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Abstract

Our paper presents a range of research carried out for environment protection and management using

GIS applications. It documents 20 years of scientific achievements through Polish-Croatian cooperation in the

GIS field. The resultant body of work includes, inter alia, scientific publications that are the result of 20 inter-

national conferences organized in the framework of said cooperation efforts. The study included articles pub-
lished in 1994 to 2012 and those drafted for publication in 2013. An analysis of select articles was done in

accordance with the accepted range of topics in order to categorize and define the research extent. Among the

distinguished 19 subject categories, most of the articles were concerned with: environmental management,

nature conservation, landscape management, biodiversity, sustainable development, meteorology, and clima-

tology.

Keywords: environmental management, nature conservation, GIS technology, Polish-Croatian cooper-

ation

Introduction

Geographical information system (GIS) technologies
have been widely applied in all scientific fields and practi-
cal activities, including environmental protection and man-
agement, too [1, 2].

The purpose of this article is to characterize the studies
in environmental protection and management using GIS
technologies, which were carried out under the Polish-
Croatian scientific cooperation in the field of GIS. The ori-
gins of this cooperation are associated with a special event
that took place during the war in the Balkans in 1993. At
that time a Croatian GIS expert and his family provided
assistance to a Polish group of physicians returning from a
humanitarian action in Sarajevo, who had a car accident in
Crikvenica, Croatia. In 1994 GIS experts from Croatia took
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part in the international conference on Spatial Information
Systems GIS/LIS in Commune and Region, organized in
Poland in Szczyrk, for the first time. Crikvenica in Croatia
is the place where the 20™ Geographical Information
Systems Conference and GIS Odyssey 2013 exhibition
took place. The remaining 18 of 20 GIS conferences took
place mainly in Croatia and Poland: GIS Odyssey 2012,
Croatia and Bosnia and Hercegovina: Metkovi¢, Neretva,
Mostar, and Medugorje; GIS Odyssey 2011, Croatia:
Lovran, Kvarner, and Istria; GIS Odyssey 2010, Croatia:
Brijuni, Istra, and Pula; GIS Odyssey 2009, Croatia:
Plitvice, Lika, and Zadar; GIS Polonia 2008, Poland:
Zakopane and Krakéw; GIS Odyssey 2007, Croatia:
Sibenik, Split, Trogir, and Dalmatian Inland — Vrlika, Sinj;
GIS Odyssey 2006, Croatia: Sibenik, Split, Krka, and
Dalmatian islands; GIS Odyssey 2005, Croatia: Opatija,
Pula, and Istria; GIS Odyssey 2004, Croatia: Trogir,
Kornati, Hvar; GIS Silesia, Poland: Katowice, Sosnowiec,



598

Gajos M., et al.

Bedzin, Rudy Wielkie, Ztoty Potok, Ojcdéw; GIS Odyssey
2002, Croatia: Split, Trogir, Korcula, Mljet, Dubrownik;
GIS Polonia 2001, Poland: Warsaw; GIS Croatia 2000,
Croatia: Zagreb, Osijek, Lonjsko Polje; Information
Management in the New Millennium 1999, Poland:
Krakéw; GIS in Cultural and Environmental Heritage
Management 1999, Great Britain: York; Processing and
Protection of Data 1998, Poland: Ustron; International
Geographic Information Systems Conference and
Exhibition GIS Croatia 1998, Croatia: Osijek; and Freedom
of Information and its Limits 1997, Poland: Katowice,
Ustron.

Each conference involves a specific body of work pub-
lished in hard copy (proceedings, monograph, special issue
in journals) and electronically (CD, website). Conference
sessions as well as chapters in books related to various
problems [3-10] and disciplines: geoinformatics, cartogra-
phy, geodesy, cadastre, ecology, forestry, hydrography,
applied economy, and others.

In this work, articles were selected for analysis on envi-
ronmental protection and management, its structure and
functioning, and sustainable development [11, 12].

Materials and Methods

Titles of conference sessions and topics in conference
books kept changing to reflect the emergence of new GIS
developments and applications across various scientific dis-
ciplines and walks of life. The review of more than 750 arti-
cles in 26 publications of the two-decade long Polish-
Croatian GIS and related topics partnership helped differ-
entiate the following 15 thematic areas [10]:

* Globalization and Social-Economic Problems.
Transition and Challenge in the New Europe.
Economics and Regional Development;

* Geodesy — Cadastre — Cartography;

* Geoinformatics Systems.

* Information Technology;

* Cultural and Natural Heritage Management;

* Environmental and Earth Resources Management.
Structure and Function of the Geographical
Environment;

* Agriculture and Forestry;

* Sea and Water Management;

* Ecology;
+ State and Local Level Administration and Management
(Municipal Projects);

« Space and Law. Legally Protected Regions.
Geoinformation and Law. Informatics, Law and
Communication;

» Spatial Information Systems in Practice;

* Infrastructure for Spatial Information in Europe;

* Emergency Management, Post-War and Post Disaster
Reconstruction Projects;

* International Cooperation;

With a view to the topical extent of the Polish Journal
of Environmental Studies along with a special issue on GIS
application to the research into the environment protection

and management, two areas were covered by research:
environmental and earth resources management; Structure
and Function of the Geographical Environment; and
Ecology.

A detailed analysis was done of articles in said themat-
ic areas that were published as GIS conference materials in
1994 to 2012 (112 articles) and those printed in 2013 (9
articles).

The research proceedings relied on article categorization
intended to determine research directions. Categorization is
the process in which ideas and objects are recognized, dif-
ferentiated, and understood. Categorization implies that
objects are grouped into categories, usually for some spe-
cific purpose. Ideally, a category illuminates a relationship
between the subjects and objects of knowledge [13].

To run the categorization process, a body of literature
analysis and critical method was used. The literature review
as a scientific examination method is used to review scien-
tific works and for peer review. The objectives and func-
tions of the literature review are: description and evaluation
of current knowledge for a given topic (research status);
arranging the knowledge through categorization to identify
any hitherto missed regularities, relations, facts, and phe-
nomena; reveal cognitive gaps in uncharted areas; seek
inspiration and research subjects; and identify new research
directions [14]. A detailed review of select articles helps
classify them into proper categories.

The bibliometric research method was used to present
the results. This method is a statistical application for quan-
titative studies of facts, phenomena, and processes related
to texts and information [15].

Results and Discussion

The outcome of the research into the literature on the-
matic groups such as environmental and earth resources
management, structure and function of the geographical
environment, and ecology distinguished 19 thematic cate-
gories (Table 1). The eligible number of articles in each cat-
egory which set the course for environmental studies car-
ried out during 20 years of GIS cooperation is shown in
Table 2 for the years 1994 to 2012 and for 2013. Table 2
also includes a list of articles published in 1994-2012 by
categories in the form of bibliographic citations included in
the references.

Most articles were found in the following categories:
environmental management, nature conservation, land-
scape management, biodiversity, sustainable development,
soil pollution, meteorology, and climatology. Detailed
research issues within each category are presented in the
following discussion, presenting the most numerous cate-
gories as first and in a broader way.

The problem of environmental management is present-
ed by various subjects and concern dynamics [16-18] and
vulnerability of its anthropogenic factors [19, 20]. The
issues of land cover transformations, the use of GIS within
river floodplains and in marine environments has been
shown as well [21-23]. Applying GIS databases into land
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Table 1. Results of categorization of published articles (1994-

2012).

Table 1. Continued

Article
Article No. in Categories
No. in Categories references
references -
56 landscape management, nature conservation
16 environmental management -
57 landscape management, nature conservation
17 environmental management, biodiversity :
58 nature conservation
18 environmental management, biodiversity ;
59 nature conservation
environmental management, environmental engi- -
19 . 60 sustainable development, landscape management
neering
20 environmental management 61 landscape management, water management
1 environmental management 62 environmental remote sensing, landscape manage-
ment
22 environmental management
63 landscape management
23 environmental management
64 landscape management
24 environmental management, nature conservation
65 landscape management
25 environmental management, landscape management
66 landscape management
26 environmental management, nature conservation
67 landscape management
27 environmental management
68 landscape management
28 environmental management
69 landscape management
29 landscape management, environmental management —
. 70 biodiversity
30 environmental management, landscape management —
- - 71 biodiversity
31 sustainable development, environmental management - -
- — 72 ecological education
32 environmental management, biodiversity - - -
- 73 sustainable development, environmental pollution
33 environmental management -
- 74 sustainable development, resources management
34 environmental management -
- — 75 sustainable development, resources management
35 environmental management, biodiversity - - -
- - 76 sustainable development, environmental quality
36 environmental management, sustainable development -
- — - 77 sustainable development
37 environmental engineering, environmental manage-
ment 78 sustainable development
38 environmental management 79 sustainable development, resources management
39 environmental management 80 sustainable development, environmental pollution
40 nature conservation, environmental management 81 soil pollution
41 nature conservation 82 soil pollution, air pollution
42 nature conservation, biodiversity 83 soil pollution
43 biodiversity, nature conservation 84 soil pollution, environmental pollution
44 nature conservation 85 soil pollution, environmental pollution
45 nature conservation, landscape management 86 soil pollution
46 nature conservation, biodiversity 87 soil pollution
47 nature conservation 88 soil pollution
48 nature conservation 89 soil pollution
49 nature conservation 90 soil pollution
50 nature conservation 91 meteorology and climatology
51 nature conservation 92 meteorology and climatology
52 biodiversity, nature conservation 93 meteorology and climatology, air pollution
53 biodiversity, nature conservation 94 meteorology and climatology
54 nature conservation 95 resources management, meteorology and climatology
55 soil pollution, nature conservation 96 meteorology and climatology
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Table 1. Continued

Article
No. in Categories
references
97 environmental remote sensing, meteorology and cli-
matology
98 meteorology and climatology
99 meteorology and climatology, environmental quality

100 meteorology and climatology

101 air pollution

102 air pollution

103 environmental quality

104 ecological disaster, environmental quality

105 environmental remote sensing

106 environmental remote sensing

107 environmental remote sensing

108 hazards to human health and safety

109 hazards to human health and safety

ecological disaster, hazards to human health and

1o safety

111 hazards to human health and safety

112 hazards to human health and safety

ecological disaster, hazards to human health and

13 safety

114 hazards to human health and safety

115 ecological engineering

116 environmental engineering

117 environmental engineering
118 environmental engineering
119 environmental engineering

120 resources management, water pollution

121 water management

122 water management, water pollution

123 water management

124 water management

125 water pollution

126 water pollution

127 water pollution

and national parks management [24-26] was used widely,
presented in the form of landscape differentiation.
Consideration and discussion of the relationship between
sustainable development and the environmental quality
management system takes place both in Polish [27-29] and
Croatian [30, 31] papers.

The studies also are undertaken to create digital maps
of selected environmental components such as soil and
ecological aspects, vegetation cover, and terrain forms.

These components are analyzed using GIS methods to
underline their significance in such investigations [32, 33].
The ecological and social aspects of implementing GIS in a
spatial perspective of a characterization of the ecotone in
time and space between boundary elements is discussed in
various works [34, 35].

Basic rules of geological mapping in the inhabited and
different areas become requirements of potential users of
geological maps [36]. That is why the problem of the inte-
gration of the geology, the engineering, and the environ-
mental sciences by a unification of cartographic data [37]
using GIS is presented. The description and the implemen-
tation of methods for measuring rock deflowering [38], the
manner in which the environmental emission cadastre is
managed in Croatia, and the significance of mapping such
a cadastre at different levels is given by Krakar [20]. And
land management with different approaches to the existing
land consolidation and the rules of contemporary land
usage is presented [39, 40].

Using GIS tools in nature conservation occupies an
important place in both Polish and Croatian studies. They
include biotic studies at the species [41, 42], population
[43], and ecosystem levels [24, 40, 44-47]. It should be
emphasized that the proposed protection and distribution of
species is prepared with databases using the GIS tool [26,
48-50] in the form of digital maps of protected areas [51].

Authors also raise an issue of using common GPS
receivers in processing standard data forms and preparing a
protection activities plan [52], long-term ecological studies
[53], vegetation mapping [54], and measuring the influence
of soil pollution in relation to vegetation diversity data [55]
for submerged plants registration.

The importance of data in spatial planning of a natural
and an anthropogenic landscape is shown both in Poland
and Croatian research with emphasis on the database cre-
ation [56, 57] and the documentation of the historical her-
itage and their changing processes [58] in the context of
sustainable development [59].

In the category of landscape management versus envi-
ronmental objects management, both elements are analyzed
separately and a specific element of the cultural landscape
has been investigated. Research concerns sewage treatment
[60], methods and management of rainwater by creating a
planning map [45, 57, 61], using remote sensing in the
process of the evaluation and the management of chosen
landscape components [62], and in analysis of occurrences
of the anthropogenic types of landscapes on the morpho-
metric features of the land [63]. The research on changes of
landscape in terms of historical and contemporary problems
include both natural [25, 30, 64] and anthropogenic [29, 65-
67] studies. The implementation of GIS methods plays a
significant role in these studies. The articles present the
source databases storing information concerning land
cover/use and land cover change (types e.g. arable lands,
forests, artificial surfaces) and show some examples of how
land cover changes reflect the differences in spatial organi-
zation of various regions in time and space [56, 68, 69].

Articles about biodiversity issues focus on the protec-
tion of threatened species and ecosystems susceptible to
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Table 2. Number of articles (published 1994-2012 and unpublished 2013) within each category.

Category Article No. in references No. of articles | No. of articles | Total No. of articles
1994-2012 2013 1994-2013
air pollution 82,93, 101, 102 4 4
biodiversity 17, 18, 32, 35, 42, 43, 46, 52, 53, 70, 71 11 1 12
ecological disaster 104, 113, 110 3 3
ecological education 72 1 1
ecological engineering 115 1 1
environmental engineering 19,37, 116, 117, 118, 119, 6 6
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
environmental management 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 25 6 31
38, 39, 40
environmental pollution 73, 80, 84, 85, 4 4
environmental quality 76,99, 103, 104 4 4
environmental remote sensing 62,97, 105, 106, 107 5 5
hazards to human health and safety 108, 109, 110, 111, 112, 113, 114 7 7
landscape management 25,29, 30, 255’7 5666’, 56777, 66(;” 6619’ 62,63, 64, 16 3 19
meteorology and climatology 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 10 10
natur conservaton w50 sl sshss o5 | 2 : 2
resources management 74,175,179, 95, 120 5 1 6
soil pollution 55, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90 11 11
sustainable development 31, 36, 60, 73, 74,75, 76, 77, 78, 79, 80 11 11
water management 61,121, 122,123, 124 5 5
water pollution 120, 122, 125, 126, 127 5 5

human activities [18, 32, 43]. These pieces of work show
the importance of the spatial analysis and the documenta-
tion of these unique natural objects to their monitoring and
minimizing the hazard [17, 35, 42, 46, 52, 70]. The promo-
tion of ecological education in the context of bird protection
[53, 71] and sustainable development in Poland is discussed
as well [72].

The issue of sustainable development is raised mainly
by presenting ways of using renewable energy [73-75], bio-
fuel [76], ecological production [77], improved living stan-
dards [31, 60, 78], and the maximum possibilities of GIS
tool in making maps of natural resources and potential
threats [36, 79, 80].

The problem of soil pollution relates primarily to Polish
territory. This includes the impact of human activities on
contents of heavy metals in soil [81], the influence of pol-
lution on vegetation [55], and human health [82], as well as
the spatial presentation of pollution [83, 84]. A literature
survey about mercury pollution in the Silesian environment
is shown by Michalska and Michalski [85]. An assessment
of soil contamination using geostatic methods is analyzed
as well as the significance and survey of interpolation tech-

niques for determining soil pollution state [86, 87, 88].
Particular attention is paid to the issues of the soil pollution,
erosion, protection, reclamation, and management of dev-
astated and degraded lands in the example of Poland [89].
The spatial differentiation of Quaternary sediments from
digitized maps is presented as well [90].

In terms of meteorological and climatological issues,
articles can be divided into two subcategories. The first one
is a thematic mapping [91, 92] and the second group con-
cerns air quality [93]. In the field of atmospheric sciences
and hydrology, GIS applications presented in papers are
addressed to several important regions of interest [94-96].
Articles have raised issues of difficulties in presenting
meteorological satellite products using GIS technology
[97], modelling and validating potential solar radiation for
the Hornsund Region — Application of the r.sun Model [98].
The reconstruction of air temperature maps for the territory
of Poland through the application of contemporary GIS
techniques is analyzed [99]. The application and validation
of the residual kriging method for the interpolation of the
monthly precipitation field in Poland is presented by Kryza
[100].
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Information about air pollution and meteorological con-
ditions in an exemplary area was analyzed by Lesniok and
Puszczewicz [93] in Sosnowiec using GIS methods, a mon-
itoring system and an exemplary database presented for
select parameters. In Croatia the application of GIS in air
quality monitoring in one exemplary country was analyzed
in law aspects, and international conventions ratified by this
country [101]. Some materials present digital maps of pol-
lution distribution based on the spatial analysis of an exist-
ing GIS environmental database [82, 102].

The presentation of pollution and environmental quali-
ties as soil, waste, and more has been shown in many arti-
cles [73, 76, 80, 84, 85, 99] by creating maps using GIS
tools. There are pieces of work presenting the methods for
determination of vulnerability of ground water [103]. An
interesting piece of work is a report concerning the
Fukushima Nuclear Accident Independent Investigation
Commission and some other problems caused by the earth-
quake and the tsunami that damaged nuclear reactors in
Fukushima Daiichi [104]

Environmental remote sensing is presented using data-
bases and applications in CPS-3 cartographic software,
satellite photographs [105], and methods of interpreting
geological data with satellite images [106]. The established
GIS model of wetland areas provides data on the structure,
distribution, size, and position of wetland types in the area
of Crna Mlaka. The presented model gives a lot of possibil-
ities and facilitates further field research [107]. The remote
sensing technology has been used for spatial management of
the environment [62] and meteorology [97] as well.

The problem of hazards to human health and safety is
shown in several articles concerning the following factors:
noise [108, 109], noise hazards and their documentation
around the major [110], acoustic fields, acoustic maps [111,
112] and nuclear power plants after the Japanese disaster
[113]. The hazard has been shown also in the case of frame-
work of the PELMON Project, in which monitoring the
pelagic fish stock was performed over 20 days by the
research vessel Bios in Croatian territorial waters and
exclusive economic zone of the Adriatic Sea [114]. The
problems mentioned in this piece of work also belong to
category of ecological disaster [110, 113, 104].

Problems concerning environmental and ecological
engineering include the reconstruction and the creation of
appropriate conditions for the rational use of natural
resources [19, 37, 115]. The articles present an attempt to
quantitatively predict the occurrence of zones of potential
hydrocarbon accumulation [116], aerofoil characteristics
for wind turbine applications [117], and correlation
between geodetic and geological models of tectonic move-
ments for the area of the Adriatic micro plate and its mar-
ginal zones [118]. The use of GIS for a renewable energy
development strategy proposal for the Tameside MBC
(UK) is analyzed as well. This topic is presented by
Papadopoulou, Jaslar [119].

The resources management category shows the proper
use of natural resources. Each element has a specific
requirements in the case of oil and gas exploration [120,
79], integrated GIS applications in the hydrometeorological

service in Poland [95], and regional approaches to manage-
ment of renewable energy resources in Croatia [74, 75].

The problems of water management in the achieve-
ments of the two countries play a significant role [61, 121,
122, 123,]. Articles in this area are related to the use of
water supplies for the population and other processes.
Particular attention has been paid to issues of the use of GIS
thematic mapping [124], which is relevant water manage-
ment in some regions.

Water pollution is presented in the analysis of GIS in
different regions of Croatia [122, 120, 125]. There are also
some referrentions to the impact of pollution in the func-
tioning of aquatic ecosystems. The research includes long-
time series studies of basic oceanographic parameters at
Glava Gata station in the Split area [126] and sensitivity
index of the coast of the place of refuge to oil pollution
[127]. Tt seems that GIS documentation is helpful in moni-
toring, further investigating, and studying natural and geo-
graphical environments.

Conclusion

The result of the 20 years of Polish-Croatian scientific
cooperation in the field of GIS is in more than 750 articles
in 26 book publications — an important scientific achieve-
ment. The total of 121 articles raising the issues of GIS
application in environmental protection and management
was the subject of research, the aim of which was to deter-
mine the directions of research being conducted. The out-
comes of such analysis allowed the conclusion that these
studies were of a multi-faceted nature, with research facili-
ties including elements of both wildlife and urban space.
The research was largely focused on thematic categories
such as: environmental management, nature conservation,
landscape management, biodiversity, sustainable develop-
ment, soil pollution, meteorology, and climatology.
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