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Abstract

One of the main tasks of real estate management is making decisions concerning the location of
investments. Taking into consideration the fact that any investment affects, directly or indirectly, the
economic development of a commune, it has a significant impact on the local real estate market.
Investments that have a negative impact on the environment can contribute to a reduction in the
activity of the local real estate market. Upon performing tasks related to the economic development
of a region and to an increase in the inhabitants’ quality of life, the activity of the local real estate
market increases. The paper presents the role of spatial information systems as a source of data used
in decision-making processes related to local investment site selection.

Currently, there are spatial information systems functioning as a platform for multi-level
information systems on real estate and GIS, on local, regional, national and international markets. In
this way, the resources of spatial information are available to all institutions, natural and legal
persons. As a result, the acquisition of a series of data can take place at any time and at no cost.
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1. Introduction

The desired state in real estate management is to achieve sustainable development, e.g., by the
optimal location of public investments. This obligation is imposed, among others, by the provisions
of the World Conservation Strategy elaborated by the International Union for Conservation of
Nature and Natural Resources. Poland, as a full member of the EU, is obliged to implement the rules
in force in the Member States. In the field of real estate management, there are guidelines for
UN/ECE land management developed by a group of experts, i.e. Meeting of Officials on Land
Administration (MOLA). The main task of MOLA was to promote land management in countries
where the building of a market economy had only just started. The indicated guidelines define land
management as a process of creation, storage and dissemination of information about the area,
including the status of rights (ownership, use) as well as other forms of area management. They
include, among others: the acquisition of land by buying or expropriating in order to locate
investments of a public character and supra-local range. The carrying out of socio-economic
activities is given as the primary objective of land management. The task of these actions is to follow
the principles of land management, taking into account the equitable sharing of benefits arising from
it. The land management system includes, among others: strengthening rights to land, creation and
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implementation of spatial development plans taking into account sustainable development of both
urban and rural areas, and the sustainable management of environmental resources (Wilkowski et |
al., 2006). The guidelines clearly indicate that the sustainable management of the environment’s
resources is reflected in real estate management in the fields of environmental protection,
environmental pollution and land reclamation. Both environmental protection and pollution are
aspects that determine the size of the financial investment which generates the need for reclamation.
In this situation, it is important to carry out research in order to develop a methodology for choosing
the location of public purpose investments. Airports, railroads, public roads (especially motorways,
ring roads of cities, highways), municipal waste disposal plants, cemeteries, sports facilities,
hospitals, schools, etc. can be specified, inter alia, as public purpose investments. Investments related
to the location of objects such as wind, nuclear or coal power plants, relay masts (cellular signaling
networks, television), industrial plants, etc. also affect the respect for the principle of sustainable
development (SIEJKA 2015).

Indicating the location of the above-mentioned investments is associated with the consideration
of many factors. These factors can be classified into three basic groups. The first group will represent
the factors determining the legal and technical conditions related to the given investment. The
second group contains the socio-economic factors, and the third one - factors related to
environmental protection. The presented principles indicate that the methodology of investment
location selection should, in its assumptions, take multi-criteria analysis into account (SIEJKA 2015,
2016).

2. Spatial information systems

Carrying out an analysis associated with indicating the location of an investment requires obtaining
information including, within its scope, various topics of spatial data. These are surveying,
geographic, hydrographic, geological, environmental, social data, etc. The presented thematic scope
of the data is a part of the Infrastructure for Spatial Information (INSPIRE 2007). The construction of
the infrastructure for the spatial information platform significantly contributed to facilitating the
access to products and services based on spatial data collected at different levels of administration.
The turning point in the development of spatial data was the INSPIRE Directive (2007) and the Act
on infrastructure for spatial information, passed three years later (Act 2010). These regulations
defined the thematic scope of necessary data and pledged to create a coherent platform of
Infrastructure for Spatial Information (ISI). The aforementioned INSPIRE Directive defines ISI as
collections of spatial data described by metadata, as well as the connected services, technical
measures, processes and procedures used and shared by the bodies creating this structure.
According to the quoted definition, the primary purpose of ISl is to facilitate access to spatial data in
order to carry out tasks in the field of real estate management. The construction and development of
the ISI have resulted in it functioning today as a platform of multi-level information systems on real
estate and GIS, on local, regional, national and international markets. In this way, the spatial
information resources functioning within the ISI are available to all institutions, natural or legal
persons (BIEDA et al. 2015; Siejka 2015).

With the development of computer technology, the active spatial databases are made available
via web services. Article 12 section 1 (Act 2010) guarantees their universality and that they are free of
charge. The universality of the Internet makes it possible to acquire the necessary information about
properties at any time and place. Limitation of universal access to the collections and services
contained in the public records concerns classified data. According to Article 11 paragraph 2,
classified data are: data on the activities of the judiciary and tax authorities, public statistics,
environmental protection, protection of personal data, intellectual property rights and economic
activity.

In the framework of the implementation of tasks arising from the referred Act on the
infrastructure for spatial information, bodies keeping the public registers are obliged to provide
information contained therein. Figure 1 shows the mapping services for the city of Krakow available
on the platform of Malopolska Spatial Information System (MSIP).

In the MSIP system, nine map services addressed to different groups of users were created. The
user decides on the type of the base map. This can be a map of the administrative division or an
orthophotomap. The planning and urban space service includes a range of data used by surveyors,
real estate appraisers, real estate agents, property managers, developers and other professionals
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related to the real estate market. The map for architects and planners is a service containing basic
information related to spatial planning. Inhabitants' portal is a service containing information
relevant to the residents and owners of properties located within a city. Apart from the basic data on
the land registry and spatial planning, there is also information of an administrative and social
character. Services such as: environmental protection, noise maps, greenery management and Monit-
Air provide information about the level of pollution in the city, protected areas and taken decisions
and preventive measures intended to improve the quality of the environment in the city. Historical
Maps is a service presenting preserved, historic maps of the city of Krakow, so that it is possible to
follow the directions of its development. The last service is a collective composition of maps. This
service combines information contained in all of the above-mentioned services. Jest It, on the other
hand, is dedicated to users who need information beyond the scope of a single service. Examples of
information available within the selected services have been shown in Figures 2 and 3.

Urban space
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Fig. 1. Mapping services available within the MSIP portal for the city of Krakow. Source: own
research based on www.msip.um.krakow.pl/obserwatorium
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Fig. 2. Fragment of the land and bulldmgs registry map with the contours of the spatial development
plans, land development and structure of the possession of land, scale 1:5000. Source: own research
based on www.msip.um.krakow.pl/obserwatorium
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Fig. 3. Fragment of the land and buildings registry map for areas with decisions on building
conditions or building permits, land development, and the utilities network, scale 1:1000. Source:
own research based on www.msip.um.krakow.pl/obserwatorium

3. The area and method of research

The mapping services available within the ISI contain data which are necessary to carry out the
analysis regarding the indication of the location of investments. In order to conduct research on the
completeness of information available within the ISI system, five types of investments were
indicated. Investments of a residential character - R (residential single-family and multi-family
buildings), commercial - C (office buildings, hotels, shopping malls, etc.), public utility buildings -
PS (sports facilities, parks, hospitals, schools, etc.), communication infrastructure - CI (airports,
railways, public roads, etc.), and investments of an industrial nature - I (industrial plants, relay
masts, power plants, etc.). Choosing a location for the given investment should be preceded by the
determination of requirements that must be met, as well as the effects of its implementation on the
environment. The requirements are related to legal, technical and economic conditions. The effects
may relate to social (improvement of social conditions, increase in employment, health care etc.) and
environmental (protection of air, water, soil, noise, protection of environmentally valuable areas,
protection of residential areas, agricultural, etc.) criteria. The basic spatial information available
within the MSIP is shown in Table 1.

Table 1
The scope of data available within the MSIP
Type of investment
Type of . . yp
. . Scope of information
information
R C PS CI I
legal local spatial development plans + + + + +
studies of  conditions and + + + + +
directions of spatial development
decisions - building permit / + + + + +
renovation / modernization
ownership + + + + +
perpetual usufruct + + + + +
structure of land possession + + + + +
technical area of the plot + + + + +
configuration of borders + + + + +
infrastructural networks + + + + +
land development + + + + +
communication accessibility + + + + +
type of land use / land class + + + + +
hydrogeological conditions + + + + +
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economic average transaction prices + + + + +

the average areas of the sold
) + + + + +

properties
rental rates + + +

social access to public / societal / social +
services
access to commercial services +
demographic conditions + + + + +

environmental distance from residential areas + + + + +
distance from agricultural land +
distance from the valuable natural + +
areas
air pollution / dust, gases + +
soil pollution +
water pollution +
noise +

Key: investments of a residential character - R; commercial character - C; public utility buildings - PS;
communication infrastructure - CI; investments of an industrial nature - I;

Source: own research.

The information contained in Table 1 shows that the MSIP for the city of Krakow provides a full
range of data necessary for decision-making processes concerning the location of investments. Using
the data contained in the MSIP, the ratio of the suitability of the site (Siejka, 2015) for the location of a
housing estate was calculated. Research was conducted among 10 developers operating in Cracow,
who indicated the factors determining the choice of potential locations of housing estates. All the
factors indicated by the respondents have been summarized in Table 2. The study area includes the
south-western part of Krakow in the land registry unit Podgoérze. A point grid was created in the
study area. In each point grid data were collected in the form of the factors (x;) referred to in Table 2.

Table 2
Factors concerning the location of the housing estate

Group of factors Type of factor Description of factor
K P
Designation of the area spatial development plan, decision on building conditions

P1
technical infrastructure
Legal - Technical P2

the distance from the technical infrastructure network
expressed in meters,

K1 access distance from main public roads expressed in meters
P3
public transport distance from public transport stops, expressed in meters
P4
transaction prices of land average price of land per transaction [PLN/m?]
P5
transaction  prices  of average unit transaction price of residential units in the
residential premises primary market [PLN/m?]
P6

distance  from  public/

Economic and Social . . -
societal/ social services

distance from the school / nursery / health center and
others expressed in meters

K2 P7
distance from commercial distance from the shopping center, expressed in meters
properties
P8
demographic conditions population density in a given area - the number of persons
P9 / ha
distance from residential distance from residential areas, expressed in meters
areas

. P11
Environmental p - -

K3 distance from green areas distance from green areas expressed in meters
P11
noise noise level [dB]
P12
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air pollution / dust, gases existing air pollution by dust and gases - the degree of
P13 dispersion of pollutants

Source: own elaboration.

Values of collected factors are expressed in different units. Standardization of their values was
carried out in order to use them in the analysis. Linear standardization was applied according to the
following formulae:

X,
w; =———— 1)
max X
when factors mean benefits
X.
wi = 1 — L (2)
max Xx;

when factors mean losses. At each point of the grid, the value of the usefulness factor of the site; was
calculated according to the formula:

W, = > kw, 3)
i=1
where: i =1,2,3, ..., n; k-weight factor.
Values between nodes of the grid are interpolated using bilinear interpolation, according to the
algorithm shown in Figure 4.
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¥ =Y to (ny ~d¥)-1
|
X =-dXto (mc* dX) -1
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X=<0 “
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ibX >= nx - 1
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g ddX = (X - ibX * dX) / dX:
ddY = (Y -ibY * dY) / dY:
— | No 2 = (ArLI[ibX + 1. iBY + 1] - ArLI[ibX, bY + 1]) * ddX +
? ArtLIfibX, ibY +1]:
# = (ArLIfibX + 1, ibY] - ArLI[ibX, ibY]) * ddX + ArrLI[ibX. i6Y]:
£ = (2 ) < ddY + f1:

Stop

Fig. 4. Algorithm of bilinear interpolation. Source: own study.

Weight factors are calculated using the method of analytical hierarchy process (AHP)
(Formula 4). AHP is one of the methods of solving multi-criteria decision-making tasks. Currently,
this method is increasingly used in many fields of science, as well as in the implementation of
practical tasks. The most common application is for forecasting and planning in engineering, real
estate management, economics, and administration and management, at the local as well as central
levels (Saaty 1980; Saaty 2000; Hamalainen et. al. 2000; Petts 2000; Mardle et. al., 2004;
Sirikijpanichkul, Ferreira 2005; Rao 2007; Wu, Chen 2007; Yoxas et. al. 2011; Salo, Hamaéldinen 2012;
Zelenovic'-Vasiljevic” et. al. 2012; Siejka, 2015).

Weights of individual factors were calculated according to the formula:

k
C[1,k]" =]|B; =B, B ...B, (4)
i=2
where:
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C[1k] - The vector of resulting weight parameters for criteria associated with elements of
hierarchical level k, in relation to the objective, which is the first level,

B; - matrix of level "i" where columns are vectors of the priority of elements of this level in relation to
the elements of level i - 1.

The research work carried out in this study was performed with the use of a proprietary solution
concerning the development of a method for indicating potentially the best investment location
along with the proprietary application LandRange, developed in Delphi environment. As a reference
basis, the publicly available GoogleMaps service was used. The application displays the results on
the area indicated in Google Maps covered by the analysis, in the form of the spatial distribution of
the factor value of the usefulness of land for the implementation of the assumed objective. The
usefulness of the site is visualized by the mask of color (Fig. 5). The application using the
extrapolation method predicts the suitability of the area outside of the established area covered by
the analysis, within a strip the width of one side of the inner interpolation grid.

Start

x:=0 to Bitmap.Width

Yes Yes SL[X].rgbtBlue := 0;

v 0.5 v 0.25 SL[X].rgbtGreen = round(v * 1020); 1

SL[X].rgbtRed := 255;
Mo No
SL[X].rghtBlue := 0;
SL[X].rgbtGreen := 255; —
SL[X].rgbtRed = round((0.5 - v) * 1020)
Yes
SL[X].rgbtBlue = round({v - 0.5) * 1020);
v<0.75 — SL[X].rgbtGreen = 255;

SL[X].rgbtRed =0

No SL[X] rghtBlue -= 255
SL[X].rgbtGreen = roundi(1.0 - v) * 1020);

SL[X].rgbtRed :=0

END

Fig. 5. Algorithm of color gradient. Source: own study.

The developed application can be used to determine, within the study area, locations with
different levels of usefulness for the realization of a specified investment, which is a starting point
for discussing environmental issues. It also allows sites the usefulness of which has been determined
to be at a level lower than indicated by the decision-maker to be excluded from the analysis.

4. Research results

The factors listed in Table 3 were evaluated in terms of their impact on the outcome of the analysis.
The weight of each factor was calculated using the AHP method. Figure 6 shows a diagram of the
hierarchy. The general objective is on the first level; the second level contains groups of factors,
while the third level contains all factors identified in the survey as relevant from the point of view of
analysis.

This structure was the basis for the creation of the matrix of pairwise comparisons for each level.
For each matrix, the eigenvalue was calculated, the assessment of compliance was carried out, and
the vector of priorities was calculated as a normalized eigenvector for maximum real eigenvalue.
The results of these calculations have been shown in tables 3-6.

Table 3
Calculation results for the first level
Group of factors K1 K2 K3 Priority
Legal - Technical K1 1.00 0.30 0.30 12
Economic and Social K2 4.00 1.00 0.50 36
Environmental K3 3.00 2.00 1.00 52
Compliance assessment
CI<0.1 0.043
CR<0.1 0.074
Source: own research.
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Fig. 6. Schematic structure of the hierarchy - the location of the housing estate. Source: own research.

Table 4
The calculation results for the second level K1P
Group of factors K1P1 K1P2 K1P3 K1P4 Priority
designation of the area K1P1 1.00 7.00 5.00 5.00 8
technical infrastructure K1P2 0.14 1.00 3.00 3.00 2
access K1P3 0.20 0.33 1.00 0.50 1
public transport K1P4 0.20 0.33 2.00 1.00 1
Compliance assessment
CI<0.1 0.071
CR<0.1 0.079
Source: own research.
Table 5
Calculation results for the second level K2P
Group K2P5 K2P6 K2P7 K2P8 K2P9 Priority
transaction prices of land K2P5 1.00 4.00 0.20 4.00 0.33 5
transaction prices of
residential premises K2P6 0.25 1.00 0.20 3.00 0.14 2
distance ~ from  public/
societal /social services K2p7 5.00 5.00 1.00 7.00 3.00 17
distance from commercial
properties K2p8 0.25 0.33 0.14 1.00 0.14 !
demographic conditions K2P9 3.00 7.14 0.33 7.14 1.00 11
Compliance assessment
CI<0.1 0.076
CR<0.1 0.068
Source: own research.
Table 6
Calculation results for the second level K3P
Group K3P10 K3P11 K3P12 K3P13 Priority
distance from residential
areas K3P10 1.00 0.30 7.00 3.00 16
distance from the green areas
K3P1l 3.33 1.00 3.00 3.00 26
noise K3P12 0.14 0.33 1.00 0.50 4
air pollution / dust, gases K3P13 0.33 0.33 2.00 1.00 6
Compliance assessment
CI<0.1 0.082
CR<0.1 0.091
Source: own research.
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Empirical studies have shown that, among groups of factors, the dominant role is played by the
group of environmental factors (52%), then the group of socio-economic factors (36%), with the
lowest weight for the group of legal and technical factors (12%). The distribution of weights in each
group, however, is different. The following factors are characterized by the highest weights: the
distance from green areas (26%), the distance from public services (17%), the distance from housing
areas (16%), population density (11%), and the use of the land in the spatial development plan (8%).
Other factors possessed weights below 8%.

Weights of factors calculated using the AHP method were included in the LandRange application
algorithm. The results of the analysis in the form of the distribution of values of the usefulness
factors of the site for the location of residential estate in the study area have been shown in Figure 7.
For the analyzed area, the factor value is in the range from 18.4 to 73.4. The distribution of the factor
within the given interval is shown by the mask of colors. The largest areas of maximum or near-
maximum values are located in the central and south-western part of the studied area. These areas
are potentially the best location for housing development in the study area.
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R0
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18,4000 ' A3

0

Fig. 7. Distribution of values of land usefulness in the analyzed area. Source: own research.

Figure 8 shows the areas in which the value of the usefulness of the site is above the mean value.
In total, the area accounts for about 45% of the area covered by the analysis. The developed method
of calculating the usefulness of a given site to the completion of an investment project makes it
possible to disqualify areas in which the factor is lower than the value expected (established) by the
person conducting the analysis.
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Fig. 8. Area in which the usefulness value is above the average. Source: own research.

70 REAL ESTATE MANAGEMENT AND VALUATION

vol. 25, no. 3, 2017




DE GRUYTER
OPEN

5. Conclusions

Decisions concerning the location of investments undertaken by the government administration, at
different levels, have a significant impact on the economy if a region. They can contribute to an
increase or inhibit its development. To avoid or at least minimize the negative impact of investment
decisions, they should be taken on the basis of previously conducted analyses. Analyses of decisions
concerning the location of investments require the consideration of a number of factors defining the
terms of their location, and the effects of their impact on people and the environment.

The solution for calculating the usefulness of land for the location of a given investment proposed
in the work is effective only when the person carrying out the analysis has access to full and reliable
information. As follows from the study for the area of the city of Krakow, mapping services available
within the ISI contain complete data necessary to carry out studies on the indication of the suitability
of an investment location. Using the local spatial information system, all factors identified by the
surveyed developers as important to carrying out this analysis were acquired.

Therefore, information systems play a key role in the decision-making processes concerning the
location of investments. High quality and unlimited access to data collected therein increases the
accuracy of the results of decision-making analyses.
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