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ABSTRACT: The conception of an efficient cadastral system is an important element in the development of each coun-
try. Itis crucial for the efficient operation of the real estate market—the security and liberty of making transactions, register-
ing a property, planning operations, the introduction of an ad valorem tax on property and more rational use of space. In
Europe there are different types of cadastral systems, because the countries in Europe have different cultural back-
grounds, different economical and social backgrounds. Through the centuries, many types of cadastral systems evolved
and their differences often depend upon local cultural heritage, physical geography, land use, technology, etc. Compara-
tive analyses of cadastral systems have been the subjects of many publications and studies in world literature. It was as-
sessed that the useful tools in conducting comparative analyses of various cadastral systems include the procedures of statisti-
cal inference. This paper presents the results of a project to compare the performance of ten cadastral systems international-
ly by creating appropriate integrated indicators of a cadastral system using statistical technique. Such indicators will
make it possible to compare different cadastral systems and present them hierarchically in relation to their quality, struc-
ture, as well as legal, organizational and technological solutions. From a good number of methods available, techniques
originating from two spheres of statistic inference were selected: distribution free methods and multivariate analysis meth-
ods. For analyses with the distribution free methods, FRIEDMAN's test (FRIENDMAN's non-parametric variance analy-
sis) as well as KENDALL's test (KENDALL's compatibility ratio) were selected. For analyses with the multivariate analy-
sis methods, factor analysis was selected.
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cadastral solutions in wuse

Zealand, DALE(1995), in Bulgaria,

in Australia and New

Hungary and

The comparative analyses of cadastral systems have
been the subjects of many publications and studies in
world literatures (LARSSON, 1991; GAZDZICKI,
1995; STEUDLER et al., 1998; MOLA, 1998; BO-
GAERTS, 1998).

One of the less complex methods in comparative
analyses of cadastral systems consists of comparing two
or three principal cadastral systems by providing accu-
rate characteristics of those systems. Subsequently, on
this
table-illustrated ~description,

basis, in the form of either verbal or

conclusions related to
similarities and differences between the systems are
presented. The principles of this method were used by
HESSE and WILLIAMSON  (1990),

who analyzed
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Romania, while ZEVENBERGEN(1998), in the fol-
lowing four countries: Austria, Ghana, Holland, and
Indonesia.

Another technique in use requires gathering ap-
propriate information, and presenting it in the form of
consolidated sheets, which normally determine the
percentage share of each element, phenomenon, or
trend, compared to the general population. This tech-
nique was used in such exemplary publications as
“Inventory of Land Administration Systems in Europe
and North America’ by MOLA (1998), as well as
‘ Cadastre 2014, a Vision for a Future Cadastral Sys-
tem’ by International Federation of Land Surveyors

(KAUFMANN and STEUDLER, 1998), both of which,
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on the basis of information obtained from 40 and 31
countries respectively, arrived at the following results:
all the countries have a system of property registration;
45% of countries register transactional prices of real
69%

semi-computerised real-estate registers; 59% of coun-

estate; of countries have either computerised or
tries keep real-estate registers on the central level;
69% of countries have either totally computerised or
semi-computerised registers; 56% of countries admin-
ister the registers centrally, and 44% regionally; 95%
of countries have their entire territories covered by land
surveying networks; and 23% of countries have their
territories entirely covered by digital maps.

In some works, information about cadastral systems
is processed into suitable indicators and only as such are
they further
“Benchmarking Cadastral Systems’ , the publication of

subject  to comparative  analyses.
the International Federation of Land Surveyors
(STEUDLER et al., 1998) determines, among others,
the following types of indicators: the ratio of population
to the number of plots for a given country; the ratio of
the number of transactions to the number of plots for a
given country; the ratio of the number of disputes over
plot borders to the number of plots for a given country;
the ratio of the extent to which the territory of a given
country is covered by maps to the number of maps in
digital form; the ratio of the number of land surveyors to
the population of a given country; the ratio of the
number of notaries to the population of a given country.
Comparative analyses were carried out separately

As a

result, analysts were able to produce graphs showing

for each of the ratios determined in this manner.

values of the relevant indicators specified for each of the
53 countries under analysis, and located in the graphs
in ascending order, from the lowest to the highest val-
ue.

In view of the existing methods and techniques used
by various scientific and professional organisations as
well as individual surveyors in the process of compara-
tive analyses of cadastral systems, the following con-
clusions may be drawn:

1) Comparative analyses constitute a significant
element of examining cadastral systems; 2) the methods
and techniques currently in use allow for a detailed
comparative analysis of cadastral systems only in the
aspect of single attribute or indicator; 3) there are no
indicators which would characterise the cadastral system
as a whole.

The conclusions mentioned above impose the ne-
cessity of conducting research in order to make com-

parative analyses of cadastral systems, which would al-
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low for determination of integrated indicators to charac-
terise the entire system. Such indicators will make it
possible to compare different cadastral systems and
present them hierarchically in relation to their quality,
structure, as well as legal, organisational and techno-
logical solutions. They also make it possible to deter-
mine the position of Polish cadastral solutions in relation
to those of other countries. Thus, if the proposed anal-
yses results in a number of leading countries imple-
menting cadastral reforms, all the experiences and all
the original solutions applied in cadastral systems of
those countries should be used for the purpose of intro-

ducing the best possible cadastral solutions in Poland.
2 APPLIED RESRARCH METHODS

It was assessed that the useful tools in conducting
comparative analyses of various cadastral systems in-
clude the procedures of statistical inference. From a
good number of methods available, techniques origi-
nating from two spheres of statistic inference were se-
lected: distribution free methods and multivariate anal-
ysis methods.

The distribution free methods were examined in
order to find those allowing simple and adequate meth-
ods of conducting tests to establish the significance of
differences between the specific cadastral systems in
question. The basic criterion for selection of the suitable
test was the algorithm for selection of difference signifi-
cance test, as illustrated in Fig. 1.

For analyses within the distribution free methods,
FRIEDMAN's test (FRIEDMAN's non-parametric vari-
ance analysis) and KENDALL's test (KENDALL's
compatibility ratio) were selected. That choice resulted
from the fact that the number of countries under analysis
(comparative groups) meet the condition > 2, and that
the scale used for describing the data characterising
cadastral systems is of a hierarchical nature.

What constitutes the foundation of FRIEDMAN's
variance analysis is the ranking system. The least sig-
nificant observation within each attribute is ranked 1,
the second in ascending order is ranked 2, and the
greatest is ranked & (ACZEL, 2000).

ranks for each attribute is further summed up, and the

The number of
sums are marked Ri, R. ... R respectively. The
differences between the ranks are measured with the use

of FRIEDMAN's test statistics, marked as X?, accord-

ing to the following formula:

12 X
X N R -3n k+1 (1)
j=1

Tk k41
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l How many comparative groups are there?l
I 2 groups | L More than 2 gmupﬁ I
‘What is the measurement scale of the ‘What is the measurement scale of the
dependent variable? dependent variable?
Quotient, . ; Quotient, ) .
I interval | Ordinal | ‘ Nominal I interval Ordinal Nominal
Is the distribution Is the distribution
of the dependent of the dependent
variable normal? variable normal?
o) ol
How large are the
n comparative
groups?
Large Small
n=30| <30
y v 4 y
test test [|WILCOXON's || MCNEMAR's|| F-variance || FRIEDMAN's test, [ {COCHRAN's
z t test, sign test || test analysis test || KENDALL s test | [test
Fig. 1 The algorithm for selection of difference significance test
Source: Private study based on WALIGORA, 1985
where  n— number of phenomena in question; k—  smaller number of independent factors or main compo-
number of variables describing the phenomena; R,—  nents which preserve a considerable amount of informa-
sum of ranks in this measurement of the variable. tion conveyed in the primary variables. ” (MYNARSKI,
KENDALL’s test includes the so-called 1999; WALESIAK, 1996). The fundamental objectives

KENDALL's compatibility ratio, which measures the
similarities between the tested phenomena. Mathemati-
cally, this ratio is an arithmetic average of all ratios of
SPEARMAN's rank correlation, marked as r, and de-
termined from the following formula:

63 &
i =1

nn*—1

rn=1- (2)

where n— number of observations; di (i=1,2... n)
—difference between ranks of the tested variables x;
and y.

Further stages of comparative analyses involved
statistic algorithms from the multivariate analysis meth-
ods, which include the following techniques of statistic
inference: 1) multivariate analysis of variance; 2)
discriminate analysis; 3) factor analysis; 4) cluster
analysis; 5) conjoint analysis; 6) canonical correlation
analysis; 7) multi-dimensional scaling.

Comparative analyses, designed principally to de-
termine integrated indicators which would characterise
the entire cadastral system, were assessed to require
factor analysis, as it ... constitutes a set of statistic
methods and procedures allowing for conversion of a

large numberof  variables  tested. to ra. significantly

of the classic factor analysis include: identification of
common factors hidden in a set of variables; reduction
of the spatial dimensions of variables; ortogonalisation
of the space in which the tested objects are considered;
identification of the character of variables; transforma-
tion of the set of variables into a new set of main com-
ponents with respect to quality; graphic presentation of
the set of multidimensional observations.

Factor analysis enables such a conversion of a given
mutually correlated set of variables that will result in a
new set of variables (main factors or components),
which would not be mutually correlated, but comparable
to the initial set(SOKOLOWSKI and SAGAN, 1999). If
this statistic method is applied, it is possible to reduce
the number of attributes describing cadastral systems
down to a few integrated indicators, which preserve their
descriptive qualities, despite the reduction of variables
that has taken place. In the process of such statistic
analysis, what are formed are arithmetic models (in the
form of linear formulas) describing the structure of
multi-dimensional arrangements.

Comparative analyses of cadastral systems with the
use of FRIEDMAN's variance analysis, KENDALL’s
compatibility ratio and factor analysis were conducted

according to\the fsllowing procedures, - consisting jof three
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basic tasks: determination of the set of attributes char-
acterising cadastral systems; preparation of a set of in-

dicators characterising cadastral systems; calculations.

2. 1 Determination of a Set of Attributes Characterising
Cadastral Systems

The first stage of analyses of various cadastral
systems required determination of attributes rendering
the essence of those systems most effectively. One of the
sources of data for conducting comparative analyses was
a publication of MOLA (1998), which contained re-
sponses from 40 countries related to their cadastral
systems. By courtesy of Mr. STEUDLER, secretary of
Group 7. 1 within Commission 7 the International Fed-
eration of Land Surveyors, as well as Mr. KAUFMANN
and Mr. WILLIAMSON, it was possible to access the

data of two collections of information regarding cadastral

systems. The first “Summary of Questionnaire Re-
sponses’ constituted the basis for the publication of the
International ~ Federation  of  Land  Surveyors

(KAUFMANN and STEUDLER, 1998), while the other
“Cost Recovery and Privatisation” was the basis for the
publication of STEUDLER, WILLIAMSON, KAUF-
MANN, and GRANT (1998).

Deriving from the mentioned sources of data, 13
attributes were selected which characterised cadastral
systems in the following twelve countries: Austria,
England & Wales, Czech Republic, Denmark, Fin-
land, Greece, Holland, Latvia, Germany, Switzerland,
Sweden, and Poland. The countries in which cadastral
systems were object of research were selected according
to two criteria. Firstly, they had to be European coun-
tries, with representation of both western, central and
eastern countries, and secondly, they had to be coun-
tries in which it was possible to gather information re-
lated to their cadastral systems.

2.2 Preparation of a Set of Indicators Characterising

Cadastral Systems

The gathered attributes characterising cadastral
systems in the selected 12 countries contained informa-
tion referring to all sorts of problems related to:

(1) Real estate market in a given country: at-
tribute No. I —number of plots in a country in millions;
attribute No.

real estate market.

2—annual number of transactions on the
(2) Cadastral maps: attribute No. 3— percent-
age of maps kept in digital form; attribute No. 4—per-
centage of territory generally covered by maps.

(3) Descriptive data registers: attribute No. 5—
percentage of descriptive data registers kept in digital
form; attribute No. 6—percentage of completely regis-
tered descriptive data throughout the entire territory.

(4) Ways of financing cadastral systems: attribute
No. 7—percentage of cadastral system financed by cen-
tral organs; attribute No. 8 — percentage of cadastral
system financed by service fees.

(5) Methods of measuring borders of plots: at-
tribute No. 9— borders of plots-method of registration.

a) Borders of plots registered in detail on the basis
of geodetic measurement with the use of geodetic base
points; b) borders of plots registered generally on the
basis of topographic maps; c¢) borders of plots registered
in both ways, urban areas— S, rural areas—T.

(6) The scope of data registered: attribute No. 10
—registration of transactional price of real estate; at-
tribute No. 11 —registration of right to the real estate
mandatory; attribute No. 12— registration of mortgage,

(7) Function of system: attribute No. 13— system
functions for the following purposes:

a) fiscal; b) legal; c¢) required appraisal; d)
spatial planning; e) environmental protection.

Once these seven problems were selected, and the
relevant attributes for further analysis prepared, a set of
seven indicators was designed to characterise cadastral
systems in the selected countries. The indicators related
to size of real estate market, maps, descriptive data
registers, method of financing, precision of registration,
gathered information, and multipurpose nature of a
given cadastral system.

2. 3 Calculations

(1) Distribution free methods. KENDALL's ratio
tests similarities between n arrangements in k cate-
gories. This means that, in the discussed example,
statistics may determine the extent of similarities be-
tween the rank arrangements in the seven indicators
(n), characterising cadastral systems in the 12 coun-
tries (k). The ratio for the sample of the 12 countries
was calculated as an arithmetic average of all indicators
of SPEARMAN’s correlation of ranks with the use of the
W=0.229,

which gave a 23% mutual similarity between cadastral

formula(2). The value arrived at was
systems. The value of that statistic may be explained as
follows. The statistic is a quotient of variance of the
summed £ ranks divided by the maximum possible
If KENDALL's ratio in
this analysis was close to the value of 1, this would

variance of summed £k ranks.

mean that the cadastral systems are identical with re-
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spect to the assumed attributes. Thus, further compar-
ative analysis would be irrelevant. Now, since the result
W =0.229 is close to zero, the submitted thesis related
to a multitude of solutions in cadastral systems as well as
of economic and legal conditions in the countries under
research is true. Little similarity between the cadastral
systems tested requires research which would make it
possible to find answers to the following questions:
Which country has the best cadastral system? What is
the position of the Polish system in comparison to those
of the other 12 countries? Are there any groups of
countries whose cadastral systems are very similar?
These questions may be answered by the results of
FRIEDMAN's variance analysis (Table 1).

Table 1 Results of FRIEDMAN's variance analysis

ZROBEK Sabina,

LIANG Liu-ke

The calculations established the highest average
rank on the basis of seven indicators characterising
cadastral systems in 12 countries: Holland's cadastral
system reached the rank value of 9. 43. That indicates
that the Dutch system holds the greatest number of
positive attributes, compared to the same selection of
attributes in cadastral systems of the other countries.
The lowest average rank belongs to Latvia's cadastral
system (rank 3.57), while Poland with the average
rank of 5.93 is in the 8th place. The results of
FRIEDMAN's variance analysis and its graphic inter-
pretation (Fig.2) imply that the 12 systems may be
divided into three groups Table 2. What determines the
group to which a specific country is classified is the
average rank value, consistent with the following prin-
ciples, as laid down by the authors of this article: group
[— average rank =7.0; group II—7.0 > average rank

Variable Symbol Average rank Sum of ranks
. =5.5; group IlI— average rank< 5.5.
Austria A 7.43 52.00 2) Mulii . lysi hod A It of
England & Wales AW 5. 14 36. 00 . ( ) ultivariate ?na y51s. methods. . s a result o
Czech Republic Cz 6. 14 43.00 using the factor analysis, two integrated indicators were
Denmark DK 8.29 58. 00 extracted from the initial set of seven indicators char-
Finland FIN 7.00 49.00 acterising cadastral systems in the 12 countries. Those
Greece CR 379 40.50 two integrated factors contained approximately 65% of
Holland NL 9.43 66. 00 BEIET
) the common variability. In Table 3, all factor values

Latvia LV 3.57 25.00 . . i itali
Germany D 536 3750 exceeding (. 7 are given in italics.
Switzerland CH 6.21 43.50 The first factor has the strongest link to the indi-
Sweden S 7.71 54.00 cators numbered 2, 5 and 6; these include the indicator
Poland PL 5.93 41.50 of maps, the indicator of precision of registration, and

10 973

8.49
8 L 725
+ 700
6_1 6.14 593 519
6 T =53
536 5 {4

4 357

2

1]

NL DK § A FIN CH CZ PL GR D A&W LV

A—Austria A&W— England & Wales CH— Switzerland CZ—Czech Republic D—Germany DK —Denmark
FIN—Finland GR—Greece LV— Latvia NL— Holland PL—Poland S— Sweden

Fig. 2 The hierarchical set of cadastral systems

the indicator of gathered information. Thus, this factor
may be called “the technical factor”. The second factor
is strongly, linked .to factors numbered 1,3 and 7; these

include the indicator of size of real estate market, the
indicator of descriptive data registers and the indicator
of the multi-purpose nature of, the cadastral system. In-
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Table 2 Classification of countries into groups based on

the criteria of similarity of their cadastral systems

GROUP | GROUP II GROUP I
Holland Czech Republic England & Wales
Denmark Switzerland Germany

Sweden Poland

Austria Greece

Finland

dicator 4,
to the explanation of common variability, yet it is more

related to methods of financing, adds little

strongly related to the second factor. Therefore, the
second factor may be called “the organisational and e-
conomic factor”. Table 4 shows the relevant factor val-
ues for each country.

Specific main factors may be interpreted as

Table 3  Factor values extracted for the seven indicators

Type of indicator Symbol Factor 1 Factor 2
Indicator of size of real estate market WSK-1 0.19572 0.71113
Indicator of maps WSK-2 0. 86274 0.22781
Indicator of descriptive data registers WSK-3 0. 25440 0.70775
Indicator of method of financing WSK-4 —0.29971 0. 40210
Indicator of precision of registration WSK-5 0. 80033 -0.42863
Indicator of gathered information WSK-6 0. 88470 0. 15139
Indicator of multipurpose nature of cadastral system WSK-7 0. 19140 -0.83741
Common variability 2.39703 2. 12811
In % 0.34243 0. 30402
Table 4 Main factor values two-dimensional co-ordinates of the localisation of
Country Factor 1 Factor 2 cadastral systems. Thus, based on the calculated val-
(technical) (organizational and economic) ues, Fig.3 shows a two-dimensional configuration of
Austria -0.1176 0. 298828 dastral ¢ . h t
England & Wales ~1.74844 1. 402887 cadastral systems i each country. .
Czech Republic ~0. 18309 ~0. 73044 The graphical interpretation of the grid may lead to
Denmark 0. 584525 0.310308 the conclusion that the best cadastral systems—assum-
Finland 0.961468 0.622541 ing that the quality of a system is determined only by the
Greece -0.91693 -0. 87224 . .
ri f ral ms shown in Table 4—oper-
Holland 0. 993293 0. 897055 att l')utes of cadastral systems s o.w able ope
Latvia _1.68753 0. 352503 ate in Holland, Sweden, and Finland, and the least
Germany -0. 15946 - 1.62495 beneficial cadastral solutions are in England & Wales
Switzerland 0.954413 - 0.20891 and in Latvia. Additionally, the countries under re-
Sweden 0.931415 1. 089823 e . .
search were classified into four groups with respect to
Poland 0. 387936 —1.43742

Source: private study with the use of statistic package

the criteria of similarity of cadastral systems. Table 5
shows this classification.

| SWITZERLAND HELD
: o Fl :! AND 10 :
¥ - 5 N SWEBER
o
DENMARK ...
- I — AUSTRIB oo
o 0
ATV 1 f o
U
e
0.0 05 1.0 PR
tand :

Fig. 3 Two dimensional configuration of cadastral systems

Source: private study with the use of statistic package
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Table 5

Classification of countries with respect to

similarity of their cadastral systems

ZROBEK Sabina,

GROUP | GROUP 1l GROUP I GROUP IV
Holland Switzerland Poland England & Wales
Sweden Denmark Germany Latvia
Finland Austria Czech Republic

Greece

3 CONCLUSIONS

Research conducted with the use of two statistic
methods within the range of distribution free methods
and multivariate analysis methods (FRIEDMAN's vari-
ance analysis and KENDALL's comparability ratio) re-
sulted in similar findings, both in establishing the sys-
tem hierarchies and the classification of similar cadastral
systems, which suggests that the analyses were con-
ducted correctly in terms of methodology. The authors
believe that the proposed methods may be useful in
further, more in-depth research into the condition and
assessment of cadastral systems in various countries, as
well as in formulating the directions for their develop-
ment.
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