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Abstract. This paper presents an analysis and definition of development types and subtypes in the landscape of Central
Lika, based on processes of change in the period 1980-2012 CORINE Land Cover database data for 1980 and 2012 were
used to establish the landscape types in Central Lika in those years. The landscape types in Gentral Lika were determined
according to land cover/land use. Based on the mutual relations between the established landscape types in the two ob-
served years, we established six landscape development types and three subtypes in Central Lika. The spatial distribution
of landscape development types and subtypes in Central Lika was determined using the Standard Deviational Ellipse (Dir-
ectional Distribution) spatial analysis method. The results obtained showed that in the observation period (1980-2012),
most of the area of Central Lika (89.46%) belonged to the Stagnation landscape type. Other development types were
present to a much lesser extent (about 5.5%) and were found to be Vegetation succession, Agrarisation, Vegetation de-
gradation and Built-up land. \We established a spatial gradation of three phases in the process of vegetation succession,
that is, development subtypes from the centre to the margins of the research area. At the same time, in the observation
period, the process and trend of extensification of land use in Gentral Lika was twice as present as intensification.

Keywords: land cover/land use, landscape development types, spatial analysis, process analysis, GIS model,
Central Lika

1 Introduction consequences in the landscape such as inappropri-
ate sanation, degradation and loss of identity

The European landscape today is characterised  (Andlar et al. 2011, Lonlar and Cvitanovié¢ 2012) or
by a certain polarisation occurring alongside major — adoption of a new identity (Hrdalo et al. 2008). So,
socioeconomic processes, which in most Western on the one hand, there are landscapes under the in-
European countries began after the end of the fluence of intensification of land use (for example,
Second World War (Hall and Tewdwr-Jones 2011). urban spaces and agricultural estates which are ex-
The most important initiating forces which affect  periencing increased production), while on the oth-
changes and the shaping of the landscape are access-  er, some are affected by extensification of land use,
ibility, urbanisation and globalisation (Antrop 2001). that is, abandonment (for example, abandoned agri-
Two key trends have been observed - intensification  cultural estates in distant rural places). In the latter
and extensification (Van Eetvelde and Antrop 2009, case, due to a reduction in the intensity of socioeco-

according to Vos and Klijn 2000), which often lead to  nomic activities, the cultural landscape seems to
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SaZetak. U ovom radu provedena je analiza i definicija razvojnih tipova i podtipova krajolika Srednje Like na temelju
procesa promjene u razdoblju 1980-2012. KoriSteni su podatci baze CORINE Land Cover za 1980. i 2012. godinu, pri
¢emu su utvrdeni tipovi krajolika Srednje Like za navedene godine. Tipovi krajolika Srednje Like odredeni su prema
zemljiSnom pokrovu i naginu koristenja zemljiSta. Na temelju meduodnosa utvrdenih tipova krajolika za dvije promatrane
godine, uspostavljeno je Sest razvojnih tipova i tri razvojna podtipa krajolika Srednje Like. Prostorna distribucija razvoj-
nih tipova i podtipova krajolika Srednije Like provedena je metodom prostorne analize Elipse standardnih devijacija (Dis-
tribucija smjerova) (Standard Deviational Ellipse (Directional Distribution)). Dobiveni rezultati pokazali su da se u
promatranom razdoblju najveci dio (89,46 %) podrucja Srednje Like odnosi na razvojni tip krajolika Stagnacija. Ostali
ustanovljeni razvojni tipovi zastupljeni su u mnogo manjoj mjeri (ispod 5,5%), a odnose se na tipove Sukcesije vegeta-
cije, Agrarizacije, Degradacije vegetacije i Izgradnje. Utvrdeno je prostorno stupnjevanije triju faza procesa sukcesije ve-
getacije, odnosno razvojnih podtipova od srediSnjeg prema rubnom podrucju istraZivanja. Takoder, u promatranom
razdoblju proces i trend ekstenzifikacije koriStenja zemljiSta Srednje Like dvostruko je zastupljeniji od intenzifikacije.

Kljuéne rijegi: zemljiSni pokrov i naCin koristenja zemljita, razvojni tipovi krajolika, prostorna analiza, procesna

analiza, GIS-model, Srednja Lika

1. Uvod

Danas$nje europske krajolike obiljezava svojevrs-
na polariziranost koja se pojavila usporedno s glav-
nim drustveno-gospodarskim procesima koja se u
velini zapadnoeuropskih zemalja poceli dogadati po
zavrSetku Drugog svjetskog rata (Hall i Tewdwr-Jo-
nes 2011). Pri tome najvaznije pokretacke sile koje
utjeu na promjene i oblikovanje krajolika su: dos-
tupnost, urbanizacija i globalizacija (Antrop 2005).
OpaZaju se dva klju¢na trenda - intenzifikacija i eks-
tenzifikacija (Van Eetvelde i Antrop 2009 prema Vo-
su i Klijnu 2000), koji u krajoliku Cesto imaju za
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posljedicu neprikladnu sanaciju, degradaciju i gub-
ljenje identiteta (Andlar i dr. 2011, Loncar i Cvita-
novi¢ 2012), odnosno dobivanje novog identiteta
(Hrdalo i dr. 2008). Tako s jedne strane, postoje kra-
jolici koji su pod utjecajem intenzifikacije koriste-
nja zemljiSta (npr. urbani prostori, poljoprivredni
posjedi koji doZivljavaju poveéanje proizvodnje), a's
druge strane, oni koji su pogodeni ekstenzifikaci-
jom koriStenja zemljista, odnosno njegovim zapu-
Stanjem (npr. zapusteni poljoprivredni posjedi
udaljenih ruralnih prostora). U potonjima ¢e, zbog
smanjivanja intenziteta druStveno-gospodarskih
aktivnosti, kulturni krajolik naizgled poprimati
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take on an appearance more like the natural land-
scape, although it remains the cultural landscape.

The landscape continues to change over time, ac-
cording to the actions and interactions of numerous
variables in the inanimate, animate and social envir-
onments, and this makes modelling the features of
the landscape within GIS extremely demanding (Wa-
ter 2002). However, GIS provides much greater op-
portunities for inventarising and analysing
individual parts of the landscape, whose complexity
requires diverse data from a range of different
sources, and analytical techniques and modelling
which cannot be applied in conventional maps
(Goodschild 1993, Vogiatzakis 2003).

In this research, based on spatial data on land
cover/land use in two comparison years (1980 and
2012), the landscape types of Central Lika were es-
tablished and shown cartographically. Based on
their mutual relations (according to the conceptual
models illustrated in the paper), landscape develop-
ment types in Central Lika were established and de-
picted cartographically for the observation period
1980-2012. Based on the interrelation of the estab-
lished landscape types for the period in question,
three subtypes were identified within one landscape
type (Vegetation succession). For the analysis of land-
scape development in Central Lika, a spatial and pro-
cess-oriented GIS landscape development model was
applied.

Two databases provided the data for this research
- CORINE Land Cover for 1980 and 2012 (CLC 1980
and CLC 2012).! These data allow an insight into the
natural and anthropogenic elements which are vis-
ible in a space, and which can be shown and analysed
through the concept and category of land cover/
land use.

The CLC 1980 and CLC 2012 databases consist of
digital spatial data which relate to parts of the land-
scape (for example, settlements, pastureland, lakes,
etc.) and are arranged in data classes. For the pur-
poses of this research, all the data classes relating to
the area of Central Lika for each observed year were
arranged in one of the landscape types. Thus, for ex-
ample, the data classes Pastureland and Natural Grass-
land for 1980 were placed in the landscape type

1 The research was conducted over several years and completed
before the CORINE Land Cover data for 2018 were available.
The data were supplemented and corrected through field re-
search. Since landscape changes are subject to a much longer
time scale than a few years, a difference of only a few years
does not essentially affect the results obtained.

Grassland. At the same time, we tried to arrange the
data classes for the observed years in individual land-
scape types, so that they would be as mutually homo-
geneous as possible, given their natural-geographic
features and the socioeconomic landscape develop-
ment factors visible in the space. The analysis of the
spatial arrangement of development subtypes was
performed using the Standard Deviational Ellipse (Dir-
ectional Distribution) spatial analysis method.

The aim of the research, through the use of GIS
models, was to establish the landscape types in Cent-
ral Lika in 1980 and 2012, and based on their mutual
relations, to establish and depict cartographically
the landscape development types in Central Lika and
their spatial distribution and surface proportions for
the observed period. The data derived from field re-
search were supplemental and corrective, in addi-
tion to the accessibility of published data.?

1.1 Overview of previous research

For the purpose of researching the landscape, its
development and changes over time in the literat-
ure, various types of data were used, based on differ-
ent approaches and processing methods. Thus, the
time-span of the research depends to a great extent
on the accessibility and availability of the corres-
ponding types of sub-data and information.

Studying landscape development over a long
period (for example, more than 250 years) is made
possible by combining the use of limited and specif-
ic kinds of historical and modern graphic and nar-
rative information, along with complex approaches
and methods. In Croatia, for example, the key peri-
ods in development and changes to the environ-
ment through various anthropogenic influences, in
a study of Velebit from the 17th century to the
present day, were defined by Fuerst-Bjelis, Lozié
and Perica (2000). Another study of environmental
changes in the central part of Dalmatian Zagora was
carried out by Fuerst-Bjeli§ (2003), who established
the key processes in environmental changes over a
period of 250 years through a comparative analysis
of textual, graphic and numerical data from the
18th-century Viennese cadastre and modern topo-
graphic maps. Somewhat later, narrative details
noted in the travelogues of 18th- and 19th-century
natural historians were added to the analysis along

2See note 1.
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oblik sli¢an prirodnom krajoliku, no on i dalje ostaje
kulturni krajolik.

Krajolik se kontinuirano mijenja tijekom vreme-
na, $to ukljucuje akciju i interakciju brojnih varijabli
iz neZivog, Zivog i drustvenog okruZenja, $to modeli-
ranje obiljezja krajolika u okviru GIS-a ¢ini vrlo zah-
tjevnim (Waters 2002). Medutim, upravo GIS pruza
znatno vece moguénosti za inventarizacije i analize
pojedinih dijelova krajolika, ¢ija sloZenost zahtijeva
raznolikost podataka iz niza razli¢itih izvora, te ana-
liticke tehnike i modeliranja koji se ne mogu primi-
jeniti na konvencionalne karte (Goodchild 1993,
Vogiatzakis 2003).

U radu su na temelju prostornih podatka o zem-
ljisnom pokrovu i na¢inu koriStenja zemljista za dvi-
je usporedne godine (1980. i 2012.) utvrdeni i
kartografski prikazani tipovi krajolika Srednje Like.
Na temelju njihova meduodnosa (prema konceptu-
alnim modelima koji su grafi¢ki prikazani u radu) us-
postavljeni su i kartografski prikazani razvojni tipovi
krajolika Srednje Like za promatrano razdoblje
1980-2012. Na temelju meduodnosa utvrdenih tipova
krajolika, unutar jednog tipa krajolika (tip krajolika
Sukcesija vegetacije) uspostavljena su i tri razvojna
podtipa. Pri analizi razvoja krajolika Srednje Like
primijenjen je prostorno i procesno orijentirani GIS-
model razvoja krajolika.

U radu su koriSteni podatci iz dviju baza podataka
- CORINE Land Cover iz 1980. i 2012. godine (CLC 1980
i CLC 2012).! Ti podatci daju uvid u prirodne i antro-
pogene elemente koji su vidljivi u prostoru, a mogu
se prikazati i analizirati kroz koncept i kategorije
zemljiSnog pokrova i nacina koristenja zemljista.

Baze podataka CLC 1980 i CLC 2012 sastoje se od
digitalnih prostornih podataka koji se zapravo od-
nose na dijelove krajolika (npr. naselje, pasnjak, je-
zero i sl.), a rasporedeni su u klase podataka. Za
potrebe ovog rada sve su klase podataka koje se od-
nose na podrudje Srednje Like za svaku pojedinu
promatranu godinu rasporedene u jedan od tipova
krajolika. Tako su primjerice klase podataka Pasnjaci
i Prirodni travnjaci za 1980. godinu svrstane u tip kra-
jolika Travnato zemljiste. Pri tome se klase podataka

! IstraZivanje je provodeno kroz nekoliko godina i zavr$eno
prije nego $to su podatci CORINE Land Cover za 2018. godi-
nu bili dostupni. Podatci su dopunjeni i korigirani teren-
skim istraZivanjem. S obzirom na to i da promjene krajolika
podlijezu mnogo duljoj vremenskoj skali nego §to je to ne-
koliko godina, razlika od nekoliko godina ne moZe sustinski
utjecati na dobivene rezultate.
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promatranih godina teZilo rasporediti u pojedini tip
krajolika tako da medusobno budu $to homogeniji s
obzirom na njihova prirodno-geografska obiljezja i
drustveno-geografske cimbenike razvoja krajolika
koji su vidljivi u prostoru. Analiza prostornog razmje-
Staja razvojnih podtipova provedena je koriStenjem
metode prostorne analize Elipse standardnih devija-
cija (Distribucija smjerova) (Standard Deviational Ellipse
(Directional Distribution)).

Cilj je istrazivanja, primjenom GIS-modela, utvr-
diti tipove krajolika Srednje Like za 1980. i 2012. go-
dinu, a temeljem njihova meduodnosa uspostaviti i
kartografski prikazati razvojne tipove krajolika
Srednje Like i njihovu prostornu distribuciju i povr-
Sinske udjele za promatrano razdoblje. Podatci dobi-
veni terenskim istrazivanjem imali su pri tome
dopunski i korektivni karakter, nastavno na dostup-
nost objavljenih podataka.?

1.1. Pregled dosadasnjih istrazivanja

U svrhu istrazivanja krajolika, njegovog razvoja i
promjena kroz vrijeme u literaturi se koriste razli¢ite
vrste podataka na kojima se temelje razli¢iti pristupi i
metode njihove obrade. Pri tome vremenski raspon
istrazivanja uvelike ovisi o dostupnosti i raspoloZi-
vosti odgovarajucih vrsta podataka i informacija.

Proucavanje razvoja krajolika kroz dugi vremenski
raspon (npr. duZi od 250 godina) moguée je kombini-
ranim upotrebom ogranicenih i specifi¢nih vrsta po-
vijesnih i suvremenih grafi¢kih i narativnih podataka,
te sloZenih pristupa i metoda. U Hrvatskoj, primjerice,
u radu Fuerst-Bjeli§, Lozi¢ i Perice (2000) definirani su
kljuéni periodi u razvoju i promjeni okoliSa na studiji
slucaju Velebita kroz razli¢iti antropogeni utjecaj od
17. stolje¢a do danas. Na drugoj studiji promjena oko-
lisa za podrudje sredi$njeg dijela Dalmatinske zagore
Fuerst-Bjeli§ (2003) je, komparativnom analizom tek-
stualnih, grafic¢kih i numerickih podataka mletackog
katastra iz 18. stoljeca i suvremenih topografskih ka-
rata utvrdila klju¢ne procese promjena okolisa kroz
250 godina. Nesto kasnije, u analizu su dodatno uve-
deni, uz ortofotokarte i narativni podatci zabiljeZeni u
putopisnim studijama prirodoslovaca 18. i 19. stoljea
(Fuerst-Bjeli$ i dr. 2011). Blaée je analizirao promjene
koristenja zemljista Ravnih kotara od pocetka 18. sto-
lie¢a do danas (2015) te promjenu Sumskog pokrova
od 19. stoljec¢a (2019). Koristio je kartografske prikaze,

2 vidi 1.
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with orthophotos (Fuerst-Bjeli§ et al. 2011). Blade
analysed changes in land use in Ravni Kotari from
the early 18th century to the present day (2015) and
changes in the forest cover from the 19t century on-
wards (2019). He used cartographic depictions, the
Viennese and Francis Land Cadastres, and informa-
tion from later revisions, while applying spatial-ana-
lytical GIS tools and a statistical-spatial analysis.
Durbesi¢ (2012) and Durbe$i¢ and Fuerst-Bjelis (2016)
researched landscape changes (mostly to the veget-
ation cover) from the 19* century onwards, in a
study of the south slopes of Svilaja. They used vari-
ous types of data: the Austrian cadastre on land cov-
er/land use, the CORINE Land Cover database, topo-
graphic and forestry maps, satellite images, and field
research data for the most recent period. They
defined landscape types for three comparative peri-
ods from the 19th century to the present day, along
with trends which correspond conceptually to land-
scape development types in this paper.

In Slovenia, there is a strong tradition of re-
searching changes in land use based on data from the
Franciscan cadastre for historical periods. In the
context of landscape development over a long time-
span, the research by Gersi¢, Gabrovec and Zwitter
(2018) stands out, in which landscape changes in the
area of Hragki Listneki were analysed from the first
half of the 19th century to the present day. The re-
search used data from the Joseph and Francis Land
Cadastres for comparative purposes, along with data
from the 2013 land cadastre and evidence of actual
use of agricultural and forest lands from 2018, digital
orthophoto information, and field research data. The
research by Gabrovec and Kumer (2019) should also
be highlighted, also based on the Francis Land Ca-
dastre and land use database for 2016, which defined
types of land use changes and indices of change for
the area of Slovenia since the 19t century.

Studying landscape development in the more re-
cent period and over a shorter time-span has al-
lowed the use of newer, more numerous types of
data, approaches and methods. Esbah (2009) re-
searched landscape development by analysing
changes to the structural features of landscape
samples in the urban area of Aydin in Turkey, in two
observation years (1977 and 2002). She used a large
number of indicators, that is spatial analysis meth-
ods, but without establishing developmental types
and/or trends. Lon&ar and Cvitanovié¢ (2012) also
used various types of data and analysed changes to
the environment in the river Drava lowlands in Os-
ijek region, in connection with socioeconomic and

demographic factors in the second half of the 20th
century, again without determining development
types and/or trends of change. In studies by
Cvitanovié (2014, 2014a) and Cvitanovié and Fuerst-
Bjeli§ (2018), research was conducted into land-
scape development in Hrvatsko zagorje region from
1978 to 2011 and from 1991 to 2011 respectively,
based on a combined methodological approach
which included quantitative and qualitative data
and analyses (descriptive-analytical, spatial-stat-
istic (GIS), inferential-statistic and empirical re-
search methods). Morié-Spani¢ and Fuerst-Bjeli§
(2017), using a combination of various data from
two comparative years, a 1975 vegetation map and
CORINE Land Cover, Croatian Forestry data and di-
gital orthophoto images (2011), defined landscape
types and trends of change, which also correspon-
ded conceptually to the development types in this
study. In more recent research into changes in the
vegetation cover in continental Croatia, remote re-
search methods and a simulation analysis model
and projections of change have been introduced
(Jogun et al. 2017, Jogun et al. 2019).

Apart from these works, in which landscape de-
velopment over long or short periods has been stud-
ied, other individual works have determined
landscape types for one particular observed point in
time in relation to the data used. For the area of
Dubrovacko Primorje, Hrdalo et al. (2008) classified
landscape types according to purpose and natural
spatial features, and identified three basic groups of
cultural landscapes: fields, drywalls as an element in
fencing, and terraces. Miicher et al. (2010) used four
types of data (climate features, height above sea-
level, soil composition and vegetation cover/land
use), each of which was displayed in one reference
point, and identified four hierarchical levels of land-
scape classification at the level of Europe. The first
level relates to climate features, the second to height
above sea-level, the third to soil composition, and
the fourth to the vegetation cover/land use.

The application of the GIS model when research-
ing various (parts of) landscapes, that is phenomena
in the landscape, as is evident, is based on various
types of data and data sources. The situation at one
point in time or development between two or three
points in time, or time periods, is analysed. A minor
part of researching landscape changes, however, is
that which determines landscape development
types and/or trends alongside changes. In this
study, apart from defining landscape development
types which correspond to observed development
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trends, the Standard Deviational Ellipse (Directional Dis-
tribution) spatial analysis method was used to de-
termine the spatial distribution of landscape
development subtypes.

1.2 Area of research

The area of research was Central Lika in Croatia,
which according to current administrative-territ-
orial organisation is covered by three units of local
self-government: the town of Gospié, the municipal-
ity of Lovinac, and the municipality of Perusié. It
forms part of Lika-Senj County.

The total surface area of the research area is ap-
proximately 1,690 km?2. The town of Gospi¢ occupies
967 km?, while the municipality of Perusi¢ (381 km?)
and the municipality of Lovinac (342 km?) are smal-
ler. There are 78 settlements in the research area, of
which 50 belong to the administrative area of the
town of Gospi¢, 18 to the municipality of Perusi¢, and
10 to the municipality of Lovinac (Figure 1).

Since the end of the Second World War, Central
Lika has been significantly affected by depopulation
and the ageing of the population, deagrarisation,
deruralisation, and urbanisation. Depopulation and
lifestyles changes have inevitably been directly re-
flected in land use and landscape changes, in which
extensification processes dominate.

2 Methodological Notes

The GIS landscape development model of Central
Lika consists of spatial data which are found in the
landscape development spatial database and spatial
analyses for detecting processes in the landscape
(Figure 2). Some methodological notes on the use of
data and spatial analysis methods follow.

2.1 Methodological notes on the use of data in the
GIS landscape development model of Gentral Lika

The GIS landscape development model of Central
Lika was produced using two databases: CORINE
Land Cover 1980 (CLC 1980) and CORINE Land Cover
2012 (CLC 2012). At the European level, these data-
bases were produced as part of the Copernicus Land
Monitoring Service project, and the parts of them
which refer to the Republic of Croatia were produced
by the Croatian Agency for the Environment and
Nature (HAOP). These databases follow the standard
approach for CLC databases, which is based on the
visual interpretation of satellite images according to

accepted CLC methodology. Data are produced in a
vector data model in the scale 1:100 000, the minim-
um width of the polygon for linear entities (lines) is
100 m and 25 ha for surface entities (polygons). It is
also extremely important to emphasise that not all
elements are entered in the database. For example,
in the landscape type Built-up land, smaller settle-
ments are not shown, because they do not meet the
criterion of sufficient concentration of objects in re-
lation to the resolution of the grid. Also, in this land-
scape type, only highways are visible, as smaller
roads are not wide enough in relation to the grid.
With the aim of establishing the Central Lika land-
scape types and landscape development types as ac-
curately as possible, data from the databases were
used as factual and analysed as such in this work.

In the area of Central Lika, according to the ap-
proach outlines in the introduction, 17 data classes
were found in the CLC 1980 database, arranged in
seven landscape types, while in the CLC 2012 data-
base, 19 data classes were arranged in six landscape
types.® It seems that not all the data classes estab-
lished in 2012 were included in 1980. On the other
hand, one landscape type established in 1980 (Rocky
surfaces) was missing in 2102.

The Central Lika landscape development types
for the study period 1980 to 2012 were determined
pursuant to a comparison of landscape types for
each individual year, according to a conceptual
model of landscape development types (Figure 3).
Six landscape development types were defined: Built-
up land, Agrarisation, Vegetation succession, Vegetation
degradation, Stagnation, and Water areas. In addition,
within the development type Vegetation succession,

3 After conducting the procedure, for 1980 the landscape type
Built-up land contained three data classes: Discontinuous urban
fabric; 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 Constructi-
on sites. The landscape type Grassland had two data classes in
1980 and 2012; Pastures and Natural grassland. The landscape
type Agricultural land had three data classes for 1980 and 2012:
Non-irrigated arable land; Heterogeneous agricultural areas, and
Land principally occupied by agriculture, with significant areas of
natural vegetation. The landscape type Forest land had three da-
ta classes for 1980 and 2012: Broad-leaved forest, Coniferous forest,
and Mixed forest. The landscape type Scrub/forest succession had
four data classes: Continental scrub (moors and heathland); Medi-
terranean scrub (sclerophyllous vegetation); Transitional woodland-
shrub: Sparsely vegetated area. For 1980, the landscape type Wa-
ter areas had one data class, Water bodies, while for 2012,
another data class was added, Water courses. The landscape
type Rocky surfaces was only recorded in 1980 and contained
one data class, Bare rocks.
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GIS model razvoja krajolika Srednje Like /
GIS landscape development model of Central Lika

A 2

Prostorna baza podataka razvoja krajolika /
Landscape development spatial database

e e e ...

—>»] Tipovi krajolika (1980.) / Landscape types (1980)

Razvojni tipovi krajolika (1980.-2012.) /
Landscape development types (1980-2012)

Razvojnipodtipovikrajolika (1980.-2012.) /
Landscape development subtypes (1980-2012) |

A4

»| Tipovi krajolika (2012.) / Landscape types (2012)
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- VRS

¥

Prostorne analize pri razvoju krajolika /
Spatial analysis of landscape development

-

1 Izratunavanje povrsinskih udjela /
P Calculation of surface proportions
o 7’
”
b -~
R | Analiza kartografskih sadriaja /
— Analysis of cartographic contents

KoriStenje metode prostorne analize Standard
Deviational Ellipse (Directional Distribution) [
Use of spatial analysis method Standard Deviational
Ellipse (Directional Distribution)

-

Slika 2. Primijenjeni GIS-model razvoja krajolika Srednje Like.
Fig. 2 Applied GIS landscape development model of Central Lika.

mletacki i franciskanski katastar i podatke njegove
kasnije revizije, uz primjenu prostorno-analitickih
GIS-alata i statisti¢ko-prostorne analize. Durbesi¢
(2012) te Durbesi¢ i Fuerst-Bjelis (2016) su istraZivale
promjene krajolika (uglavnom vegetacijskog pokro-
va) od 19. stoljec¢a na studiji juzne padine Svilaje. U tu
su svrhu koristile razli¢ite vrste podataka: podatke
austrijskog katastra o zemljiSnom pokrovu i na¢inu
koristenja zemljista, bazu podataka CORINE Land Co-
ver, topografske i Sumarske karte, satelitske snimke,
kao i podatke terenskog istraZivanja za najrecentnije
razdoblje. Pri tome su definirale tipove pejzaza za tri
komparativna perioda od 19. stolje¢a do danas te
trendove promjena, koji konceptualno odgovaraju ra-
zvojnim tipovima krajolika u ovome radu.

U Sloveniji postoji jaka tradicija istraZivanja pro-
mjena nacina koriStenja zemljista bazirana na po-
datcima franciskanskog katastra za povijesno ra-
zdoblje. U kontekstu razvoja krajolika kroz dugi
vremenski raspon posebno se isti¢e rad Gersica, Ga-
brovca i Zwittera (2018) u kojem su za podru¢je Hra-
$ki Listneki analizirali promjene krajolika od prve
polovice 19. stolje¢a do danas. U radu su kompara-
tivno koriSteni podatci jozefinskog i franciskanskog
katastra, podatci katastra zemljista iz 2013. i evi-
dencije stvarne upotrebe poljoprivrednog i Sumskog
zemljista iz 2018., podatci digitalnog ortofota, kao i
podatci terenskog istrazivanja. Takoder treba istak-
nuti istraZivanje Gabrovca i Kumera (2019) kojim su,

takoder na temelju franciskanskog katastra i baze
podataka nacina koristenja zemljista iz 2016., defini-
rali tipove promjena nacina koriStenja zemljita i in-
dekse promjene za podrudje Slovenije od 19. stoljeca.

Proucavanje razvoja krajolika novijeg razdoblja i
kraleg vremenskog raspona omogucuje koriStenje
novijih i brojnijih vrsta podataka te pristupa i meto-
da. Esbah (2009) istraZila je razvoj krajolika kroz
analizu promjena strukturnih obiljezja uzoraka kra-
jolika gradskog podruéja Aydin u Turskoj za dvije
promatrane godine (1977. i 2002.). Pri tome je koris-
tila veéi broj pokazatelja, odnosno metoda prostorne
analize, ali bez uspostave razvojnih tipova i/ili tren-
dova. Lonéar i Cvitanovié (2012) su takoder koristili
razli¢ite vrste podataka i analizirali promjene okoli-
$a Pridravske nizine Osijeka u povezanosti sa soci-
oekonomskim i demografskim faktorima u drugoj
polovici 20. stoljeca, takoder ne odredujuéi pri tome i
razvojne tipove i/ili trendove promjena. U radovima
Cvitanoviéa (2014, 2014a) te Cvitanoviéa i Fuerst-
Bjeli§ (2018) provedena su istraZivanja razvoja krajo-
lika Hrvatskog zagorja za razdoblje 1978-2011, od-
nosno 1991-2011, bazirana na kombiniranom meto-
doloskom pristupu koji ukljucuje kvantitativne i
kvalitativne podatke i analize, uz deskriptivno-ana-
liticke, prostorno-statisticke (GIS), inferencijalno-
statisticke i empirijske metode istraZivanja. Mori¢-
Spani¢ i Fuerst-Bjeli§ (2017) kombinirajudi razlicite
podatke za dvije komparativne godine: vegetacijsku
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Tipovi krajolika (1980.) /
Landscape types (1980)

TIP 1 - Izgradeno zemljiste /
TYPE 1 — Built-up land

TIP 2 - Travnato zemljiste /
TYPE 2 — Grassland

TIP 3 — Poljoprivredno zemljiste /
TYPE 3 — Agriculturallond

TIP 4 - Sumsko zemljiste /
TYPE4 —Forest land

TIP 5 — Grmlje/sukcesija Sume /
TYPE 5 —Scrub/forest succession

TIP 6 — Vodene povrsine/
TYPE 6 — Water areas
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Tipovi krajolika (2012.) /
Landscape types (2012)

TIP 1 - Izgradeno zemljiste /
TYPE 1 — Built-up land

TIP 2 - Travnato zemljiste /
TYPE 2 — Grassland

TIP 3 — Poljoprivredno zemljiste /
TYPE 3 — Agriculturalland

TIP 4 - Sumsko zemljiste /
TYPE 4 — Forest land

TIP 5 — Grmlje/sukcesija Sume /
TYPES — Scrub/forest succession

TIP 6 — Vodene povrsine /

TYPEG6 — Water areas

TIP 7 - Stjenovite povrsine /
TYPE 7 — Rocky surfaces

Razvojni tipovi / Development types

— lzgradnja / Construction

----------- Agrarizacija / Agrarisation

— Sukcesija vegetacije / Viegetotion succession
- Degradacija vegetacije / Viegetation degradation
—_—- Stagnacija /Stognation

— Vodene povriine / Waterarsas

Fig. 3 Conceptual model of landscape development types, 1980-2012.
Slika 3. Konceptualni model razvojnih tipova krajolika za razdoblje 1980-2012.

three subtypes were defined: Vegetation succession, (central tendency, spatial dispersion, or orientation
first phase; Vegetation succession, second phase, and Ve-  concentration) (Wong 1999).
getation succession, third phase (Figure 4). Standard Deviational Ellipse (Directional Distribution)
is derived by calculating on the basis of the following

2.2 Methodological notes on the use of the spatial ~ formulae (ESRI 2020):
analysis method in the GIS model of landscape
development for Central Lika

The Standard Deviational Ellipse (Directional Distri- SDE
bution) spatial analysis method was used with the
aim of gaining an insight into the spatial distribution
of the three phases in the process of vegetation suc-
cession. In order to perform the method, the ArcGIS SDE
10.0 computer programme was used.

By applying this method, ellipses with values are

obtained (coordinates X and Y for the centre; stand- x,, y; - coordinates for object i
ard distances for X and Y, i.e. radius ellipses; value for {X, Y}- mean centre for objects
rotation). The ellipses describe spatial distribution n - total number of objects

—1
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Tipovi krajolika (1980.) /
Landscape types (1980)

TIP 1- Izgradeno zemljiste /
TYPE 1 — Built-up land

TIP 2 - Travnato zemljiste /
TYPE 2 — Grassland

TIP 3 — Poljoprivredno zemljiste /
TYPE 3 — Agriculturallond

TIP 4 — Sumsko zemljiste /
TYPE4 — Forest land

TIP 5 — Grmlje/sukcesija Sume /
TYPE5 — Scrub/forest succession

TIP 6 — Vodene povrsine /
TYPE 6 —Water areas

TIP 7 - Stjenovite povrsine /
TYPE 7 — Rocky surfaces

Tipovi krajolika (2012.) /
Landscape types (2012)

TIP 1 - Izgradeno zemljiste /
TYPE 1 — Built-up lond

TIP 2 - Travnato zemljiste /
TYPE 2 — Grassland

TIP 3 — Poljoprivredno zemljiste /
TYPE 3 — Agricultural land

TIP 4 — Sumsko zemljiste /
TYPE4 —Forest land

TIP 5 - Grmlje/sukcesija Sume /
TYPE5 — Scrub/forest succession

TIP 6 — Vodene povrsine /
TYPE 6 —Water areas

Razvojni podtipovi / Development subtypes

Sukcesija vegetacije prve faze /
Vegetation succession, first phose

Sukcesija vegetacije druge faze /
Vegetotion succession, second phose

-----------

Sukcesija vegetacije trecefaze /
Vegetaotion succession, third phase

Slika 4. Konceptualni model razvojnog tipa Sukcesija vegetacije.
Fig. 4 Conceptual model of development type Vegetation succession.

kartu (1975) i CORINE Land Cover, podatke Hrvatskih
$uma i digitalne ortofotosnimke (2011), definirale su
tipove krajolika i trendove promjene, koji konceptu-
alno takoder odgovaraju razvojnim tipovima u ovo-
me radu. U novijim se istraZivanjima promjena
zemljiSnog pokrova kontinentske Hrvatske takoder
uvode i metode daljinskih istraZivanja te simulacijski
model analize i projekcije promjena (Jogun i dr. 2017,
Jogun i dr. 2019).

Osim navedenih radova u kojima se proucava ra-
zvoj krajolika kroz duZi ili kraéi vremenski raspon, u
pojedinim radovima se odreduju tipovi krajolika s
obzirom na jednu promatranu vremensku tocku, ko-
ja se odnosi na koristene podatke. Hrdalo i dr. (2008)
za prostor Dubrovackog primorja svrstali su tipove
krajolika s obzirom na namjene i prirodna obiljeZja
prostora pri ¢emu su izdvojili tri osnovne skupine
kulturnih krajobraza: polja, suhozidi kao element
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ogradivanja i terase. Miicher i dr. (2010) koriStenjem
Cetiri vrste podataka (klimatska obiljeZja, nadmorska
visina, sastav tla, zemlji$ni pokrov i nalin koriStenja
zemljiSta), od kojih je svaki objavljen u jednoj refe-
rentnoj tocki, izdvojili su Cetiri hijerarhijske razine
klasifikacije krajolika na razini Europe. Prva razina
odnosi se na klimatska obiljeZja, druga na nadmor-
sku visinu, trea na sastav tla, a Cetvrta na zemlji$ni
pokrov i nadin koristenja zemljista.

Primjena GIS-modela pri istrazivanju razli¢itih
(dijelova) krajolika, odnosno pojava u krajoliku, ka-
ko je vidljivo, temelji se na razli¢itim vrstama poda-
taka, kao i izvora podataka. Pri tome se analizira
stanje za jednu vremensku tocka ili pak razvoj unu-
tar dvije ili viSe vremenskih tocki, odnosno vremen-
skih razdoblja. Manji je udjel istrazivanja promjena
krajolika, medutim, onaj koji uz promjenu odreduje
i razvojne tipove krajolika ili trendove razvoja. U
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In this study, the ellipse option was used given
the spatial location of each of the observed land-
scape development subtypes in Central Lika. Ellipses
of the different positions, shapes and directions of
each of the observed development subtypes were
obtained. In fact, taking into account the entire re-
search area, the ellipse of each observed develop-
ment subtype was concentrated and widened
according to the higher concentration of the ob-
served phenomenon, so that the centre of the ellipse
was close to that area. On the other hand, taking in-
to account the entire research area, the ellipse of
the observed development subtype narrowed ac-
cording to the lower concentration of the observed
phenomenon.

3 Landscape Types in Central Lika in 1980 and 2012

Based on the data on land cover and land use
from 1980, and according to the procedure out-
lined above, the area of Central Lika was classified
according to seven landscape types. They are: Built-
up land, Grassland, Agricultural land, Forest land,

Scrub/forest succession, Water areas and Rocky surfaces
(Figure 5).

In the same way, data for 2012 for the area of
Central Lika were classified into six landscape types.
They are: Built-up land, Grassland, Agricultural land,
Forest land, Scrub/forest succession and Water areas
(Figure 6).

It is clear that in 2012, six landscapes types were
confirmed, while in 1980, there were seven. The sev-
enth relates to Rocky surfaces, which it was no longer
possible to distinguish in 2012, indicating the pro-
cess of vegetation succession.

The landscape type Built-up land refers to road
and rail networks and associated land, building sites,
industrial and commercial units, and mineral ex-
traction sites. However, within this landscape type,
the greatest surface area refers to discontinuous
urban areas or settlements. There are 78 settlements
in Central Lika, however only a few of them are
shown according to the data used: Gospi¢ (shown
with the settlements of Budak, Zabica, Kani¥a Gos-
picka, Podostra), Licki Osik, Perusi¢, Musaluk, Donji
Kosinj, Li¢ki Novi, Bilaj, Lovinac, and a small part of
the settlement of Gracac. The other settlements oc-
cupy smaller surface areas, that is, the concentration
of buildings is lower, because they are mostly dis-
persed and consists of several hamlets.

The landscape type Grassland consists of pastures
and natural grassland. Their common characteristic
is the presence of various types of grass which are
low-growing, either due to natural conditions or
cattle-grazing. However, they differ in terms of loca-
tion and features. The pastures are areas of lower-
quality soil, grass and scrub which are used to graze
cattle (sheep, cows, goats and horses). In terms of
their position, they can be said to surround the agri-
cultural land which is situated close to the settle-
ments. Natural grasslands are areas where various
types of grass grow naturally, and due to natural
conditions (poorer soil, more rocks, steep terrains,
slopes in shadows) no other kind of plant cover can
be established.

The landscape type Agricultural land in both ob-
servation years (1980 and 2012) was mostly located
in the administrative area of the town of Gospic. This
is in line with positive demographic indicators (im-
migration, overall population growth). On the other
hand, there are only a few smaller agricultural areas
in the municipalities of Perusi¢ and Lovinac. These
are mostly used to grow agricultural products for
personal use, with only a few rare examples of cul-
tivation for industrial production.

1
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Tipovi krajolika Srednje Like (1980.)
Landscape types in Central Lika (1980)

I TIP 1 - I1zgradeno zemiljiste / Buit-up Land

E TIP 2 - Travnato zemljiste / Grassland

| TIP 3- Poljoprivredno zemljiste / Agricultural Land

I TIP 4 - Sumsko zemljiste / Forestland

- TIP 5 - Grmlje/sukcesija Sume / Succession of
Scrub/Forest

- TIP 6 - Vodene povrsine / Water Areas

E TIP 7 - Stjenovite povrsine / Rocky Surfaces

Autorica/ Author Marta Hamzi¢ N TN (NN NN NN NN (N B

Slika 5. Tipovi krajolika Srednje Like (1980. godina), izvor: CLC 1980, HAOP; SRPJ, DGU.
Fig. 5 Landscape types in Central Lika (1980), source: CLC 1980, HAOP; SRPJ, DGU.

ovome radu je osim definiranja razvojnih tipova
krajolika, koji odgovaraju uocenim trendovima ra-
zvoja, primijenjena metoda prostorne analize Elip-
se standardnih devijacija (Distribucija smjerova)
koja omogucuje odredivanje prostorne distribucije
razvojnih podtipova krajolika.

1.2. Podrucje istrazivanja

Podrugje istrazivanja je Srednja Lika, koja je pre-
ma aktualnoj administrativno-teritorijalnoj organi-
zaciji prostorno obuhvaena u tri jedinice lokalne
samouprave: Grad Gospi¢, Opéinu Lovinac i Opéinu
Perusi¢, a koje su sastavni dio Licko-senjske Zupanije.
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Ukupna povrsina podrudja istraZivanja iznosi
priblizno 1690 km?, Grad Gospi¢ zauzima povrsinu od
967 km2, dok su povrsinski manje Opéina Perusi¢ (381
km?) i Op¢ina Lovinac (342 km?). Na podrudju istrazi-
vanja nalazi se 78 naselja, od toga administrativnom
podrudju Grada Gospica pripada 50 naselja, Opéini
Perusi¢ 18 naselja i Opéini Lovinac 10 naselja (slika 1).

Srednja je Lika u razdoblju od zavrSetka Drugog
svjetskog rata znacajno pogodena iseljavanjem i sta-
renjem stanovnistva, deagrarizacijom te deruralizaci-
jom i urbanizacijom. Depopulacija i promjena nacina
Zivota nuZno se izravno, a takoder i znacajno reflekti-
rala na nacin koristenja zemljiSta i promjenu krajoli-
ka, u kojem dominiraju procesi ekstenzifikacije.
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Tipovi krajolika
Srednje Like (2012.)

TIP 1 - Izgradeno zemljiste

TIP 2 - Travnato zemljiste

TIP 3 - Poljoprivredno zemljiste

TIP 4 - Sumsko zemljiste
TIP 5 - Grmlje/sukcesija Sume

TIP 6 - Vodene povrsine

{3
Autorica / Author
a H_amz"

Landscape types in
Central Lika (2012)
| 7YPE 1-Built-up Land
E TYPE 2 - Grassland

i TYPE 3 - Agricultural Land
I TYPE 4 - Forestiand ‘
B 7vPe 5 - scrub/Forest succession s
- TYPE 6 - Water Areas o

Fig. 6 Landscape types in Central Lika (2012), source: CLC 2012, HAOP; SRPJ, DGU; Topographic maps, DGU.
Slika 6. Tipovi krajolika Srednje Like (2012. godina), Izvor: CLC 2012, HAOP; SRPJ, DGU;Topografske karte, DGU.
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2. Metodoloske napomene

GIS-model razvoja krajolika Srednje Like sastoji
se od prostornih podataka koji su sadrZani u prostornoj
bazi podataka razvoja krajolika i prostornih analiza za
detekciju procesa u krajoliku (slika 2). U nastavku
rada nalaze se metodoloske napomene uz koriStenje
podataka i metode prostorne analize.

2.1. MetodoloSke napomene uz upotrebu podataka
u GIS-modelu razvoja krajolika Srednje Like

Pri izradi GIS-modela razvoja krajolika koriStene
su dvije baze podataka - CORINE Land Cover 1980
(CLC 1980) i CORINE Land Cover 2012 (CLC 2012). Na
europskoj razini te se baze izraduju u okviru projekta
Copernicus Land Monitoring Service, a dio tih baza koji se
odnosi na Republiku Hrvatsku su proizvod Hrvatske
agencije za okoli§ i prirodu (HAOP). Navedene baze
podataka izradene su prema standardnom pristupu
izrade baze podataka CLC, koji se temelji na vizualnoj
interpretaciji satelitskih snimaka prema prihvaéenoj
CLC metodologiji. Tako se stvaraju podatci u vektor-
skom modelu podataka u mjerilu 1:100 000, minimal-
ne Sirine poligona 100 metara za linearne entitete
(linije) i 25 ha za povrSinske entitete (poligone). Pri
tome je od velike vaznosti istaknuti kako u bazu po-
dataka nisu uneseni svi dijelovi. Tako, na primjer, kod
tipa krajolika Izgradeno zemljiste nisu vidljiva manja
naselja, jer se kod takvih naselja ne zadovoljava kri-
terij dovoljne koncentracije objekata u odnosu na re-
zoluciju resSetke. Takoder, kod ovog tipa krajolika
zbog nedovoljne Sirine objekta u odnosu na resetku,
nisu vidljive druge prometnice osim autoceste. U na-
mjeri $to vjernijeg utvrdivanja tipova i razvojnih ti-
pova krajolika Srednje Like, podatci navedenih baza
podataka koristeni su kao ¢injeni¢ni te su kao takvi
analizirani u radu.

Na podrudju Srednje Like je, prema postupku na-
vedenom u uvodnom dijelu ovog rada, unutar baze
podataka CLC 1980 evidentirano 17 klasa podataka
koje su svrstane u sedam tipova krajolika, dok je
unutar baze podataka CLC 2012 evidentirano 19 klasa
podataka koje su svrstane u Sest tipova krajolika.?
Evidentno je kako za 1980. nisu zabiljeZene neke od
klasa podataka koje su utvrdene za 2012. S druge
strane, za 2012. nedostaje jedan od tipova krajolika -
Stjenovite povrsine koji je utvrden za 1980.

Razvojni tipovi krajolika Srednje Like za promatra-
no razdoblje 1980-2012 odredeni su na temelju uspo-
redbe tipova krajolika za svaku pojedinu godinu prema
konceptualnom modelu razvojnih tipova krajolika
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(slika 3). Pri tome je definirano Sest razvojnih tipova
krajolika: Izgradnja, Agrarizacija, Sukcesija vegetacije,
Degradacija vegetacije, Stagnacija, Vodene povrsine. Na-
dalje, unutar razvojnog tipa Sukcesija vegetacija defi-
nirana su tri razvojna podtipa: Sukcesija vegetacije
prve faze, Sukcesija vegetacije druge faze i Sukcesija vege-
tacije trece faze (slika 4).

2.2. MetodoloSke napomene uz metodu prostorne
analize u GIS-modelu razvoja krajolika Srednje Like

Metoda prostorne analize Elipse standardnih de-
vijacija (Distribucija smjerova) koriStena je s ciljem
stjecanja uvida u prostornu distribuciju triju faza
procesa sukcesije vegetacije. Metoda je sastavni dio
racunalnog programa ArcGIS verzije 10.0.

Tom metodom dobivaju se elipse s odgovarajuéim
vrijednostima (koordinate X i Y za centar; standardne
devijacije za X i Y, tj. radijuse elipse; vrijednosti za ro-
taciju). Elipse ocrtavaju prostornu distribuciju (cen-
tralnu tendenciju, prostornu rasprsenost, odnosno
koncentraciju te orijentaciju) (Wong 1999).

Elipse standardnih devijacija (Distribucija smje-
rova) dobivaju se ra¢unanjem na temelju sljede¢ih
formula (ESRI 2020):

SDE

3 Nakon provedenog postupka, za 1980. godinu tip krajolika
Izgradeno zemljiSte sadrZi tri klase podataka: Nepovezana
gradska podrudja; Industrijski ili komercijalni objekti; Mjesta
eksploatacije mineralnih sirovina. Za 2012. godinu tip krajo-
lika Izgradeno zemljiste sadrZi jo§ dvije klase podataka: Ces-
tovna i Zeljezni¢ka mreZa i pripadajuce zemljiste; Gradilista.
Tip krajolika Travnato zemljiste za 1980. i 2012. sadrZi dvije
klase podataka: Pa$njaci; Prirodni travnjaci. Tip krajolika Po-
ljoprivredno zemljiSte za 1980. i 2012. sadrZi tri klase podataka:
Nenavodnjavano obradivo zemljiSte; Mozaik poljoprivrednih
povrsina; PreteZno poljoprivredno zemljiSte, sa znacajnim
udjelom prirodnog biljnog pokrova. Tip krajolika Sumsko
zemljiSte za 1980. i 2012. sadrzZi tri klase podataka: Bjelogori¢-
na Suma; Crnogori¢na Suma; MjeSovita Suma. Tip krajolika
Grmlje i sukcesija Sume sadrzi Cetiri klase podataka: Kontinen-
talna grmolika vegetacija (vristine, cretovi i niske Sikare);
Mediteranska grmolika vegetacija (sklerofilna); Sukcesija
$ume (zemljiSta u zarastanju); Podrudja s oskudnom vegeta-
cijom. Za 1980. godinu tip krajolika Vodene povrsine sadrzi
jednu klasu podataka - Vodna tijela, dok za 2012. godinu sa-
drZi jo§ jednu klasu podataka - Vodotoci. Tip krajolika Stje-
novite povrsine zabiljeZen je samo za 1980. godinu, te sadrzi
jednu klasu podataka - Gole stijene.
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The landscape type Forest land is mostly found on
the margins of the research area (Figure 5). Broad-
leaved forests are the natural vegetation cover in
this area. However, real forests have only been pre-
served on the slopes of Velebit and on the high, less
accessible parts of Licko sredogorje (Pejnovié, 1985).
In earlier periods, as the number of people engaged
in agriculture grew, this led to the destruction of the
natural vegetation cover. The broad-leaved forests
were suppressed in favour of extending arable land,
particularly in Li¢ko polje and on suitable slopes.
Today, broad-leaved forests are found in Licko polje
and on the lower slopes of the relief frame, while the
upper slopes are covered in coniferous and mixed
forests. Like the broad-leaved forests, coniferous and
mixed forests in Central Lika are mostly natural
(wild) forests, while plantations occupy smaller
areas. Most of the forests are state-owned, with only
a few private forests.*

The landscape type Scrub/forest succession is char-
acterised by various kinds of medium high vegeta-
tion. It is the result of agricultural land being
neglected or abandoned and the development of the
second phase of succession. In addition, it is found on
bases which have been impoverished of mineral
contents, where the third phase of vegetation suc-
cession cannot develop, that is, tall vegetation
(forests). However, in the locations where the soil
quality is sufficient, in the conditions of existing so-
cioeconomic processes, it may gradually grow into
forests.

The area of Central Lika has an abundance of wa-
ter. It is found in a large number of large and small
springs, sources, water courses and water bodies.
However, the data used show that only a few objects
belong to the Water areas landscape type: one water-
course (the subterranean River Lika) and three water

4 In the state-owned forests, the most common trees are beec-
hes and pines (Abieti-Fagetum Illyricum), which are also the
most important trees for industrial production. According to
the different natural conditions prevalent in Central Lika, dif-
ferent types of forests are present. In Licko polje, at low ele-
vations above sea level, most of the broad-leaved forests
consist of sessile oak and common hornbeam (Querco petraeae-
Carpinetum illyricum), while by the watercourses, there are
smaller forests of hydrophilic types of black alder and reeds
(Carici brizoidis-Alnetum), grey willow (Salix cinerea) and purple
osier (Salix purpurea). At higher elevations above sea level,
above the hilly beech forests (Fagetum illyricum montanum), in
central and northern Velebit, beech and pine forests continue
(Abieti-Fagetum illyricum), while in the highest parts there are
pre-mountainous beech forests (Fagetum illyricum subalpinum)
(Pelcer and Martinovié 2003).

bodies (Lake Krusi¢, Lake Stikada, and Lake Ricice, a
retention of the subterranean River Obsenica). The
other water bodies are very small in size, or are not
large enough to be noted with the data used.

4 Landscape Development Types in Central Lika
1980-2012

According to the GIS model of landscape devel-
opment in Central Lika’ for the period 1980-2012, six
landscape development types and six subtypes were
determined. The landscape development types in
Central Lika for 1980-2012 are (Figure 7):

1. Construction (land which has been repurposed
from other land cover/land use for building)

2. Agrarisation (land which has been repurposed
from other land cover/land use for agriculture)

3. Vegetation succession (land which has changed
from other land cover/land use into grassland,
scrub/forest succession, or forest land)

4, Vegetation degradation (land which has changed
from scrub/forest succession or forest land into
grassland or scrub/vegetation succession)

5. Stagnation (land which has not been repurposed or
changed, but has retained the same land cover/land
use)

6. Water areas (land which was under water in one of
the observed years).

Since the process of vegetation succession occurs
in three phases, three landscape development sub-
types for the development type Vegetation succes-
sion were defined for the period 1980-2012. In
addition, the spatial analysis method Standard Devi-
ational Ellipse (Directional Distribution) confirmed the
spatial distribution of each of the phases of vegeta-
tion succession, shown graphically in ellipses of loc-
ation (Figure 8). The landscape development
subtypes of Central Lika are:

1) Vegetation succession, first phase (land which has
changed from other land cover/land use into
grassland) (Figure 9)

2) Vegetation succession, second phase (land which
has changed from other land cover/ land use into
scrub/vegetation succession) (Figure 10)

3) Vegetation succession, third phase (land which has
changed from other land cover/ land use into
forest land)

5 In the chapter 2.2 Methodological notes on the use of the spatial
analysis method in the GIS model of landscape development for
Central Lika.
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Razvojni tipovi krajolika
Srednje Like (1980. - 2012.)

/ Development types in the Central
Lika landscape (1980 - 2012)

- lzgradnja / Construction

- Agrarizacija /Agrarisation

.. ../ Vegetation
- Sukcesija vegetacije Succession

- Degradacija vegetacije / Vegetation
Degradation

E Stagnacija / Stagnation
- Vodene povrsine / Water Areas

Autorica/ Author Marta Hamzié L1 11 I I N N |

Slika 7. Razvojni tipovi krajolika Srednje Like (1980-2012), izvor: CLC 2012, HAOP; SRPJ, DGU.
Fig. 7 Landscape development types in Central Lika (1980-2012), source: CLC 2012, HAOP; SRPJ, DGU.
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Development subtypes and ellipses of
development type Vegetation Succession
(1980-2012)

= Vegetation Succession of the first phase

- Vegetation Succession of the second phase
Vegetation Succession of the third phase
Ellipse of Vegetation Succession of the first phase
Ellipse of Vegetation Succession of the second phase
Ellipse of Vegetation Succession of the third phase

Autorica / Author Marta Hamzi¢ L

Razvojni potipovi i elipse za razvojni tip
krajolika Sukesija vegetacije (1980.-2012.)
== Sukcesija vegetacije prve faze

] Sukcesija vegetacije druge faze

Sukcesija vegetacije trece faze

Elipsa za Sukcesiju vegetacije prve faze
Elipsa za Sukcesiju vegetacije druge faze
Elipsa za Sukcesiju vegetacije trece faze

Fig. 8 Vegetation succession development subtypes and ellipses of spatial location (1980-2012).
Slika 8. Razvojni podtipovi i elipse prostornog razmjestaja Sukcesije vegetacije (1980-2012).

The landscape development type Construction
covers only 0.63% of Central Lika. This is land which
has been repurposed from other land cover/land use
into building land. In the observation period
(1980-2012), most such land was formerly grassland
or agricultural land. This refers to the extension of
built-up land around Gospi¢ and the settlement of
Donji Kosinj, and to the construction of infrastruc-
ture (to be more precise, stretches of the A1 high-
way) and associated objects, the opening of
enterprise zones and excavation sites.

The landscape development type Agrarisation ac-
counts for 2.58% of Central Lika, and mostly refers to
land which has been repurposed from grassland for
agriculture, predominantly in the northwest and
southwest part of the research area, or which has
been repurposed from scrub/forest succession for
agriculture, as noted in the southeast part of the re-
search area. In that area, in the observation period,
family farms were established which are engaged in
growing crops and cattle-breeding (sheep, cows,
goats, etc).

Vegetation succession is a landscape development
type which covers 5.55% of Central Lika. In the ob-

servation period, land cover/land use changed from
other categories to grassland, scrub/forest succes-
sion, or forest land. In terms of its location, it was es-
tablished that this landscape development type is
found in the south part of the town of Gospi¢ area.

Vegetation succession, first phase, as a development
subtype, applies to 1.18% of Central Lika, where land
cover/land use has changed from other categories to
grassland. This development subtype mostly refers
to agricultural land which has turned into grassland
as a result of a reduction in agricultural activities
(Table 1).

In Central Lika, 3.11% of the land has turned into
scrub/vegetation succession, which is defined as the
landscape development subtype Vegetation succes-
sion, second phase. The most significant feature is the
change from agricultural land or grassland to
scrub/forest succession (Table 1).

The landscape development subtype Vegetation
succession, third phase, relates to 1.26% of Central
Lika, where the land has turned into forest land. The
most significant aspects are the change from
scrub/forest succession (second phase) and from

grassland and agricultural land (first phase).
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X, Y, - devijacije koordinata x, y od sredista
Standardne devijacije u smjeru koordinatnih osi su:
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U radu je koriStena opcija elipsa s obzirom na
prostorni razmjestaj (lokacija) svakog od promatra-
nih razvojnih podtipova krajolika Srednje Like. Pri
tome su dobivene elipse razli¢itog poloZaja, oblika i
smjera za svaki razmatrani razvojni podtip. Naime,
uzimajudi u obzir cijelo podrudje istrazivanja, elipsa
pojedinog razmatranog razvojnog podtipa se usmje-
rava i $iri prema veloj koncentraciji promatrane po-
jave, te se srediste elipse nalazi blize tom podrudju. S
druge strane, uzimajudi u obzir cijelo podrudje istra-
Zivanja, elipsa razmatranog razvojnog podtipa se su-
Zava prema manjoj koncentraciji promatrane pojave.

3. Tipovi krajolika Srednje Like za godine 1980. i
2012.

Na temelju podataka o zemljiShom pokrovu i na-
Cinu koriStenja zemljista iz 1980. godine, prema
prethodno prikazanom postupku, podrudje Srednje
Like svrstano je u sedam tipova krajolika. To su: Iz-
gradeno zemljiSte, Travnato zemljiSte, Poljoprivredno ze-
mljiste, Sumsko zemljiste, Grmlje/sukcesija sume, Vodene
povrsine, Stjenovite povrsine (slika 5).

Na isti je nalin koriStenjem podataka iz 2012. go-
dine podruéje Srednje Like svrstano u Sest tipova
krajolika. To su: Izgradeno zemljiSte, Travnato zemljiste,
Poljoprivredno zemljiste, Sumsko zemljiste, Grmlje/sukce-
sija Sume, Vodene povrsine (slika 6).

Vidljivo je kako je za 2012. utvrdeno Sest tipova
krajolika, dok je za 1980. utvrdeno sedam tipova.
Razlika se odnosi na tip krajolika Stjenovite povrsine
koji se 2012. vise nije mogao izdvojiti, $to ukazuje na
proces vegetacijske sukcesije.

Na tip krajolika Izgradeno zemljiste odnose se ces-
tovna i Zeljeznitka mreZa i pripadajuée zemljiste;
gradiliSta, industrijski ili komercijalni objekti; mjesta
eksploatacije mineralnih sirovina. Medutim, unutar
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tog tipa krajolika najveéa povrSina odnosi se na ne-
povezana gradska podrudja, odnosno naselja. Na po-
druéju Srednje Like nalazi se 78 naselja, medutim
prema koriStenim podatcima prikazano ih je tek ne-
koliko: Gospi¢ (prikazan je s naseljima: Budak, Zabi-
ca, Kaniza Gospicka, Podostra), Li¢ki Osik, Perusié,
Musaluk, Donji Kosinj, Licki Novi, Bilaj, Lovinac, te
manji dio naselja Gracac. Preostala naselja se nalaze
na manjoj povrsini, odnosno imaju manju koncen-
traciju izgradenosti, jer su uglavnom rastrkana (dis-
perzna) i sastoje se od nekoliko zaselaka.

Tip krajolika Travnato zemljiSte sastoji se od pas-
njaka i prirodnih travnjaka. Zajednicko im je obiljeZje
razliCite vrsta trava koje zbog prirodnih preduvijeta ili
zbog ispase stoke nisu visokog rasta. Ipak, medu njima
postoji razlika u poloZaju i obiljezjima. Pasnjaci su po-
dru¢ja manje kvalitetnog tla i trava i niskog raslinja
koje sluZe za ispasu stoke (ovce, krave, koze, konji). S
obzirom na poloZaj, moze se reéi da pasnjaci ,,okruzu-
ju* poljoprivredna zemljiSta, koja se nalaze blize na-
seljima. Prirodni travnjaci su podrudja na kojima
prirodno rastu razne vrste trava i gdje zbog prirodnih
preduvjeta (tlo manje kvalitetnog sastava, znaajan
udio kamenja, strmi teren, osojne padine) ne postoji
mogucénost stvaranja drugog zemljiSnog pokrova.

Tip krajolika Poljoprivredno zemljiste u obje pro-
matrane godine (1980. i 2012.) ve¢inom se nalazi na
administrativnom podrudju Grada Gospica. To je u
skladu s pozitivnim demografskim pokazateljima
(imigracija, porast ukupnog broja stanovnika). S
druge strane, na podrudju opéina Perusi¢ i Lovinac
mogu se uoliti tek manje povrsine pod poljoprivred-
nim zemljiStem. Na njima se najCe$ée uzgajaju poljo-
privredni proizvodi za vlastite potrebe, a rjedi su
primjeri uzgoja za industrijsku proizvodnju.

Tip krajolika Sumsko zemljiste uglavnom se nalazi
na rubnim dijelovima podrudja istrazivanja (slika 6).
Bjelogori¢na Suma je prirodni vegetacijski pokrov tog
podrudja. Medutim, te prave Sume sa¢uvane su samo
na padinama Velebita i na vi$im, slabije pristupacnim
dijelovima Lickog sredogorja (Pejnovié¢ 1985). Naime,
u ranijim razdobljima, pove¢anjem broja stanovnika
koji su se uglavnom bavili poljoprivredom, doslo je do
destrukcije prirodnog vegetacijskog pokrova. Tada su
bjelogori¢ne Sume potisnute na raun Sirenja poljo-
privrednog zemljiSta, pogotovo u Lickom polju te na
povoljnijim padinama. Danas se bjelogori¢ne Sume
nalaze u Lickom polju te nizim padinama reljefnog
okvira, dok se na vi$im padinama nalaze crnogori¢ne
i mjeSovite Sume. Kao i bjelogori¢ne, tako i crnogo-
ri¢ne te mjeSovite Sume na podrudju Srednje Like
pretezno su prirodne (samonikle) Sume, a zasadene
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Fig. 9 Succession vegetation, first phase development subtype — abandoned arable land which has turned into grassland
through vegetation succession, photo by M. Hamzi¢ (6 September 2013).
Slika 9. Razvojni podtip Sukcesija vegetacije prve faze — napusteno obradivo zemljiSte vegetacijskom sukcesijom promije-
njeno u travnato (snimila M. Hamzi¢ 6. 9. 2013.).

Using the spatial analysis method Standard Deviational
Ellipse (Directional Distribution), the spatial distribution of
the three phases of vegetation succession for the period
1980-2012 was analysed in more detail. The spatial grad-
ation of the confirmed vegetation succession phases
(development subtypes) was established, from the cent-
ral parts to the margins of the research area. It is evident
(yellow ellipse in Figure 8) that the development subtype
Vegetation succession, first phase, is found near the central
part of the research area, that is, in the area of the town
of Gospi¢, where there has been the least reduction in
the number of inhabitants and where the least (and
latest) decline in agricultural activities has been noted.
On the other hand, the development subtype Vegetation
succession, third phase, is found on the margins (dark
green ellipse in Figure 8), where the population decline
has been mostly expressed, changes in land use (agricul-
ture) began earliest, and because of the long period of
vegetation succession, forest land has developed. The
development subtype Vegetation succession, second phase,
is found between the other two (green ellipse in Figure 8)
and shows transitional features.

The landscape development type Vegetation de-
gradation refers to 1.31% of Central Lika, where in the

observation period scrub/forest succession or forest
land changed into grassland or scrub/vegetation
succession. At the same time, the dominant change is
from forest land to scrub/vegetation succession. In
terms of location, this development type is spread
throughout the entire research area.

Stagnation is a development type which applies to
the majority (89.46%) of Central Lika and is therefore
dominant. It covers areas which have not changed or
been repurposed. In terms of location, this landscape
development type is found throughout the entire re-
search area, although it is least present in the central
part of the town of Gospic.

The landscape development type Water areas applies
to 0.47% of Central Lika and covers areas which were
under water in one of the observation years. It refers to
water bodies (Lake Kru$¢ica, Lake Stikada, Sveti Rok)
and the lower part of the subterranean River Lika.

5 Discussion and Concluding Remarks

With the aim of establishing landscape develop-
ment types and subtypes and the spatial gradation of

three phases of vegetation succession in Central
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se nalaze na manjim povrSinama. Prevladavaju dr-
Zavne Sume, dok je privatnih Suma mnogo manje.*

Tip krajolika Grmlje/sukcesija Sume obiljeZavaju
razlidite vrste srednje visokog raslinja. On je poslje-
dica zapustanja i napustanja poljoprivrednog zemlji-
Sta i razvoja druge faze sukcesije. Dodatno, nalazi se
na podlogama koje su takoder osiromasSene s mine-
ralnim sastojcima gdje se ne moze razviti treca faza
sukcesija vegetacije, tj. visoko raslinje (Suma). Me-
dutim, na lokacijama gdje postoji zadovoljavajuca
kvaliteta tla u uvjetima postojecih drustveno-gospo-
darskih procesa, postepeno (e prerastati u Sume,

Podrudje Srednje Like bogato je vodom. Tamo se
nalazi veliki broj manjih ili ve¢ih vrela, izvora, vodo-
toka i vodnih tijela. Medutim, koriSteni podatci uka-
zuju na to da tipu krajolika Vodene povrsine pripada
tek nekoliko objekata: jedan vodotok (ponornica Li-
ka) i tri vodna tijela (Krusicko jezero, jezero Stikada s
jezerom Ricice, retencija na ponornici Obsenica).
Preostali vodni objekti su vrlo male su povrsine, od-
nosno nisu dovoljno Siroki te s koristenim podatcima
nisu zabiljeZeni.

4. Razvojni tipovi krajolika Srednje Like za
razdoblje 1980-2012

Prema GIS-modelu razvoja krajolika Srednje Like®
za razdoblje 1980-2012 odredeno je Sest razvojnih ti-
pova i tri razvojna podtipa krajolika Srednje Like.
Razvojni tipovi krajolika Srednje Like za razdoblje
1980-2012 su (slika 7):

1. Izgradnja (prenamijenjeno zemljiSte iz drugih
zemlji$nih pokrova i naina koristenja zemljista u
izgradeno zemljiste)

2. Agrarizacija (prenamijenjeno zemljiSte iz drugih
zemlji$nih pokrova i nacina koristenja zemljiSta u
poljoprivredno zemljiSte)

4 U drZavnim Sumama najviSe su zastupljene Sume bukve i
jele (Abieti-Fagetum illyricum), koje su ujedno najznacajnije
za industrijsku proizvodnju. Sukladno razli¢itim prirodnim
uvjetima na podrudju Srednje Like rastu razli¢ite vrste Su-
ma. U Li¢kom polju na niZim nadmorskim visinama pre-
teZno se nalaze bjelogoricne $ume hrasta kitnjaka s
obi¢nim grabom (Querco petraeae-Carpinetum illyricum), a uz
vodotoke su zastupljene manje povrSine pod Sumama hi-
drofilnih vrsta crne johe sa $aSom (Carici brizoidis-Alnetum),
sive vrbe (Salix cinerea) i rakite (Salix purpurea). Na visim
nadmorskim visinama iznad brdskih bukovih Suma (Fage-
tum illyricum montanum) na podrudju srednjeg i sjevernog
Velebita nastavljaju se Sume bukve i jele (Abieti-Fagetum il-
lyricum), a u najvisim dijelovima pretplaninske Sume bukve
(Fagetum illyricum subalpinum) (Pelcer i Martinovi¢ 2003).

5 U poglavlju Metodoloske napomene uz koristenje podataka u
GIS-modelu razvoja krajolika Srednje Like.
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3. Sukcesija vegetacije (promijenjeno zemljiSte iz
drugih zemljisnih pokrova i nacina koriStenja
zemljiSta u: travnato zemljiSte, grmlje/sukcesija
Sume ili Sumsko zemljiste)

4, Degradacija vegetacije (promijenjeno zemljiste iz
grmlja/sukcesije Sume ili Sumskog zemljista u
travu ili grmlje/sukcesija vegetacije)

5. Stagnacija (zemljiSte nije prenamijenjeno, od-
nosno promijenjeno, nego je istog zemljisnog po-
krova i nalina koriStenja zemljista)

6. Vodene povrsine (zemljiste koje je u jednoj od pro-
matranih godina bilo pod vodenom povr§inom).

S obzirom na to da se proces vegetacijske sukce-
sije odvija kroz tri faze, za razvojni tip Sukcesija vege-
tacije definirana su tri razvojna podtipa krajolika za
razdoblje 1980-2012. Takoder, metodom prostorne
analize Elipse standardnih devijacija (Distribucija
smjerova) utvrdena je prostorna distribucija svake
od faza procesa vegetacijske sukcesije, graficki pri-
kazana elipsama razmjestaja (slika 8). Utvrdeni ra-
zvojni podtipovi krajolika Srednje Like su:

1) Sukcesija vegetacije prve faze (promijenjeno zemlji-
Ste iz drugih zemlji$nih pokrova i nacina koristenja
zemljista u travnato zemljiste) (slika 9)

2) Sukcesija vegetacije druge faze (promijenjeno zem-
ljite iz drugih zemlji$nih pokrova i nadina koriste-
nja zemljiSta u grmlje/sukcesija vegetacije) (slika 10)

3) Sukcesija vegetacije treée faze (promijenjeno zemlji-
Ste iz drugih zemlji$nih pokrova i nacina koristenja
zemljiSta u Sumsko zemljiste)

Razvojni tip krajolika Izgradnja odnosi se na tek
0,63 % podrucja Srednje Like. To je prenamijenjeno
zemljiSte iz drugih zemlji$nih pokrova i nacina kori-
Stenja zemljiSta u izgradeno zemljiste. Pri tome je u
promatranom razdoblju (1980-2012) najviSe doslo do
prenamjene travnatog i poljoprivrednog u izgradeno
zemljiSte. To se odnosi na proSirenje izgradenog ze-
mljista uz Gospié i naselje Donji Kosinj te na izgrad-
nju prometne infrastrukture (preciznije dionicu
autoceste Al) i na pripadajuce objekte, otvaranje po-
duzetnickih zona i eksploatacijskih iskopa.

Razvojni tip krajolika Agrarizacija ¢ini 2,58 % po-
druéja Srednje Like, a najviSe se odnosi na prenamje-
nu iz travnatog zemljiSta u poljoprivredno, i to
pretezno u sjeverozapadnom i jugozapadnom po-
drudju istraZivanja, kao i na prenamjenu iz grm-
lja/sukcesije Sume u poljoprivredno zemljiste, $to je
utvrdeno u jugoistocnom dijelu istraZivanog podru-
ja. Naime, na tom podruéju su u promatranom raz-
doblju otvorena obiteljska poljoprivredna gospodar-
stva, koja se bave poljodjelstvom i stolarstvom
(uzgojem npr. ovaca, krava, koza i dr.).
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Fig. 10 Succession vegetation, second phase development subtype — grassland which has turned into scrub/vegetation
succession through vegetation succession, photo by M. Hamzi¢ (6 September 2013).
Slika 10. Razvojni podtip Sukcesija vegetacije druge faze — travnato zemljiSte vegetacijskom sukcesijom promijenjeno u
grmlje/sukcesiju vegetacije (snimila M. Hamzi¢ 6. 9. 2013.).

Lika, data from a period covering 32 years
(1980-2012) were used. This is a sufficiently long
period to record anthropogenic changes (construc-
tion of objects such as highways and associated ob-
jects) and to note natural changes in the landscape
(for example, a series of three phases of vegetation
succession). The results of the research showed that
in the development of the landscape in Central Lika,
stagnation was the dominant feature in the observa-
tion period. The landscape development type Stag-
nation covers most of Central Lika - 89.46%. Another
relatively significant process is vegetation succes-
sion, which accounts for 5.55% of the area. Less sig-
nificant processes are agrarisation, construction and
vegetation degradation, which account for very
small proportions of the landscape development
types (Agmrisation, 2.58%; Vegetation degradation,
1.31%; Construction, 0.63%). As construction and
agrarisation processes indicate the intensified use of

land, while vegetation succession and degradation
indicate abandonment or extensification, it can be
concluded that in the observation period (1980-
2012) extensification (6.86%) was more present than
intensification (3.21%).

These results of research into landscape changes
are in accordance with negative socio-geographic
indicators and processes in Central Lika (a reduction
in the total number of inhabitants, their ageing,
deagrarisation and deruralisation). If these negative
socio-geographic processes continue, it is to be ex-
pected that more land in Central Lika will be aban-
doned and extensification will increase.

Due to differences in approaches, the use of data,
methodological research and period analysed, the
results of research conducted in Croatia are not en-
tirely comparable. However, by comparing the res-
ults of research in compatible periods, similarities
and differences in the processes observed can be

—1
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Tablica 1. PovrSina i udjeli razvojnih tipova i podtipova krajolika Srednije Like za razdoblje 1980-2012 te povrSine
pripadajucih tipova krajolika iz kojih su se razvili.

Table 1 Surface areas and proportions of landscape development types and subtypes in Central Lika, 1980-2012, and
surface areas of associated landscape types from which they developed.

Development Types/ Development subtypes/
landscape development types (1980-2012)/
Razvojni tipovi/ Razvojni podtipovi/

razvoj tipova krajolika (1980-2012)

Construction/ Izgradnja

Scrub/forest succession - Built-up land/ Grmlje/sukcesija Sume - Izgradeno zemljiste
Agricultural land - Built-up land/ Poljoprivredno zemljiste - Izgradeno zemljiste
Forest land - Built-up land/ Sumsko zemljiste - Izgradeno zemljiste

Grassland - Built-up land/ Travnato zemljiste - Izgradeno zemljiste

Agrarianisation/ Agrarizacija

Scrub/forest succession - Agricultural land/ Grmlje/sukcesija $ume - Poljoprivredno zemljiste
Built-up land - Agricultural land/ Izgradeno zemljiste - Poljoprivredno zemljiste
Forest land - Agricultural land/ Sumsko zemljiste - Poljoprivredno zemljiste

Grassland - Agricultural land/ Travnato zemljiSte- Poljoprivredno zemljiste
Vegetation Succession/ Sukcesija vegetacije

Vegetation succession, first phase/ Sukcesija vegetacije 1. faze

Agricultural land - Grassland / Poljoprivredno zemljiSte - Travnato zemljiste

Rocky surfaces - Grassland/ Stjenovite povrsine - Travnato zemljite

Vegetation succession, second phase/ Sukcesija vegetacije 2. faze

Rocky surfaces - Scrub/forest succession/ Stjenovite povrSine - Grmlje/sukcesija Sume

Agricultural land - Scrub/forest succession/ Poljoprivredno zemljiste - Grmlje/sukcesija Sume

Grassland - Scrub/forest succession/ Travnato zemljiste - Grmlje/sukcesija Sume
Built-up land - Scrub/forest succession/ Izgradeno zemljiSte - Grmlje/sukcesija Sume
Vegetation succession, third phase/ Sukcesija vegetacije 3. faze

Rocky surfaces - Forest land/ Stjenovite povriine - Sumsko zemljiste
Scrub/forest succession - Forest land/ Grmlje/sukcesija Sume - Sumsko zemljiste
Grassland - Forest land/ Travnato zemljiste - Sumsko zemljiste

Built-up land - Forest land/ Izgradeno zemljiste - Sumsko zemljiste

Agricultural land - Forest land/ Poljoprivredno zemljiste - Sumsko zemljiste
Vegetation Degradation/ Degradacija vegetacije

Forest land - Scrub/forest succession/ Sumsko zemljiste - Grmlje/sukcesija sume
Forest land - Grassland/ Sumsko zemljidte - Travnato zemljiste

Scrub/forest succession - Grassland/ Grmlje/sukcesija Sume - Travnato zemljiste
Stagnation/ Stagnacija

Surface area (km?)

Povrsina (km2)

1,057.9508/ 1057,9508
112.0746/ 112,0746
311.5143/ 311,5143
266.5832/ 266,5832
367.7787/ 367,7787

4,352.3125/ 4352,3125

1,709.9141/ 1709,9141

65.0083/ 65,0083
51.6343/ 51,6343

2,525.7557/ 2525,7557

9,388.2991/ 9388,2991

2,001.4283/ 2001,4283

2,001.4277/ 2001,4277

0.0006/ 0,0006
5,258.5656/ 5258,5656
47.6659/ 47,6659
3,265.8296/ 3265,8296
1,910.9116/ 1910,9116
34,1585/ 34,1585

2,128.3053/ 2128,3053

0.0011/0,0011

1,654.4556/ 1654,4556
346.8202/ 346,8202

0.1296/ 0,1296
126.8986/ 126,8986

2,220.0882/ 2220,0882

1,355.6782/ 1355,6782
221.5191/ 221,5191
642.8909/ 642,8909

151,177.1571/ 151177,1571

Scrub/forest succession - Scrub/forest succession/ Grmlje/sukcesija $ume - Grmlje/sukcesija $ume 19,205.1806/ 19205,1806

Built-up land - Built-up land/ Izgradeno - Izgradeno

Agricultural land - Agricultural land/ Poljoprivredno - Poljoprivredno

Forest land - Forest land/ Sumsko zemljiste - Sumsko zemljiste

Grassland - Grassland/ Travnato zemljiste - Travnato zemljiSte

Water Areas/ Vodene povrsine

Water areas - Water areas/ Vodene povrSine - Vodene povrsine

Water areas - Scrub/forest succession/ Vodene povrSine - Grmlje/sukcesija Sume
Water areas - Built-up land/ Vodene povrSine - Izgradeno zemljiste

Water areas - Agricultural land/ Vodene povrsine - Poljoprivredno zemljiSte
Water areas - Forest land/ Vodene povrsine - Sumsko zemljiste

Water areas - Grassland/ Vodene povrsine - Travnato zemljiSte

Grassland - Water areas/ Travnato zemljiSte - Vodene povrsine

Forest land - Water areas/ Sumsko zemljiste - Vodene povriine

Agricultural land - Water areas/ Poljoprivredno zemljiste - Vodene povrsine
Scrub/forest succession - Water areas/ Grmlje/sukcesija Sume - Vodene povrsine
Built-up land - Water areas/ Izgradeno zemljiSte - Vodene povrsine

Total/ Ukupno

1,118.7672/ 1118,7672
22,286.8629/ 22286,8629
91,117.1964/ 91117,1964
17,449.1500/ 17449,1500

795.8667/ 795,8667
686.2167/ 686,2167
0.0387/ 0,0387
0.0036/ 0,0036
0.1555/ 0,1555
5.0928/ 5,0928
0.1089/ 0,1089
26.2555/ 26,2555
9.3003/ 9,3003
49.4388/ 49,4388
19.2516/ 19,2516
0.0042/ 0,0042

Proportion (%)

Udio (%)

0.63/ 0,63

2.58/ 2,58

5.55/ 5,55
1.18/1,18

3.11/3,11

1.26/ 1,26

1.31/1,31

89.46/ 89,46

0.47/ 0,47

168,991.6743/ 168991,6743  100.00/ 100,00
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noted. Thus, for example, research into environment-
al changes on the island of Hvar (1975-2011) also con-
firmed the predominance of the stagnation process
and various forms of abandonment processes in the
landscape, although the latter were on a greater scale
(47%, or 48% of the research area) (Mori¢-Spani¢ and
Fuerst-Bjeli§ 2017). Similar findings, with more ex-
pressed processes of extensification and vegetation
succession, have been shown by research in the in-
terior of Dalmatia (Fuerst-Bjeli§ 2018) in studies in
Dalmatinska zagora (Fuerst-Bjeli$ et al. 2011) and the
south slopes of Svilaja mountain (Durbesi¢ 2012,
Durbesi¢ and Fuerst-Bjeli§ 2016). On the other hand,
research into individual areas in continental Croatia
has noted more significant processes of intensifica-
tion of land use. In a thirty-year period from 1981 to
2011, construction was confirmed on over 7% of the
area of northern Croatia (Jogun et al. 2017), while in a
twenty-year period from 1991 to 2011, in Krapina-Za-
gorje County, 8% of change in land cover/ land use
was found in relation to construction, and as much as
32% in relation to agrarisation (Cvitanovi¢ 2014).

The applied model presented in this paper is also
applicable at other spatial levels (for example, region-
al or national), and for other purposes (for example,
recording, monitoring or planning vegetation zones
or construction zones, etc.). The data used in this pa-
per (CLC 1980 and CLC 2012) were obtained using
methodology harmonised at the European level (CLC
methodology), which means they are fully standard-
ised and comparable at the European level.

This model used the spatial analysis method
Standard Deviational Ellipse (Directional Distribution),
which means that the location of observed objects,
that is the landscape development subtypes of Central
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Sukcesija vegetacije je razvojni tip krajolika na koji
se odnosi 5,55% podruéja Srednje Like gdje je u pro-
matranom razdoblju promijenjeno zemljiste iz dru-
gih zemljisnih pokrova i nacina koristenja zemljiSta
u travnato zemljiste, grmlje/sukcesija Sume ili Sum-
sko zemljiste. S obzirom na poloZaj, utvrdeno je kako
se taj razvojni tip krajolika nalazi na juznom dijelu
podrucja Grada Gospica.

Na Sukcesiju vegetacije prve faze, kao razvojnog
podtipa, odnosi se 1,18 % podrudja Srednje Like gdje
je promijenjeno zemljiSte iz drugih zemlji$nih po-
krova i nadina koriStenja zemljiSta u travnato zemlji-
Ste. Taj se razvojni podtip najveéim dijelom odnosi
na promjenu poljoprivrednog zemljiSta u travnato
zemljiSte, $to je uvjetovano sve manjim bavljenjem
poljoprivrednim djelatnostima (tablica 1).

Na podrudju Srednje Like je 3,11 % zemljista pro-
mijenjeno u grmlje/sukcesiju vegetacije, $to je defi-
nirano kao razvojni podtip krajolika Sukcesija vegeta-
cije druge faze. Najznalajniji je razvoj u grmlje/sukce-
siju Sume iz poljoprivrednog zemljista, odnosno
travnatog zemljista (tablica 1).

Na razvojni podtip krajolika Sukcesija vegetacije
treée faze odnosi se 1,26 % podruéja Srednje Like koje
je promijenjeno u Sumsko zemljiSte. Pri tome, utvr-
den je najznalajniji razvoj iz grmlja/sukcesije Sume
(2. faze), a zatim iz travnatog te poljoprivrednog
zemljiSta (1. faze).

KoriStenjem metode prostorne analize Elipse
standardnih devijacija (Distribucija smjerova) de-
taljnije je analizirana prostorna distribucija triju faza
sukcesije vegetacije za razdoblje 1980-2012.

Ustanovljeno je prostorno stupnjevanje utvrde-
nih faza sukcesije vegetacije (razvojnih podtipova)
od sredi$njeg dijela prema rubnom podrudju istrazi-
vanja. Vidljivo je (Zuta elipsa na slici 8) kako se ra-
zvojni podtip Sukcesija vegetacije prve faze nalazi blize
sredisnjem dijelu podrudja istrazivanja, odnosno po-
druéju Grada Gospica, gdje je najmanji odljev sta-
novnistva i gdje je zabiljeZeno najmanje (i najkasni-
je) smanjenje poljoprivredne djelatnosti. S druge
strane, razvojni podtip Sukcesija vegetacije treée fa-
ze nalazi se blize rubnom dijelu (tamnozelena elipsa
na slici 8), gdje je odljev stanovni$tava znalajniji, a
promjena nacina koristenja zemljiSta (poljoprivreda)
najranije zapocCela te se zbog dugog vremenskog tra-
janja sukcesije vegetacije razvilo Sumsko zemljiste.
Razvojni podtip Sukcesija vegetacije druge faze nalazi
se izmedu njih (zelena elipsa na slici 8), $to ukazuje
na prijelazna obiljezja.

Razvojni tip krajolika Degradacija vegetacije odnosi se
na 1,31 % podrudja Srednje Like gdje je u promatranom
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razdoblju promijenjeno zemljiste iz grmlja/sukcesije
Sume ili Sumskog zemljista u travu ili grmlje/sukce-
siju vegetacije. Pri tome je dominantna promjena iz
Sumskog zemljista u grmlje/sukcesiju vegetacije. S
obzirom na poloZaj, taj razvojni tip rasprostranjen je
na cijelom podrudju istraZivanja.

Stagnacija je razvojni tip na koji se odnosi najveci
dio (89,46 %) podrugja Srednje Like, §to proces stag-
nacije ¢ini dominantnim. Obuhvada podrudja gdje
nije doslo do promjene i prenamjene. S obzirom na
poloZaj, taj razvojni tip krajolika utvrden je na cije-
lom podrudju istrazivanja, iako najmanje u sredis-
njem dijelu Grada Gospiéa. Na razvojni tip krajolika
Vodene povrsine odnosi se 0,47 % podrudja Srednje Li-
ke koje je u jednoj od promatranih godina bilo pod
vodenom povrsinom. To se odnosi na vodna tijela, tj.
jezera (npr. KrusCica, Stikada, Sv. Rok) te donji dio
toka ponornice Like.

5. Rasprava i zakljuéne napomene

S ciljem utvrdivanja razvojnih tipova i podtipova
krajolika te prostornog stupnjevanja triju faza suk-
cesije vegetacije podrudja Srednje Like, koriSteni su
podatci za razdoblje od 32 godine (1980-2012), §to je
dovoljno dug period za evidentiranje antropogenih
promjena (izgradenih objekata, npr. autocesta i po-
pratni objekti), kao i za uolavanje prirodnih promje-
na u krajoliku (npr. slijed od 1. do 3. faze sukcesije
vegetacije).

Rezultati istraZivanja su pokazali kako je u razvoju
krajolika Srednje Like u promatranom razdoblju domi-
nantna stagnacija. Tako razvojni tip krajolika Stagnacija
obuhvaca najveéi dio podrudja Srednje Like - 89,46 %.
Relativno je znacajan proces vegetacijske sukcesije te se
na taj razvojni tip krajolika odnosi ukupno 5,55 % po-
drudja. Manje su znalajni procesi agrarizacije, izgradnje
i degradacije vegetacije koji imaju i vrlo male udjele u
razvojnim tipovima krajolika (Agrarizacija 2,58 %; Degra-
dacija vegetacije 1,31 %; Izgradnja 0,63 %). Kako su izgrad-
nja i agrarizacija procesi koji oznacavaju intenzifikaciju
koriStenja zemljista, a sukcesija vegetacije i degradacija
procesi koji ukazuju na zapustanje, odnosno ekstenzifi-
kaciju, tada se moze zakljuciti kako je u promatranom
razdoblju (1980-2012) zastupljenija ekstenzifikacija
(6,86 %) od intenzifikacije koristenja zemljista (3,21 %).

Navedeni rezultati istraZivanja promjena krajoli-
ka sukladni su negativnim drustveno-geografskim
pokazateljima i procesima u Srednjoj Lici (smanjenje
ukupnog broja i starenje stanovni$tva, deagrarizaci-
ja, deruralizacija). Ukoliko se nastave prisutni nega-
tivni drustveno-geografski procesi, za oCekivati je i
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nastavak zapustanja, odnosno ekstenzifikacije kori-
Stenja zemljista na podrudju Srednje Like.

Zbog razliditosti u pristupima, koristenim podat-
cima, metodologijama istraZivanja i analiziranim
razdobljima, dobiveni rezultati provedenih istraZi-
vanja za prostor Hrvatske nisu u potpunosti uspore-
divi. Medutim, usporedbom rezultata istraZivanja
podudarnih razdoblja, moguée je uoditi sli¢nosti, od-
nosno razli¢itosti opazenih procesa. Tako su, primje-
rice, istraZivanja promjena okolisa otoka Hvara
(1975-2011), takoder utvrdila prevladavanje procesa
stagnacije i razli¢itih oblika procesa zapustanja kra-
jolika, iako potonjeg u mnogo vecéoj mjeri (47 %, od-
nosno 48 % podrudja istraZivanja) (Morié-Spanié i
Fuerst-Bjeli§ 2017). Sli¢ne nalaze s izraZenijim pro-
cesima ekstenzifikacije i vegetacijske sukcesije po-
kazala su i istraZivanja unutras$njeg dalmatinskog
podrudja (Fuerst-Bjeli§ 2018) na studijama slucaja
Dalmatinske zagore (Fuerst-Bjeli§ i dr. 2011) i juznih
padina Svilaje (Durbesi¢ 2012, Durbesi¢ i Fuerst-Bje-
li§ 2016). S druge strane, istraZivanja pojedinih po-
drugja kontinentske Hrvatske zabiljezila su nesto
znalajnije procese intenzivnijeg koriStenja zemlji-
Sta. Tako je u tridesetogodisnjem razdoblju (1981-
2011) izgradnja utvrdena za vise od 7 % podrudja sje-
verne Hrvatske (Jogun i dr. 2017), dok se u dvadese-
togodi$njem razdoblju (1991-2011) u Krapinsko-za-
gorskoj Zupaniji 8 % promjena zemljiSnog pokrova i
nacina koriStenja zemljista odnosi na izgradnju, a
Cak 32 % na agrarizaciju (Cvitanovi¢ 2014).

Primijenjeni model, prikazan u ovom radu je pri-
mjenjiv i na drugim prostornim razinama (npr. regi-
onalnim, drZavnim) te u razli¢ite svrhe (npr. eviden-
tiranja, praenja ili planiranja vegetacijskih zona,
odnosno zona izgradenosti i sl.). Naime, podatci ko-
ri$teni u ovom radu (CLC 1980 i CLC 2012) dobiveni su
koriStenjem metodologije uskladene na europskoj
razini (CLC metodologija), $to ih ¢ini potpuno stan-
dardiziranima i usporedivima na razini Europe.
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U modelu je koriStena metoda prostorne analize
Elipse standardnih devijacija (Distribucija smjerova)
pri kojoj se promatra prostorni razmjestaj proma-
tranih objekata, odnosno razvojnih podtipova krajo-
lika Srednje Like. Ta metoda, dodatno, u odnosu na
sli¢na istrazivanja promjena krajolika i na¢ina kori-
Stenja zemljista, omoguluje prostorno stupnjevanje
utvrdenih faza promjene, odnosno procesa. Na taj se
nalin procesi promjena krajolika i nacina koristenja
zemljiSta mogu prostorno povezati i korelirati s od-
govarajuéim prostorno diferenciranim drustvenim
procesima u kauzalnom odnosu, $to rezultatima is-
tazivanja daje dodatnu vrijednost.
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