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ABSTRACT

Aim of the study

The main objective of the study was to analyse the possibility of using GIS tools for 3D modelling of data
presented on local spatial development plans (LSMP), with the view to maximising the use of planning
provisions.

Material and methods

Publicly available LSMP for the analysed scope were used in order to obtain the maximum building height
for each section of the studied area. Then, based on data obtained from the Open Street Map (OSM) and the
database of topographic objects (BDOT10k), areas were identified where further construction or increasing
the height of existing buildings could be permitted.

Results and conclusions

The analyses obtained made it possible to determine the regions for which increased development is possible.
This type of knowledge can be useful for facility owners, real estate developers, and most importantly for
public administration bodies — so that they are aware of planning provisions or possible elements in the MPZP
that should be changed in order to prevent excessive building density. Such excessive development could
result, for example, in obscuring the visibility of the sun for selected areas or blocking urban ventilation cor-
ridors. Thus, this type of study provides a very simple way of visualising the maximum possible development
in the newly created local plans, and other similar analyses.
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INTRODUCTION

Spatial Information Systems are characterised by
the presence of spatial information: about location,
spatial relations and geometric properties, as well
as the presence of coordinates in the adopted ref-
erence system (Zygmuniak, 2016). The objects in-
cluded in spatial information systems are very di-
verse; they can include artificial or natural objects,
but also social, natural and economic phenomena

e-mail: maciuk@agh.edu.pl

(Yang et al., 2022). There are two possibilities for
the spatial presentation of objects: two-dimension-
al and three-dimensional; everything depends on
the issue and the needs posed by the task at hand
(Ghilani and Wolf, 2006). Another feature of spa-
tial information systems is the possibility of carto-
graphic presentation (Gtazewski et al., 2010). Spa-
tial analysis can also be performed which, through
modelling in the system, facilitates visualisation of
the real-world phenomena (Brown et al., 2005). Spa-
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tial information systems constitute a very broad field

that requires many components to function proper-

ly; these include hardware and people — whereas the
hardware is more than just computers and software

(Maguire, 1991; Hotz, 2005). Surveying instruments

are also necessary, without which the acquisition of

real-world data would be impossible (Wang et al.,

2022). Subsequent data processing also requires spe-

cial equipment and operators. All the processed data

have their attributes, which are divided into spatial
attributes (defining the location, size and geometric
shape of objects and their topological relationships)
and descriptive attributes (defining other properties

and relationships of objects) (Brown et al., 2005;

Zlatanova, 2015). As in any field related to geode-

sy, accuracy is important. It is on the basis of this

that spatial information systems were divided into

domains (Sowka et al., 2011):

Land Information System (LIS): uses data directly
from field measurements or large-scale aerial pho-
tography — application in large-scale maps, 1:5000
and larger.

—  Geographic Information System (GIS): uses proces-
sed data — application in medium- and small-scale
maps, 1:10000 and smaller (gisplay, 2023).

It is a group of organisational, legal, technical and
economic measures that guarantee universal access
to the country’s spatial data, provides geoinformation
services, and finds applications in a various fields,
e.g. engineering, tourism or geography (Koziot and
Maciuk, 2020; Maciuk et al., 2021). This ensures an
increase in the competitiveness of the economy, tak-
ing into account the principles of sustainable nation-
al development (Andreoni and Miola, 2016). Spatial
data models are used to present elements of the real
world in terms of their shape, spatial location and
relationships; these constitute the main element of
spatial information systems. The classification of el-
ements used in models due to their spatial dimension
is as follows: point (0D — zero-dimensional), line (1D
— one-dimensional), area (2D — two-dimensional) and
solid (3D — three-dimensional) (Bieda et al., 2021; Li
et al., 2022). As a rule, objects are presented by a set
of points with specific coordinates in a given reference
system. To represent the real world, we use objects —
point, line and area. The complexity of the process
of presenting the real world depends on the elements
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presented. This is because it is necessary to remember
the relational relationships of objects (Hanson, 1994).
There are the following structures of objects: tree-
type structure (linear objects, e.g. river systems), net-
work structure (linear objects, e.g. road systems), and
polygon network structure (adjacent areas, e.g. land
parcels).

The LSMPs, which constitute acts of local law,
are documents prepared as two-dimensional draw-
ings (Balawejder et al., 2021). However, due to their
content — including information on the allowed num-
ber of floors in multi-story buildings among other
things — they touch upon the third dimension of the
space they concern. The main purpose of the present
paper was to examine the currently available materi-
als on LSMPs created by local governments and GIS
tools allowing for the creation of 3D visualisations
for LSMPs. Research on the LSMP had already been
conducted in the areas like using orthophotomaps
in processes of approving local spatial development
plans (Kulesza and Florek-Paszkowski, 2018), clas-
sification errors (Adamiak et al., 2020), economic
consequences of LSMPs (Sleszynski et al., 2021;
Walczak et al., 2021)along with significant burdens.
Private property is subject to special protection, but
the public good is less valued. The article attempts
to assess the situation in Poland, recalling also the
experiences of spatial management systems from
other European countries. It combines legal, eco-
nomic, and geographical perspectives. The specific
objectives were demonstration of geographical (in-
terregional and functional or other databases (Blasz-
ke etal., 2021; Bucata-Hrabia et al., 2022; Sikora and
Kaczynska, 2022; Michalik and Zwirowicz-Rutkow-
ska, 2023).

METHODS

In its theoretical aspect, LSMP is the science of the
goals and methods of rational formation, develop-
ment and use of space; it is a complex scientific disci-
pline, interrelated with other sciences. In the practical
aspect, it is defined as the totality of activities aimed
at the rational development of space, taking into ac-
count the current and future needs of society. It is the
activity of optimal use of natural and acquired char-
acteristics of areas and rational distribution in space
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of production forces, settlements, and service facili-
ties. An LSMP is a planning document prepared at the
municipal level, adopted to determine the functional
designation of areas, modes of development and con-
struction. In such a document, a potential investor can
obtain information on land use and detailed guide-
lines on what kind of construction facilities can be
built there and what their permitted dimensions are,
as well as how much space they can occupy within
specific plots of land. The preparation of an LSMP
is not mandatory, so it does not occur uniformly
throughout the country. However, there are areas for
which the creation of an LSMP is mandatory. Such
areas include: areas of public space, areas requiring
real estate consolidation and subdivision, areas for
the distribution of large-scale commercial facilities,
and areas for which the preparation of an LSMP is
required under separate regulations.

The document consists of two parts: descriptive
and visual. The descriptive part — the resolution
— is the text of the Plan’s findings, and the visual
part — the annex to the resolution — is the drawing
of the Plan. The descriptive part includes: the legal
basis for the preparation of the LSMP; general ar-
rangements for the entire Plan as well as specific,
detailed ones; explanations to the graphic part; and
the rules of implementation. General arrangements
define, among others: the limits of the development,
the principles of preserving spatial order, the princi-
ples of protecting the natural environment and land-
scape, the principles of modernising development
and infrastructure elements. The drawing of the plan
includes the boundaries of the study, as well as the
boundaries of the areas with their designation sym-
bolising the purpose of the area. This is implemented
by means of different-coloured markings and abbre-
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viated descriptions, the elaborations of which can
be found in the text of the resolution (Sejm, 2003;
Bieda et al., 2012).

The LSMP is a document used by a very broad
group of recipients; therefore care should be taken to
make it universally accessible and as readable as pos-
sible to everyone. Advances in technology and access
to a very wide range of tools make it possible to pres-
ent spatial data in different ways. GIS software offers
a whole host of tools so that the presentation of spatial
data can be perfectly tailored to the selected issues.
The project shows how to visualise the LSMP using
ArcGIS software to make it even clearer and more
readable for the viewer.

In the age of unlimited access to the Internet, in-
teractive viewing of data is often available, especial-
ly those representing the surrounding space. This is
an argument in favour of creating three-dimensional
models for LSMP, and solutions of this kind are al-
ready being introduced worldwide, as well as in Po-
land.

Currently, 184 local plans are in force within the
City of Krakow, covering 61.3% of the entire city,
whereas 2 plans are pending adoption, and 153 plans
are currently being drawn up (data as of 09.11.2018)
(Miasto Krakdow, 2023) (Fig. 1).

The present study was made for the area in-
cluded in the LSMP as the ‘Area of Aleja Ignacego
Daszynskiego’ (Fig. 2).

The area is located in the central part of the city.
It is bounded to the north by Grzegorzecka street,
to the south by Podgorska street, to the east by Kot-
larska street and to the west by railroad areas. Aleja
Daszynskiego runs through the centre of the area.
The surface area of the sector covered by the plan is
45.68 ha (Rada Miasta Krakowa, 2014) (Fig. 3).
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Fig. 2. Location of the study area (source: own study)
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Fig. 3. Map with the boundaries of the plan and its area (source: own study using © OpenStreetMap (and) contributors)

RESULTS

Work on the geo-visualisation of the LSMP began
with the acquisition of the plan drawing. For the exist-
ing plans it is available on the web portal of the Pub-
lic Information Bulletin of the City of Krakow in two
forms — PDF and DGN. Otherwise, for plans pending
adoption, only PDF drawings are made available. It is
a colour plan on a map base, along with a key and out-
of-frame description (Fig. 4).

The second format, which can be obtained directly
from the portal, is DGN. It contains the drawn bound-
aries of the plan, and the boundaries of the develop-
ment zones, along with abbreviated descriptions. Since
the project is being carried out for an LSMP that is
currently pending adoption, it was only possible to use
the PDF form. In order to use it as a raster, the draw-
ing was converted to TIFF format, which is the most
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common graphic format that has the ability to be geo-
referenced. Next, calibration of the acquired plan was
performed, and for this purpose, the ‘Georeferencing’
tool in ArcMap was used. It began with the prepara-
tion of the working environment. A layer of buildings
from BDOT10k was imported into the program, and
the entire project was assigned the coordinate system
that is valid for Poland: UWPP 1992. The raster was
then added and calibrated based on the characteristic
inflection points of the plan’s boundaries, finding their
equivalents on the buildings layer. A first-degree affine
transformation was applied, and 8 points were fitted
into it. In urban planning such high accuracies are not
typically used in surveying, as centimetre-level results
are not required.

In order to visualise the LSMP, its components are
necessary, which include roads, surface water, build-
ings and structures, and natural objects, among others.
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Fig. 4. LSMP of the ‘Area of Aleja Ignacego Daszynskiego’ (source: Rada Miasta Krakowa, 2014)

When there are currently no facilities in a given devel-
opment area, it is necessary to draw them in accord-
ing to the plan. However, in cities such as Krakow,
it is very rare to find lad that has not been subject to
development. In the case of the area subjected to the
project’s analysis, various types of objects were en-
countered, testifying to the previous development of
the area. Objects can be observed directly in the field,
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on satellite maps of popular browsers, as well as in
data obtained from surveying centres, in this case, the
Database of Topographic Objects (BDOT10k). Visu-
alisation of the LSMP will typically be based on that.
From the dataset, only those data that will be used
for geo-visualisation have been extracted: buildings,
roads, roadways, surface water, natural objects — trees,
tracks, forest and wooded areas, sports and recreation
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facilities and petrol stations. These are polygon, point
or line layers depicting the geometry and spatial posi-
tion of the objects (Fig. 5).

The objects included in BDOT10k are up to date as
of 2015. Therefore, it can be expected that changes to
existing objects may have occurred since then. Verifi-
cation was performed using a map base in the form of
the Open Street Map topographic map (Fig. 6), con-
stituting an increasingly popular source of free and
publicly available spatial data. It is possible to view
these maps as well as edit and add to them, which has
both advantages and disadvantages. The indisputable
advantage is the timeliness of the data, as users make
changes on an ongoing basis. Yet the reliability of the
data may sometimes be called into question. The map
below shows the differences between the building lay-
er from BDOT10k and the layer from OSM.

Not all of the marked buildings were applied to
the target layer. In the development area designated as

‘Landscaped green area’ (ZP.5) buildings are shown,
however there is no provision in the resolution about
the conditions of their existence. Therefore, they are
not included below; instead they are shown against the
background of the development area and the map base
(Fig. 7).

The result is the already-complete layer of build-
ings, which the map presents (Fig. 8).

An important element affecting spatial visualisa-
tions is the terrain, which becomes particularly im-
portant when the study area greatly varies in terms of
elevation. In urban areas, it is far less important, due to
the negligible variation in relief. However, it is worth
enriching spatial visualisations with this type of data.
For the purposes of the project, data obtained from the
portal of the Central Centre for Geodesic and Carto-
graphic Documentation (CODGIK) was used. This is
a Numerical Terrain Model with a grid interval of at
least 100 m for the Matopolska voivodeship (Fig. 9).

------- Railway tracks
—— Roads e

[ Developed area
{__ILSMP borders
Trees

- Sport objects

| Woodland

- Wista river

Fig. 5. Objects extracted from BDOT10k (source: own study using BDOT10k)
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Fig. 6. Comparison between the building layers extracted from different sources (source: own study, BDOT10k, ©Open-
StreetMap (and) contributors)

. N N

Fig. 7. Buildings not added to the buildings’ layer (source: own study, BDOT10k, ©OpenStreetMap (and) contributors)
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Fig. 8. Complete layer of buildings (source: own study, BDOT 10k, ©OpenStreetMap (and) contributors)

Fig. 9. DTM of the Malopolska voivodship (source: own study and GUGIK, 2022)
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The data is made available in the form of a text file,
so it needs to be processed properly in order for it to
be applied in spatial visualisation. In the first step, the
QGIS program tool was used, which created a raster in
TIFF format. By default, the image is created in grey-
scale tones, however, it is more expedient to represent
landform data using hypsometric colours.

An essential element for visualisation is the assign-
ment of appropriate attributes to objects. For this, the
polygon layer was used that had been created previous-
ly, containing the development areas. The function of
concatenating data based on their spatial location was
used. As a result of the operation, buildings were given
an additional attribute, i.e. the maximum height in ac-
cordance with the resolution. The operations were then
transferred to the ArcScene application, where a spatial
presentation of the data in three dimensions is possible.
Alayer of landforms (DTM) and buildings was import-
ed. The settings in the properties of the buildings’ layer
were changed so that they were elevated in height. Base
elevations were established, draped from the specified
surface — DTM. Then an elevation value for the objects
equal to the ‘MAX height’ attribute was introduced. As
a result of the performed actions, three-dimensional
buildings were created (Fig. 10).

The following visualisation shows the elevated
buildings, with a raster background in the form of a
drawing of the LSMP (Fig. 11).
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£ 77 LSMP borders
DTM

The final product of the project is a visualisation
that combines all the components developed so far.
These are the complete collected data, presented in
a three-dimensional space (Fig. 12). The results can
be presented with classic drawings, as well as anima-
tions that allow the site to be viewed from different
perspectives.

According to the principles of spatial visualisa-
tion, a maximum of 7 levels of classification should
be used, presented using different shades of colour. In
the study for the presentation of maximum building
heights, as many as 13 classes were included, which
resulted from the provisions of the LSMP. Therefore,
the final visualisation was created in accordance with
the above-described principle, using the classification
of size by the method of equal ranges.

DISCUSSION

The purpose of the study was to visualise the LSMP
with the use of GIS tools, illustrated with the example
of the ‘Area of Aleja Ignacego Daszynskiego’. The
final product is a three-dimensional visualisation of
the specified area, consistent with the findings of the
LSMP. The entire study was preceded by a thorough
review of the resolution of the Krakow City Council.
Based on its findings, all the necessary attributes were
assigned to the used and newly created objects. The

Fig. 10. Elevated buildings in height (source: own study using DTM, BDOT 10k and © OpenStreetMap (and) contributors)
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Fig. 11. Elevated height buildings against the background of the LDMP (source: own study using DTM, BDOT10k and ©

OpenStreetMap (and) contributors)

Fig.12. Three-dimensional visualisation of the area with class generalisation (source: own study using DTM, BDOT 10k and

© OpenStreetMap (and) contributors)

data was also analysed in terms of its timeliness, and
important gaps were filled. For all data used, a consis-
tent coordinate system was given, which is valid for
Poland. The project includes a description of the data
processing and all the steps leading to the final visual-
isation. Moreover, similar research in other countries
focused also on a connection between nature and cul-
ture (Kyvelou and Gourgiotis, 2019; Stoeglehner and
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Abart-Heriszt, 2022), on the problem of urbanisation
(Salata et al., 2019; Wachter and Wytrzens, 2022)
the traditional quantitative land use change analyses
need to be integrated with a more accurate spatial and
qualitative evaluation of the effects of the land use
zoning of municipal land development plans and of
the connected supplementary regulations (e.g., local
building regulations, and on sustainable development
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(Hermanns et al., 2015; Robert and Schleyer-Linden-
mann, 2021) as reflected in LSMP. It should also be
noted that the development of this type of study is
only feasible on the basis of publicly accessible data,
available at no extra charge. In that case it would be
necessary to replace the information extracted from
BDOT10k with their counterparts from Open Street
Map. This is an unquestionable cost-efficiency benefit
for the authorities responsible for preparing LSMPs.
In conclusion, it was found that GIS tools are perfect
for this type of work. Although making a visualisation
of the LSMP in three-dimensional form involves more
work, it is definitely more interesting for the potential
recipient. Due to the fact that the LSMP for the devel-
opment area is only just coming into force, there is
a potential opportunity for future investors to use the
created visualisation.

CONCLUSIONS

The conducted research proves that local government
units only need GIS tools and qualified staff in or-
der to create 3D visualisations for LSMPs as well.
The use of 3D visualisations in the planning process
significantly contributes to improving the readability
and increasing the level of understanding of planning
documents, it facilitates residents’ participation in
public consultations, and it increases their knowl-
edge of urban planning. The creation of 3D visualisa-
tions generates a lower cost and gives more freedom
to modify and make changes in the planning process
compared to 3D models. The proposed solution fa-
cilitates the presentation of planning intentions and
opportunities on the Internet, and the introduction
of a 3D model in urban planning opens up a range
of possible GIS analyses, such as shading analyses,
solar cadastre, and 3D noise maps. However, such a
change would also require changes in Polish legisla-
tion. Another problem pertaining to the use of GIS
tools in the development of local land use plans is
that the persons responsible for drafting these docu-
ments are often unfamiliar with such tools, and often
the analyses are done in analogue format. In addition,
the increasing awareness and importance of digital
tools will result in an increase in the quality of the
plans that are passed, by taking into account all the
factors affecting the process.
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ABSTRAKT

NARZEDZIA GIS W WIZUALIZACJI MIEJSCOWEGO PLANU ZAGOSPODAROWANIA PRZESTRZENNEGO

Cel pracy

Glownym celem pracy byta analiza mozliwoséci wykorzystania narz¢dzi GIS do modelowania danych 3D
zawartych w miejscowych planach zagospodarowania przestrzennego (MPZP), w celu wlasciwej i maksy-
malnie korzystnej realizacji jego zapisOw.

Materiat i metody

Wykorzystano ogoélnodostgpne MPZP dla analizowanego zakresu w celu uzyskania maksymalnej wysokos$ci
zabudowy dla kazdego fragmentu terenu poddanego badaniom. Nast¢pnie na podstawie danych pozyska-
nych z Open Street Map (OSM) oraz bazy danych obiektow topograficznych (BDOT10k) okreslono tereny,
na ktorych dopuszczona jest budowa nowych obiektow lub zwigkszenie liczby kondygnacji istniejacych
budynkow.

Wyniki i wnioski

Uzyskane wyniki analiz pozwolily wyznaczy¢ rejony, dla ktorych mozliwe jest zwigkszenie zabudowy.
Tego typu wiedza moze by¢ przydatna dla wlascicieli obiektow, deweloperow, a przede wszystkim dla orga-
néw administracji publicznej, dostarczajac informacji na temat planowania, a takze okre$lonych elementow
w MPZP, ktore nalezatoby zmieni¢, aby nie dopuséci¢ do nadmiernego zaggszczenia zabudowy. Nadmierne
zageszczenie zabudowy moze ograniczy¢ dostep $wiatla stonecznego do wybranych obszarow Iub dopro-
wadzi¢ do zamykania korytarzy przewietrzania miasta. Tym samym tego typu badania pozwalaja w bardzo
prosty sposOb na wizualizacj¢ maksymalnej mozliwej zabudowy na potrzeby nowo utworzonych planow
miejscowych i innych tego typu opracowan.

Stowa kluczowe: GIS, miejscowy plan zagospodarowania przestrzennego, planowanie przestrzenne, Arc-
GiS, MPZP
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