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Abstract: Valuation of single-family detached houses is necessary when determining the amounts
of some taxes. The current systems of the Czech Republic are outdated in this respect, and they
are based on procedures used in the 1980s. The values found do not correspond to current market
conditions very often. This article attempts to verify the applicability of a methodology where the
value of a detached house is decomposed into the value of the land and the value of the object as such
when considering wear. For verification, 122 sales of detached houses in Ostrava and its surroundings
were analyzed, and the results show that the values determined by the verified methodology do not
differ by more than 10% from the actual sales prices in most cases. The methodology is very simple
and practically applicable for users without deep knowledge of construction or valuation principles.
It can be applied, for example, when calculating the bases of certain taxes or as an indicative guide
for the pricing of real estate for sellers, buyers, real estate agents, etc.

Keywords: real estate; single-family detached house; floor area; price breakdown; automation
in valuation

1. Introduction

Two practices are currently used to appraise real estate in the Czech Republic. The first of these is
market valuation, or determination of the value for which the asset is feasibly sellable on the open
market. This type of appraisal is a better reflection of the actual situation on the real estate market;
however, its particular disadvantage is the fact that the procedures for performing such a valuation
are only recommended, and the result is therefore influenced by the valuer’s subjective opinions and
feelings. Appraisal is therefore a science and an art to a specific degree [1]. The second method is
calculation of the so-called administrative (or official) value, which is determined by a procedure in
accordance with the relevant jurisdiction. The procedure for calculation is firmly set, and there is little
opportunity for subjective opinion. However, the administrative value quite often differs from the
market value by several tens of percent.

From the economic perspective, real estate is a very specific asset, and the market for these assets
is very specific and different from markets for classic commercial products (this is due, for example,
to external factors influencing the price, a very limited range being offered at a specific time, etc.).
This means that the actual real estate valuation process is also specific. We can find many historic
opinions on how appraisal should be carried out, but three approaches are currently used most often.
These are the cost approach, income approach, and market approach [2]. In relation to this, Ozdilek [3]
states that these essentially concern approaches based on a view of the past (comparison with other
previous sales), a view of the present (determination of the current costs of construction), and a
view of the future (capitalization of future estimated income). When determining market values, the
comparable transaction method is used most often [4]. However, in some cases, when using this
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method, one can encounter the problem of a lack of data due to the low frequency of sale of similar
objects [1].

The main purpose of automated systems is to objectify the entire valuation process as much as
possible and, thus, to ensure the greatest possible transparency in the real estate market. The first
simple automated systems were developed in the 1980s [5].

At present, a number of automated systems are presented in the professional literature [6–8].
In most cases, however, these are systems for valuing apartments [9,10]. The authors emphasize
that the demand for and greater expansion of automated valuation methods will lead to greater
transparency in the real estate market [11]. Hedonic models are often used. These endeavor to
determine the parameters that influence the prices of assets and subsequently allocate weights to these
parameters, or possibly to examine the influence of one specific element on the price [12,13]. Many
models use single-stage and multi-stage regression by using the ordinary least squares method [14,15].
Recently, autoregressive models have also been developed [16], as well as models using advanced
techniques, such as geographic information systems [17]. Other models use a set of known parameters
and characteristics of assets as well as their associated marginal prices [18]. Very advanced models use
evolutionary polynomial regression to maximize data accuracy [19].

The systems are based on available statistical data about realized real estate transactions, and they
try to find relationships and connections in these sets, which are then generally interpretable—they
are based on comparable transaction methods. Of course, a wider available database means more
objective results [18]. The systems work with multiple regressions and they create prediction functions.
Everything is based on computer databases and a set of algorithms that evaluate transactions [17].

However, the authors agree that all the factors that influence the value of an asset cannot be
determined, but all models have one thing in common—that they agree that location is absolutely
crucial in relation to the value of the asset. Thus, it is possible to find studies that examine the
impact of positive externalities on property prices, such as places that have nice views [20], are near
to public service facilities [21], are in the neighborhood of public transport [22,23], or are close to
public greenery [24,25]. On the other hand, negative externalities that reduce property prices have
been shown, such as being in the neighborhood of electrical facilities [26], sources of pollution [27,28],
or jails [29].

It is logical that no two plots of land occupy the same place in space, and the location of each of
them is unique and unchangeable. This means that it is impossible to state that two pieces of real estate
have an identical price, despite being absolutely identical in all other parameters, because they will
always at least have a different location. Some systems endeavor to take this fact into consideration,
e.g., by considering the value depending on postcode [30] or local segmentations of the real estate
market [31].

However, no system is (or can be) perfect because the final transaction price during the sale of real
estate is always determined by agreement between a willing seller and a willing buyer. Furthermore,
both parties are aware that they are able to influence the price of the transaction during this process [32],
which means that the price of the real estate can never be determined absolutely precisely, meaning
that some systems offer a range within which the specific price most probably falls [1].

With regard to the fact that ownership and transfer of real estate are subject to tax in all European
states, prices of the real estate must be determined for these purposes. The procedures are subsequently
determined by the relevant jurisdictions—Baraňska [33] gives a comparison of the methods used
in some European countries, for example. Some governments use automated systems to deal with
this issue [2]. The decree of the Property Appraisal Act was implemented for these purposes in the
Czech Republic. The procedure determined by the decree can be quite easily automated, and there
are several software tools that enable this, but valuation itself is a matter of several tables, which are
incapable of reflecting all the circumstances that affect the value. The fact that the decree is regularly
updated once a year is also a problem because the assets’ values develop much more dynamically.
An automated system for appraising detached houses which would be capable of determining their
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price with sufficient accuracy on the basis of objectively verifiable data entered by the user, could
therefore be used for the purpose of determining the base tax, and would certainly also be of interest to
real estate agencies, valuers, public institutions, and other specialists in the real estate market.

Most of the development in European cities is residential real estate [34]. It is, therefore, logical
that this type of asset is most often sold. Valuation of apartments is relatively simple and is also
related to the potential for quite simple automation of valuation—apartments are not influenced by
the value of land, and there is usually a fairly large sample of similar assets on the market that were
previously sold. If the floor area and overall standard are known, then the price per square meter of a
unit of a specific standard in a particular location can be quite accurately estimated and applied to the
apartment that is to be evaluated. Only the development of an asset’s value over time must be taken
into consideration [35].

However, the situation is quite different in relation to detached houses, and there are many more
factors that influence the prices of the assets—apart from the size, location, and standard, the age,
number of floors and their use, renovation work carried out, etc. are also influential. In this case,
automation of valuation is much more complicated.

This paper is conceived as follows. Section 2 describes a methodology that can be used to develop
an automated system for valuation of detached houses. Section 3 gives a calculation of the values
of coefficients that are essential for calculating and implementing an automated system, and the
functionality of the entire system is subsequently verified on a sample of 122 actually sold detached
houses in the city of Ostrava and its surrounding area. Section 4 summarizes the conclusions and gives
recommendations for further research.

2. Methods

The methodology for potential future automated valuation is based on the following concept.
If costs for construction of a new detached house are assessed in various places, these costs only differ
significantly in relation to the item of acquisition of the land, while costs for construction itself—when
maintaining specific standards—are very similar. The question is, therefore, whether this can also be
applied to older houses, or whether the market price of a detached house can be derived from the
market value of the land in the location as well as from the size of the house and its wear.

Even a cursory look at real estate offers makes it evident that the prices of residential real estate
differ in the same location, and are mainly influenced by demand for housing in a specific location.
However, in locations where there is high demand for housing, both land and constructed houses are
also logically expensive, or, more precisely, the factors that influence demand for land intended for
construction of detached houses are the same as factors influencing demand for constructed homes in
the specific locations.

If we know the total sales price of a specific house, it is easy to establish how large the land
belonging to it is from the data publicly available from land registries. The market value of such a land
plot can subsequently be determined on the basis of comparison with other transactions concerning
sale of vacant, undeveloped land plots that occurred in that specific location in the past—naturally,
with relevant modifications made by taking into consideration changes to prices over time [35]. This
allows us to abstract just the price of the structure as such from the total sales price of the detached
house, and if its total net floor area is known, the value per square meter of this area can also be
established. The net floor area means the area demarcated by the interior surfaces of the plaster or
other surface treatments of individual vertical structures, including non-load-bearing partitions [36].

However, it is not as easy to establish the floor area of a house as it is to establish the area of a
plot of land—the Real Estate Registry of the Czech Republic does not register data about floor areas of
individual structures. However, determination of this area is very important for valuation, also with
regard to the fact that the floor area of cellar and attic spaces can be expected to have a much smaller
influence on the total sales price than the floor area of standard living areas.
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Of course, it would be possible to take just the built-up area into consideration for the
aforementioned purposes; however, in the authors’ experience in valuating specific real estate,
it is apparent that work with the net floor area is much simpler and more effective because the floor
area inside the structure is easier to measure using modern laser distance meters and is easier to work
with, for example, in cases when part of the structure has a different standard of use (e.g., part of the
floor area of the ground floor is used as a garage, part of the attic is not modified and is used as a
storage space, etc.).

The total built-up area of the structure serves as a specific guideline. This can usually be established
from the cadastral map on which the outline of the object is marked, or, for newer buildings, if the
actual built-up area forms a separate plot with its own plot number, the area is given in the Real Estate
Registry. However, it is clearly logical that the built-up area is not equivalent to the floor area.

Another question is whether the price of a detached house can be determined by adding the value
of the land to the value of the house as such; in other words, is it possible to apply the following
formula to each detached house with a sufficient degree of accuracy?

HV = LV + OV, (1)

where:

• HV—value of the detached house (CZK),
• LV—value of the land (CZK),
• OV—value of the actual object itself (CZK).

As stated above, the value of the land can be determined separately by multiplying its area by
the unit prices, which are usually found during sales of similar land plots in the surrounding area.
The value of the land is, therefore, not unknown.

The aforementioned description indicates that the value of the structure as such is considered to
be the sum of the value of the individual floors, with the understanding that the price of each floor
is given as the product of the net floor area and the determined unit value. However, it is evident
that the unit value of each floor may differ—e.g., the unit value of the cellar will certainly be lower
than the unit value of the ground floor; the cellar is not a standard occupied space, as in most cases,
there is insufficient daylight and the ceiling height is also lower. In order to simplify, we consider the
coefficient of the potential to occupy the ground floor to be equal to 1; the coefficients for other floors
are, therefore, unknown, as is the net value. If we consider the value of a detached house with two
floors and a cellar, or one floor and an attic, the considered relationship can be mathematically written
as follows:

OV = α1 × SUV × S1 + SUV × S2 + α3 × SUV × S3, (2)

where:

• OV—value of the actual object itself (CZK),
• α1—coefficient taking into consideration the potential to use the cellar,
• α3—coefficient taking into consideration the potential to use the first floor or attic,
• SUV—structure unit value (CZK/square meter),
• S1—net floor area of the cellar,
• S2—net floor area of the ground floor,
• S3—net floor area of the first floor or attic.

The product of the coefficients and the unit value of the structure can be expressed by one
unknown, i.e.:

α1 × SUV = β1, (3)

SUV = β2, (4)
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α3 × SUV = β3. (5)

As stated above, the final price of the transaction during the sale of real estate is influenced to
some degree by the subjective decisions of the involved parties, their ability to negotiate, etc. The data
about prices are therefore heteroscedastic, and uncertainty must also be taken into account. If we enter
formulas (3), (4), and (5) into formula (2) and enter uncertainty ε, we get the formula:

OV = β1 × S1 + β2 × S2 + β3 × S3 + ε. (6)

The goal is therefore to determine the values of coefficients β1, β2, and β3 so that a generally
applicable formula is created into which one simply enters the value of the net floor areas of the
individual floors and determines the market value of the detached house to a sufficient degree
of accuracy.

However, there are still several problems with the formula. The first is the fact that the
aforementioned relationship does not take into consideration the standard of the object or its wear.
Calculation of the estimated wear of the house is a standard element of a valuer’s work, which is why
it is not discussed in more detail here. Bradáč [36] discusses this issue under the conditions of the
Czech Republic in more detail, for example. Wear is given as a percentage, with the understanding
that zero wear is equivalent to a new build; the more wear, the lower the structure’s standard.

Another individual problem is the fact that the prices of real estate develop over time [37]. With
regard to the fact that samples of sales over the last three years were used in the practical application set
out below, similarly to other models, changes to prices over time must be taken into consideration [38].
The Czech Statistical Office [39] monitors development of real estate prices in the Czech Republic,
and the published data indicate that both the prices of building plots and the prices of detached houses
have been rising since 2016. Growth is approximately linear from 2016, whereas the prices of detached
houses increase by approximately 0.6% every month. If development of real estate prices differs over
time, the relevant value must naturally be modified. The final form of the required formula in the
current situation is as follows:

OV = (β1 × S1 + β2 × S2 + β3 × S3) × (1 −W) × (1 + MN × 0.006) + ε, (7)

where:

• W—wear given in decimal values,
• MN—number of calendar months that have elapsed since sale.

With regard to the fact that neither wear nor time of sale are unknown, but can be determined
before commencing calculation, this modification can be allowed.

The above is also the basis for several questions, which this paper endeavors to answer:

• Can the ratio between the net floor area and built-up floor area of a detached house be determined?
• Can the value of a detached house be determined as the product of the value of the land and the

value of the house as such?
• To what degree do cellars, attics, and other areas that are not intended for permanent occupation

influence the value of a detached house?
• Can the entire system be automated?

3. Results

3.1. The Relationship between the Built-Up and Net Floor Areas of Detached Houses

Data about 57 real objects were collected in order to determine the ratio between the built-up and
net floor areas of detached houses. These detached houses were personally visited by the authors
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and, in all cases, they used a laser distance meter to measure both the built-up and net floor areas of
individual floors. The structures were placed in order from largest to smallest.

Figure 1 shows the built-up areas and net floor areas of individual structures. Figure 2 shows the
ratios between the built-up and net floor areas. These all concern the ground floor. Figures 3 and 4
below show the same, with the difference that these data apply to the first floor, or possibly the attic.
Houses that have only one floor—a total of 12 samples—were therefore eliminated from the examined
samples in the second case. In the case of houses with a saddle roof, the angled ceilings of the attics
are not taken into consideration—the floor areas were measured from the interior faces of the vertical
load-bearing structures.
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Figures 1–4 indicate several facts:

• It is evident that most of the values of the examined ratios fall within an interval between 0.70 and
0.80.

• Greater deviations only apply to single cases; with regard to the numbers, there are slightly more
cases where the examined ratio is less than 0.70.

• Houses with a built-up area ranging from 90 to 120 square meters have the most stable examined
ratio; the values of houses with a built-up area outside this range deviate much more.
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During investigation of specific structures that have extreme values of the aforementioned ratio,
it was found that structures in which the age of the main load-bearing structures is 100 or more years
achieve the local minimum. Different procedures were used during this period; it was particularly
common for the main load-bearing structures to be much more massive, especially in order to maintain
a comfortable interior temperature [40]. On the contrary, local maximums are displayed by new builds,
particularly by wood-builds using sandwich technology, the load-bearing structures of which are very
lightly built. The basic statistics of the aforementioned data are evident from Table 1.

The above indicates that the total net floor area can be determined fairly accurately for all detached
houses by multiplying the built-up area by a coefficient ranging from 0.75 to 0.80. The determinant
deviation in this case is very low. In the case of old houses with massive structures, this coefficient
should be reduced down to the value of 0.60; on the contrary, this value should be around 0.80 for
new builds.
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Table 1. Basic statistics of the set of data of the examined ratios.

Ratio between Built-Up and Net
Floor Areas on the Ground

Floors of all Houses

Ratio between Built-Up and Net
Floor Areas on the First Floors of

all Houses

No. of samples 57 45
Maximum 0.833 0.868
Minimum 0.555 0.601
Average 0.746 0.764
Median 0.744 0.769

Determinant deviation 0.052 0.065

3.2. Determining the Values of Coefficients

The potential for utilization of the formula must be practically verified. As stated by Kettani [41],
when determining the values, the assessed real estate must be compared to other assets of very similar
size and location—the market needs to be segmented. The segment of detached houses that may have
a cellar or have a single floor with an occupied attic—or those that have a saddle roof, where the
attic area is partially restricted as a result of the angle of the ceiling—was chosen to demonstrate the
potential to establish the values of the aforementioned coefficients. The plot size of detached houses
that were included in the selection was limited to a maximum of 1500 square meters—if the area of
the plot was larger, this could mean that economies of scale would have a significant impact on the
unit value of the land plot, which would distort the results. A total of 122 sales of detached houses in
the city of Ostrava and its surrounding area were analyzed. The data were chosen from a database of
actually sold real estate—this database includes photographs of individual assets, a brief description,
and the development of the offered sales price until the time the house was sold [42].

The Czech State Administration of Land Surveying and Cadaster [43] has registered actual sales
prices in the Czech Republic since 2014. It acquires these data from the sales contracts submitted to
it. These data are subsequently publicly available, but for a fee. In the case of the examined sample
of sales, the usual local value of the plot was deducted from the total sales price, which gave us the
value of the structure itself. The size of the built-up area of the individual floors was subsequently
measured in the cadastral map; this was multiplied by a coefficient of 0.75—see above—which resulted
in the approximate net floor area of the individual floors. The degree of wear of each structure and the
coefficient taking into consideration changes to price over time—see above—were also determined.

Basic statistical descriptive data of the investigated quantities are given in Tables 2 and 3. The
statistics of cellars floor areas and attics do not include houses that do not have these parts.

Table 2. Basic statistics of the set of data of the examined prices.

Total Sales Prices (CZK) Plot Sizes (Square
Meters)

Local Usual Values of
the Plots (CZK)

No. of samples 122 122 122
Maximum 5,390,000 1499 2600
Minimum 799,000 192 155
Average 2,917,689 804 1202
Median 2,780,000 804 1200

Determinant deviation 1,031,117 306 538

Standard multiple regression using the ordinary least squares method was used to obtain the
values of the required coefficients from the obtained data. These values are as follows:

• β1 = 336.59,
• β2 = 35,500.09,
• β3 = 19,847.12.
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If we enter the values of the aforementioned coefficients into formulas (3), (4), and (5), we obtain
coefficients α1 and α3:

• α1 = 0.009,
• α3 = 0.559.

The basic descriptive outputs of the performed multiple regression analysis are given in Table 4.

Table 3. Basic statistics of the set of data of the examined floor area and wear.

Cellar Floor Area
(Square Meters)

Floor Area of
Ground Floor

(Square Meters)

Floor Area of Attic
(Square Meters) Wear (%)

No. of samples 95 122 113 122
Maximum 126 126 97 80
Minimum 20 38 10 5
Average 69 81 57 44
Median 74 79 60 45

Determinant deviation 22 17 22 20

Table 4. Basic descriptive outputs of the performed regression analysis.

Correlation coefficient R 0.992268
Correlation determination R2 0.984596

Coefficients Median Value Error Value t Value p

Cellar floor area 336.59 1309.157 0.257103129 0.797543181
Floor area of ground floor 35,500.09 1258.894 28.19941592 1.607 × 10−54

Floor area of attic 19,847.12 1583 12.53766161 1682 × 10−23

The correlation coefficient and the correlation determination show a very strong dependence
between the floor area of the structure and the total price, which is, however, quite evident and
expected. However, the fact that the floor area of the cellar has a very minimal influence on the total
price of the house is a surprising finding. This means that whether the specific object has a cellar or not
is quite insignificant to the buyer.

The smaller influence of the floor area of the attic is also evident from the results. In other words,
if two houses with the same floor area are sold, although one of them has a single, ground floor and
the other has a ground floor with an occupied attic, the bungalow will be sold for a higher price. This
is caused by the fact that only houses with a saddle roof were chosen for the analysis, where utilization
of attic areas is limited by the angle of the roof, and also by people’s general unwillingness to walk up
and down stairs [44].

It is also evident from the values of the created coefficients that the unit sales prices of newly built
houses (i.e., objects with zero wear) are around 35,000 CZK/square meter. In the authors’ experience,
this corresponds to factual prices; the aforementioned amount is also very close to construction costs.

To verify the overall significance of the performed analysis, a complete F-test of the entire data set
was performed. In this case:

F significance = 6.2 × 10−107, (8)

which is a value much lower than the commonly required levels of significance, so the chosen model
can be described as very significant.

There are two more graphs included for better interpretation of the results. Figure 5 shows a
comparison between the realized sales prices of detached houses and the prices that were calculated
by entering all the values into formula (7). Figure 6 shows the percentage deviations between the
achieved and calculated prices in individual cases. The transactions were placed in ascending order
according to actual price.
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Figures 5 and 6 indicate that the aforementioned method can be used to determine the price of a
detached house with a maximum deviation of 20%. However, we can see three cases here where the
achieved deviation is negative and higher than 20%. This means that these three houses were sold for
a significantly lower price than that corresponding to the market conditions. This can be explained by
the sellers’ efforts to sell the house as soon as possible and have the money from the sale very soon
(e.g., due to an urgent or difficult situation). However, as can be seen from the above, this concerns
individual exceptions.

It is also clear from Figure 6 that the more expensive the house, the lower the deviation between
the achieved and calculated sales prices, which is up to 10% in most cases of newer houses. This
is particularly because the most expensive houses are also the newest, and it is easier to determine
objective wear (mostly using linear methods). If the houses are older, the essential age of some
structures can only be estimated, which distorts the degree of wear, and this distortion is reflected in
the calculation.

4. Discussion

The aforementioned method can be used to automate the valuation of detached houses. However,
the analysis must always be performed for a specific segment of detached houses only. A regression
analysis can be performed to obtain the values of the coefficients necessary for calculation of the price,
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and these can be entered into the system; then, the user simply gives the data that can be obtained
from public sources when establishing the market value of a specific detached house. Alternatively,
these data may be specified by the owner of the assessed real estate themselves—the area of the plot,
the usual price of a plot in that location, the floor areas of individual floors, and the estimated degree of
wear. With the exception of a few cases, the deviation between the aforementioned calculation and the
actual market price of the real estate ranges up to 20%, and up to 10% in approximately 80% of cases.
This means that the price can be calculated quite accurately. This method also does not depend very
much on the valuer’s subjective opinion. If the β coefficients can also be determined for other types of
detached houses and, possibly, for other types of assets, a system can be created that can be used to
determine the market values of detached houses with very small deviations. This system could then
be used, for example, for tax purposes.

Although the mentioned methodology was conceived and researched in the Czech environment,
it would be beneficial to verify its applicability in other European countries through further research.
Its main advantage is the overall simplicity and practical comprehensibility, even for people moving
outside the real estate market. Other automated systems are very sophisticated, but they also provide
more accurate results; on the other hand, they may be too difficult for many users. It is even possible
that some data that are necessary for valuation are not available at all—e.g., data on the number of
bedrooms, orientation of living rooms, number of balconies, etc. are not a common part of statistical
data of realized real estate transactions in the Czech Republic. In addition, the vast majority of foreign
automated models are focused only on apartments; the method presented here shows a possible
method of house valuation, and thus contributes to the overall transparency of the real estate market,
which undoubtedly affects the overall sustainability of the territory as a whole.

However, the aforementioned method can also be considered a method for establishing the usual
value of land in a specific location if data about the actual sale of plots in that specific location are
not available, but where detached houses are often sold—typically in densely developed areas with a
shortage of vacant plots.

Further research in this field should focus on establishing the values of the relevant coefficients
for other types of detached houses, or could possibly be used to verify whether the aforementioned
method may also be applicable to other types of structures (e.g., retail units, manufacturing sheds, etc.)
or in other countries. A more objectivized method of calculating wear, particularly in relation to older
structures, would also be beneficial.
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43. Český Úřad Zeměměřičský a Katastrální [Czech Cadastre of Real Estate]. Státní Správa Zeměměřičství a
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