— Original Scientific Paper | Received: 19-06-2020 | Accepted: 30-09-2020

Structural Characteristics of Patches in the
Central Lika Landscape — Application of
Spatial and Regression Analysis

Marta HAMZIC', Borna FUERST-BJELIS2, Mladen PAHERNIK3

1 Ericsson Nikola Tesla d.d., Krapinska 45, Zagreb

marta.jovanic@gmail.com

2 SveuciliSte u Zagrebu, Prirodoslovno-matematicki fakultet, Geografski odsjek, Maruli¢ev trg 19, Zagreb
bornafb@geog.pmf.unizg.hr

3 Centar za obrambene i strateSke studije ,,Janko Bobetko*, Hrvatsko vojno ugiliSte ,,Dr. Franjo Tudman®, llica 256b, Zagreb
mladen.pahernik@morh.hr

Abstract. This paper analyses the structural characteristics (shape, position and condition) of landscape patches in
Central Lika according to landscape types and for the landscape of Central Lika as a whole. A set of indicators for the
landscape structure was used along with GIS technology. Interrelation of the structural characteristics of landscape
patches were determined using regression analysis. When determining the landscape types of Central Lika, a method
based on land cover/land use was applied. For this purpose, data from the CORINE database for the year 2012 were
used. At the level of the landscape type in Central Lika and the landscape of Central Lika as a whole, a set of indicat-
ors for the landscape structure were used, based on a variety of spatial analysis methods: Mean Shape Index — for
the landscape patch shapes; Core Area Index — for the condition of the landscape patches, and Average Nearest
Neighbour — for the position of the landscape patches. The most important result of this paper was to confirm the
correlation between the shape and condition, and between the shape and position of the landscape patches of Gentral
Lika, while no correlation between the condition and position of the landscape patches of Central Lika was found.

Keywords: Land cover/land use, structural characteristics, landscape patches, GIS, regression analysis, spatial
analysis, Central Lika

1 Introduction is “an expression of the dynamic interaction of natur-
al and cultural influences” (Antrop 2005:22). The con-
A natural landscape is defined by natural sequences of this interaction are visible in the strong
factors: climate, soil, water, relief, geological connectivity in the mosaic of landscape patches and
foundation, and flora and fauna (Herlitzius et al. ecological processes (Fu et al. 2006), as well as anthro-
2009). Any landscape is continuously exposed to  pogenic activities. In fact, processes that take place in
changes caused by natural forces as well as socio- the landscape create patterns and structures, while
economic activities. By changing just one of these being driven and directed by the prevailing spatial
natural factors through human activity, way of life, structures. In short, these are the reasons and con-
or the culture of particular social groups, a natural  sequences of spatial heterogeneity for various ecolo-
landscape becomes a cultural landscape. Thus, it  gical processes (Lang and Blaschke 2010).

can be said that today, most landscapes on Earth are The structure of the landscape represents a spe-
in fact cultural, and the way they develop or change  cific combination of parts, that is, landscape patches.
—1
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Strukturna obiljezja uzoraka krajolika
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SaZetak. U ovom radu analiziraju se strukturna obiljeZja (oblik, poloZaj i stanje) uzoraka krajolika Srednje Like za ti-
pove krajolika i krajolik Srednje Like u cjelini. Pri tome se koristi skup pokazatelja za strukturu krajolika i GIS tehno-
logija. Meduodnos strukturnih obiljezja uzoraka krajolika utvrden je linearno-regresijskom analizom. Pristup
utvrdivanju tipova krajolika Srednje Like temelji se na zemljiSnom pokrovu/nacinu koriStenja zemljista. U tu svrhu
koriSteni su podatci baze podataka CORINE za 2012. godinu. Na razini tipa krajolika Srednje Like i krajolik Srednje
Like u cjelini upotrijebljen je skup pokazatelja za strukturu krajolika koji se temelji na razli¢itim metodama prostorne
analize: Mean Shape Index — za oblik uzoraka krajolika; Core Area Index — za stanje uzoraka krajolika; Average Ne-
arest Neighbour — za poloZaj uzoraka krajolika. Najvazniji je rezultat ovog rada da je regresijskom analizom ustanov-
liena povezanost za oblik i stanje, te za oblik i poloZaj uzoraka krajolika Srednje Like, dok nije utvrdena povezanost za

stanje i poloZaj uzoraka krajolika Srednje Like.

Kljugne rijegi: ZemljiSni pokrov/nacin koriStenja zemljista, strukturna obiljeZja, uzorci krajolika, GIS, linearno-regresijska

analiza, prostorna analiza, Srednja Lika

1. Uvod

Prirodni se krajolik moZe definirati prirodnim ¢im-
benicima: klimom, tlom, vodom, reljefom, geoloskom
osnovom, florom i faunom (Herlitzius i dr. 2009). On je
konstantno izloZen promjenama uzrokovanim kako
prirodnim silama tako i drustveno-gospodarskim ak-
tivnostima. Promjenom makar samo jednog od pri-
rodnih ¢imbenika ¢ovjekovom djelatno$éu, nacinom
Zivota/ kulturom pojedinih drustvenih grupa, prirodni
krajolik postaje kulturni. Stoga se moZe reéi kako su
danas gotovo svi krajolici na Zemlji zapravo kulturni, a
razvoj krajolika odnosno njegove promjene su ,,izraz
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dinamicne interakcije prirodnih i kulturnih utjecaja“
(Antrop 2005:22). Posljedice te interakcije vidljive suiu
jakoj povezanosti mozaika uzoraka krajolika i ekolo-
$kih procesa (Fu i dr. 2006) te antropogenog djelovanja.
Naime, procesi koji se odvijaju u krajoliku stvaraju
uzorke i strukture, no istodobno ih vode i usmjeruju
prostorne strukture koje prevladavaju. Ukratko, rijec je
o0 uzrocima i posljedicama prostornoga heterogeniteta
za razli¢ite ekoloske procese (Lang i Blaschke 2010).
Struktura krajolika je specifi¢an spoj dijelova, tj.
uzoraka krajolika. Obiljezja strukture krajolika kao
prostorne komponente mogu se jasno promatrati,
opisivati i kvantificirati (Blaschke 2000). Razlog tome
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The characteristics of landscape structure as a spatial
component are easily observed, described and quan-
tified (Blaschke 2000). This can be done using compu-
tational devices, geographical data processing
methods, and digital image processing, which have
had a great influence on studying the structure or de-
velopment of landscapes (Lang and Blaschke 2010).

When determining landscape types, two ap-
proaches are used: one is based on land cover/land
use and the other is based on the synthesis of natural
and cultural characteristics using a hierarchical ap-
proach (Dumbovié¢ Bilugi¢ 2015). As a result of this,
and given the observed features, the more homogen-
eous spatial parts of the landscape can be determ-
ined, which are then classified into landscape types.

The objective of this paper, using the appropriate
spatial analysis methods, is to determine individual
structural characteristics (shape, position and condi-
tion) of the landscape patches of Central Lika accord-
ing to landscape types for the year 2012 and, using
regression analysis, to determine the possible cor-
relation between them.

When determining landscape types in Central
Lika, an approach based on land cover/land use was
applied. Data from the CORINE Land Cover database
for 2012 (CLC 2012) were used. The data point to the
natural geographical characteristics and socio-geo-
graphical factors of landscape development which are
visible in a space, and so are considered in relation to
land cover/land use in Central Lika in this paper.

The database (CLC 2012) comprises digital data
which refer to parts of the landscape (for example,
settlement, pasture, lake etc.), and is divided into
data classes. In this paper, all the digital data refer-
ring to the landscape of Central Lika were defined as
landscape patches of Central Lika. For the purposes
of this research, all data classes referring to the area
of Central Lika were divided into various landscape
types (for example, the data classes Pastures and Nat-
ural grasslands were classed under Grassland). On this
basis, each landscape patch of Central Lika was as-
signed to one of the landscape types of Central Lika.
At the same time, the landscape patches were as-
signed to individual landscape types, so that they
were as homogeneous as possible in relation to each
other in terms of their natural geographic features
and the socio-geographic factors of landscape devel-
opment which were evident in the researched space.

All the patches and landscape types of Central
Lika used in this paper are available as digital data,
and the spatial analysis was efficiently conducted
using GIS methods. In fact, GIS technology enables

and provides qualitative, accurate information about
the landscape and its characteristics (Olahové et al.
2013), a higher speed and an entire series of addi-
tional qualitative and quantitative analyses which
would be incredibly difficult to perform without GIS
application. In addition, an analysis of landscape in-
dicators forms a foundation for a comparison of
various scenarios in the landscape, and provides in-
sight into specific features of the landscape over
time (Paudel and Yuan 2012).

2 Previous Research

Using different approaches and methods, land-
scapes and individual parts of landscapes have been
studied in domestic and international papers from
different aspects, by analysing the structure and
function of landscapes over one or more periods of
time.

When research is conducted on a landscape,
patches or parts of the landscape are studied. Re-
search papers show one or more levels of landscape
(for example, subtype, type, and the landscape as a
whole), while analyses are usually performed on one
case study, for one separate area or in parallel on
several case studies, for several different areas.

By applying GIS technology, Lang and Blaschke
(2010) analysed three aspects of landscapes (structure,
function and development) using various examples or
landscapes, that is, using descriptive-analytical and
empirical methods in turn. However, in the analysis of
structural characteristics for landscape patches in
Central Lika, this paper uses only one appropriate spa-
tial analysis method for each of the observed charac-
teristics (Shape Index for the shape, Average Nearest
Neighbour for the position and Core Area for the condition).
M. Jovani¢ (2017) also analysed all three mentioned as-
pects of landscape on one case study, the area of Cent-
ral Lika. Using the methods of spatial analysis and
regression analysis, she analysed the characteristics
and development of the characteristics of the land-
scape patches in Central Lika for subtypes and types of
landscapes and the landscape as a whole. In papers by
other authors (for example, Rutledge 2003, Olahov4 et
al. 2013), in addition to the above-mentioned spatial
analysis methods, a number of others were used. Rut-
ledge (2003) showed a model with a higher number of
indicators which were applicable when analysing the
patch fragmentation of the landscape, but did not con-
duct an analysis in a specific, defined area.

By using data for a specific point in time, some re-

searchers have studied the current, modern structure
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su i ratunalni alati, metode geografske obrade infor-
macije, kao i obrada digitalnih slika koji su imali velik
utjecaj u proucavanju strukture, odnosno razvoja
krajolika (Lang i Blaschke 2010).

Pri utvrdivanju tipova krajolika postoje dva pristu-
pa: na temelju zemlji$nog pokrova/nacina koristenja
zemljiSta i na temelju sinteze prirodnih i kulturnih obi-
lieZja koristenjem hijerarhijskog pristupa (Dumbovié
Bilusi¢ 2015). Kao rezultat toga se, s obzirom na proma-
trana obiljeZja, utvrduju $to homogeniji prostorni dije-
lovi krajolika koji se svrstavaju u tipove krajolika.

Cilj ovog rada je, koriStenjem odgovaraju¢ih me-
toda prostorne analize, utvrditi pojedina strukturna
obiljezja (oblik, poloZaj i stanje) uzoraka krajolika
Srednje Like prema tipovima krajolika za 2012. godi-
nu te regresijskom analizom ustanoviti postoji li po-
vezanost medu njima.

Pri utvrdivanju tipova krajolika Srednje Like ko-
riSten je pristup koji se temelji na zemljiSnom pokro-
vu/naclinu koriStenja zemlji$ta. Naime, koristeni su
podatci iz baze podataka CORINE Land Cover iz 2012.
godine (CLC 2012). Ti podatci ukazuju na prirodno-
geografska obiljeZja i druStveno-geografske ¢imbe-
nike razvoja krajolika koji su vidljivi u prostoru i ti-
me su u radu razmatrani kao zemlji$ni pokrov/nacin
koriStenja zemljista Srednje Like.

Baza podataka (CLC 2012) sastoji se od digitalnih
podataka koji se zapravo odnose na dijelove krajolika
(npr. naselje, pasnjak, jezero i sl.), a rasporedeni su u
klase podataka. U ovom radu su svi ti digitalni podatci
koji se odnose na podruéje Srednje Like definirani kao
uzorci krajolika Srednje Like. Za potrebe ovog rada sve
su klase podataka koje se odnose na podrudje Srednje
Like rasporedene u jedan od tipova krajolika (npr. kla-
se podataka Pasnjaci i Prirodni travnjaci svrstane su u
tip krajolika Travnato zemljiste). Na temelju prethod-
nog moze se reci kako su u ovom radu svi uzorci kra-
jolika Srednje Like svrstani u jedan od tipova krajolika
Srednje Like. Pri tome se uzorke krajolika teZilo ras-
porediti u pojedini tip krajolika tako da medusobno
budu $to homogeniji s obzirom na njihova prirodno-
geografska obiljeZja i drustveno-geografske ¢imbeni-
ke razvoja krajolika koji su vidljivi u prostoru.

Svi uzorci i tipovi krajolika Srednje Like koristeni u
ovom radu su podatci u digitalnom obliku te je najpo-
godnijim nac¢inom provedena prostorna analiza - upo-
trebom GIS-a. Naime, GIS tehnologija omogucava kva-
litetne i tocnije informacije o krajoliku i njegovim
obiljeZjima (Olahové i dr. 2013) te vecu brzinu i éitav niz
dodatnih kvalitativnih i kvantitativnih analiza koje bi
bez primjene GIS-a bile vrlo tesko, odnosno nezamisli-
vo provesti. Takoder, analize pokazatelja krajolika
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predstavljaju temelj za usporedbu razli¢itih scenarija u
krajoliku i za razumijevanje pojedinih obiljeZja krajolika
tijekom vremena (Paudel i Yuan 2012).

2. Dosadasnja istraZivanja

Krajolici, odnosno pojedini dijelovi krajolika se,
koristeéi razli¢ite pristupe i metode, istrazuju u do-
maéim i inozemnim radovima s razli¢itih aspekata,
analizirajuéi kako strukturu tako i funkciju krajolika,
odnosno kroz jedno vremensko razdoblje ili vise njih.

Pri istrazivanju krajolika proucavaju se uzorci ili
dijelovi krajolika. U radovima se prikazuju jedna ili
viSe razina krajolika (npr. podtip, tip, krajolik u cjeli-
ni), dok se analize provode najéesée na jednoj studiji-
slu¢aju, odnosno za jedno izdvojeno podrudje ili pak
usporedno na vise studija-slu¢aja, odnosno za vise
razli¢itih podrudja.

Lang i Blaschke (2010) primjenjujudi GIS tehnologiju
analizirali su sva tri navedena aspekta krajolika (struk-
tura, funkcija i razvoj) na razli¢itim primjerima, odnos-
no krajolicima primjenjujudi naizmjence deskriptivno-
analiticku i empirijsku metodu. Medutim, u ovom radu
se, pri analizi strukturnih obiljeZja uzoraka krajolika
Srednje Like, za svako od promatranih strukturnih obi-
ljezja koristi samo jedna odgovaraju¢a metoda prostor-
ne analize (Shape Index za oblik, Average Nearest Neighbour
za polozaj i Core Area za stanje). M. Jovani¢ (2017) takoder
je analizirala sva tri navedena aspekta krajolika jedne
studije-slucaja, podrucja Srednje Like. Pri tome je kori-
Stenjem metoda prostorne analize i regresijske analize
analizirala obiljezja i razvoj obiljezja uzoraka krajolika
Srednje Like za podtipove i tipove krajolika te krajolik u
cjelini. U pojedinim radovima drugih autora (npr. Ru-
tledge 2003, Olahov4 i dr. 2013) uz navedene metode
prostorne analize koristi se i ve¢i broj drugih. Tako je
Rutledge (2003) prikazao model s veéim brojem poka-
zatelja koji se mogu primijeniti pri analizi fragmentaci-
je uzoraka krajolika, ali pri tome ne provodi i analizu na
odredenom konkretnom prostoru.

Upotrebom podataka za jednu vremensku tocku,
u pojedinim se radovima istraZuje trenutacna, su-
vremena struktura krajolika. Tdri (2010) proveo je
analizu strukture krajolika na razini uzorka. Pri tome
je metodama prostorne analize za dva podrudja us-
poredio rezultate ¢ak 30 pokazatelja. Blace (2015)
analizirao je razvoj strukture krajolika opéine Nadin
koriStenjem viSe od 20 pokazatelja. Medutim, u ovom
radu za svako strukturno obiljeZje se radi pregled-
nosti primijenjuje jedna odgovaraju¢a metoda pros-
torne analize te se navode primjereni atributni opisi
kako bi se pobliZe objasnili rezultati. Blaschke (2000)
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of the landscape. Tdri (2010) conducted an analysis
of the landscape structure at the patch level. The
results of 30 indicators were compared using spatial
analysis methods for two areas. Blade (2015) ana-
lysed the development of the landscape structure of
Nadin municipality using more than 20 indicators.
However, for the sake of clarity, in research showed
in this paper one appropriate spatial analysis meth-
od was used for each structural characteristic, and
suitable attribute descriptions were provided in or-
der to explain the results in more detail. Blaschke
(2000) conducted an analysis of the landscape struc-
ture using multiple examples, and employed empir-
ical methods when researching spatial-statistical GIS
technology methods regarding the connectivity and
optimisation of the spatial arrangement of landscape
elements. However, by using data for single points in
time, these papers also analysed their structural
changes over time. For example, Ani¢i¢ and Perica
(2003), using the photographic content of karst agri-
cultural areas, analysed the structural changes for
single points in time over a given period.

By using data for multiple points in time, some
authors have analysed changes and the development
of the landscape during one or more time periods. Es-
bah (2009) analysed changes in structural character-
istics of patches in an urban area City of Aydin,
Turkey, in two observation years (1977 and 2002) by
using a larger number of indicators or spatial analysis
methods, but did not include the methods of Average
Nearest Neighbour and Core Area which are applied in
this paper. Cole et al. (2018) conducted an analysis of
the change in land cover /land use on a case study for
the territory of the United Kingdom, during multiple
time frames (2000-2006, 2006-2012), based on data
from the CORINE Land Cover database. However, they
did not analyse any structural characteristics. Paudel
and Yuan (2012) conducted a study about landscape
development and the ecological consequences of
building a metropolitan area of Saint Paul and Min-
neapolis in the United States with reference to spe-
cific years (1975, 1986, 1998, 2006). In their analysis,
they used a variety of data (aerial photography, or-
thophoto maps, or multispectral satellite images and
spatial planning documents). When analysing vari-
ous objects through multiple points in time, domestic
authors have used a variety of data and analysis
methods for landscape research. Morié-Spanié¢ and
Fuerst-Bjeli§ (2017) determined the landscape types
of a case study, the area of the island of Hvar by com-
bining multiple data types in two observation years
(a vegetation map (1975) and CORINE Land Cover,

Croatian Forestry data and digital orthophoto maps
(2011)), and tracked landscape change trends in the
observed period. This paper uses the GIS model,
which has further applications regarding agricultural
revitalisation opportunities. Cvitanovi¢ (2014) used
remote sensing to conduct an analysis of changes in
land cover/land use in a case study, area of Hrvatsko
zagorje, for the time period 1991-2011. Cvitanovi¢
and Fuerst-Bjeli§ (2018) analysed changes in land
cover/land use in one particular area for the time
period of 1991-2011, using remote sensing, GIS, re-
gression analysis and qualitative methods, with the
aim of analysing the socio-geographic factors of
change. Jogun et al. (2017, 2019) used, among other,
remote sensing methods and a simulation model for
analysis and projection of land cover changes, when
analysed land cover changes in the northern Croatia
for the period 1981-2011, and PoZega-Slavonia
County for the period 1985-2013.

It is especially important to mention works which
have analysed data over a time span of 250 years or
more, when satellite images were not available and
could not be analysed by remote sensing methods.
Instead, various other kinds of sources from differ-
ent time periods were used, which demanded a very
specific work methodology. That works also include
recent data, which means the time frame of the in-
vestigation is indeed extensive. For a 250-year time
span, Olahov4 et al. (2013) mapped changes in land
cover/land use in a case study, landslide Handlov4 in
Slovakia. For more recent years (2003 and 2011), they
analysed the changes in the structual characterics of
patches of the area using a higher number of indicat-
ors. In the first part of their paper, Fuerst-Bjelis et al.
(2000) presented the results of research into anthro-
pogenic influences on the Central Velebit environ-
ment over a longer time period (starting before the
17t century) using the descriptive-analytical meth-
od. They performed a diachronic analysis and pro-
duced a model of periodization changes to compare
individual indicators in various stages of the ob-
served period and analyse their development. In the
second part of the paper, based on establishing a
synthetic criterion which comprised three geoeco-
logical parameters (relative height, length of slope,
length index and relative height) and one aesthetic
parameter (visibility), by using multi-variant cluster
and discriminatory analysis, they conducted a geoe-
cological evaluation of the landscape. At the same
time, a land capability map was created (with six
capability categories). Whilst researching landscape
changes in individual areas in the Republic of Croatia
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analizu strukture krajolika proveo je na ve¢em broju
primjera empirijskom metodom pri istraZivanju
prostorno-statistickih metoda GIS tehnologije u
smjeru povezanosti i optimizacije prostornog raspo-
reda elemenata krajolika. Medutim, koriStenjem po-
dataka za jednu vremensku to¢ku u radovima se
analiziraju i njihove strukturne promjene tijekom
vremena, tako su primjerice Ani¢i¢ i Perica (2003)
koriStenjem fotografskog sadrzaja krskih poljopri-
vrednih podrudja u jednoj vremenskoj tocki analizi-
rali njihove strukturne promjene tijekom vremena.
KoriStenjem podataka za viSe vremenskih toc¢aka, u
pojedinim radovima se analizira promjena, odnosno ra-
zvoj krajolika za jedno vremensko razdoblje ili vie njih.
Esbah (2009) analizirao je promjenu strukturnih obi-
lieZja uzoraka gradskog podrugja Aydin u Turskoj za
dvije promatrane godine (1977. i 2002.) upotrebom ve-
¢eg broja pokazatelja, odnosno metoda prostorne anali-
ze, no ne ukljucuje primjerice pri tome i metode Average
Nearest Neighbour i Core Area, koristene u ovom radu. U
radu Colea i dr. (2018) za viSe vremenskih razdoblja
(2000-2006, 2006-2012) provedena je analiza promjene
zemlji$nog pokrova/nacina koriStenja zemljista na stu-
diji-slu¢aju za podrudje Ujedinjenog Kraljevstva, utvr-
denih na temelju podataka baze CORINE Land Cover, no
pri tome se ne analiziraju i strukturna obiljezja. Paudel i
Yuan (2012) iznose istraZivanje o razvoju krajolika te
ekoloske posljedice izgradnje metropolitanskog podru-
§ja Saint Paula i Minneapolisa u Sjedinjenim Americkim
Drzavama za viSe godina (1975, 1986, 1998. i 2006.), a pri
analizi koriste razli¢ite vrste podataka (aerosnimke, or-
tofoto i multispektralne satelitske snimke te prostorno-
planske dokumente). Hrvatski autori u istraZivanjima
krajolika kroz viSe vremenskih tocki analiziraju razlicite
objekte upotrebom razli¢itih vrsta podataka i metoda
analize. Mori¢-Spanié i Fuerst-Bjeli§ (2017) utvrdili su ti-
pove krajolika na studiji-slu¢aju za podruéje otoka Hva-
ra na temelju kombinacije viSe vrsta podataka za dvije
razli¢ite godine. Koriste¢i vegetacijske karte (1975) i CO-
RINE Land Cover, podatke Hrvatskih Suma i digitalnih
ortofotosnimaka (2011) utvrdili su trendove promjene
krajolika. U radu je primjenjen GIS model koji ima mo-
guéu aplikaciju kroz model revitalizacije poljoprivrede.
Cvitanovi¢ (2014) je za razdoblje 1991-2011 primjenom
daljinskih istraZivanja takoder proveo analizu promjene
zemlji$nog pokrova/nacina koriStenja zemljista na stu-
diji-slu¢aju za podrucje Hrvatskog zagorja. Za isto po-
drudje i vremensko razdoblje Cvitanovi¢ i Fuerst-Bjelis
(2018) analizirali su promjene zemljisnog pokrova/na-
Cina koriStenja zemljiSta pri ¢emu su u metodologiju is-
trazivanja ukljuena daljinska istraZivanja, GIS, regre-
sijska analiza i kvalitativne metode s ciljem analize
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drustveno-geografskih ¢imbenika promjene. Jogun i
dr. (2017 i 2019) su upotrebom, izmedu ostalog, meto-
da daljinskih istraZivanja i simulacijskog modela za
analizu i projekciju promjena zemljiSnog pokrova,
analizirali promjene zemlji$nog pokrova u sjevernoj
Hrvatskoj za razdoblje 1981-2011 i PozeSko-slavon-
skoj Zupaniji za razdoblje 1985-2013.

Posebno je potrebno izdvojiti radove u kojima se
analiziraju podatci vremenskog raspona od 250 godina i
viSe, $to je vrijeme za koje nisu dostupne satelitske
snimke koje bi se analizirale metodama daljinskih istra-
Zivanja, ve¢ se nuzno koriste razli¢iti tipovi izvora iz
razli¢itih vremenskih razdoblja, $to zahtijeva sasvim
specifi¢nu metodologiju rada. U tim istraZivanjima ko-
riste se i recentni podatci te se time dobiva dobiva veliki
vremenski raspon istrazivanja. Olahova i dr. (2013) su za
razdoblje od 250 godina kartografski utvrdili promjene
zemlji$nog pokrova/nacina koriStenja zemljista na stu-
diji-slu¢aju za podrudje klizista Handlova u Slovackoj. Za
dvije recentnije godine (2003. i 2011.) analizirali su pro-
mjenu strukturnih obiljeZja uzoraka tog podrucja kori-
Stenjem veleg broja pokazatelja. U prvom dijelu rada
Fuerst-Bjeli§ i dr. (2000) deskriptivno-analitickom me-
todom izneseni su rezultati istraZivanja antropogenog
utjecaja na okoli§ srediSnjeg Velebita kroz duze vre-
mensko razdoblje (od prije 17. stoljeca). Pri tome je na-
pravljena dijakronijska analiza i model periodizacije
promjena jer se usporeduju pojedini pokazatelji razli¢i-
tih faza promatranog razdoblja i analizira se njihov ra-
zvoj. U drugom dijelu rada, na temelju uspostave sinte-
tickog kriterija koji se sastoji od tri geoekoloska para-
metra (relativna visina, duZina padina, indeks duZine i
relativne visine) i jednog estetskog parametra (otvore-
nost pogleda), koristenjem multivarijantne cluster i dis-
kriminantne analize, provedena je geoekoloska evalua-
cija krajolika. Pri tome je konstruirana bonitetna karta
(Sest bonitetnih kategorija). Pri istraZivanju promjena
krajolika pojedinih podrucja Republike Hrvatske kroz
duZi vremenski period u radovima se koristi, na primjer,
komparativna analiza razli¢itih izvora podataka. U is-
trazivanju promjena okoli$a na studiji slu¢aja za podru-
je srediSnjeg dijela Dalmatinske zagore od sredine 18.
stolje¢a do danas, Fuerst-Bjeli§ i dr. (2011) su primjenili
kombinaciju narativnih, katastarskih i kartografskih iz-
vora - topografske i ortofotokarte, a prostorna analiza je
provedena primjenom GIS-a. To je istraZivanje, zapoCe-
to pocetkom 21. stoljeca (Fuerst-Bjeli§ 2002, Fuerst-Bje-
li§ 2003, Fuerst-Bjeli§ i dr. 2003), jedno od prvih u
novijem razdoblju u Hrvatskoj u kojem se analiziraju
promjene pejzaza za razdoblje od nekoliko stoljeca, koje
koristeéi izvore razlicite starosti ukljuCuju GIS i ostale
metode istraZivanja. Na to se istraZivanje nadovezuju i
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over a longer time period, authors have also made use,
for example, of comparative analyses of various data
sources. In research of environmental changes in a
case study for the area of the central part of the Dal-
matian hinterland from the middle of the 18t century
to the present day, Fuerst-Bjeli$ et al. (2011) used a
combination of narrative, cadastral and cartographic
sources - topographic and orthophoto maps, while a
spatial analysis was conducted using GIS technology
to research landscape changes in one area from the
mid-18" century onwards. This research, which
began early in the 21% century (Fuerst-Bjeli§ 2002,
Fuerst-Bjeli§ 2003, Fuerst-Bjeli$ et al. 2003), and was
one of the first in modern times in Croatia to analyse
changes in the landscape over a period of several cen-
turies, making use of sources of different ages, includ-
ing GIS technology and other research methods. More
recent studies have followed, which including com-
bined methods (along with GIS and other quantitative
and qualitative methods) over shorter or longer time
spans. Durbesi¢ (2012) and Durbesi¢ and Fuerst-Bjelis
(2016) conducted a spatial analysis of landscape
changes in an area using GIS technology for a period
from the 19th century to today, using necessarily var-
ied source categories and including an analysis of so-
cio-geographical change factors. Blaée (2019) studied
changes in forest cover in the case study of Ravni
kotari, also for a period of greater time span, from the
19th century, to the present day using GIS technology
and correlation methods. This research also included
socio-geographical factors of change.

In this paper, based on the example of Central
Lika, in addition to a spatial analysis of landscape
patches for a specific point in time or condition
(2012), we conducted a linear regression analysis
with the aim of explaining the interrelations of the
observed indicators (average index of patch shape,
average index of core area, and average nearest
neighbour index). Regression analysis has been ap-
plied till now in various research projects, but with
other data and other indicators. Nupp and Swihart
(2000) conducted an analysis of the influence of patch
fragmentation in a woodland on different species of
small mammals. Analyses of the characteristics (for
example, numbers, density and weight) of various
species of small mammals in correlation with indic-
ators of structural landscape patch variety, using lo-
gistical and multifaceted linear regression models
have been carried out. For example, Pahernik (2000),
and Faivre and Pahernik (2007), using the obtained
values of spatial arrangement and density of sink-
holes, performed a regression analysis to ascertain

the correlation of characteristics (for example, dens-
ity and numbers) of sinkholes and spatial features
(for example, inclination, energy of the relief, azi-
muth, lie in relation to the points of the compass). A
more extensive analysis was conducted, which gave a
better insight into these correlations with other
physical and geographical features (for example,
geological age, morphology and others), but without
using socio-geographic variables.

3 Methodological Explanations

3.1 Methodological comments on the use of data
on land cover/land use

When ascertaining landscape types, this paper
uses an approach based on land cover/land use. For
this purpose, data from the CORINE Land Cover 2012
(CLC 2012) database were used.! The CLC 2012 data-
base was produced at the European level in the con-
text of the Copernicus Land Monitoring Service project.
The part of the database that relates to the Republic
of Croatia was produced by the Croatian Agency for
the Environment and Nature (HAOP). The data in the
database for the Republic of Croatia are arranged in a
digital database according to the current adminis-
trative-territorial organisation of the country.

The standard approach to creating the CLC data-
base is based on the visual interpretation of satellite
imagery according to the accepted CLC methodology.
Between 1985 and 1990, the European Commission
implemented the CORINE programme, creating an in-
formation system on the condition of the European
environment, while methodologies were developed
and agreed upon at the European level. Since the
formation of the EEA (European Environment
Agency) and the establishment of Eionet (European
Environment Information and Observation Network),
the coordination of the CORINE database, including
updates, has been carried out by the European Envir-
onment Agency (CLC 2006 technical guidelines 2017).

Based on CLC methodology, data are created in a
vector data model on a scale of 1:100 000, with a min-
imum polygon width of 100 metres for linear entities

1 Since the study was conducted for over years and most of it
is completed before the publication of the CLC data 2018, all
the analysis in this paper are reduced to data 2012. Due to
changes in the landscape (and processes on which they de-
pend) occur on a time scale much longer than several years,
a period of several years between the two publication of CLC
data can not significantly affect the findings in the paper.

1
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kasnija, recentnija istraZivanja koja uklju¢uju kombini-
rane metode (uz GIS i druge kvantitativne i kvalitativne
metode) u kracem ili duljem vremenskom rasponu. U
radovima Durbesi¢ (2012) te Durbesi¢ i Fuerst-Bjelis
(2016) provedena je prostorna analiza promjena pejza-
Za takoder jedne izdvojene studije-slu¢aja u Dalmatin-
skoj zagori. Za podrucje planine Svilaje, za razdoblje od
19. stolje¢a do suvremenog razdoblja, koriStene su pri
tome nuzno razlicite kategorije izvora uz primjenu GIS-
a. To je istrazivanje takoder ukljucilo i analizu drustve-
no-geografskih ¢imbenika promjene. Blaée (2019) is-
traZio je promjene Sumskog pokrova na studiji-slu¢aju
Ravnih kotara, takoder za razdoblje ve¢eg vremenskog
raspona, od 19. stoljeéa, do danas uz primjenu GIS-a i
metode korelacije. I to je istrazivanje ukljucilo drustve-
no-geografske ¢imbenike promjene.

U ovom je radu na primjeru podrudja Srednje Like,
osim prostorne analize uzoraka krajolika za jednu odre-
denu vremensku toc¢ku odnosno stanje (2012.), prove-
dena i linearno-regresijska analiza s ciljem objasnjenja
meduodnosa promatranih pokazatelja (prosjecnog in-
deksa oblika uzorka i prosjenog indeksa povrsine jez-
gre, odnosno prosje¢nog indeksa susjednosti). Regresij-
ska analiza koriStena je do sada u pojedinim radovima,
ali s drugim podatcima i drugim pokazateljima. Tako su
Nupp i Swihart (2000) proveli analizu utjecaja fragmen-
tacije uzoraka Sumskog zemljista na obiljezja razli¢itih
vrsta malih sisavaca. Provedene su analize obiljezja
(npr. prisutnost, gustoca i teZina) razli¢itih vrsta malih
sisavaca u meduzavisnosti s pokazateljima strukturnih
razliCitosti uzoraka krajolika, pri ¢emu su koristeni lo-
gisticki i viSestruki linearni regresijski modeli. Primjeri-
ce, u radovima Pahernika (2000) te Faivre i Pahernika
(2007) s dobivenim vrijednostima prostornog rasporeda
i gustoce ponikava, primijenjena je regresijska analiza s
ciljem utvrdivanja meduzavisnosti obiljezja (npr. gusto-
¢a, broj) ponikava i obiljeZja prostora (npr. nagib, ener-
gija reljefa, azimut, pruZanje prema stranama svijeta).
Takoder je provedena je i daljnja analiza pri kojoj su
produbljeni ti odnosi s drugim fizicko-geografskim obi-
lieZjima (npr. geoloska starost, morfologija i dr.), no bez
drustveno-geografskih varijabli.

3. Metodolo$ka obja$njenja

3.1. MetodoloSke napomene vezane uz upotrebu
podataka zemljiSnog pokrova/nacina koriStenja zemljiSta

U ovom radu je pri utvrdivanju tipova krajolika ko-
riSten pristup koji je temeljen na zemljiSnom pokro-
vu/nacinu koriStenja zemljista. U tu svrhu koristeni su
podatci koji su sadrzani u bazi podataka CORINE Land
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Cover 2012 (CLC 2012).! Baza podataka CLC 2012 iz-
raduje se na europskoj razini u okviru projekta Co-
pernicus Land Monitoring Service. Dio te baze koji se
odnosi na Republiku Hrvatsku proizvod je Hrvatske
agencije za okoli$ i prirodu (HAOP). Podatci za Re-
publiku Hrvatsku u toj bazi organizirani su u digital-
nu bazu podataka prema vaZeCem administrativno-
teritorijalnom ustroju.

Standardni pristup izrade baze podataka CLC te-
melji se na vizualnoj interpretaciji satelitskih snima-
ka prema prihvaéenoj CLC metodologiji. Naime, u
razdoblju 1985.-1990. Europska komisija je primije-
nila program CORINE te je nastao informacijski sus-
tav o stanju europskog okolisa, a metodologije su
razvijene i dogovorene na razini EU-a. Nakon uspos-
tave Europske agencije za okoli§ (EEA) te osnivanja
Europske informacijske i promatracke mreZe za oko-
1i§ (Eionet), koordinaciju baza podataka CORINE,
uklju¢ujudi i aZuriranja, provodi Europska agencija
za okoli$ (CLC 2006 technical guidelines 2017).

Na temelju CLC metodologije stvaraju se podatci
u vektorskom modelu podataka u mjerilu 1:100 000,
minimalne Sirine 100 metara za linearne entitete (li-
nije) i 25 ha za povrSinske entitete (poligone). Uz na-
vedeni izvor podataka, odnosno metodu na kojoj se
temelji, vazno je napomenuti kako u bazu podataka
nisu uneseni svi dijelovi. Tako, na primjer, kod tipa
krajolika Izgradeno zemljiste zbog nezadovoljavanja
kriterija dovoljne koncentracije objekata u odnosu
na rezoluciju reSetke, nisu vidljiva manja naselja. Ta-
koder, kod tipa krajolika Izgradeno zemljiste zbog ne-
dovoljne Sirine objekta u odnosu na resetku, od
prometnica je vidljiva samo autocesta, dok ostale ni-
su vidljive. U namjeri $to vjernijeg definiranja tipova
krajolika i uzoraka krajolika Srednje Like, podatci
navedene baze su koristeni kao ¢injeni¢ni te su kao
takvi analizirani u radu.

Definirana CLC nomenklatura sadrZi ukupno 44 kla-
se podataka. To znaci da je na europskoj razini raznoli-
kost zemljiSnog pokrova/nalina koriStenja zemljista
generalizirana na 44 klase podataka (Cole i dr. 2018).

Unutar baze podataka CLC 2012 za podrudje Sred-
nje Like evidentirano je 19 klasa podataka koje su za

1'S obzirom na to da se istraZivanje provodilo vi$e godina i
najveli dio je zavrSen prije objave CLC podataka za 2018.
godinu, sve analize u radu su svedene na podatke iz 2012.
godine. S obzirom na to da se promjene krajolika i procesi
koji ih uvjetuju dogadaju na vremenskoj skali mnogo duljoj
od reda veli¢ine nekoliko godina, razdoblje od nekoliko
godina izmedu dviju objava CLC podataka ne moZe bitno
utjecati na nalaze u radu.
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(lines) and 25 ha for surface entities (polygons). In
addition to this data source and the method on
which it is based, it is important to note that not all
parts have been entered in the database. For ex-
ample, when looking at the landscape type Built-up
Land, smaller settlements are not visible because
there is too low a concentration of objects in rela-
tion to grid resolution. Also, due to the insufficient
width of objects in relation to the grid in the land-
scape type Built-up Land, only highways are visible,
while other roads are not. In order to provide the
most accurate definition of landscape types and
landscape patches in Central Lika, data from the
database were taken as factual and analysed as such
in this paper.

The defined CLC nomenclature consists of 44 data
classes. This means that at the European level, the
diversity of land cover/land use is covered in 44 data
classes (Cole et al. 2018).

From the CLC 2012 data base for Central Lika, 19
data classes were grouped into 6 landscape types for
the purposes of this paper: Built-up Land, Grassland,
Agricultural Land, Forestland, Succession of Scrub/Forests,
Water Areas. However, as mentioned in the introduc-
tion, all the data in the database in question are actu-
ally parts of the landscape and those that refer to
Central Lika are defined for the purposes of this paper
as landscape patches in Central Lika. Also, since all
the data in the CLC 2012 are organised in data classes,
those concerning the area of Central Lika are classed
as landscape types in Central Lika.? This procedure
resulted in landscape patches within a specified
landscape type in Central Lika which were as homo-
geneous as possible, given their natural geographical
features and the socio-geographical factors of land-
scape development which are visible in the space.

2 After completing the procedure, the landscape type Built-up
Land contains five data classes: Discontinuous urban fabric;
Industrial or commercial units; Road and rail networks and
associated land; Construction sites; Mineral extraction si-
tes. The landscape type Grassland contains two data classes:
Pastures; Natural Grassland. The landscape type Agricultu-
ral Land contains three data classes: Non-irrigated arable
land; Mosaic farmland; Land principally occupied by agri-
culture, with a significant ratio of natural vegetation. The
landscape type Forestland contains three classes: Deciduous
forests, Coniferous forests, Mixed forests. The landscape
type Succession of Scrub/Forests contains four data classes:
Continental shrub-like vegetation (heaths, moors and low
shrubbery); Mediterranean shrub-like vegetation (sclerop-
hylous); Transitional woodland (land with overgrowth);
Sparsely vegetated areas. The landscape type Water Areas
contains two data classes: Water courses; Water bodies.

3.2 Methodological comments on spatial analysis
methods used

An analysis was performed for this paper based
on using various spatial analysis methods for land-
scape patches with the help of GIS technology. In do-
ing so, the shape, position and condition of landscape
patches were analysed in more detail, as was the
landscape of Central Lika as a whole. In order to cal-
culate indices for landscape structure in this re-
search, the basic software package ArcGIS Desktop
version 10.0 produced by ESRI was used.

The shape of landscape patches is determined by
the Mean Shape Index (herein after: MSI). MSI is based
on the spatial analysis method known as Shape Index,
whose result is the application of a numerical shape
index value (minimum, maximum and mean) for each
of the observed sets. In this paper, MSI measured the
mean patch shapes for each landscape type and for
the landscape patches of Central Lika as a whole.

For the vector shape data, MSI is calculated using
the formula (Land and Blaschke 2010):

MSI =

INE

where p - circumference of patch, a - surface area
of patch

MSI refers to the deviation of the patch shape
from a circle (Lang and Blaschke 2010). Thus, MSI
measures the geometrical complexity of the patches
- the greater the complexity, the greater the MSI
value (Esbah 2009). Based on the patch complexity or
MSI value, attributive descriptions are defined.? If
the shape of the observed set of patches is simple,
that is, close to a circle, the MSI value is close to one
(1). On the other hand, the more complex a shape of
observed patch sets, the greater the MSI value. That
means that elongated patches, corridors, spirals and
other complex patch shapes have a higher MSI value
than compact, rounded patches and patches with a
simple shape.

The Core Area Index (herein after: CAI) is used to
determine landscape patch condition. This is ob-
tained by calculating the data from each patch in the
observed set (for all landscape types and for the

3 Based on the values of the mean shape index, four catego-
ries of patch shape are defined: simple (0 < MSI < 2,00);
complex (2,01 < MSI < 4,00); more complex (4,01 < MSI <
6,00), and very complex (MSI > 6,01).

1
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potrebe ovog rada svrstane u Sest tipova krajolika: Iz-
gradeno zemljiste, Travnato zemljiste, Poljoprivredno zem-
liiste, Sumsko zemljiste, Grmlje i sukcesija Sume, Vodene
povrsine. Naime, kako je u Uvodu ovog rada navedeno,
svi podatci u toj bazi podataka su zapravo dijelovi kra-
jolika, a oni koji se odnose na podruéje Srednje Like su
za potrebe ovog rada definirani kao uzorci krajolika
Srednje Like. Takoder, s obzirom na to da su svi podatci
u bazi podataka CLC 2012 rasporedeni u klase podata-
ka, one koje se odnose na podruéje Srednje Like su za
potrebe ovog rada svrstane u tipove krajolika Srednje
Like.? Provedeni postupak rezultirao je time da su
uzorci krajolika unutar pojedinog tipa krajolika Sred-
nje Like Sto homogeniji s obzirom na njihova prirodno-
geografska obiljeZja i drustveno-geografske ¢imbenike
razvoja krajolika koji su vidljivi u prostoru.

3.2. MetodoloSke napomene vezane uz koriStene
metode prostorne analize

U radu je provedena analiza koja se temelji na
koristenju razli¢itih metoda prostorne analize na
uzorcima krajolika pomoéu GIS tehnologije. Pri to-
me se detaljnije analiziraju oblik, poloZaj i stanje uzo-
raka krajolika za tipove krajolika te za krajolik
Srednje Like u cjelini. U radu je za izracunavanje
pokazatelja za strukturu krajolika koriSten osnovni
softverski programski paket ArcGIS Desktop verzije
10.0 proizvodaca ESRI.

Oblik uzoraka krajolika ustanovljen je na temelju
prosje¢ne vrijednosti indeksa oblika (engl. Mean Sha-
pe Index, dalje u tekstu MSI). MSI se temelji na metodi
prostorne analize engleskog naziva Shape Index, Ciji
je rezultat primjene numericka vrijednost indeksa
oblika (minimalna, maksimalna i prosje¢na) za svaki
od promatranih skupova. U ovom radu MSI mjeri

2 Nakon provedenog postupka tip krajolika Izgradeno zemljiste
sadrzi pet klasa podataka: Nepovezana gradska podrudja;
Industrijski ili komercijalni objekti; Cestovna i Zeljeznicka
mreZa i pripadajue zemljiste; Gradilita; Mjesta eksploata-
cije mineralnih sirovina. Tip krajolika Travnato zemljiste sa-
drzi dvije klase podataka: Pasnjaci; Prirodni travnjaci. Tip
krajolika Poljoprivredno zemljiSte sadrzi tri klase podataka:
Nenavodnjavano obradivo zemljiSte; Mozaik poljoprivred-
nih povrsina; PreteZno poljoprivredno zemljiste, sa znacaj-
nim udjelom prirodnog biljnog pokrova. Tip krajolika
Sumsko zemljiste sadr#i tri klase podataka: Bjelogori¢na Su-
ma; Crnogori¢na Suma; MjeSovita Suma. Tip krajolika Grm-
lje i sukcesija Sume sadrZi Cetiri klase podataka: Kontinental-
na grmolika vegetacija (vristine, cretovi i niske Sikare);
Mediteranska grmolika vegetacija (sklerofilna); Sukcesija
Sume (zemljista u zarastanju); Podrugja s oskudnom vege-
tacijom. Tip krajolika Vodene povrsine sadrzi dvije klase po-
dataka: Vodotoci; Vodna tijela.

KiG Br. 34, Vol. 19, 2020, https://doi.org/10.32909/kg.19.34.2

prosjecan oblik uzoraka svakog tipa krajolika te uzo-
raka krajolika Srednje Like u cjelini.

MSI se za podatke vektorskog oblika dobiva na
temelju formule (Lang i Blaschke 2010):

p
NE

gdje je p - opseg uzoraka, a - povrsina uzoraka

MSI se odnosi na odstupanje oblika uzorka od oblika
kruga (Lang i Blaschke 2010). Time MSI mjeri geometrij-
sku sloZenost uzoraka - veca sloZenost uzoraka znaci
vece vrijednosti MSI (Esbah 2009). Na temelju sloZenosti
uzoraka, odnosno na temelju vrijednosti MSI u radu su
definirani atributni opisi.’ Ukoliko je oblik promatranog
skupa uzoraka jednostavniji, tj. sli¢niji je obliku kruzni-
ce, vrijednost MSI je bliza vrijednosti jedan (1). S druge
strane, $to je sloZeniji oblik promatranog skupa uzoraka,
to je vrijednost MSI veca. To znali da uzorci linearnog
oblika, oblika koridora te uzorci spiralnog i sloZzenog
oblika imaju ve¢u vrijednost MSI od kompaktnih i zaob-
lienih uzoraka te uzoraka jednostavnog oblika.

Za stanje uzoraka krajolika koristen je pokazatelj
indeks povrsine jezgre (engl. Core Area Index, dalje u
tekstu CAI) koji je izra¢unan na temelju podataka
svakog uzorka u promatranom skupu (za tipove kra-
jolika i krajolik Srednje Like u cjelini). CAI je nume-
ricka vrijednost koja oznacava omjer povrsine jezgre
(engl. Core Area, dalje u tekstu CA) i ukupne povrsine
za svaki od promatranih skupova. Pri tome, $to je do-
bivena numericka vrijednost CAI manja, to znaci da
je rezultat veée fragmentacije unutarnjih podrudja,
tj. da je rijec o sloZenim ili izduZenim oblicima jer je
povrsina jezgre uzoraka manja, i obratno.

CA se dobiva kao rezultat primjene GIS metode za
CA uzoraka kojom se dobiva numericka vrijednost (u
ovom radu u km?) koja se odnosi na ukupni CA za
svaki od promatranih skupova. MoZe se reéi kako je
CA, u tehni¢kom smislu, jednak opciji prikaza prema
unutrasnjosti metodi prostorne analize Buffer.

Sintaksa naredbenog retka za Buffer je (ESRI, 2020):

Buffer_analysis <in_features> <out_feature_class>
<buffer_distance_or_field> {FULL | LEFT | RIGHT |
OUTSIDE_ONLY} {ROUND | FLAT} {NONE | ALL | LIST}
{dissolve_field;dissolve_field...}

CA uzoraka zapravo oznacava sredi$nji prostor
uzoraka koji nije pod vanjskim utjecajima, dakle

MSI =

3Na temelju vrijednosti prosje¢nog indeksa oblika definirane
su Cetiri kategorije oblika uzoraka: jednostavan (0 < MSI <
2,00); sloZen (2,01 < MSI < 4,00); sloZeniji (4,01 < MSI <
6,00); vrlo sloZen (MSI > 6,01).
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landscape of Central Lika as a whole). CAI is a numer-
ical value which describes the ratio of the Core Area,
herein after: CA) and the total area for each of the
observed sets. The smaller the numerical value of
CAI, the greater the fragmentation of the inner
areas, that is, they must be complex or elongated ob-
jects because the core area of the patches is smaller,
and vice versa.

CA is obtained as the result of applying the GIS
method for CA patches and is a numerical value (in
this paper expressed in km?) which refers to the total
CA for each of the observed sets. In the technical
sense, CA may be said to be equal to the inward de-
piction option of the spatial analysis method Buffer.

The command-line syntax for Buffer is (ESRI 2020):

Buffer_analysis <in_features> <out_feature_class>
<buffer_distance_or_field> {FULL | LEFT | RIGHT |
OUTSIDE_ONLY} {ROUND | FLAT} {NONE | ALL | LIST}
{dissolve_field;dissolve_field...}

The CA of the patches in fact denotes the central
patch area which is not exposed to external influ-
ences, that is, the patch area without the margins. It
is important to note that the size of the patch mar-
gins (the influence of the exterior towards the core)
depends on the object being studied. The issue con-
cerns establishing effectively used areas depending
on the context. While researching small mammals in
a woodland, Nupp and Swihart (2000) used a distance
to the margin of 50 metres. While researching land-
scape patches for two different parts of the land-
scape Turi (2010) used a distance to the margin of 10
metres. Lang and Blaschke (2010) used distances of
5m, 10m, 20m, 35m and 50m according to various ex-
amples. For the purposes of this paper and the level
of generalisation of the data used (100m), we used a
distance of 50 metres for all landscape types and the
landscape of Central Lika as a whole.

The position of landscape patches was studied
based on the GIS method of Average Nearest Neighbour
(Spatial Statistics), herein after: Average Nearest Neigh-
bour. By determining the radius of distance by which
the classification of intensity around every observed
element can be determined (Pahernik 2000), this
method was implemented in order to ascertain the
average distance between each observed landscape
patch and its nearest neighbour. This also determ-
ined the grouping, randomness and dispersion of the
observed landscape patches.

The near neighbour analysis using this method was
conducted using vector data, taking into consideration
all patches according to landscape type, and the land-
scape of Central Lika as a whole. On the other hand, in

other research (for example, Faivre and Pahernik
2007, Pahernik 2000, 2012), it was conducted using a
raster data model which only looked at sinkholes.

One version of this method was chosen, according
to which the landscape patches are turned into points
or centroids in advance. The distance between the
centroids of each patch and the location of the nearest
neighbouring centroid is measured, then the average
of all measured distances is calculated (ESRI 2019).

Average Nearest Neighbor is obtained by calcula-
tion based on formulas (ESRI 2020):

ANNzﬁ—O

E

n
50 = z;;ldl
D. = 0.5
‘ Jn/A

D,—D
ZANN = SE S

0.26136

SE=

Jn*/A

D , - observed mean distance between each feature

and their nearest neighbor

D, - expected mean distance for the features given a

random pattern

d. - equals the distance between feature i and its

nearest feature

n - total number of features

A - total study area

z,y — 2-Score for Average Nearest Neighbor

The results of applying this GIS method are the
following values: Observed Mean Distance,* Expected
Mean Distance, Nearest Neighbour Ratio, z-value and p-
value.® If the value of the Nearest Neighbour Ratio is less
than one (1), this indicates grouping. If it is greater
than one (1), it indicates the dispersion of the land-
scape patches. Based on the obtained values, by using
this spatial analysis method, attributive descriptions

4 For the purposes of the regression analysis, the values of
observed mean distance are used in this paper as indica-
tors of the position of landscape patches.

5 The p-value indicator indicates whether the observed phe-
nomenon was random. If the p-value is smaller than the
minimum value (0.05), the results are not random and are
analysed in this paper.

1
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oznacava podrudje uzorka bez rubnog dijela. Pri tome
je vazno napomenuti kako veli¢ina rubnog dijela (utje-
caj izvana prema jezgri) uzorka ovisi o objektu istraZi-
vanja. Naime, rije¢ je o utvrdivanju efektivno
koristenih povrsina u ovisnosti o kontekstu. Tako su
Nupp i Swihart (2000) pri istraZivanju malih sisavaca
na Sumskom zemljistu koristili udaljenost rubnog dije-
la od 50 m. Turi (2010) pri istraZivanju uzoraka krajoli-
ka za dva razli¢ita dijela krajolika koristio je udaljenost
rubnog dijela od 10 m. Lang i Blaschke (2010) na razli-
Citim primjerima koristili su udaljenosti rubnog dijela
od 5 m, 10 m, 20 m, 35 m i 50 m. U ovom radu se zbog
svrhe rada te razine generaliziranosti podataka (100
m) koristi udaljenost rubnog dijela od 50 m za sve tipo-
ve krajolika i krajolik Srednje Like u cjelini.

PoloZaj uzoraka krajolika istraZen je na temelju
prosje¢nog indeksa susjednosti, koriStenjem metode
Average Nearest Neighbour (Spatial Statistics), dalje u
tekstu Average Nearest Neighbour. Temeljem odrediva-
nja radijusa udaljenosti pri ¢emu se odreduje klasifi-
kacija intenziteta oko svakog promatranog elementa
(Pahernik 2000), ta metoda primijenjena je u svrhu
utvrdivanja prosjecne udaljenosti svakog od proma-
tranih uzoraka krajolika prema najblizem susjednom.
Pri tome se utvrduje grupiranje, nasumi¢nost, odnos-
no rasprsenost promatranih uzoraka krajolika.

Takva analiza susjedstva u ovom se radu provodi s
vektorskim podatcima, uzimajuéi u obzir sve uzorke
po tipovima krajolika, te krajolik Srednje Like u cjeli-
ni. S druge strane, u pojedinim radovima (npr. Faivre
i Pahernik 2007, Pahernik 2000, 2012) provodi s ras-
terskim modelom podataka pri ¢emu se promatraju
samo ponikve.

KoriStena je opcija te metode pri kojoj su uzorci
krajolika prethodno pretvoreni u tocke, odnosno
centroide. Pri tome se mjeri udaljenost izmedu loka-
cije centroida svakog uzorka i lokacije najblizeg su-
sjednog centroida te se zatim mjeri prosjek svih
izmjerenih udaljenosti (ESRI, 2019). Average Nearest
Neighbour se ratuna po formuli (ESRI 2019):

ANN ==2
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D, - uoena srednja udaljenost izmedu svakog

uzorka i najbliZeg susjednog

D, - oekivana srednja udaljenost za nasumi¢ne

uzorke

d~ udaljenost izmedu uzorka i i najblizeg susjednog

n - ukupan broj uzoraka

A - podrudje istraZivanja

z, — Z-Vrijednost za Average Nearest Neighbour

Rezultat primjene te metode su vrijednosti: uoce-
na srednja udaljenost (engl. Observed Mean Distance),*
olekivana srednja udaljenost (engl. Expected Mean
Distance), omjer najblize udaljenosti (engl. Nearest
Neighbour Ratio), z-vrijednost i p-vrijednost.> Ukoliko
je vrijednost omjera najblize udaljenosti manja od
vrijednosti jedan (1) - ukazuje na grupiranje, a ako je
veca od vrijednosti jedan (1) - ukazuje na rasprsenost
uzoraka krajolika. Na temelju dobivenih vrijednosti,
koriStenjem te metode prostorne analize automatski
su prikazani atributni opisi (grupirano, nasumicno,
raspr$eno) koji su u radu navedeni i obja$njeni.

SE

4. Podruéje istraZivanja

Podrudje istrazivanja ovog rada je Srednja Lika.
Prema aktualnoj administrativno-teritorijalnoj or-
ganizaciji, Srednja Lika obuhvaca podrudje tri jedini-
ce lokalne samouprave: Grad Gospié, Opéinu Lovinac
i Opéinu Perusié, koje su sastavni dio Li¢ko-senjske
Zupanije. Ukupna povrsina podrudja istraZivanja iz-
nosi priblizno 1690 km? Na podrudju istraZivanja
nalazi se 78 naselja - Gradu Gospiéu pripada 50 nase-
lja, Opéini Perusi¢ pripada 18 naselja i Opéini Lovinac
pripada 10 naselja.

Osnovu regionalne izdvojenosti Srednje Like ¢ini
orografski okvir kojeg sacinjavaju: gorski hrbat Ve-
lebit sa zapadne i jugozapadne strane, Li¢ko sredo-
gorje s istone strane i gorski masiv Resnik s jugo-
isto¢ne strane. Sredi$nji prostor Srednje Like odnosi
se na Licko polje, koje se smatra najveéim krskim po-
ljem na podrudju Republike Hrvatske. Jugoisto¢ni dio
istrazivanog podrucja zauzima Lovinacko polje. Od

4 U radu su u svrhu regresijske analize kao pokazatelj za polo-
Zaj uzoraka krajolika koriStene vrijednosti uoCene srednje
udaljenosti.

5 Vrijednosti pokazatelja p-vrijednost oznacavaju razlikuje li
se promatrana pojava od slu¢ajne. Ukoliko p-vrijednost iz-
nosi manje od grani¢ne vrijednosti (0,05), ti rezultati se
razlikuju od slu¢ajnih te su analizirani u radu.
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Fig. 1 Research area — Central Lika. Source: DARH, SGA; SRPJ, SGA.
Slika 1. Podrucije istrazivanja — Srednja Lika. Izvori: DARH, DGU; SRPJ, DGU.

are automatically shown (grouped, random, dis-
persed), as listed and explained in this paper.

4 Research Area

The research area in this paper was Central Lika.
According to current administrative-territorial or-
ganisation, Central Lika covers an area of three units
of local self-government: the town of Gospié, the
municipality of Lovinac and the municipality of Per-
usi¢ which are integral constituents of Lika-Senj
County. The total research area covers approxim-
ately 1,690 km?2, There are 78 settlements located
within the research area, 50 of which belong to the
town of Gospi¢, 18 to the municipality of Perusi¢, and
10 to the municipality of Lovinac.

The basis for Central Lika's regional distinctness is
an orographic framework comprising the mountainous

ridge of Velebit to the west and southwest, the Lika
highlands to the east, and the mountainous Resnik
massif on the southeast side. The middle part of
Central Lika is formed by Li¢ko polje, which is con-
sidered the largest karst field in the Republic of
Croatia. The southeast part of the research area is
mostly occupied by Lovinacko polje. 1t is separated
from the rest of Central Lika by conical hummocks,
or elevations in the karst (Figure 1).

The range of altitudes above sea level in the re-
search area is 461 m to 1,757 m, and the average alti-
tude is 740 m (Pahernik and Jovanié, 2014). The
settlements and areas of human activity in Central
Lika are mainly concentrated in the central area -
Li¢ko polje (Lika Field).

The artificial surfaces and areas of human activ-
ity occupy a total of 17.05% of the surface area of
Central Lika. The total artificial area is 1.29% and

1
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ostatka podrudja Srednje Like odvojeno je kupastim
humovima, odnosno uzvi$enjima u kr$u (slika 1).
Raspon nadmorske visine podrudja istraZivanja je
izmedu 461 i 1757 m, a prosje¢na nadmorska visina iz-
nosi 740 m (Pahernik i Jovanié¢ 2014). Naselja i podru-
ja Covjekovog djelovanja Srednje Like uglavnom su
koncentrirana na sredi$njem prostoru - Lickom polju.
Izgradene povrsine te podruéja Covjekovog djelo-
vanja zauzimaju ukupno 17,05 % povrsine Srednje Li-
ke. Naime, ukupna izgradena povrsina iznosi 1,29 %
povrsine Srednje Like. To se odnosi na ukupnu povr-
$inu naselja Srednje Like® koja iznosi 0,66 % povrsine
te na 0,63 % povrsine koja se odnosi na povrsine obje-
kata s prometnom i gospodarsko-poduzetnickom
djelatnosti (autocesta i pripadajuée zemljiste, podu-
zetnicke zone, gradiliSta i mjesta eksploatacije mine-
ralnih sirovina). Na poljoprivredno zemljiste odnosi
se ukupno 15,76 % povrsine Srednje Like (CLC 2012).

5. Strukturna obiljeZja uzoraka krajolika Srednje
Like prema tipovima krajolika

Prema postupku navedenom prethodno u radu,
na temelju podataka o zemljiSnom pokrovu/nalinu
koriStenja zemljiSta iz 2012. godine, podruéje Sred-
nje Like svrstano je u $est tipova krajolika (slika 2):

1. Izgradeno zemljiste

2. Travnato zemljiste

3. Poljoprivredno zemljiste

4. Sumsko zemljiste

5. Grmlje/sukcesija Sume

6. Vodene povrsine

Na uzorcima tipova krajolika provedene su ana-
lize koje se temelje na viSe pokazatelja i koriStenju
metoda prostorne analize. Njihovom primjenom
dobivene su vrijednosti za oblik, poloZaj i stanje uzo-
raka tipova krajolika Srednje Like i krajolik Srednje
Like u cjelini. Sve dobivene vrijednosti su prikazane
u tablici 1.

¢ Podatci se odnose na bazu podataka Corine Land Cover 2012
(CLC 2012) prema kojoj se prikazuju samo vela naselja: Gos-
pi¢ (prikazan je s naseljima: Budak, Zabica, Kani%a Gospic¢ka,
Podostra), Licki Osik, Perusi¢, Musaluk, Donji Kosinj, Licki
Novi, Bilaj i Lovinac. Ostala naselja nalaze se na manjoj po-
vrsini, odnosno imaju manju koncentraciju izgradenosti. To
su uglavnom rastrkana naselja koja se uglavnom sastoje od
nekoliko zaselaka zbog krske prirodne osnove i nasljedenih
obiljezja historijsko-geografskog razvoja. Naime, stvaranje
niznih naselja, koje je zapocelo u 18. stolje¢u (kada je podru-
je Srednje Like bilo je u sastavu Vojne krajine, odnosno pod
austrijskom upravom) i ponovno je intenzivirano industrija-
lizacijom i urbanizacijom nakon zavrsetka Drugog svjetskog
rata, dalo je ograniCene rezultate.

KiG Br. 34, Vol. 19, 2020, https://doi.org/10.32909/kg.19.34.2

Napomena: U poglavlju , Metodoloske napome-
ne vezane uz koriStene metode prostorne analize*
detaljno su objasnjene koriStene metode i znacenja
atributnih opisa.

Tip krajolika Izgradeno zemljiste na podrudju Srednje
Like sastoji se od ukupno 17 uzoraka. Taj tip krajolika
pretezno je poloZen bliZe sredisnjem dijelu. Sadrzi nase-
lja s ve¢im brojem stanovnika, odnosno naselja s veéom
koncentracijom izgradenosti te objekte s prometnom i
gospodarsko-poduzetni¢kom djelatnosti (autocesta i
pripadajuée zemljiSte, poduzetnicke zone, gradilista i
mjesta eksploatacije mineralnih sirovina). Vrijednost
MSI je medu ostalim tipovima krajolika najveca (4,19). S
obzirom na tu vrijednost, oblik uzoraka tog tipa krajoli-
ka moZe se opisati kao sloZeniji. To je narocito izrazeno
kod izduZenih uzoraka, kao $to je autocesta i pripadaju-
¢e zemljiste. Medu ostalim tipovima krajolika Srednje
Like, kod tipa krajolika Izgradeno zemljiste vrijednost CAI
je najmaniji (43,91 %). Naime, kod tog tipa krajolika je
najveli broj uzoraka sa slozenim ili izduZenim oblikom
zbog Cega je povrsina jezgre uzoraka najmanja. S obzi-
rom na poloZaj uzoraka tog tipa krajolika, rije¢ je o ras-
pr$enom poloZaju uzoraka. To znadi da je na podrudju
Srednje Like kod tog tipa krajolika prosje¢no velika uda-
lienost sredista uzorka do sredista susjednog uzorka.

Tip krajolika Travnato zemljiste na podrucju Srednje
Like sastoji se od ukupno 99 uzoraka. Na podrudju Sred-
nje Like taj se tip krajolika odnosi na pasnjake i prirodne
travnjake, koji se razvijaju kao rezultat prve faze sukce-
sije vegetacije. Naime, od zavrSetka Drugoga svjetskog
rata stvorena je ,,osnovna infrastruktura i provedena
inicijalna industrijalizacija regije“ (Pejnovi¢ 1985:66) i
zapocCeo je sloZeniji gospodarski razvoj. Time se, u skla-
du s drustveno-gospodarskim procesima (deagrarizaci-
ja, deruralizacija, urbanizacija, smanjenje ukupnog bro-
ja stanovnika, starenje stanovnistva) stanovnistvo Sre-
dnje Like sve manje bavi poljoprivredom. Zapustanje,
odnosno ekstenzifikacija koristenja poljoprivrednih po-
vrsina i napustanje njihove obrade dovodi do prirodnog
procesa sukcesije vegetacije, tj. prirodnog poSumljava-
nja (Fuerst-Bjeli$ i dr. 2000). U prvoj fazi sukcesije vege-
tacije na poljoprivrednom zemljiStu izrasta nisko
raslinje koje se moZe nazvati travnatim zemljiStem. Za-
tim, ukoliko dode do druge faze sukcesije, na travnatom
zemljiStu se razvija srednje visoko raslinje - grmlje, od-
nosno sukcesija Sume. Iz takvog srednje visokog raslinja
se u zavr$noj, trecoj fazi sukcesije vegetacije postepeno
razvija visoko raslinje - Sumsko zemljiste.

ObiljeZja tipa krajolika Travnato zemljiste su razlicite
vrste trava koje nisu visokog rasta djelomi¢no zbog is-
pase stoke (pasnjaci) i djelomi¢no zbog prirodnih pre-
duvjeta (prirodni travnjaci). Pa$njaci se uglavnom
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refers to the total area of human settlements®, which
amounts to 0.66% of the area, while 0.63% of the area
refers to transport facilities and economic-entre-
preneurial activities (motorways and associated land,
entrepreneurial zones, construction sites and miner-
al exploitation sites). Agricultural land covers a total
of 15.76% of the area of Central Lika (CLC 2012).

5 Structural Characteristics of Landscape Patches
in Central Lika According to Landscape Type

According to the procedure mentioned earlier in
the paper, based on data on land cover/land use
from 2012, the area of Central Lika is classified in six
landscape types (Figure 2):

1. Built-up Land

2. Grassland

3. Agricultural Land

4, Forestland

5. Succession of Scrub/Forests

6. Water Areas

Based on several indicators and the use of spatial
analysis methods, analyses were performed on
patches of landscape types. By applying them, values
were obtained for the shape, position and condition of
patches of landscape types in Central Lika and the
landscape of Central Lika as a whole. The obtained
values are shown in Table 1.

Comments: In the section Methodological comments
on spatial analysis used the applied methods and mean-
ing of attributive descriptions are explained in detail.

The landscape type Built-up Land in the area of
Central Lika comprises a total of 17 patches. This
landscape type is mostly situated close to the cent-
ral part. It includes settlements with a higher num-
ber of inhabitants, that is, settlements with a higher
concentration of buildings, transport facilities and
economic-entrepreneurial activities (motorways

¢ The data relate to the Corine Land Cover 2012 (CLC 2012)
database, according to which only larger settlements are
shown: Gospi¢ (shown with the settlements of Budak, Za-
bica, KaniZa Gospicka, Podostra), Licki Osik, Perusi¢, Musa-
luk, Donji Kosinj, Li¢ki Novi, Bilaj and Lovinac. Other
settlements occupy a smaller area, that is, they have a
lower concentration of construction. These are mostly
scattered (dispersed) settlements that consist of several
hamlets, due to the karst nature of the land and the inhe-
rited features of historical and geographical development.
In fact, the creation of the low-lying settlements, which
began in the 18th century (when the area of Central Lika
was part of the Military Frontier under Austrian rule) and
intensified through industrialization and urbanization af-
ter the Second World War, produced only limited results.

and associated land, entrepreneurial zones, con-
struction sites and mineral exploitation sites). The
MSI value is highest compared to other landscape
types (4.19). Given this value, the shape of the
patches in this landscape type can be described as
more complex. This is particularly pronounced in
elongated patch examples such as the highway and
its associated land. Among other landscape types in
Central Lika, the category of Built-up Land has the
lowest CAI value (43.91%). In this landscape type, the
highest number of patches are complex or elong-
ated, which is why the surface area of the core of the
patches is the smallest. In terms of the position of the
patches of this landscape type, they are dispersed.
This means that in the area of Central Lika, for this
landscape type, there is an averagely great distance
between the centre of the patch and the centre of the
nearest neighbouring patch.

The landscape type Grassland in Central Lika com-
prises a total of 99 patches. In the area of Central Lika,
this landscape type refers to pastures and natural
grasslands which have developed as a result of the
first phase of vegetation succession. After the end of
the Second World War, "basic infrastructure was cre-
ated and the initial industrialisation of the region was
carried out" (Pejnovi¢ 1985: 66). More complex eco-
nomic development was launched. Thus, in accord-
ance with socio-economic processes (deagrarisation,
deruralisation, urbanisation, reduction of the total
population and ageing of the population), the popu-
lation of Central Lika has become less and less en-
gaged in agriculture. Abandoning the land, or rather
the extensification of agricultural land and neglect of
cultivation, has led to a natural process of vegetation
succession or natural afforestation (Fuerst-Bjeli$ et
al., 2000). In the first phase of vegetation succession,
low-growing plants take over agricultural land,
forming grassland. In the second phase, medium-
high vegetation develops on the grassland - shrubs
and forest undergrowth. In the final, third phase,
trees and forests thrive.

The landscape-type characteristics of Grassland
include a variety of grasses that do not grow tall,
partly due to cattle grazing (pastures) and partly due
to natural conditions (natural grasslands). Pastures
are mostly located in areas away from settlements,
because arable land is found next to settlements.
Natural grasslands are located on mountain slopes,
but also in the lowland areas (in Licko polje on the
west side of the highway). The MSI value is one of the
lowest among other landscape types (2.66), because
in this type, the average shape of the patch is among
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Tipovi krajolika
Srednje Like (2012.)
- TIP 1 - Izgradeno zemljiste
[:l TIP 2 - Travnato zemljiste
| TIP3 - Poljoprivredno zemljiste
| TIP 4 - Sumsko zemljiste

- TIP 5 - Grmlje/sukcesija Sume
- TIP 6 - Vodene povr§ine

o -
utorica / Author |
Marta Hamzi¢

Landscape types in

Central Lika (2012)

| TYPE1-Built-up Land

[:, TYPE 2 - Grassland

|| TYPE3- Agricultural Land

- TYPE 4 - Forestland

- TYPE 5 - Succession of Scrub/Forest
- TYPE 6 - Water Areas

Slika 2. Tipovi krajolika Srednije Like (2012). Izvori: CLC 2012, HAOP; SRPJ, DGU; Topografske karte, DGU.
Fig. 2 Landscape types in Central Lika (2012). Source: CLC 2012, HAQOP; SRPJ, SGA; Topographical maps, SGA.
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Table 1 Results for the observed indicators of shape, position, and condition of landscape patches in Central Lika (2012).
Tablica 1. Rezultati promatranih pokazatelja za oblik, poloZaji stanje uzoraka krajolika Srednje Like (2012. godina).

TIP KRAJOLIKA
LANDSCAPE TYPE
OBILJEZJA UZORAKA/ TIP 1 TIP 2 TIP 3 TIP 4 TIP 5 TIP6 | SREDNJA
Naziv metode/ Naziv parametra Izgradeno | Travnato |Poljoprivredno | Sumsko | Grmlie/ | vVodene | LIKA
CHARACTERISTICS OF PATCHES/ | zemljiste | zemljiste | zemljiste | zemljidte | sukcesija | poyrsine | ukuPNO
Method name/ Parameter name TYPE1 TYPE 2 TYPE 3 TYPE 4 Sume TYPE 6 ENTRAL
Built-up | Grassland | Agricultural [Forestland| TYPE 5 ¢ NKi
Land Land Succession | Vater U
of Scrub/ | Areas SUM
Forests
OBLIK UZORAKA
SHAPE OF PATCHES
Minimalni indeks oblika 1,56 1,63 1,55 0,00 1,54 2,05 0,00
Min. Shape Indeks 1.56 1.63 1.55 0.00 1.54 2.05 0.00
Maksimalni indeks oblika 16,89 5,58 6,66 14,4 7,66 6,82 16,89
Max. Shape Index 16.89 5.58 6.66 14.4 7.66 6.82 16.89
Shape
Index | Prosje¢ni indeks oblika 4,19 2,66 2,75 2,56 2,76 3,96 2,74
Mean Shape Index, MSI 4.19 2.66 2.75 2.56 2.76 3.96 2.74
Opis oblika uzoraka Slozeniji Slozen SloZen SloZen SloZen SloZzen | SloZen
Description of patch shape More Complex Complex Complex [ Complex | Complex | Complex
complex
POLOZAJ UZORAKA
POSITION OF PATCHES
Uocena srednja vrijednost 5675,23 2365,68 1411,42 1897,85 1908,84 9799,76 1032,07
Observed Mean Distance 5675.23 2365.68 1411.42 1897.85 1908.84 9799.76 1032.07
Oekivana srednja vrijednost |  425839|  2536,38 1907,75| 2191,67| 1947,54| 3284,81| 1114,74
EXpected Mean Distance 4258,39 2536.38 1907.75 2191.67 1947.54 3284.81 1114.74
Omjer najbliZe udaljenosti 1,33 0,93 0,74 0,87 0,98 2,98 0,93
Average | Nearest Neighbour Ratio 1.33 0.93 0.74 0.87 0.98 2.98 0.93
Nearest
Neighbour| Z-vrijednost 2,62 -1,28 -5,63 -2,89 -0,46 7,59 -3,25
z-value 2.62 -1.28 -5.63 -2.89 -0.46 7.59 -3.25
p-vrijednost 0,0087 0,2001 0,0000 0,0038 0,6427 0,0000 0,0012
p—Value 0.0087 0.2001 0.0000 0.0038 0.6427 0.0000 0.0012
Opis poloZaja uzoraka Rasprseno |[Nasumic¢no| Grupirano |Grupirano|Nasumi¢no |Rasprseno |Grupirano
Description of patch position | Dispersed | Random Clustered |Clustered | Random |Dispersed | Clustered
STANJE UZORAKA
CONDITION OF PATCHES
Broj uzoraka 17 99 128 127 149 4 524
Number of patches
Povrsina (km?) 21,77 203,18 266,42 932,47 258,16 7,90 1689,90
Surface area (kn?) 21.77|  203.18 266.42|  932.47 258.16 7.90 |  1689.90
Povrsina jezgre 9,56 160,77 206,87 827,07 195,45 5,32 1405,04
Core | Core Area (knd) 9.56 160.77 206.87|  827.07 195.45 532| 1405.04
Area | indeks povrine jezgre 43,91 79,13 77,65 88,70 75,71 67,34 83,14
Core Area Index, CAI (%) 43.91 79.13 77.65 88.70 75.71 67.34 83.14

the simplest, meaning it is closest to the shape of a  (79.13%) compared to other types of landscape in
circle. However, given this value, the shape of the Central Lika. This means that in this landscape type,
patches in this landscape type can be described as  the surface area of the core of the patches among the

complex. The CAI value is among the highest largest, because only a small number of patches have a
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nalaze na podrudjima podalje od naselja, jer se uz nase-
lja nalaze ratarske povrsine. Prirodni travnjaci nalaze
se na planinskim obroncima, ali i u nizinskom podruéju
(u Lickom polju sa zapadne strane autoceste). Vrijed-
nost MSI je medu ostalim tipovima krajolika medu naj-
manjima (2,66), jer je kod tog tipa krajolika prosjecan
oblik uzorka jedan od najjednostavnijih, tj. sli¢niji je
obliku kruznice. Ipak, s obzirom na tu vrijednost, oblik
uzoraka tog tipa krajolika moZe se opisati kao sloZen.
Vrijednost CAI je jedna od najvecih (79,13 %) medu osta-
lim tipovima krajolika Srednje Like. To znaci da je unu-
tar tog tipa krajolika povrsina jezgre uzoraka jedna od
najvecih, jer je mali broj uzoraka sa sloZenim ili izduze-
nim oblikom. S obzirom na poloZaj uzoraka tog tipa kra-
jolika, rije¢ je o nasumi¢nom poloZaju uzoraka. Time se
zbog prosjecne udaljenost medu sredistima susjednih
uzoraka ne moZe reéi da su ti uzorci grupirani, ali niti
rasprSeni. Medutim, p-vrijednost iznosi 0,2001 te je veca
od grani¢ne vrijednosti (0,05) $to znaci da se ti rezultati
ne razlikuju od slucajnih i time se ne analiziraju u radu.
Tip krajolika Poljoprivredno zemljiSte sastoji se od
ukupno 128 uzoraka. PoloZeni su bliZe srediSnjem di-
jelu Srednje Like, dok su slabije zastupljeni na rub-
nom dijelu. Nalaze se uz naselja, jer su se ona razvila
uz plodnija tla. Malobrojno stanovnistvo iskoristava
ga u poljoprivredne svrhe - uzgajaju se razli¢ite vrste
kultura voca, povrda, Zitarica te krmnog i sto¢nog bi-
lja. Ukoliko se na podrudju Srednje Like nastave pri-
sutni drustveno-gospodarski procesi (deagrarizacija,
deruralizacija, urbanizacija, smanjenje ukupnog bro-
ja stanovnika, starenje stanovnistva), izgledno je ka-
ko ¢e sve manje povrsina biti pod kulturama koje su
radno intenzivne (vole, povrée), a sve viSe povrsina
¢e biti pod kulturama koje nisu radno intenzivne (Zi-
tarice, krmno i sto¢no bilje), ali i pod ugarom. Time ¢ée
krajolik postajati sve zapusteniji, odnosno zeleniji. Je-
dino je na podruéju blize gradu Gospiéu izgledno odr-
Zavanje postojeceg obima poljoprivrednih povrsina.
Vrijednost MSI za tip krajolika Poljoprivredno zemljiste
iznosi 2,75. S obzirom na to da je ta vrijednost priblizno
jednaka vrijednosti MSI za krajolik Srednje Like u cjelini
(2,74), moZe se redi kako im je oblik priblizno jednake
sloZenosti kao i prosjecan oblik svih uzoraka Srednje Li-
ke. S obzirom na tu vrijednost, oblik uzoraka tog tipa
krajolika moZe se opisati kao sloZen. Vrijednost CAI je
medu najvis§ima (77,65 %), jer je povrsina jezgre uzoraka
veta zbog veleg broja uzoraka s jednostavnijim obli-
kom, odnosno mali je broj uzoraka sa slozenim ili izdu-
Zenim oblikom. Promatraju¢i poloZaj uzoraka tipa
krajolika Poljoprivredno zemljiste, rije¢ je o grupiranom
poloZaju uzoraka. To znaci da kod tog tipa krajolika nije
velika prosje¢na udaljenost sredista uzorka do sredista
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susjednog uzorka, tj. da je poljoprivredno zemljiste
na podrudju Srednje Like okupljeno.

Tip krajolika Sumsko zemljiste sastoji se od ukupno
127 uzoraka. Uglavnom se nalaze na rubnim dijelovima
podrudja istraZivanja - na padinama Velebita, Lickog
sredogorja i Resnika, te rubnim dijelovima Lickog polja
i Lovinackog polja. U Li¢kom polju na nizim nadmor-
skim visinama pretezno se nalaze bjelogori¢ne Sume
hrasta kitnjaka s obi¢nim grabom (Querco petraeae-Car-
pinetum illyricum). Uz vodotoke su zastupljene manje
povrsine pod Sumama hidrofilnih vrsta crne johe sa $a-
Som (Carici brizoidis-Alnetum), sive vrbe (Salix cinerea) i
rakite (Salix purpurea). Na vis$im nadmorskim visinama
iznad brdskih bukovih $uma (Fagetum illyricum monta-
num) na podrudju srednjeg i sjevernog Velebita nastav-
ljaju se Sume bukve i jele (Abieti-Fagetum illyricum), a u
najvisim dijelovima pretplaninske Sume bukve (Fage-
tum illyricum subalpinum) (Pelcer i Martinovi¢ 2003).

Vrijednost MSI za taj tip krajolika je najmanja (2,56)
medu ostalim promatranim tipovima krajolika. Dakle,
uzorci koji se odnose na Sumsko zemljiSte su najjednos-
tavniji, tj. najvise sli¢e obliku kruznice. S obzirom na tu
vrijednost, oblik uzoraka moze se opisati kao sloZen.
Vrijednost CAI za taj tip krajolika je najveca (88,70 %)
medu ostalim tipovima krajolika Srednje Like. Naime,
povrsina jezgre uzoraka je najveca, jer je medu ostalim
tipovima krajolika Srednje Like najveéi broj uzoraka s
jednostavnijim oblikom. S obzirom na poloZaj uzoraka
tog tipa krajolika, rijec je o grupiranom poloZaju uzora-
ka, jer kod tipa krajolika Sumsko zemljiste prosje¢no nije
velika udaljenost medu sredistima susjednih uzoraka.

Tip krajolika Grmlje/sukcesija Sume uglavnom se na-
lazi u Li¢kom polju i na najniZim padinama reljefnog
okvira. Grmlje, odnosno sukcesija Sume uglavnom se
nalazi udaljeno od naselja, u pojasu izmedu travnatog
zemljista i bjelogori¢nih Suma. Pretezno su nastali za-
pustanjem i napuStanjem poljoprivrednog zemljista pa
se moZe zaklju¢iti kako je rije¢ o drugoj fazi sukcesije
vegetacije. ObiljeZavaju ih razli¢ite vrste srednje viso-
kog raslinja. Ukoliko su na tlima koja su obogaéena mi-
neralnim sastojcima i nastave se prisutni drustveno-
gospodarski procesi, postupno ¢e prerastati u Sume.
Medutim, na pojedinim podrucjima se zbog slabije
kvalitete tla (osiromaSena su mineralnim sastojcima)
ne moze razviti treca faza sukcesija vegetacije, tj. tije-
kom vremena se iz grmlja ne razvija visoko raslinje
(Suma). Na takvoj podlozi se kao sekundarna vegetacija
razvijaju vriStine i bujadnice (paprati) (Genisto-Callune-
tum illyricum) (Pelcer i Martinovi¢ 2003).

Tip krajolika Grmlje/sukcesija Sume sastoji se od
najvi$e uzoraka - ukupno 149. Vrijednost MSI za taj
tip krajolika jedna je od velih (2,76), jer su oblici




HAMZIC, M. ET AL.: STRUCTURAL CHARACTERISTICS OF PATCHES IN THE CENTRAL LIKA LANDSCAPE — APPLICATION OF SPATIAL AND REGRESSION ANALYSIS '|

complex or elongated shape. The patches in this land-
scape type are randomly positioned. Hence, due to the
average distance between the centres of neighbour-
ing patches, they cannot be said to be either clustered
or dispersed. However, the p-value is 0.2001, which is
higher than the borderline value (0.05), which means
that these results do not differ from random ones and
are therefore not analysed in the paper.

The landscape type Agricultural Land comprises a
total of 128 patches. They are located close to the
central part of Central Lika, and are less represented
on the margins. They are located next to settlements
and have developed on more fertile soil. The small
population uses them for agricultural purposes,
growing different crops, fruit, vegetables, cereals,
fodder, and cattle-feed. If socio-economic processes
continue in the area of Central Lika (deagrarisation,
deruralisation, urbanisation, reduction of the total
population, ageing of the population), it is likely that
fewer and fewer areas will be used to cultivate la-
bour-intensive crops (fruit and vegetables), and more
areas will be used for non-labour-intensive crops
(cereals, fodder and cattle-feed), or left fallow. The
landscape will be more neglected, but greener. Only
in the area close to the town of Gospi¢ is it possible to
maintain the current extent of agricultural land.

The MSI value for the landscape type Agricultural
Land is 2.75. Given that this value is approximately
equal to the MSI value for the Central Lika landscape
as awhole (2.74), it can be said that the patch shape is
approximately as complex as the average shape of all
Central Lika patches. According to this value, the
shape of the patches in this landscape type can be
described as complex. The CAI value is among the
highest (77.65%), because the surface area of the
patch core is larger, due to the large number of
patches with a simpler shape and the small number
of patches with a complex or elongated shape. The
patches for the landscape type Agricultural Land are
in a clustered position. This means that in this land-
scape type, the average distance from the centre of
one patch to the centre of the next neighbouring
patch is not great. In other words, the agricultural
plots in Central Lika are arranged close together.

The landscape type Forestland comprises a total of
127 patches. They are mainly located on the margins
of the research area - on the slopes of Velebit, the
Lika highlands and Resnik, and on the margins of
Li¢ko polje (Lika field) and Lovinacko polje (Lovinac
field). In Licko polje, there are mostly deciduous
forests of sessile oak with common hornbeam (Querco
petraeae-Carpinetum Illyricum) at lower altitudes.

Along the water courses, there are smaller areas be-
neath the forests of hydrophilic species of black
alder with sedge (Carici brizoidis-Alnetum), grey wil-
low (Salix cinerea) and willow (Salix purpurea). At
higher altitudes above the mountain beech forests
(Fagetum illyricum montanum) in the area of central
and northern Velebit, there are beech and fir forests
(Abieti-Fagetum illyricum), and in the highest parts of
the mountain forests beneath the peaks, sub-alpine
beech forests grow (Fagetum illyricum subalpinum)
(Pelcer and Martinovié 2003).

The MSI value for this landscape type is the low-
est (2.56) compared to other observed landscape
types. Thus, the patches related to forest land are the
simplest, that is, closest to the shape of a circle. Giv-
en this value, the shape of the patches can be de-
scribed as complex. The CAI value for this landscape
type is the highest (88.70%) compared to other types
of landscape in Central Lika. The core area of the
patches is the largest, because the highest number of
patches have a simpler shape. The patches in this
landscape type are clustered, because on average
there is a smaller distance between the centres of
neighbouring patches.

The landscape type Succession of Scrub/Forests is
mainly located in Li¢ko polje and on the lowest slopes
of the relief frame. Shrubs, that is, forest succession,
are mostly located far from settlements, in the belt
between grassland and deciduous forests. They are
mostly created when agricultural land is abandoned
or neglected, and represent the second phase of ve-
getation succession. This landscape type is character-
ised by different species of medium-high vegetation.
If these grow in areas where socio-economic pro-
cesses have enriched the soil with mineral ingredi-
ents, they will gradually grow into forests. However,
in some areas, due to the poorer quality of the de-
pleted soil, the third phase of vegetation succession
will not develop, and no tall vegetation (forests) will
develop from the shrubs. On such substrates, heathers
and ferns (Genisto-Callunetum illyricum) develop as sec-
ondary vegetation (Pelcer and Martinovi¢ 2003).

The landscape type Succession of Scrub/Forests
comprises the highest number of patches - a total of
149. The MSI value for this landscape type is one of
the highest (2.76), because the shapes of patches re-
lated to shrubs/forest succession is among the most
complex compared to other observed landscape
types. The CAI value is one of the lowest (75.71%),
because the surface area of the patch core is one of
the smallest due to fewer patches with a simpler
shape, and more patches with a more complex
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uzoraka koji se odnose na grmlje, odnosno sukcesiju
Sume jedni od najsloZenijih medu ostalim promatra-
nim tipovima krajolika, pa se mogu opisati kao sloze-
ni. Vrijednost CAI je jedna od najmanjih (75,71 %), jer
je povrsina jezgre uzoraka jedna od najmanjih zbog
manjeg broja uzoraka s jednostavnijim oblikom, od-
nosno veéeg broja uzoraka sa sloZenijim oblikom.
Ipak, s obzirom na vrijednost MSI, prosjecan oblik
uzorka tog tipa krajolika priblizno je jednake sloze-
nosti kao i prosje¢an uzorak krajolika Srednje Like u
cjelini (2,74). Promatrajui poloZaj uzoraka tipa kra-
jolika Grmlje/sukcesija Sume, rije je o nasumi¢nom
poloZaju uzoraka. Medutim, p-vrijednost iznosi
0,6427 i veca je od granine vrijednosti (0,05) $to
znacdi da se ti rezultati ne razlikuju od slu¢ajnih i time
se ne analiziraju u radu.

Tip krajolika Vodene povrsine na podrudju Srednje
Like odnosi se na nekoliko objekata: jedan vodotok
(donji dio toka ponornice Lika) i tri vodna tijela (Krus-
&icko jezero, jezero Stikada s jezerom Riice te reten-
cija na ponornici Obsenica). Naime, iako je zbog
prirodnih preduvjeta, podruéje Srednje Like bogato
vodom (brojna vrela i izvori te veliki broj manjih ili
vecih vrela, izvora, vodotoka i vodnih tijela), koristeni
podatci ukazuju na to da tipu krajolika Vodene povrsine
pripada tek nekoliko objekata, $to je razumljivo jer su
povrsinom vrlo mali. Time se tip krajolika Vodene po-
vr$ine sastoji od najmanje uzoraka - ukupno Cetiri.
Vrijednost MSI za taj tip krajolika je jedna od veéih
(3,96), pa se prosjecan oblik uzorka tog tipa krajolika
moZe opisati kao sloZen. Vrijednost CAI je jedna od
najmanjih (67,34 %) medu ostalim promatranim tipo-
vima krajolika, jer je povrsina jezgre uzoraka jedna od
najmanjih zbog manjeg broja uzoraka s jednostavni-
jim oblikom, odnosno veéeg broja uzoraka sa slozeni-
jim oblikom. Stovife, uzorci tipa krajolika Vodene
povrsine, uz uzorke tipa krajolika Izgradeno zemljiste,
imaju najsloZeniji oblik. Promatrajuéi poloZaj uzoraka
tipa krajolika Vodene povrsine, rije¢ je o rasprSenom
poloZaju uzoraka. To znadi da je prosjecno velika uda-
ljenost medu sredistima susjednih uzoraka ovog tipa
krajolika.

6. Regresijska analiza odabranih vrijednosti
strukturnih obiljeZja uzoraka krajolika Srednje Like

U linearno-regresijskoj analizi koriste se pojedi-
ne vrijednosti obiljeZja uzoraka krajolika Srednje Li-
ke. Te vrijednosti su dobivene kao rezultat primjene
razli¢itih metoda na uzorcima krajolika Srednje Like
za tipove krajolika i krajolik Srednje Like u cjelini.
Na temelju rezultata linearno-regresijske analize
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podrobnije se objasnjavaju meduodnosi u radu kori-
Stenih pokazatelja za oblik, poloZaj i stanje uzoraka
krajolika Srednje Like. Linearna regresija provedena
je s pomocu programa IBM SPSS Statistics verzije 20.

Model jednostavne linearne regresije izrazava
se pomolu sljedece jednadzbe (Corporate Finance
Institute 2020):

Y=a+bX+e¢

Y - zavisna varijabla

X - nezavisna varijabla

a, b - parametri

€ - odstupanje

Analiziran je odnos pokazatelja MSI - prosjecne
vrijednosti indeksa oblika (vrijednost za oblik uzora-
ka krajolika) te CAI - indeksa povrsine jezgre (vrijed-
nost za stanje uzoraka krajolika) (slika 3).

Linearno-regresijskom analizom navedenih poka-
zatelja dobivena je vrijednost standardiziranog koefi-
cijenta B (B = -0,899) koja ukazuje na jaku vezu nega-
tivnog smjera. Pri tome je dobivena p-vrijednost (p =
0,006) koja oznacava da se promatrana pojava razlikuje
od slucajne. To znaci da s porastom indeksa oblika
(MSI), povrsina jezgre se smanjuje, i obratno. Time se
moZe zakljuciti kako uzorci sloZenijeg oblika imaju
manju povrsinu jezgre. S druge strane, $to je uzorcima
oblik jednostavniji (vi$e nalikuje obliku kruznice), to ée
povrsina jezgre biti veca. Navedeno je vidljivo i u re-
zultatima prikazanim u pro$lom poglavlju. Tako na
primjer, tip krajolika Izgradeno zemljiste ima najveéu
vrijednost pokazatelja MSI, a najmanju vrijednost po-
kazatelja CAL jer je kod tog tipa krajolika najveci broj
uzoraka sa sloZenim ili izduzenim oblikom zbog ¢ega je
i povrsina jezgre uzoraka najmanja. S druge strane, tip
krajolika Sumsko zemljiste ima najmanju vrijednost po-
kazatelja MSI, a najve¢u pokazatelja CAIL Time je uka-
zano kako je kod tog tipa krajolika najveéi broj uzoraka
s jednostavnijim oblikom zbog ¢ega je i povrsinu jezgre
uzoraka najveca. Dobivena vrijednost koeficijenta de-
terminacije (R? = 0,809) ukazuje kako je 80,9 % veze
obja$njeno ispitanom korelacijom.

Analiziran je zatim odnos pokazatelja MSI - pro-
sjecne vrijednosti indeksa oblika (vrijednost za oblik
uzoraka krajolika) i od metode Average Nearest Neigh-
bour, vrijednosti Observed Mean Distance - uoCene sred-
nje vrijednosti susjednosti (vrijednost za poloZaj
uzoraka krajolika) (slika 4).

Regresijskom analizom dobivena je vrijednost
standardiziranog koeficijenta 8 (B = 0,864) koja
ukazuje na jaku vezu, pozitivnog smjera. Pri tome je
dobivena p-vrijednost (p = 0,001) koja oznacava da se
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shape. Nevertheless, given the MSI value, the aver-
age patch shape for this landscape type is about as
complex as the average patch in the Central Lika
landscape (2.74). The patches in the landscape type
Succession of Scrub/Forests are positioned randomly.
However, the p-value is 0.6427 and is higher than the
borderline value (0.05), which means that these res-
ults do not differ from random ones and are there-
fore not analysed in the paper.

The landscape type Water Areas in Central Lika
refers to several objects: one watercourse (the lower
course of the River Lika, which also flows under-
ground) and three bodies of water (Lake Krusci¢ko,
Lake Stikada with Lake Ricice and the retainer on the
subterranean River Obsenica). Even though, due to
natural conditions, the area of Central Lika is abund-
ant in water (numerous springs and sources, water-
courses, and bodies of water), the data indicate that
only a few objects belong to the landscape type Water
Areas which is understandable because they are very
small in area. Thus, this landscape type comprises the
fewest patches - a total of four. The MSI value for this
landscape type is one of the highest (3.96), and the av-
erage patch shape of this landscape type can be de-
scribed as complex. The CAI value is one of the lowest
(67.34%) compared to other observed landscape types,
because the surface area of the patch core is one of the
smallest due to the lower number of patches with
simpler shapes and the higher number of patches
with more complex shapes. Moreover, patches of
landscape type Water Areas, along with patches of
landscape type Built-up Area, have the most complex
shapes. The position of the patches of landscape type
Water Areas is dispersed. This means that on average,
there is a long distance between the centres of neigh-
bouring patches for this landscape type.

6 Regression Analysis of Selected Values of
Structural Characteristics of Landscape Types in
Central Lika

In the linear regression analysis, specific values
were used for the characteristics of Central Lika’s
landscape. These values were obtained as a result of
using GIS technology methods on landscape patches
in Central Lika according to landscape types and the
Central Lika landscape as a whole. Based on the results
of the linear regression analysis, the interrelations are
explained further according to the applied indicators
used in the study for the shape, position and condition of
the landscape patches in Central Lika. Linear regres-
sion was performed in IBM SPSS Statistics version 20.

The model of simple linear regression is ex-
pressed using the following equation (Corporate
Finance Institute 2020):

Y=a+bX+e€

Y - dependent variable

X - independent variable

a, b - parameters

€ - residual (error)

The relationship between the MSI indicator - the
average value of the shape index (value for the shape
of landscape patches) and the CAI - core area index
(value for the condition of landscape patches) was
analysed (Figure 3).

By conducting a regression analysis of these in-
dicators, the value of the standardized coefficient R
(B = -0.899) was obtained, which indicated a strong
negatively oriented connection. A p-value (p = 0.006)
was obtained, which indicated that the observed
phenomenon differed from the random one. This
meant that as the shape index (MSI) increased, the
core area decreased, and vice versa. Thus, it can be
concluded that patches with more complex shapes
have a smaller core area. On the other hand, the sim-
pler the shape of the patches (the closer to a circle),
the larger the surface area of the core. This is also
evident in the results presented in the previous
chapter. So, for example, the landscape type Built-up
Land has the highest MSI value and the lowest CAI
value, because this landscape type has the largest
number of patches with complex or elongated shapes,
so the surface area of the patch core is the smallest. On
the other hand, the landscape type Forestland has the
lowest MSI value and the highest CAI value. This in-
dicates that this landscape type has the highest num-
ber of patches with a simpler shape, which is why the
surface area of the core of the patches is the largest.
The obtained value of the determination coefficient
(R? = 0.809) indicates that 80.9% of the connections
were explained by the examined correlation.

The relationship of the MSI indicator - the aver-
age value of the shape index (value for the shape of
landscape patches) and, using the GIS method Aver-
age Nearest Neighbour, the values of the Observed Mean
Distance - the observed mean value of the average
nearest neighbour (value for the position of land-
scape patches) was analysed (Figure 4).

The linear regression analysis yielded a value for
the standardized coefficient £ (8 = 0.864) indicating a
strong, positively oriented connection. A p-value (p =
0.001) was obtained which indicated that the observed
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promatrana pojava razlikuje od slu¢ajne. Dobiveni
rezultat znaci da s porastom indeksa oblika, susjed-
nost uzoraka se povecava, i obratno. Time se moZe
zakljuditi kako uzorci sloZenijeg oblika imaju veéu
susjednost (udaljeniji su, odnosno rasprseni), a $to
im je oblik jednostavniji (viSe nalikuje obliku kruzni-
ce) susjednost ¢e biti manja (bliZi su, odnosno grupi-
rani). Tako na primjer, tipovi krajolika Izgradeno
zemljiSte i Vodene povr$ine imaju najvece vrijednosti
pokazatelja MSI, ali i vrijednosti pokazatelja Average
Nearest Neighbour - Observed Mean Distance. Naime,
kod tih tipova krajolika najveéi je broj uzoraka sa
sloZenim ili izduZenim oblikom, a s obzirom na veli-
ku udaljenost sredista uzoraka do sredista susjednog
uzoraka, poloZaj uzoraka je rasprsen. S druge strane,
tip krajolika Sumsko zemljiste ima najmanju vrijed-
nost pokazatelja MSI, jer je najveli broj uzoraka s
jednostavnijim oblikom. S obzirom na malu udalje-
nost srediSta uzorka do sredista susjednog uzorka,
poloZaj uzoraka je grupiran. Dobiveni koeficijent de-
terminacije (R? = 0,746) ukazuje kako je 74,6 % veze
objasnjeno ispitanom korelacijom.

Regresijskom analizom analiziran je i odnos po-
kazatelja CAI - indeksa povrsine jezgre (vrijednost za
stanje uzoraka krajolika) te Average Nearest Neighbour
- Observed Mean Distance - uoCene srednje vrijednosti
susjednosti (vrijednost za poloZaj uzoraka krajolika).
Pri tome su dobivene vrijednosti koeficijenta deter-
minacije (R? = 0,363) i standardiziranog koeficijenta
B (B = -0,602). Medutim, dobivena p-vrijednost (p =
0,152) veca je od grani¢ne vrijednosti (0,05), $to oz-
nacava da se promatrana pojava ne razlikuje od slu-
Cajne, pa ovi rezultati nisu dalje analizirani.

Prethodno provedeno istrazivanje M. Jovanié
(2017) detaljnijeg uzorka krajolika i za podtipove i ti-
pove krajolika te krajolik Srednje Like u cjelini pot-
vrduje ovdje prikazane rezultate za povezanost
oblika i stanja (B = -0,550; p = 0,004; R? = 0,302) te obli-
ka i poloZaja (8 = 0,659; p = 0,001; R? = 0,434) uzoraka
krajolika Srednje Like, dok za stanje i polozaj uzoraka
krajolika Srednje Like takoder nije utvrdena poveza-
nost. Time su potvrdeni meduodnosi koriStenih po-
kazatelja za oblik, poloZaj i stanje uzoraka krajolika
Srednje Like koji su prikazani u ovom radu.

1. Zakljutak

Prikazano istraZivanje odnosi se primjenu pros-
torne i linearno-regresijske analize u utvrdivanju
strukturnih obiljeZja (oblik, poloZaj i stanje) uzoraka
krajolika Srednje Like, odnosno njihovih meduodno-
sa za jednu vremensku to¢ku (2012).
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Slika 3. Dijagram rasprsenosti odnosa prosjecne vrijednosti
indeksa oblika (MSI) i indeksa povrSine jezgre (CAl).
Fig 3. Scatter diagram showing the correlation of the average
value of the shape index (MSI) and the core area index (CAl).
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Slika 4. Dijagram rasprSenosti odnosa prosjecne vrijednosti
indeksa oblika (MSI) i uoCene srednje vrijednosti susjednosti
(Average Nearest Neighbour - Observed Mean Distance).
Fig 4. Scatter diagram showing the correlation of the average
value of the shape index (MSI) and the Average Nearest
Neighbour - Observed Mean Distance.

U prostornoj analizi koristi se pristup u kojem se
za tipove krajolika i krajolik Srednje Like primje-
njuje skup pokazatelja za strukturu krajolika i GIS
tehnologija, pri ¢emu se za svako od strukturnih obi-
ljeZja koristi po jedna metoda prostorne analize. Pri
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phenomenon differed from the random one. The res-
ult obtained meant that with an increase in the shape
index, the adjacency of the patches increased, and
vice versa. Thus, it can be concluded that patches of a
more complex shape have a more distant near neigh-
bour connection (they are more distant or dispersed),
and the simpler their shape (more like a circle) the
closer they are clustered. For example, the landscape
types Built-up Land and Water Area have the highest
MSI indicator values, and also the Average Nearest
Neighbour - Observed Mean Distance indicator values. In
these landscape types, the largest number of patches
have a complex or elongated shape. Also, given the
long distance from the patch centre to the centre of
the neighbouring patch, the position of the patches is
dispersed. On the other hand, the landscape type
Forestland has the lowest MSI indicator value, because
it has the largest number of patches with a simpler
shape. Given the small distance from the patch centre
to the centre of the neighbouring patch, the patches
are clustered. The obtained determination coefficient
(R?=0.746) indicates that 74.6% of the connection was
explained by the examined correlation.

Regression analysis was also used to analyse the
connection of the CAI - core area index (value for the
condition of landscape patches) and the Average
Nearest Neighbour - Observed Mean Distance (value for
the position of landscape patches). The values of the
determination coefficient (R? = 0.363) and the stand-
ardized coefficient B (8 = -0.602) were obtained.
However, the obtained p-value (p = 0.152) was higher
than the borderline value (0.05), which meant that the
observed phenomenon did not differ from the ran-
dom one, so these results were not analysed further.

Previously conducted research by M. Jovanié
(2017) on a more detailed sample, landscape patches
for both subtypes and types of landscapes and the
landscape of Central Lika as a whole, confirmed the
results presented here for the correlation between
shape and condition (B = -0.550; p = 0.004; R? = 0.302)
as well as shape and position (8 = 0.659; p = 0.001; R? =
0.434) of the Central Lika landscape patches, while
also no correlation for the condition and position of
the landscape patches of Central Lika was found.

7 Conclusion

The research presented relates to the application
of spatial and linear regression analysis in determining
the structural features (shape, position and condition) of
patches in the Central Lika landscape, that is, their in-
terrelation at one particular point in time (2012).

The spatial analysis in this paper uses an ap-
proach in which a set of indicators for landscape
structure and GIS technologies was applied to land-
scape types and the Central Lika landscape, using a
single spatial analysis method for each of the struc-
tural characteristics. To determine the landscape
types, an approach based on land cover/land use was
used. Six landscape types were identified in Central
Lika and are analysed in detail in this paper.

Linear regression analysis established the connec-
tion between the shape and condition, and the shape
and position of the patches in the landscape of Central
Lika. However, no correlation was found for the condi-
tion and position of the patches in the Central Lika
landscape. Thus, for shape and condition, the results
showed that patches with a more complex shape had a
smaller core area, that is, the simpler the shape of the
patches (closer to a circle), the larger the surface area
of the core. This was also evident in the results, where
the landscape types Built-up Land and Forestland stood
out. In fact, considering shape, the results showed that
in Central Lika, patches of the landscape type Forest-
land had the simplest shape, that is, were closest to a
circle, while landscape type patches of Built-up Land
had the most complex shape, because this landscape
type consists of patches with a complex shape (for ex-
ample, settlements) or an elongated one (for example,
highways and associated land). On the other hand,
considering the condition of landscape patches, the
results showed that in the landscape type Forestland
the patch core area was the largest because, compared
to other landscape types, a large number of patches
had a simpler shape, while in the landscape type Built-
up Land, the patch core area was the smallest because
it had the largest number of patches with a complex
or elongated shape. Based on the above, that is, the
established link between shape and condition, it can be
concluded that the patches of the landscape type
Forestland are the least exposed to external influences,
because they occupy the fewest marginal areas. On
the other hand, patches in the Built-up Land landscape
type occupy the most marginal areas and are exposed
to the greatest external influences.

The results of the linear regression analysis for the
shape and position of patches in the Central Lika land-
scape showed that patches with a more complex
shape have a higher level of adjacency, and the sim-
pler their shape (closer to a circle) the lower the adja-
cency. This is also evident in the results presented in
the paper. Observing the landscape types that have
the most complex patch shapes, Built-up Land and Wa-

ter Areas, they also have the highest adjacency. Only
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utvrdivanju tipova krajolika koristio se pristup koji se
temelji na zemljiSnom pokrovu/nalinu koriStenja
zemljiSta temeljem Cega je utvrdeno Sest tipova kra-
jolika Srednje Like, koji su u radu detaljno analizirani.

U radu je linearno-regresijskom analizom usta-
novljena povezanost za oblik i stanje, te za oblik i po-
loZaj uzoraka krajolika Srednje Like. Medutim, nije
utvrdena povezanost za stanje i poloZaj uzoraka kra-
jolika Srednje Like. Tako su za oblik i stanje rezultati
pokazali kako uzorci sloZenijeg oblika imaju manju
povrsinu jezgre, odnosno §to je uzorcima oblik jed-
nostavniji (viSe nalikuje obliku kruZnice), to ¢e po-
vrsina jezgre biti veéa. Navedeno je vidljivo i u re-
zultatima gdje se isticu tipovi krajolika Izgradeno
zemljiste i Sumsko zemljiste. Naime, s obzirom na oblik
rezultati su pokazali kako na podrucju Srednje Like
uzorci tipa krajolika Sumsko zemljiste imaju najjed-
nostavniji oblik, tj. najviSe sli¢e obliku kruZznice,
dok uzorci tipa krajolika Izgradeno zemljiSte imaju
najsloZeniji oblik, jer se taj tip krajolika sastoji od
uzoraka sa sloZenim (npr. naselja), odnosno izduZe-
nim oblikom (npr. autocesta i pripadajuce zemlji-
Ste). S druge strane, s obzirom na stanje uzoraka
krajolika, rezultati su pokazali da je kod tipa krajo-
lika Sumsko zemljiste povrsina jezgre uzoraka najve-
¢a jer je medu ostalim tipovima krajolika najveli
broj uzoraka s jednostavnijim oblikom, dok je kod
tipa krajolika Izgradeno zemljiSte povrSina jezgre
uzoraka najmanja jer je najveéi broj uzoraka sa slo-
Zenim ili izduZenim oblikom. Na temelju navede-
nog, odnosno ustanovljene povezanosti za oblik i
stanje, moze se zakljuciti i da su uzorci tipa krajolika
Sumsko zemljiste najmanje izloZeni vanjskim utjeca-
jima, jer imaju najmanje podrucje uzoraka pod rub-
nim dijelom. S druge strane, uzorci tipa krajolika
Izgradeno zemljiste imaju najvedi rubni dio te su pod
najvedim vanjskim utjecajima.

Rezultati linearno-regresijske analize za oblik i
poloZaj uzoraka krajolika Srednje Like pokazali su da
uzorci sloZenijeg oblika imaju vecu susjednost, a $to
im je oblik jednostavniji (viSe nalikuje obliku kruzni-
ce) susjednost ¢e biti manja. To je vidljivo i u rezulta-
tima prikazanim u radu rezultatima. Promatrajudi
tipove krajolika koji imaju najsloZeniji oblik uzoraka
krajolika — Izgradeno zemljiste i Vodene povrsine, ujed-
no imaju i najveéu susjednost, a samo kod tih tipova
krajolika ustanovljeno je kako imaju raspr$ene uzor-
ke, tj. prosjecno je velika udaljenost sredista uzorka
do sredista susjednog uzorka. S druge strane, tip kra-
jolika Sumsko zemljiste koji ima najjednostavniji oblik
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uzoraka krajolika, ujedno ima jednu od najmanjih
susjednosti medu ostalim tipovima krajolika Srednje
Like. Takoder, za taj tip krajolika utvrdeno je kako
ima grupirane uzorke, tj. nije velika prosje¢na uda-
ljenost srediSta uzorka do sredista susjednog uzorka.

U ovom istraZivanju koriSteni su podatci baze po-
dataka CORINE Land Cover 2012, koja ne biljeZi sve ka-
tegorije krajolika, $to predstavlja izvjestan nedostatak
te baze. Medutim, s druge strane njezina je znacajna
prednost $to se izraduje na europskoj razini prema
prihvaéenoj CLC metodologiji, stoga je ovo istraziva-
nje u potpunosti usporedivo s drugim istraZivanjima
na podruéju Europe u kojima bi se koristili pristupi i
metode koji su prikazani u ovom radu. Usporedivost
rezultata u slucaju koristenja nekih drugih baza, pri-
mjerice multispektralnih satelitskih snimaka, bila bi
znalajno smanjena zbog velike razli¢itosti u pristupi-
ma i metodologiji obrade kod razli¢itih autora.

Primjenjivost saznanja o meduodnosima oblika,
poloZaja i stanja uzoraka krajolika, koja ukazuju na
(ne)prisutnost vanjskih utjecaja na njegov razvoj i
promjene, prije svega je u prostornom planiranju raz-
li¢itih aktivnosti i podrudja/objekata odgovarajucih
namjena. Posebice, meduodnosi oblika i poloZaja uzo-
raka krajolika mogu dati uvid u najpogodniji odabir
lokacije za zastitne okolisne aktivnosti, primjerice kod
aktivnosti vezanih za zastitu ljudi, biljaka i Zivotinja
od negativnih vanjskih utjecaja (lociranje bukobrana,
gnijezda, pojilista, i sL.).

lzvori podataka

Baza podataka: Corine Land Cover 2012, HAOP,
Zagreb.

Baza podataka: Digitalni atlas Republike Hrvat-
ske, Drzavna geodetska uprava (DGU), Zagreb

Baza podataka: Sredi$nji registar prostornih jedi-
nica, DrZavna geodetska uprava (DGU), Zagreb

Topografska karta mjerila 1: 25 000 (DGU), listovi:
Bakovac Kosinjski 4515-4-3-2, Baske Ostarije 4515-4-3-
4, Buni¢ 4516-3-3-1, Gornji Kosinj 4515-4-4-1, Gospic
(Istok) 4515-4-4-4, Gospi¢ (Zapad) 4515-4-4-3, Gracac
4416-1-2-3, Karlobag 4515-4-3-3, Krasno 4515-4-1-3,
Krbava 4516-3-3-4, Licki Ribnik 4415-2-2-2, Licko Le$¢e
4515-4-2-3, Lovinac 4416-1-1-2, Lukovo Sugarje 4415-2-
1-2, Medak 4516-1-1-1, Ondi¢ 4416-1-2-1, Otocac 4515-
4-1-4, Perusié¢ 4515-4-4-2, Rizvanu$a 4515-2-2-1, Sveti
Rok 4416-1-1-4, Stirovala 4515-4-3-1, Vaganski Vrh
4416-1-1-3, Vrhovine 4515-4-2-4, Velika Paklenica
4415-2-2-4, Vrebac 4516-3-3-3
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these landscape types were found to have dispersed
patches, that is, the average distance from the centre
of the patch to the centre of the neighbouring patch is
long. On the other hand, the landscape type Forestland
that has the simplest shape of landscape patches and
the lowest adjacency of all the landscape types in
Central Lika. Also, this landscape type was found to
have clustered patches, that is, the average distance
from the centre of one patch to the centre of its
neighbour was not long.

Data from the CORINE Land Cover 2012 database
were used in this paper. It does not record all land-
scape categories, which is a certain disadvantage of
this database. However, on the other hand, its signi-
ficant advantage is that it is made at the European
level according to the accepted CLC methodology, so
this research is completely comparable with other re-
search in Europe that would use the approaches and
methods presented in this paper. The comparability
of the results in the case of using some other data-
bases, such as multispectral satellite images, would be
significantly reduced due to the large differences in
approaches and processing methodologies among
different authors.

The applicability of knowledge about the interre-
lationships of shapes, positions and conditions of
landscape patches, which indicate the (non) presence
of external influences on its development and
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