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Abstract:	 The COVID-19 pandemic represents a combined supply and demand shock to 
the financial and housing market but also an unusual negative shock in terms 
of the health of society (households) and national economy. The fall in housing 
demand was initially assumed together with price decreases as a consequence 
of the uncertainty of the health of society, significant falls in stock markets and 
corporate solvency. However, the results of research in selected Polish cities 
do not indicate such a significant market recession. This article examines the 
housing price dynamics and forecasting in Polish cities during the COVID-19 
pandemic. The TRAMO/SEATS and ARIMA models were used for the decom-
position and forecasting of dwelling time series. The Polish housing market, 
represented by selected local housing markets, still shows a growing trend 
despite the COVID-19 pandemic throughout 2020. The housing market may 
slow down in 2021, but the strong forecasted growth trends in Warszawa and 
Poznań suggest that there will be no significant price decline in Poland in the 
near future.
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1.	 Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) or coro-
navirus disease 2019 (COVID-19) is a global pandemic which the world is currently 
facing. The COVID-19 pandemic is an unusual negative shock to society (house-
holds), financial markets, and national economies. It has sparked an ongoing debate 
on the obvious negative outcomes (as well as unobvious positive influences), which 
primarily concern the health of the population and the country’s economy. The de-
bate about the socio-economic implications of the coronavirus pandemic concerns 
the financial markets  [1], manufacturing industry  [2], agriculture  [3], tourism  [4], 
aviation [5], sports industry [6], domestic violence [7] and others. The implications 
of the COVID-19 pandemic have led to the widely held view that the current pan-
demic impacts economies as a combined supply and demand shock [8–10].

It seems that beyond the obvious areas for studying the impact of COVID-19, 
such as health, the state of small and large businesses, or the stability and instability 
of financial markets, it is now an appropriate time for studies on its effects on hous-
ing markets [11, 12], which represent a safe investment zone in periods of financial 
market downturns. The United Nations  [13] confirms that urban systems, as the 
centre of human production and life (approximately 55% of the world’s population, 
4.2 billion inhabitants), are the ground zero of the COVID-19 pandemic, with 90% of 
reported cases. The urban space zone is a multilayer spatial structure gathering peo-
ple and products of their activities in nearby places [14–18]. There is a strong positive 
feedback between the specific nature of an urban area (which arises from the local 
features of cities in a geospatial, economic, administrative, and social sense), and the 
function of the housing market, which at the same time responds to megatrends in 
the market environment. The housing market is – on the one hand – a factor which 
stimulates the process of change of the urban space and, on the other, the actions of 
space users change the conditions of the operation of this market [19, 20]. Housing 
is [21] a special type of commodity because is a spatially immobile, highly durable, 
costly, multidimensionally heterogeneous, and physically modifiable commodity. 
These characteristics shape attitudes and behaviors towards housing and, in turn, 
influence neighbourhood characteristics, mortgage markets, national housing poli-
cies, and urban growth.

This article examines the housing price dynamics and forecasting in Poland, 
both before and during the COVID-19 pandemic. The research was carried out at the 
city level in Poland and focused on the primary market of dwellings in four selected 
Polish cities (Warszawa, Kraków, Poznań, and Gdańsk). The source of the data (time 
series of dwelling prices) is the Residential Property Price Database (BaRN) of Na-
tional Bank of Poland. The time horizon is from Q3, 2006 to Q4, 2020. A Time series 
Regression with ARIMA noise, Missing values and Outliers (TRAMO) and Signal 
Extraction in ARIMA Time Series (SEATS) and the ARIMA model were used for the 
decomposition and forecasting of the time series.
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The paper is organized as follows. After the introduction, the next section pres-
ents a description of the research methods used. The third section presents the re-
sults with data description, preliminary studies, and time series analysis. Section 
four presents a discussion of the research results linked to the literature review of 
the topic. The last section presents the conclusions drawn from this work.

2.	 Methods

The economic time series generally involves four components such as trend (T), 
seasonality (S), cycle (C), and irregular fluctuations (I). Among them, seasonality is 
a kind of regular fluctuation that is repeated year after year due to climatic seasons, 
fixed holidays, and other factors. In time series analyses, seasonal fluctuations may 
be misjudged and confused with normal changes in the economy. Therefore, season-
al adjustments are carried out first, in order to further analyze and forecast the exam-
ined economic factor [22]. Seasonality is defined as a regularly recurring relationship 
between observations that are a fixed number of periods apart. The occurrence of 
seasonal variations in a time series makes it difficult to compare and interpret chang-
es in a phenomenon from period to period. The occurrence of seasonality requires 
a special approach to smoothing and forecasting, as it becomes an important factor 
influencing the behaviour of the series. 

Two types of seasonal fluctuations can be distinguished:
1)	 additive  – characterised by a constant absolute amplitude of fluctuations, 

seasonal fluctuations have approximate values,
2)	 multiplicative  – characterised by a constant relative amplitude of fluctua-

tions, seasonal fluctuations increase or decrease in subsequent periods.

In the additive model, values of the observed variables are the sum of compo-
nents occurring in the series. In the multiplicative model, values of the observed vari-
able are a product of these components. Assuming the following designations [23]:

	ft	–	 trend or constant level of the observed variable,
	st	–	 function describing seasonal fluctuations,
	ct	–	 function describing cyclical fluctuations,
	et	–	 irregular component.

We obtain for the additive model and multiplicative model:

	 yt = ft + st + ct + et	 (1)

	 yt = ft · st · ct · et	 (2)

Once the components of the time series of the observed variables have been 
determined, the decomposition proceeds. Seasonal smoothing makes it possible 
to determine the real direction of medium- and long-term changes in individual 
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periods by removing short-term fluctuations which determine the seasonal factor 
characteristic of a given period. According to Cleveland and Tiao [24], one way of 
effecting the decomposition of a series into seasonal and trend components is to fit 
a model which has deterministic, seasonal, and nonseasonal parts to the data. It is 
also possible to separate these components by simply applying different moving 
average filters.

Decompositions of the time series of dwelling prices in four Polish cities were 
carried out according to the TRAMO/SEATS procedure in this study. TRAMO 
(Time series Regression with ARIMA noise, Missing observations, and Outliers) and 
SEATS (Signal Extraction in ARIMA Time Series) are linked programs developed by 
Victor Gomez and Agustin Maravall [25, 26] to seasonally adjust time series using 
ARIMA model-based signal extraction techniques. TRAMO/SEATS uses signal ex-
traction with filters derived from an ARIMA-type time series model that describes 
the behavior of the series [27]. The ARIMA models (stochastic or time series models) 
provide a systematic empirical method for forecasting and analyzing of time series. 
The application of the ARIMA  model allows us to deal with the problem of the 
non-stationarity of time series data. The ARIMA model is due to the combination of 
the autoregressive (AR) and moving average (MA) parts. The nonseasonal part of 
the ARIMA model (AR) can be expressed as [27, 28]:

	 ( ) ( )B dZt B at∅ ∇ = θ 	 (3)

where ∅(B) and θ(B) are polynomials of p and q order, respectively. Meanwhile, the 
seasonal part of the ARIMA model that defines the multiplicative seasonal model 
can be written as:

	 ( ) ( ) ( ) ( )p B P Bs d sDZt q B Q Bs at∅ Φ ∇ ∇ = θ Θ 	 (4)

where p, d, and q are nonnegative integers that refer to the order of the autoregres-
sive, integrated, and moving average parts of the model, respectively, and P, D, Q 
and S are the order of seasonal auto-regression, the number of seasonal differenc-
ing, the order of seasonal moving average and the length of the season, respective-
ly. ∅p, ΦP, θq, and ΘQ are the coefficients of the polynomials. Complementing the 
ARIMA model with a component resulting from the seasonality of the analysed 
process, we construct it as Seasonal ARIMA (SARIMA). The AR and MA create the 
multiplicative ARIMA (p, d, q), (P, D, Q) model, where (p, d, q) is the nonseasonal 
part and (P, D, Q) is the seasonal part of the model. Following the notation intro-
duced by Box and Jenkins, p is the order (number of time lags) of the autoregressive 
model, d is the degree of differencing (the number of times the data have had past 
values subtracted), and q is the order of the moving average model, P, D, Q refer to 
the autoregressive, differencing, and moving average terms for the seasonal part 
of the ARIMA model. TRAMO/SEATS procedure  [26] allows several algorithms 
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are available for computing the likelihood or more precisely, the nonlinear sum of 
squares to be minimized. When a differenced series can be used, the algorithm of 
Morf, Sidhu, and Kailath was implemented. This simplification extends to multi-
plicative seasonal moving average models. For the non-differenced series, it is pos-
sible to use the ordinary Kalman filter or its square root version. The latter is ade-
quate when numerical difficulties arise, however, it is markedly slower. By default 
in TRAMO/SEATS procedure, the exact maximum likelihood method is employed, 
and the unconditional and conditional least squares methods are available as op-
tions. Nonlinear maximization of the likelihood function and computation of the 
parameter estimates and standard errors were made using Marquardt’s method and 
first numerical derivatives. Estimation of regression parameters is made by using 
the first Cholesky decomposition of the inverse error covariance matrix to transform 
the regression equations. Then, the resulting least squares problem is solved by ap-
plying the QR algorithm [25].

Identification of the values of nonseasonal (p, d, q) and seasonal (P, D, Q) parts of 
the ARIMA model were conducted using the AUTO-ARIMA procedure developed 
by Tarassov to fit best the SARIMA model to the univariate time series. It returns the 
best SARIMA model according to either AICC (corrected AIC), BIC (Schwarz Bayes-
ian criterion), and HQC value (Hannan–Quinn criterion). The optimum is reached 
when the AIC, BIC, or  HQC criteria reach the lowest value. AICC  minimises the 
forecast error and  BIC together with  HQC aim at the expected value of the true 
model. If all three criteria indicate the lowest value for the same model, then we have 
a strong basis for choosing this model.

3.	 Results

The research, as multi-case study, was carried out as follows. Firstly, the de-
mographic and spatial hierarchy of cities in Poland was briefly presented, with 
characteristics of the cities selected for the study. Next, preliminary analyses of col-
lected dwelling prices in the years 2006–2020 were conducted. The TRAMO/SEATS, 
AUTO-ARIMA and ARIMA models were used in the next stage of study. The last 
step of the study was forecasting through the ARIMA model in the COVID-19 pan-
demic period.

The quarterly time series of average prices per square metre  of dwellings on the 
housing primary market was adopted for the study (see 3.1). Minute, hourly, daily 
or weekly time series used in financial markets have no place on the housing market. 
As a rule, a monthly or quarterly time series is used in this market because it differs 
from the financial market since:

	– real estate is highly heterogeneous,
	– strong lag and inertia to external stimuli,
	– uneven number of transactions in periods and their relatively small number.
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The peculiarity of the housing market is that the average or median price in 
each period of the time series is based on different data. The phenomenon of repeat-
ed sales of the same commodity over short periods of time is practically non-existent 
in the housing market. As a rule, once you buy a dwelling, you live in it for several 
years. That’s why Kokot [29] proposed to significantly alleviate this problem by ex-
tending the periods for which average unit values are calculated. Another specificity 
of this market is the time lag between the actual date of sale and the date of the 
decision to buy and pricing, which is usually the same date in the financial market. 
This problem stems from the specificity of systems for registering rights to a proper-
ty [30] and the whole cadastral system [31]. Additionally, the housing market shows 
significant inertia in responding to changes in the macroeconomic environment. The 
level of inertia is months, quarters, or even years, which is different from the reaction 
time of the financial markets. For more on this subject, see the study of Bełej [19]. An-
other peculiarity of the housing market is the low volume of transactions. There are 
weeks with few or no sales transactions on the local housing markets. The average 
or median of monthly or quarterly prices is calculated (depending on the size of the 
city in Poland) from several dozen or several hundred transactions.

3.1.	 Data Description and Preliminary Studies
The subject of the research is the dynamics of housing prices in Polish cit-

ies. According to the Central Statistical Office  [32] there are 954  cities in Poland. 
Only Warszawa can be classified as a large city (population over 1 million and area 
over 500 km2). The level of population between 500,000 and 1 million can be found 
only in 4 Polish cities: Kraków, Łódź, Wrocław, and Poznań. On the other hand, 
6  cities, i.e., Gdańsk, Szczecin, Bydgoszcz, Lublin, Białystok and Katowice have 
a population between  250,000 and  499,999, while 26  cities have a population be-
tween 100,000 and 249,999, and 45 Polish cities have a population between 50,000 
and 99,000. The rest of the small towns have populations below 50,000. Research 
conducted as a multi-case study requires a decision on the procedure for selecting 
cities as local markets. In this research, no attempt was made to map the demo-
graphic or spatial structure in the selection of cities. A research decision was taken 
to select several cities from the group of the largest cities. This group of cities, due 
to its economic and political importance, is the most responsive to the influence of 
the market environment. For this group of cities, the national capital city has par-
ticular relevance and should therefore be the first to be included in the study. The 
remaining cities were selected because of their importance as economic, cultural and 
administrative centers of voivodships, taking into account a relatively even spatial 
distribution in the country.

Warszawa (as the capital of Poland), Kraków (former capital of Poland and an 
important cultural and tourist centre), Poznań (central economic area), and Gdańsk 
(important seaport) were selected for this multi-case study. Table 1 shows the main 
statistical data for the selected towns.
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Table 1. Main statistical descriptors of selected towns in Poland

Town Area [km2] Populations Population density
[people/km2]

Budget expenditure  
per capita [EUR]

Warszawa 517 1,715,517 3317 1764

Kraków 327 758,463 2321 1315

Poznań 262 550,742 2103 1357

Gdańsk 262 460,427 1758 1306

Source: Central Statistical Office [32]

The analysis of price dynamics in the housing market was conducted in the 
years  2006–2020 (with the COVID-19  period). The time series of dwelling prices, 
from Q3 2006 to Q4 2020, were obtained from the Residential Price Database main-
tained by the National Bank of Poland. In this database only quarterly averages 
of dwelling prices are available. Table 2 presents the basic statistical descriptors of 
quarterly average dwelling prices (per square metre) time series on the primary 
markets in selected towns. Figure 1 shows the box chart and histograms of the time 
series under analysis.

Table 2. Basic statistical descriptors of the time series Q3 2006 – Q4 2020  
in selected towns in Poland

Variable Mean
[PLN]

Minimum
[PLN]

Maximum
[PLN]

Standard 
deviation Skewness Ex. kurtosis

Warszawa 7837.5 5605.0 10,261.0 890.70 0.66722 1.0102

Kraków 6959.7 5722.2 8837.6 782.80 0.55590 −0.40363

Poznań 6398.4 3620.8 7610.8 672.97 −1.0907 3.9774

Gdańsk 6427.8 3494.0 9401.1 1183.60 0.70710 0.17851

Table 2 and Figure 1 present the basic descriptive statistics and box plots and 
histogram plots of the time series from four Polish cities (2006–2020). Average and 
median prices are highest in Warszawa, an obvious trend as it is the capital of Po-
land and an important administrative, economic, and cultural centre. Average pric-
es in the other cities (Kraków, Poznań, and Gdańsk) do not exceed 7000 PLN/m2 
[about 1600 EUR/m2 (euro exchange rate 4.39 PLN 25.05.2021)], with the lowest pric-
es in Poznań. The differences in prices in individual cities are clearly visible on the 
box plot. In addition, differences in the price range can be seen with the density 
of outliers. The highest price range is observed in Gdańsk, which results from its 
spatial structure. In Gdańsk, apart from the city centre, we also have an investment 
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zone along the Gulf of Gdańsk (sea view dwellings). That is why the most expensive 
dwellings in Gdansk are more expensive than the most expensive ones in Kraków 
and Poznań (although average prices are lower in Gdańsk).

Fig. 1. Basic statistics of the time series Q3 2006 – Q4 2020 in selected towns in Poland:  
a) box plot; b) histogram plot

a)	 b)

Fig. 2. Time series of average quarter-based prices of dwellings on the primary market  
in Warszawa, Kraków, Poznań, and Gdańsk (2006–2020)

Figure 2 shows the time series of the average quarter-based prices per square metre  
of dwellings in the primary market and in Warszawa, Kraków, Poznań, and Gdańsk.
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The time horizon of the study is 2006–2020. Poland joined the European Union 
in 2004 and as a result of the economic boom and significant increases on the stock 
exchange, the housing market also increased. Average dwelling prices reached their 
historic peak between 2006 and 2007. During these years, dwelling prices increased 
rapidly (they became a vehicle for speculative financial investment). This period was 
called a price bubble and an unstable or turbulent evolution [33–35]. Such a rapid 
increase was unique in the 25-year history of the Polish dwelling market. During 
this period, a strong synergy of dwelling prices with local housing markets was 
also noted  [19, 20]. This period is called unstable growth, which has been shown 
in Figure 2. Housing prices in Poland decreased from 2008 to 2013. Figure 2 clearly 
shows the asynchronicity of housing price evolution paths in this period, especially 
of the time series of Gdańsk. At this stage of price evolution, a significant price range 
is visible (Warszawa – Gdańsk). Thereafter, a period of transition from decline to 
increase were observed in 2014–2015. Dwelling prices exceeded the previous maxi-
mum peaks from 2006–2007, in 2016–2020. This period is called stable growth, which 
has been shown in Figure 2. The question now is whether housing prices will rise or 
fall under the impact of the COVID-19 pandemic? In the next stage of the study, time 
series analyses will be carried out together with a forecasting procedure.

3.2.	 Time Series Analyses and Forecasting

Time series analysis and forecasting allows the presentation of an event or pro-
cess in dynamic terms. Dynamics refers to forces that cause an object, phenomenon, 
or process to move [36, 37]. In this sense, the dynamics of the object (x), is a function 
of time (t), thus x = f(t). Dynamics therefore aims to describe the variability of a phe-
nomenon over time. Comparisons are made of the quantities of certain phenomena 
at different times or periods to draw conclusions as to the regularities which occur 
in them. Time is not the cause of change here, but it expresses changes in the envi-
ronment in which the phenomenon occurs [38]. The time series illustrates the evo-
lution of the phenomenon under study, shaped by a large number of factors with 
different characteristics, strengths, and time of influence [39]. Time series analysis 
is the process concerned with identifying different aspects of the time series, which 
can be used to better clean, understand, and forecast the data. Decomposing a time 
series involves separating the individual components of a time series and measuring 
them [40], as certain regularities characterizing price development are implicit in the 
particular structure of the time series. It is assumed that the price development over 
time t(Yt) is a function of trend (Tt), cyclical fluctuation (Ct), seasonal fluctuation (St), 
and incidental fluctuation (It) [41–44]. Often trend and cyclical fluctuations are not 
separated and are treated as so-called trend/cycle (TCt).

The TRAMO/SEATS, AUTO-ARIMA and ARIMA models were used in this 
study for the decomposition and forecasting of time series. The first stage of the 
research involved the decomposition of time series of quarterly dwelling prices in 
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Warszawa, Kraków, Poznań, and Gdańsk  (2006–2020) using the TRAMO/SEATS 
procedure. The Time series Regression with ARIMA noise, Missing values and Out-
liers (TRAMO) and Signal Extraction in ARIMA Time Series (SEATS) were devel-
oped by Victor Gómez and Agustín Maravall [25]. Figure 3 shows the results of the 
TRAMO/SEATS decomposition of four time series of quarterly dwelling prices in 
Warsaw, Kraków, Poznań, and Gdańsk. For each of the cities, the empirical time se-
ries (red line) and the trend-cyclical component (blue line) as a result of the decom-
position procedure are visible. Additionally, irregular fluctuations can be observed.

a)	 b)

c)	 d)

Fig. 3. Results of the TRAMO/SEATS decomposition procedure:  
a) Warszawa; b) Kraków; c) Poznań; d) Gdańsk

In the next stage of the research, the AUTO-ARIMA procedure developed 
by Tarassov was applied to fit the best ARIMA model parameters to the decom-
posed time series. This procedure simply and efficiently returns best ARIMA mod-
el according to either AICC (corrected AIC), BIC (Schwarz Bayesian criterion), and 
HQC value (Hannan–Quinn criterion). The function conducts a (brute force) search 
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over possible models within the order constraints provided. Based on the results of 
the fit best estimation of the ARIMA model presented in Table 3, the following pa-
rameters of ARIMA (p,d,q)(P,D,Q) model were selected: for Warszawa (1,1,1)(0,0,0), 
for Kraków (4,0,1)(0,0,0), for Poznań (2,1,1)(0,0,0), and for Gdańsk (1,1,1)(0,0,0).

Table 3. Estimation best fit ARIMA(X) model  
with decomposed time series of dwelling prices

Variable ARIMA-spec AICC BIC HQC

WARSZAWA_tc

1|1|1 |0|0|0 645.665*** 653.141*** 648.254***

2|1|1 |0|0|0 647.038* 656.166** 650.057**

4|1|1 |0|0|0 646.599* 658.735* 650.181*

KRAKÓW_tc

4|0|1 |0|0|0 644.157*** 656.292* 647.739***

2|0|1 |0|0|0 646.776** 655.905** 649.796**

1|1|1 |0|0|0 648.282* 655.758*** 650.870*

POZNAŃ_tc

2|1|1 |0|0|0 558.520*** 567.649*** 561.539***

3|1|1 |0|0|0 558.729** 569.413** 562.082**

4|1|1 |0|0|0 559.095* 571.231* 562.678*

GDAŃSK_tc

1|1|1 |0|0|0 649.146*** 656.622*** 651.735***

2|0|1 |0|0|0 649.470** 658.599** 652.489**

3|0|1 |0|0|0 650.971* 661.654* 654.323*

* Three, two, and one asterisk(s) indicate the 1st, 2nd, and 3rd best (that is, minimized) values of the re-
spective information criteria, AICC = corrected AIC, BIC = Schwarz Bayesian criterion and HQC = Han-
nan–Quinn criterion across all ARIMA model specifications.

The application of the ARIMA model to forecast housing prices in Poland 
during the COVID-19 pandemic, requires a brief introduction to this period. The 
COVID-19 pandemic officially began in March 2020 in Poland. A total of almost two 
million people were infected with SARS-CoV-2, of which about 50,000 died. Figure 
4 shows the development of the COVID-19 pandemic (number of daily infections) 
from March to December 2020.



70	 M. Bełej

The number of daily infections did not exceed 700 during the initial expansion 
phase of the pandemic (March to August 2020). There was then a significant increase 
from August 2020 to November 2020 (a maximum of 27,000), with infection levels 
falling to an average of around 10,000 daily infections by the end of December 2020.

Figure 5 shows the decomposed time series of dwelling prices on the primary 
market in Warszawa, Kraków, Poznań, and Gdańsk (2018–2021) together with the 
COVID-19 pandemic period.

Fig. 4. Number of daily SARS-CoV-2 infections in Poland from March to December 2020
Source: https://koronawirusunas.pl/

Fig. 5. Time series of average quarter-based prices of dwellings of the primary market 
with TRAMO/SEATS decomposition in Warszawa, Kraków, Poznań, and Gdańsk 

(2018–2020) together with the Covid-19 pandemic period (grey)

https://koronawirusunas.pl/
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It can be clearly seen (Fig. 4) that the previous upward trend of housing pric-
es has not generally changed. Only Kraków has seen a downward trend since 
May 2020 (or it is only a correction). By April 2020, apartment prices in Warszawa 
and Gdańsk had been even increased more than before. In Poznań, housing prices 
continued their steady slow rise following the start of the COVID-19 pandemic. 
Based on this graphical analysis of price dynamics, it can be assumed that the 
COVID-19 pandemic has not stopped the dwelling price increases in Poland. Ob-
jectively, this is quite unexpected since other markets, such as financial, experienced 
high asset declines in the first months of the pandemic. According to Fernandez-Pe-
rez et  al.  [45] most of the 63  countries in their research, using the Morgan Stan-
ley Capital International (MSCI) total return indices, experienced negative returns 
over the first three weeks surrounding their respective countries’ first COVID-19 
infected case announcement. This is also confirmed by Ali et al. [46] and other re-
searchers  [47–49] stating that COVID-19 pandemic brought nearly half the world 
to a standstill and affected the financial markets by eroding a quarter of wealth in 
nearly a month.

However, on the other hand, an intrinsic feature of the housing market is its in-
ertia, which means that it responds slowly to changes in the market environment. In 
the next stage of the research, a price forecasting procedure was carried out, which 
will assess whether the price dynamics will change in the future.

A forecasting procedure was then carried out for the analysed time series us-
ing integrated autoregressive and moving average models (ARIMA), based on the 
established values of the parameters. A 4-month forecasting period in 2021 was as-
sumed for all-time series  (2006–2020). The forecasting results for these series are 
shown in Figures  6 and  7 for the COVID-19 pandemic period in Poland (from 
March 2020).

a)	 b)

Fig. 6. Time series forecasting results showing the COVID-19 pandemic period:  
a) Warszawa; b) Kraków
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Forecasting results, presented in Figures 6 and 7, give inconsistent results. In 
Warszawa and Poznań, increases are forecasted, while in Kraków and Gdańsk, de-
creases are forecasted. A discussion of the results obtained with reference to the 
literature is the subject of the next part of this work.

4.	 Literature Review with a Discussion of Results

Housing is one of the areas of the economy which has a significant effect on the 
level of satisfying social needs, the dynamics of economic processes, and the effec-
tiveness of developmental activities. Interconnections of housing development and 
the economy indicate that the former plays a significant role in elevating the level 
of social, economic, and spatial cohesion of the country [50–52]. According to Urba-
navičiene et al. [53] the growth or decline of the housing sector considerably affects 
the general growth or decline of a country’s economy. One of the fundamental tasks 
of the state and local authorities is fostering conditions conducive for satisfying the 
residential needs of the society. Housing market in the conditions of market econ-
omy requires its efficiency in allocating the existing resources and the possibility 
of creating a new supply adequate in terms of quality and quantity to the notified 
demand constitute the outcome of a group with a quite large number of economic 
and noneconomic factors. The housing market is incontrovertibly local, and hence 
is primarily shaped by local conditions  [54] which include, among others, values 
characterizing the labor market (unemployment rate, average wage, etc.), factors 
relating to market size influencing price volatility – the number of inhabitants and 
households, age structure, marriage rate, etc. [55]. Nevertheless, the price dynamics 
in this market depend directly on the macroeconomic environment. The strong link 
between the housing market and the financial market has been strongly accentuated 

a)	 b)

Fig. 7. Time series forecasting results showing the COVID-19 pandemic period: 
a) Poznań; b) Gdańsk
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as a consequence of the global financial crisis (2006–2007). The almost synergistic re-
actions of these markets to changes in financial megatrends have been observed. We 
believe that since 1990 there have been two critical points (supply-demand shock) 
in the house price dynamics in Poland. The first, Poland’s accession to the European 
Union (in 2004 – results – rapid price increases in 2006–2007) and the second in 2020 
(COVID-19 pandemic).

The previous section presented the results of time series analysis of housing 
prices and their forecasting before and during COVID-19 pandemic. In the process 
of decomposition and forecasting a TRAMO/SEATS model (Time Series Regression 
with ARIMA noise, Missing values and Outliers/Signal Extraction in ARIMA Time 
Series) and ARIMA model (Autoregressive Integrated Moving Average) were used. 
Forecasting results (January – April 2021), were presented in Figure 5 (Warszawa 
and Kraków) and Figure  6 (Poznań and Gdańsk). Forecast prices continue long-
term upward trend (2013–2020) in Warszawa and Poznań. In Kraków and Gdańsk, 
the forecast prices change from an increasing trend to a decreasing, for the entire 
first four months of 2021. The results for the four Polish cities are therefore far from 
obvious. Based on the nature of the housing market and its much slower response to 
macroeconomic trends than other markets, it can be assumed that the whole hous-
ing market is going through a slowdown phase and Kraków and Gdańsk are re-
acting earliest to the impact of COVID-19. However, the strong upward trends in 
Warszawa and Poznań suggest that there will not be significant price declines in 
Poland in the near future.

In literature, there has been an increasing trend of papers that study the re-
lation between housing prices and the COVID-19 pandemic. Limited studies have 
observed the direct real estate price dynamics during the COVID-19 pandemic, and 
most are analysed at an aggregate level [56]. The time series for the Polish four cit-
ies in this paper were quarterly aggregated, as for most surveys in other countries 
(monthly aggregation of prices for certain items). There are still no similar studies 
in the Polish literature (as in this paper), therefore, the following discussion will 
present results from other countries. The Turkish housing market has been analysed 
on the trends from  2010 to  2020, focusing in particular on variations in the peri-
od 2019–2020. In this research [57] based on the time series of number of housing 
sales, it has been shown a decrease (March 2020) and increase (May – June 2020). 
The reason for the decline was the almost a standstill in the demand for real estate 
investment. The booming of transactions experienced in June because decreases of 
interest rates on housing loans and mortgages and possibility to conduct all trans-
actions made online. This behaviour of the housing market does not confirm, the 
expected recession at the beginning of COVID-19 pandemic, in the housing mar-
kets. In Italy in Padua  [11] as well the increase in the number of transactions (in 
the COVID-19 period) has been found 4% higher than in the same period in 2019. 
Importantly, flat buyers are very interested in large flats (over 100 m2) with a terrace 
or garden. The raw data in  USA show an increasing trend in home listings and 
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pending sales after April 16, 2020. According to the authors [58] of this study, it is 
not clear whether this increasing trend will continue in the long-run and the pan-
demic will have a significant impact on housing prices. In China [56], considering 
microlevel housing transaction data in 62 areas from nine districts in Wuhan City 
from January 2019 to July 2020 has shown the 5.0–7.0% year-on-year fall in house 
prices and prices rebounded after the lockdown period. The research results pre-
sented above shows that the results of the research presented in this paper confirm 
the general international trend.

Wang [12] in a study concerning the effect of COVID-19 on house prices, used 
a revised difference-in-difference method with nonparametric smoothing. The re-
sults of these studies are convergent with the results presented in this work, be-
cause the cities under study (United States) saw increases in house prices during 
COVID-19. The largest increase rate of 9.97% appears in Santa Clara, followed by 
Irvine with a growth rate of 5.80%. This study showed also that the Honolulu is the 
only place that experienced declines in house prices with the largest decrease rate ap-
proaching 6.69% in April 2020. The decreases in transactions in the residential mar-
ket of 15.5% (in the first quarter of 2020) compared to the same period in 2019 have 
been shown in the Italian housing market [11]. In my research, in one of the analysed 
cities (Kraków) there were also dwelling price decreases (starting from Q2 2020) but 
the forecasting price dynamics showed possible decreases in two cities (Kraków and 
Gdańsk). In a similar study in China [59] using the difference-in-difference method, it 
has been shown that the impact of COVID-19 on housing price only exists in regions 
with a higher infection level of COVID-19. The research confirmed that the housing 
prices of the communities with confirmed COVID-19 cases are reduced by 2.47%. 
The result of these studies, although showing a negative effect of COVID-19, is quite 
small (less than 3%). In subsequent studies  [60] evaluated the short and mid-run 
COVID-19 effects on housing prices. To predict real estate dynamics, the economic 
model of Lotka–Volterra (also known as the “prey–predator” model) was applied. 
The results of the model indicate a housing price drop of 4.16% in the short-run and 
6.49% in the mid-run (late 2020 – early 2021). Subsequent studies [61] used time se-
ries analysis and panel data to study housing price indices between different cities 
have intercorrelation, and compare wealth levels in society to COVID-19 and hous-
ing index. This research has shown that higher housing price indexes are associated 
with lower confirmed cases of COVID-19 and lower risks of death due to the disease. 
They believe that the housing price index is a measure of the wellbeing and wealth 
of residents.

According to Zhao  [62] US  Housing Market During COVID-19 has shown 
a number of characteristic behaviors. First, the growth rate of median housing 
price during the four months (April – August 2020) since the Federal Reserve’s un-
precedented monetary easing has accelerated faster than any four-month period 
in the lead-up to the September 2007 global financial crisis. This so-called stylized 
fact is similar to the behaviour of the Polish housing market. Residential prices in 



Housing Price Forecasting in Selected Polish Cities During the COVID-19 Pandemic	 75

Poland reached their first lead-up in 2006–2007  (Fig. 2) and the other just during 
the COVID-19 pandemic (Figs.  6,  7). The second finding of this paper is that the 
increase in housing demand in response to lower mortgage interest rates displays 
a structural break since March 2020 (housing demand has increased by much more 
than before). The National Bank of Poland’s (NBP) interest rate reduction has also 
influenced the lower mortgage interest rates in Poland.

We believe that the reasons for sustaining increases in housing prices in Poland 
are the impact of a significant reduction of interest rates by the NBP in March, April, 
and May 2020. The lowest interest rates in Poland since 1990, gave a powerful impe-
tus to the migration of money from bank deposits to housing investments. Such con-
clusions are also confirmed in a study of housing markets in the United States [12], 
where it was shown that historically low interest rates might fuel rapid growth in 
areas with strong housing market fundamentals. This paper suggests also that lower 
interest rates might encourage more transactions in Houston, Honolulu, and Santa 
Clara, where the increase in transaction volumes were observed. The loan interest 
rates also decreased in Turkey [57] in the beginning of June 2020, which enabled the 
sales of mortgage transactions to reach high figures in the purchase of legal entities 
and a revival started in purchase of investment properties).

5.	 Conclusion

The COVID-19 pandemic is a combined supply and demand shock to the finan-
cial and housing market but also an unusual negative shock on the health of soci-
ety (households) and the national economy. After a phase of housing price decline 
(since 2008), the previous price peaks (2006–2007) have been significantly exceeded 
in many cities, in 2020. Therefore, it was expected that COVID-19 pandemic can be 
a stabilizer factor of the housing market and prices will decrease. It can therefore 
be assumed that potential price decreases (as a normal market correction) would 
be a beneficial phenomenon for society in Poland, as the relationship between the 
average income of society and the price of average housing is currently highly unfa-
vorable (for buyers). The results of the research presented, however, do not indicate 
significant price declines. The TRAMO/SEATS and ARIMA models were used in 
this study for the decomposition and forecasting of a time series. The results ob-
tained forecast an increase in prices in Warszawa and Poznań and a stable decrease 
in Kraków and Gdańsk. The whole housing market might go through a slowdown 
phase, but the strong upward trends in Warszawa and Poznań suggest that there 
will not be significant price declines in Poland in the near future. Due to the fact that 
the research presented in this paper was a multi-case study, the results cannot be 
generalised to the entire housing market in Poland. However, they may constitute 
the basis for extended further research, taking into account a larger number of cities 
and factors influencing housing price dynamics.
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Research on the interaction between the COVID-19 pandemic and the housing 
market are in the initial phase in Poland. Thus, the results obtained from this study 
can be characterised as new as well as original and would have significance for the 
investment decisions of individuals and professionals in the housing market.
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