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A Few Words of Introduction  

Since 1994, the Geographic Information Systems Conference and Exhibition GIS Odyssey 2020 has 
gathered researchers scientifically and professionally related to Geographic Information Systems. You will 
learn more about it from the abstract entitled The achievements of Croatian-Polish GIS cooperation 1993-
2020, which, due to the presented topics, we have decided to highlight and publish first, just after 
the introduction. 

This year, the Conference was to take place in the Region of Venice (Italy). However, when on 
the 11th of March 2020 the World Health Organization announced that the epidemic of the infectious 
Covid-19 disease, developing since the end of 2019, had taken a global form and additionally 
the coronavirus SARS-CoV-2, which caused it, had taken a liking to Italy, it became clear that the meeting 
within the 27 th Geographic Information Systems Conference and Exhibition GIS Odyssey 2020 in 
the traditional formula would be in doubt. We had been waiting for a long time before making the 
decision, but in the second half of April we decided that the Conference would be held as the Online Poster 
Session. 

Unfortunately, this year's virtual conference is doubly difficult for us. We have managed to organize it, 
but its heart doesn't beat anymore. On the 11th of August 2020, Prof. Davorin Kereković – the Secretary 
of GIS Forum (the main organizer of GIS Odyssey), the Chairman of the Organizing Committee of GIS 
Odyssey and the man who for 27 years had been the driving force behind Polish-Croatian cooperation in 
the field of Geographic Information Systems under the name of GIS Odyssey, suddenly passed away. We did 
not have time to say goodbye that is why we are doing it now and we dedicate this study to his memory. 

Despite the anxiety and sadness we grapple with in our everyday life at this difficult time, we have 
received forty-six posters, the authors of which come from Bulgaria, Croatia, Latvia, Mongolia, Poland,  
Slovakia, Ukraine and United States of America. As usual, they represent economic, legal, social and 
technical sciences. Thus, GIS Odyssey, although only in virtual space, has once again become a forum for 
the exchange of interdisciplinary theories and experiences in the field of broadly understood Geographic 
Information Systems (GIS). The following Book of Abstracts includes summaries of all posters submitted 
for presentation at the Online Poster Session. 

As already mentioned, the topics taken up on the GIS Odyssey are very diverse. This year, standard 
spatial analyses with the use of GIS constitute low percentage of all applications and concern, among 
others, the determination of the effects of forced displacements after the II World War II (Affek et al.) on 
the landscape, the indication of the land plots for which there is a possibility of access (Balawejder and 
Warchoł), the determination of the dynamics of land development changes (Czyża and Szuniewicz) or 
the prediction of air pollution (Kwiecień and Szopińska). Thus, the authors much more eagerly focused on 
technical and legal aspects related to spatial information. The first group of the authors presented their 
ideas concerning the concept of the systems for, among others, mobile soil quality analysis (Czaplicki et 
al.), data recording of the so-called Green Cadastre (Dawidowicz et al.) or e-parking (Pieńkosz 
and Święcicki). The second group, however, dealt with the analysis of legal provisions concerning, among 
others, open data and re-use of public sector information (Fischer), various aspects of access to spatial 
data (Gryszczyńska; Marzec) or the collection and processing of location data (Michalski and Syryt; Szpor). 

Of course, apart from the above-mentioned issues, abstracts from many other interesting researches, 
analyses and projects can be found here. If any topic is of particular interest to you and you would like to 
learn more about it, please write directly to the authors of the specific abstract. 

Assoc. Prof. Agnieszka Bieda, D.Sc. 
AGH University Science and Technology in Krakow, Poland 
Vice-Chairman of Organising Committee GIS Odyssey 2020 

Krakow, 7th of September 2020 
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The achievements  
of Croatian -Polish GIS cooperation 1993 -2020  

-ÁčÇÏÒÚÁÔÁ 'ÁÊÏÓ-'ÒĿÅÔÉçȟ 0ÈȢ$Ȣ 
University of Silesia in Katowice 
Faculty of Science and Technology 
Sosnowiec, Poland 
email: malgorzata.gajos@us.edu.pl ɀ contact person 

$ÏÃȢ :ÖÏÎËÏ 'ÒĿÅÔÉçȟ 0ÈȢ$Ȣ 
Scientific Centre of Law & Informatics 
Warsaw, Poland 
email: zgrzetic1@gmail.com 

-ÁÒÉÁ 3ÔÙÂÌÉďÓËÁȟ -Ȣ3ÃȢ 
SILGIS Association 
Sosnowiec, Poland 
email: maria.styblinska@gmail.com 

Abstract  

The Croatian-Polish cooperation in the field of Geographic Information Systems (GIS) began 
in the summer 1993 and its source has a story connected with accident which happened to the Polish 
humanitarian expedition in Croatia near Crikvenica. From the year 1994 joint international research 
efforts have been made, with active participations of Croatian and Polish universities, scientific 
institutions and researches. The cooperation features such events as conferences, exhibitions, workshops, 
seminars, lectures, and publishing activities. One of the event is the International Conference & Exhibition 
Geographic Information Systems, called usually GIS Odyssey, which was held in Croatia, Poland, Great 
Britain, Italy, Slovenia and with participants from Croatia, Poland, Great Britain, Italy, Slovakia, Czech 
Republic, Slovenia, Montenegro, Germany, Ukraine, Bulgaria. The publishing achievements of 
27 conferences in 27 years (1994-2020) contain 50 books, including 20 multi-author books and 30 
collective works containing 1083 articles in 13 thematic categories: Geodesy. Cadastre. Cartography; 
Geoinformatics Systems. Information Technology; Space and Law. Informatics, Law & Communication; 
Cultural and Natural Heritage Management; Globalization and Social-Economic Problems; The State and 
Local Level Administration & Management; Ecology; Sea and Water Management; Environmental and 
Earth Resources Management; Spatial Information Systems in Practice; Agriculture and Forestry; 
The Integrated Europe and World. INSPIRE. International Cooperation; Emergency Management. 

In order for the GIS conference publications to be available online, the website gis.us.edu.pl was 
developed and the GIS Repository of scientific publications with an open access was created. 
The repository gathers all full publications for the years 1994-2019. In addition, the website contains two 
monographs GIS Bibliography. Polish-Croatian Cooperation 1994-2013 and GIS Bibliography. Polish-
Croatian Cooperation 2014-2018 presenting a bibliography of the contents of GIS conference proceedings. 

On September 5, during first part of conference GIS Odyssey 2019. Expert session in Croatia, Croatian-
Polish Scientific Network has been created. The main purpose, among other ideas, is an integration of the 
scientific and expert community, exchange of scientific and organizational GIS and spatial information 
experiences.  

Therefore these nearly thirty years of cooperation gave a lot of new solutions, projects and friendships 
between thousands of scientists and practitioners from various European countries, what might to be 
the most important achievements. 

Key words:  Croatian-Polish GIS cooperation, GIS conferences, GIS publications, GIS repository, 
GIS bibliography. 

mailto:kerekovicdavorin@gmail.com
http://www.gis.us.edu.pl/
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Post-WWII landscape dynamics resulting from forced 
displacements ɀ a GIS-supported study from  

the Polish Carpathians  

(1)  Andrzej N. Affek, Ph.D. 
Polish Academy of Sciences  
Institute of Geography and Spatial Organization 
Warsaw, Poland  
e-mail: a.affek@twarda.pan.pl ɀ contact person 

(3)  Maria Zachwatowicz, Ph.D.  
University of Warsaw  
Faculty of Geography and Regional Studies  
Warsaw, Poland  
e-mail: m.zachwatowicz@uw.edu.pl 

(5)  Prof. Volker C. Radeloff , Ph.D. 
University of Wisconsin-Madison  
Department of Forest and Wildlife Ecology  
SILVIS Lab 
Madison WI 53706, USA 
e-mail: radeloff@wisc.edu 

(2)  Jacek Wolski, Ph.D. 
Polish Academy of Sciences  
Institute of Geography and Spatial Organization 
Warsaw, Poland  
e-mail: j.wolski@twarda.pan.pl 

(4)  Krzysztof Ostafin, Ph.D. 
Jagiellonian University  
Institute of Geography and Spatial Management 
Krakow, Poland 
e-mail: krzysztof.ostafin@uj.edu.pl 
 
 
 
 

Abstract  

Little is known about environmental effects of forced migrations, given how common worldwide 
forced displacements are. Our goal was to determine the long-term landscape effects of post-WWII forced 
displacements of Ukrainians (Carpatho-Ruthenian communities) from the Polish Carpathians. We focused 
on the SE part of Polish Carpathians which before WWII constituted a multi-cultural borderland and after 
war experienced one of the largest displacement actions in the modern history of Europe. We conducted 
a regional-level analysis of overall forest cover change across the Polish Carpathians, as well as a local-
level analysis of landscape diversity and land-cover patterns in two highly depopulated test sites. We 
made use of demographic census, and combined it with GIS-based long-term spatial-temporal land cover 
data derived from historical and contemporary maps. We found a massive forest-cover increase. We 
showed that over 60% of post-war forest cover increase in the Polish Carpathians was a result 
of displacement action, and far exceeds the widely reported forest cover increase due to the collapse 
of socialism in early 1990s. We noted a substantial decrease in landscape diversity. A densely populated 
rural region turned to a ‘wilderness’ area, one of the largest in Central Europe. A permanent and 
widespread land cover changes that took place over 30 and 70 years after forced resettlements following 
WWII continue to cause substantial declines in landscape diversity. Looking at past examples may help 
understand what is likely to happen in consequence of warfare, ethnic conflicts or policies aimed to create 
ethnically homogenous nation-states. This sheds new light on the possible land use effects of today’s 
involuntary migrations worldwide.  

Key words:  land use change, forced migrations, land abandonment, World War II, SE Poland. 
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Analysis of non -public road n etworks in Poland using 
geomatic tools and new technologies  

Monika Balawejder , Ph.D. 
4ÈÅ "ÒÏÎÉÓčÁ× -ÁÒËÉÅ×ÉÃÚ 3ÔÁÔÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 4ÅÃÈÎÏÌÏÇÙ ÁÎÄ %ÃÏÎÏÍÉÃÓ ÉÎ *ÁÒÏÓčÁ× 
Institute of Technical Engineering 
Jarosław, Poland 
e-mail: monika.balawejder@pwste.edu.pl ɀ contact person 

!ÒÔÕÒ 7ÁÒÃÈÏč, Ph.D. 
4ÈÅ "ÒÏÎÉÓčÁ× -ÁÒËÉÅ×ÉÃÚ 3ÔÁÔÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 4ÅÃÈÎÏÌÏÇÙ ÁÎÄ %ÃÏÎÏÍÉÃÓ ÉÎ *ÁÒÏÓčÁ× 
Institute of Technical Engineering 
Jarosław, Poland 
e-mail: artur.warchol@pwste.edu.pl 

Abstract  

Plots, not having any road connection, prevent income generating activities in terms of farming, 
increasing the costs of the area under cultivation, providing additional losses resulting from  illegal 
crossings as not having the right of way running. That is why it is so important that each of plot 
of registered land have an access to the public road provided. The aim of this study is to show 
the percentage share of the plots not having access to the public roads and the ones in posession 
of the informal road access, basing on orthophotomaps and LiDAR data, which will consequently show 
the occupation plan. The results of these studies are summarized in the table and illustrated on maps 
made in the QGIS program. 

Key words:  non-public road network, land use, land consolidation, orthophotomaps, Airborne Laser 
Scanning. 
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Application of statistical analysis methods for agricultural 
land in the Kenczuga commune  

-ÁÒÅË "ÁÎÁĢ, Ph.D. 
4ÈÅ "ÒÏÎÉÓčÁ× -ÁÒËÉÅ×ÉÃÚ 3ÔÁÔÅ 5ÎÉÖÅÒÓÉÔÙ ÏÆ 4ÅÃÈÎÏÌÏÇÙ ÁÎÄ %ÃÏÎÏÍÉÃÓ ÉÎ *ÁÒÏÓčÁ× 
Institute of Technical Engineering  
Jarosław, Poland 
e-mail: marek.banas@pwste.edu.pl 

Abstract  

Statistical analysis methods are based on characteristic parameters such as unit real estate prices. 
The table below shows the average value of land prices for each valuation class. The statistical significance  
of differences in the distribution of prices of individual land valuation classes between localities was 
assessed. For this purpose, the non-parametric Kruskal-Wallis test was used. 

The types of land with different prices are distinguished in the tables. Then, localities were grouped 
according to the percentage share of arable land of individual classes in the total area of the village. For 
this purpose, the Ward hierarchical grouping method with Euclidean distance was used. The results are 
presented in a graphic form of a dendrogram, from which one can read the affiliation of individual villages 
to the created clusters. Determining the number of clusters based on the network of similarities depicted 
by the dendrogram is most often an arbitrary decision – in the sketch of the dendogram, the division into 
four groups is quite naturally distinguished, which have been symbolically referred to as clusters A, B, C 
and D. 

The application of the adopted methods may constitute the basis for determining the value 
of the property. 

Key words:  real estate appraisal, statistical test, land value. 
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Abstract  

This article analyses the spatial interaction between the prices of single-family houses located 
in the vicinity of Gdansk Airport in Poland. The annoyance of the airport is due to the actual exposure 
of residents to excessive noise levels as well as to legal restrictions related to the area of restricted use 
(LUA). The study used statistical modelling by applying a classic multiple regression model, spatial 
autoregressive model and geographically weighted regression model. Moreover, GIS tools and geostatic 
modelling were used to visualise the results. The modelling results clearly show the significant impact 
of the neighbourhood nuisance and the related spatial distribution of real estate prices. In addition, 
the geographically weighted regression model indicates that the proximity to an airport adversely affects 
the rate of price changes over time. 

Key words:  spatial modelling, housing market, airport, geographical information system. 
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Abstract  

The world is becoming increasingly urbanised. In 2010, for the first time in the history of mankind, 
more than 50% of the world's population was city dwellers. In addition, it is estimated that this 
proportion will rise to 70% by 2050. Therefore, it is safe to say that the modern world is developing 
primarily in large cities, and the various urban processes will be one of the greatest macroeconomic 
trends of this century. Unfortunately, cities, especially the largest ones, although they play a key role in 
economic development (responsible for generating around 60% of the world's GDP) and in the social 
development of countries and regions, contribute to the significant devastation of the natural 
environment, as well as to the deterioration of the health and quality of life of their inhabitants 
(responsible for around 70% of global carbon dioxide emissions and over 60% of consumption of natural 
resources). Due to the transport models and construction methods used, most cities strengthen the fossil 
fuel economy, which is considered to be extremely unsustainable.  

The elimination of unfavourable phenomena associated with the expansion of urban centres is one 
of the priorities of global development, enshrined in a number of international documents. One of these is 
the Agenda for Sustainable Development 2030, which was adopted by all 193 UN Member States by 
General Assembly Resolution on 25 September 2015 in New York. It contains 17 Sustainable Development 
Goals, including making cities and human settlements safe, stable, sustainable and inclusive. In order to 
see how this objective is being achieved, a methodology had to be developed to measure 
the characteristics of urban spaces in order to compare them with each other and to observe the changes 
in the city. 

The International Organization for Standardization proposed its indicators. In May 2014, more than 
a year before the announcement of the Sustainable Development Goals, it issued ISO 37120: Sustainable 
development of communities ɀ Indicators for city services and quality of life. Four years later, this standard 
was improved and linked not to one, but to as many as 9 Sustainability Goals: 3 – Good Health and Well-
being, 4 – Quality Education, 5 – Gender Equality, 6 – Clean Water and Sanitation, 8 – Decent Work and 
Economic Growth, 10 – Reducing Inequality, 11 – Sustainable Cities and Communities, 13 – Climate Action, 
16 – Peace, Justice, and Strong Institutions. The standard's current version from 2018 contains 128 
indicators (45 basic, 59 auxiliary and 24 profiles). They are collected in 19 thematic groups: economics, 
education, energy, environment and climate change, finance, governance, health, housing, population and 
social conditions, recreation, safety, solid waste, sport and culture, telecommunications, transportation, 
urban/local agriculture and food security, urban planning, waste water, water. Taking into account 
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the differences in the resources and capabilities of cities around the world, the overall set of urban 
performance indicators has been divided into core and supporting indicators. 

As cities need indicators to measure their performance, ISO 37120 has quickly become 
the international reference for sustainable cities. Encouraged by this, the International Organization for 
Standardization issued two further standards in 2019. These were ISO 37122: Sustainable cities and 
communities ɀ Indicators for smart cities with a description of 80 indicators and ISO 37123: Sustainable 
cities and communities ɀ Indicators for resilient cities with a description of 68 indicators. This was despite 
the fact that ISO 37120 already contained a number of indicators relevant for the planning and evaluation 
of Smart Cities and Resilient Cities. Therefore, the purpose of the studies presented is to check whether 
and to what extent Smart Cities and Resilient Cities can be considered sustainable. 

It started with an analysis of the records of ISO 37120, ISO 37122 and ISO 37123 and the available 
rankings of sustainable, smart and resilient cities (both in terms of methodology used and results obtained) 
and compared the results of three of them: The Sustainable Cities Index (SCI), IESE Cities in Motion Index 
(considered one of the most important Smart Cities rankings) and Resilient Cities ɀ a Grosvenor Research 
Report. Unfortunately, the only available Resilient Cities ranking dates back to 2014, which is why data on 
Sustainable Cities and Smart Cities from a similar period were taken for comparison. 

Additional indicators for Smart Cities in ISO 37122 mainly concern energy and transport, while for 
Resilient Cities in ISO 37123 they concern economics and environment. Furthermore, no new recreational, 
sports, cultural and wastewater indicators are included in the assessment of urban resilience. Given 
the definitions of Smart City and Resilient City, this is obviously not surprising. Of course, these standards 
have little to do with the city rankings being compared. The selection of indicators in these rankings is 
always a subjective resultant of the knowledge and experience of their authors. When comparing 
the rankings, it should also be remembered that the same cities were not always chosen for them. Of 
the 50 cities classified as Sustainable Cities, only 46 were in the Smart Cities ranking and 30 in the Resilient 
Cities ranking. The most important conclusion from the comparison of the rankings is that although it is 
desirable that sustainable cities should also be intelligent and resilient, this is unfortunately not the case 
in many cities worldwide. The first in the Sustainable Cities ranking, Frankfurt was ranked 28 in the Smart 
Cites ranking and 17 in the Resilient Cities ranking. The first in Smart Cities London was ranked 2nd in 
Sustainable Cities and 18th in Resilient Cities. Toronto was only 12th in the ranking of Resilient Cities and 
36th in the ranking of Smart Cities. 

The continuation of the research will be to describe selected Polish cities using as many indicators 
as possible from all three standards and, since none of these standards provides information about what 
actually makes one city more sustainable, smart or resilient than another, to try to compare these cities 
with each other using these indicators using various statistical methods. The first of the analysed cities 
will be Gdynia, Gdansk, Kielce, Lublin and Warsaw, which in recent years have been certified 
as sustainable cities according to ISO 37120. Gdynia (twice), Kielce and Warsaw were certified by the 
World Council on City Data, Lublin by the Polish Committee for Standardisation, and Gdansk by the Polish 
Register of Shipping. 

Key words:  city services, ISO 37120, ISO 37122, ISO 37123, Resilient Cities, quality of life, Smart Cities, 
sustainable communities, Sustainable Cities. 
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Abstract  

Venezia Island is a very special area from the hydrological point of view due to its water masses 
changes. Regular floods oblige regular monitoring of water masses changes. For this purpose a Gravity 
Recovery and Climate Experiment mission (GRACE) can be used as  a source of data.  

The aim of the paper is to compare the latest results of the new GRACE FO observations. 
The comparisons were carried out all over Venezia Island using the L3 level, RL06 release data obtained 
by the 3 most important computational centres: JPL, GFZ, CSR. Results are compared to an average month 
values of precipitation and evapotranspiration. 

Key words: GRACE FO, total water storage, precipitation, evapotranspiration. 
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Abstract  

Unmanned Aerial Vehicles (UAV) are gaining popularity as a new way of acquiring spatial data. 
Because of technological progress, modern aerial photogrammetry techniques make quick and cheap 
measurements of small and medium areas possible. This leads to UAV derived photogrammetry products 
eg. Structure-from-motion photogrammetry point clouds.  

This poster shows the results of research on the accuracy and repeatability of UAV – derived point 
cloud on the instance of a mound overgrown with low vegetation. The purpose of the analyses were 
verifying if UAV based photogrammetric products are appropriate to assess deformation of the mound 
and testing the accuracy of such measurements. 

As a part of the research, in the years 2015-2019, cyclical UAV flights were carried out over the Krakus 
Mound (Krakow, Poland). This object is one of the oldest mound in Krakow, that remains to nowadays. 
Regrettably, the precise history of the mound is not known, but during renovation in 2013 it was assumed 
that it was build in stages. 

For the annual photogrammetric flights was used a DJI S900 aircraft equipped with a non-metric 
visible light camera Sone Alpha a6000 and gathered data were utilized to create several mound models 
representing its geometry.  

To create a reference model of the object total station measurements were carried out. It was 
necessary to determine the accuracy of UAV based photogrammetry products depending on camera 
settings and prevailing weather conditions. 

Key words:  Unmanned Aerial Vehicle, photogrammetry, earth structure, deformation, accuracy. 
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Abstract  

A primary goal of the article is to explore the theoretical understanding among scholars about how 
institutional arrangements for sustainable local development partnerships in the mineral resource-rich 
countries are created. The article also provides a discussion of the opportunities for Mongolia. A success 
factor for implementing sustainable development goals (SDGs) is creating a proper institutional 
arrangement for incorporating the no one left behind principle. To do so, building both horizontal and 
vertical institutional arrangements is crucial. Furthermore, it is necessary to consider other critical 
variables such as: economic, social and environmental, mining interests, small and medium enterprises 
and compliance with the relevant environmental and rehabilitation laws and regulations.  

A mixed research design that incorporated qualitative data and quantitative data was used in this 
study. Interviews and questionnaires were completed officials and citizens from selected resource-rich 
provinces of Mongolia. We reached to the following results: there is a weak understanding of partnership-
related local community development among stakeholders, there is a weak collaboration between state 
and local administrations, and there is low capacity of public sector human resources at the local 
administrative level. Therefore, long term strategic planning and management which involves all parties 
in the decision-making process should be created. In addition, building both horizontal and vertical 
institutional arrangements that provide for the participation of related stakeholders is an essential 
element for building successful and sustainable local development partnerships. 

Key words:  sustainable development, stakeholders’ participation, institutional arrangements, strategic 
planning, mining sector management. 
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Abstract  

One of the cadastral data registered in Poland are, among others, numerical and descriptive data 
concerning buildings. They are: the function of the building, its type, class, status, usable area, building 
area, year of completion, number of above-ground and underground floors, numerical description of 
the contour, etc. Due to the necessity of disclosing new cadastral data, bringing the inscribed information 
into compliance with the factual circumstances, or elimination of erroneous data, the cadastral record is 
subject to current updating. Over the years, the technical standards for registering buildings in Poland, the 
types of non-registered buildings, as well as the scope of inscribed data have changed. 

 The purpose of this publication is to analyse the credibility of cadastral data concerning buildings, 
identify the most common problems related to the registration of buildings in Poland and the possible 
ways of verification of the recorded information. The consequences of unreliable data and the relevance 
of collecting so many details in the registers in Poland were discussed, also with reference to other 
countries of the world. On the basis of real examples encountered in surveying practice, the author 
described the observed differences in the interpretation of regulations and different approaches to 
registering data on buildings. 

Key words:  cadastral data, buildings, real estate management, update of cadastre, verification of cadastral 
data, surveying practice. 
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Abstract  

From 2019 The Faculty of Law and Administration of the Cardinal Stefan Wyszyński University is 
conducting research on creating a mobile soil analysis center. MCAG is a mobile laboratory enabling 
a detailed assessment of soil quality parameters. MCAG will be a part of a new model of precise 
agricultural advisory, implementing the ideas of Smart Villages. The implementation of MCAG will 
expedite the soil analysis, contributing to faster and more effective provision of precise agricultural 
advisory services, e.g. in the area of fertilization. The services of MCAG will be provided in real time. 
The implementation of the Mobile Soil Analysis Center will enable the development of currently provided 
services  will speed up the decision-making process of farmers regarding, among others, to fertilization 
and will also contribute to improving environmental protection by eliminating the phenomenon of 
overfertilization.  

Key words:  smart villages, mobile laboratory, soil analysis. 
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Abstract  

The development of cities is undoubtedly connected with changes in the land use, in particular with 
the problems of intensive development of suburban areas. The dynamics of these changes requires the use 
of geospatial data that would allow for their continuous monitoring. Coastal areas, which, due to their 
natural and investment attractiveness, as well as in Europe and in the world, are an area of intensive 
urban planning processes, are particularly exposed to the adverse effects of transformations. This article 
presents selected geospatial data sources collected under the Copernicus program, which were used to 
monitor changes in the development of these areas. The development of the model using GIS software 
allowed for a more accurate characterization of the dynamics of changes and the precise determination 
of the indicator of the diversity of land use forms. Increasing the possibility of predicting changes in 
the future use of coastal areas will allow for a sustainable planning policy, thus preventing activities 
contributing to the reduction of natural values without losing the opportunities for socio-economic 
development of those cities. 

Key words:  urban analysis, remote sensing, GIS, Corine Land Cover, Simpson's diversity index. 
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Abstract  

In response to the need for a sustainable agricultural policy for the purpose of supporting decision 
making in precise agriculture as well as agricultural threat mitigation, a concept agricultural information 
system called Green Cadastre (GC) was developed for the area of Poland. This innovative concept 
proposes to create a uniform GC, fit for the purpose of both administration as well as farmers, on 
a national scale. This research presents a technological concept of using data from remote systems for 
Green Cadastre. The technological architecture has been developed on the basis of an analysis of current 
trends in geospatial IT as well as the state of INSPIRE Spatial Data Infrastructure and previously 
established requirements for the GC system. The proposed solution combines open data exchange 
protocols with Open Source technologies in accordance with applicable international SDI standards to 
provide a flexible and cost-effective solution. 

Key words:  green cadastre, agriculture, spatial data infrastructure, land administration system, GIS. 
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Abstract  

As is well known GNSS antennas do not have a well-defined phase center, but its position will change 
with the changing direction of the signal from a satellite. The actual positions of the antenna’s phase 
center are determined via calibration process, where phase center corrections (PCC) models are created. 
These models are north oriented.  In precise GNSS measurements using PCC is obligatory. 

In the paper the effect of antenna rotation on position time-series was analyzed. Position differences, 
obtained from static GNSS observation processing, with and without orientation the antenna on the north, 
were calculated and analyzed. 

Key words:  GNSS positioning, antenna phase center corrections, antenna rotation. 
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Abstract  

Nowadays, the issue of illegal antiquities trafficking is significantly increasing. Artefacts are being 
stolen because of improper archaeological site protection, especially in developing countries. This 
phenomenon has been observed by participants of the XVII BARI Buildings Archaeology Inventory 
Expedition, organized by AGH University of Science and Technology, in cooperation with archaeologists 
of the Jagiellonian University. During the work in archaeological site in Jordan which was the ancient city 
of Tuwaneh, numerous looting pits were discovered and for about 120 of them, separate documentation 
was created. This poster aims to examine the practicability of application of free of charge satellite 
imagery and other geospatial data for spotting of looting pits. The research included numerous analysis to 
verify the size of excavations that can be detected depending on the images.  

Data acquired during the XVII Bari Expedition were used as referential material, and free of charge 
satellite imagery was used to carry out the analyses. The study is focused on Sentinel-2A and Sentinel-2B 
images which are characterized by spatial resolution amounting maximally to 10 m. The analyses revealed 
that the available free satellite images must have an adequate resolution to uniquely identify looting pits. 
Popular Internet sites applying satellite imagery, such as Google Earth, were checked. Most often these are 
images taken by commercial satellites, of considerably higher spatial resolution than in case of free 
of Sentinel-2A and Sentinel-2B images. The analyses revealed that the mentioned Google Earth has 
enormous potential for being used in archaeology for remotely monitoring archaeological sites. 

Key words:  remote sensing, archaeology, inventory, satellite imagery. 
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Abstract  

The aim of the poster is to present the possibility of spatial presentation of social, economic and 
environmental data in a 1 kilometer grid, independently of the territorial division and borders 
of countries. The study was conducted using a analytical-comparative method, reinforced by a formal-
dogmatic method. The scope of the research included the possibility of presentation of all data, including 
those concerning environmental pollution, transboundary phenomena, disaster events with extensive 
impact space, which can be referred to the x,y coordinates, and then these data can be aggregated and 
presented in a 1 kilometer grid. 

Recommendations on the use of spatial data are contained in the INSPIRE Directive. Moreover recently 
EU Member States have been obliged to apply this method of making spatial data available already when 
publishing the results of the 2021 round of population and housing censuses under Commission 
Implementing Regulation (EU) 2018/1799 of 21 November 2018 on the establishment of a temporary 
direct statistical action for the dissemination of selected topics of the 2021 population and housing census 
geocoded to a 1 km2 grid. 

Therefore, the application of the 1 kilometer grid will allow real comparability between countries 
(independently of the different administrative systems of the country division, which are often 
incoherent). But most importantly, it will allow a coherent presentation of spatial data on specific social, 
economic and environmental phenomena both at local and European level. 

Key words:  spatial information, kilometre grid, territorial division, INSPIRE directive, population census. 
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Abstract  

The presentation of urban infrastructure objects in the form of virtual spatial models is constantly 
growing market.  Currently, virtual 3D models of cities, understood as the sum of simple geometric solids, 
are not sufficient to meet the needs of  today's world.  

The aim of the work is to compare façade models at different levels of detail depending on the number 
of measured elements (using classic geodetic measurements ) in relation to the same texture obtained 
using UAV based photogrammetry. Taking photos and measuring the characteristic elements of the facade 
made it possible to create its metric model 

Measurements from the free station were used to make vector models on different level of details 
which was then textured by photos.  At the same time, a network of images was developed: a dense cloud 
of points was created, on its basis a triangular mesh model and finally a spatial model of the facade. 

As a result, the models were compared with each other and, on this basis, it can be concluded that 
there are slight differences between the textured LOD 2 and LOD 3, especially after texturing them.  

Key words:  3D-modelling, UAV, photogrammetry, architecture, LOD. 
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Abstract  

Opening public data is a process that, along with the development of new technologies, increases its 
scope by generating specific requirements. Member States must, by 20 July 2017, transpose EU Directive 
2019/1024, which has indicated that new resources should be re-used: dynamic data, high-value data and 
research data. Individual geospatial data can be included in each of these resources, which requires 
proper identification and preparation. 

Key words:  re-use, research data, dynamic data, high-value data, geospatial data. 
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Abstract  

The orthophotomap is a very applicable georeference layer, well and easy understood, by everybody 
almost, including persons without any technical knowledge and skills.  

One of the assumptions of the draft of the Act on Urban Planning and Construction Code is to 
strengthen social participation in creating spatial policies at all levels of planning. As part of the conducted 
research, a questionnaire was designed for the purposes of this article. The research was carried out on 
people who took part in the expositions of Local Spatial Development Plans (LSDP) and public discussions 
taking place in the communes of Siemianowice Śląskie and Pszów. The conducted questionnaire inquiry 
pointed to the low level of public awareness regarding procedures, as well as the lack of understanding 
of these documents due to the illegible form of the presentation of the approved local plans provided by 
the Act on planning and spatial development.  

An investigations were performed to find opinions about the level of acceptance  of three different 
georeference layers for the presentation of local spatial plan proposal as: 

1) vector base map – 18%, 

2) cadastral orthophotomap – 26 %, 

3) compilation of base map and cadastral orthophotomap – 53%. 

The draft of the Urban and Construction Code Act, which is to replace the mentioned act, provides for 
a substantiation of the LSDP that may contain a visualization presenting the local plan regulations 
in a graphic manner, understandable to people who do not have technical knowledge, including digitally 
excluded persons. The conducted inquiry has shown that more than half of all respondents admitted that 
the usage of both a large-scale map and an orthophotomap as a cartographic background for 
the visualization of LSDP findings was by far the most legible. The proposed solutions can be introduced 
directly into the regulation on the detailed rules for the preparation of spatial planning acts. The statutory 
delegation for its issue was included in article 243 of the Act on Urban Planning and Construction Code 
draft published on 23rd November 2017 on the website of the Ministry of Infrastructure and 
Construction. 
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There is a real need for changes in the procedure for approving Local Spatial Development Plans. 
The way of visualizing the findings of the local plans according to the applicable law is illegible and not 
very intuitive for the majority of people taking part in the public exhibitions of local plans. Research has 
shown that the most understandable form of visualization is the use of a combination of a large-scale map 
and an orthophotomap as the cartographic background for the plan drawing.  

Key words:  cadastral orthophotomap, spatial planning, urban planning, georeference layer, local spatial 
development plan. 
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Abstract  

The disclosure of real property registers – including land and mortgage registers – has been evolving 
throughout the historical development of institutions. Significant changes in the formal disclosure of land 
and mortgage registers are connected with the implementation of IT solutions. The implementation of IT 
solutions was accompanied by the change in the manner of keeping the register, the change in the legal 
regulations governing the scope of formal disclosure leading to the removal of subject-related restrictions 
relating to access to copies, delocalisation of access, extension of access modes by online access or 
introduction of the possibility to search data for specific entities. Although Article 2 of the Act on Land and 
Mortgage Registers and on Mortgage (KWU), which provides for the formal disclosure of land and 
mortgage registers in Poland, has not been amended, the provisions regulating the rules of access to the 
content of the registers and copies from the registers have undergone far-reaching changes, while 
technical and organisational barriers have been removed. These changes were not followed by 
a discussion on the scope of formal disclosure of registers or on the conflict of formal disclosure with the 
rights of individuals subject to registration.  

The scope of formal disclosure of land and mortgage registers was significantly extended in Poland in 
2010, when data from the land and mortgage registers were made available online. The adopted model 
of making the land and mortgage register data public on the internet raises justified doubts, especially due 
to the scope of personal data contained in the land and mortgage registers and subject to disclosure, 
the lack of security measures against automated and mass collection of data and the lack of accountability 
rendering it impossible to determine who has exercised the right of access to the data in the register and 
what data have been reviewed. In order to balance the proportions between the disclosure of the register 
induced by the security of the trade in real property and the protection of the privacy and personal data 
of entities subject to registration, consideration should be given in particular to whether it is desirable to 
remove information barriers to such an extent by making data in the register available online to any 
individual who knows the register number, and to how access to resources should be organised.  

As a result of disclosing the land and mortgage registers online, administrative courts in Poland have 
begun to consider the land and mortgage register numbers to be personal data, indicating that the content 
of the land and mortgage registers is available to the general public and that the personal data of persons 
disclosed in the land and mortgage register can be determined pursuant to the land and mortgage register 
number. The courts also recognise that cadastral numbers of cadastral plots of land do not have a subject-
related character due to the lack of a common database in which personal data of persons on the basis of 
the cadastral number of the plot of land can be obtained. The change in the manner of access and the 
subsequent change in the approach to the legal nature of the land and mortgage register number in the 
case law has led to significant problems in providing access to data from the land and buildings register 
(cadastral register) and in running Geoportal. In particular, the Polish personal data protection authority 
is in doubt about making available, by means of Geoportal, the land and mortgage register numbers of real 
property, which under the geodetic and cartographic law are object-related data; however, these data are 
considered personal data by administrative courts. 

The problems discussed indicate the need for the introduction of profound changes in the system. 
In order to build a coherent real property information system, the land and mortgage register number 
should be disclosed and generally accessible, with simultaneous introduction of restrictions relating to 
access to subject-related data contained in the registers or at least accountability for data. To this end, 
several access models are worth considering, assuming the occurrence of a variety of restrictions – both 
as regards the circle of entities entitled to review and obtain copies, the scope of data made available to 
specific entities, organisational barriers (introduction of measures assuming identification, authentication 
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or authorisation – in the case of limiting the circle of authorised entities, enabling access to the full content 
of the register solely in the branch office of the Central Information of Land and Mortgage Registers).  

Currently, the lack of measures to guarantee accountability and prevent automatic data download has 
led to several million land and mortgage registers being downloaded and indexed by entities having their 
registered offices outside the European Union as well as being processed by unauthorised entities. 
Moreover, these entities make it possible to determine the land and mortgage register number for a fee 
in order to review its contents on the basis of other data (e.g. real property address). 

Key words:  land and mortgage registers, land and mortgage register number, data accountability, real 
property data access models. 
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Abstract  

Institute of Oceanography and Fisheries as a multidisciplinary scientific institute and part of  Croatian 
referral centre for sea have obligations regarding various EU directives and projects. INSPIRE directive is 
used for all others directives regarding spatial part of collected and shared data. Strong component of EU 
projects is sharing and reuse of project results. To fulfil all that requests, we have to use various GIS tools, 
from spatial analyses and data collection, storage and online sharing in form of services and online 
Geoportals.  

This paper describes integration of GIS tools, connections between various components and main data 
flow from data collection to INSPIRE complaint metadata. Tools can be divided into three main groups: 
desktop tools (QGis, ArcView), spatial database (Oracle 19.3) and online tools (Application server, Open 
Layers, Geoserver, Geonetwork). Few examples of national and EU projects results will be presented with 
detailed explanation of steps needed from data gathering to final online products and services. 

Key words:  INSPIRE, GIS tools, integration, Geoserver, Geonetwork. 
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Abstract  

Since the XIX century map generalization has been an important research problem. In 1866 Sydow has 
named map generalization as one of the three reefs of cartography. Although it has occupied researchers 
for over 150 years, it has never received as much attention as today (Zhou et al., 2018). 

The research was conducted in two approaches. The main part of the research, which is an innovative 
solution of spatial data generalization uses machine learning (ML), which builds on the methodological 
solutions and selection models proposed by Karsznia and Weibel (2018) and Karsznia and Sielicka (2020). 
This solution was named enhanced approach. In order to compare the results and check whether they are 
better than those used so far, the settlement selection has also been carried out on the basis of officially 
established polish legislation, namely in accordance with the provisions of the Regulation (2011). This 
approach was named as basic one. 

The main idea of this research is to use ML to explore variables that can be useful in automatic 
settlement selection to small scales. The weights of variables and their threshold values are proposed. 
A decision tree algorithm has been selected and implemented to make the obtained learning outcomes 
understandable to the recipient and translatable into SQL language. 

The result of the analyses is a database containing settlements, which has been generalized to the 
detail level corresponding to 1: 500 000 and 1:1 000 000 scales, both in the basic and extended approach. 
The results of learning are also decision trees, process statistics as well as variables weights. Analyzing 
the decision trees one can read out the selection rules. This allows the cartographer to trace the selection 
process and assess its correctness. 

Key words:  machine learning, small-scale maps, settlement, cartographic generalization. 
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Abstract  

On the one hand, advanced GIS technologies and applications allow immediate access to spatial data, 
their selection, analysis and obtaining ready reports, while on the other hand they are a source of threats 
and vulnerabilities for the functioning of the organization, which can lead to huge financial losses, loss 
of reputation, repair costs and even to cease operations. Therefore, it should be remembered that any 
organization using GIS technologies is a potential victim of crime and abuse related to unauthorized 
access to geobases (databases) and spatial information systems. Modern technologies are new threats for 
institutions dependent on the computer systems they use. 

Key words:  level of security, GIS, information security. 
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Abstract  

Digital technologies are an integral part of agriculture today. The whole world is moving in this 
direction. The platform monitors fields in real time with satellite imagery and provides vegetation index 
charts. 

Map by EOS Crop Monitoring leverages the results from a research done by EOS Data Analytics 
together. It allows the farmer to automate the process of monitoring and efficiently manage both a small 
farm and large agribusiness enterprise. In addition to a comprehensive assessment of the field, 
the platform also provides farmers with the weather forecast. In addition, the platform provides farmers 
with field condition maps based on vegetation indices analytics for the field. Similarly, satellite imagery 
and vegetation indices identify areas with higher and lower productivity in each field. This gives farmers 
an opportunity to precisely determine the amount of seeds and fertilizers required for each zone based on 
its productivity. Based on vegetation index analysis farmers can regulate the amount of fertilizer to be 
distrib uted according to the needs of each defined area through this function. The area shown in green has 
the highest vegetation index. 

Key words:  Crop Monitorin, vegetation indices, heat stress, cold stress, historical weather. 
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Abstract  

Rapid technological development and the growing popularity  of smart mobile devices has led to 
the emergence of a new category of location-based electronic services. The issues of geolocation of 
individuals using mobile applications installed, for example, on smartphones equipped with  various 
sensors, collecting location data and combining them with  other personal data, goes beyond the issue of 
collecting location data only by telecommunications operators, and enters the sphere of commercial 
Internet and end-users privacy. Smartphone and any information  relating to the usage of it, whether in 
particular  is stored in or emitted by it, requested from or processed in order to enable it  to connect to 
another device and or network  equipment, are part of the private sphere of the end-users requiring  
protection under the Charter of Fundamental Rights of the European Union and the European Convention 
for the Protection of Human Rights and Fundamental Freedoms. Given that such equipment as 
smartphone contains or processes information  that may reveal details of an individual's  emotional, health, 
political, religious, social complexities, sexual orientation, including the content of communications, 
pictures, the location of individuals by accessing the device’s GPS capabilities, contact lists, and other 
information  already stored in the device, the information  related to such equipment requires enhanced 
privacy protection. The dispute over privacy in the network  concerns the financing model of content 
available on the Internet  and whether there will  be place for targeted advertising, based on personal data 
from user tracking used for profiling.   

This study discusses legal issues related to the collection and processing of location data and their  
protection in order to increase privacy, resulting from the GDPR and draft  regulation of the European 
Parliament and the Council on privacy and electronic communications. 

Key words:  location data, geolocation, GDPR, privacy, Internet of Things. 
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Abstract  

The dynamic development of spatial structures entails to look for new methods of spatial analysis. 
The aim of the article is to develop a new theory of space modelling of network structures according to six 
value aggregation paths: minimum and maximum value difference, minimum and maximum value 
decrease, minimum and maximum value increase. The authors show how values presenting (describing) 
various phenomena or states in urban space can be designed as network structures. They analyse these 
networks in terms of their nature: random or scale-free. The results show that the paths of minimum and 
maximum value differences reveal one stage of the aggregation of those values. They generate many small 
network struct ures with random nature. Next four value aggregation paths lead to the emergence 
of several levels of value aggregation and to the creation of scale-free hierarchical network structures. 
Authors present how to create the network model in the minimum landscape aesthetic value increase 
path for tested area (Mrągowo City in North East Poland). They show also how the network model can be 
used to create hiking trails or recreational paths. 

The models developed according to described theory present the quality of urban areas in its various 
versions. The theory of six paths of value combination includes the new measuring tools and methods 
which can have an impact on quality of life and minimise costs of bad design or space destructions. They 
are proper tools for the sustainable development of urban areas. 

Key words:  network model; spatial analysis; scale-free network; six value aggregation paths. 
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Abstrac t 

The simultaneous adaptation of several networks of vertical crustal movements (based on data 
obtained by various techniques) requires the selection of tie points, which are not affected by additional 
disturbing factors. These points must be represented in both (or more) networks. They can be the same 
points or pseudo-nodal points. The selection of these points can be made e.g. by the scale-free network 
method. Once a set of points has been defined, it can now be analyzed in other aspects. In this issue, 
the geological conditions of the micro-areas where the individual tie points are located are important. 
Geological analyzes can be performed on the basis of wells. It is laborious and expensive. Geological maps 
provide information about the geological structure of the soil. It's a faster and cheaper way. This 
information can help you consider whether your tie points are on stable ground. Points where there is 
a suspicion of the impact of geological conditions on their stability should be eliminated from the 
calculation process or have a low weight. This analysis is possible using Geological Information Systems 
and appropriate network services (e.g. WMS - Web Map Service). This is the purpose of this article. WMS 
services made available by the Polish Geological Institute were used for its implementation. 

Key words:  pseudo nodal points, Geological Information Systems , networks vertical crustal movements. 
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Abstract  

When obtaining land, investors see the development potential in land real estate, among others by 
a prism of available forms of investment on the land (or its prohibition). Planning conditions are 
therefore, or should be, a factor taken into account by investors when purchasing land for investments. 
Planning conditions can be defined as the entirety of arrangement regarding the investment possibilities 
for the given real estate. A desirable situation is such in which the planning conditions for the given real 
estate are clearly formulated – we then refer to defined clearly development conditions, understood as 
a specified function and means of land development, as well as building conditions. The lack of defined 
development conditions, that is uncertain planning assumptions, lead to a greater investment risk felt by 
investors, which, as a consequence, may carry over into lower prices of purchased real estate, as well as 
negative consequences to spatial order and the environment. The significance of spatial planning is 
confirmed among other by the fact that in the periodically issued The Global Risks Report 2020, threats 
and neglect connected with spatial planning are taken into account on the map of global sources of risk. 
In reference to the presented problem, the aim of the article is an attempt to assess the risk of planning 
conditions by the analysis of transaction prices of land real estate purchased by investors. The following 
research question was posed: does the lack of clearly defined development conditions for land carry over 
onto lower prices of properties purchased by investors?  

The above problem will be presented on the example of the suburban zone of a chosen European 
agglomeration lying within Poland. In Poland, the spatial planning system is mainly regulated by the Act 
of 17 March 2003 on spatial planning and development, which introduced the following planning 
documents at the level of the commune:  

1. Documents which do not define development conditions – study of conditions and directions 
of spatial development (referred to as a study). 

2. Documents which clearly define development conditions: 

¶ local spatial development plan (referred to as LSDP) or 

¶ administrative decisions (referred to as AD): investment decision for a public purpose, 
in regards to investments which realize public purpose tasks and the zoning decision 
in reference to the remaining investments. 

An area covering communes from the suburban zone of the city of Bydgoszcz was chosen (Dobrcz and 
Osielsko) – areas in the direct proximity of the border of the city, with strongly developed residential 
zones, where areas with clearly defined and without clearly defined development conditions occur. 
The selected communes comprise an interesting case study seeing as how, in reference to the level of the 
saturation of areas zoned for residential investments, they are characterized by the highest and lowest 
percentage shares of LSDP, that is areas with clearly defined development conditions. In the study, 
the transaction prices of land from notary acts, and thus historical market evidence, was obtained by 
the method of individual data collection. The transaction prices of undeveloped land real estate purchased 
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for investment purposes for residential and residential-commercial development were analyzed, divided 
into two submarkets:   

1. SET A – land without defined development conditions, in Poland covered only by a study. 

2. SET B – land with clearly defined development conditions, in Poland covered by a LSDP or with an 
issued AD. 

Next, in an effort to obtain a homogenous market, verification, selection and grouping of data was 
carried out in each analyzed set using the Walor program for property valuers by ProNet. Basic statistical 
measures were calculated for selected transactions.  The analyses made use of causal models with a single 
dependent variable, accounting for the differences in undefined development conditions. In an effort to 
study the significance of differences in prices in the individual sets, z test with two samples for averages 
were carried out with the use of the Statistica program. The analysis of prices in the individual sets using 
the z test with two samples for averages was possible thanks to the in depth market analysis and 
identification of land properties which were involved in a transaction, and at the same time creating 
markets of high homogeneity. The processed information was graphically interpreted using geostatistical 
data and the GeoMedia Professional program for the special analyses by Intergrapf.   

The presented analysis for the areas of two communes (Dobrcz and Osielsko) in the suburban zone 
of the city of Bydgoszcz showed that real estate buyers perceive a difference in the planning conditions 
of purchased building plots designated for residential or residential-commercial development. Land with 
clearly defined development conditions are more highly valued. Land without defined conditions, in 
Poland under only a study of conditions and directions of spatial development, are attributed with lower 
values: 

1. The behavior of investors measured by the number of transactions can signify that the buyers 
show greater interest in land plots with clearly defined development conditions. 

2. The average prices of land without defined development conditions are lower than the average 
prices of land with defined development conditions in both communes: in Dobrcz Commune, 
by approximately 17%, and in Osielsko Commune, by approx. 23%, which made for statistically 
significant differences. 

This lowering of prices of land which does not have clearly defined development conditions has been 
observed in the study area in the suburban zone of the city of Bydgoszcz (Poland) since 2011, signifying 
that the risk of planning conditions is discounted by the market by lower prices of purchased land. 
Recognizing the above relationships is necessary when taking investment decisions and making proper 
assumptions in the land property valuation procedure. 

Key words:  planning conditions, development conditions, risk, land properties, Poland. 
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Abstract  

The area of Spišská Magura has a complicated geological structure. This region is a part of the Central 
Carpathian Paleogene Basin (CCP Basin), which represents the northernmost part of the Central Western 
Carpathians. However, for the geological survey, some objects in the country are difficult to access. This 
contribution aims to interpret and characterize tectonic structures of the Spišská Magura region 
in Slovakia and neighbouring Podhale region in Poland by non-contact surveying methods like terrestrial 
laser scanning and digital photogrammetry. Measuring rock masses using photogrammetry with 
algorithm Structure from Motion (SfM) results in high-resolution outputs such as dense point clouds, 
spatial 3D polygonal models, and orthomosaics. For the verification of such measurements performing 
terrestrial laser scanning (TLS) is suitable thanks to its capabilities of distance measurement and 
the production of similar point clouds. Studied areas are situated in the area of Spišská Magura in Slovakia 
and Podhale in Poland. The first outcrop is located in Bachleda valley near to Ždiar village. The second 
outcrop is located between Podspády village and the border zone between Poland and Slovakia. The last 
outcrop is located in Poland, concretely in Jurgów village. Data from measurements are used for 
the prediction of vein mineralization that is associated with faults in these regions. Based on results we 
suppose that most of the faults have NE-SW and NW-SE orientation. Stereograph projection in Bachledova 
valley indicates NW-SE fault direction. In Podspády location, we did not found any faulting only cracks 
filled with calcite filling. The dominant direction of the joints in the Jurgów outcrop is NE-SW. In the area 
of Ždiar village is a visible fault along the river Biela with NW-SE direction. Region of Spišská Magura is 
tectonically bounded by NE-SW Subtatric Ružbachy fault system. Results show, that the highest density 
of faults is in the area of Bachledova valley, which can be associated with vein mineralization. 

Key wor ds: terrestrial laser scanning, digital photogrammetry, structural measurement, tectonic analysis. 
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Abstract  

The increasing number of Galileo and BeiDou System (BDS) satellites gives the opportunity to apply 
them in positioning. In the experiment presented in this paper, the Single Point Positioning technique is 
tested. Data from four different receivers were used in the tests. The GPS, Galileo and BDS observations 
have been collected during three days long observational session. The computational process was carried 
out using self-made software. The point positions was obtained as the result. The goal of the test was to 
verify the impact of the InterSystem Bias (ISB) on the final results. For this purpose, two cases 
of processing data have been compared: with estimating ISB and without taking into account this 
parameter. In the paper the formulas of math model are presented. In both considered cases 
the combination of all three systems was used. The results show that in the case where the ISB was taken 
into account the accuracy and precision in the positioning was much better than in the approach where 
the ISB was not taken into account. Estimating the ISB allows for obtaining more precise positioning 
results in car-navigation or the GIS purposes. 

Key words:  GPS, Galileo, BeiDou System (BDS), positioning. 
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Abstract  

The dynamic increase in the number of vehicles traveling on roads, accompanied by a much more 
sluggish growth of the transportation network, causes a noticeable decrease in the average speed 
of vehicle traffic. This is especially important in large agglomerations, where the growth rate of traffic is 
higher than on the national scale. Road and street networks are not able to effectively handle 
the generated traffic, which causes numerous inconveniences for the urban environment, including 
increasing levels of air pollution - e.g. carbon monoxide (CO). CO pollution maps are the main diagnostic 
tools used by authorities to solve the growing problem of urban air contamination and plan preventive 
and corrective actions. They present the average level of CO pollution in a given time slot, expressed on an 
appropriate scale.  The generation of a contaminant map based on measurement data is insufficient for the 
prediction of pollution in the city. However, pollution maps based on so-called geostatistical models using 
a digitized city model along with traffic parameters allow for ongoing analyses and forecasts of the state 
of the environment. About to the presented problem, the aim of the article is to present the possibilities 
of using COPERT STREET LEVEL (CSL) software and the kriging methods in the prediction of carbon 
monoxide air pollution in residential areas. The above problem will be presented on the example of the 
city of Bydgoszcz, located in the northern part of Poland. In work, the authors have undertaken 
a geostatistical analysis on the amount of carbon monoxide (CO) emitted by car traffic in 2018 
on individual segments of the road network as well as its total emission for the entire network. 

The CSL software model was used to calculate the level of air pollution CO on the streets of Bydgoszcz. 
The model calculates traffic emissions at street level and can be used to approximately calculate different 
pollutants. The program calculates pollutants for every individual segment of the road network. Each 
segment (link) contains descriptive attributes concerning the link length, volume of vehicles, vehicle 
speed, measurement time, and type of link. The results of the traffic measurements were included in 
the GIS database on the road traffic of Bydgoszcz, containing 10,571 segments (links). The road network 
geometry has been linked to descriptive data, including information on the name of the streets and traffic 
volume for the annual average daily traffic volume (AADT), as well as data on the permitted speeds. Using 
the EBK tool from ArcGIS Geostatistical Analyst, two prediction maps from measured sample points stored 
in a point feature layer were created. The first was generated based on the Empirical Bayesian Kriging 
(EBK) model and the second with a modified Empirical Bayesian Kriging Bessel (EBK BESSEL) model.  

Conclusion:   

1. Based on information related to the results presented on the prediction maps and Cross 
Validation Analysis, the models are similar, though it seems that a pollution map based on 
the EBK BESSEL model, in which a root-mean-squared standardized prediction error is slightly 
smaller and amounts to 0.044730 and the value of the standardized average -0.000678 is also 
lower, is better. 
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2. Basing on the Cross-validation comparison, both models have good surface-fitting and 
the predictions are unbiased, as indicated by a mean prediction error close to 0, the standard 
errors being accurately indicated by a root-mean-square standardized prediction error close to 1, 
the fact that predictions do not deviate much from the measured values indicated by root-mean-
square error and that the average standard errors are as small as possible. 

3. The annual average daily mean level concentration of pollutants in 2018 for the entire network 
of streets in Bydgoszcz amounted to 18 873 749 grams. Hence, the rate of CO production in mg 
will be 4.72 mg/m3. The standard daily 8-hour mean level of acceptable CO pollution in the air, 
ensuring the protection of human health and plants, is 10 mg/m3, thus the level resulting from 
the computational analysis for the city of Bydgoszcz is twice less than the permissible 
CO concentration in the air. 

Key words:  COPERT STREET LEVEL, Empirical Bayesian Kriging, carbon monoxide, road polutions, 
Poland. 
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Abstract  

The main objective of the article is to analyse the legal regulation of the accessibility of spatial data for 
people with visual disabilities in Poland. According to the 2016 GUS data, 2.8 million people in Poland are 
affected by damage and visual organ diseases, including around 1 million people reading with high 
difficult y and 42 000 claim to see nothing. In contrast, data from the NSP 2011 show that around 155 000 
people are blind in the population of people with disabilities and around 940,000 people who are visually 
impaired. Visually impaired people meet many communication and information barriers that hinder their 
functioning and affect the lack of professional, educational and social activity. Accessibility is the property 
of the environment (physical space, digital reality, information and communication systems, products, 
services), which allows people with functional (physical, cognitive) disabilities to benefit from 
the principle of equality with others. Accessibility is a prerequisite for many people to live independently 
and to participate in the social and economic life of the country, the local community, the school or 
the workplace. The law on ensuring accessibility for persons with special needs, together with the law on 
the accessibility of digital websites and applications of mobile public bodies, will create a coherent system 
of standards governing the accessibility of public body. The law on the accessibility of digital websites and 
mobile applications of public entities regulates the complex issues of digital accessibility of websites and 
mobile applications of public entities for people with disabilities, and all entities in the public finance 
sector are committed. Spatial information systems (GIS) for the acquisition, collection, storage, processing 
and visualisation of spatial data should take into account the requirements of WCAG 2.1 at AA level 
(adapted to operate by disabled persons). 

Key words spatial information systems, disability, accessibility, people with visual disabilities. 
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The best way to find yourself, 
is to lose yourself in the service of others. 

Mahatma Gandhi 

Abstract  

The topic Volunteering beneficence of third age seniors emphasizes the importance of active life upon 
retirement and explores elders’ beneficence to the economy. The world is aging and globally elder 
population is growing faster than any other generation. If compared to an average actively working 
person, it is general opinion that retired older adults often have more free times, are less physically active 
and hesitate to engage with the community. On the other side, the third-generation adults who are 
involved in various activities, have higher levels of well-being than those who do not. Their social 
participation and sense of being useful compels better health and enhances longevity, rather not found in 
their unhappy peers. Third age retirees bring values into social capital to the community with their skills, 
experiences and education. Volunteering is one of preferred commitments of active retirees to contribute 
to social life of community. Government and social services should be maintained to motivate the third age 
or golden age population to stay active in lifelong learning, volunteer activities and hobbies and therefore, 
uncover great potential in their socio-economic contribution.  The aim of the paper (based on data 
analysis and life-practice examples) to point the need to introduce stimulating measures into the legal 
structure for the motivation of third age retirees, hence to continue working or engaging within their 
knowledge and skills to create beneficence to overall economy. In conclusion third age active retirees 
should not be a burden, but can contribute to the faster development of the economy and prosperity in 
the process of globalization.  

The paper uses statistical data, qualitative and quantitative methods of analysis, synthesis, hypothesis 
testing and testing, using examples from practice and real life. 

Key words : socio-economic beneficence, economy of the third age, volunteering, mentoring, globalization. 
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Abstract  

The aim of the study is to show the changes in the preferences of buyers and to check whether 
the currently available offers of developers are tailored to the needs of buyers on the Rzeszow market. 

Rzeszow is a city with a very favorable geographical and communication location. It is the center 
of the south-eastern Poland region, approximately 90-100 km from the border crossings with Ukraine and 
Slovakia. The city is constantly developing and expanding its territory.  

The survey covers a group of people who voluntarily completed the survey. When selecting questions 
and collecting data, the questions that could discourage potential people from completing the survey were 
kept to a minimum and efforts were made to ensure the maximum level of anonymity. The article shows 
the preferences of buyers of apartments in the capital of Podkarpacie and is a kind of further forecast 
for the constantly developing real estate market. Based on the survey results, an interactive map of real 
estate preferences was developed. 

Key words:  real estate appraisal, real estate demand, residential premises. 
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Abstract  

The coronavirus pandemic1 has required countries and international organizations to take action to 
control the situation. A tool that facilitates functioning during a pandemic is geolocation, which can be 
used to obtain information about the spread of the virus. This activity involves collecting data on infected 
people, including their location and movement. 

The use of data related to geolocation requires the existence of a legal framework for this activity and 
the creation of tools enabling the implementation of the assumed goal. From a normative perspective, 
legal provisions are created regarding the collection and use of specific data related to the location 
of people for the purpose of combating a pandemic. Within these activities, it is necessary to balance 
goods protected and limited by specific legislative actions. To this end, relevant legal acts are issued in 
individual countries. The European Data Protection Board sets out guidelines on the use of location data 
and tools for establishing infectious contacts in the context of the COVID-19 pandemic (guidelines 4/2030 
adopted on 21/04/2020). The European Commission issues a recommendation and recommendations 
regarding the development of an EU approach to the use of technology and data to combat the crisis 
caused by COVID-19. An EU set of instruments has also been created to facilitate the use of mobile 
applications for establishing infectious contacts and generating alerts as well as guidelines on 
the protection of personal data and privacy for applications supporting the fight against the coronavirus 
pandemic. 

The means for achieving the assumed goal are various tools for collecting data on infected people and 
their movement based on their location. The use of these tools is, in principle, based on two models, while 
in practice there is also a third model, combining the first two. The first is a centralized model that uses 
network location tracking. This eliminates the need to download applications and makes tracking 
inevitable. Network solutions based on a centralized model have access to raw location data from various 
sources. The indicated model significantly affects the level of privacy and may be a reason for abuse. 

The decentralized model is based on applications. Data are collected on the phone. The person decides 
about downloading and using the application. The decentralized model is more friendly to privacy 
protection because it is based on the exchange of anonymous keys that do not contain identifiable 
information.  

The way to obtain data is mobile applications that use digital contact tracking in response to 
the COVID-19 pandemic. This means the process of identifying people who may have had contact with an 
infected person. Some of the applications have state support and have become official data acquisition 
tools, and their use by citizens is mandatory under the conditions set out by law. 

Both the legal provisions and guidelines on the use of data on persons using geolocation and the tools 
used in this respect (centralized and decentralized) meet with reservations regarding respect for 
information autonomy. Furthermore, it is argued that the effectiveness of some of the tools depends on 
their users and their awareness of the threat and how to respond to it. Data alone is not sufficient when 
knowledge and skills are not available for their proper and intended use with respect for human rights. 

Key words:  geolocation, pandemic, data protection, spatial information, COVID-19. 

                                                           
1 In literature this pandemic is also known as the COVID‑19 pandemic. It is an ongoing global pandemic of coronavirus 
disease 2019 (COVID‑19), caused by severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2). 
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Abstract  

Land consolidation and land compensation require evaluation of the productivity of the exchanged or 
recompensed areas. A serious deficiency in land consolidation regulations set by the Agricultural Land 
Ownership and Use Act, 1991 is the 10% restriction for the difference in the exchanged areas before 
and after land consolidation. The simultaneous action of nowaday methodology for equating lands by 
their quality and the Law restriction limits the implementation of land consolidation only to the highly 
productive lands of 1st to the 3rd land category. The objective of the paper is to suggest a method for 
extending the implementation of land consolidation on larger areas and to recommend a fairer calculation 
method in equating lands by their quality. Two approaches to landed property exchange are united. One of 
them is based on the mean estimates of land productivity per land category (MLPE) (considering 
Bulgarian Land Categorization System), the other one – on the detailed land productivity estimates of each 
landed property (DLPE). The adapted FAO Land Suitability Classification is suggested to identify areas 
suitable for land consolidation. Regression analysis and expert assessment were used. The data required 
for GIS processing are specified and systemized. A proposal for the improvement of the legal framework is 
given. 

Key words:  land consolidation, legislation, land quality, equalizing coefficients, GIS. 
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Abstract  

Agricultural land is a basic resource for the livelihood of the Bulgarian population. However, its 
management is unstable and is connected with many unresolved or wrongly resolved problems which 
make it difficult to exercise its underlying function. This is mainly due to fragmented land legislation that 
has a number of disadvantages: the transformation of agricultural land into urban land is easy, control 
of land quality is poor, and there is a deficiency of agricultural spatial planning regulations. One 
of the specific tools for preserving the natural function of agricultural land is spatial planning, subject to 
the strategic documents of the country. According to a newly elaborated concept on agricultural territory 
planning, this process is two-staged: on the municipal and on-farm level. The objectives of the paper are: 
1) to analyze the effectiveness of national legislation in regard to preserving the natural function 
of agricultural land; 2) to defend the necessity of the normative framework completion with precise 
spatial planning rules for agricultural land, and finally, 3) to draw attention to a new concept on 
agricultural territory planning by pres enting the basic cadastral and specific data for performing spatial 
GIS analyses and elaborating spatial plans. Data from national statistical institutions were used, 
and methods of analysis and synthesis were applied. The data needed for GIS analyses and elaboration 
spatial plans for agricultural territory are listed. The paper asserts that spatial planning is a tool for 
regulating agricultural land use, for setting territory conditions for preserving and improving land quality, 
for protecting land tenure rights and for developing successful and high-income agribusiness. 

Key words:  agricultural land, legal framework, spatial planning, concept, GIS data. 
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Abstract  

Tide gauge observations record the sea surface relative to the nearby land, local vertical land motion 
can be a significant contribution to the measured sea level change.  

Contrary to tide gauges, which provide sea level relative to the Earth crust, satellite altimetry measures 
sea level variations relative to the centre of the Earth’s mass, as a result, satellite altimetry measurements 
of sea level are made in an absolute reference system. The satellite altimetry is designed to study the open 
ocean, but this technology is now used over inland seas. 

The difference of both observations can be used to estimate vertical crustal movements velocities 
along the sea coast. In this paper, the vertical crustal movements velocities were investigated at tide gauge 
sites along the Adriatic Sea coast by analyzing differences between Tide Gauge (TG) and Satellite Altimetry 
(SA) observations. Furthermore, the estimated vertical motion rates were compared with those from 
nearby the GNSS measurements.  

The study determines the practical relationships between these vertical crustal movements and those 
determined from data acquired from the neighboring GNSS stations. The results show general consistence 
with the present geodynamics in the Adriatic Sea coastal zone. 

Key words: GNSS, satellite altimetry, sea level, tide gauge, vertical crustal movements. 
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Abstract  

Trends of GNSS stations are determined by many researchers with the use of various trend 
determination methods (provided by several global websites, and even more local sites). PPP is a method 
for obtaining the precise position of a single GNSS receiver using carrier phase and pseudorange 
observations. This method allows determining a trend without a correlation (direct determination of the 
position of each station separately). What is more, there are no distance limitations between GNSS 
stations, while using the PPP methods. To achieve accuracy comparable with network solutions there is 
the need to use external, high-precision models (e.g. precise satellite orbits and clocks, ionosphere and 
troposphere mode, etc.) while the PPP method is applied. Such corrections are provided, among others, by 
IGS (International GNSS Service) and Crustal Dynamics Data Information System (CDDIS). 

The main purpose of the presented research is preliminary analyses the time series obtained by 
processing GPS observations with the use of the PPP method. GPS observational data have been acquired 
from chosen GNSS permanent stations from the Polish ASG EUPOS and the Ukrainian UA-EUPOS/ZAKPOS 
systems. For the research daily data in RINEX format is used. As external data for PPP solutions (precise 
satellite orbits and clocks, antenna models, troposphere mode, etc.) JPL products have been used. A seven-
year time series was created for each station. Based on those analyses the PPP method has been assessed 
in terms of suitability in geodynamics studies.  

Key words:  GNSS, PPP, crustal movements. 
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Abstract  

The purpose of the poster is to present the concept of e-parking service, i.e. a parking information 
system using new technologies, administered by local authorities and dedicated to car drivers. 
The concept based on a real time advanced spatial data analytics mechanism. The diagram presented in 
the poster illustrates the designed way of functioning of the e-parking system. Using the mobile 
application, it is to show car drivers free parking spaces and navigate them towards those places. This 
solution has the goal of making traffic more smooth since it will reduce the number of car rides with 
drivers who are seeking free parking spaces. The implementation of the e-parking system in holiday 
resorts seems justified because it supports traffic management, and this is one of the major challenges for 
the authorities of such resorts. They often struggle with the problem of ensuring efficient parking service, 
particularly during the tourist season. There are many car drivers there, because, in addition to 
the residents, they are also many tourists, and the number of parking spaces is limited. 

Key words:  parking, road traffic, spatial data, data analytics, e-administration. 
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Abstract  

21 century’s digital art allows author to do things like moving buildings to the other cities, or in case of 
video games even to the other – fantastic – worlds. Research presented on the poster focuses on 
the analysis of the legal literature and court cases in order to answer questions, if games developers can 
recreate building without their natural landscape and secondly if they can use somebody trademarks on 
the advertisement hanged on the building recreated in games if those trademarks are placed on real 
existing building, even without consent of the trademark’s owner. 

Famous buildings images, are used in various arts; paintings, photos, dioramas and films. To legally 
capture the buildings in those works, authors rely on the panorama law, regulated in art. 33 item 1 of the 
Act of 4 February 1994 on Copyright and Related Rights, which allows them to distribute (as well as 
multiply and record) works of architecture – including buildings that have already been displayed  
permanently in a public place. The condition for the legality of using a building in the work is that it will 
not be used in the same way as the original. In the doctrine there are views that the legal use of a building 
is impossible if it will be distributed independently of its natural landscape. However nowadays game 
creators most often place models of known monuments among models of buildings created by themselves, 
completely incompatible with what can be seen in the real world (while it is worth investing in creating 
models of recognizable buildings, it is better to create the rest of the landscape on the basis of one created 
model, with changeable colors and fine details). As, for example, in the game Assassin's Creed 
(Renaissance monuments of Italy, monuments of ancient Greece and Egypt are located in cities that are 
simplified for the needs of games) or in the game The Witcher (Gdansk Crane). This leads to thesis that 
doctrine view in this matter should be revised. 

Race tracks, or characteristic skyscrapers, are spread in games that take place in modern times. 
Faithful reproduction of those objects can be a problem due to their use as advertising space with 
protected trademarks. According to the US case law in those kind of cases the Rogers Test, which was 
created to balance public interest of the freedom of artistic expression and the public interest, which is to 
avoid misleading consumers and trademark’s protection, should be applicable, and can lead to 
the statement that use of protected trademark in game, even without consent is legal because of artistic 
meaning of this trademark to the whole game, however this can not lead to misleading of the consumer. 

Key words:  video games, architectural works, trademarks, Rogers Test. 
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Abstract  

Public space is a frequent subject of study in various countries. One of the problems faced by 
researchers is the definition of public space, which may differ depending on the culture, customs in 
different countries, and the possibility of using the space, e.g. due to the climate. Another problem is 
the various features of public space, often in contradiction, e.g. whether it is public or private ownership, 
whether there are restrictions on its use or it is unlimited, whether it is outside or inside, etc. Analyzing 
literature, we come to the research problem: how should the public space look like? The aim of our study 
is to valuate the quality of public space in the city center. A research hypothesis was formulated: 
the attractiveness of downtown public space for its users is insufficient. 

The study covered public space in the downtown in Kalisz, Poland. The research was conducted using 
a mixed method (quantitative and qualitative) in the period 2015-2020. In particular, the following 
methods were used: literature review, urban inventory, direct and indirect survey (with users of public 
space), analysis of documents (strategic documents, competition documentation), interviews. During 
the multi -stage study, the features of downtown public space were identified. Then we proposed the 
method of assessing the quality of downtown public space. As a result of the assessment, we found that 
the inner-city space in Kalisz is not attractive enough for its users, which was confirmed by the results of 
surveys carried out earlier. Additionally, the method we used allowed to formulate recommendations for 
the changes necessary to be applied in the space. 

Key words:  open public space, town center, urban planning, placemaking, public space evaluation. 
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Abstract  

Since 1989, countries of Central-Eastern Europe have been undergoing a difficult period of political 
transformation. It is a journey from the oppressive real socialism to parliamentary democracy and market 
economy. The main cause of the fall of real socialism was the unsatisfactory standard of living of 
the citizens (as well as limited civic freedoms). 

The countries of Central-Eastern Europe, following Poland’s example, started a difficult process 
of transformation, and despite all the drawbacks of market economy, in the early 90’s the living standards 
started to rise gradually.  

The aim of this analysis is to compare growth rates in population’s living standards and to make an 
attempt at evaluating whether the transformation has been a success and whether the divide separating 
those countries from the standard of living observed in Western Europe is gradually being bridged. 
The progress resulting from the socio-economic changes is portrayed through an analysis of benefits 
the transforming countries gained from joining the European Union. The basic measure for this analysis is 
GDP per capita, with the economic growth being also illustrated through the presentation of transport 
network development in Poland. 

Key words : political transformation, market economy, standard of living, GDP per capita. 
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Abstract  

The spread of invasive and expansive plant species is a threat to biodiversity and generates a lot 
of ecological and economic losses. To prevent further negative effects of this process, these harmful 
species should be identified and removed at the early stages of invasion. The main aim of this research 
was to develop and verify remote sensing methods for identification of selected alien invasive and native 
expansive plants, such as blackberry (Rubus spp. L.), wood small-reed (Calamagrostis epigejos (L.) Roth) 
and goldenrod species (Solidago spp. L). While this application aimed to prepare a distribution map 
of the aforementioned species in the study area located in Malinowice (Silesian Province). In this research 
we used an airborne hyperspectral HySpex image and the field measurements obtained in August 2017. 
We tested and optimized the pixel classification algorithms, such as Support Vector Machines and Random 
Forest. The classifications were performed on two raster data sets: 430 original spectral bands and 30 
Minimum Noise Fraction (MNF) transformation bands of the HySpex image. The reference polygons for 
analysed species and other background classes were created during a field campaign and used for training 
classifiers and accuracy assessment. The high accuracies of species identification were observed for all 
data sets and classifiers (an average F1 score above 0.78), however, the highest accuracies were obtained 
using 30 MNF bands and the  SVM algorithm (average F1 score > 0.9). The developed method has great 
potential for the application and can be used for monitoring natural habitats threatened by the invasion 
of alien plants. The analysis was made in ENVI, R Studio, and ArcMap programmes. 

The authors would like to thank the HabitARS Consortium, especially MGGP Aero for acquiring, pre-
processing, and sharing the HySpex data. Anita Sabat-Tomala is a scholarship holder of the Anna Pasek 
Foundation, and the research was financed under the 12th edition of the Anna Pasek Scholarship. 
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Abstract  

A negative consequence of globalisation is the rapid spread of the COVID-19 pandemic. The pandemic 
legally and effectively restricted cross-border and domestic movement of people in real space. The data 
processed with GIS tools, using cloud services, makes it easier for public authorities, organisations and 
citizens to assess risks and respond to them, including: deciding on the introduction of isolation measures, 
choosing a safe place to stay, or moving social and economic activities into the virtual space. 

The pandemic emphasises the importance of virtual space but also the negative consequences 
of limitations of the accessibility of GIS data. Directions and ways to increase the accessibility of the 
websites and mobile applications of public sector bodies for EU citizens are set out in Directive (EU) 
2016/2102 of the European Parliament and of the Council of 26 October 2016. In the context of this 
Directive, accessibility should be understood as principles and techniques to be observed when designing, 
constructing, maintaining, and updating websites and mobile applications in order to make them more 
accessible to users, in particular persons with disabilities. The four principles of accessibility are: 
perceivability, operability, understandability and robustness. Knowledge on the legal requirements 
relating to accessibility is essential both for those offering GIS applications to the EU citizens and for those 
helping other individuals facing accessibility issues. The Directive allows its requirements to be extended 
within the framework of the internal law of EU Member States. The revision of the accessibility regulation 
should take into account new needs related to spatial information revealed by the pandemic.  

Key words:  the COVID-19 pandemic, the accessibility, Directive (EU), disabilities, GIS tools. 
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Abstract  

The main aim of the study is to present the system created to protect Polish society, economy and 
the environment against extreme weather phenomena and hydrological risks. The warning system was 
created within the frame of the project ISOK co-financed by EU. One of its components are maps 
presenting meteorological phenomena such as: temperature extremes, heavy and floods leading rainfalls, 
strong winds, intensive snowfalls, fogs, glaze, rime, thunderstorms and hail. All of these are defined by 
the WMO as type 1 hazards and are among the most frequently occurring hazards in Europe. 

The maps of spatial differentiation of the above-mentioned weather hazards and extremes were 
created on the basis of an improved scientific understanding of the range of natural hazards that occur in 
Poland and in order to present the regions particularly exposed to extreme weather phenomena from 
both climatological and forecast perspectives. The maps consist of two separate yet closely inter-related 
items: climatological maps and warning maps, both constructed with the application of GIS methods and 
tools. 

The aim of the climatological maps is to present spatial distribution of chosen weather extremes and 
phenomena across Poland, highlighting areas of the country vulnerable to a given hazard. They were 
created following an analysis of daily data covering the period of 1951–2010 originating from at least 60 
synoptic stations and up to 300 climatological and precipitation stations (regarding the phenomenon 
analysed and data availability). Data from the regional climate model (RegCM) were also used. The maps 
show the distribution of extreme values as well as the frequency of their occurrences in order to bring 
forward their range, magnitude, and intensity. For better understanding of some phenomena, weather 
conditions favourable for their occurrences were also identified and mapped. At the same time, 
climatological maps are fundamental for the creation of warning maps for chosen hazards.  

The aim of the operational maps is to assist with visualizing weather extremes and hazard forecasts. 
The main input data are derived from the mesometeorological numerical model ALADIN that was selected 
after close cooperation with the ALADIN Consortium as part of the High Resolution Numerical Weather 
Prediction Project. The twice-a-day, automatically generated maps provide forecasts for the nearest 12, 
24, and 48 h. Although the ALADIN model generates information based on over 100 meteorological 
parameters on various isobaric levels, the occurrence of weather phenomena such as fog, glaze, rime, and 
thunderstorms with hail are not predicted. Therefore, by using the knowledge gained from 
the climatological maps and incorporating the ALADIN model, algorithms were designed to forecast 
conditions that favour the occurrence and sustainability of the phenomena. Reclassified values acquired 
for particular ALADIN model grid points are interpolated in order to achieve full spatial information on 
the forecasted hazard. The display of hazards in accordance with WMO standards, applying commonly 
used colours, allows the recipients fast and accurate perception of information. 

 The system was implemented in 2019 and is available at https://imgw.isok.gov.pl/index.html .  

Key words:  meteorological hazards, geospatial analyses, weather extremes, climatic maps, Poland. 
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