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ABSTRACT

Motives: The research problem addressed in the paper is the identification of sources of the spatial
differentiation of housing satisfaction under the influence of external factors (economic, demographic
and social).

Aim: The main research objective was to identify the determinants and spatial differentiation
of housing satisfaction in Poland. Both classical panel models and spatial panel models were used
for the analyses.

Results: The results of the study confirmed the hypothesis that the inclusion of spatial dependencies
significantly improved the quality of the panel model. The developed models supported the
determination of statistical relationships between economic, demographic and social factors, the
number of dwellings per 1000 inhabitants, and the average floor space per person. In addition,
the spatial distribution of individual effects in spatial panel models revealed variation in housing

satisfaction that resulted from different levels of socio-economic development.

Keywords: housing needs, spatial dependencies, spatial panel model, spatio-temporal analysis

INTRODUCTION

Housing needs have a universal dimension
and affect all citizens throughout their lives, and
meeting this need is a fundamental and significant
consumption challenge (Myers et al., 2002). The needs
of households in this regard are unlimited and change
as their wealth increases, which makes them difficult
to measure. They are a determinant of the social
function, the essential element of satisfying human
needs, and the economic function as the fundamental
object of investment. Housing is generally the most
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costly of all goods acquired over a lifetime, and many
citizens cannot afford to acquire their dwellings for
their entire lives. The housing situation of citizens
affects, among other things, the professional activity,
qualifications and spatial mobility of workers.
Improved housing conditions mean a reduction
in health care expenditures, facilitate economic
development and ensure labour mobility, and above
all, mobilise households to accumulate funds and save
for housing purposes (Tibaijuka, 2013). Therefore,
diagnosing actual housing needs and individual

0o



Cellmer, R. (2023). Spatio-temporal modelling of housing satisfaction indicators based on statistical data — evidence from

Poland. Acta Sci. Pol. Administratio Locorum 22(3), 321-334.

households’ reported housing demand is a crucial
challenge of state housing policy.

The motive of undertaking the indicated topic
of work is the premises of Poland’s long-term
unsatisfied housing needs among economically
different groups of the population. Since housing
is at the forefront of the essential goods of individual
consumption and social needs and its satisfaction,
directly affecting the human environment, it is
a critical element of scientific research.

The main research objective was to determine
the determinants and the spatial differentiation
of indicators that indicate the level of satisfaction
of housing needs in Poland. Both classical panel
models and spatial panel models were used for the
analyses.

There is consensus among many economic
and sociological theories about the extraordinary
importance of the housing market in individual,
social, and state life (Nurzafira et al., 2019). Housing
conditions are particularly influential in shaping the
material and social environment in which a person
lives and develops. Housing not only satisfies basic
human housing needs but acts as an essential
determinant of a family’s quality of life (Kam et al.,
2018). Dynamic change in lifestyles of developing
societies causes changes in consumer needs towards
convenience, higher quality of goods and services, and
individualisation, which translates into an increase
in housing needs in quantitative and qualitative
terms (Myers et al., 2002). However, housing quality
indicators are difficult to measure and compare across
time and space.

Housing need is defined as the aggregate of
households unable to access market provided housing
or requiring some form of housing assistance in the
private rental market to avoid a position of rental stress
(Rowley et al., 2017). Measuring the extent to which
housing needs are met is quite complicated because
it involves a subjective assessment of a particular place,
time, and evaluation purpose (Nurzafira et al., 2019).
Satisfaction of these needs can be described as housing
satisfaction, defined as a feeling of satisfaction with
one’s housing conditions (Mohit et al., 2014). Housing
satisfaction can also be defined as an indicator of the
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assessment of residential property owners’ overall
quality of life and can mean fulfilling an individual’s
housing expectations (Tan, 2016). Furthermore,
housing satisfaction describes residents’ quality of
life in a particular residential environment and acts
as a trigger influencing residential mobility (Amerigo
& Aragones, 1997).

In Poland, there were only 390 dwellings per
1,000 inhabitants in 2019, which increased 11.1%
(349.6 dwellings) compared to 2010. More than half
of EU member states had more than 500 dwellings
per 1,000 inhabitants in 2019. This ratio was highest
in countries where the economy is based on tourism
and holiday homes distort the statistics, thus not
reflecting actual social housing needs.

Several factors influence the level of housing needs
(housing satisfaction), including socio-demographic
factors and the physical characteristics of housing
(Nurzafira et al., 2019). Age, income level, education
and employment are crucial (Max, 1999; Vera-Toscano
& Ateca-Amestoy, 2008). The physical characteristics
of the dwellings are primarily their size, the number
of bedrooms, age of the building and overall quality
(Roslan et al., 2020). However, a clear distinction
must be made between housing needs and housing
preferences (King, 2006). Other authors also point out
this distinction (Kim & Kim, 2017; Mohit et al., 2014;
Roslan et al., 2020; Vera-Toscano & Ateca-Amestoy,
2008), indicating factors influencing needs, preferences
and housing satisfaction. Housing needs are also often
identified with potential demand; hence econometric
demand models are used for research (Bajari et al.,
2010; Bayer et al., 2016; Xiong et al., 2020). Problems
of modelling housing needs understood as potential
demand are also discussed, among others, by Bramley
et al. (2010), indicating broad possibilities of using
simulation and forecasting models.

In past research, factors shaping the level of hous-
ing need satisfaction have generally been treated as
non-spatial or discrete in space (Bajari et al., 2010;
Wang et al., 2014). The groups mentioned above
of determinants have the most significant influence
on the existing demand for housing and can also
be quantified in spatial terms. Spatial diversifica-
tion of particular indicators and different intensity
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and directions of social processes (e.g. migrations)
determine different shapes of demand, both potential
and effective, for dwellings in various country places.
These factors are continuous, exhibit spatial auto-
correlation, and show dynamics of change in space.
Lack of assumptions about their spatial heteroge-
neity and variability in time may be a significant
barrier to understanding the processes occurring in
the real estate market and their importance for local
and regional development (Jayaraman et al., 2013;
Jones & Leishman, 2006). The scientific problem, in
this case, is the identification of the sources of spatial
differentiation of indicators of satisfaction of housing
needs under the influence of exogenous conditions
(economic, demographic, social, etc.). On the other
hand, the main aim of the research is to determine
the spatial differentiation of the satisfaction of hous-
ing needs in the form of a diagnostic model which
can support the state housing policy. The main focus
was on presenting the possibility of applying spatial
panel models to identify areas with different degrees
of housing needs fulfilment in Poland.

METHODS

The study was conducted using panel data
modelling, i.e., data resulting from combining multiple
observations for individual units. Particular attention
is paid to the spatial aspect in identifying the analysed
phenomena. Hence, the main focus of the analyses
was on the use of spatial panel models.

The importance of panel models in economic
sciences is emphasised by Heng (2014) as well
as Griliches and Intriligator (1984). In classical
panel models, it is assumed that, in addition to the
explanatory variables, unmeasured, time-constant,
and object-specific factors, called group effects, and
time-constant relative to object-specific factors,
called time effects, can influence the evolution of the
explanatory variable. The panel model in its general
form can be represented as follows (Baltagi, 2021):

k

BritXkic + a; + v + & (1)
k=1

Yie = Bo +
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where y,, denotes the dependent variable, x, ;, denotes
the explanatory variable, B, is intercept, while B,
is the structural parameter of the model (i denotes
an object, t denotes time, while k denotes the number
of the explanatory variable). In addition, ai denotes
individual effects, Vv, denotes period effects, and g
denotes the random disturbance component.

t

Individual and periodic effects may be fixed
effects, i.e., fixed over time or for a given individual,
in which case they do not depend on random fac-
tors (FE - Fixed Effects Model). In Random Effect
Models (RE), each individual is assigned a random
variable, the realisation of which is responsible for
the individual effect in a given period. As a result,
individual effects are not treated as parameters. Under
the assumption of factor constancy, the random com-
ponent is assumed to capture all differences between
objects and periods (oneway model). On the other
hand, we obtain a twoway model if we assume that
the intercept differs for different periods and objects.

Panel models with spatial autoregression of both
the explanatory variable and the random component
taking into account fixed effects (FE) and random
effects (RE), were used in the study. The model with
spatial autoregression of the explanatory variable,
including fixed effects (SAR-FE - Spatial Auto-
regressive Fixed Effect Model), can be presented in
the following simplified form:

Vie = @ + x3 B+ pWy)ie + use, uie~N(0,08)
)

However, when taking into account random
effects (SAR-FE - Spatial Autoregressive Random
Effect Model), the form of the model will be as follows:

Yie = o + X[ B+ p(Wy)ir + vy
Vig = & + Uy ?3)

where p denotes the spatial lag parameter, while (Wy);,
denotes the corresponding observation of the spatial
image of the explained variable at the i-th location,
in period t.
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The fixed effects model accounting for the spatial
autocorrelation of the random component (SE-FE -
Spatial Error Fixed Effect Model) has the form:

Vit = @ + X[+ Uz
e = AWwe + &, &:~N(O, Usz) )

In contrast, the Spatial Error Random Effects
Model (SE-RE) can be written as follows:

Yit = g + xiiﬁ + Vi
Vip = a; + Ujt
U = AWu) e + &, €~N(0,02) 5)

where A denotes the spatial autocorrelation parameter
of the random component.

To verify the existence of spatial interactions,
a marginal Lagrange multiplier test (marginal LM
test for spatial error correlation or random effects)
was used (Baltagi et al., 2003), which also determined
whether it was reasonable to introduce regional
effects into the model. Locally robust LM tests for
spatial lag correlation sub spatial error correlation
were used to select an appropriate model form
(Anselin et al., 1996; Elhorst et al., 2014). The type
of spatial dependence (spatial lag or spatial error) was
determined using this test. The Hausman test (Millo
& Piras, 2012) was also used to confirm the results.

MATERIALS

The research was conducted on the territory
of Poland. Data used for analysis refer to the period
from 2011 to 2020 and come from the local data bank
maintained by the Central Statistical Office (Wwww.stat.
gov.pl). According to the valid in Poland nomenclature
of territorial units for statistical purposes developed
based on the European Nomenclature of Territorial
Units for Statistics (NUTS), as a statistical unit was
adopted the poviat area (NUTS level 4). The number
of dwellings per 1,000 people and the average usable
floor space per person was selected from many
housing needs satisfaction indicators. Each examined

324

unit also collected data on the fundamental social and
economic indicators. The selection of the adopted
set of variables was guided primarily by the factual
premises and the results of research conducted so
far. Although the taken into account conditions are
represented in national statistical data by a much
larger number of indicators, limiting their number
allows minimising the risk of collinearity (i.e. their
correlation). The list of adopted indicators and their
designations are presented in Table 1. In total, data
were collected for all 380 poviats in Poland.

Table 1. Indicators used in the study and their symbols

Indicator (variable) Symbol

Number of dwellings per 1,000 persons Y,

The average floor area of a dwelling per 1 person

!
[ S}

Marriages per 1,000 population

—

Population density (person/km?)

)

Percentage of the working-age population in the
total population

el ool e
W

W

Population growth in %

Migration balance

w

Entities entered in the business register per 10,000
population

(=)

Revenue of municipal budgets per 1 inhabitant

~N

Registered unemployment rate

el o s I oI o
=]

The average monthly gross salary

Nl

g
o

The average price of Im? of an apartment

Source: own preparation.

In Poland, the housing issue is one of the most
pressing challenges facing the government and
local governments. According to a report prepared
by Habitat for Humanity Poland (www.habitat.pl/
forum-mieszkaniowe-2020), the lack of housing and
prospects for solving this problem is one of the three
most critical problems for Polish families.

Figure 1 shows the number of dwellings per 1,000
population (variable Y,) in 2021 in selected European
countries.

These are estimates of the Deloitte consulting
firm (www.deloitte.com), as Eurostat does not publish
such statistics for the whole EU. However, they can be
found, among others, in reports by Deloitte, which
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Poland
Slovakia

Fig. 1. Number of dwellings per 1,000 population

600 700

Source: own preparation based on www.GetHome.pl and www.deloitte.com.

uses data on the number of inhabitants and the
number of dwellings, which are published by statistical
offices of individual countries. On average, in Europe,
there are 435 apartments per 1,000 people. With 393
apartments, Poland is still far from the more affluent
EU countries, such as Austria, France or Germany,
and even from Central and Eastern Europe, such as
Hungary or the Czech Republic.

Moreover, the indicator does not always reflect
the actual level of satisfaction with housing needs.
For example, Portugal, Italy and Bulgaria boast the
highest apartments per 1,000 inhabitants. However,
these are countries where a large part of the resources
are holiday apartments.

Regarding the average usable floor area of a dwell-
ing per person (variable Y,), according to Eurostat
data, in Poland, it amounted to slightly more than
29 m?, while a statistical inhabitant of Europe has
afloor area of approx. 40 m?. About 40 m? per person
is in France, Spain, Latvia, Finland or Italy. The largest
area is in Denmark, over 60 m? per person. Figure 2
shows the variation of the explanatory variables Y,
and Y, in the cross-sectional and time series for all
380 poviats in Poland.

Eradoslaw.cellmer@uwm.edu.pl

Information provided by the Ministry of Develop-
ment (Www.gov.pl/web/rozwoj-technologia) shows that
the housing deficit at the end of 2019 was 641,000 units.
However, based on CSO data, it can be concluded that
the housing situation is consistently improving. At the
beginning of the analysis period, there were just over
330 dwellings per 1,000 inhabitants, while in 2020,
there were 30 more dwellings. However, it is worth
noting that this relationship looked much better in the
five major cities: 539.9 in Warsaw, 500.7 in Wroclaw
and the least — 478.9 in Gdansk. This may be due to
the different social models that describe demographics
in cities (especially the largest ones) and rural areas.
In cities, the ample supply of developer apartments and
higher wages make it easier for even young families to
get their property. In villages, in many regions of our
country, we can still see multi-generational houses
inhabited by grandparents, parents and their children.

The situation is also improving in terms of space
per person. While in 2011 there were slightly more
than 25 meters per person, today it is nearly 4 m?
more. Based on the growing trends, it can be easily
estimated that Poland will reach the current European
average only in about 20 years.
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Fig. 2. Variability of Y, and Y, in the cross-section and over time

Source: own preparation.

RESULTS AND DISCUSSION

The number of dwellings per 1,000 people (Y,)
and the usable floor space per person (Y,) were used
as dependent variables. The explanatory variables
are presented in Table 1. The developed models
are primarily diagnostic; hence, the fundamental
assumption for interpreting the results was that the
modelled relationships and dependencies are not
causal. In any case, the subject of analysis was not
causality but only statistical relationships between
analysed variables.

Pooled models

In the first step of the analyses, a pooled model was
developed separately for the explanatory variables Y,
and Y,, and then tests were conducted to determine
the significance of individual and time effects. These
tests formed the basis for deciding on the form of the
panel model. The panel model was then built and
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interpreted. In the next step, tests were performed
to determine the significance of spatial relationships.
Based on these tests, a spatial panel model was built,
and the interpretation of time effects and the spatial
distribution of individual effects was made. The results
of the pooled estimation are presented in Table 2.
For clarity, the model in which the dependent variable
was the number of dwellings per 1,000 people was
named as model Y, while the model in which the
dependent variable was the floor area of the dwelling
per person was named as model Y.

The general model is only a prelude to further
analysis. Regressions are performed on all available
observations as cross-sectional data in the pooled
model. It assumes no individual effects and no
changes of the analysed phenomenon over time.
The parameters of the pooled model were determined
using the ordinary least squares (OLS) method.
The results show that parameters for all analysed
variables are statistically significant at a significance
level less than 0.05. In the model in which the
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Table 2. Pooled model. OLS estimation results

Model Y, Model Y,

Variable Estimate Std. error p-value Variable Estimate Std. error p-value

Intercept 321.560 20.480 <0.001 Intercept 32.888 1.795 <0.001
X, 7.262 0.773 <0.001 X, 0.705 0.067 <0.001
X, 0.032 0.001 <0.001 X, -0.001 0.00005 <0.001
X, -2.094 0.304 <0.001 X, -0.166 0.026 <0.001
Xy -9.216 0.199 <0.001 Xy -0.509 0.017 <0.001
X 0.891 0.127 <0.001 X 0.393 0.011 <0.001
Xe 0.634 0.020 <0.001 Xe 0.013 0.001 <0.001
X, -0.002 0.001 <0.001 X, 0.0001 0.00005 0.005
Xy 0.641 0.081 <0.001 Xy -0.129 0.007 <0.001
Xy 0.008 0.001 <0.001 Xy -0.0002 0.00007 0.002
X0 0.004 0.001 <0.001 X0 0.0006 0.00004 <0.001

R%=0.797, logLik = -17163.5, AIC = 34351

RZ =10.598, logLik = -7913.01, AIC = 15848

Source: own preparation.

dependent variable was Y, three explanatory variables
turned out to be destimulants. Somewhat puzzling
is the result that more prosperous regions (X,) have
fewer housing units per 1,000 people than poorer
regions. In the second model, where the dependent
variable was Y, it is worth noting that in regions with
higher earnings (X,), the m?/person ratio is lower.
However, the very specificity of OLS estimation from
all data should be considered. In this case, we omit
information about the sample structure; hence, one
should have limited confidence in the results, as the
estimators will be inefficient and biased in some
situations (Baltagi, 2021).

Panel models

In order to determine the appropriate regression
model to analyse the panel data, some statistical tests
were conducted, including the Breuch-Pagan test and
Hausman test. The results are presented in Table 3.

Table 3. Testing results

The first two tests, i.e. Breuch Pagan LM Test and
the F test for individual effects test, clearly indicate
that in both cases, the panel model with both random
effects and fixed effects are more appropriate than
the general (pooled) model. Hausman test determines
whether we deal with random effects or fixed effects
(Baltagi, 2021). In both cases, the chi-square value
proved to be statistically significant, which means
that the hypothesis of random effects occurrence was
rejected. The Breuch-Pagan test for the significance
of time effects was also conducted. In both models,
the chi-square statistic was statistically significant,
which means that the hypothesis of no significance
of time effects should be rejected. As a result, it was
determined that the appropriate models would be
twoways models in which individual effects (fixed
effects) and time effects are simultaneously present.
Table 4 presents the modelling results for the
explanatory variables Y, and Y,, respectively. Only
those parameters that were found to be statistically

Test Model Y, Model Y,
Breuch Pagan LM Test LM =105.9 p <0.001 LM =112.8 p <0.001
F test for individual effects test F=317.0 p <0.001 F=3851 p <0.001
Hausman test chisq=274.2 p <0.001 chisq = 88.37 p <0.001
time effects (Breusch-Pagan) chisq = 3687.0 p <0.001 chisq=136.8 p <0.001

Source: own preparation.

Eradoslaw.cellmer@uwm.edu.pl
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Table 4. Results of panel modelling (within, twoways)

Panel model Y,

Panel model Y,

Variable Estimate Std. error p-value Variable Estimate Std. error p-value
intercept 446.446 7.314 <0.001 intercept 22.231 0.403 <0.001
X01 1.113 0.197 <0.001 - - - -

- - - - X02 -0.001 0.00009 <0.001
X03 -2.284 0.097 <0.001 X03 0.021 0.006 <0.001
X05 0.327 0.067 <0.001 X05 0.039 0.004 <0.001
X06 0.309 0.024 <0.001 X06 0.032 0.001 <0.001
X07 -0.0009 0.0002 <0.001 X07 0.00004 0.00002 0.030
X08 0.205 0.042 <0.001 X08 0.027 0.003 <0.001
X09 0.001 0.0006 0.037 - - - -
X10 0.002 0.0002 <0.001 X10 0.00009 0.00001 <0.001

R2=0.902, logLik = -10076.3, AIC = 20176.7

R2=0.921, logLik = 301.765, AIC = 187.529

Source: own preparation.

significant at a significance level of less than 0.05
were included in the models.

The quality of fit of these models can be indicated
by the pseudo R?, logLik and AIC information
criterion indices. The coefficient of determination
for the panel model Y, was 0.902, while the OLS model
was 0.797. In the case of the Y, model, the coefficient
of determination was as high as 0.921, which may
indicate a very high model fit the data.

However, in this case, much more critical sub-
stantively, because of the estimation method, are the
information criteria, in this case, AIC (Akaike crite-
rion). This criterion also indicates that panel models

Panel model Y4

-5+

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
year

Fig. 3. Time effects in panel models
Source: own preparation.
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have a much better fit to the data than OLS models.
Unlike the OLS models, not all parameters proved to
be statistically significant. In model Y, this applies
to the parameters at variable X, (population density)
and variable X, (average wage), while in model Y,,
the parameters at variable X, (number of marriages),
X, (birth rate) and X, turned out to be statistically
insignificant. Especially noteworthy are the para-
meters located at variables X; and X in the Y, model.
The pooled estimation result indicated that these
variables are destimulants, while the panel model
indicates stimulants. The slight variation between
poviats in the percentage of the population in multiple

Panel model Y2

057

| 00_

time_eff

-0.54

-1.04

-1.51

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
year
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productive mobility in the total population means
that this variable should not play a significant role.
However, the unemployment rate should significantly
impact housing need satisfaction. In this case, with
increasing unemployment, one can observe a larger
housing area per person. However, looking for a cause-
and-effect dependence in this relationship could lead
to unwarranted conclusions.

The time effects in both models show a clear
increasing trend (Fig. 3) which confirms the long-
term market observations based on statistical data.

Spatial panel models

In further research, it was assumed that an
essential element of the processes occurring in the
housing market is space, be it physical, economic,
institutional-legal or social. As in many European
countries, the country’s territory is diversified
economically, socially, and even culturally. Because of
this, it can be expected that factors shaping the housing
market vary in geographical space (Belke & Keil,
2018; Broitman & Koomen, 2015), which may result
in temporal and spatial variation in the indicators
indicating the level of satisfaction of housing needs.
Spatial effects accounted for in real estate market
models, especially on a regional basis, may include
spatial autocorrelation accounted for in spatial panel
models (Holly et al., 2010; Lee & Yu, 2010). During
the construction of spatial models, the description
of the spatial structure of data in a matrix of weights
can be the subject of consideration. A weight matrix
constructed based on the criterion of a common
boundary (first-order neighbourhood) was adopted
for the study.

In order to select an appropriate model form,
some statistical tests were performed to determine the

Table 5. Testing for spatial dependence

desirability of using spatial modelling and the choice
between error and spatial lag models primarily (Millo
& Piras, 2012). The results are presented in Table 5.

The LM test of the type of relationship (spatial
error or spatial lag) in both models indicates the
significance of both spatial error and spatial lag
models. However, the choice of model form was
determined by the lower significance level of the
spatial error models. In the Hausman test, the null
hypothesis is no individual effects. In both models, the
significance level indicates that this hypothesis should
be rejected, favouring the alternative hypothesis; hence
the fixed effects estimator is the only consistent one.
As a result, a spatial panel model with individual
and time effects (twoways) was adopted for further
analysis. The parameter estimation results of the
models with explained variables Y, and Y, are
presented in Table 6. As in the panel models, only
those parameters that proved statistically significant
at a significance level of less than 0.05 were included.

Both model Y, and model Y, showed a very high
degree of fit to the data. This is evidenced, among
other things, by the coefficients of determination,
whose value in both models was 0.995. Also, the AIC
information criteria indicate that the spatial panel
models have a much better fit than the models without
considering spatial dependencies. The values of the
rho coefficients evidence the relatively high level of
spatial autocorrelation of the residuals. For model
Y, the coefficient was 0.346, while for model Y,, the
coefficient has reached a value equal to 0.310.

In the Y; model, only the parameter next to the X,
variable (population density) was statistically insig-
nificant at p<0.05, while the remaining parameters
were statistically significant. The estimation results
of the spatial panel model are similar to those of the
classical panel model. It is worth emphasising that

Test Model Y, Model Y,
LM test for spatial error dependence LM = 1459 p <0.001 LM =951.1 p <0.001
LM test for spatial lag dependence LM =551.4 p <0.001 LM =991.3 p < 0.001
Hausman test for spatial models chisq = 3840 p <0.001 chisq = 106.9 p <0.001

Source: own preparation.
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Table 6. Results of spatial panel modelling (within, twoways)

Spatial panel model Y, Spatial panel model Y,
Variable Estimate Std. error p-value Variable Estimate Std. error p-value
rho 0.346 0.021 <0.001 rho 0.310 0.021 <0.001
intercept 464.338 6.773 <0.001 intercept 22.220 0.366 <0.001
X1 1.223 0.180 <0.001 - - - -
- - - - X2 -0.001 0.00008 <0.001
X3 -2.731 0.095 <0.001 X3 0.023 0.006 <0.001
X4 -0.279 0.087 0.001 - - B -
X5 0.241 0.059 <0.001 X5 0.036 0.004 <0.001
X6 0.346 0.023 <0.001 X6 0.033 0.001 <0.001
X7 -0.0006 0.0002 0.015 X7 0.00004 0.00001 0.017
X8 0.281 0.043 <0.001 X8 0.026 0.003 <0.001
X9 0.002 0.0006 <0.001 - - - -
X10 0.002 0.0002 <0.001 X10 0.00007 0.00001 <0.001

RZ=10.995, logLik = -8229.07, AIC = 20008.2

RZ =0.995, logLik = 1848.54, AIC = -4714,3

Source: own preparation.

most of the variables, as expected, are stimulants,
which means that higher values of the variables are
accompanied by higher values of the indicator of the
number of housing units per 1,000 people. As in previ-
ous models, the variable denoting income of municipal
budgets turned out to be a destimulant. However, this
dependence should not be treated in the category
of causality but only as a statistical relationship. Based
on the relation between the parameter’s value and its
error (t-value), it may be concluded that the most sig-
nificant for the formation of the number of dwellings
per 1,000 people has the percentage of the mobile
working population in the total population (X,).

The Y, model also confirms the previous
considerations, and the estimation results of the
spatial panel model are similar to the estimation
results without taking into account the spatial
dependencies. The parameters next to X;, X, and
X, variables were not statistically significant. In this
case, the variable X (number of entities registered in
the business register per 1,000 people) has the most
significance for developing the floor space per capita.
Population density (X,) is slightly less important but
also significant. This means housing needs fulfilment
indicators to reach higher values in more urbanised
areas.
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The adopted form of models (models with fixed
effects) means that each spatial unit is assigned an
individual effect that indicates differences in the
indicators of satisfying housing needs resulting from
factors other than those taken into consideration as
explanatory variables. These effects may result from,
among other things, special conditions related to
location and level of socio-economic development.
The spatial distribution of individual effects in spatial
panel models Y, and Y, and the spatial distribution
of significance level (p-value) of individual effects are
presented below (Fig. 4).

The distribution of individual effects of model
Y, shows that clusters of individual negative effects
occur mainly in the south-eastern and central-eastern
parts of Poland. Positive individual effects do not
form such clear clusters, but it is still possible to notice
their grouping in Poland’s central and eastern parts.
The highest positive effects occur in poviats with the
largest cities in Poland. The distribution of individual
effects of the Y, model indicates that positive values
are clustered along the belt from the southern to the
central-eastern part of Poland. On the other hand,
negative effects occur mainly in Poland’s northern and
south-eastern parts. In this case, the individual effect
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Fig. 4. Individual effects in a spatial panel model
Source: own preparation.

on the index of the functional floor area of a dwelling models without spatial dependencies. At the same
per person is not so strongly associated with urban  time, it signifies a clear improvement in the indicators
centers, while the country’s division into two partsis characterising the satisfaction of housing needs.
clear, which may result from differences in the socio-  However, it is worth noting an inevitable deceleration
economic development the country. of the trend in the last year of the analysis (i.e. 2020),

Time effects for both Y, and Y, models show which may be related to the economic slowdown
a clear upward trend (Fig. 5), similarly to panel caused by the pandemic situation.
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Fig. 5. Time effects in spatial panel models
Source: own preparation.

CONCLUSIONS

This study attempts to assess the relationship
between socio-demographic and economic conditions
and indicators of housing needs satisfaction in spatial
terms. The research was conducted using panel models
in classical and spatial terms. The great majority
of variables accepted as determinants turned out to be
statistically significant both in terms of influence
on the number of apartments per 1,000 people
and the usable floor space of an apartment per
person, although the role of some factors such as
unemployment is not as obvious as it might seem.
Based on the research carried out, it was found that
the determinants of indicators determining the
level of satisfaction of housing needs are spatially
diversified, resulting from divisions on the economic
and cultural or historical grounds. As Poland, like
most European countries, is not a homogenous
country, the socio-economic analyses at the local level
may differ significantly from those at the national
level.

Spatial panel models fit the empirical data better
than models estimated without considering spatial
dependencies. This is evidenced by the value of the
determination coefficients and the information
criterion based on the reliability function (AIC).

The study results indicate that the problem
of including space in socio-economic studies
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is extensive and not fully solved. At the same time, the
use of spatial panel models can contribute to further
analysis, in which a wide range of spatial relationships
can be taken into account, which may concern not
only physical space but also social, cultural and even
legal space. This would enable a better understanding
of the phenomena occurring in the real estate market
at both global and local levels.
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