. One 
of the main problems when estimating the inten-
sity (or density) of a given phenomenon in space is 
the fact that these phenomena occur at points, or 
that their identification is only possible at certain 
measurement points. The density of a particular 
phenomenon should thus be construed as the num-
ber of points referring to the applied unit of area, 
e.g. the area within given administrative borders.



Using Kernel density estimation for modelling and simulating transaction location 33

A convenient way of estimating density can be 
the application of kernel density estimation, which 
accounts for spatial resolution. When using this 
estimation, the surface reflecting the density re-
sulting from the concentration of points in a given 
area is modelled (Porta et al. 2009; Battaglia et al. 
2010; Thurstain-goodwin, unwin 2000). Kernel 
Density Estimation has been used to model the 
density and distribution of a population and cen-
tral business district activities, to define a ‘central 
area’ and network distribution, as well as an esti-
mate of the delineation of a central area. The ker-
nel is a 3-D function that estimates the density of 
events within its searching radius or bandwidth 
(h), weighting them based on their distance from 
the estimation point (gatrell et al. 1996).

A kernel probability density estimator is de-
fined by the basic formula of (Silverman 1986; 
Kulczycki 2005):
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=

− 
=   ∑

1

1ˆ
m
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n

i

x xf x K
hmh
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where: m – size of a random sample; h – positive 
real number (smoothing parameter); K – function 
that satisfies the following requirements:

( ) =∫ 1
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K x dx ; (2)
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( ) ( )≥0K K x .  (4)

This function should reach global maximum at 
the zero point and, at the same time, must fulfil the 
requirement of symmetry with respect to zero. An 
example of the kernel function for a single-dimen-
sional variable has been presented in Figure 1.

The value of the density function is largely 
influenced by the parameter connected with dis-

tance. Estimating density is based on reading the 
values of the density function for each object and 
adding these values in order to obtain a continu-
ous area representing the density field (longley 
et al. 2005).

Depending on the aim of the studies, the type of 
data and the expected results, various forms of the 
kernel function, e.g. Epanechnikov (also referred 
to as ‘optimal’), uniform, double-weight or normal 
kernel function are applied. In many applications 
(e.g. ArcgIS, SAgA gIS), an approximation of nor-
mal distribution is assumed. If normal distribution 
is assumed as the kernel, the function will be ex-
pressed as follows:

( )  
= − 

π  

21 exp
22
xK x  (5)

for x > 3, the values of the function cause its curve 
to be more flattened. Silverman (1986) proposed an 
approximation of the density function which, to a 
large degree, reflects the properties of normal dis-
tribution, as a double-weight kernel, also referred 
to as a quartic kernel, in the following form:

( ) ( )− π ≤= 
 >

21 23 1-x         for   1 
0                           for   1

xK x
x

,  (6)

where: x – is the distance from the ‘kernel’, i.e. the 
point at which density is estimated.

As a result, the kernel density estimator takes 
on the following form:
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 (7)

and

( ) = >ˆ 0      for      x hf x . (8)

It is easy to see that the smoothing parameter 
h is also the radius indicating the range of the el-
ementary function. The length of this radius as the 
smoothing parameter has decisive influence on the 
quality of the kernel estimator. An example of esti-
mating the density distribution of transactions on 
the real estate market while accounting for vari-
ous values of the smoothing parameter has been 
presented in Figure 3.

The value of the smoothing parameter should 
not be too small in order to avoid an excessive 
amount of local extremes, which could be in con-
flict with the nature of the studied phenomenon. 
On the other hand, too high of a value of the h pa-
rameter may result in excessive smoothing of the 
estimator and, at the same time, hide certain spe-
cific features of the analysed distribution (Stępień 
2010).

fig. 1. Density function of single-dimensional 
variable – example

Source: own elaboration based on Stępień (2010).
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One important field in which kernel estima-
tion has been applied for many years is system 
analysis (Kulczycki 2005). However, there are not 
many works pertaining to its application for the 
spatial analyses of the real estate market. Kernel 
estimation was used, among others, to assess the 
accessibility of retail shopping centres (Porta et al. 
2009), as well as to analyse accessibility to public 
health care (Spencer, Angeles 2007). Models repre-
senting the density of phenomena can also be the 
basis for studying correlative relationships. Serv-
ing as an example are the results of the analyses of 
relationships between features of the transporta-
tion system and selected socioeconomic indicators 
pertaining to the local society (Penn, Turner 2003).

Kernel density estimation method is not a per-
fect approach. The kernel function assumes, for 
a single point, an even spatial distribution in all 
directions. In actual spatial systems, the differ-
ence in the value of a feature depends not only on 
the distance but also on the direction. In the case 
of studies regarding the real estate market, the 
spatial distribution may be focused, among others, 
along transportation routes, which may indicate 
spatial anisotropy. Moreover, a certain difficulty 
over the course of carrying out analyses may be 
the presence of spatial barriers in a natural (e.g. 
the occurrence of rivers, forests or lakes) or an-
thropogenic form (e.g. transportation routes). The 
selected methodology therefore assumes a homog-
enous nature of the space in each place and in all 
directions. The assumption of spatial heterogene-
ity would thus require such modification of the 
kernel function that would result in its shape be-
ing adapted to the spatial conditions.

The application of kernel estimation is not lim-
ited to assessing density. It can also be used for 
studying the intensity of a given phenomenon. It 
is thus possible to apply when developing maps of 
market activity, the intensity of road traffic or the 
intensity of building development.

Specific aim
A transaction is a certain event that may influence 
space within a specific distance. The occurrence of 
a transaction in a given area does not have an in-
fluence at a distance of, e.g. ten kilometres; how-
ever, in the case of shorter distances, e.g. several 
hundred metres, the interactions may be relative-
ly strong. The research problem that needs to be 
resolved is the selection of a kernel function (its 
range) for the needs of market data analysis.

In the case of the property market, if the goods 
are undeveloped land properties, we are dealing 

with surface objects. In this case, for purposes of 
the research, we can use simplified elements that 
represent the analysed properties – plot centroids.

For the selection of a kernel function, the 
modelling of transaction density with the use of 
a range of functions with different smoothing pa-
rameters was carried out (h). Particular density 
distributions were then compared to the location of 
a real transaction in the subsequent year of analy-
sis, and an “adjustment gauge” was developed on 
the basis of the sum of values read from a raster 
regarding the kernel function with an assigned 
range. The optimal range of the kernel function 
was determined on the basis of the greatest sum of 
values. The process of transaction modelling was 
performed for the entire year of the analysis. As 
a result of density analysis, a certain space was re-
ceived that characterizes the intensity of the ana-
lysed phenomenon, while testifying to the activity 
of the property market. As far as the volume under 
each space that represents the density function of 
a single event is the same and equal to unity, the 
total volume of all density functions is equal to the 
number of transactions. In order to use this space 
as a probability density function, transformation 
was carried out in such a way that the integral 
covering the entire space under analysis was equal 
to one. The conducted research provided an answer 
to the optimal selection of the range of function 
used for the spatial activity analysis of the proper-
ty market. The thus determined probability func-
tion is the basis for the subsequent phase of the 
research, which allows one to answer the question 
of whether the transaction density in a given year 
can be reflected in transactions in the following 
year and subsequent years, and whether transac-
tion distribution is correlated, in any way, with the 
transaction density in the previous year.

It could be assumed that the internal “memory” 
of a property market is made up of existing phe-
nomena and the behaviours occurring there, while 
elements of this “memory” are reproduced in the 
future. On inclusion of market conditions, the fol-
lowing assumptions were accepted and categorized:

 – the places where further transactions appear 
depend on factors, such as, supply, property 
prices, local preferences of purchasers, sub-
jective, natural and anthropogenic factors 
and the global situation (tensions, conflicts);

 – transaction density indicates the occurrence 
of particular factors within the analysed 
area;

 – transaction density is a gauge of a bundle of 
factors that occurred in the past, and may 



Using Kernel density estimation for modelling and simulating transaction location 35

subsequently occur in the future;
 – there is a higher probability of transactions 
occurring in a place where transactions have 
already occurred (assuming that these fac-
tors are not dynamic);

 – external factors change over time; however, 
for short-term modelling and simulation, it 
can be assumed that these elements are fixed;

 – future transaction density should correspond 
to existing transaction density while maintain-
ing the principle of ceteris paribus (assuming 
the static nature of market conditions).

After receiving an answer to problems regard-
ing the optimal range of the kernel function for 
transactional data and the influence of the occur-
rence of a transaction on future market events, 
trends regarding the number of transactions over 
time should be considered. For this purpose, a sim-
ple linear regression model was built in each con-
trol area. The result of the works is a map of the 
dynamics of transactions on the property market 
designed with the use of geostatistical simula-
tion – ordinary kriging.

Kriging is a geostatistical method that provides 
the best linear unbiased estimators of the value of 
the analysed regionalized variable. It is often de-
scribed with the use of the BluE (best linear un-
biased estimator) acronym. Kriging supports the 
identification of regularities in the spatial distri-
bution of data, and those regularities are used in 
spatial interpolation. Kriging methods are applied 
to quantitative data expressed on a quotient or 
interval scale (longley et al. 2005). The proposed 
methods were further developed and described in 
detail by Matheron (1967). The value estimated by 
means of the kriging method is an important lin-
ear combination of regionalised random variables. 
The estimator of kriging as a random function Z 
(si) is the following value:

( ) ( )
=

= ∑*
0

1

n

i i
i

Z s w Z s . (9)

An estimation error is thus the difference be-
tween an estimated value and a random variable 
value modelling a real value. The kriging method 
differs from other point estimation methods main-
ly due to the minimization of error variance. Es-
timation variance by the kriging method equals:
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where: wi, wj – kriging weights; Cov(si,sj) – covari-
ance between the value of variables in locations si, 
sj; s0 – point where interpolation is made.

Kriging requires the knowledge of covariance or 
semivariance values determined from a semivari-
ogram. An empirical semivariogram can be com-
puted with the use of the below formula (Mather-
on 1967; Journel, Huijbregts 1978; Cressie 1993; 
Sarma 2009):

( ) ( ) ( ) ( )
( )

=

 = + − ∑ 2

1

1
2

N h

i i
i

ã h Z x h Z x
N h

, (11)

where: Z(xi) – data values; xi – locations at which 
measurements were performed; N(h) – number of 
point pairs (xi, xi + h) separated by the distance h.

An empirical semivariogram is approximated 
with the use of theoretical functions (e.g. a spheri-
cal model). Kriging is not a simple method to be 
applied in practice, as the assumption that the 
analysed variables are stationary is rarely met.

The final phase of the works of this article is 
preparing a map of simulated transaction density, 
which should be created on the basis of a map of 
the dynamics of transactions and the spatial activ-
ity of the market in the last year of analysis.

4. RESULTS

research works were carried out on the basis of 
data regarding purchase and sales transactions 
of undeveloped land properties that were made 
on the property market in the Olsztyn Commune 
(Olsztyn District, Warmia-Masuria Province, 
north-eastern part of Poland). Olsztyn is the capi-
tal of the Warmia-Masuria Province, with a total 
surface area of 88.33 km2 and a population count 
that fluctuates at around 200,000. The real estate 
market in Olsztyn is balanced, with no particular 
conditions that influence its functioning. The data 
regarding property market transactions were pro-
vided by the Municipal Council of Olsztyn, where 
the data are collected as a register of real estate 
prices and values, which is an integral part of the 
cadastre. In the register, every real estate is char-
acterized by features such as: a transaction iden-
tifier, the date of a transaction, the price of the 
transaction, the type of real estate, etc. The ana-
lysed data pertained to the time period 2004–2012. 
The number of transactions in the respective years 
varied from 115 in 2009 to 327 in 2011, with an 
average of 210 properties marketed per year. The 
properties that were traded as non-marketable 
items, e.g. land used for the extension of existing 
roads, were excluded from the analysis. Instead, 
properties that provided an objective picture of the 
market activity were selected. The research area 
has been marked in Figure 2.
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Fig. 2. Research area – Poland, Warmia-Masuria 
Province, Olsztyn Municipal Commune

Source: own study.

In order to select the range of the kernel func-
tion for market data analysis, transaction density 
modelling was carried out with the use of differ-
ent ranges of the function. Exemplary analysis for 
2004 (range of the kernel function is accordingly: 
500 m, 1000 m, 1500 m) has been presented in 
Figure 3.

Scale 1:250000

h = 500 m

Scale 1:250000

h = 1000 m

Scale 1:250000

h = 1500 m

Scale 1:16000

h = 500 m

Scale 1:16000

h = 1000 m

Scale 1:16000

h = 1500 m
Fig. 3. Analysis of kernel function density  

distribution for 2004
Source: own study.

The above procedure was repeated for the re-
spective years of the analysis. The received density 
distributions were then compared with the location 
of actual transactions in the consecutive years. For 
this purpose, the values of respective rasters from 
the previous year were read at points representing 
transactions in the following year; a fragment of 
this is illustrated by Figure 4.

fig. 4. A fragment of the table with values of 
respective rasters from 2004 as a result of data 

extraction and placed over the points representing 
transactions in 2005 (range of kernel function –  

500 metres)
Source: own study.

The sum of the raster values may be a quality 
gauge of reflecting density by the kernel function. 
In line with the assumptions, the highest value of 
the sum also informs us about the optimal range 
of the kernel function. The results of the analysis 
have been presented in Table 1*.
Table 1. Results of analyses regarding the selection of 
kernel functions in respective years of analysis

given years of 
analysis

Kernel function 
range (m)

Sum of the raster 
values

2005 500
1000
1500

0.006126
0.002931
0.002047

2006 500
1000
1500

0.004322
0.002254
0.001616

2007 500
1000
1500

0.002763
0.001665
0.001203

2008 500
1000
1500

0.000912
0.000779
0.000643

2009 500
1000
1500

0.001075
0.000701
0.000523

2010 500
1000
1500

0.001109
0.000664
0.000494

2011 500
1000
1500

0.002038
0.001517
0.001242

2012 500
1000
1500

0.002046
0.001325
0.001062

* in line with the assumptions of the procedure, the 
sum of the values read from the raster regarding the 
kernel function from 2014 was placed over the points 
representing respective transactions in 2005, etc.
Source: own study.
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The more the density of transactions from the 
previous year affects transactions in the follow-
ing year, the higher the sum of the raster, which 
would attain the highest value if the location of the 
transactions coincided with each other. The experi-
ments carried out showed that the kernel function 
range for market data should be relatively small. 
This is in line with Tobler’s (Tobler 1970) principle, 
which states that interactions occurring between 
objects in space demonstrate, in many cases, that 
elements located nearby usually have more simi-
larities than more distant objects. In the research, 
the range of the kernel function used was 500 m. 
The specified parameters of the density functions 
will be used to calculate the probability of transac-
tion occurrence in the future.

The next phase of works aimed to obtain an 
answer to the question of whether probability 
measured by transaction density should concern 
only the previous year, or a few preceding years. 
Therefore, the area under analysis was covered 
with evenly distributed control points. The results 
of estimation in the form of rasters were read at 
the control points so as to provide the values of 
density for these points in the respective years.

Correlation coefficients between the values re-
ceived for the respective years were then calcu-
lated (Table 2).

The conducted research shows that all the data 
has a positive correlation, which means that trans-
action density in a given year is statistically con-
nected with transaction density from the previous 
year and from a few preceding years. for example, 
transactions from 2004 have an impact on the loca-
tion of transaction occurrence in 2005 and 2006; a 
relationship between “new” transactions and those 
which had taken place earlier is also observed in 
the following years. All correlation coefficients 
were found to be statistically significant assuming 
a significance level of less than 0.05. The above 
results provide sufficient grounds to conclude that 
there is a relation between the current situation 

on the property market and future phenomena oc-
curring on this market. Correlations between par-
ticular phenomena are not constant and linear, but 
determined by the specificity of the market and its 
open and random nature.

Another aim of the analysis concerned search-
ing for a way to include the trend showing the 
changes in the number of transactions over time. 
The conducted analyses made it possible to build a 
model where the explained variable is transaction 
density in the last year of analysis (2011), while 
the explanatory variables are the transaction den-
sities in the preceding years. The results of this 
have been shown in Table 3.
Table 3. Results of estimating a linear model of 
multiple regression

Transaction 
density in a 
given year

Coefficient Standard 
error

t level p

2004 –0.119 0.032 –3.704 0.0002
2005 –0.081 0.031 –2.636 0.0084
2006 0.146 0.039 3.698 0.0002
2007 0.036 0.035 1.038 0.2996
2008 1.280 0.047 27.456 0.0000
2009 0.754 0.070 10.834 0.0000
2010 –0.046 0.060 –0.758 0.4485

Source: own study.

The significance test of the model as an entirety 
carried out by fisher-Snedecor statistics showed 
that dependences are not random at a level of sig-
nificance lower than 0.001. It was found that the 
majority of the explanatory variables significantly 
influence the explained variable. Only for 2007 
and 2010 was the significance level greater than 
0.05. In the other cases, the analysed variables 
had very low values.

In the next phase of the research, a simple 
regression model was built at each of the control 
points. This resulted in a trend showing whether 
the number of transactions measured by density 
increases, decreases, or is maintained at the same 

Table 2. Transaction density correlations in respective years.

2004 2005 2006 2007 2008 2009 2010 2011
2004 1 0.669 0.624 0.45 0.403 0.428 0.481 0.245
2005 0.669 1 0.618 0.432 0.284 0.433 0.428 0.191
2006 0.624 0.618 1 0.536 0.282 0.334 0.413 0.228
2007 0.45 0.432 0.536 1 0.25 0.288 0.395 0.197
2008 0.403 0.284 0.282 0.25 1 0.543 0.445 0.638
2009 0.428 0.433 0.334 0.288 0.543 1 0.638 0.638
2010 0.481 0.428 0.413 0.395 0.445 0.638 1 0.353
2011 0.245 0.191 0.228 0.197 0.638 0.638 0.353 1

Source: own study.
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level. The final result is a map of the dynamics of 
transactions on the market (fig. 6) created with 
the use of the ordinary kriging method. The spatial 
structure of the trend value in the form of a semi-
variogram has been presented in Figure 5.

The map below shows differentiation in the 
dynamics of spatial activity on the local property 
market. The greatest changes concern areas where 
there are undeveloped lands designated for devel-
opment (usually single-family detached housing), 
including the residential areas of: generałów, 
gutkowo, Pieczewo, nad Jeziorem Długim, and 
the central part of redykajny. low activity areas 
included city districts where there are no unde-
veloped lands and characterized by adverse land 
conditions (lands characterized by poor load bear-
ing conditions), such as the city centre.

Scale 1:128000

Fig. 6. Map of market transaction number change 
dynamics

Source: own study.

Based on the conducted analysis, a map of the 
simulated transaction density was drawn up for 
the needs of future research. The map was cre-
ated on the basis of the dynamics map and the 
spatial activity of the market in the last year of the 
analysis (density distribution of the kernel func-
tion for h = 500 m), which has been presented in 
the Figure 7.

5. CONCLUSION AND FUTURE WORK

A detailed analysis of a property market in the 
context of its activity resulted in finding an answer 
to the questions preoccupying scientists as regards 
the possible tendencies forming in the structure of 
this market. The research results show that the 
range of the selected function is of significant rel-
evance for market spatial activity research with 
the use of kernel estimation. This confirms the 
principle that objects located closer to each other 
in space influence each other to a greater extent. 
In addition, the density of transactions in a given 
year is reflected both by the transactions in the 
next year as well as in subsequent years. The map 
of the dynamics of transactions on the market will 
be the basis for further simulations (i.e. it will be a 
forecast model with known probabilities – errors). 
Based on the results of the present work, a map of 
simulated transaction density was created.

further research will be aimed at carrying out 
a transaction simulation process as a tool, inter 
alia, for obtaining additional information on the 
property market. The conducted research on creat-
ing property market models will allow simulation 
experiments that are pioneering on the property 

Fig. 5. Semivariogram – spatial structure of  
the trend value

Source: own study.

Scale 1:128000

Fig. 7. Map of simulated transaction density 
(probability of transaction occurrence)

Source: own study.
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market and have tremendous research potential to 
be carried out. The awareness of a variety of pos-
sibilities provided by simulations and the results 
of preliminary tests provide grounds to conclude 
that the planned research will offer significant in-
put which will help bridge the existing gap with 
respect to the property market. The formulated al-
gorithms should be the basis for the development 
of gIS tools for purposes of property management.

An alternative approach to the process of esti-
mating the density of transactions in space for pur-
poses of simulating the location of transactions is 
focusing attention on factors which are attractors 
of demand. The problem of assessing future mar-
ket activity can be solved, among others, by the 
carrying out an inventory of areas in terms of the 
attractiveness of their location (access to techni-
cal and transportation infrastructure, green areas, 
etc.) additionally accounting for the level of prices 
and potential supply. Therefore, testing the spatial 
distribution of supply and demand can serve, along 
with kernel density estimation, as an alternative 
basis for simulating the location of transactions.
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