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ARTICLE INFO ABSTRACT

Scientific interest across the fields of historical landscape research and historical land use has grown in con-
nection with the dynamic changes in the current landscape. Various historical sources are used for gathering
information on historical land use and its reconstruction. These sources are then the subject matter of the re-
search with respect not only to their contents but also to the quality and accuracy of the information presented.
Our contribution deals with the issue of accuracy of old cadastres on the example of Josephian Cadastre which
dates back to the Habsburg Empire at the end of the 18th century and which was made with the participation of
laypeople (peasants) and with minimal technical equipment. We compared the results of field surveys from the
Josephian Cadastre with the more recent Stabile Cadastre and using the GIS and methods of descriptive and
inference statistics we evaluated the influence of individual factors on accuracy. The resulted average deviation
of individual plots in Josephian Cadastre was 14.8% and depended mainly on the land use and slope of the plot.
According to the results, we consider that data from this type of source could thus enrich the current known
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1. Introduction

Scientific interest across the fields of historical landscape research
and its use has grown since the 1950s in connection with the significant
dynamic changes in the current cultural landscape (Antrop, 2000,
2004) alongside the development of research methods. Substantial
impact on the change in landscape character and its human use is
caused by such phenomena as urbanization, industrialization, traffic
system expansion, intensive agriculture as well as abandonment of
farmland (Agnoletti, 2014; Antrop, 2004; Bastian et al., 2006). It is the
changes in the use of landscape that are a key element and driver in the
ongoing global environmental change (Gragson and Bolstad, 2006).
Thus the study of changes in land use and land cover (LULC) may
present underlying topics of both historical works emphasizing human
interaction with the environment in the environmental history (Whyte,
1997) and scientific works focusing on the changes in the ecological
parameters of landscape (Olah et al., 2009; Vellend et al., 2013). In-
terdisciplinary encounters of historical and natural sciences which
complement each other with methods and data resources occur in the
field of this research theme. This concerns the acquisition of termi-
nology and quantitative methods of natural sciences in the case of
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environmental historians (Worster and Crosby, 1989) including geo-
graphic information systems (GIS) (Kingston, 2010; Knowles, 2008); in
the case of natural sciences, this mainly concerns the use of a wide
spectrum of historical sources which served the purposes of historians
and archivists in the past and now enter purely scientific fields (e.g.,
Brazdil et al., 2005; Pecci, 2001; Trimble, 2008).

A popular information source within the historical LULC research is
mostly historical topographic maps in various scales (Bender et al.,
2005; Fuchs et al., 2015; Skalo$ et al., 2012). These cartographic
sources combined with modern GIS technologies seemingly left the
shadow of archives and became important sources of historical spatial
information (Balletti, 2006) which is easy to interpret and access due to
growing archive digitization (Hartleib and Bobertz, 2017). In addition
to old maps, there are many other sources for historical land use re-
search (Yang et al., 2014). These include various official statistics and
reports (Bicik et al., 2015), public surveys (Schulte and Mladenoff,
2001), and historical cadastres along with their written records of land
ownership (Troll and Ostafin, 2016; Zaragozi et al., 2019) and taxation
(Wei et al., 2015). The use of historical sources has thus become
common part of “mainstream research” in the research of landscape
changes (Vellend et al., 2013). However, it is essential, together with
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the information on the historical landscape provided by these sources,
to critically view their accuracy, informativeness, and limits, and un-
certainties introduced in their current processing and interpretations
(Dahlstrom, 2008; Vuorela et al., 2002; Raska et al., 2014).

Leyk et al. (2005) used old maps to present three sources of un-
certainty that could be demonstrated in the results of analyses of the
historical change research LULC which necessitate consideration. First,
it concerns the accuracy of historical maps themselves which were often
elaborated on without the knowledge of geodesy and absent any united
procedure (Balletti, 2006). A certain distortion also occurs during the
processing of such resources (e.g., in GIS) (Baiocchi et al., 2013; Claeys
Bouiaert et al., 2016; Pindozzi et al., 2016). The last point is the issue
of combining current and historical data where an understanding and
the significance of historical land use might not comply with current
practices (Bender et al., 2005). Uncertainties and inaccuracies may then
affect the results and interpretations of quantitative analyses of land use
change that are often presented with a high degree of accuracy (Bender
et al., 2005; Kopp et al., 2015; Skalos and Emgstova, 2010). Similar
issues are encountered when working with historical written sources
whose unique historical landscape data might be more challenging to
localize in space (Zaragozi et al., 2019). Therefore, it is necessary to
cope with their information selectivity as well as the issues connected
with their correct interpretation and processing (Woitschova, 2017).
Working with this type of data, it is often necessary to know the his-
torical context, language of the era, and paleography (Trpakova, 2009).

Our research focuses on the issue of accuracy of a written historical
source which bears the information of historical land use—namely the
Josephian Cadastre of the Habsburg Monarchy (particularly its part of
the Bohemian Kingdom) at the end of the 18th century. Beside the more
regional Milanese Cadastre (1718-1723) (Lisec and Navratil, 2014), the
Josephian cadastre can be considered as the first modern cadastre in the
territory of the Habsburg Monarchy and can be seen as a unique record
of the historical landscape. This potential in the study of landscape
changes in historical perspectives has been presented in several studies
(Laznicka, 1959; Troll and Ostafin, 2016; Frajer, 2019).

2. Background of the Josephian Cadastre

The Josephian Cadastre, which emerged based on the imperial de-
cree from April 1785, was the fifth cadastre established in the
Bohemian Kingdom. It introduced a number of innovations in com-
parison to its predecessors including the First Land Registry (1654), the
Second Land Registry (1684), the Theresian Cadastre (1748), and The
Fourth Land Registry (1757) (Bic¢ik et al., 2015) so that tax collections
could be simplified and made more efficient. Emperor Joseph II ordered
its realization following in the footsteps of his mother, Marie Therese, in
her earlier attempts at tax collections. She was the first to tax not only
peasants but also the nobles’ land—it was declared in special declara-
tions called Exaequatorium Domonicale that is outside the cadastre
with a lower tax. The Josephian Cadastre unified the disproportion. All
used land was taxed regardless of its owner. The new basic taxation unit
was set to be the “Cadastral Municipality” and replaced the “manor.”
This created new tax administrative units which were not subject to
nobility (Godsey, 2014), therefore avoiding the former hassle of de-
liberately undervaluing the plot area. The Josephian Cadastre gauged
60% more taxable land than the previous Theresian Cadastre (Roubik,
1954).

The cadastral areas were divided into several smaller areas (so-
called topographical units) within the exactly demarcated borders of
the cadastral municipalities, where the surveying of individual plots
divided into basic categories according to their use took place for the
first time in cadastral practice. Only infertile land without agricultural
use were not evaluated, which was the forfeit for the speed at which the
cadastral survey and gauging had occurred. Each survey was to be ac-
complished in the presence of an elected municipality committee in
order to prevent a deliberate omission or underestimation while
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Table 1
Areal units of the Josephian Cadastre.

Areal units

Josephian Cadastre Current unit

1 Austrian morgen (joch) 5754,64 m*
1 Square fathom 3,5967 m?
1 Square feet 0,0999 m?

Source: Rames (2005).

surveying the plot. Any attempts at fraud were fined and the proceeds
of the fine were paid to the person who announced the discrepancy
(Roubik, 1954). Joseph II put pressure on the hasty completion of the
cadastre which also led to local farmers performing the gauging
themselves although they had not been adequately taught to perform it.
Engineers and professional surveyors were scarce and were only called
to survey complex lands (i.e., water bodies, forests) in difficult or in-
dented terrain (Pecka, 1985). Later, engineers were often employed by
nobility who could pay them for their work.

Technically, the surveys of individual plots were carried out with
the participation of seven persons including an official, who recorded
the results of surveys in the so-called Fasi book. The measuring tools
were very simple and included officially approved and checked mea-
suring rods and pegs together with measuring rope of the length of 10
Viennese fathoms (18.96 m) with special loops at each end which could
hold the rods used to stretch the rope (Bumba, 2007). The basic areal
unit was the Lower Austrian morgen (joch), which was further divided
into square fathoms and square feet (Table 1). While the entire process
was described in detail in the instructions elaborated in advanced,
mistakes occurred during the gauging which resulted from inexperience
and the use of new areal measuring units unknown to most of the in-
habitants (the unit used in Bohemia at that time was called the korec,
which was a complicated combined unit of area and volume). Land
surveys also introduced the necessity to simplify the course of its bor-
ders and subsequent division of its area to regular geometrical shapes
which facilitated the area calculations. Lay inhabitants had never en-
countered it before. Despite some partial issues, the Josephian Cadastre
was completed in 1789, although it only remained valid until 1792
when Emperor Leopold I abolished its use under the pressure of dis-
gruntled nobility (Roubik, 1954).

Despite its short existence, the Josephian Cadastre introduced novel
elements to cadastral surveying. Most of all, it was a system of accu-
rately demarcated cadastral municipalities which form the base of
current cadastres of the countries of the original Habsburg Monarchy
(Lisec and Navratil, 2014). It accomplished the first surveys of all plots
and their classification into finer categories according to their use, with
the exception of uncultivated land. Unfortunately, the planned ela-
boration of detailed cadastral maps did not occur as the sketches from
field surveys were unfit to create detailed cadastral maps (Boguszak and
Cisat, 1961). Thus scientists in the former Habsburg Monarchy coun-
tries mostly used the well-known Stabile (or Franciscan) Cadastre cre-
ated between 1817-1860 following the Milan model which contains the
list of plots as well as an extended map set in a detailed scale (Petek and
Urbanc, 2004; Trpakova, 2009). It was elaborated based on modern
geodetic surveys using schooled surveyors who accomplished it based
on a dense trigonometric network (Lisec and Navratil, 2014). The plot
numbering of the Stabile Cadastre was completely new and the legacy
of the Josephian Cadastre was reflected in the equal taxation and the
cadastral municipality system.

3. Accuracy of Josephian Cadastre and aims of the study
One of the most important questions when using the Josephian

Cadastre records is its accuracy and credibility, which may be distorted
by the current view of the relatively primitive methodology of its
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cadastral survey, age, and the extensive participation of laypeople.
While the current study proves that the data collected by experts and
laypeople might not differ significantly (See et al., 2013), the differ-
ences in the 18th century were striking. Peasants participating in ca-
dastral surveying may have lacked the necessary skills (e.g., reading
and writing) used in surveying, which could have limited the effec-
tiveness of the results. Low literacy rate among peasants were directly
linked to their social status (Houston, 2014). The compulsory six-year
school attendance was introduced in the Habsburg Monarchy in 1775
meaning that the lowest level of school only taught reading, writing,
and the basics of arithmetic, while geometry (essential in surveying)
was only taught on higher school levels (Bélina et al., 2001). The new
areal units unknown to the inhabitants also presented complications
(Roubik, 1954).

The issue of the accuracy of the data in the Josephian Cadastre was
studied by Troll and Ostafin (2016) in their study of forest cover change
in the Polish Carpathians; by Honc (1981) in an older work which
studied the cadastral data from summaries for manor estates in Bo-
hemia; and by Stys (1932), who studied Polish villages. All authors
compared the results of the Josephian Cadastre with the Stabile Ca-
dastre. However, the above-mentioned studies focused on the evalua-
tion of the accuracy of aerial surveys in entire cadastral municipalities,
not in the scale of individual plots. The aim of our study is to focus on
the accuracy of survey in individual plots in the case study from central
Bohemia (Czech Republic). The reference material used is also the data
of the Stabile Cadastre which is considered sufficiently accurate in its
surveys (Hendrych et al., 2013; Krémérova and Jelecek, 2017;
Pavelkova et al., 2016). We follow several assumptions:

(1) the area of identical plots differs between the Josephian and the
Stabile Cadastres due to the used method and the participation of
laypeople;

(2) the land surveyed in the Josephian Cadastre by surveyors show
smaller deviations in the survey;

(3) and the extent of the deviation is influenced by factors which might
have hindered the field surveys—whether be it the complicated
outline of the plot, the inclination of the plot, the use of the plot, or
its area.

4. Data and Methods

Regarding the absence of maps for the Josephian Cadastre and the
new number system of plots in the Stabile Cadastre, it was necessary to
find a connecting element between both cadastres. It was accomplished
in the area of interest through a set of regional maps of estates (or maps
of manor) of the Zleby-Tupadly manor which belonged to the Auersperg
family from the turn of the 18th and through the 19th century. Not only
do these maps reflect the spatial layout of the plots at the start of the
19th century (i.e., approximately 15 years after the Josephian Cadastre
was established) but also state the old numbers at each plot according
to the numbers of the Josephian Cadastre. The maps were acquired and
then scanned or photographed in detail at the State Regional Archives
in Zamrsk. It was a set of 14 maps for individual mansions (Fig. 1). Most
maps were probably created around 1817 in the scale of approximately
1:1510 by the engineer Johann Baptista Ziedler. The author of the map
of the Z4dky mansion from 1823 in the scale of 1:2200 is unknown.
Unfortunately, more detailed data of these maps are unknown. Apart
from the map of the Zaky mansion, the other maps do not show all the
plots surrounding specific manors but only those belonging to the no-
bility or those rented out by the nobility. Thus, they create an inter-
esting mosaic of connecting plots and loosely set enclaves of plots in an
unmapped space (Fig. 2).

The plot data of the Josephian Cadastre were adopted from the
original Fasi book of the Josephian Cadastre from 1789. The books
were photographed at the National Archive in Prague and subsequently
transliterated from the late medieval cursive font Kurrent (or German
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cursive).

The last source of the basic data was the maps of the Stabile
Cadastre (in the scale of 1:2880), which were created for the area of
interest in 1838. Their digital copies were acquired from the State
Administration of Land Surveying and Cadastre (CUZK). The map
sheets for individual municipalities were joined and geo-referenced in
the ArcMap 10.6 software using the method of identical points and 1 st
order polynomial transformation (affine) which is commonly used for
such purposes (Dolejs and Forejt, 2019; Pereponova and Skalos, 2019).

The plots from the Stabile Cadastre, which visually corresponded
with the position and shape of the plots in the maps of the manor, were
selected in the first stage. Subsequently, the course of plot boundaries in
both map sources was checked in detail, and those plots for which it
was impossible to prove that the shape and course of boundaries had
not changed were excluded (Fig. 2). Those plots, which formed one area
on the maps of the manor—within the Stabile Cadastre this area could
be divided into more plots albeit within the same boundaries—were
also kept. Additionally, this also included plots whose change in border
could be unequivocally identified and reconstructed in the Stabile Ca-
dastre.

A database was created from the selected sample of plots (n = 137)
which was completed by the following attributes (Table 2). Firstly, the
plot data stated in the Josephian Cadastre, such as the area, the parti-
cipation of surveyors, aggregated categories of land use, may have in-
fluenced the manner and complexity of the surveys. The area of a plot
in the maps of the Stabile Cadastre, the slope of the plot derived from
the digital elevation model, and the quantitative indicators for the
shape of the plot using simple contours of shapes were calculated in the
environment of the GIS (Peura and livarinen, 1997), which are used as
standards in Landscape Metrics (MacLean and Congalton, 2013). The
Minimum Bounding Geometry tool in ArcGIS (ESRI, 2018) was used to
calculate the area of circumscribed geometric objects for individual
plots.

A comparison of the area of plots surveyed within the Josephian
Cadastre and the Stabile Cadastre was impossible to be accomplished by
absolute survey difference with respect to the various plot areas.
Therefore, the deviation of survey (dm) was defined, which expresses
the ratio of the absolute difference in the area of the plot according to
the Josephian (Jc) and Stabile (Sc) Cadastres on the area stated by the
Josephian Cadastre:

|[Je — Scl
dp=—"—
" Je

Mainly classical methods of descriptive and inference statistics were
used in the processing of the obtained data. Specifically, the statistical
hypotheses testing was used where the non-parametric methods was
used with respect to the condition of data normality not being the
Kruskal-Wallis test (hereinafter the K-W test). Correlation analysis was
used to capture the met. The following were used: the Wilcoxon test;
the Mann-Whitney two-sample test; and in the case of testing the hy-
pothesis of compliance of more than two mean values, the relationship
between the Josephian and Stabile Cadastre surveys and other char-
acteristics (surveyor presence, terrain slope, border complexity, etc.).
Multivariate regression analysis was applied in the explanation of the
deviation variability. Some variables were transformed with respect to
breaching the assumption of normality using classic transformations
(i.e., using the extraction of a given variable and its logarithmization).

5. Results

The selected set comprised of 137 plots in total, which could be
unambiguously identified and whose borders had remained unchanged
since the introduction of the Josephian Cadastre after the creation of
the Stabile Cadastre maps. The key issue and entry assumption for the
purposes of further analyses was testing the hypothesis of mean value
(median) compliance of the plot surveys of the Josephian and Stabile
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Fig. 1. Map of the area of interest in the geographical context of the Czech Republic (data sources: © State Administration of Land Surveying and Cadastre - CUZK;

own processing).

Cadastres in the selected set of plots. This hypothesis was rejected at the
significance level a = 0.05 by the paired Wilcoxon test (p = 0.00). The
surveyed area of identical plots thus showed a significant statistical
difference between the cadastres. This assumption allowed us to focus
on other results including the deviations of plots with respect to their
areas, the presence of a surveyor, and land use. Additionally, we cre-
ated a model as part of the variability of the dependent variable (i.e.,
the deviation of survey).

5.1. Plot areas and their deviations

Most studied plots were not surveyed in the Josephian Cadastre by a
surveyor (108), and as for the land use, the most frequent were the plots
with arable land (85). These were the largest ones (88 thousand m? on
average) although they have the highest absolute variability—see
Table 3. The area of plots surveyed by surveyors shows altogether a
smaller deviation (14.4%) than the plots surveyed by laypeople
(14.9%). However, at a significance level of a = 0.05, the median de-
viation of the surveyed plots does not differ significantly from the
median value of the plots surveyed by laypeople (Mann-Whitney U test;
p-value = 0.28).

Comparing the plots in different categories of land use, the rela-
tively least different are the areas with arable land (deviation of 9.7%),
as opposed to the water bodies (28.5%) (Fig. 3). The K-W test was used
to test the hypothesis of equality of median deviations of plots cate-
gorized according to land use. The null hypothesis was rejected and a
statistically significant difference between variations of arable land and
water bodies was found at the significance level a = 0.05 (p-
value = 0.00). However, these were the ones most commonly surveyed
by surveyors (Table 4).

As the individual categories of land use are clearly represented
unevenly in the sample, we limit their focus on plots with arable land
which clearly occur most in the sample (more than 62%). In case we
only focus on comparing the deviations of plots with arable land sur-
veyed by surveyors and those which had not been surveyed, we dis-
cover that there already exists a statistically significant difference on
the level of significance a = 0.05 (Mann-Whitney U test; p-
value = 0.01).

5.2. Correlation and regression analysis of survey deviations

The first step required the inclusion of several variables whose re-
lation to the deviation of the plot survey according to the Josephian and
Stabile Cadastre was investigated in the manner defined in the methods.
Thus with respect to the theoretical part, the variables which re-
presented four different phenomena were selected: the area of a plot
(according to the Josephian Cadastre), the presence of a surveyor (a
dichotomous variable), the plot slope (minimum, maximum, average,
and variation coefficient), and the complexity of its outline (Para,
Shape, Frac, Ampl, Conv).

The deviation between the plot survey in the Josephian and Stabile
Cadastres is mostly linked (according to Spearman’s sequence correla-
tion coefficient — see Table 5) with the plot survey in the Josephian
Cadastre (-0.42). The larger the plot, the smaller the deviation. The
relationship with the dichotomous variable surveyor was also char-
acterized by indirect dependence (-0.27), which means that plots sur-
veyed by surveyors show lower deviations. This finding is in accord
with the previously presented result of hypothesis testing. Other vari-
ables significant on the level a = 0.05 were para (0.41), mean (0.29),
and min (0.28), while all other variables were directly dependent (i.e.,
the higher the complexity [Para] or the slope [both mean and minimal],
the higher the deviation of survey).

As the distribution of frequency of nearly all the studied variables is
not normal, they were transformed so that the multi-dimensional re-
gression analysis could be applied to explain the variability of survey
deviation between the Josephian and Stabile Cadastres. The regression
model was not further entered by the variables with strong inter-
correlation as the resultant regression model would be highly com-
promised.

The resultant regression model explains the 29% variability of the
dependent variable (deviation) and is as follows (the results are also
shown in Table 6):

v/ deviation = 3.517 — 0.159 X Jarea — 0.383 X surveyor
+ 0.083 X In ampl + 0.092 X In slope

min

+ 0.005 x slope

varkoef
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6. Discussion

The results following from the assumptions established at the be-
ginning of the research confirmed that difference in the area of identical
plots in the Stabile Cadastre and Josef Cadastre is statistically sig-
nificant. However, the total set of plots did not show statistical sig-
nificance of participation of surveyors in the accuracy of their surveys.
The area of the plots surveyed in Josephian Cadastre and Stabile
Cadastre differed by 14.8% on average. This figure is higher in com-
parison with the results of previous studies—Troll and Ostafin (2016)
state the deviation of 7%, Honc (1981) 13%, and Stys (1932) 8-12%.
However, the mentioned studies worked with statistics from all ca-
dastral or manorial units, and not individual plots. The results could

then be influenced by the presence of unsurveyed plots within the Jo-
sephian Cadastre or the changes in borders of cadastral municipalities,
which frequently occurred between individual cadastral surveys (Bicik
et al., 2015; Frajer, 2019). Such circumstances might have smoothed
out the deviations of the real surveys of individual plots. The following
discussion chapters focus on those detailed factors which might have
influenced the survey results of individual plots within the Josephian
Cadastre as well as the methodological limitations of our study.

6.1. Insight of the results

A detailed analysis of the factors that may have contributed to the
magnitude of the survey deviation showed that the most accurate
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Table 2

Monitored attributes of the selected sample of plots.
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attribut

source

record

note

Area in Josephian cadastre

Land use category
® Arable land
® Grassland (pastures, meadows)
® Water areas (fishponds)
® Other (forest, shrubs, fruit
gardens)

Fasi books (1788-89)

Fasi books (1788-89)

square metres

unit conversion from Lower Austrian morgens and square
fathoms

Participation of surveyor Fasi books (1788-89) Yes/No
Area in Stabile Cadastre Imperial imprints of Stabile cadastre (1:2800) square metres  measured in GIS
Slope Digital elevation model (State Administration of Land degrees Calculated in GIS; Basic interval of contours = 1 m,
Surveying and Cadastre) calculation grid = 5x5m
® minimum degrees
® maximum degrees
® mean degrees
® coeficient of variation value
Shape of land parcels Imperial imprints of Stabile cadastre (1:2800) value Calculated in GIS

® Perimetr to area ratio (Para) Para = 2 (p) perimeter
@ (a) parcel area
® Shape index (Shape) Shape = P (p) perimeter
o (a) parcel area
® Fractal dimension (Frac) Frac = 2 Inp (p) perimeter
Ina (a) parcel area
® Convexity (Conv) Cony = %=¢ (a) area of the convex hull
ac (a) parcel area
® Amplitude (Ampl) Ampl = PP (p.) perimeter of the convex hull
p

(p) perimeter

Source: Shape of land parcels - Demetriou et al. (2013); Brinkhoff et al. (1995).

surveys were accomplished in arable land and, on the other hand, the
largest deviations were for water, which significantly distorted the
overall results. Surveying the water bodies was a complicated process.
Firstly, the irregular shape of the plot had to be simplified to a number
of smaller geometrical shapes which were then surveyed (Fig. 4b).
Furthermore, Roubik (1954) determined that many officials had diffi-
culties calculating the new areal units using multiplications. Thus, the
extent of the deviation may be given by the complexity of the survey as
well as by details unknown to us of the cadastral survey itself.

The question arises whether the surveyors surveyed the area of the
current shoreline or included littoral areas in the plot. Moreover, Darby
(1986) states that the interpretations of instructions might have differed
for different surveys by different surveying boards. The issue of the
internal heterogeneity of similar historical surveys is also mentioned by
Schulte and Mladenoff (2001). A similar situation arises in plots with
woody vegetation (shrubs) where the deviation reached 22.6% on
average. There could have occurred a problem with delimiting the plot
itself (shrubs/meadow transitions) apart from technical problems re-
lated to visibility and movements of the surveyors. A larger sample of
plots would be needed to carry out more in-depth analyses of the sur-
veys of water bodies, shrubs, and forests. Surveying forests, especially
in mountainous areas, presents a serious technical challenge. The sur-
veyors who worked on the more current Stabile Cadastre encountered

Table 3
Basic characteristics of plots according to the individual land use categories.

such a challenge (Petek and Urbanc, 2004).

If we only concentrate on arable land which was represented most
widely in the studied set considering the general corn-growing focus of
manorial farms in the 18th century (Semotanovd, 1998), then the re-
sults show that surveyors were clearly more accurate in their surveys
than the laypeople. However, both groups showed more inaccuracies in
surveying sloped plots. Thus, it can be observed that the steeper the
slope, the larger the deviation in the survey. This fact could be due to
the more complex manner of surveying a plot—whose size was to be
projected in a plane according to the instructions (Fig. 4a), which might
have caused problems to many participants. The movement on sloped
plots was also more difficult with the surveying tools.

A direct connection between the shape (complexity) of the plot and
the deviation in the survey has not been proven, although it must be
considered in the regression model. Here we encounter a more general
issue of quantitative representation of the outline of a plot which shows
a number of weaknesses (Demetriou et al., 2013). It was apparent with
the indexes which dealt with the area of a plot. The PA index showed a
strong negative correlation with the area of a plot and, as such, was
absolutely unsuitable for assessing the deviation. In our analyses, the
Ampl index proved to be of the best value, reflecting the complexity of
the outline of a plot (Fig. 5). An alternative could be the new methods
of surveying the shape and complexity of plots (Demetriou et al., 2013;

Plots N Area in Josephian Cadastre (m?) Deviation (%)

Mean Median Lower quartile Upper quartile Std.Dev. Mean Median Q1 Q3 Std.Dev.
by surveyors 29 79 602 37 801 22 936 104 742 85 782 14.4 6.1 1.4 19.5 20.1
by laypeople 108 60 506 16 528 7 515 49 596 112 703 14.9 7.8 3.9 18.6 18.4
Arable land 85 88 390 37 010 13 077 104 742 126 391 9.7 6.0 1.7 12.7 11.7
Grassland (pastures, meadows) 20 35573 18 694 10 254 29 066 59 120 20.0 10.8 4.9 28.2 21.1
Water areas (fishponds) 13 31 296 12 502 3723 32 543 49 410 28.5 22.0 18.0 38.6 20.9
Other (forest, shrubs, fruit gardens) 19 11 136 8 812 3 420 13121 11 166 22.6 10.9 5.2 25.6 29.7
Total 137 64 548 21 202 8 398 60 830 107 563 14.8 7.8 2.9 19.0 18.7
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Fig. 3. Box plot expressing the deviation of individual land use categories in the Josephian Cadastre.

Table 4
Types of plots in the Josephian Cadastre according to the method of assessment.
Plots Arrable land Grassland (pastures, meadows) Water areas (fishponds) Other (forest, shrubs, fruit gardens) Row
by laypeople 68 16 7 17 108
Column Percent 80.0 80.0 53.8 89.5
by surveyors 17 4 6 2 29
Column Percent 20.0 20.0 46.2 10.5
Count 85 20 13 19 137
Table 5

Spearman rank order correlation coeficients among selected attributes of plots. (For interpretation of the references to colour in this Table legend, the reader is

referred to the web version of this article)

Spearman's rho 1 2 3 4 5 6 7 8 9 10 11 12

1 | Deviation 1.00 -0.42 -0.27 0.28 0.17 0.29 -0.09 0.41 0.14 0.16 -0.10 0.06

2 | Area in Josephian Cadastre -0.42 1.00 0.25 -0.61 -0.16 -0.45 0.33 -0.97 -0.06 -0.14 0.47 0.14

3 | Surveyors -0.27 0.25 1.00 -0.06 -0.03 -0.05 -0.04 -0.26 -0.10 -0.11 0.16| -0.03

4 min 0.28 -0.61 -0.06 1.00 0.46 0.71 -0.44 0.56 -0.05 0.01 -0.32|  -0.09

Z max 0.17 -0.16 -0.03 0.46 1.00 0.89 0.38 0.16 -0.04 -0.03 0.05 0.07

| 6] Qé« mean 0.29 -0.45 -0.05 0.71 0.89 1.00 0.04 0.43 -0.03 0.01 -0.09 0.03

7| coeficient of variation -0.09 0.33 -0.04 -0.44 0.38 0.04 1.00 -0.26 0.14 0.11 0.18 0.09

| 8| |para 0.41 -0.97 -0.26 0.56 0.16 0.43 -0.26 1.00 0.26 0.34 -0.38 0.00

9| 5 shape 0.14 -0.06 -0.10 -0.05 -0.04 -0.03 0.14 0.26 1.00 0.99 0.34 0.66

W B o | frac 0.16 -0.14 -0.11 0.01 -0.03 0.01 0.11 0.34 0.99 1.00 0.30 0.64

I §* g ampl -0.10 0.47 0.16 -0.32 0.05 -0.09 0.18 -0.38 0.34 0.30 1.00 0.76

12| 9 =|conv 0.06 0.14 -0.03 -0.09 0.07 0.03 0.09 0.00 0.66 0.64 0.76 1.00
Note: Red color values means that these relations are statistically significant at the significance level of 0.05.

Kwinta and Gniadek, 2017), which, however, are considerably more
complicated (cannot be simply calculated in GIS) and operated with
parameters (e.g., number of vertex points) that cannot be applied with
respect to the initial historical map sources as their original value is
often unclear (the number of original boundary points differs from the
number of clicks in GIS). However, the influence of the shape of the plot
on its actual delimitation in historical cadastres has been proven by
Forejt et al. (2018) and needs further attention.

6.2. Limitations of the study

As for interpreting the results, it is necessary to point out the limits

given by the work itself with historical sources. Thus, in the sense of
Leyk et al. (2005), we encountered the accuracy of the selected regional
maps of estates and their selective plots or a possible generalization of
their borders. A certain distortion might also have occurred while
processing the maps of the Stabile Cadastre in GIS. In addition to the
questionable surveys of water bodies, there is also the question of
whether field paths or groves were considered part of the field in Jo-
sephian Cadastre, or whether they seemed useless and were not in-
cluded in the cadastral survey. As stated by Darby (1986), it is a certain
“gap” which can never be filled. This also relates to the question of how
the learning effect and practice could be demonstrated with each new
surveyed plot. Namely, the plots could be surveyed in any order
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Multivariate regression model for variable measurement deviation. (For interpretation of the references to colour in this Table legend, the reader is referred to the

web version of this article)

R=0.58558462 R?= 0.34290935 Adjusted R*= 0.29075929

N=69 F(5,63)=6.5754 p<.00006 Std.Error of estimate: 0.45940
b* Std.Err. b Std.Err. | t(63) | p-value
Intercept 3.52 0.56 6.28 0.00
Sqrt of area in Josephian Cadastre -0.42 0.14 -0.16 0.05 -3.12 0.00
Surveyors -0.28 0.11 -0.38 0.15 -2.60 0.01
In ampl 0.23 0.11 0.08 0.04 2.02 0.05
In slope_min 0.21 0.14 0.09 0.06 1.48 0.14
slope_coeficient of variation 0.13 0.11 0.00 0.00 1.11 0.27

Note: In the end, only 69 plots entered the regression analysis, as 16 were discarded due to the missing In ampl value. These are cases in which the ampl value has
reached the value of zero (perimeter of convex was equal to perimeter) and the natural logarithm of zero is not defined. Red color values means that these relations

are statistically significant at the significance level of 0.05.

a) |

Fig. 4. Drawings from the original instructions of the Josephian Cadaster. Left -measuring distances in the hilly landscape, Right — simplification of the plot borders
(Source: Talich ed. 2005 - Research Institute of Geodesy, Topography and Cartography, v.v.i.)
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Fig. 5. Measuring complexity of the plots (data sources: © CUZK; own processing).

regardless of the order which they were listed in the Fasi books. This
could be significant especially in the case of laypeople who had an
opportunity to improve their skills during the survey as is evidenced in
current studies dealing with the quality of crowdsourced data (See
et al., 2013).

In order to answer more detailed questions about the accuracy of
the Josephian Cadastre survey, it would be necessary to compare it with
other case studies from areas with different physical-geographical
conditions (mainly land use or slope). However, the realization of such
research to the level of individual plots encounters the crucial question
of finding the connecting elements between old and modern cadastres.
In our case, these were the maps of estates which has survived in var-
ious archives selectively and their comprehensive summary and pro-
cessing still wait to be completed (Ttimova, 2018).

It cannot be determined whether the determined deviation is small
or large as the specific purpose always matters that the historical data
are further used for. The situation can be compared with using the maps
of the 1st Military Survey created in the Habsburg Monarchy in the
second half of the 18th century, also under the rule of Joseph II. These

maps of medium scales were created in the absence of adequate car-
tographic procedures using military officers. They show poor geometry
and we do not know their coordinate system among other necessary
details (Podobnikar, 2009). In comparison to current maps, they show
positional errors in the order of hundreds of meters (Frajer and Geletic,
2011). However, the quantitatively aimed studies devoted to the re-
search of historical landscape and its use apply this source widely (see
Petrovszki and Mészéros, 2010; Skalo$ et al., 2011; Santrackova et al.,
2017) as a source of valuable information on 18th century landscape
(Podobnikar, 2009). From this point of view, the Josephian Cadastre
can be considered not only as a source of unique information about the
historical landscape but also of spatially accurate information.

7. Conclusion

The presented results suggest that the Josephian Cadastre from the
18th century, which was created in a trivial manner from today’s
perspective, displays a relatively high accuracy in the survey. This is all
the more surprising regarding the large number of laypeople who
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participated in the surveys. Applying statistical and GIS methods, we
ascertained that the deviation in accuracy in surveying the individual
plots is variable and closely related to the type of plots (fields, shrubs,
water bodies) and its slope. However, we still register ambiguities re-
garding the real manners of surveying and delimitation of plots in the
fields, which might help clarify some deviations. Here we follow from
the conclusions of Kataoka (2013) and Prince (1959) that the accuracy
of old cadastres or surveys may be surprising, although the under-
standing of the contemporary thinking and practices of the creators of
the cadastre directly in the field may be complicated to interpret. De-
spite all these complications, it turns out that historical written sources
like old cadastres can provide us with accurate spatial information on
historical land use.
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