HRVATSKI GEOGRAFSKI GLASNIK 83/2,33-58 (2021.)

UDK 712.3(497.562)
DOI 10.21861/HGG.2021.83.02.02

Primljeno / Received
02-07-2021 / 2021-07-02

Prihvaceno / Accepted
17-10-2021/ 2021-10-17

Marta Hamzi¢
Borna Fuerst-Bjelis

Primjena prostorne i dijakronijsko-procesne analize
razvoja krajolika na podrucju Srednje Like

(Hrvatska) od 1980. do 2012.

Application of spatial- and diachronic-process
analysis of landscape development in Central Lika,

Rad prikazuje strukturna obiljezja te proces i intenzitet
promjene  krajolika regije Srednje Like (Hrvatska) u
tranzicijskom  postsocijalistickom i poratnom  razdoblju
(1980.-2012.). Cilj je utvrditi zakonitosti i odnos promjene
strukture krajolika te procesa i njihova intenziteta koji ih
uzrokuju. Primjenom GIS metoda prostorne analize definirani
su oblik, polotaj i stanje uzoraka krajolika za promatrane godine.
Dijakronijsko-procesna analiza, uz primjenu posebno razvijena
pokazatelja - Indeksa Razvoja Krajolika (47), omogudila je da
se utvrdi intenzitet procesa promjene pojedinih elemenata
strukture krajolika. Krajolik je promatran kroz koncept
zemljisnoga pokrova/natina koristenja zemljista (LULC) te
su u tu svrhu koristeni podatci baza podataka CORINE Land
Cover za 1980.12012.

Rezultati istrazivanja pokazali su da je doslo do usitnjavanja
i povetanja broja uzoraka wuz istovremeno povecanje
kompleksnosti i smanjivanje povrSine jezgre. Istodobno
povecanje udjela rubnih dijelova utjee na pojacanu ranjivost na
vanjske utjecaje i promjene.

Potvrdila se prednost primjene Indeksa Razvoja Krajolika
(di) u odnosu na standardnu komparaciju dvaju stanja ili
sinteticke indekse jer je za svaku pojedinu pojavu/proces
moguce utvrditi i intenzitet, $to omogucuje dublju prostorno-
vremensku analizu i bolje razumijevanje razvoja krajolika.

Kljuéne rijeci: promjena krajolika, struktura krajolika,
dijakronijsko-procesna analiza, temporalna analiza, ranjivost
krajolika, Srednja Lika, Indeks Razvoja Krajolika ()

Croatia from 1980 to 2012

The paper presents structural features and the process and
intensity of landscape changes in the Central Lika Region of
Croatia, in the transitional, post-socialist and post-war periods
(1980-2012). The aim of this paper is to analyse regularities
and interrelations between the changes in structural features
and the intensity of the processes that cause change. By using
GIS spatial analysis methods, the shape, position, and condition
of landscape patches were defined for each year. The diachronic-
process analysis, with the application of a specially-developed
index — the Landscape Development Index (4i) — made
it possible to determine the intensity of development of
individual landscape elements. The landscape was observed
using the concept of Land Use/Land Cover (LULC) and, for
this purpose, data from the CORINE Land Cover database
were used for 1980 and 2012.

The results showed fragmentation and an increase in the
number and complexity of patches, as well as a decrease of
the core patch area. Consequently, the increase of the share of
edge areas has increased vulnerability to external influences and
changes.

Applying the Landscape Development Index (i) showed
advantages compared to a standard comparison of the two
conditions or synthetic indices, enabling the intensity of each
observed phenomenon/process to be determined, and allowing
for deeper spatial and temporal analysis as well as better
understanding of landscape development.

Key words: landscape change, landscape structure, diachronic-

process analysis, temporal analysis, landscape vulnerability,

Central Lika, Landscape Development Index (i)
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Uvod - podrucje i obuhvat
istrazivanja

Krajolik je konstantno izlozen promjena-
ma uzrokovanim prirodnim silama i/ili drus-
tveno-gospodarskim aktivnostima. Promjene u
krajoliku razli¢ita su intenziteta i vremenskoga
trajanja (Emanuelsson, 2009). Od zavrietka Dru-
goga svjetskog rata razvoj krajolika uvjetovan je
prije svega trima pokretackim silama: promet-
nom dostupno$éu, urbanizacijom i globalizacijom
(Antrop, 2005), a utvrdena su opcenito dva glavna
trenda razvoja - intenzifikacija i ekstenzifikacija
(Van Eetvelde i Antrop, 2009 prema Vosu i Klij-
nu, 2000). Promjene u velikoj mjeri rezultiraju
gubitkom razli¢itosti, koherentnosti i identiteta
(Antrop, 1997; 2005) kao i karaktera krajolika
(Miicher i dr., 2010).

Vecini krajolika gorsko-planinskih seoskih/
ruralnih podrudja u srednjoj i isto¢noj Europi
nakon raspada socijalizma, pa tako i u Hrvat-
skoj, zajednicko je obiljezZje zapustanje, odnosno
ekstenzifikacija koristenja zemljiSta, uvjetovana
depopulacijom i starenjem stanovniStva te sma-
njenjem intenziteta drustveno-gospodarskih ak-
tivnosti (Cvitanovi¢ i Fuerst-Bjelis, 2018; Jogun i
dr. 2019). Medutim, Hrvatska u cjelini, a osobito
pograni¢na podrucja kao §to je Lika dodatno su
pogodena izravnim i neizravnim posljedicama
Domovinskog rata, koji je bio u posljednjem de-
setlje¢u 20. stoljeca (1991.-1995.). One se prije
svega oCituju u smanjenju ukupnoga broja stanov-
nika te napustanja i daljnjega smanjenja brojnosti
stanovni§tva pograni¢nih podrudja, posebno onih
koja su etnicki mjesovita kao $to je to jugoistocno
podrugje Like.

Podrucje ovdje prikazana istrazivanja jest rural-
na i ve¢im dijelom marginalna regija Srednja Lika,
ukupne povrdine od priblizno 1.690 km? Regija
je smjestena u dinarskom planinskom pojasu Hr-
vatske, a obuhvaca prostrana krska polja i dio oro-
grafskoga okvira planine Velebit. Prema aktualnoj
administrativno-teritorijalnoj podjeli obuhvaca tri
jedinice lokalne samouprave unutar Licko-senjske
zupanije: Grad Gospi¢, Opéinu Perusi¢ i Opéinu
Lovinac (sl. 1). Na podru&ju Srednje Like nalazi

se ukupno 78 naselja u kojima je prema zadnjem
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Introduction: the area and the scope
of research

'The landscape is constantly exposed to changes
caused by natural forces and/or socio-economic
activities. Changes in landscape are of varying in-
tensity and duration (Emanuelsson, 2009). Since
the end of World War 11, landscape development
has been conditioned primarily by three driving
forces: transport accessibility, urbanization, and
globalization (Antrop, 2005); and two main de-
velopment trends have been identified: intensi-
fication and extensification (Van Eetvelde and
Antrop, 2009, as cited in Vos and Klijn, 2000).
The changes have largely resulted in a loss of di-
versity, coherence, and identity (Antrop, 1997;
2005) as well as landscape character (Mucher et
al., 2010).

In the post-socialist period, for most landscapes
in mountainous rural areas in Central and East-
ern Europe, including Croatia, a common feature
is neglect or extensification of land use due to
depopulation, aging population, and reduced in-
tensity of socio-economic activities (Cvitanovi¢
and Fuerst-Bjelis, 2018; Jogun et al., 2019). Cro-
atia in general, but particularly its border regions,
among them Lika, has been directly and indirectly
affected by the consequences of the Croatian War
of Independence (1991-1995).The primarily con-
sequences of the War were population loss and
displacement, and further depopulation and aban-
donment of border areas, especially in those of eth-
nically-mixed character, e.g. the southeastern part

of Lika.

'The research area is the rural and largely mar-
ginal region of Central Lika, which has a total area
of approximately 1,690 km?. The region is located
in the Croatian Dinarides, and includes large karst
poljes and part of the orographic frame of Velebit
Mountain. According to Croatia’s current adminis-
trative and territorial division, Central Lika consists
of three local government units within Lika-Senj
County: The Town of Gospi¢, the Municipality of
Perusi¢, and the Municipality of Lovinac (Fig. 1).
There are a total of 78 settlements in Central Lika,
in which, according to the last census (2011), a total
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® Naselje / Settlement
(+) Srediste grada/opéine / Municipial center
[ srednja Lika / Central Lika

SI. 1. Podrucje istrazivanja: regija Srednja Lika, Hrvatska
Fig. 1 Area of research: Cenfral Lika Region, Croatia

popisu stanovnistva (2011.) zabiljezeno ukupno
16.390 stanovnika (DZS, 2020),! a prema pro-
cjenama za 2019. broj stanovnika smanjen je na

14.583 stanovnika (DZS, 2021b).?

Tijekom vedine svoga povijesnog razdoblja ovo
je bila (i jos uvijek jest) pograni¢na regija, §to uglav-
nom nije pogodovalo stabilnosti naseljenosti i po-
ljoprivrede, upravo suprotno (Fuerst-Bjelis, 2020b;
Fuerst-Bjelis i Glamuzina, 2021). To je stolje¢ima
bilo podruéje stalnih migracija i kulturnih dodira s
bitnim okoli$nim posljedicama. Tako su kartograf-
ski izvori ve¢ s pocetka 18. stolje¢a dokumentirali
ovo pograni¢no podrucje kao napusteno i opusto-
Seno — terra deserta (Fuerst-Bjelis, 2012; 2020a;
Fuerst-Bjelis i Vukosav, 2019).

1 Drzavni zavod za statistiku (DZS), 2020: Popis stanovnistva 2011.,
https://www.dzs.hr. (18. 12. 2020.)

2 Drzavni zavod za statistiku (DZS), 2021b: Stanovnistvo — procjena i
prirodno kretanje, https://www.dzs.hr (11.9.2021.) Paralelno s pisa-
njem ovoga rada (rujan 2021.) odvija se aktualni popis stanovnistva za
2021. godinu.

of 16,390 inhabitants were recorded (CBS, 2020)%;
while according to estimates for 2019, the popula-
tion has since shrunk to 14,583 inhabitants (CBS,
2021b)>.

Throughout most of its past, Lika has been (and
still is) a border region, characterized by poor set-
tlement stability, weak agrarian economy, general
instability, and transhumance (Fuerst-Bjelis, 2020b;
Fuerst-Bjelis and Glamuzina, 2021). For centuries,
it has been an area of continuous cultural contact
and migration with considerable environmental
impact. Some of the early 18" century cartographic
sources documented the borderland area (including
the research area) as deserted and devastated — i.e.

terra deserta (Fuerst-Bjelis, 2012; 2020a; Fuerst-
Bjelis and Vukosav, 2019).

1 Croatian bureau of statistics (CBS) (2020): Census 2011, https://www.
dzs.hr (18.12.2020)

2 Croatian bureau of statistics (CBS) (2021b): Population — estimate
and natural change, https://www.dzs.hr (11.9.2021). The population
census for 2021 is underway at the time of writing (September 2021).
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U razdoblju nakon Drugoga svjetskog rata na
podrudju Srednje Like, kao i vecine planinskih i
opcenito ruralnih predjela, jaca odljev stanovnistva
iz sela u gradove, biljeze se odlasci na tzv. privre-
meni rad u inozemstvo, napose mladega vitalnog
i fertilnog stanovnistva, a posljedi¢no i demograf-
sko starenje te prirodni pad stanovnistva. U drugoj
polovici dvadesetoga stolje¢a na podrucju Srednje
Like prisutan je stoga kontinuirani proces sma-
njenja ukupnoga broja stanovnika (Pejnovi¢, 1985;
2004a; 2004b; Stambuk, 1998; Turk, 2009; Zivié,
2009; Turk i dr., 2015).

Posljednje desetljece 20. stolje¢a bilo je dodatno
obiljezeno znacajnim smanjenjem ukupnoga broja
stanovnika, raseljavanjem i (e)migracijom koje su
pratile Domovinski rat (1991.-1995.). Rat je do-
nio smanjenje ukupnoga broja stanovnika regije
(-48,82 %) te jo§ znacajnije smanjenje u jugoistoc-
nom ruralnom podrudju regije (Opéina Lovinac)
prema popisu stanovnistva iz 2001. (DZS, 2021a),
koje je uvjetovano emigracijom srpskoga manjin-
skog stanovnistva (-89,43 %).

Demografske procjene za razdoblje od 2008.
do 2017. godine za Republiku Hrvatsku i Zupa-
nije (HGK, 2019) pokazuju smanjenje ukupnoga
broja stanovnika. Podrugje Licko-senjske Zupanije
unutar Hrvatske (-4,3 %), uz tri slavonske Zupani-
je, pokazuje najvece smanjenje (-13,2 %). Vitalni
indeks, kao pokazatelj izrazito negativne dinamike
demografskih kretanja, u Licko-senjskoj Zupaniji
najnizi je (44,1) u odnosu na sve ostale Zupanije
i cijelu Hrvatsku. Ta Cinjenica, uz ostale nepo-
voljne demografske elemente poput visoke dobne
strukture i smanjenja udjela stanovni$tva fertilne
dobi, samo potvrduje da ¢e se nepovoljna demo-
grafska kretanja nastaviti i u buduéem razdoblju.
Opéenito govoredi, smanjenje broja stanovnika i
promjena nacina zZivota u vidu napustanja tradi-
cionalne poljoprivrede, odnosno ekstenzifikacije,
uvjetuje proces prirodne sukcesije i reforestacije
te promjenu krajolika. Medutim, unutar Srednje
Like kao cjeline utvrdene su i unutarregionalne ra-
zlike u intenzitetu i prirodi procesa promjene. To
se prije svega odnosi na razliku izmedu sredisnjega
podrudja regije oko grada Gospica, koje kao jedi-
no urbano naselje u posljednjem medupopisnom

razdoblju (2001.-2011.) ima pozitivni demograf-
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In the period after World War II, in the area of
Central Lika, as well as in most mountainous and
generally rural areas, there was a strong outflow of
population from the countryside to cities; emigra-
tion for the purposes of temporary work abroad was
also documented, especially of the younger vital and
fertile population, which led to demographic aging
and natural population decline. In the second half
of the 20%century, the area of Central Lika saw,
therefore, a continuous reduction of total popula-
tion (Pejnovi¢, 1985; 2004a; 2004b; Stambuk, 1998;
Turk, 2009; Zivi¢, 2009; Turk et al., 2015).

The very last decade of the 20% century was ad-
ditionally marked by significant population loss,
displacement, and (e)migration following the Cro-
atian War of Independence (1991-1995). The War
brought severe population reduction to the region
(-48.82%). The most severe reduction (-89.43%)
was documented in the southeasternmost rural part
of the region (the Municipality of Lovinac). This
was due to emigration of the Serbian minority pop-

ulation, according to the 2001 Census (CBS, 2021).

Demographic estimates for the 20082017 period
for the Republic of Croatia and its counties (CCE,
2021) show a further decrease in total population.
The area of Lika-Senj County (-4.3%), together
with three Slavonian counties (-13.2%), document-
ed the largest decreases. The vital index of Croa-
tia, as an indicator of extremely negative dynamics
of demographic trends, is the lowest in Lika-Senj
County (44.1). This fact, along with other unfavour-
able demographic elements such as a high age struc-
ture and declining share of population of fertile age,
only confirm that unfavourable demographic trends
will continue in to the foreseeable future. General-
ly speaking, reduction in the number of inhabitants
and lifestyle changes in the form of abandoning
traditional agriculture, i.e. extensification, gives rise
to the process of natural succession and reforesta-
tion and changes in the landscape. However, within
Central Lika as a whole, intra-regional differences
in the intensity and nature of change processes were
also identified. This primarily refers to the difference
between the central area of the region around the ur-
ban settlement Gospi¢ (the only large urban settle-
ment in the research area), which has recorded pos-

itive demographic trends (2001-2011), compared



ski trend, u odnosu na ostala naselja administra-
tivnog podruc¢ja Grada Gospica (Cukman, 2018),
kao i periferne dijelove regije. Medutim, projekcije
takoder upucuju na to da je s obzirom na kontinu-
irani prirodni pad stanovni§tva i nepovoljnu dobnu
strukturu (starenje stanovnistva) i za Grad Gospi¢
u buduéim desetlje¢ima realno ocekivati znacajan
pad broja stanovnika, ¢ak i do 20,2 % do 2031. go-
dine (Cukman, 2018).

Glavno je istrazivacko pitanje postoje li u proma-
tranom tranzicijskom postsocijalistickom, ratnom i
poratnom 32-godisnjem razdoblju zakonitosti u me-
duodnosima strukturnih obiljezja uzoraka pojedinih
tipova krajolika i krajolika Srednje Like u cjelini te
u kakvu su odnosu promjene strukturnih obiljezja
i procesi koji ih uzrokuju. Cilj je istrazivanja stoga
prostornom i dijakronijsko-procesnom analizom uz
primjenu novorazvijenoga pokazatelja Indeksa Ra-
zvoja Krajolika (#7) utvrditi procese razvoja i promje-
nu strukturnih obiljeZja krajolika Srednje Like.

Osnovna je hipoteza utemeljena na povezano-
sti drustvenih procesa, nacina Zivota i posljedi¢noj
promjeni krajolika. Polazi se od pretpostavke da je
u promatranom visedesetljetnom razdoblju na pri-
jelazu stoljeca te tranzicijskom postsocijalistickom
i poratnom razdoblju doslo do znacajne strukturne
promjene krajolika, prije svega u vidu vegetacijske
sukceesije, odnosno zarastanja nekadasnjih poljopri-
vrednih povriina. Ocekuje se da je upravo vegeta-
cijska sukcesija po svojem intenzitetu dominantan
proces. Smatra se da je proces vegetacijske sukcesije
izravna posljedica depopulacije, starenja stanovnis-
tva i promjene nacina Zivota, tj. napustanja poljo-
privrede, kao u ve¢em dijelu ruralnih, gorskih i mar-
ginalnih podrudja u postsocijalistickom i poratnom
razdoblju. Najvece se promjene u krajoliku ocekuju
u podrudju jedinoga veceg (gradskog) naselja — Gos-
pica, gdje je dodatno izrazenija promjena nacina Zi-
vota od tradicionalnoga poljoprivrednog k urbanom.

Teorijski okvir

Dijakronijska analiza (Lépez-Estébanez i dr.,
2012; Afrasinei i dr., 2015) opéenito podrazumije-
va usporedbu podataka najéesce za dvije vremenske
tocke. Osim pri istrazivanju krajolika dijakronijska

to other settlements in the administrative territory
of the Town of Gospi¢ (Cukman, 2018), as well as
peripheral parts of the region. However, projections
also indicate that it is realistic to expect a significant
decline in population in the coming decades — up
to 20.2% by 2031 — considering the continuous
natural decline of the population and the unfavoura-
ble age structure (population aging) for the Town of
Gospié¢ (Cukman, 2018).

The main research question is whether there are
regularities in the interrelations between structural fea-
tures of patches of individual types of landscapes and
the landscape of Central Lika as a whole, and what is
the interrelation between the changes in structural fea-
tures and the processes that caused the changes, during
the observed transitional post-socialist, war, and post-
war period. The goal of the research is, therefore, to
determine the processes of development and change
of structural features of the landscape of Central Lika
by using spatial and diachronic-process analysis, along
with the application of a specially-developed Land-
scape Development Index (di).

'The fundamental hypothesis is based on the con-
nection between social processes, lifestyles, and con-
sequent changes in the landscape. It relies on the
assumption that significant structural changes in the
landscape, primarily in the form of vegetation suc-
cession that has overgrown former agricultural land,
occurred during the researched period. Vegetation
succession is considered to be the dominant process
in terms of its intensity. Also, it is considered to be a
direct consequence of depopulation, population aging,
and lifestyle changes, i.e. the abandonment of agricul-
ture, as is common in Croatia’s rural, mountainous, and
marginal areas in the post-socialist and post-war peri-
od. The biggest changes in the landscape are expected
to be found in the area of the only large (urban) settle-
ment (Gospi¢) where the change of lifestyle from tra-
ditional to urban agricultural is especially pronounced.

Theoretical background

A diachronic analysis (Lépez-Estébanez et
al. 2012; Afrasinei et al. 2015), generally involves
comparing data for two time points. Apart from
in landscape research, diachronic analysis is also
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analiza rabi se i u drugim istrazivanjima kod kojih
se podrazumijeva komparativno istrazivanje razlici-
tih pojava. Kao takva, Cesto se nalazi i pod razli¢itim
nazivima, primjerice kao ,komparativna analiza” ili
ytemporalna analiza” iako ona u tom slucaju ne mora
implicitno ukljucivati vremenski raspon komparacije.
Dijakronijske se analize opéenito razlikuju prije sve-
ga po vremenskom rasponu istrazivanja i, povezano s
time, po vrsti podataka i metodama njihove analize.

Dijakronijska analiza razvoja krajolika u prove-
denim istrazivanjima obuhvaca duze odnosno krace
razdoblje, pri ¢emu se koriste razli¢ite vrste poda-
taka i metode njihove analize. Istrazivanja koja se
provode za dugo razdoblje (npr. duze od 250 go-
dina) imaju ogranicavajuce vrste podataka, koji se
mogu analizirati samo koriStenjem kombinacije
specifiénih metoda. Tako su primjerice V. Van Ee-
tvelde i M. Antrop (2009) na razini uzoraka krajo-
lika za odredene tipove krajolika Flandrije rabili ra-
zliCite prostorne GIS analize za duze razdoblje od
vide stolje¢a (1775.-2000.). Primjere dugovremene
dijakronijske analize u Hrvatskoj za sli¢an vremen-
ski raspon, od sredine 18. do pocetka 21. stoljeca,
nalazimo u istrazivanjima promjena krajolika Juzne
Hrvatske (Fuerst-Bjelis, 2003; 2020a; Fuerst-Bjelis
i dr. 2011; Cuka, 2011; Durbesi¢, 2012; Durbesic i
Fuerst-Bjelis, 2016; Blace, 2015; 2019). Sva se ova
istrazivanja temelje na kombinaciji i usporedbi po-
vijesnih katastarskih i suvremenih izvora i metoda-
ma prostornih GIS i statistickih metoda.

Rastuéi broj istrazivanja koja analiziraju novije
vrijeme i krace razdoblje, od manje od jednoga de-
setlje¢a (Kladnik i dr., 2009; Olahové i dr., 2013)
do nekoliko desetlje¢a (Gabrovec i Kladnik, 1997;
Hamzi¢ i dr., 2020; Hamzi¢ i Fuerst-Bjelis, 2021),
uglavnom imaju na raspolaganju vise vrsta podataka
i analitickih metoda. Promatrajuéi novija istrazivanja
u Hrvatskoj, moze se re¢i da autori razvijaju pristup
kombinacije metoda, na primjer koriStenje matri-
ce konfuzije i koeficijenta kappa zajedno s drugim
kvantitativnim i kvalitativnim istrazivackim meto-
dama u cilju utvrdivanja procesa i drustvenoga kon-
teksta do kojega je doslo u promatranom razdoblju
(Cvitanovi¢, 2014; Cvitanovi¢ i Fuerst-Bjelis, 2018),
kao i koristenje metoda daljinskih istrazivanja i si-
mulacijskoga modela za analizu i projekciju promje-

na zemlji$noga pokrova (Jogun i dr., 2017; 2019).
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widely used in other studies which research mul-
tiple phenomena comparatively. As such, it is also
commonly referred to by different terms, e.g. “com-
parative analysis” or “temporal analysis”, although
in those cases it does not have to implicitly include
the time span of the comparison. Diachronic anal-
yses generally differ, according to the time span of
the research as well as according to the type of data
and methods of their analysis.

In studies similar to that carried out in this paper,
diachronic analysis of landscape development typi-
cally covers a certain period of time using different
types of data and methods of their analysis. Research
conducted over along period of time (e.g.longer than
250 years) has limited data types, which can only be
analysed using a combination of specific methods.
For instance, V. Van Eetvelde and M. Antrop (2009)
used various spatial GIS analyses for a period of sev-
eral centuries (1775-2000), at the level of landscape
patches for certain types of landscapes in Flanders.
Examples of long-term diachronic analyses in Croa-
tia for a similar time span, from the mid-18" century
to the beginning of the 21* century, can be found
in studies of changes in the landscape of southern
Croatia (Fuerst-Bjelis, 2003; 2020a; Fuerst-Bjelis et
al., 2011; Cuka, 2011; Durbesi¢, 2012; Durbesi¢ and
Fuerst-Bjelis, 2016; Blace, 2015; 2019). All these
studies were based on a combination and compari-
son of historical cadastral and contemporary sources,
and spatial GIS and statistical methods.

The growing number of studies that analyse
more recent and shorter time periods, from less
than a decade (Kladnik et al., 2009; Olahovi et al.,
2013) to several decades (Gabrovec and Kladnik,
1997; Hamzi¢ et al., 2020; Hamzi¢ and Fuerst-
Bjelig, 2021), generally have more types of data
and analytical methods available. If one looks at
recent research in Croatia, authors are employing
mixed method approaches, e.g. using a confusion
matrix and Kappa coeflicient together with oth-
er quantitative and qualitative research methods
in order to assess processes and social context
(Cvitanovi¢, 2014; Cvitanovi¢ and Fuerst-Bjelig,
2018), as well as using remote sensing methods
and simulation models for the analysis and pro-
jection of land cover changes (Jogun et al., 2017,
2019).



Indeks se, kao statisticka veli¢ina i pokazatelj,
op¢enito gledajuéi kao odnos dvaju brojeva odno-
sno veli¢ina ili vrijednosti, esto koristi u razlici-
tim istrazivanjima promjena i trendova. Pocetkom
stolje¢a, osobito u prvom desetljecu, doslo je nagla
uzleta istrazivanja krajolika koji se temelje na ne-
koj vrsti ,,pokazatelja krajolika” ili ,metrika krajo-
lika”. Prema istrazivanju Uuemaa i dr. (2009), od
brojnih istrazivackih tematskih kategorija, ve¢ina
istrazivanja objavljenih u prvom desetlje¢u ovoga
stolje¢a odnosi se na analizu bioraznolikosti i sta-
nista te procjenu uzoraka krajolika i njihova razvo-
ja. U novije vrijeme mnoge su metrike integrirane
u postojeci program geografskoga informacijskog
sustava (npr. Patch Analyst u ArcView; Pattern u
IDRISI).

U postojeéim se istrazivanjima mogu razlikova-
ti dva osnovna pristupa — primjena op¢ih indeksa
razvoja krajolika i primjena posebnih indeksa za
odredenu pojavu. Kod op¢ih indeksa na primjer
Woodward i dr. (2001) te Krajewski i dr. (2017)
koriste indeks promjene krajolika (LCI) koji se
definira kao ukupna promjena vegetacije i nacina
koristenja zemljista, izrazena kao jedna vrijednost,
dok Lowicki (2008) koristi indeks transformacije
krajolika koji se definira kao omjer povrsine gdje
prevladavaju prirodni procesi i povriine gdje pre-
vladavaju antropogeni procesi, takoder izrazen kao
jedna vrijednost. Kod zasebnih indeksa najceséa je
primjena indeksa oblika uzorka, pojedinacno ili u
kombinaciji s ostalim indeksima (Hulshoff, 1995;
Steinhardt i dr., 1999; Gyenizse i dr., 2014), od-
nosno kao agregiranih indeksa u nekim istraziva-
njima (npr. Yang i dr., 2019). Koristenje indeksa u
analizi krajolika moze se takoder vidjeti u sasvim
specifi¢nim analizama, primjerice u analizi utjecaja
turistickih sadrZaja na krajolik. Primjer je Lands-
cape Load Index — LLI, koji se temelji na izra¢unu
zasiCenja krajolika kvadratnim (npr. hoteli, za koje
se smatra da u jednoj zgradi okupljaju turisticke
objekte,te kojima je turizam jedina ili prevladava-
juca funkcija), povrSinskim i linearnim elementima
turisticke infrastrukture (Zemta-Siesicka, 2020).

Indeks Razvoja Krajolika (47) koji je razvijen i
kori§ten u ovom istrazivanju definiran je kao in-
deks dobiven kao omjer pojedinaénih strukturnih
obiljezja (0blik, polozaj i stanje, prikazani detaljno

An index is generally regarded as the ratio be-
tween two numbers/values, and is often used as a
statistical variable and indicator in a wide range
of studies of changes and trends. Since the begin-
ning of the century, particularly in its first decade,
there has been a sharp growth of landscape research
based on various “landscape indices” or “landscape
metrics”. Among a number of research topic cat-
egories, most of the studies published within the
first decade of the century, according to the research
conducted by Uuemaa et al. (2009), are on biodi-
versity and habitat analysis, and the evaluation of
landscape patterns and changes therein. Recently,
many metrics have also been integrated into exist-
ing geographic information system software (e.g.

Patch Analyst in ArcView; Pattern in IDRISI).

Within the extensive body of research, two main
approaches can be distinguished; the application
of a general landscape development index and the
application of singular specific indices for particular
phenomena. Among general indices, Woodward et
al. (2001) and Krajewski et al. (2017) used landscape
change index (LCI), defined as the total change in
vegetation and land use by one value; while Lowicki
(2008) used an index of landscape transformation
defined as (one value) ratio of area surface, where
natural processes became dominant in an area where
anthropogenic processes were previously dominant.
Among individual indices, the most widely used
is the patch shape index, either used alone or in
combination with other indices (Hulshoff, 1995;
Steinhardt et al., 1999; Gyenizse et al., 2014), or as
aggregated indices in specific research (e.g. Yang et
al., 2019). The use of an index in landscape analysis
can be also seen in very specific analyses, e.g. in the
analysis of the influence of tourist facilities on the
landscape. In such a case, the Landscape Load In-
dex — LLI is based on calculation of the saturation
of landscape with cubature (e.g. hotels, understood
as an association of tourist facilities gathered in one
building, which have tourism as their sole or pre-
dominant function), area, and linear elements of
tourist infrastructure (Zemta-Siesicka, 2020).

The Landscape Development Index (i) devel-
oped and used in this research is defined as a ra-
tio-based index of each individual structural fea-
ture at the level of landscape patches for two time

39

M. Hamzi¢
B. Fuerst-Bjelis

Primjena prostorne
i dijakronijsko-
procesne analize
razvoja krajolika na
podrudju Srednje
Like (Hrvatska) od
1980. do 2012.

Application

of spatial- and
diachronic-
process analysis
of landscape
development in
Central Lika,
Croatia from 1980
to 2012



HRVATSKI
GEOGRAFSKI
GLASNIK
83/2,33-58 (2021.)

u poglavlju Definiranje tipova i strukturnib obi-
ljeZja krajolika prema konceptu zemljisnoga pokro-
va/nacina koristenja zemljista) na razini uzoraka
krajolika u dvije vremenske tocke kako bi se do-
bio uvid u intenzitet promjene te ranjivost krajo-
lika na vanjske utjecaje.

lzvori i metodologija

Pri odredivanju tipova krajolika dva su osnovna
pristupa: temeljem zemlji$noga pokrova/nacina ko-
ridtenja zemljista (Land Use/Land Cover - LULC)
i temeljem sinteze prirodnih i kulturnih obiljezja
koristenjem hijerarhijskoga pristupa (Dumbovi¢
Bilusi¢, 2015). U ovom je radu pri definiranju ti-
pova krajolika Srednje Like koristen pristup koji
se temelji na konceptu zemljisnoga pokrova/nacina
koristenja zemljista (Jovani¢, 2017; Hamzi¢ i dr.,
2020; Hamzi¢ i Fuerst-Bjelig, 2021). U tu svrhu ko-
risteni su podatci baza podataka CORINE Land
Cover za 1980.12012. (CLC 1980 i CLC 2012).3

Primjenom metoda prostornih analiza pomocu
GIS tehnologije za obje promatrane godine (1980.
i 2012.) analizirana su strukturna obiljezja (0b/ik,

polozaj, stanje) uzoraka definiranih tipova krajolika
Srednje Like kao i krajolik Srednje Like u cjelini.

Primijenjen je posebno razvijen pokazatelj — In-
deks Razvoja Krajolika (), koji oznacuje omjer re-
zultata svakoga pojedinog pokazatelja strukturnoga
obiljezja (oblik, polozaj, stanje) za dvije vremenske
tocke. Cilj primjene pokazatelja (i) jest ponajprije
mogucnost utvrdivanja intenziteta promjena, odno-
sno intenziteta razvoja pojedinoga obiljeZja prema ti-
povima krajolika (kao kategorije koja obuhvaca jednu
ili vie klasa podataka zemljidnoga pokrova) i krajo-
lika u cjelini, §to se ne moze posti¢i jednostavnom
kartografskom ili numeri¢kom komparacijom dvaju
stanja. Buduéi da pokazuje i intenzitet, a ne samo
meduodnos pojava, ovaj pokazatelj omogucuje kvali-
tetniju analizu i dublje razumijevanje procesa razvoja
krajolika od standardnih komparativnih metoda.

3 Istrazivanje je trajalo nekoliko godina te je zavrSeno prije nego §to su
podatci CORINE Land Cover za 2018. godinu bili dostupni. Podatci
su dopunjeni i korigirani terenskim istrazivanjem. S obzirom na to da
promjene krajolika podlijezu mnogo duljoj vremenskoj skali nego §to
je to nekoliko godina, razlika od nekoliko godina ne moze bitno utje-
cati na dobivene rezultate.
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points, integrated within GIS (shape, position, con-
dition, as described in detail further in section De-
fining landscape types and structural features according
to the Land Use/Land Cover concept), in order to de-
termine the intensity of the change and the land-
scape’s vulnerability to external influence.

Sources and methodology

When determining landscape types, there are
two basic approaches: based on the Land Use and
Land Cover - LULC concept, and based on the
synthesis of natural and cultural features using a
hierarchical approach (Dumbovi¢ Bilusi¢, 2015).
In this paper, an approach based on the concept of
Land Use/Land Cover was applied in defining the
types of landscapes of Central Lika (Jovani¢, 2017,
Hamzi¢ et al., 2020; Hamzi¢ and Fuerst-Bjelis,
2021). For this purpose, data from the CORINE
Land Cover (CLC) database for 1980 and 2012
were used (CLC 1980 and CLC 2012)3.

Using the methods of GIS spatial analysis for each
observed year (1980 and 2012), the structural features
(shape, position and condition) of patches of defined
landscape types of Central Lika, as well as the land-

scape of Central Lika as a whole, were analysed.

A specially-developed indicator was applied: the
Landscape Development Index (i), which indicates
the ratio of the results of each individual indicator of
the structural features (shape, position, condition) for
two time points. The goal of the application of the
developed indicator (i) is primarily to determining
the intensity of change, i.e. the intensity of the devel-
opment of individual features according to landscape
types (as a category consisting of one or more land
cover classes) and landscape as a whole, which can-
not be achieved by simple cartographic or numerical
comparison of two conditions. This indicator allows
for better analysis and deeper understanding of the
process of landscape development than standard
comparative methods, as it shows the intensity of the
phenomena, not just their interrelation.

3 The research was carried out over several years and was completed
before CORINE Land Cover data for 2018 were available. The data
were supplemented and corrected by field research. Considering that
landscape changes are subject to a long time scale, a difference of a few
years cannot substantially affect the results obtained.



Definiranje tipova i struktumih obiliezja krajolika
prema konceptu zemljsnoga pokrova/nacina
koristenja zemljista

Baze podataka CORINE Land Cover izra-
duju se na europskoj razini u okviru projekta
Copernicus Land Monitoring Service, dok je dio
koji se odnosi na razinu Republike Hrvatske
proizvod Hrvatske agencije za okoli§ i prirodu
(HAOP). Koristene baze podataka (CLC 1980
i CLC 2012) sastoje se od digitalnih podataka
koji se odnose na dijelove krajolika (npr. pasnjak,
jezero, autocesta, naselje i sl.), te su unutar baze
podataka razvrstani u klase podataka. U radu su
svi digitalni podatci navedenih baza podataka
koji se odnose na podrudje Srednje Like defini-
rani kao uzorci krajolika Srednje Like. Takoder,
sve su klase podataka koje se odnose na podru¢-
je Srednje Like za pojedine promatrane godine
razvrstane u jedan od tipova krajolika za tu odre-
denu godinu (npr. klase podataka Bjelogoricna
Suma, Crnogoricna suma i Mjesovita Suma svrstane
su u tip krajolika Sumsko zem/iste). Stoga, svi su
uzorci krajolika Srednje Like za odredene godine
svrstani u jedan od tipova krajolika Srednje Like.
Pritom se nastojalo da uzorci unutar pojedinoga
tipa budu $to homogeniji s obzirom na njihova
prirodno-geografska obiljezja i drustveno-geo-
grafske ¢imbenike razvoja krajolika koji su vid-
Jjivi u prostoru.

S obzirom na to da se standardni pristup izradi
baze podataka CLC temelji na vizualnoj interpre-
taciji satelitskih snimaka prema prihvacenoj CLC
metodologiji, vazno je napomenuti da u bazu po-
dataka nisu uneseni svi dijelovi. Naime, temeljem
CLC metodologije stvaraju se podatci u vektor-
skom modelu podataka u mjerilu 1:100 000. Pritom
je minimalna $irina 100 metara za linearne entitete
(linije) i 25 ha za povrdinske entitete (poligone).
Stoga zbog nezadovoljenja kriterija dovoljne kon-
centracije objekata u odnosu na rezoluciju resetke
kod tipa krajolika Izgradeno zemljiste nisu vidljiva
manja naselja, a zbog nedovoljne §irine objekta u
odnosu na resetku od prometnica je vidljiva samo
autocesta, dok ostale nisu vidljive. Ipak, podatci na-
vedene baze koristeni su kao ¢injeni¢ni te su kao
takvi analizirani u radu.

Defining landscape types and structural
features according to the Land Use/Land
Cover concept

The CORINE Land Cover databases are creat-
ed at the European level as part of the Copernicus
Land Monitoring Service project, while databases
related to the level of the Republic of Croatia are a
product of the Croatian Environment and Nature
Agency (CENA). The databases used (CLC 1980
and CLC 2012) consist of digital data that are re-
lated to parts of the landscape (e.g. pasture, lake,
motorway, settlement, etc.) and are classified into
data classes within the database. In this paper, all
digital data of the indicated databases related to the
area of Central Lika are defined as landscape patch-
es of Central Lika. Also, all data classes related to
the Central Lika area for both observed years are
classified into one of the landscape types for that
particular year (e.g. the data classes Broad-leaved
Forest, Coniferous Forest and Mixed Forest are classi-
fied into the landscape type Forestland). Therefore,
all patches of the Central Lika landscape for re-
spective years are classified into one of the types of
the Central Lika landscapes. The aim was to keep
the patches within an individual type as homoge-
neous as possible with regard to their natural and
geographical characteristics and socio-geographical
factors of landscape development that are evident
in the area.

Considering that the standard approach to CLC
database creation is based on visual interpretation
of satellite images according to accepted CLC
methodology, it should be noted that not all parts
are entered into the database. Namely, based on the
CLC methodology, data are created in a vector data
model at a scale of 1:100 000. The minimum width
is 100 meters for linear entities (lines) and 25 ha for
surface entities (polygons). Therefore, seeing as the
criterion of sufficient concentrations of structures
in relation to the resolution of the grid is not met,
no smaller settlements are visible in Bui/t-up Land,
and due to insufficient width in relation to the grid,
motorways are the only roads visible, while small-
er, local roads are not. However, data provided by
the database were taken as accurate and analysed
as such.
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Prema navedenom postupku na podrucju Srednje
Like prema podatcima CLC baze za 1980. godinu
evidentirano je 17 klasa podataka, koje su potom svr-
stane u sedam tipova krajolika. Prema podatcima baze
CLC za 2012. godinu evidentirano je 19 klasa podata-
ka koje su svrstane u Sest tipova krajolika.* Iz navede-
noga je vidljivo kako za 1980. nisu evidentirane neke
od klasa podataka koje su utvrdene za 2012. S druge
strane, tip krajolika Stjenovite povrsine koji je utvrden
za 1980. nedostaje za 2012. Naime, ove su povrine
smanjene (povrsina je bila 0 ha) kao posljedica vegeta-
cijske sukeesije. Stoga su ta podrudja u klasifikacijskoj
shemi za 2012. klasificirana ponajviSe unutar tipova
krajolika: Grmlje/sukcesija sume te mnogo manje unutar
tipova Sumsko zemljiste i Travnato zemljiste.

Za navedene dvije vremenske tocke na prijelazu
20.u 21. stoljec¢e — 1980.1 2012. godinu detaljnije su
analizirana strukturna obiljezja (0blik, polozaj i sta-
nje) uzoraka definiranih tipova krajolika i krajolika
Srednje Like u ¢jelini. Pritom je za svako analizirano
obiljezje koristena zasebna GIS metoda prostorne
analize, uporabom osnovnoga programskog paketa
ArcGIS Desktop verzije 10.0 proizvodaca ESRI.

Oblik uzoraka krajolika u ovom radu upucduje na
prosje¢nu vrijednost indeksa oblika (engl. Mean
Shape Index, dalje u tekstu MSI). MSI je temeljen
na metodi prostorne analize naziva Shape Index, a
rezultat je njezine primjene numericka vrijednost
indeksa oblika (minimalna, maksimalna i prosjec-
na) svakoga promatranog skupa. Time MSI za obje
promatrane godine (1980. 1 2012.) mjeri prosjecan
oblik uzoraka svih tipova krajolika i uzoraka krajo-
lika Srednje Like u cjelini. S obzirom na to da MSI

4 Nakon provedenoga postupka za 1980. godinu tip krajolika Izgradeno
zemljiste sadrzi tri klase podataka: Nepovezana gradska podrucja; Indu-
strijski ili komercijalni objekti; Mjesta eksploatacije mineralnih sirovina.
Za 2012. godinu tip krajolika Izgradeno zemljiste sadrzi jos dvije klase
podataka: Cestovna i Zeljeznicka mreza i pripadajuce zemljiste; Gradili-
sta. Tip krajolika Travnato zemljiste za 1980. i 2012. sadrzi dvije klase
podataka: Pasnjaci; Prirodni travnjaci. Tip krajolika Poljoprivredno ze-
mijiste za 1980.12012. sadr7i tri klase podataka: Nenavodnjavano obra-
divo zemljiste; Mozaik poljoprivrednih povrsina; Pretezno poljoprivredno
zemljiste, sa xnacajnim udjelom prirodnog biljinog pokrova. Tip krajolika
Sumsko zemljiste za 1980. i 2012. sadri tri klase podataka: Bjelogo-
ricna suma;, Crnogoricna suma; Mjesovita suma. Tip krajolika Grmlje i
sukcesija sume sadrzi Cetiri klase podataka: Kontinentalna grmolika ve-
getacija (vristine, cretovi i niske Sikare); Mediteranska grmolika vegetacija
(sklerofilna); Sukcesija Sume (zemljista u zarastanju), Podrucja s oskudnom
vegetacijom. Za 1980. godinu tip krajolika Vodene povrsine sadrzi jednu
klasu podataka - Vodna tijela, dok za 2012. godinu sadrZi jo§ jednu
klasu podataka — Vadotoci. Tip krajolika Stjenovite povrsine zabiljezen je
samo za 1980. godinu te sadrzi jednu klasu podataka — Gole stijene.
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Accordingly, in the area of Central Lika, accord-
ing to the CLC database for 1980, 17 data class-
es were recorded, which were then classified into
seven types of landscape. According to data from
the CLC database for 2012, 19 data classes were
recorded and classified into six landscape types*. It
can be seen from the above that some of the data
classes determined for 2012 were not recorded for
1980. On the other hand, Rocky Surfaces that was
determined for 1980 is missing for 2012 — its area
was decreased (to 0 ha) due to vegetation succes-
sion. Therefore, in the classification scheme of 2012,
those areas (formerly Rocky Surfaces) were classified
mostly as Scrub/forest succession, and less as Forest-
land and Grassland.

For the two time points, 1980 and 2012, struc-
tural features (shape, position and condition) of the
patches of defined landscape types and the land-
scape of Central Lika as a whole were analysed in
more detail. A separate GIS method of spatial anal-
ysis was used for each analysed feature, and the ba-
sic software package, ArcGIS Desktop version 10.0
produced by ESRI, was used.

'The shape of the landscape patch in this pa-
per indicates the mean value of the shape index,
i.e. Mean Shape Index (hereinafter MSI). MSI
is based on the method of spatial analysis called
the Shape Index, and the result of its application
is the numerical value of the shape index (mini-
mum, maximum, and average) of each observed
set. In this way, the MSI for both observed years
(1980 and 2012) measures the average shape
of patches of all landscape types and landscape
patches of Central Lika as a whole. Since MSI

measures the deviation of the patch shape from

4 After the procedure was carried out for 1980, Built-up land contained
three data classes: Discontinuous urban Sfabric; Industrial or commercial
units, and Mineral extraction sites. For 2012, the same landscape type
had two additional data classes: Road and rail networks and associated
land and Construction sites. Grassland had two data classes in 1980 and
2012: Pastures and Natural grassland. Agricultural land had three data
classes for 1980 and 2012: Non-irrigated arable land, Heterogeneous ag-

ricultural areas, and Land principally occupied by agriculture, with signif-
icant areas of natural vegetation. Forestland had three data classes for
1980 and 2012: Broad-leaved  forest, Coniferous forest, and Mixed forest.
Scrub/forest succession had four data classes: Continental scrub (moors and
heathland), Mediterranean scrub (sclerophyllous vegetation), Transition-
al woodland-shrub, and Sparsely vegetated area. For 1980, Water areas
had one data class: Water bodies; while for 2012, another data class was
added: Water courses. Rocky surfaces was only recorded in 1980 and con-
tained one data class: Bare rocks.



mjeri odstupanje oblika uzorka od oblika kruga
(Lang i Blaschke, 2010), odnosno geometrijsku
sloZenost uzoraka pri cemu vece vrijednosti MSI-a
oznacuju vecu slozenost uzoraka (Esbah, 2009), vri-
jednost MSI-a bliza vrijednosti jedan (1) oznacuje
jednostavniji oblik promatranoga skupa uzoraka, tj.
sli¢niji obliku kruznice, dok povecanje vrijednosti
MSI-a oznacuje ve¢ sloZeniji oblik promatranoga
skupa uzoraka (tab. 1). Tako uzorci oblika koridora
te linearnoga, spiralnoga i sloZenoga oblika imaju
vecu vrijednost MSI-a od kompaktnih i zaobljenih
uzoraka te uzoraka jednostavna oblika.

Stanje uzoraka krajolika dobiveno je temeljem
broj¢anoga pokazatelja, odnosno indeksa povrsine
jezgre (engl. Core Area Index, dalje u tekstu CAI)
koristenjem svih uzoraka prema tipovima krajolika
i krajolika Srednje Like u cjelini. Pri tome manje
vrijednosti CAl-a oznacuju vece fragmentacije unu-
tarnjih podrugdja jer je povrsina jezgre uzoraka manja
i obratno. CAI oznaluje omjer povrsine jezgre (engl.
Core Area, dalje u tekstu CA) i ukupne povriine
svakoga promatranog skupa (zasebno svakog tipa
krajolika, odnosno krajolika Srednje Like u cjelini).
CA uzorka jest njegov sredisnji prostor koji nije pod
vanjskim utjecajima, dakle oznacuje podrudje uzor-
ka bez rubnoga dijela (u tehnickom smislu jednaka
je opciji prikaza prema unutrasnjosti metode Bufter;
tab. 1). Pritom je vaZno napomenuti da veli¢ina rub-
noga dijela, odnosno vanjskoga utjecaja prema jezgri
uzorka ovisi o objektu istrazivanja. Naime, rije¢ je o
utvrdivanju efektivno koristenih povriina u ovisno-
sti o kontekstu. U ovom je radu kori$tena udaljenost
rubnoga dijela od 50 m za sve tipove krajolika i za
krajolik Srednje Like u cjelini zbog razine generali-
ziranosti kori§tenih podataka (100 m, odnosno 25
ha) te svrhe rada. U drugim provedenim istraziva-
njima koriStene su razli¢ite vrijednosti udaljenosti
rubnoga dijela; T. E. Nupp i R. K. Swihart (2000)
odredili su udaljenost od 50 m; Z. Turi (2010) 10 m;
S.Lang iT. Blaschke (2010) odredivali su udaljenost
rubnoga dijela od 5 m, 10 m, 20 m, 35 m i 50 m.

Dodatno je promatrano szanje krajolika koriste-
njem pokazatelja: broja uzoraka (engl. Number of
Patches, dalje u tekstu NOP), povrsine (engl. Sur-
face Area, dalje u tekstu SA) i prosjeCne povrsine
uzoraka (engl. Average Surface Area, dalje u tekstu

ASA).

the shape of a circle (Lang and Blaschke, 2010),
ie. the geometric complexity of the patches,
where higher MSI values indicate higher patch
complexity (Esbah, 2009), an MSI value closer to
one (1) indicates a shape closer to a circle (Tab.
1). This means that corridor-shaped and linear,
spiral, and complex-shaped patches have a high-
er MSI value than compact, rounded, and sim-

ple-shaped patches.

'The condition of landscape patches was ob-
tained on the basis of a numerical indicator,
the Core Area Index (hereinafter CAI), using
all patches according to landscape types and the
landscape of Central Lika as a whole. In this
case, lower CAI values indicate greater frag-
mentation of internal areas, because the surface
area of the core of the patches is smaller, and
vice versa. CAI indicates the ratio of the core
area (hereinafter CA) and the total area of each
observed set (each separate landscape type, and
landscape of Central Lika as a whole). The CAI
of the patch is the central area that is not un-
der external influences, so it indicates the area of
the patch without the edge area (considered to
be equal to the inward depiction option of the
Buffer spatial analysis method; Tab. 1). It should
be noted that the size of the edge area, i.e. of
the external influence on the core of the patch,
depends on the object of research. Namely, the
effectively-used areas are determined depending
on the context. In this paper, a distance of 50
m for edge areas was used for all types of land-
scapes and for the landscape of Central Lika as
a whole due to the level of generalization of the
data (100 m, i.e. 25 ha). In other studies, dif-
ferent values were used for the distance of the
edge area; T. E. Nupp and R. K. Swihart (2000)
determined a distance of 50 m; Z. Turi (2010)
used 10 m; S. Lang and T. Blaschke (2010) de-
termined distances of the edge area of 5 m, 10

m, 20 m, 35 m, and 50 m.

As an addition, the condition of landscape
patches was analysed also according to indica-
tors: Number of Patches (hereinafter NOP),
Surface Area (hereinafter SA), and Average
Surface Area (hereinafter ASA).
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Tab. 1. Pregled primijenjenih metoda
Tab. 1 Applied methods review

Naziv metode na kojoj se temelji

{dissolve_option}, {dissolve_field},
{method})

Naziv metode u radu . Fomula/sintaksa Objasnjenje 1/ili izvor
) . Name of the method that it is .
Method name in the paper Formula/syntax Explanation and/or source
based on ’
p — opseg uzoraka / circumference
P of patch
Mean Shape Index (MSI) Mean Shape Index (MSI) Msl= a— povrsina uzoraka / surface area
2\ ma
of patch
(Lang i Blaschke, 2010)
Buffer_analysis (in_features, out_
feature_class, buffer_distance_or_
Core Area Index (CAI) Buffer field, {line_side} {line_end_type}, | (ESRI, 2021)

Average Nearest Neighbor
(Spatial Statistics)

Average Nearest Neighbor
(ANN)

Do _yozena srednja udaljenost
izmedu svakog uzorka i najblizeg
susjednog / observed mean distance

ANN = I_)_o between Cflch feature and their
D, nearest neighbor)
_ ZL d; Pe _ oeekivana srednja udaljenost
Dy = ; za nasumicne uzorke / expected
mean distance for the feature given a
5 0,5 random pattern
Y = /A d. - udaljenost izmedu uzorka i
najblizeg susjednog / equals the
D.—D distance between feature 7 and its
o~ Dk
Zyun = nearest feature)
SE .
n — ukupan broj uzoraka / total
number of features
s 0,26136 A - podrugje istrazivanja / total
E =

study area)
2, — Z-Vrijednost za Average
Nearest Neighbor / z-score for
Average Nearest Neighbor

(ESRT, 2020)

Jn?/A

Polozaj uzoraka krajolika analiziran je prema pro-
sje¢nom indeksu susjednosti koristenjem GIS me-
tode prostorne analize naziva Average Nearest Ne-
ighbour (Spatial Statistics), dalje u tekstu Average
Nearest Neighbour. U istrazivanju je koriStena opcija
spomenute metode prema kojoj se uzorci krajolika
pretvaraju u tocke, odnosno centroide, te se potom
mjeri prosjek svih izmjerenih vrijednosti udaljenosti
izmedu lokacije centroida svakoga uzorka i lokacije
najblizega susjednog centroida (ESRI, 2020). Rezul-
tat primjene ove metode su vrijednosti omjera naj-
blize udaljenosti (engl. Nearest Neighbour Ratio),’

5 Vrijednosti omjera najblize vrijednosti (engl. Nearest Neighbour
Ratio) koristene su dalje u istraZivanju te su rezultati prikazani u po-
glavlju Dijakronijsko-procesna analiza uzoraka krajolika Srednje Like za
razdoblje 1980. — 2012.
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'The position of landscape patches was analysed
according to the Average Nearest Neighbour index.
For this purpose, the Average Nearest Neighbour
(Spatial Statistics) GIS method of spatial analysis
was used, hereinafter referred to as Average Near-
est Neighbour. The study used the Average Nearest
Neighbour, according to which landscape patches
are converted into points, i.e. centroids, and then
the average of all measured values of the distance
between the centroid location of each patch and
the location of the nearest neighbouring centroid
is measured (ESRI, 2020). The result of the ap-
plication of this method are the values of Nearest
Neighbour Ratio®, the z-value and the p-value-

5 The values of the Nearest Neighbor Ratio were used further in the



z-vrijednost i p-vrijednost, medu ostalima (tab. 1).°
Ako je vrijednost omjera najblize udaljenosti manja
od vrijednosti jedan (1), ona upucuje na grupiranje, a
ako je veca od vrijednosti jedan (1), upucuje na ras-
priivanje/fragmentaciju uzoraka krajolika. U ovom
je istrazivanju analiza susjedstva provedena s vektor-
skim podatcima na svim uzorcima tipova krajolika te
za krajolik Srednje Like u cjelini u svrhu utvrdivanja
prosjecne udaljenosti svakoga od promatranih uzo-
raka krajolika prema najblizem susjednom, za razliku
od pojedinih prethodnih istrazivanja (npr. Pahernik,
2000; 2012; Faivre i Pahernik, 2007), u kojima je
analiza provedena s rasterskim modelom podataka

pri analizi jednoga oblika krajolika (ponikve).

Dijakronijsko-procesna analiza
uz primjenu Indeksa Razvojo
Krajolika (dl)

Brojna su istrazivanja koja primjenom GIS
metoda prostornih analiza usporeduju rezultate
za uzorke ili (pod)tipove krajolika, za dva ili vise
vremenskih intervala, kako je prethodno navedeno.
Indeks Razvoja Krajolika (d7) razvijen je i primije-
njen u prikazanom istraZivanju s ciljem utvrdivanja
procesa promjene i razvoja krajolika u promatra-
nom razdoblju.

Odnosi se na omjer vrijednosti istoga pojedinoga
promatranog pokazatelja (npr. MSI, CAI, odnosno
Average Nearest Neighbour) za obje promatrane
godine (2012. 1 1980.), a dobiva se opéenitim izra-

zom:
di=a/b+100,00; 0,00 <di< oo
a = vrijednost pojedinoga pokazatelja za 2012.
b = vrijednost pojedinoga pokazatelja za 1980.

Ako su dobivene vrijednosti odredenoga Indek-
sa Razvoja Krajolika (&) vece od 100,00, upucuju
na povecanje vrijednosti odredenoga pokazatelja
za 2012. u odnosu na 1980. S druge strane, ako
su dobivene vrijednosti indeksa razvoja manje od
100,00, upuéuju na smanjenje vrijednosti proma-

6 Vrijednosti pokazatelja p-vrijednost oznacuju razlikuje li se statisticki
znacajno promatrana pojava od slucajne. Ako p-vrijednost iznosi ma-
nje od grani¢ne vrijednosti (0,05), ti rezultati se razlikuju od slucajnih
te su uvrsteni u provedenu analizu u radu.

mong others (Tab. 1)°. If the value of the Nearest
Neighbour Ratio is less than one (1), it indicates
grouping; and if it is greater than one (1), it indi-
cates the dispersion/fragmentation of landscape
patches. In this study, the analysis of the nearest
neighbours was carried out with vector data on all
patches of landscape types and for the landscape of
Central Lika as a whole, in order to determine the
average distance of the observed landscape patch-
es to the nearest neighbour. This differs from some
previous studies (e.g. Pahernik, 2000; 2012; Faivre
and Pahernik, 2007), in which the analysis was car-
ried out with a raster data model when analysing a

single landscape shape (dolines).

Diachronic-process analysis
with the application of the Landscape
Development Index (dli)

There are numerous studies that use GIS meth-
ods of spatial analysis to compare the results for
patches or (sub)types of landscapes, for two or more
time intervals, as indicated above. The Landscape
Development Index (d7) was developed within the
scope of this research and applied with the aim of
determining the processes of change and the de-
velopment of the landscape in the observed period.

It refers to the ratio of the values of individu-
al indicators (e.g. MSI, CAI, or Average Nearest
Neighbour) for both observed years (2012 and
1980), and is obtained with the following general

formula:
di=a/b+100,00; 0.00 <di< oo
a = value of relevant indicator for 2012
b = value of relevant indicator for 1980

If the obtained values of the particular Landscape De-
velopment Index (i) are higher than 100.00, they indi-
cate an increase in the value of a given indicator for 2012

compared to 1980. On the other hand, if the obtained

research and the results are presented in section Diachronic-process
analysis of landscape patches of Central Lika for the 1980-2012 period

6 The values of the p-value indicator indicate whether the observed phe-
nomenon differs from the random one. If the p-value is less than the

threshold value (0.05), these results differ from the random ones and
are included in the analysis performed in the paper.
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SI. 2. Konceptualni model
Indeksa Razvoja Krajolika (di)
Fig. 2 Conceptual model of
the Landscape Development
Index (di)

tranoga pokazatelja za 2012. u odnosu na 1980.
Razvijeni i primijenjeni Indeks Razvoja Krajolika
(i) nije sinteticki, jedinstveni ili agregirani poka-
zatelj, ve¢ se racuna za svaki pokazatelj posebno
(sl. 2) te se zbog toga sustinski razlikuje od op¢ih
pokazatelja krajolika koji agregiraju cjelokupnu
promjenu krajolika u jednu vrijednost (npr. LCI
prema istrazivanju Woodward i dr., 2001 te pre-
ma Krajewski i dr., 2017) ili onih koji kombiniraju
brojna obiljezja u specifi¢ni indeks, kao §to je npr.
LLI (Zemta-Siesicka, 2020). Prednost njegove pri-
mjene u dijakronijsko-procesnoj analizi jest da je
mogude ofitati smjer (+/-) i intenzitet svakoga za-
sebno promatrana obiljeZja.

Rezultati

Rezultati provedenoga istrazivanja sastoje se od
nekoliko povezanih dijelova. Jedan se dio odnosi na
definiranje tipova krajolika za svaku od dviju vre-
menskih tocaka, tj. promatranih godina na prijela-
zu 20. u 21. stoljece (1980. 1 2012.) (Hamzi¢ i dr.,
2020; Hamzi¢ i Fuerst-Bjelis, 2021), sto je polaziste
za prikazanu daljnju analizu. Drugi dio su odredena
strukturna obiljezja (0blik, polozaj i stanje) uzoraka
krajolika Srednje Like za svaku promatranu godinu
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values of the Landscape Development Index (i) are less
than 100.00, they indicate a decrease in the value of the
observed indicator for 2012 compared to 1980. The de-
veloped and applied Landscape Development Index (i)
is not a single synthetic, unique, or aggregated indicator,
rather it is calculated for each indicator separately (Fig. 2);
therefore, it differs substantially from general landscape
indices which aggregate all landscape change into a single
value, (e.g. LCI by Woodward et al., 2001; and Krajewski
etal.,2017) or combine a number of features into specific
index, such as LLI (Zemta-Siesicka, 2020). The advantage
of our index in the diachronic-process landscape analysis
is that it is possible to read the direction (+/-) and the
intensity of separately-observed features.

Results

The results of the research carried out consist of sev-
eral related parts. One part refers to definition of land-
scape types for each of the two time points, i.e. the two
observed years (1980 and 2012) (Hamzi¢ et al., 2020;
Hamzi¢ and Fuerst-Bjelis, 2021), providing the basis for
the remainder of the research. The second part refers, for
each observed year, to structural features (shape, position
and condition) of landscape patches of Central Lika as
well as for the landscape of Central Lika as a whole,



prema prethodno definiranim tipovima krajolika
kao i za krajolik Srednje Like u cjelini. Dijakro-
nijsko-procesna analiza provedena je primjenom
pokazatelja Indeksa Razvoja Krajolika (d7). Sinteza
rezultata provedenih analiza za promatrane godine
1980. 1 2012. omogucila je donosenje zaklju¢aka o
procesima razvoja strukturnih obiljeZja krajolika
Srednje Like na prijelazu stoljeca.

Tipovi krajolika Srednje Like
za 1980.12012. godinu

Za podrugje Srednje Like za dvije promatrane
godine — 1980. 1 2012. definirani su tipovi krajolika,
kako je prethodno prikazano (u poglavlju Defini-
ranje tipova i strukturnih obiljezja krajolika prema
konceptu zemljisnoga pokrova/nacina koristenja ze-
mijista). Za 1980. godinu podrudje Srednje Like
odredeno je u sedam tipova krajolika (sl. 3) s odgo-
varajuéim povrsinskim udjelima: Izgradeno zemlji-

according to previously-defined types of landscapes. The
diachronic-process analysis was carried out along with
the application of the Landscape Development Index
(di). The synthesis of the results of the analyses carried
out for the observed years of 1980 and 2012 enabled
conclusions to be drawn regarding the development
processes of structural features of the landscape of Cen-
tral Lika around the turn of the 21* century.

Types of landscapes of Central Lika
for 1980 and 2012

For the area of Central Lika for the two ob-
served years, landscape types were defined as
indicated in section Defining landscape types and
structural features according to the Land Use/Land
Cover concept. For 1980, the area of Central Lika
was divided into seven types of landscapes (Fig.
3) with corresponding surface shares: Built-up

Land (0.72%), Grassland (13.39%), Agricultur-

TIP 2 - Travnato zemljiéte / TYPE 2 - Grassland
[ TP 4 - Sumsko zemjiste / TYPE 4 - Forestiand

I ¢ 5 - Vodene povrsine / TYPE 6 - Water areas

1980

TIP 7 - Stjenovite povrsine / r
TYPE 7 - Rocky surfaces

Autorica / Author Marta Hamzié

Tipovi krajolika Srednje Like (1980., 2012.) /
Landscape types in Central Lika (1980, 2012)
TIP 1 - Izgradeno zemljidte / TYPE 1 - Built-up land
[ TIP 3 - Poljoprivredno zemljite / TYPE 3 - Agricultural land

- TIP 5 - Grmlje/sukcesija Sume / TYPE 5 - Scrubfforest succession

- TIP 7 - Stjenovite povréine / TYPE 7 - Rocky surfaces

2012

10 15 20km

SI. 3. Usporedni prikaz fipova krajolika Srednje Like za 1980.12012. godinu

Fig. 3. Comparative overview of landscape types of Central Lika for 1980 and 2012

Napomena: Strielice (dole lijevo) upuéuju na polozaj tipa krajolika Stienovite povrdine koji je zbog male povrdine teze uocliiv.
Note: The arrows (bottom left) show the posifion of Rocky surfaces landscape type patches, which are smaller and less visible.
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ste (0,72 %), Travnato zemljiste (13,39 %), Poljopri-
vredno zemljiste (16,59 %), Sumsko zemljiste (55,05
%), Grmlje/sukcesija sume (13,81 %), Vodene povriine
(0,41 %) i Stjenovite povrsine (0,03 %).

Prema istom postupku odredeni su i tipovi krajo-
lika za 2012. s odgovarajuéim povrsinskim udjeli-
ma. Tako je za 2012. godinu definirano Sest tipova
krajolika: Izgradeno zemljiste (1,29 %), Travnato ze-
mijiste (11,52 %), Poljoprivredno zemljiste (15,45 %),
Sumsko zemljiste (56,62 %), Grmlje/sukcesija sume
(14,63 %) i Vodene povrsine (0,48 %).

Tip krajolika Stjenovite povrsine utvrden je za
1980. godinu, medutim uklonjen je iz klasifikacijske
sheme za 2012. jer su za ta podrudja evidentirani ti-
povi krajolika: Grmlje/sukcesija sume te manje povrsi-
ne Sumsko zemljiste 1 Travnato zemljiste kao posljedica
vegetacijske sukcesije. S druge strane, jedan od najvaz-
nijih objekata u tipu Jzgradeno zemljista koji nije evi-
dentiran 1980., ve¢ samo 2012. odnosi se na dionicu
autoceste Zagreb — Split, izgradenu u meduvremenu.

Osnovna prostorna analiza tipova pokazala je da
se tipovi krajolika Izgradeno zemljiste, Travnato ze-
mijiste i Poljoprivredno zemljiste pretezno nalaze blize
sredisnjem dijelu i u blizini najznacajnijega (grad-
skog) naselja Gospica, dok se, s druge strane, Sumsko
zemljiste nalazi u rubnim dijelovima podrudja istra-
zivanja. Grmlje/sukcesija Sume pretezno se nalazi u
prijelaznom pojasu travnatoga i sumskoga zemljista.

Dijakronijsko-procesna analiza uzoraka
krajolika Srednje Like za razdoblje
1980. - 2012.

Preduvjet za provedbu dijakronijsko-procesne
analize uzoraka krajolika Srednje Like za razdoblje
1980. — 2012. jest utvrdivanje strukturnih obiljezja
uzoraka krajolika (0b/ik, polozaj i stanje) metodom
prostorne analize (objasnjeno u poglavlju Definira-
nje tipova i strukturnih obiljezja krajolika prema kon-
ceptu zemljisnoga pokrova/nacina koristenja zemljista)
za svaku pojedinu vremensku tocku, odnosno go-
dinu. Temeljem ovih podataka dijakronijsko-pro-
cesnom analizom uz primjenu Indeksa Razvoja
Krajolika (d7) (opisan u poglavlju Dijakronijsko-pro-
cesna analiza uz primjenu Indeksa Razvoja Krajolika
(di)) za svaki od pojedinih pokazatelja uocavaju se i
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al Land (16.59%), Forestland (55.05%), Scrub/
Sforest succession (13.81%), Water Areas (0.41 %),
and Rocky Surfaces (0.03 %).

According to the same procedure, the types of
landscapes for 2012 were determined with corre-
sponding surface shares. The following six types of
landscapes were defined for 2012: Built-up Land
(1.29%), Grassiand (11.52%), Agricultural Land
(15.45%), Forestland (56.62%), Scrub/forest succes-
sion (14.63%), and Water Areas (0.48%).

Rocky Surfaces was recorded for 1980, but it was
not in the classification scheme for 2012; these ar-
eas were classified mostly as Scrub/forest succession,
and as Forest land and Grassland to a lesser extent, as
a consequence of the process of vegetation succes-
sion. On the other hand, one of the most significant
structures in the Built-up Land type that was not
recorded in 1980, but was recorded in 2012, refers
to a section of the Zagreb-Split motorway, which
was built in the meantime.

The basic spatial analysis of the types showed
that the landscape types Built-up Land, Grassland,
and Agricultural Land are mostly closer to the core
area and near the most important (urban) settlement
(Gospic); while, on the other hand, the type Forest-
land is located on the periphery of the research area.
Scrub/forest succession is predominantly located in the
transition zone between grassland and forestland.

Diachronic-process analysis of landscape
patches of Central Lika for the 1980-2012
period

'The prerequisite for the implementation of a di-
achronic-process analysis of landscape patches of
Central Lika for the 1980-2012 period was to deter-
mine the structural features of the landscape patches
(shape, position and condition) with the chosen meth-
od of spatial analysis (explained in section Defining
landscape types and structural features according to the
Land Use/Land Cover concept) for each individual
time point, i.e. year. Based on these data, changes in
the structural features and processes that occurred
within the defined time span of 32 years were ob-
served and determined, via diachronic-process anal-
ysis using the Landscape Development Index (4i)



Tab. 2. Rezultati dijakronijsko-procesne analize uzoraka krojolika Srednje Like u razdoblju 1980. - 2012.
Tab. 2 Diachronic-process analysis of landscape patches in Central Lika for the 1980-2012 period

TIP KRAJOLIKA / LANDSCAPE TYPE % =
&=
. U I ~ . 22
OBILJEZJE UZORAKA = S |3 g g | s =) §
/ Naziv metode / Naziv parametra % = E '% E I e 3 z E . 8 § =
CHARACTERISTICS OF PATCHES |8 2 E 58,5 E £ % Eeglg = ==
/ Method name / Parameter name E;“ o ;: ;;3 o ‘\If E i—i: 2 . s l& g : .§ ->g . a %é
ﬁ_aé N_EE - @ v_&’!g u'q’:mg\é;égm Az
EECRE| HED BESES aErD |eEE i g EBO
HERLE HSY |FEFRTE| H&D |HE8ESHAT F wnI
OBLIK UZORAKA
/ SHAPE OF PATCHES
Shape Prosje¢ni indeks oblika
Index / Mean Shape Index, MST 133,02 101,92 97,17 102,40 100,73 124,14 101,86
POLOZAJ UZORAKA
/POSITION OF PATCHES
Omjer najblize udaljenosti
Average / Nearest Neighbour Ratio, 117,70 104,49 91,36 97,75 98,00 40,88 102,20
Nearest ANN
Ne‘ghbf’“‘ 1980. 0,3606 0,0457 0,0002 0,0179 0,9743 0,0000 0,0003
(Spatial | p-vrijednost
Statistics) |/ p-value)
2012. 0,0087 0,2001 0,0000 0,0038 0,6427 0,0000 0,0012
STANJE UZORAKA
/ CONDITION OF PATCHES
Broj uzoraka
/ Number of patches, NOP 130,77 112,50 125,49 104,96 98,03 133,33 109,17
Povrina (km?)
/ Sutface area, SA, km? 179,18 89,80 95,02 100,24 110,59 114,33 100,00
Prosjecna povrsina uzorka
p
(km?) 137,63 79,77 75,64 95,45 112,34 86,09 91,76
/ Average surface area,
ASA, km?)
Povrsina jezgre 134,46 87,61 92,44 99,95 112,41 103,91 98,87
/ Core Area
Core Area Tndel —
ndeks povrsine jezgre
o S | 70 97,57 97,28 99,71 101,65 90,88 98,86

Napomena: polja oznac¢ena sivom bojom odnose se na indekse razvoja pri kojima su p-vrijednosti za obje promatrane godine (1980. i 2012.) ispod graniéne 0,05 time su
statisticki znacani. Tip krajolika Stienovite povrsine nije uvriten u tablicu jer je registriran samo 1980. godine.

Note: the fields marked in grey refer to development indices where the p-values for both observed years (1980 and 2012) were below the threshold value of 0.05, which
makes them statistically significant. Rocky Surfaces is not included in the table because it was registered only for 1980.

utvrduju promjene strukturnih obiljeZja i procesi do
kojih je doslo unutar tako odredena vremenskoga
raspona od 32 godine (tab. 2).

Kod tipa krajolika Izgradeno zemljiste u proma-
tranom je razdoblju (1980.—2012.) poveéan broj
uzoraka s 13 na 17 (di,,,= 130,77) kao i njihova

NOP
ukupna povrsina (&iy,= 179,18). Povecan je i pro-

sjecni indeks oblika (MSI) s 3,15 na 4,19 (di

MSI

133,02), a smanjen indeks povrsine jezgre (CAI)
s 58,52 % na 43,91 % (di.., = 75,03). To znaci da

cAr

(described in section Diachronic-process analysis with
the application of the Landscape Development Index
(di)), for each of the individual indicators (Tab. 2).

For Built-up Land, the number of patches in-
creased from 13 to 17 (di,,,= 130.77) and their total
surface area increased (&7 ,= 179.18), in the observed
period (1980-2012). The Mean Shape Index (IMSI)
also increased from 3.15 to 4.19 (i, = 133.02),
while the Core Area Index (CAI) decreased from

58.52% to 43.91% (i, = 75.03). This means that its
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se povecala njegova kompleksnost, odnosno izdu-
Zenost oblika. Naime, u promatranom razdoblju
evidentirana je izgradnja autoceste i pripadajuc¢ih
objekata uz nju te izgradnja novih poduzetnickih
zona. Takoder je povecana povrsina eksploatacij-
skih podrudja, a zbog porasta broja stanovnika u
novoizgradenim poduzetnickim i stambenim zo-
nama koje ih prate i izgradenost gradskoga pod-
rugja Gospica. Rezultati pokazatelja Average Ne-
arest Neighbour za 2012. upucuju na rasprenost
ovoga tipa krajolika koja je izraZzena prosjecno
velikom udaljenoscu sredista susjednih uzoraka.

Indeks Razvoja Krajolika (i, = 117,70)" upu-
¢uje na rastudi proces povecanja rasprsenosti Iz-

gradenog zemljista u promatranom razdoblju.

U promatranom razdoblju takoder je poveéan
broj uzoraka tipa krajolika Travnato zemljiste s 88
na 99 (di,, = 112,50), a kako je njegova ukupna
povrdina istodobno smanjena (&, = 89,80), to

znadi da je doglo do znatna usitnjavanja uzoraka
(di, =79,77). Detaljnija provedena analiza (Jova-
ni¢, 2017) pokazuje smanjenje pasnjackih povrsi-
na (di,,= 74,32), to upucuje na smanjenje udjela
stoCarstva u poljoprivredi. Medutim, s druge je
strane utvrdeno povecéanje povrsine pod prirod-
nim travnjacima(dig, = 179,95), §to pak upucuje
istodobno i na smanjenje ratarstva. Pritom se,
naime, na ranije obradivom zemljistu pojavljuje
nisko raslinje, odnosno prirodni travnjaci, $to je
prva faza vegetacijske sukcesije koja nastupa na-
pustanjem poljoprivrede.

Tip krajolika Travnato zemijiste u 1980. obilje-
Zen je grupiranim poloZajem uzoraka, medutim
= 104,49 za
pokazatelj Average Nearest Neigbour Ratio® po-

indeks razvoja (i) vrijednosti 4i

kazuje da je u promatranom 32-godis$njem raz-
doblju doslo do njegove fragmentacije/rasprsiva-
nja u prostoru.

Kod tipa krajolika Travnato zemljiste neznatno

je povecan prosjecni indeks oblika MSI (4

MST
101,92), a smanjen indeks povrsine jezgre CAI
(di, = 97,57), §to znadi da je u promatranom

razdoblju, uslijed navedene fragmentacije, doslo

7 Za 1980. p-vrijednost veca je od grani¢ne (0,05) te se ne razlikuje od
slucajne i ne analizira se dalje u radu.

8 Za2012. p-vrijednost veca je od grani¢ne (0,05), $to upucuje da pojava
nije statisticki znacajna te se ne analizira dalje u radu.
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complexity, i.e. elongated shape, became more pro-
nounced. Namely, in the observed period, the con-
struction of the motorway and its associated facilities
was recorded, as well as the construction of new busi-
ness zones. Also, the surface area of exploitation areas
has increased and, due to the increase in the number
of inhabitants in the newly-built business and resi-
dential zones that accompany them, the construction
development levels of the area of the Town of Gospi¢
have increased. The results of the Average Nearest
Neighbour indicator for 2012 indicate the dispersion
of this type of landscape, which is expressed through
the average distance of the centres of nearest patches.
The Landscape Development Index (4i ,,,, = 117.70)
indicates a growing process of dispersion of Bui/t-up

Land in the observed period.

In the observed period, the number of patches
of Grassland also increased, from 88 to 99 (di_ . =

NOP
112.50), and since the total surface area of Grassland

simultaneously reduced (4i;,= 89.80), a significant
fragmentation of the patches occurred (i ;= 79.77).
A more detailed analysis (Jovani¢, 2017) showed a
decrease in pasture areas (i ,= 74.32), which indi-
cates a decrease in the share of animal husbandry
in agriculture. Moreover, an increase in the area of
natural grasslands (i, = 179.95) was found, which
also indicates a decrease in farming. Namely, low
vegetation, i.e. natural grasslands, appeared on pre-
viously arable land, which represents the first stage
of vegetation succession following abandonment of
agriculture.

In 1980, patches of Grassland were grouped, but
the value of the Landscape Development Index ()
of di, .= 104.49 for the Average Nearest Neighbour
Ratio® shows that a fragmentation/dispersion oc-
curred in the observed 32-year period.

For Grassland, the average MSI increased slightly
(di,,; = 101.92) and the CAI decreased (i, =
97.57) in the observed period, which means that
there was a slight increase in patch complexity due

to fragmentation. 'This also increases the external

7 For 1980, the p-value is higher than the threshold value (0.05) and
does not differ from the random value. Therefore, this is not analysed
further in the paper.

8 For 2012, the p-value is higher than the threshold value (0.05), which
indicates that the phenomenon is not statistically significant and is not
analysed further in the paper.



do blaga povecanja kompleksnosti uzoraka.
Time se ujedno povecéavaju vanjski utjecaji zbog
povecanja rubnoga dijela uzoraka krajolika. Ipak,
za ovaj tip krajolika u objema promatranim
godinama vrijednost CAl-a jedna je od najveéih
(CAI=81,10%2a1980.; CAI=79,13 % za 2012.),
a vrijednost MSI-a jedna od najmanjih (MSI =
2,61 za 1980.1 MSI = 2,66 za 2012.), §to upucuje
na relativno nizak stupanj kompleksnosti oblika
uzoraka. Stovise, prosje¢no su jednostavnijega
oblika samo uzorci tipa krajolika Sumsko zemljiste.

Tip krajolika Poljoprivredno zemljiste jednako
kao i Travnato zemljiste u promatranom razdoblju
biljezi povecanje broja uzoraka sa 102 na 128
(diy,p= 125,49) uz smanjenje ukupne povrsine
(diy,=95,02),5t0 je najizrazitiji proces usitnjavanja
uzoraka krajolika (d4i,,, = 75,64). Napustanje
ratarstva kao tradicionalne djelatnosti stanovnistva
u promatranom periodu u prostoru se manifestira
smanjenjem obradivih povr§ina opcenito ali
istodobno grupiranjem obradenih zemljista bolje
kvalitete i bliZe naseljima. To potvrduju vrijednosti
ostalih analiziranih pokazatelja. Primjerice, indeks
razvoja (i) od di,,=91,35 za pokazatelj Average
Nearest Neigbour Ratio upucuje na jacanje
procesa grupiranja poljoprivrednoga zemljista u
promatranom razdoblju.

Tako su vrijednosti MSI-a i CAI-a najéesce su-
protnih vrijednosti (i razvoja), jedino je kod ovoga
tipa krajolika doslo do smanjenja vrijednosti oba-
ju promatranih pokazatelja. Smanjeni prosje¢ni
indeks oblika (7,,,= 97,17) upucuje na povecanje
uzoraka krajolika prosje¢no jednostavnijih oblika,
oa= 97,28)

upucuje na smanjenje povrsina jezgre i povecanje

a smanjeni indeks povrsine jezgre (i

rubnoga dijela uzorka koji je pod vanjskim utjeca-
jima, §to je posljedica navedenoga izrazitog pro-
cesa usitnjavanja poljoprivrednoga zemljista.

Kako je Srednja Lika rijetko naseljeno, pre-
tezno gorsko podrudje, najrasprostranjeniji je
tip krajolika Sumsko zemljiste te zauzima vise od
polovice povrsine podruéja. U promatranom raz-
doblju zabiljeZeno je povecanje broja uzoraka sa

121 na 127 (di,,,= 104,96), a kako je ukupna
povrsina ostala priblizno jednaka (&7 ,= 100,24),
biljezi se slabije izrazeno usitnjavanje uzoraka

(dig,= 95,45). U objema promatranim godinama

influences due to the increase of the edge area of the
landscape patches. However, the CAI value is one of
the highest (CAI = 81.10% for 1980; CAI = 79.13%
for 2012), and the MSI value is one of the lowest
(MSI = 2.61 for 1980 and MSI = 2.66 for 2012),
indicating a relatively low degree of complexity of
patch shapes. Moreover, on average, only Forestland
landscape patches are of a simpler shape.

In the observed period, only Agricultural land
and Grassland recorded an increase in the number
of patches, from 102 to 128 (i, ,= 125.49) and a
decrease in total surface area (i ,= 95.02), which is
the most pronounced process of the fragmentation
of landscape patches (i, , = 75.64) observed in this
research. When it comes to land areas, the abandon-
ment of farming as a traditional activity is manifested
in the reduction of arable land in general but also in
the grouping of cultivated land plots that are of better
quality and closer to settlements. This is confirmed by
the values of other analysed indicators. For instance,
the Landscape Development Index (i) of i, =
91.35 for the Average Nearest Neighbour Ratio in-

dicates a strengthening of the process of grouping
agricultural land in the observed period.

Although the values of MSI and CAI are usually
of opposites (and of opposite development), only in
this type of landscape has a decrease been recorded
in the values of both indicators. The decreased aver-

= 97.17) indicates an increase

age shape index (i,
in landscape patches that are simpler in shape on
average, and the decreased Core Area Index (i, =
97.28) indicates a decrease in the core area and an
increase in the edge area of patches under external
influences, which is a consequence of the aforemen-
tioned pronounced process of fragmentation of agri-

cultural land.

Considering that Central Lika is a sparsely
populated, predominantly mountainous area,
Forestland is the most widespread and occupies more
than half of the total area. In the observed period,
an increase was recorded in the number of patches,
from 121 to 127 (di,,,= 104.96), and since the
total area remained approximately the same (diy, =
100.24), a less-pronounced fragmentation of patches
was recorded (i, = 95.45). In both observed years,
compared to other types, the values of the CAI

indicator were the highest (CAI = 88.96% for 1980;
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u odnosu na ostale tipove vrijednosti pokazatelja
CAl-a bile su najveée (CAI = 88,96 % za 1980.;
CAI = 88,70 % za 2012.), a pokazatelja MSI-a
najmanje (MSI = 2,50 za 1980.; MSI = 2,56 za
2012). To znaci da su uzorci sumskoga krajolika
najkompaktniji iako vrijednosti indeksa razvoja
(MSI 4i,,, = 102,40, CAI di,, = 99,71) upucuju
na tendenciju razvoja nesto kompleksnijega obli-
ka. Indeks razvoja (i) prosjecne udaljenosti od
di = 97,58 upucuje na rast procesa grupiranosti
uzoraka Sumskoga krajolika. Premda se u proma-
tranom razdoblju, zbog procesa vegetacijske suk-
cesije na podrucju Srednje Like, Sumsko podrudje
moglo povecati, ipak je utvrdena priblizno jedna-
ka povrsina. To je posljedica dvaju razloga. Prvi
se odnosi na samu metodologiju izrade koristenih
podataka zemljisnoga pokrova/nacina koristenja
zemljiSta pri kojoj se utvrduju objekti veéi od 100
metara za linearne entitete (linije), odnosno 25
ha za povrdinske entitete (poligone). Time se, na
primjer, ne evidentiraju $umska podru¢ja manja
od 25 ha. Drugi razlog lezi u tome $to je razvoj
Sumskoga pokrova uvjetovan i sastavom, odnosno
kvalitetom tla. Tako se na manje kvalitetnu tlu ne
razvija $uma, ve¢ ostaje stadij nizega raslinja, od-
nosno grmlja.

Tip krajolika Grmlje/sukcesija sume sadrzava
najvi§e uzoraka (NOP=152 za 1980.; NOP=149
za 2012.). Kako je u promatranom razdoblju pre-
ma indeksu razvoja broj uzoraka ostao priblizno
jednak (di,,,= 98,03), dok je njihova povrsina
povecana (dig, = 110,59), o¢it je proces okrupnja-
vanja uzoraka krajolika Grmlje/sukcesija sume (di g,
= 112,34). Vrijednosti CAI-a (CAI = 74,48 % za
1980; CAI = 75,71 % za 2012.) i MSI-a (MSI =
2,74 2a1980.; MSI = 2,76 za 2012.) pokazuju kako
su uzorci krajolika koji se odnose na grmlje, odno-
sno sukcesiju Sume medu najkompleksnijima. In-
deksi razvoja za pokazatelje MSI i CAl i ovdje kao
i kod uzoraka poljoprivrednoga krajolika pokazuju
anomaliju iako na upravo suprotan nacin, $to je sa-
svim logi¢no s obzirom na vrlo usku povezanost i
medusobno uzro¢an odnos procesa smanjenja po-
ljoprivrednih povriina i razvoja vegetacijske suk-
cesije. Naime, kako je prethodno re¢eno, indeksi
razvoja pokazatelja MSI i CAI obi¢no su suprot-
nih vrijednosti (i razvoja), tj. jedan ima vrijednost
vecu od 100,00, a drugi ima vrijednost manju od
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CAI = 88.70% for 2012) and the MSI indicator
was the lowest (IMSI=2.50 for 1980; MSI = 2.56
for 2012). This means that forest landscape patches
are the most compact, although the values of the
= 10240 i, =
99.71) indicate a tendency towards the development

Landscape Development Index (i

of somewhat more complex forms. The Landscape
Development Index (di) of an average distance of
di, = 97.58 indicates an increase in the process of
grouping of forest landscape patches. Although an
approximately equal surface area was documented
for both observed years, it is likely that the forestland
surface actually increased due to the process of
vegetation succession. There are two reasons for this.
'The first refers to the methodology of creating data on
land use and land cover, which determines structures
larger than 100 meters for linear entities (lines) or 25
ha for surface entities (polygons). This, for instance,
means that forestland areas smaller than 25 ha are
not recorded. The second reason lies in the fact that
the development of forest cover is conditioned by the
composition and quality of the soil. Forests, namely,
do not develop on lower quality soil, which is suitable
only for lower vegetation, i.e. scrub.

'The landscape Scrub/forest succession accounted for
the most patches (NOP=152 for 1980; NOP=149
for 2012). Considering that the number of patches
op = 98.03)
and their surface area increased (i, = 110.59) ac-

remained approximately the same (i

cording to the Landscape Development Index (4i),
the process of the consolidation of patches of the
Scrub/Forest Succession landscape type is evident in
the observed period (&= 112.34). The CAl values
(CAT = 74.48 % for 1980; CAI=75.71% for 2012)
and MSI values (MSI=2.74 for 1980; MSI=2.76 for
2012) show that landscape patches related to scrub
or forest succession are among the most complex in
shape. Here, as with agricultural land patches, the
Landscape Development Indices for MISI and CAI
indicators show an anomaly, but in the opposite di-
rection, which is logical given the very close corre-
lation and mutual causal relationship between the
processes of reduction of agricultural land and in-
crease in vegetation succession. Namely, as indicated
above, the indices of landscape development (i) for
the MSI and CAI indicators are usually opposite in
value (and development), i.e. one has a value great-
er than 100.00 and the other has a value less than



100,00. U ovom slu¢aju anomalija u smislu pove-
¢anja vrijednosti obaju promatranih pokazatelja
(i, = 100,73; di,, = 101,65) dodatno upucuje na
trend povecanja kompleksnosti uzoraka te na po-
vecanje povrSine jezgre uzoraka krajolika Grmlje/
sukcesije sume. Razlog tomu je §to je samo kod ovo-
ga tipa krajolika doslo do okrupnjavanja uzoraka,
pa je s povecanjem kompleksnosti uzoraka omo-
guceno i povecanje povrsina jezgre uzoraka, a time
i smanjenje rubnoga dijela, tj. vanjskih utjecaja.

Povezano s grupiranjem i okrupnjavanjem uzo-
raka krajolika Grmlje/sukcesija sume jest i nestanak
Stjenovitih povrsina, kao jednoga od utvrdenih ti-
pova krajolika za 1980. godinu. Povr§inom najma-
nji uzorak (SA = 0,48 km?), a prema vrijednostima
CAI = 50,00 % i MSI = 3,35, oblikom je ujedno i
najkompleksniji. Uz najmanju povrsinu jezgre stje-
novite povrsine imale su i najvecu povrsinu izlo-
Zenu vanjskim utjecajima, tj. sukcesiji vegetacije.
Tako su u promatranom 32-godisnjem razdoblju
Stjenovite poursine (gole stijene) kao tip krajolika
nestale, odnosno prekrivene su vegetacijom.

Premda podrugje Srednje Like obiluje vo-
dom (brojna manja ili veca vrela, izvori, vo-
dotoci, vodna tijela), zbog metodologije kori-
stenih podataka (CLC 1980 i CLC 2012) za
tip krajolika Vodene povrsine evidentirano je
najmanje uzoraka.Za 1980. godinu prikazuju
se samo tri vodna tijela (Krusicko jezero, jezero
Stikada s jezerom Ricice i retencija na ponor-
nici Obsenica), a za 2012. prikazan je i vodotok
(ponornica Lika). Obiljezje ovoga tipa krajolika
jest stagnantnost i rasprSenost uzoraka prema
pokazatelju susjednosti, bez uo€enih razvojnih
procesa promjene.

Rasprava

Dijakronijsko-procesna analiza, uz primjenu
Indeksa Razvoja Krajolika (&), moze upozoriti ne
samo na razvoj krajolika nego i na njegov intenzitet
te na ranjivost na vanjske utjecaje. Razvoj krajolika
Srednje Like promatran je u prethodnim radovima
(npr. Hamzi¢ i Fuerst-Bjelis, 2021), ali do sada nije
analiziran intenzitet razvoja krajolika pracen izra-
Zenom ranjivoscu. Ranjivost se prije svega pokazuje
kao posljedica povecanja rubnih dijelova uzoraka

100.00. In this case, the anomaly in terms of the in-
crease in the value of both observed indicators (&,
=100.73; di,,, = 101.65) further indicates the trend
of increasing patch complexity and core area of
Scrub/Forest Succession landscape patches. The reason
for this is that a consolidation of patches occurred
only in this type of landscape, which means that
with the increase in the complexity of the patches,
the core area of the patches increased as well, while

the edge area and external influences shrank.

The propagation and consolidation of patches of
Secrub/Forest Succession is also related to the disappear-
ance of Rocky Surfaces over the course of the studied pe-
riod. This landscape type has a patch that is the small-
est in terms of its surface area (SA = 0.48 km?), and the
most complex in terms of values: CAI = 50.00% and
MSI = 3.35. In addition to the smallest surface area
of the core, rocky surfaces also have the largest area
exposed to external influences, i.e. the succession of
vegetation. In the observed 32-year period, the Rocky
Surfaces (bare rocks) as a landscape type disappeared,

and have been covered by vegetation succession.

Although the area of Central Lika is rich in water
(numerous small and large water sources, springs, wa-
tercourses, water bodies), due to the methodology of
the data used (CLC 1980 and CLC 2012), the least
number of patches was recorded for the Water Are-
as landscape type. For 1980, only three water bodies
(Krugicko Lake, Stikada Lake with Ricice Lake and
a retention basin at the Obsenica sinking stream) are
shown, and for 2012 a watercourse (the Lika sinking
stream) is also shown. This landscape type is charac-
terized by the stagnation and dispersion of patches
according to the Average Nearest Neighbour Index,
without observed developmental processes of change.

Discussion

'The diachronic-process analysis, along with the
application of the Landscape Development In-
dex (i), shows landscape change and its intensity
and vulnerability to external influences. Landscape
change in Central Lika was studied already earli-
er by Hamzi¢ and Fuerst-Bjelis (2021), but with-
out analysing the intensity of landscape change
followed by its vulnerability. Vulnerability is seen
primarily as a consequence of the increased edge
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krajolika (i smanjenja povriina jezgre kao poslje-
dice fragmentacije uzoraka krajolika) §to ga ¢ini
ranjivijim i izloZenijim vanjskim utjecajima. Ovdje
primijenjena dijakronijsko-procesna analiza uz pri-
mjenu Indeksa Razvoja Krajolika (i) omoguéuje
navedenu procjenu.

Rezultati istrazivanja pokazali su da razvijeni
indeks (i) ima prednost primjene u odnosu na
standardnu komparaciju dvaju stanja jer se za uocenu
pojavu/proces moze utvrditi i intenzitet, ane samo
meduodnos, ¢ime je prostorna i dijakronijsko-
procesna analiza kvalitetnija i doprinosi boljem
razumijevanju razvoja krajolika. Naime, dok se
standardnom komparacijom uocava pojava, odnosno
meduodnos (npr. manje-viSe, odnosno pad-rast),
primjenom ovoga pokazatelja iskazuje se i njihov
intenzitet kroz njegovu brojcanu vrijednost. Upravo
je to bilo od kljuéne vaznosti za razumijevanje
meduodnosa svih tipova krajolika i moguénost
detaljnijega uoCavanja procesa razvoja krajolika
Srednje Like. Primjerice, procesi u razvoju krajolika
za pojedine tipove odmah su uodljivi (npr. kod tipova
Travnato zemljiste i Sumsko zemljiste s poveéanjem
kompleksnosti uzoraka smanjuje se povrSina jezgre
te su veéi rubni dijelovi uzoraka i time izrazeniji
vanjski utjecaji). Medutim, u pojedinim slu¢ajevima,
primjerice za tipove krajolika Poljoprivredno zemljiste
i Grmlije/sukcesija sume, bio je neophodan daljnji uvid
u vrijednosti rezultata Indeksa Razvoja Krajolika
(di). Naime, rezultati istrazivanja su u tom smislu
pokazali dvije anomalije. Jedino je kod tipa krajolika
Poljoprivredno  zemljiste doslo do  istodobnoga
smanjenja vrijednosti dvaju pokazatelja, prosje¢noga
indeksa oblika (di,,, = 97,17), koji upucuje na
povecanje uzoraka krajolika jednostavnijih oblika, te
indeksa povrsine jezgre (#i,,,= 97,28),koji upucuje na
smanjenje povrsina jezgre i povecanje rubnoga dijela
uzorka te time jacega vanjskog utjecaja. Objasnjenje
ove anomalije omoguéeno je upravo primjenom
i, » koji upucuje na usitnjavanje uzoraka krajolika
Poljoprivrednog zemljista najvecega intenziteta (di ;=
75,64).Smanjenje ukupne povriine ovog tipa krajolika
te povecanja broja uzoraka je posljedica smanjenja
koriStenja poljoprivrednog zemljista za ratarstvo u
analiziranom razdoblju. Druga anomalija, kauzalno
povezana s prvom navedenom, nalazi se jedino kod
tipa krajolika Grmlje/sukcesija sume. Naime, ovdje
je doslo do povecanja vrijednosti ista navedena dva
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areas (and reduced core areas due to fragmentation
of landscape patches) which makes them more vul-
nerable and exposed to external influences. This as-
sessment was made possible by this research, i.e. by
the diachronic-process analysis with the application

of the Landscape Development Index (7).

The results of the research showed that the
developed index (di) has advantages over the standard
comparison of two conditions, because it allows for the
intensity of the phenomenon/process to be determined,
not just interrelation, which means that spatial and
diachronic-process analysis is of a better quality and
better contributes to the understanding of landscape
development. Namely, while the standard comparison
shows the phenomena and their interrelation (increase
or decrease), the application of this indicator also
expresses the intensity of change with its numerical
value. 'This was crucial for understanding the
interrelation of all types of landscapes, and for the
possibility of a more detailed observation of the process
of the development of the Central Lika landscape. For
instance, the processes in landscape development for
individual types are immediately noticeable (e.g. for
Grassland and Forestland, increasing patch complexity
means that the core areas are decreasing and the edge
areas of the patches are increasing, which means that
the external influences are more pronounced). However,
in some cases, e.g. Agricultural land and Scrub/forest
succession, further analysis of the resulting Landscape
Development Index (i) values was required. Namely,
the research results showed two anomalies in this
regard. Only Agricultural land showed a simultaneous
decrease in the value of two indicators, the Mean Shape
Index (di,,, = 97.17), which indicates an increase in
the number landscape patches of simpler shapes, and
the Core Area Index (di,, = 97.28), which indicates
a reduction in core area and an increase in edge area
of the patch and, thus, stronger external influence.
'The explanation of this anomaly was made possible by
the application of the i, , which indicated that the
fragmentation of patches of Agricultural land were of
the highest intensity (i, = 75.64). The decrease in
the total surface area of this type of landscape and the
increase in the number of patches is a consequence
of the decrease in the use of agricultural land for
farming in the observed period. The second anomaly,
causally-related to the first, is found only for Scrub/
forest succession. Namely, both indicators increased



pokazatelja (i, = 100,73; i, = 101,65) koji nam
ukazuju na trend povecanja kompleksnosti uzoraka
te na povecanje povrsine jezgre. To konkretno znaci
da je doslo do okrupnjavanja povrsine uzoraka
(di,g,= 112,34). Ove dvije ustanovljene anomalije
pokazuju vrlo usku povezanost i medusobnu uzro¢nu
povezanost procesa  smanjenja

poljoprivrednih
povrsina i razvoja vegetacijske sukcesije.

Lakljuéak

Dijakronijska analiza (1980. — 2012.) obuhvaca
neke od najdinamicnijih i transformacijskih deset-
lje¢a novije hrvatske povijesti; od post-socijalistic-
ke tranzicije do poratnog razdoblja. Promatrajuci
krajolik Srednje Like u cjelini moze se zakljuciti
kako je opéenito u postsocijalistickom i poratnom
razdoblju na prijelazu stolje¢a doslo do povecanja
broja (i,
(di,g,= 91,76). Pri tome se kompleksnost uzoraka
u manjoj mjeri povecala (i, = 101,86), a povrsina
= 98,86). Time se opéenito

= 109,17) i do usitnjavanja uzoraka

jezgre se smanjila (i,
povecao udio rubnih dijelova, odnosno ranjivost na
vanjske utjecaje i promjene. Kako je inicijalno pret-
postavljeno, u sklopu opéih procesa promjena krajo-
lika uocene su i meduregionalne razlike, prije svega
izmedu srediSnjega dijela u blizini jedinoga veceg
(gradskog naselja) Gospica, gdje je fragmentacija
uzoraka poljoprivrednoga zemljista najjace izrazena
i najranjivija na promjene, te vanjskih, perifernih,
gotovo nenaseljenih gorskih Sumskih dijelova re-
gije, gdje je doslo do daljnjega grupiranja uzoraka
krajolika. Izmedu ovih dviju zona nalazi se prijela-
zna zona transformacije jaka intenziteta obiljeZena
vegetacijskom sukcesijom kao primarne posljedice
napustanja poljoprivrede, snazno povezana s depo-
pulacijom prouc¢avanoga podrucja.

Analizirani procesi i smjerovi razvoja krajolika
u ovom istrazivanju ne mogu se promatrati odvo-
jeno od drustvenih procesa i njihovih prostornih
implikacija. Podrucje koje je pretrpjelo najinten-
zivnije procese depopulacije i raseljavanja tijekom
rata ujedno je i zona transformacije jaka intenzi-
teta koja je obiljezena vegetacijskom sukcesijom i
reforestacijom. Uvid u drustvene procese unutar
odgovarajuc¢ih povijesnih i politickih okvira, kako
je prethodno prikazano, uputio je na bit odnosa

(di,, = 100.73; di,, = 101.65), which indicates a
trend of increasing patch complexity and an increase
in core surface area. This specifically means that a
consolidation of the patch surfaces occurred (4i,,
= 112.34). These two established anomalies show a
very close correlation and mutual causal connection
between the process of the reduction of agricultural

areas and the development of vegetation succession.

Conclusion

The diachronic analysis (1980-2012) embraces
some of the most dynamic and transformative dec-
ades of Croatia’s recent past: from the post-social-
ist transition to the post-war period. Observing the
landscape of Central Lika as a whole, it can be gener-
ally concluded that there was an increase in the num-
ber (diy,,

(di i, = 91.76) in the post-socialist and post-war pe-

riod. The complexity of the patches increased slight-
ly (di,,,,= 101.86), and the core area of the patches
decreased (i,

the share of edge areas, and vulnerability to external

= 109.17) and fragmentation of patches

= 98.86). 'This generally increased

influences and changes. As initially assumed, within
the general processes of landscape changes, intra-re-
gional differences were observed, primarily between
the central part of the region near the only large
(urban) settlement (Gospi¢) where the fragmenta-
tion of agricultural land patches is most pronounced
and where patches are most vulnerable to changes;
and the external, peripheral and almost uninhabited
mountain forest areas of the region, where grouping
of landscape patches occurred. Between these two
zones there is a transitional zone of strong-intensi-
ty transformation marked by vegetation succession,
as the primary consequence of agriculture abandon-
ment related to depopulation of the area.

'The analysed processes and trajectories of land-
scape change in the presented research cannot be
viewed separately from the social processes and their
spatial implications. The area that experienced the
most intense depopulation and outflow during the
War, according to the conducted research, represents
a zone of strong-intensity transformation marked by
vegetation succession and reforestation. Insight into
social processes within this particular set of historical
and political circumstances, as discussed above, indi-
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