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A B S T R A C T   

Land use constitutes a key form of cadastral data. The term ‘land use’ varies across countries and there are many 
different solutions for registering such data. However, the importance of information on the type of land use has 
been repeatedly emphasised in the literature on the subject in Poland and other countries. It serves as the basis 
for taxation, supports urban planning, influences real property values and affects land management procedures. 
The main rationale behind sustainable management of cities is the systematic and comprehensive credibility 
verification of the data being the basis for tax calculation – the information on land use contained in the cadastre. 
The research conducted by the authors revealed that, in many cases, such data are unreliable and outdated, 
causing significant tax losses in the budget of local government units over the years. However, modern geospatial 
technologies may facilitate regular verification of such data, providing the ground for the need of their update 
and therefore reaping future economic benefits for local government units. The results of the research (performed 
with Phantom 3 Advanced) showed the usefulness of unmanned aerial vehicles (UAVs) as a suitable technology 
for acquiring high-resolution orthophotomap (in the analysed case with a GSD of 3 cm) providing data on the 
scope of each land use, ensuring the accuracy higher than demanded (≤0.5 m). The obtained spatial resolution of 
the orthophotomap did not exceed 8 cm. 

This publication presents an overview of the regulations and existing literature on the subject, the findings of 
research on the reliability of cadastral data on land use and the most problematic issues in the field. Model 
methodology for verifying cadastral data on land use by integrating surveying and photogrammetric materials 
will also be discussed.   

1. Introduction 

Recently, European cities have been consciously insisting upon 
becoming smarter and more sustainable (Akande et al., 2019). Accord-
ing to UNECE (2015), a smart sustainable city means an innovative city 
that uses information and communication technologies (ICTs) and other 
means to improve the quality of life, the efficiency of urban operations 
and services as well as competitiveness, while making sure to meet the 
needs of all generations with respect to economic, social, environmental 
and cultural aspects. In an era when information is the main strategic 
resource, there is a growing need for comprehensive spatial information, 
including cadastral information, which necessitates continuous 
modernisation of cadastral systems (Dawidowicz and Źróbek, 2018). 

Among others, one of the key forms of cadastral data is land use, 

defining the manner in which a given parcel of land is used. The sig-
nificance of information on land use is emphasised in such documents as 
the “Guidelines On Real Property Units And Identifiers” (UNECE, 2004) 
and the “Land administration in the ECE Region, developments, trends 
and main principles” (UNECE, 2005) published by the United Nations 
Economic Commission for Europe. They outline the common course of 
actions in the field of developing cadastral systems in Europe. Land 
use/cover change has been recognised as a key component of global 
change and has attracted increasing attention in recent decades (Sun 
et al., 2016). We believe that this is a direct indicator of human inter-
action with the landscape and may be defined as the primary landscape 
on the earth’s surface influenced by both human activities and natural 
phenomena. However, the causes and processes that shape land use 
patterns are often poorly understood, sometimes due to a lack of 
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research, but often because of the format and unavailability of the data 
that represent land use patterns (Antti et al., 2013). Effective systems for 
recording landownership, land values and land use are the foundation 
which determines efficient operation of the market economy, and un-
derpin the sustainable and productive management of land resources 
(UNECE, 2005). 

The importance of reliable and up-to-date cadastral information on 
types of land use has been repeatedly emphasised in the literature on the 
subject in Poland and internationally. It has a significant impact on tax 
revenue and real property values, supports urban planning, influences 
real estate values and affects the procedures of land management (for 
example subdivision or delimitation). All legal actions related to land 
use must be rational and take into consideration the broadly conceived 
environmental aspects (Sajnóg et al., 2019). As a public register, 
cadastre should constitute an interoperable database system containing 
fair and reasonable information about objects with a view to protecting 
the rights associated to properties. The scope of the subjective and 
objective data recorded therein should guarantee the credibility of such 
data (Mika, 2017). Due to the significance of the data on land use and/or 
land cover and their changes in terms of making quality decisions in 
space (i.e. in spatial planning, land management) (Lisec et al., 2013), the 
effective verification of the reliability of these data and their systematic 
update is crucial in the management of real estate. Surprisingly, land 
administration systems, at least those in the 56 member states of the 
United Nations Economic Commission for Europe, do not record existing 
land uses or are incapable of keeping such information up-to-date at all 
times (UNECE, 2005, 2014). The presence of a unified system for col-
lecting information on the distribution of land use for the whole country, 
as well as a complete census of data can be observed in Lithuania, 
Romania, Serbia, Armenia, Bulgaria, Cyprus, England, Wales, and 
Estonia. Countries such as Georgia, Spain, Malta, Denmark, Finland, 
Austria and the Netherlands do not have a unified system for collecting 
information on countrywide distribution of land use. Nevertheless, there 
is a complete census of data in the last two of the abovementioned 
countries. The term ‘land use’ varies across countries and there are 
various solutions for registering such data. Each country decides what 
data are suitable for its own circumstances. The type of land use usually 
depends on what vegetation grows on the land or what activities are 
carried out thereon. Interestingly, the different types of land use are not 
considered in the same manner across Europe. In the case of Greece, 
there are four lists commonly used for classifying land use. One of them, 
provided by the National Cadastre and Mapping Agency S.A., classifies 
land use into 32 main categories (e.g. agricultural land, residential land, 
services, transportation facilities, etc.) and 69 sub-categories (e.g. edu-
cation facilities, offices, industry, etc.) (Chalkidou and Arvanitis, 2015). 
In Slovenia, urban, agricultural, forest, waterside and other types of land 
use are the basic land use categories. They are presented in a unified 
data layer of actual land use (land cadastre) and intended land use 
(spatial documents) (Drobne et al., 2014). In France, commercial and 
industrial areas are excluded from the analysis of continuous built-up 
areas, which is not the case in other countries, such as Belgium and 
Ireland (Drobne et al., 2014). In Poland, there are several groups of land 
use, namely farmland, forest land, built-up and urbanised land, 
ecological areas, lands under waters, and various lands where particular 
types of land use can be distinguished. According to the regulation of the 
Minister of Regional Development and Construction of 29 March 2001 
on the register of land and buildings (Anon, 2001), the data on land use 
in Poland, including numerical descriptions of the boundaries of the 
contours of land use zones and their designation, constitute one of the 
cadastral data pertaining to land. Numerical descriptions of the contours 
are prepared on the basis of the results of site measurements. 

Through the centuries, many types of cadastral systems have evolved 
around the world and the approach to its establishment, updating and 
verification of data contained in the registers differ. In continental 
Europe, as in most countries worldwide, the responsibility for managing 
cadastral information has historically been divided among several 

government organisations and professions (FIG, 1995), whereas the 
private sector is responsible for data capture and update (in some cases 
also for their distribution). The ongoing update of cadastres, as well as 
modernization (periodical update) of the record, and assuring the ac-
curacy and reliability of data, are conducted by the bodies or agencies 
responsible for their maintenance. The source of up-to-date spatial 
geoinformation, being the basis for modernisation or updating, are 
surveying cartographic activities, with the documentation being their 
result. In Australia, separate cadastral systems exist in each state and 
territory. Private land surveyors and many government agencies 
continually input cadastral details validating and improving content. 
Both the computerised land register and Digital Cadastral Data Base 
(DCDB) in each state or territory are updated daily (Parker and Newn-
ham, 2004). In Slovenia, the maintenance of the land cadastre is 
implemented at 46 branch offices of Regional Geodetic Administrations. 
In Finland, the cadastre is maintained by the National Land Survey 
(NLS) and 86 municipalities. The responsibility for updating the 
cadastre lies to a large extent with the National Land Survey (98 % of 
total area) and in a number of cities (86) in their cityplanned areas 
(Tella, 2015). 

In Poland, the information system that performs the function of a 
cadastre, until it is transformed into a cadastre, is the so called Land and 
Building Records and constitutes a separate system from the Land and 
Mortgage Register. In recent years, they have been undergoing constant 
modernisation, but as Przewięźlikowska (2020) remarks, numerous in-
consistencies can be observed when analysing the data on real estates 
contained in both registers. According to Polish legal regulations, 
updating the cadastral record (in Polish: operat ewidencyjny), i.e. keeping 
it up-to-date and compliant with the source materials and documents 
available to the authority, or its modernisation, are the responsibility of 
district governors (District Authority Offices). The cadastral data, 
including data on land use, are updated through the introduction of 
documented changes, disclosing new cadastral information, or elimi-
nating incorrect data. Corresponding to the Polish rules, such an update 
is made immediately, not later than 30 days after a district governor 
receives the relevant documents specifying the changes in cadastral 
data. According to Article 22, Section 2 of the Act of 17 May 1989 – the 
Geodetic and Cartographic Law, it is the owners that are obliged to 
report any changes in the data covered by the land and building register 
to the competent district governor (within 30 days from the introduction 
of such changes). The update of the cadastral data can be carried out on 
request submitted by the real property owner or the entities who are in 
possession of the land subject to autonomous possession or ex officio - if 
the changes result from the provisions of law, documents submitted by 
the courts, notaries or public administrative authorities, based on the 
resource materials or as a result of the detection of false information. In 
Greece, the cadastre is compiled and updated based on unique standards 
for the total area of the country (Arvanitis and Koukopoulou, 1999). As 
the authors mention, the descriptive data can be updated, via the 
Internet, by giving access to authorized users, whereas the spatial data 
are updated by an authorized surveyor on the basis of changes surveyed 
by means of modern technologies, either directly from the field, or from 
the office. 

In Poland, pursuant to applicable provisions, a district governor 
should guarantee periodic verifications of cadastral data in terms of 
compliance, amongst others, between the cadastral map and the facts in 
the field in each precinct at least once every 15 years, encompassing the 
entire area of the precinct. Non-compliant data found as a result of the 
verification should be subject to removal by modernising or updating 
the cadastral records on the basis of documents held by the authority, 
the data from available public registers and surveying documentation. In 
practice, it is not very common for district governors to undertake ac-
tions related to the verification of cadastral data compliance with the 
facts on the land. Moreover, there are no specific technical standards for 
conducting such verifications. In the meanwhile, cadastral data con-
cerning the type of land use are of great importance in the process of real 
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estate management. 
In many countries, data referring to land use, inscribed in a cadastre, 

have a significant influence on tax revenue. There is widespread 
recognition that there are different approaches to property taxation and 
the techniques used when calculating the tax base vary. Both individual 
valuation and mass valuation can be distinguished. In Latvia, Belarus, 
Estonia, Greece and Spain, taxation is based on cadastral values of land. 
Mass valuation (cadastral valuation) in Latvia is based on an analytical 
assessment of the price level in the real estate market. In Spain the values 
are also related to the market values according to market analyses. There 
are seven different taxes (three national, two regional and two local) set 
upon cadastral information. In Belarus, the land tax is calculated by 
multiplying of the land plot area by the land tax rate (fixed, not 
depending on the value of land plots). In Greece, there are three mass 
valuation systems applied to: urban areas, “buildings for special use” 
within urban areas (hotels, petrol stations, industrial buildings, sports 
centres, etc.) and all other types of land and buildings. In the 
Netherlands, the value of residential property is assessed according to 
the following methods: comparison with recent sales prices of similar 
properties and comparison with a homogenous group of properties. On 
the other hand, non-residential properties are appraised through: capi-
talization of gross rent, comparison with similar objects and discounted 
cash flow valuation. In Moldova, the system of mass valuation is based 
on three methods of market costs estimation: the comparative sales 
method, the income method and the expense method. Property valua-
tion is carried out separately for the various categories of real estate (e.g. 
agricultural plots, horticultural partnerships, rural residential buildings, 
gardens, urban residential buildings, etc.). In Iceland, property taxes are 
also calculated as a proportion of the market value. In the Russian 
Federation, mass valuation models are based on mass appraisal tech-
niques and employ a market comparison approach, an income approach 
and a cost approach. Different types of approaches are used for different 
land categories and types of land use depending on the availability of 
market data and other factors influencing land valuation. Computerized 
valuation has successfully been used in the United States, Denmark, the 
Netherlands and Sweden. 

In many cases, land tax, annually calculated by local authorities, 
depends on the property’s location and characteristics such as: area of 
the land plot or fertility potential. An income approach is often used for 
agricultural properties, where the profit is estimated for different types 
of land in different areas (UNECE, 2002). According to UNECE (1996), 
in countries of East and Central Europe currently in transition, cadastral 
systems were based on the Russian model and focused on land use. Land 
was ‘valued’ in terms of its agricultural potential, based on soil types, 
climate, rainfall, etc. In Armenia, where local authorities use the Reg-
ister of Land Cadastre to collect fees for property taxes, tax rates are 
applied to different categories of land (agricultural – 15 %, urban – 1%, 
industrial as well as land used for infrastructure and defence – 1% or 0.5 
%, forestry – 1%, unused lands – 1% of approximate net cadastral value). 
In Uzbekistan, the taxable base is the land area recorded by the State 
authority registering rights to real estate. It is determined by the stan-
dard taxable land value, set by Goskomzemgeodezkadastr. Legal entities 
using agricultural land and opting not to pay a single land tax calculate 
their land tax based on the area of land and the quality of agricultural 
irrigated land, whereas land tax for non-agricultural land is based on the 
area and location of the land plot. In Denmark and Bulgaria, the basis for 
the collection of property tax is cadastral information. In Bulgaria, du-
rable land use and the boundaries of its territory constitute one of the 
basic cadastral data. 

In Poland, the tax revenue is determined by legal acts classifying 
types of properties being subject to each kind of tax, with some excep-
tions. It is worth emphasising that the cadastre itself does not aim at 
counting tax, but the data inscribed in it are used for such purposes by 
other tax systems. The property tax, for example, depends on the type of 
land use, its area, as well as resolutions for each territorial self- 
government unit defining the property tax rates. The amount of tax is 

calculated on the basis of the data included in the cadastre. According to 
the Act of 12 January 1991 on taxes and local charges (Anon, 1991), 
agricultural lands, wooded and shrubbed lands on agricultural lands, or 
forests, with the exception of those designated for economic activities, 
are not subject to real property tax. According to the Act of 30 October 
2002 on forest tax (Anon, 2002), forests subject to forest taxation are 
those described in the act, except for forests earmarked for activities 
other than forestry. Due to the Act of 15 November 1984 on agricultural 
tax (Anon, 1984), the lands classified in the cadastre as agricultural 
lands, with the exception of those occupied for economic activities other 
than agricultural purposes, are subject to agricultural taxation. The 
amount of agricultural land tax is determined by the following factors: 
the types and classes of land use, their areas, as well as tax district. 
Depending on the economic and climatic conditions, the area of Poland 
was divided into four tax districts, which include municipalities and 
cities. The first tax district corresponds to favourable production con-
ditions, while to the fourth district – negative, which is reflected in the 
conversion rate for the same use and class in different tax districts. 
However, for instance, agricultural lands classified as V, VI and VIz, 
wooded and covered with bush lands stated on agricultural grounds, as 
well as wasteland on ecological grounds are not subject to the agricul-
tural tax, with some exceptions. 

The aim of this study was to highlight the possible factors affecting 
the reliability of the information concerning land use disclosed in a 
cadastre and to elaborate the methodology for verifying the credibility 
of the data on the basis of modern surveying and photogrammetric tools. 
For this purpose, the following research was conducted:  

1) An analysis of the legal regulations governing the updating and 
verification of cadastral data concerning land use areas, the re-
quirements for their registration, including site measurements of 
their contours and the levels of accuracy required in this regard.  

2) A study on the reliability of cadastral data concerning land use areas 
currently disclosed in the land and building register, and their 
compliance with the facts in the field for the purposes of specifying 
any inconsistencies occurring in this area.  

3) Verifying the correctness of the above-mentioned cadastral data – an 
analysis of the advantages and disadvantages of the UAV as a way of 
gathering information on the scope of each land use in a cadastre. 

2. Materials and methods 

2.1. Study area 

The study involved a city of about 200,000 inhabitants, situated in 
the south-east of Poland. The areas under study (Fig. 1) included 100 
parcels, selected at random from 12 precincts (out of the 32 precincts in 
the city). The data concerning the type of land use, numerical de-
scriptions of its contours and the information on its area were obtained 
from the cadastral database and the geoportal – a portal of spatial in-
formation - infrastructure. Up-to-date orthophotomaps for the verifica-
tion of data credibility were obtained from the geoportal. It should be 
emphasized that as the study was conducted by the authors and their 
professional practice confirm, the data obtained from the above-
mentioned study area are typical and can be used to formulate general 
conclusions. 

2.2. Methods 

The research was carried out in three stages. First, the authors 
identified the problem. An analysis was performed of the legal regula-
tions governing the updating and verification of cadastral data con-
cerning land use areas, the requirements for their registration (including 
site measurements of their contours and the levels of accuracy required 
in this regard), as well as of the available literature on the subject. Then, 
for the purpose of developing the methodology for proper and efficient 
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verification of the correctness of cadastral data regarding land use based 
on modern geospatial materials, research was carried out on the credi-
bility of the abovementioned data inscribed in the cadastre and their 
compliance with the facts in the field. A current orthophotomap and a 
summary of cadastral data for each parcel collected from the geoportal 
served to verify the types of land uses revealed in the land and building 
register document, and their area – the boundaries of the contours of 
land uses and the declared surface area. A geoportal constitutes a 
harmonised public register created as a result of implementing the 
INSPIRE directive of the European Union and making it possible to easily 
obtain data from various registers, including cadastral databases. The 
initial project ‘geoportal.gov.pl was’ introduced in Poland in 2005 and 
completed in 2008. The project also resulted in the development of an 
internet portal: www.geoportal.gov.pl – acting as a broker, providing 
users with spatial data and services (Cichociński et al., 2015). The main 
purpose of creating geoportals in an EU Member State is to facilitate 
decision-making and business development (Ogryzek et al., 2019). The 
verification of the correct boundaries of the land use areas for the pur-
poses of this publication was performed using the QGIS software. This 
helped to identify the most common inconsistencies in this area and 
their causes. The analysis was enhanced by verification of sample 
geodetic documentation – measurement statements aimed at updating 
the land and building register, gathered in the National Geodetic and 
Cartographic Resource – the centre of geodetic documentation. The aim 
of the research was to highlight possible factors affecting the reliability 
of the information disclosed in a cadastre. Moreover, the authors 
examined the influence of exemplary unreliable data related to land use 
on tax revenue. The amount of the annual real property tax was calcu-
lated for selected parcels based on cadastral data – land uses and their 
surface area disclosed in a cadastre, as well as on the data identified by 
the co-authors according to the factual status. In the second phase of this 
stage, by analysing the abovementioned most common inconsistencies 
within the cadastral data related to land use, as well as the possibilities 
of the available modern tools used for the registration and presentation 
of geospatial data, the procedure for the verification of the credibility of 
cadastral data on land use (Fig. 3) was elaborated. The proposed 
methodology of the verification of the correctness of the above-
mentioned data, applying modern geospatial technologies, is crucial to 
find out which information need to be updated. In Poland, as for now, 
there are not any technical standards regulating the rules of the verifi-
cation of the cadastral data on land use, including the requirements 
imposed on the application of UAVs. The first step in developing the 

procedure was the analysis of various cases in terms of specifying the 
current problems and preparing a list of best practices in the application 
of modern tools as well as surveying and photogrammetric products in 
the process of recognising the manner of land use. The author’s 
approach works on the assumption that – if there are no circumstances 
related to any planned changes in land use on a given parcel under 
analysis – such a change will not occur within the coming six months. 
Due to the fact that the INSPIRE Directive has led to a certain unification 
of geoportals, it can be assumed that the methodology developed is 
universal and can be successfully used in the analyses of land use in 
other countries registering data on the type of land use, providing a 
useful tool for municipal authorities. 

The last part of the research involved an experimental flight with an 
unmanned aerial vehicle, Phantom 3 Advanced, with a view to prepar-
ing an orthophotomap for the purposes of verifying land use areas for a 
terrain which does not meet the criterion of output material reliability. A 
parcel located in the town of Cedzyna near Kielce was selected as the 
research object. The surface of the area under analysis amounted to 0.8 
ha and was characterised by dense afforestation and variability of the 
bank line of the Lubrzanka River flowing in the vicinity of parcel 256/2. 
The test results made it possible to use a camera for measurement pur-
poses. Next, photographs were made of the test field located in the 
Laboratory of Photogrammetry and Remote Sensing of the Faculty of 
Environmental, Geomatic and Energy Engineering of Kielce University 
of Technology in order to disband the self-calibrating network in the 
Agisoft Metashape software and precisely designate the trace at the 
centre of the CCD matric projection, the fixed camera and the parame-
ters of lens distortion. This shows the use of UAVs for the purposes of 
verifying the correctness of cadastral data concerning the reach of land 
use areas, and an analysis of the advantages and disadvantages of the 
above-mentioned technique was developed. 

3. Results 

The research performed by the authors has shown that the data on 
land use disclosed in cadastres are, in many cases, unreliable and 
outdated, causing significant tax losses in the budget of local govern-
ment units over the years. Meanwhile, the modern surveying and 
photogrammetric tools may allow for their regular verification, 
providing the basis for their update and therefore influencing future 
economic benefits for local government units. 

Fig. 1. The areas subject to the reliability study of cadastral data concerning land use areas (Source: Own study on the basis of the map from www.geoportal.gov.pl).  
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3.1. Analysis of the credibility of cadastral data concerning land inscribed 
in a cadastre and its influence on tax revenue – chosen examples 

As indicated by the results of the authors’ analyses, in a considerable 
number of cases, the cadastral database lacks reliable data on land use – 
both numeric descriptions of their contours and their designation. The 
owners’ activities in terms of updating cadastral data by the relevant 
changes are not sufficient, and such data deviate from the facts in the 
field in a number of cases. In this area, the most common inconsistencies 
within the documentation gathered in the National Geodetic and 
Cartographic Resource include:  

1 Inconsistency between the status registered and the facts in the 
field – the type of land use, its surface area;  

2 No update of the land use designation after a change in the 
regulations concerning the rules of land use division and their 
designation;  

3 The differences in designating a land use area in the descriptive 
and graphic part of the register document – in the land register 
and on the cadastral map;  

4 The differences in the boundaries of the contours of the land use 
/ land use class in the source materials being the basis for disclosing 
the land use in a cadastre;  

5 Lack of data specifying the boundaries of the contours of the 
land use / land use class in the documentation of the resource;  

6 The problem of avoiding land use updates (in order, for example, 
to avoid a change in the tax due), etc. 

Below there is a summary of the annual amount of real property tax 
for selected parcels, determined on the basis of cadastral data – the types 
of land use and its surface area disclosed in a cadastre, as well as based 
on the data identified by the co-authors according to the facts in the field 
(on the basis of the land use extent according to the contents of ortho-
photomaps). Due to the multitude of results obtained, only four selected 
cases are presented in Table 1. The cases chosen for the needs of the 
following table concern both the examples of the significant problem, 
and those in which no problem appeared. The results indicate that, in 
some cases (Object 1 and 4), the difference is significant and amounts to, 
respectively, 161 % (1322 zł – 2343 zł per ha) and 1284 % (565 zł – 3527 
zł per ha) of the total growth in relation to the current tax amount. 
Moreover, the losses incurred by local governments due to the said data 
being out of date are considerable. This confirms the significance of 
verifying cadastral data concerning the manner of land use with the 
factual situation in the field. Other cases (Object 2 and 3), in which the 
data inscribed in cadastre correspond to the factual circumstances do not 
cause any tax losses or just marginal ones. 

One of the examples of a significant discrepancy is Object 4 – the 
parcel no. 80 disclosed in the cadastre as farmland class IVb. Fig. 2 

demonstrates a fragment of the orthophotomap (left), confirming the 
inconsistency between the actual manner of land use and the cadastral 
status indicated, as well as a street-side view of the commercial building 
under analysis (right). 

The factors affecting the reliability of cadastral data concerning land 
use can be divided into two groups: - influencing the accuracy of 
numeric descriptions of their contours - frequency of performed surveys, 
accuracy of the measurements (depending on the technology applied, 
technical standards required, etc.); 

- influencing the credibility of designation of land use – quality and 
frequency of performed surveys or field inspections. 

3.2. Methodology of new approach towards verification of the correctness 
of cadastral data 

The current geospatial technologies allow cyclical verification of 
land use data and, if implemented by the local government units 
responsible for the data update, could support their registration. In the 
age of modern tools or geospatial products, the possibilities are enor-
mous. Fig. 3 shows the proposed procedure developed by the authors in 
this publication for verifying the data concerning the types of land use 
areas disclosed in a cadastre. The proposed methodology of the verifi-
cation of the correctness of the abovementioned data, applying modern 
geospatial technologies, is crucial for finding out which information on 
land use registered in the cadastre need to be updated. The verification 
should be performed by the body maintaining the cadastre. 

3.3. Techniques and modern geospatial tools used in the verification 
process of cadastral data concerning land use 

As expected, the results of the research showed that unmanned aerial 
vehicles (UAVs) provide a suitable technology for capturing data con-
cerning the scope of each land use, ensuring the accuracy required in 
this regard. The small surface adopted for the analysis made it possible 
to obtain a greater number of photographs in a larger scale than in the 
case of flights over a large surface area using the same digital camera. As 
a result, it was possible to generate a high-resolution orthophotomap 
with a GSD of 3 cm. Considering the good quality of photos obtained 
using the "stop and capture" technique during the raid, the spatial res-
olution of the orthophotomap (as a measure of the correct recognition of 
the smallest details on the orthophotomap) did not exceed 8 cm. This 
confirms the usability of the technology for obtaining data for the pur-
poses of verifying the reach of land use. The photographs obtained from 
the flights with a planned longitudinal and transverse coverage 
amounting to 70 % were processed in the Agisoft Metashape software. 
The generated dense cloud of points was filtered in Cloud Compare in 
order to create a numerical model of the terrain for orthorectification of 
the photographs and, finally, a current orthophotomap with the GCP 

Table 1 
Influence of cadastral data on tax calculation (Source: Own study).    

Data from the cadastre Data after the verification Total tax losses 

ID Parcel 
No. 

Name of 
land use 

Surface area of land 
use [ha] 

Annual tax 
[zł] 

Name of 
land use 

Surface area of land 
use [ha] 

Annual tax 
[zł] 

±Δ 
[zł] 

±Δ 
[%] 

Tax losses per ha 
[zł/ha] 

Object 
1 

6567/ 
132 

Bi 0.2163 
822 Ba 0.5643 2144 1322 161 % 

≈2343 
RVI 0.1318 
RVI 0.2162  

Object 
2 889 

RVI 0.3360 
21 

Lz-RVI 0.3360 
21 0 0% 0 LsV 0.4872 LsV 0.4872 

Object 
3 660/1 

RIIIb 1.4900 

385 

RIIIb 1.2568 

390 5 1%  
S-RIIIb 0.6840 ŁIIIb 0.6161  
Br-RIIIb 0.0900 Br-RIIIb 0.2834 ≈2 
W 0.0200 Lz-RIIIb 0.0812  
S-RIIIb 0.0160 ŁIIIb 0.0625  

Object 
4 

80 RIVb 0.1602 44 Bi 0.1602 609 565 1284 
% 

≈3527  
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points marked and photo points for the purpose of control (Fig. 4) with a 
view to conducting more detailed analyses. The mean square RMS error 
at the checkpoints was 7 cm, which, for the current analysis and the 
needs of further analysis, was considered as sufficient. Noteworthy is the 
fact that, with reference to the current requirements of the Polish law, on 
the basis of cartometric products made with drones it is possible to 
update data on land use with an accuracy much higher than demanded 
(≤0.5 m). 

Subsequently, the authors analysed the possibility of applying UAV 
technology to verify land use. Table 2 presents the results of an analysis 
of the advantages and disadvantages of the application of the UAV 
method for verifying land use. The strengths include the quick detection 
of changes in large areas (e.g. of entire cadastral units) without the need 
for extensive site inspections and the possibility of supplying the data-
base with oblique images to create a 3D cadastre. The weaknesses 
include the dependence of photogrammetric raids out of sight (BVLOS) 
on weather conditions and legal regulations, in this case –aviation law. 
However, this is only an apparent barrier that can be circumvented after 
proper planning of the mission and booking of airspace at the Polish Air 
Navigation Services Agency. Thus, it is possible to periodically verify 
cadastral data on land use to, amongst other things, improve the func-
tioning of the tax system operated by local government units. Unfortu-
nately, there is also the risk of failure during an UAV mission if the 
unmanned aircraft loses contact with the operator, though drone tech-
nology is improving all of the time. 

4. Discussion 

The phenomena observed in real property markets indicate that the 
success of structural transformations and the development of property 
information systems are determined mainly by the quality and avail-
ability of information of real properties (Dawidowicz and ́Zróbek, 2017). 
The accuracy of information from public records, i.e. the register of land 
and buildings (cadastre), obtained by entities managing property has a 
direct impact on the correctness of the conducted processes of land 
management (Kwartnik-Pruc, 2015). Currently, the applicable law does 
not provide for the need to enter the information such as the source of 
the land use data or estimated accuracy of the location of turning points 
of their contours (Benduch, 2019). The truth is that, based on the in-
formation registered in a cadastre, it is not possible to carry out 
comprehensive and uniform analyses confirming the reliability of 
cadastral data and the factual status of land use. There are different 

reasons for the discrepancies between the cadastral data gathered in a 
cadastre and the facts in the field. The definitions of particular groups of 
land use, the types of land use within the given groups as well as reg-
ulations regarding classification of land for particular groups (currently 
defined in Appendix No. 6 of the regulation of the Minister of Regional 
Development and Construction of 29 March 2001 on the register of land 
and buildings (Anon, 2001) have changed over the years. This is one of 
the reasons why the data registered in a cadastre is in many cases 
out-of-date and it is necessary to update the cadastral record to adapt the 
disclosed data to the regulations currently in force. 

One of the examples where the problem occurs is for parcel no. 8 
(Fig. 5) presented above. In an excerpt from the land register, part of the 
real property indicated is listed as an orchard. As demonstrated in the 
orthophotomap, the manner in which the parcel is being used has 
changed and, currently, this land fails to meet the requirements neces-
sary for its classification as an orchard. Pursuant to the currently 
applicable provisions, orchards include lands with an area of at least 
0.1000 ha, compactly planted with fruit trees and fruit bushes (at least 
600 trees or 2,000 shrubs per 1 ha) or serving as nurseries of fruit trees 
and fruit bushes or vineyards. In the past, the ordinance of the Ministers 
of Agriculture and Municipal Economy of 20 February 1969 on land 
registry (Anon, 1969), which was applicable for the establishment of 
land registry for a terrain under analysis, permitted the inclusion of 
farmland and pastures (with an area of over 10 acres, planted with fruit 
trees and bushes with at least 100 trees or 2,000 bushes over an area of 1 
ha) into orchards. 

Over the years, the field of land use registration has also experienced 
notable technological progress – new measurement possibilities, 
ensuring greater measurement accuracy, as well as changes in the ac-
curacy and methodological requirements, the units of measurement, the 
systems of spatial reference, etc. This has led to discrepancies between 
the surface areas of the particular land uses declared in a cadastre and 
the data determined on the basis of current standards. Meanwhile, like 
in some countries, due to the lack of uniform and reliable information on 
the value of property, the area of the real estate and of land uses within 
its borders constitute the basis of taxation. Furthermore, there are no 
detailed regulations and requirements for measuring the reach of land 
use areas in the field. Moreover, the ongoing changes are often highly 
dynamic. Dynamic changes in time affect, for example, the reach of 
running waters as well as wooded and shrubbed lands. As underlined in 
the literature on the subject, the boundaries of rivers, streams and real 
properties located in their floodplain areas are subject to constant 

Fig. 2. An example of data inconsistency between the cadastre and the facts in the field (Source: Own study on the basis of the data registered in the cadastre, photos 
from www.gis.kielce.eu and www.google.com/streetview). 

A. Cienciała et al.                                                                                                                                                                                                                               

Po
br

an
o 

z 
ht

tp
://

re
po

.p
w

.e
du

.p
l /

 D
ow

nl
oa

de
d 

fr
om

 R
ep

os
ito

ry
 o

f W
ar

sa
w

 U
ni

ve
rs

ity
 o

f T
ec

hn
ol

og
y 

20
23

-0
5-

26

http://www.gis.kielce.eu
http://www.google.com/streetview


Land Use Policy 102 (2021) 105204

7

situational and topographic changes (Surówka, 2000), and as a conse-
quence, it may prove necessary to implement changes in the real prop-
erty cadastre. This will be the case when the bank lines are shifted to 
such an extent that the river crosses the boundaries of registered parcels 
along which it flows and forces its way into the land, permanently 
occupying the lands adjacent to its bed (Bieda, Parzych, 2012). In 
consideration of the above, the scope of the ownership rights to a real 

property may also be shifted. The reduction of actual parcel areas may 
be associated with lower real property charges and, in the case of agri-
cultural lands, lower subsidies from EU funds (Bieda and Parzych, 
2012). The changes sometimes arise out of socio-economic trans-
formations. For example, a number of processes currently occurring 
within the cities and their adjacent lands are not conducive to increasing 
agricultural land resources and, on the contrary, even accelerates their 

Fig. 3. The proposed procedure during the verification of data concerning the types of land use inscribed in cadastre.  
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reduction (Źróbek-Różańska, 2018). Urban areas develop at the expense 
of rural areas, and metropolisation and the accompanying 
sub-urbanisation and counter-urbanisation processes take place without 
any role for rural areas, which are usually treated as the surroundings of 
the settlement system, rather than an integral part (Źróbek-Różańska 
and Zielińska-Szczepkowska, 2019). The authors point out that climate 
change also has a negative impact, causing the resources of agricultural 
land to decrease systematically, either due to changing land use, 
degradation of production capabilities, or total devastation of the 
environment. Fig. 6 below represents yet another example of a 
discrepancy between the cadastral status and the facts in the field, 
verified on the basis of an orthophotomap. 

The applicable regulations concerning the manner of verifying 
cadastral data – comparison of a cadastral map with the facts in the field 
– are extremely inefficient and require amendments in this respect, 
especially in the context of current technical capabilities. Pursuant to §
28.1. of the regulation of the Minister of Regional Development and 
Construction of 29 March 2001 on the register of land and buildings 

(Anon, 2001), the contents of a cadastral map include, amongst others, 
the contours of land use areas and their designations, but – under the 
Polish conditions, depending on the land urbanisation degree and the 
land ownership structure – cadastral maps are prepared in the following 
scales: 1:500, 1:1000, 1:2000, or 1:5000. Meanwhile, verification of the 
compliance between a cadastral map and the situation in the field in the 
case of maps with a scale of 1:5000 may prove to be of low reliability. 

The developed procedure of verification of the data concerning the 
types of land use disclosed in a cadastre (Fig. 3) is universal and may also 
constitute a valuable course of action in other countries. It is worth 
mentioning that all EU countries have a Cadastre or “equivalent system”, 
except Portugal (where the Cadastre exists only for the Northern part) 
and Greece (where Cadastre is presently being established and only a 
very fragmentary Cadastre exists on Rhodes Island) (Comparetti, Rai-
mondi, 2019). Moreover, all EU countries have a parcel-based Cadastre 
(except Ireland and UK) and, therefore, have a single identifier for each 
parcel. Foreign countries also demonstrate the need for regular updates 
of the cadastral data, whilst working to improve its methodology 
(Latvia, Estonia, Greece, Poland, Spain, Austria, Slovenia, etc.). In 
Latvia, the data are subjected to various spatial object topology verifi-
cations and are compared with other sets of spatial reference data, such 
as orthophotos, maps and state motorways (EC-INSPIRE, 2011). What is 
more, Cadastre data of the National cadastre information system are 
maintained up-to-date, by continuously updating them according to 
cadastral surveying documents and data of other state information 
systems (Parsova, 2011). In Spain, parallel to the daily update, there are 
massive processes of update that are done generally joined with pro-
cesses of revaluation (PCC, 2008). 

Comparetti, Raimondi (2019) emphasise that, in addition to cadas-
tral information, countries such as Belgium, Denmark, Finland, Greece, 
Ireland, Italy, Portugal and Spain also have orthophotographic 
coverage. Analysing the possibilities and obstacles to extend the pro-
cedure (Fig. 3) to other countries / regions, one of the obstacles is that in 
some countries, like in Spain or France, orthophotography does not 
cover the whole country (in Spain - only its olive growing areas, in 
France - a small part of its territory corresponding to olive growing areas 
in its Mediterranean regions). The quality of the photogrammetric ma-
terials also differs, but generally in most of the regions it is technically 
possible to update cadastral data on their basis. In Greece, colourful 
orthophotomaps for urbanised areas with 20 cm or 50 cm GSD are 

Fig. 4. An orthophotomap (with the location of control points and the GCPs) 
generated for the area under analysis (Source: Own study). 

Table 2 
Advantages and disadvantages of the application of the UAV method for veri-
fying land use (Source: Own study).  

ADVANTAGES DISADVANTAGES  

• detection of discrepancies in relation 
to cadastral data without the need for 
site inspections  

• quick, non-contact survey of changes 
in large areas (e.g. of entire cadastral 
units)  

• the ability to process the acquired 
digital photos into cartometric 
products to estimate the area of land 
use  

• acquisition of oblique images for the 
creation of a 3D cadastre  

• usefulness of cyclical verification of 
cadastral data concerning land use 
and in the process of their update  

• dependence of the technology on 
meteorological conditions  

• the accuracy and quality of the 
elaboration is dependent on the degree 
of advancement of the unmanned aerial 
vehicle and its camera (associated with 
a large range of the costs of the 
technology)  

• restrictions on BSP flights reliant on the 
activity and type of air zone over the 
analysed area  

• doubtful acceptance of the obtained 
data in poviat documentation centres 
(due to the lack of legal rules regulating 
the requirements for the procedure in 
Poland),  

• malfunctions in unmanned aircraft 
creating the possible threat of an 
accident occurring  

• the possibility of radial shifts causing 
blind spots in the area of images or 
orthophotomaps and impeding 
measurements  

Fig. 5. A fragment of parcel no. 8 marked on a cadastral map (left) as an or-
chard, which currently fails to comply with the definition of an orchard – the 
parcel as it appears in an orthophotomap (right) – Source: Own study on the 
basis of cadastral map and orthophotomap (from www.geoportal.gov.pl). 
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currently available, of which the most recent data were captured in 
2016. In Spain, the generated orthophotomaps, produced with 25 cm or 
50 cm GSD, depending on the degree of urbanization of the area covered 
by the plot, are suitable for determining the ranges of land use in the 
urban agglomeration. More detailed orthophotomaps (with a much 
smaller field pixel) are available in Lithuania, where a large collection of 
high-resolution orthophotomaps, generated on the basis of photos from 
UAV platforms for the specified road infrastructure objects, was facili-
tated for the public sector. The collection of orthophotomaps in Poland 
has also been systematically expanded over a shorter period of time for 
many years, which makes it an up-to-date database of spatial 
information. 

In case of outdated photogrammetric materials, the Authors recom-
mend generating their own ortophotomaps on the basis of the photos 
from the UAV. Unfortunately, this is not possible in all countries. Poland, 
as the world leader in the adaptation of regulations for UAV flights, has 
quite liberal rules of flight planning compared to other countries. 
Depending on whether the UAV pilot has a qualification certificate or 
not, they can fly in urban areas with special caution and a safe distance 
(which they set themselves on the basis of their skills). Flights operating 
in line of sight above 120 m AGL in Class G airspace and in contact with 
FIS are allowed. Flights over waters or nature reserves are not forbidden 
either, and UAV missions over national parks are possible after obtain-
ing the consent of the managers of the given National Park. In Greece 
there are many more restrictions related to the activity of UAVs in the 
airspace than in Poland. In the area not covered by the air zone (e.g. 
outside the CTR-controlled airports), flights at an altitude of more than 
50 m AGL should be previously reported to the nearest Police station, 
while the maximum height of the raid cannot exceed 120 m AGL. In 
Spain, UAV flights for the purpose of mapping areas are dependent on 
obtaining a permit for such a mission, and having the appropriate 
qualifications. Moreover, flights over urban areas and people can be 
conducted by people without UAV pilot qualifications only with 
equipment weighing up to 250 g and at a maximum height of 20 m AGL, 
which is insufficient to conduct photogrammetric projects. In Lithuania, 
drone flights should be performed at least 50 m from objects such as 
vehicles, buildings, people or places of worship, etc., and only within the 
sight of the UAV operator, at a maximum height of 120 m AGL. Legal 
provisions in other countries may constitute a barrier to the active 
implementation of the proposed methodology in the presented work. 
However, the authors assume that with the advancement of the safety of 

the described technology and the future unification of the regulations on 
UAV flights in the European Union, out-of-sight missions will be possible 
on a larger scale. 

It is worth mentioning that aerial photographs obtained from man-
ned or unmanned aerial vehicles constitute a huge information poten-
tial, which is simultaneously an objective evidence material used not 
only in the practice of surveying. Compared to standard measurement 
methods, testing methods based on photogrammetric products are not so 
time-consuming, and remote registration makes it possible to analyse 
even hard-to-reach areas, which was important for the authors in the 
context of land use studies. Contrary to photogrammetric flights made 
by means of manned aerial vehicles, UAVs have the advantage of being 
mobile, less susceptible to atmospheric conditions and associated with 
less financial outlay necessary to obtain materials for analysis. Gathering 
data from the air at a lower height leads to a reduction in the ground 
pixel resolution, which is crucial for a number of applications related to 
the identification of a specific object or phenomenon. Therefore, it is 
possible in practice to validate the boundaries of the contours of a land 
use area regardless of the data available on geoportals. According to 
Stępień et al. (2016), creating an orthophotomap based on photographs 
obtained from unmanned aerial vehicles (UAVs) is, additionally, 
possible in the case of making a photogrammetric flight in the early 
spring or late autumn – the seasons of the year in which the identifica-
tion of land use on the areas of rural agglomerations is more difficult. 
Fig. 7 presents the possibility of validation (a) and update (b) of 
cadastral data on the basis of the current orthophotomap generated from 
UAV images. 

The provisions of § 72 of the regulation of the Minister of Regional 
Development and Construction of 29 March 2001 on the register of land 
and buildings (Anon, 2001) indicate that numerical descriptions of the 
contours of land use areas in Poland, similar to building contours, are 
made on the basis of site measurement results. The most common 
surveying instruments used for updating cadastral data currently 
include GNSS receivers and tachymeters, which guarantee highly ac-
curate observations. Photogrammetric products often serve as the basis 
for determining the correctness of the measurements performed in the 
field, rather than for updating data in registers. Site measurements may, 
meanwhile, be performed as surveying photogrammetric measurements 
(ultimately on a stereoscopic model) or surveying cartometric mea-
surements – on analogue maps or their calibrated digital images, or on 
an orthophotomap (Pyka and Myszka, 2015). The accuracy of 

Fig. 6. Comparison of the boundaries of land use and their types according to the cadastral status (left) with the facts in the field determined on the basis of an 
orthophotomap (right) – Source: Own study on the basis of orthophotomaps from of www.geoportal.gov.pl. 
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determining the location of a topographic point in relation to the closest 
points of the horizontal survey control and the measurement control 
network for the third accuracy group, which includes the contours of 
land use areas, should not exceed 0.5 m. Assuming that the contours of 
land use will be determined on the background of an orthophotomap 
with a GSD ranging from 10 to 20 cm, one can conclude that the contour 
boundary will be identified in a correct manner, not exceeding 2.5 GSD 
of the resolution of the orthophotomap under analysis (Kurczyński, 
2014). 

The literature review confirms the practical application of photo-
grammetric products for updating data in cadastral systems in many 
countries across the world. In England and Wales, land use data are 
collected by Ordnance Survey through field and aerial surveys, cat-
egorised by use of urban and rural land types, and supplied to Com-
munities and Local Government for policy-making purposes (UNECE, 
2014). 

In the work (Manyoky et al., 2011), the authors attempted to 
compare the results of typical surveying measurements made for the 
purposes of updating the cadastral data in Switzerland with the data 
obtained through stereoscopic observations from photographs obtained 
by UAVs. The results of the works performed unequivocally demonstrate 
that it is possible to use orientated photographs from UAVs to take 
measurements (concerning land cover, single objects) with a view to 
updating the data in the Swiss cadastre according to the provisions of 
law applicable in 2011. In Turkey, on the other hand, photogrammetric 
products also started to be used with a view to creating a 3D cadastre. In 
this case, geospatial information was provided by coupled cameras: one 
directed at the nadir (acquiring photographs with a resolution of 15 
cm/px with the average height of a flight equal to 1 km) and four di-
agonal ones (acquiring photographs with a resolution of 12− 18 cm/px). 
The article (Stępień et al., 2016) describes problems associated with 
surveying measurements on agricultural lands with particular account 
being taken of setting out the boundaries for parcels and land use areas 
using photographs obtained from UAVs. An interesting conclusion seems 
to be the possibility of using low-budget unmanned aerial vehicles 
(UAVs) with an installed single frequency GNSS receiver with a view to 
producing orthophotomaps at the accuracy level of GNSS RTK mea-
surements at the control points. In recent years, the use of unmanned 
aerial vehicles (UAVs) has steadily grown in many countries, including 
Poland, primarily as a result of rapid developments in the field of un-
manned flight and drone-borne sensors for geospatial data collection 
(Puniach et al., 2018). Unmanned aerial vehicles (UAVs) are emerging 
as a suitable technology for providing very high spatial and temporal 
resolution data at low cost (Koeva et al., 2018). The authors performed 

quantitative and qualitative control of UAV data products which indi-
cated that the obtained accuracies comply with international standards. 
The results of their research showed that UAVs constitute promising 
opportunities to create high-resolution and highly accurate orthophotos, 
thus facilitating map creation and updating. The study performed by 
Yaprak et al. (2018) also confirm these findings. The authors emphasised 
that cost-efficient UAV photogrammetry has become an alternative to 
aerial photogrammetry. According to the authors, although the above-
mentioned methods have the capacity to provide sufficient positional 
accuracy, they cannot always be preferred because of several disad-
vantages such as the necessity to obtain data for a longer time and the 
risk of measuring areas prone to landslide. 

On the other hand, in the work (Grabska, 2017) the author presented 
the assessment and possibilities of integrating optical and radar data as 
well as their influence on the classification result of the analysed area in 
terms of agricultural land use, at the same time as achieving a high 
accuracy level of the classification performed, amounting to nearly 88 
%. The authors of the present publication claim that the presented so-
lution based on multispectral and radar responses for the purposes of 
distinguishing land uses according to the information from the land and 
building register is ineffective. In the case of parcels with a small area of 
a few acres, the mixed pixels phenomenon and low resolution of Sentinel 
and Landsat images ranging from 10 to 30 m, the comparison of results 
from quantitative analyses with the land and building register data is 
unreliable. 

A helpful tool during the verification of cadastral data is offered by 
the information shared on urban geoportals – including diagonal pho-
toplans. They allow not only for assessing the status of the real property 
under analysis and the intended use of the buildings located on the 
parcel, but also for making simple measurements of the elevation height 
and surface. In the authors’ opinion (Kisa et al., 2013), it is only the 
complete 3D information that makes it possible to create a 3D cadastre, 
estimate taxes or plan the urban infrastructure in an optimum manner. 

5. Conclusion 

Cadastral data concerning land use are crucial in the process of real 
property management, including counting tax. Their unreliability may 
lead to losses of financial resources by local government units. Due to 
variations in the factual circumstances on the ground, as well as negli-
gence on the part of owners in applying for data to be updated, there is a 
need to regularly verify and update the register. In Poland, in many cases 
cadastral data are updated too rarely, including for information con-
cerning land use. Moreover, there is an absence of detailed regulations 

Fig. 7. The possibility of validation (a) and update (b) of cadastral data on the basis of the current orthophotomap generated from UAV images.  
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for the verification of such data. Meanwhile, modern surveying and 
photogrammetric tools may allow for their application in the mainte-
nance of the cadastre in Poland, including regular verification of the 
data inscribed in the register, as demonstrated by technical and accuracy 
capabilities. Aerial photographs obtained from manned or unmanned 
aerial vehicles have a huge information potential, which is simulta-
neously an objective evidence material. Compared to standard mea-
surement methods, those based on photogrammetric products are not so 
time-consuming and enable the remote registration that makes it 
possible to analyse even hard-to-reach areas. The generated high- 
resolution orthophotomap allows to precisely delineate the contours of 
land use areas, irrespective of the terrain configuration enabling, 
amongst other things, to verify the correctness of the data inscribed in 
cadastre. The results of the research showed that unmanned aerial ve-
hicles (UAVs) may enable one to acquire high-resolution orthophoto-
map (in the analysed case with a GSD of 3 cm), ensuring the accuracy of 
the data on the scope of land use higher than demanded (in Poland - 
≤0.5 m). The obtained spatial resolution of the orthophotomap did not 
exceed 8 cm. The methodology of verification of the data concerning the 
types of land use disclosed in a cadastre, developed for the needs of the 
following paper is universal and may constitute a valuable course of 
action in other countries. The obstacle to applying the proposed pro-
cedure, however, is the accessibility of geospatial materials, their 
quality, as well as the restrictions resulting from the legal regulations 
concerning the requirements for performing surveys with UAVs in each 
country. 
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