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Abstract. Among the changes that may occur in the geological
environment of the built environment and the surrounding area
are: landslide movements, subsidence in loess formations,
deformation of the surface associated with the exploitation of
raw materials, surface erosion and filtration deformation, karst
phenomena, variability of geotechnical parameters associated
with the loading or unloading of the subsoil, with changes in
humidity, temperature, the presence of contaminants, the
reaction of expansive soils (shrinkage and swelling), changes
in the location of the groundwater table and its chemistry,
floods and flooding. Of great importance in the spatial planning
of cities and municipalities are maps of areas predisposed to the
occurrence of such phenomena and the assessment of the
suitability of land for development developed on their basis.
The article presents a methodology for mapping the investment
suitability of land based on the Van Westen method. The method
of obtaining input data based on current system databases
(SOPO, ISOK), geological, hydrogeological maps, local
expertise is described. The final suitability map for the selected
area of Rzeszow was developed
Keywords: geoenvironment;
buildability map; Rzeszow.

index statistical method;

and management should be carried out with spatial
order and sustainable development. Geoenviron-
mental assessment of the suitability of land for con-
struction purposes requires the development of both
monitoring and mapping methods of space through the prism
of spatial planning and rational land management. In line
with the idea of continuous monitoring of space promoted
in the European Union, it would be advisable to develop
measures of ,,sustainable land use” and indicators and me-
thods to support the quality of planning decisions. Indicators
of sustainable development have been proposed by the
European Commission with reference to already existing
conditions. Considering that these indicators can be used to
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WYBRANE PROBLEMY

Geoenvironmental

assessment of site suitability
for construction purposes

Geosrodowiskowa ocena
przydatnosci terenu
do celow budowlanych

Streszczenie. Do zmian, ktore moga wystgpowac w srodowisku
geologicznym podtoza budowlanego i otaczajacego go terenu na-
leza: ruchy osuwiskowe; osiadanie zapadowe w utworach lesso-
wych; deformacje powierzchni zwiazane z eksploatacja surow-
cow; erozja powierzchniowa i deformacje filtracyjne; zjawiska
krasowe; zmiennos¢ parametréw geotechnicznych zwiazana z do-
ciagzeniem lub odciazeniem podtoza, ze zmianami wilgotnosci,
temperatury, obecnoscia zanieczyszczen; reakcja gruntow eks-
pansywnych (skurcz i pecznienie); zmiany potozenia zwierciadta
wod podziemnych i ich chemizmu; powodzie i podtopienia. Du-
ze znaczenie w planowaniu przestrzennym miast i gmin maja
mapy obszarow predysponowanych do wystepowania tego rodza-
ju zjawisk i opracowana na ich podstawie ocena przydatnosci te-
renu pod zabudowe. W artykule przedstawiono metodologig ma-
powania przydatnosci inwestycyjnej terenu na podstawie meto-
dy Van Westena. Opisano sposob pozyskiwania danych wejscio-
wych oparty na aktualnych bazach systemowych (SOPO, ISOK),
mapach geologicznych, hydrogeologicznych, lokalnej wiedzy
eksperckiej. Opracowano finalng mapg przydatnosci dotyczaca
Rzeszowa.

Stowa kluczowe: geosrodowisko; indeksowa metoda statystycz-
na; mapa przydatnosci do zabudowy; Rzeszow.

monitor land use processes, they should primarily be used
in assessing the suitability of land for construction and ra-
tional land management. Therefore, it would be reasonable
to adequately describe the scope of the conditions of the mu-
nicipality’s general plan and local land use plans, and pro-
mote the indicators and methods of geoenvironmental asses-
sment as a good planning practice for assessing the suitabi-
lity of land for construction purposes, which would be pe-
riodically improved and updated.

An important tool for performing analysis and qualitative
mapping of land suitability is the collection and processing
of spatial data in databases (ArcGIS platform). According to
research in [1], ArcGIS software is a useful tool for mapping
land suitability/use and performing qualitative analysis of
urban, agricultural, mining and all land use projects [2, 3]. GIS
analysis has also been used to assess the suitability of land for
animal habitat and the cultivation of selected plant species [4],
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as well as for geographic analysis and landscape assessment
and planning [5]. In addition, GIS can be used in private and
public real estate planning [6].

The purpose of land suitability analysis is to determine the
location within the planning area that is best suited for a
particular land use, such as housing, agriculture, mining,
national parks, etc. [7]. The analysis can be used for the
development of land-use plans and spatial order planning [8]
and by experts in various fields depending on the intended
purpose of the land use. For a farmer, this would mean the
suitability of the land for cultivation, animal husbandry and
pasture, and for an urban planner for building houses, etc.
The intended purpose that the expert formulates is, according
to [9], to distinguish between the site selection problem and
the search problem. The site suitability search problem arises
when there is no predetermined area for suitability analysis.
As recommended in [10], suitability analysis divides the
study area into basic units of observation, such as polygons.
According to other researchers, site search analysis also
determines the spatial features of a site, including its shape
and continuity [11, 12]. Thus, planning related to site
suitability for development is based on spatial analysis
using GIS.

Analysis of site suitability for development

Geoenvironmental assessment of site suitability requires
the use of geospatial technologies through a geographic
information system (GIS), which will provide the ability to
analyze, interpret and model the suitability of land for
construction purposes. In this modeling, all environmental
factors will be weighted based on their level of influence
using a multi-criteria assessment to create a land suitability
map. Land mapping land for construction purposes is
therefore essential to locate and assess which areas are
highly or lowly suitable. Land suitability mappingusing GIS
provides a classification of areas into zones/categories, each
of which has a different probability of investment suitability.
Such maps are essential for urban-oriented land use
planning.

The purpose of this study was to develop a suitability map
using a Multi-Criteria Evaluation (MCE) approach and GIS
using the Van Westen method to identify spatial development
opportunities in the municipality of Rzeszow.

The method

A baseline spatial analysis of the Rzeszow municipality
was carried out using ArcGIS v.10.2 software. The study area
is located in the Subcarpathian region of southeastern Poland.
A characteristic feature of Rzeszow — the capital of the
Podkarpackie Voivodeship — has been the expansion of its
boundaries since the beginning of the 20th century, resulting
in the expansion of buildable land [13]. Intense expansion of
Rzeszow’s boundaries began in 2006, and since then, almost
every year, the city’s area has been expanding with the
addition of rural areas (Figure 1). Currently, developer
urbanization is underway, i.e. action within the administrative
boundaries of the city aimed at maximizing profit while

Areas attached to the city in

B 2006-2010
[ 2017
. 2019

Fig. 1. Map of annexed areas — expansion of Rzeszow's borders
Rys. 1. Mapa przylqczanych terenow — rozszerzanie granic
Rzeszowa

minimizing costs. Planning decisions are the result of pressure
from both physical and legal investors. The result of such
an interpretation of the city’s development goals is a program
directed at investment activity at any cost with disregard
for natural conditions, including geotechnical ones. Such
a program of development of a settlement unit is fraught
with many errors, generating potential problems in the ratio-
nal management of space in the realities of a market econo-
my [14].

The area of the Rzeszow agglomeration has a hilly and
flatland character. It is located within the southern edge of a
large geological unit, the so-called Carpathian Foredeep. The
older bedrock of the Carpathian Foredeep is filled with marine
sediments of the Miocene, developed in the form of silty clay
and siltstone of the Krakowiec fraction. Directly overlying the
Miocene top are sediments of fluvial accumulation developed
initially by a sand and gravel series, followed by fluvial muds
represented by various types of clays and silts, as well as
watershed soils composed of organic and clayey silts. The
thickness of the package of Quaternary sediments varies
depending on their location and is 16 — 18 m. At this level, the
top of the Tertiary Krakowiec clays appears. Thus,
lithologically, this is a very diverse area. Such topographic
attributes as slope and exposure were calculated directly from
the digital elevation model. The analyses used the Van Westen
method [15], so in the first stage of the study, thematic maps
of three factors — passive: geological structure; slope; and
active: floodplains (Figure 2).

Topographic attributes (in this case, slope) calculated
directly from the digital elevation model represent continuous
variables, so they were converted to interval (categorized)
form. The geological map was developed based on the
reinterpretation of earlier geological maps of the area and the
detailed Geological Map of Poland. It shows the main
complexes that make up the Carpathian flysch, distinguishing
lithostratigraphic units. Based on this map, thematic layers on
geological structure were established. Aggregation of digital
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Fig. 2. Example maps for selected passive factors:
a) lithology; b) flood risk area

Rys. 2. Przykladowe mapy dla wybranych czynnikow
pasywnych. a) budowa geologiczna; b) tereny zalewowe

data was also carried out for land cover. Data acquired during
field work and three maps visualizing environmental and
geological factors were used to produce a map of land
suitability for construction purposes at a scale of 1:10000 by
means of the index statistical method WoE (Weights of
Evidence) — Van Westen, using formula (1):

where:
Npix(S)
W =In (gens—das)ﬂn Npix(N) (1)
ens map S Npix(S,)
2 Npix(N,)

W, — landslide susceptibility coefficient assigned to a given class of
thematic map;

Dens clas — landslide density in a given class of thematic map;
Dens map — landslide density covered by the map;

Npix(S,) — number of raster cells with landslides within a given class of
thematic map;

Npix(N,) — number of raster cells within a given class of thematic map.

The WoE method is a log-linear version of general Bayes
theory [7]. The main idea of this method is to “cross” the
landslide map with individual thematic maps. This makes it
possible to calculate the landslide density of the thematic
maps and relate it to the landslide density of the entire map
area. Based on the logarithmized magnitudes, the so-called
association indicators W+ and W- , or Weights of Evidence,
are calculated. The magnitude of the weights is a measure
of the relationship between the area unsuitable for
development (landslide) and each class of variables adopted
for prediction (passive factors). A positive value of the
logarithm of W, indicates a class favorable to landslide
formation, while a negative value indicates unfavorable
conditions (table).

Van Wasten method calculations for the adopted factors for the
selected area

Obliczenia metodq Van Wastena w odniesieniu do czynnikow
przyjetych dla wybranego obszaru

Biala +

q P Biala
. . Sréd- Srodmiescie
Rzeszow  Biala . .
Feature miescie
c o My . .
[B] ratio . ratio
[A+B/C] [A/C]
Area 126602946 6058617 5815111 0,094 0,048
ﬂg:dplai“ 38722683 3121478 2621104 0,148 0458 0,081 0,521
Geology:
e 38291160 3528018 2647709 0,161 0,542 0,092 0,655
gravels,
fluvial muds
Geology:
sandy loesses 3700506 2059739 0 0,149 0466 0,149 1,138
and loess-like
silts
lGe"lOgy: 68468657 0,1 3167402 0,046 -0,707 0,000 -17,305
0€esses
Geology:
landslide 470860 470860 0 1,000 2,367 1,000 3,040
colluvia
blops 2280911 375545 0 0,165 0,563 0,165 1,236
of 8 degrees

In the original research, Van Westen applied equation (1)
to analyses related to the assessment of a site’s susceptibility
to landslides. The authors of this article adapted the method
to a multi-criteria, geoenvironmental assessment of site
suitability for construction purposes. Vulnerability
coefficients (W, weights ) were determined relative to a
reference site considered the least predisposed for
construction purposes, taking into account many of the
passive and active factors listed in the table. In the first stage
of analysis, two variants of calculations were considered.
Variant one, which uses the Biata and Srédmiescie as the
reference area, and variant two, which includes the Biata
district. The area of this district is characterized in particular
by unfavorable landform, a high degree of landslides, as well
as high groundwater levels and flood risk. Srédmiescie, on
the other hand, is distinguished by subsoil with weaker
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bearing capacity and an increased risk of flooding. Formula
(1) was used to determine the W, weights of each feature in
relation to its density of occurrence expressed in map pixels.
The extent of occurrence of a given feature within the various
areas considered is included in the table in columns A, B and
C. In turn, subsequent columns of the table contain the values
of the determined weights.

After summing the calculated indicators for all passive
factors, a map of land suitability for construction purposes in
the municipality of Rzeszow was obtained (Figure 3), with
intervals selected by analyzing the histogram showing the
density of index values [16].

Despite the fact that different reference areas were adopted
for the analyses and different values of weights were obtained,
the maps of land suitability for construction purposes
generated on their basis converged, and the area ranges in
each class overlapped. For this reason, the map of land
suitability for construction purposes (Figure 3) is limited to the
case of the Biata reference area.

[ Rzeszow

Area usability for construction purposes
_ High

Moderate
B Low
I Poor

0 1 2km r
| — |

Fig. 3. Map of land suitability for construction purposes
Rys. 3. Mapa przydatnosci terenow do celow budowlanych

Summary

Optimal and sustainable land use planning is paramount in
rational land management. Assessing land suitability is one of
the basic challenges facing decision-makers and land users.
The results of the conducted study showed that GIS analysis
and development of a land suitability map can be used to
develop a land use plan.

The presented case study shows that GIS-based methods can
be applied to urban land use planning. Areas of high and
moderate suitability for building purposes in the municipality
of Rzeszow were identified. The results of the land suitability
assessment in the current study showed that 75% of the total
area of currently developed land was in an area classified as
very suitable. The analysis can be modified and improved
when used in conjunction with other methods, such as Saaty’s
AHP. The result of the study is a process for identifying the
suitability of land for specific purposes, such as improving
urban planning.

Bibliography

[1] JoerinF, Theriault M, Musy A. Using GIS and outranking multicriteria
analysis for land-use suitability assessment. Geographical Information
Science. 2001, DOI: 10.1080/13658810051030487.

[2] Brail RK, Klosterman RE. Planning Support Systems, ESRI Press,
Redlands, CA; 2001.

[3] Collins MG, Steiner FR, Rushman MJ. Land-use suitability ana-
lysis in the United States: historical development and promising
technological achievements. Environmental Management. 2001,
DOI: 10.1007/s002670010247.

[4] Store R, Kangas J. Integrating spatial multi-criteria evaluation
and expert knowledge for GIS-based habitat suitability modelling.
Landscape and Urban Planning. 2001, DOI: 10.1016/S0169-2046
(01) 00120-7.

[5] Kalogirou S. Expert systems and GIS: an application of land suitabili-
ty evaluation. Computers. Environment and Urban Systems. 2002,
DOI: 10.1016/S0198-9715 (01) 00031-X.

[6] Eastman JR. Idrisi for Windows, Version 2.0: Tutorial Exercises, Gra-
duate School of Geography. Clark University, Worcester, MA; 1997.

[7] Kaiser EJ, Godschalk DR, Esnard AM. Hypothetical city workbook:
exercises, spreadsheets, and GIS data to accompany Urban land use plan-
ning. University of Illinois Press; 1998.

[8] Steiner F, McSherry L, Cohen J. Land suitability analysis for
the upper Gila River watershed. Landscape and Urban Plan-
ning. 2000; DOI: 10.1016/S0169-2046 (00) 00093-1

[9] Cova TJ, Church RL, Exploratory spatial optimization and si-
te search: neighborhood operator approach. Computers, Environ-
ment and Urban Systems. 2000, DOI: 10.1016/S0198-9715
(00) 00015-6.

[10] Malczewski J. GIS-based land-use suitability analysis: a cri-
tical overview. Progress in Planning. 2000, DOI: 10.1016/j. pro-
gress. 2003.09.002

[11] Aerts J. Spatial decision support for resource allocation: in-
tegration of optimization, uncertainty analysis and visualization
techniques. PhD Thesis. Faculty of Science, University of Amster-
dam, 2002.

[12] Xiao N, Bennett DA, Armstrong MP. Using evolutio-
nary algorithms to generate alternatives for multiobjective
site-search problems. Environment and Planning A. 2002,
DOI: 10.1068/a34109.
[13] Henning W. Rzeszowski alfabet miejsc czgsto juz
zapomnianych i 0s6b z nimi zwiazanych. Podkarpacki Instytut
Ksiazki i Marketingu. Rzeszow, 2012.
[14] Szmytkie R, Krzysztofik R. The processes of incorporation and
secession of urban and suburban municipalities: The case of Poland. Norsk
Geografisk Tidsskrift — Norwegian. Journal of Geography. 2019, 73.
1-18. DOI: 10.1080/00291951.2019.1604567.

[15] Van Westen CJ, Ranwers N, Terlin MTJ, Soeters R. Prediction of
the occurrence of slope instability phenomena through GIS-based hazard
zonation. Geologische Rundschau. 1997, 86: 404—14.

[16] Wojciechowski T, Borkowski A, Perski Z, Wojcik A. Dane lotnicze-
go skaningu laserowego w badaniu osuwisk — przyktad osuwiska w Zby-
szycach (Karpaty zewngtrzne). Przeglad Geologiczny. 2012, 60:
95 -102.

The research leading to these results has received funding from
the commissioned task entitled "VIA CARPATIA Universities of
Technology Network named after the President of the Republic of
Poland Lech Kaczynski” contract no.: MEiN/2022/DPI/2575,
MEIN/2022/DP1/2577, MEiN/2022/DP1/2578 action entitled "ISKRA
— building inter-university research teams".

Accepted for publications: 16.11.2023 r.

ATERIALY

m
www.materialybudowlane.info.pl  [ISSN 0137-2971, e-ISSN 2449-951X] 12/2023 (nr 616) EUDOI.I.ILHIIE




