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Abstract. This paper aims to determine the landscape development trends of Central Lika and to analyze their inter-
relation with observed demographic inter-census changes. For this purpose, Landsat multispectral images and
census data of the Croatian Bureau of Statistics were used for both observed years, and appropriate methods of
analysis were selected. In the analysis of the satellite images, an approach was used that involves the use of data
sets that are related to spring and autumn. Using the ENVI 4.7 computer programme, five classes were defined for
each analyzed year: Built land, Forest, Water bodies, Arable land, Grass and shrubs, while five landscape develop-
ment trends and their surface shares were identified based on their interrelation in the observed period (1991-2011):
Unchanged (87.7 %), Extensification and vegetation succession (7.6 %), Intensification (2.8 %), Upbuilding (1.5 %),
Water bodies (0.4 %). The obtained results showed that Upbuilding and Intensification are more represented in the
central area, which is in line with the least negative demographic indicators, and with the process of urbanisation of
the Town of Gospi¢. Extensification and vegetation succession is more prevalent in peripheral areas, where the most
negative demographic indicators are more pronounced, which was found to be in line with the process of derural-
isation and deagrarisation. By analyzing landscape development trends and the processes of the Central Lika land-

1 Introduction

The Earth's surface undergoes constant changes in
the landscape as a result of natural forces and anthropo-
genic influences (Van der Valk 2009, Paudel and Yuan
2012), or processes such as globalisation and (sub)urban-
isation (Dixon-Gough 2009), intensification of agricul-
ture, abandonment of agriculture, reforestation, the
construction of roads and the like (Chuman and
Romportl 2010). It can, therefore, be said that landscapes
have the common feature of constant evolution (Hernik
2009), which is why they can be considered a spatial and
temporal creation of patterns, with a specific spatial dis-
tribution and change rate (Schneeberger et al. 2007).

scape from different perspectives and aspects, this study allows for their better understanding.
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Definitions of landscape differ depending on the
context or type of application (Miicher et al. 2010), and
different types of landscape classifications, i.e. landscape
development, use different types of data and ap-
proaches, and they have a different primary purpose of
their establishment (Chuman and Romportl 2010). This
paper relies on the assumption that the concept of land-
scape refers to an integrated system of natural and social
components (Lausch and Herzog 2002, Lang and Blasch-
ke 2010, according to Bastian 2001, Yuan and Paudel
2012), and that landscape development is observed
through the concept of land cover change/land use
change, which in today's global, regional and local

frameworks can be monitored through the use of
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SaZetak. Cilj je ovoga rada ustanoviti razvojne trendove krajolika Srednje Like te analizirati meduodnos s promatra-
nim demografskim medupopisnim promjenama. U tu su svrhu za obje promatrane godine upotrijebljene multispek-
tralne snimke Landsata i popisni podatci Drzavnog zavoda za statistiku, kao i odabrane metode analize. Pri analizi
satelitskih snimki upotrijebljeni su skupovi podataka koji se odnose na proljece i jesen. Uporabom racunalnog pro-
grama ENVI 4.7 za svaku je analiziranu godinu definirano pet klasa: /zgradeno, Suma, Vodna tijela, Ratarsko zemlji-
Ste, Trava i grmlje, dok je temeljem njihovog meduodnosa u promatranom razdoblju (1991-2011) utvrdeno pet
razvojnih trendova krajolika i njihovi povrSinski udjeli: Nepromijenjeno (87,7 %), Ekstenzifikacija i degradacija vege-
tacije (7,6 %), Intenzifikacija (2,8 %), Izgradnja (1,5 %), Vodna tijela (0,4 %). Dobiveni su rezultati pokazali da su /z-
gradnja i Intenzifikacija zastupljenije na srediSnjem prostoru, $to je sukladno s najmanje negativnim demografskim
pokazateljima te s procesom urbanizacije grada Gospica. Ekstenzifikacija i degradacija vegetacije je zastupljenija na
rubnim podrucjima gdje su izrazeniji najnegativniji demografski pokazatelji, za Sto je u radu utvrdeno da je sukladno s
procesom deruralizacije i deagrarizacije. Ovo je istraZivanje zbog analiza iz razliCitih perspektiva, odnosno aspekata,

omogucilo bolje razumijevanje generalnih razvojnih trendova, odnosno procesa krajolika Srednje Like.

Kljuéne rijegi: satelitske snimke, demografski podatci, promjena krajolika, zemljisni pokrov/nacin koriStenja

zemljista, Srednja Lika

1. Uvod

Povr$ina Zemlje prolazi kroz konstantne promjene
krajolika koje nastaju kao rezultat prirodnih sila i antropo-
genih utjecaja (Van der Valk 2009, Paudel i Yuan 2012), od-
nosno procesa kao S$to su, na primjer, globalizacija i
(sub)urbanizacija (Dixon-Gough 2009), intenzifikacija po-
ljoprivrede, napustanje poljoprivrede, reforestacija, iz-
gradnja prometnica i sliéno (Chuman i Romportl 2010).
Time se za krajolike moZe reéi da im je zajednicko obiljezje
konstantna evolucija (Hernik 2009), zbog ¢ega ih se mozZe
smatrati prostorno-vremenskom tvorevinom uzoraka, sa
specifi¢nom prostornom rasporedenosti i stopom promje-
na (Schneeberger i dr. 2007).
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Definicije krajolika razlikuju se ovisno o kontekstu ili
vrsti primjene (Miicher i dr. 2010), a pri razliitim vrstama
klasifikacija krajolika, odnosno razvoja krajolika koriste se
razli¢ite vrste podataka i pristupi, kao i primarna svrha
njihove uspostave (Chuman i Romportl 2010). Polazi$na
tocka ovog rada je da se pod pojmom krajolika podrazumi-
jeva integrirani sustav prirodne i socijalne komponente
(Lausch i Herzog 2002, Lang i Blaschke 2010 prema Bastian
2001, Yuan i Paudel 2012) te da se razvoj krajolika proma-
tra kroz koncept promjene zemljiSnog pokrova/nacina
koriStenja zemljista, $to je u danasnje vrijeme u globalnim,
regionalnim i lokalnim okvirima omoguceno i upotrebom
podataka satelitskih snimaka (Kolios i Stylios 2013), koje se
dodatno moze kombinirati s drugim podatcima.
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satellite image data (Kolios and Stylios 2013), which can
be further combined with other data.

This paper aims to determine landscape develop-
ment trends of Central Lika and to analyze their inter-
relation with observed demographic inter-census
changes, such as trends in the total population and
agrarian population. For this purpose, Landsat multis-
pectral satellite images and official census data from the
Croatian Bureau of Statistics (CBS) were used?, and ap-
propriate research methods were selected. These satel-
lite images were analyzed using the ENVI computer
program, version 4.7. The census data were analyzed by
using the ArcGIS computer program, version 10.0. In
addition, data obtained by field research were used as
complementary and corrective data?,

1.1 Previous Studies

In recent studies of parts of landscapes for certain
areas of the Republic of Croatia, GIS technology has
been predominantly used (e.g. Durbesi¢ 2012, Blace
2015, Durbesi¢ and Fuerst-Bjeli§ 2016, Morié¢-Spanié and
Fuerst-Bjeli§ 2017; Mirovi¢ 2020, Hamzi¢ and Fuerst-
Bjeli§ 2021, Hamzi¢ 2021b), but also on an equal footing
in combination with other methods (e.g. Fuerst-Bjelis
et al. 2000, Fuerst-Bjeli§ et al. 2011, Cuka 2010, Jovani¢,
2017, Vrki¢ 2020, Hamzi¢ 2021a). However, due to the
specifics in the methodologies of and approaches to the
preparation of the data used, studies of landscapes in
which satellite images are used stand out from the
above.

The use of satellite images in the study of the land-
scape is represented in domestic and foreign literature.
It is necessary to distinguish between studies analyzing
the current state of the landscape and those analyzing
changes and developments.

Studies analyzing the current state, which use satel-
lite imagery data for one point in time, are less repres-
ented and were mostly used in combination with other

! The study of the landscape development trends took seve-
ral years and was conducted for the years 1991 and 2011,
and was completed before more recent relevant data (obta-
ined by Landsat 8 satellite images) were available. Data we-
re supplemented and corrected by field research. Given
that landscape changes are subject to a much longer time
frame than several years, a difference of several years can-
not significantly affect the results obtained. In the study of
inter-census changes, data from all official censuses were
used, and at the time of writing, only the first results of the
2021 census were published and available, which only in-
cluded data on the total population.

2 The study was conducted over several years, and the data
were supplemented and corrected by field research.

types of data for the purpose of determining types or
classes of the landscape. In order to determine land-
scape types for Belgium, van Eetvelde and Antrop
(2009), in addition to satellite imagery data, used three
other types of data, each published at a temporal refer-
ence point: digital relief model, land cover/land use and
soil composition. Isidoro et al. (2012) determined
erosion risk classes for the landscape of the coastal area
of southern Portugal by using two types of data, satellite
imagery data and data obtained by a digital relief model,
each published at a temporal reference point.

Studies on the analysis of changes or developments
of the landscape are more numerous and necessarily
require the use of data for two or more temporal points,
and may relate to a shorter or longer period of time.
Studies on changes and developments of landscapes
that refer to a shorter time span (up to 30 years), which
use satellite imagery data, mostly refer only to the ana-
lysis of changes in surface areas of the landscape, i.e.
without determining development trends or trends of
change. ValoZi¢ and Cvitanovi¢ (2011) used Landsat
satellite imagery data to investigate surface changes in
the forest cover of the Medvenica Nature Park from
1978 to 2007. Kolios and Stylios (2013) studied changes
in land cover/land use of the Preveza Peninsula in
Greece using Landsat satellite images for 2000 and 2009.
Cvitanovi¢ (2014a) studied changes in the land cov-
er/land use in Krapina-Zagorje County from 1991 to
2011 by using satellite imagery data - mostly Landsat
data, with SPOT-2 and SPOT-5 data used additionally for
the correction of individual results. Jogun et al. (2017)
also studies land cover changes in northern Croatia in
the 1981-2011 period by using Landsat satellite im-
agery. On the other hand, when analyzing a greater
time span (more than 30 years), differences in the qual-
ity/resolution of satellite images for the observed time
span need to be taken into account. In some papers, the
same sources of satellite imagery data are used for all
observed years, with a note on the difference in the res-
olution of images for individual years. When analyzing
changes in the land cover/land use in Krapina-Zagorje
County, Cvitanovi¢ (2014b) used Landsat satellite im-
ages for all temporal reference points in 1978, 1991,
2011, as did Setka et al. (2021) in their analysis of the
Lower Neretva region for 1990, 2005 and 2020. Also,
Paudel and F. Yuan (2012) used Landsat satellite images
for all observed years (1975, 1986, 1998, and 2006) when
analyzing changes in the Minnesota metropolitan area
(USA). However, in some papers, combinations of data
from different sources are often used for older dates in
order to obtain the highest quality data. In their study
of changes in land cover/land use in the Drava valley of
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Cilj je ovoga rada ustanoviti razvojne trendove kra-
jolika Srednje Like te analizirati njihov meduodnos s
promatranim demografskim medupopisnim promjena-
ma, kao §to su kretanja ukupnog broja stanovnika te po-
ljoprivrednog stanovnisStva. Pri tome su upotrijebljene
multispektralne satelitske snimke Landsata i sluzbeni
popisni podatci DrZavnog zavoda za statistiku (DZS),!
kao i odgovarajuée metode istraZivanja. Navedene sate-
litske snimke su u ovom radu analizirane uporabom ra-
¢unalnog programa ENVI verzije 4.7. Popisni su podatci
analizirani ra¢unalnim programom ArcGIS verzije 10.0.
Uz navedeno, podatci dobiveni terenskim istrazivanjem
imali su dopunski i korektivni karakter.2

1.1. Dosada$nja istraZivanja

U recentnim je istraZivanjima (dijelova) krajolika za
pojedina podrugja Republike Hrvatske GIS tehnologija
koriStena kao prevladavajuca (npr. Durbesic¢ 2012, Blaée
2015, Durbesi¢ i Fuerst-Bjeli§ 2016, Morié¢-Spani¢ i Fu-
erst-Bjeli§ 2017, Mirovi¢ 2020, Hamzi¢ i Fuerst-Bjelis
2021, Hamzi¢ 2021b), ali i kao ravnopravna u kombina-
ciji s ostalim metodama (npr. Fuerst-Bjeli§ i dr. 2000, Fu-
erst-Bjeli§ i dr. 2011, Cuka 2010, Jovanié, 2017, Vrki¢
2020, Hamzi¢ 2021a). Medutim, zbog specificnosti u me-
todologijama i pristupima pripreme podataka, istraZi-
vanja krajolika u kojima se koriste satelitske snimke se
izdvajaju od navedenih.

Upotreba satelitskih snimaka u istraZivanju krajoli-
ka opisana je u domacoj i stranoj literaturi. Pri tome je
potrebno razlikovati istraZivanja u kojima se analizira
trenutno stanje krajolika od onih istrazivanja u kojima
se analiziraju promjene, odnosno razvoj.

Istrazivanja u kojima se analizira trenutno stanje,
odnosno u kojima se koriste podatci satelitskih snimki
za jednu vremensku tocku, slabije su zastupljena te su u
svrhu uspostave tipova, odnosno klasa krajolika pretez-
no koriStena u kombinaciji s drugim vrstama podataka.
Eetvelde i Antrop (2009) su u svrhu uspostave tipova

! IstraZivanje razvojnih trendova krajolika trajalo je nekoliko
godina i provedeno je za godine 1991. i 2011., a zavrSeno je
prije nego $to su bili dostupni noviji odgovarajuéi podatci
(vezano uz satelit Landsat 8). Podatci su dopunjeni i korigi-
rani 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 utjecati na dobivene rezultate. Pri istraZivanju me-
dupopisnih promjena koristeni su podatci svih sluzbenih
popisa stanovnistva, a u trenutku pisanja rada su bili
objavljeni i dostupni samo prvi rezultati popisa stanovnis-
tva iz 2021. godine u kojima su objavljeni samo podatci o
ukupnom broju stanovnika.

2 IstraZivanje je provodeno kroz nekoliko godina, te su po-
datci dopunjeni i korigirani terenskim istraZivanjem.
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krajolika za Belgiju, uz podatke satelitskih snimki, ko-
ristili jos tri vrste podataka od kojih je svaki objavljen u
vremenski referentnoj tocki: digitalni model reljefa,
zemlji$ni pokrov/nacin koriStenja zemljista i sastav tla.
Isidoro i dr. (2012) su utvrdili klase rizika od erozije za
krajolik priobalnog podrudja juznog Portugala upotre-
bom dviju vrsti podataka, satelitske snimke i digitalni
model reljefa, svaki objavljen u vremenski referentnoj
tocki.

IstraZivanja analize promjena, odnosno razvoja kra-
jolika su brojnija i nuZno zahtijevaju podatke za dvije ili
viSe vremenskih to¢aka, a mogu se odnositi na krace ili
duZe vremensko razdoblje. Tako se istraZivanja promje-
na, odnosno razvoja krajolika manjeg vremenskog ras-
pona (do 30 godina) u kojima se koriste podatci
satelitskih snimaka ve¢inom odnose samo na analizu
promjena povrsina krajolika, dakle bez uspostave ra-
zvojnih trendova, odnosno trendova promjene. Valozi¢
i Cvitanovi¢ (2011) su upotrijebili podatke satelitskih
snimki Landsata pri istraZivanju povrsinskih promjena
Sumskog pokrova na podrudju Parka prirode Medvenica
1978-2007. Kolios i Stylios (2013) proucavali su promje-
nu zemljisnog pokrova/nacina upotrebe zemljiSta po-
luotoka Preveza u Grckoj upotrebom satelitskih
snimaka Landsata za godine 2000. i 2009. Cvitanovi¢
(2014a) je istraZio promjene zemlji$nog pokrova/nacina
upotrebe zemljiSta u Krapinsko-zagorskoj Zupaniji
1991-2011. upotrebom podataka satelitskih snimaka -
najviSe Landsata, a dodatno u korekciji pojedinih rezul-
tata koristeni su SPOT-2 i SPOT-5. Jogun i dr. (2017) ta-
koder su koriStenjem satelitskih snimki Landsata
istrazili promjene zemljisnog pokrova na podrudju sje-
verne Hrvatske u razdoblju 1981-2011. S druge strane,
pri analizi veCeg vremenskog raspona (viSe od 30 godina)
potrebno je uzeti u obzir razlike u kvaliteti/rezoluciji sa-
telitskih snimki promatranog vremenskog raspona. U
pojedinim radovima, uz napomene u razlici rezolucije
snimki pojedinih godina, za sve promatrane godine ko-
riste se isti izvori podataka satelitskih snimki. Cvitanovi¢
(2014b) je pri analizi promjena zemlji$nog pokrova/na-
Cina koriStenja zemljiSta Krapinsko-zagorske Zupanije
koristio satelitske snimke Landsata za sve vremenske
tocke 1978, 1991, 2011, kao i Setka i dr. (2021) Donjone-
retvanskog kraja za 1990, 2005, 2020. Takoder su Paudel i
Yuan (2012) pri analizi promjena metropolitanskog po-
drudja Minnesote (SAD) koristili satelitske snimke Lan-
dsata za sve promatrane godine (1975, 1986, 1998 i 2006).
Medutim, u pojedinim radovima se u cilju dobivanja §to
kvalitetnijih podataka, za starije datume Cesto koriste
kombinacije podataka iz razli¢itih izvora. Lonlar i Cvi-
tanovi¢ (2012) u istraZivanju promjena zemljiSnog po-
krova/nalina koriStenja zemljiSta Pridravske nizine
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Osijek, Loncar and Cvitanovi¢ (2012) used topographic
maps from 1956 and satellite images of Google Earth
from 2011, while the specific feature of the study lies in
its additional demo(geo)graphic analysis of the entire
observed period. Cvitanovi¢ and Fuerst-Bjeli§ (2018)
also used a combined methodological approach, which
includes quantitative and qualitative data and analyzes,
as well as descriptive-analytical, spatial-statistical (GIS),
inferential-statistical and empirical research methods,
to analyze the landscape development of the Croatian
Zagorije. Also, the study of Jogun et al. (2018) should be
pointed out, which, by using Landsat satellite images,
provides an analysis of the changes in land cover/land
use of PoZega-Slavonia County in the 1985-2013 period
and models future changes until 2027.

As is evident, in studies of the current state or the
development of the landscape, satellite imagery data for
one or more temporal points are used, from one or a
combination of several different data sources. Analytic-
ally, they are mainly focused on changes in land cov-
er/land use without determining development trends
or trends of change. On the other hand, only a very
small share of the studies performs an additional
demo(geo)graphic analysis using census data on top of
the analysis of landscape development using satellite
imagery data. This means that the study presented in
this paper differs from previous studies using satellite
imagery: in its approach to the preparation and analysis
of satellite imagery data, in determining development
trends and in its study of the interrelation of multispec-
tral satellite data and census data by using the selected
appropriate research methods.

1.2 Research Area

The research area of this paper, Central Lika, al-
though located almost in the central part of the Repub-
lic of Croatia, is considered a region of rural, marginal
and border characteristics. Namely, Central Lika is an
example of a sparsely populated mountainous rural
area of the Republic of Croatia, as well as of Central and
Eastern Europe, which at the turn of the century is
characterized primarily by demographic problems such
as depopulation and aging. Also, related to this, there
are significant problems of reduced socio-economic
activity and, consequently, the extensification of land
use as, for example, is the abandonment of the agricul-
tural landscape, which leads to vegetation succession.
Vegetation succession refers to changes in the land cov-
er/land use through three stages. In the first stage, low
vegetation grows on the agricultural land - grassy land,
such as meadows and pastures. Further neglect leads to

the second stage of succession and medium-high ve-
getation, such as shrubs or forest succession, develops
on the grassy land. In the final, third stage of vegeta-
tion succession, from such medium-high vegetation
high vegetation gradually develops - forest land
(Hamzi¢ et al. 2020).

In terms of the current administrative and territ-
orial organization, the area of Central Lika covers three
units of local self-government: the Town of Gospi¢, the
Municipality of Lovinac and the Municipality of Per-
usié3, which is a total surface area of about 1,690 km?,
and a total of 78 settlements (Figure 1).

When observing the trends in the number of the
total population of this area from all general official
censuses so far, two intervals have been observed: 1) an
interval of an almost continuous increase in the total
number of inhabitants (1857-1900) and 2) the interval
of almost continuous decrease in the total number of
inhabitants (1900-2021).* The decline in total popula-
tion since the beginning of the 20th century is the res-
ult of several negative factors: in addition to direct and
indirect demographic losses and consequences associ-
ated with wars (World War I and II and the Homeland
War), the population decline is also a result of long-
term emigration as well as lack of serious policies con-
sidering rural areas. In addition to previous emigration
to overseas countries, further emigration followed the
end of World War II. Namely, in the mid 20th century,
the basic structure for the industrialization of the

3 The coverage of the Central Lika area analyzed in this pa-
per differs from the coverage in the papers of other aut-
hors, such as, for example, Pejnovi¢ (1985) and Maga$
(2013), who view the Municipality of Lovinac as part of
Southern Lika. Namely, the administrative-territorial di-
vision, according to which today's Town of Gospi¢ and the
Municipality of Perusi¢ were separated from the former
Municipality of Gospi¢, was established in 1993, and in the
same year, the Municipality of Lovinac was established af-
ter being separated from the former Municipality of Gra-
Cac. The Municipality of Lovinac was annexed to the
Lika-Senj County in 1997, and due to this administrative-
territorial organization, the population of the Municipa-
lity of Lovinac gravitates towards the City of Gospié. This
is why the spatial coverage of Central Lika has been
extended to this unit of local self-government in this pa-
per, which is also in line with the spatial coverage of some
recent physical planning documents (e.g. the Lika-Senj
County Regional Operational Program, Lika-Senj County
Physical Plan) and scientific papers (e.g. Jovani¢ 2017,
Hamzi¢ et al. 2020, Hamzi¢ and Fuerst-Bjeli§ 2021, Hamzi¢
2021a, Hamzi¢ and Turk 2021).

In the 1857-1900 interval, in the census year of 1880, a de-
crease in the number of inhabitants was recorded, while in
the 1900-2011 interval, due to the construction of the Lika
railway (in 1925) an increase in the number of inhabitants
was recorded in the 1931 census.

IS
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Slika 1. Srednja Lika — podrucje istrazivanja.
Fig. 1 Central Lika — research area.

Osijeka koristili su topografske karte iz 1956. i satelitske
snimke Google Eartha iz 2011., a posebnost istraZivanja
je u dodatnoj demo(geo)grafskoj analizi za cijelo pro-
matrano razdoblje. Cvitanovi¢ i Fuerst-Bjeli§ (2018) ta-
koder su kombiniranim metodoloskim pristupom, koji
ukljucuje kvantitativne i kvalitativne podatke i analize
te deskriptivno-analiticke, prostorno-statisticke (GIS),
inferencijalno-statisticke i empirijske metode istraziva-
nja, analizirali razvoj krajolika Hrvatskog zagorja. Do-
datno je potrebno izdvojiti istraZivanje Joguna i dr.
(2018) u kojem je, koriStenjem satelitskih snimki Land-
sata, provedena analiza promjena zemljisnog pokro-
va/nalina koriStenja zemljiSta PoZeSko-slavonske
Zupanije u razdoblju 1985-2013 te modeliranje promje-
na u buduénosti, do 2027. godine.

U istraZivanjima stanja, odnosno razvoja krajolika,
kako je vidljivo, koriste se podatci satelitskih snimki za
jednu, odnosno vise vremenskih tocki, iz jednog ili
kombinacijom iz viSe razli¢itih izvora podataka. Anali-
ticki su uglavnom usmjerena na promjene povrsina
zemlji$nog pokrova/nacina koristenja zemljista bez us-
postave razvojnih trendova, odnosno trendova promje-
ne. S druge strane, u vrlo malom udjelu istraZivanja, uz
analizu razvoja krajolika koriStenjem podataka satelitskih
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snimaka, dodatno se provodi i demo(geo)grafska anali-
za koriStenjem popisnih podataka. Dakle, istraZivanje
predstavljeno u ovom radu se od dosadasnjih istraZiva-
nja u kojima se koriste satelitske snimke izdvaja u: pris-
tupu pripreme i analize podataka satelitskih snimki,
uspostavi razvojnih trendova te u istrazivanju meduod-
nosa koji podrazumijeva multispektralne satelitske po-
datke i popisne podatke uz odgovarajuce istrazivacke
metode.

1.2. Podrucje istrazivanja

Podrudje istraZivanja ovoga rada, Srednja Lika,
premda smjestena gotovo u sredisnjem dijelu Republike
Hrvatske smatra se regijom ruralnih, marginalnih i gra-
ni¢nih obiljezja. Naime, Srednja Lika, primjer je rijetko
naseljenog gorsko-planinskog seoskog/ruralnog podru-
¢ja Republike Hrvatske te ujedno srednje i istoéne Euro-
pe, kojeg na prijelazu stoljea obiljeZavaju prvenstveno
demografski problemi kao $to su depopulacija i starenje
stanovnistva, Takoder, povezano s tim, znacajni su pro-
blemi smanjene drustveno-gospodarske aktivnosti te
posljedi¢no ekstenzifikacije koristenja zemljista kao $to
je, na primjer, zapustanje poljoprivrednog krajolika pri
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Fig. 2 Population change index of settlements in Central Lika (2021/1948). Source: DZS (2020a, 2022).
Slika 2. Indeks promjene broja stanovnika naselja Srednje Like (2021/1948) Izvor: DZS (2020a, 2022).

region was created and its initial stage was implemen-
ted. This led to agrarian overpopulation (Pejnovié
1985), which led to organized emigration to agrarian
areas, mostly in Slavonia and Vojvodina, as well as to
larger cities in Croatia (Fajdi¢ 2009). Then, in the 1960s,
due to strong deagrarisation on the one hand and the
slower development of non-agricultural activities on
the other, the population began to emigrate to so-
called temporary work in Western European coun-
tries, especially Germany and Austria (Akrap and Gelo
2009). The construction of roads during the 1960s and
1970s, and particularly the transfer of the route of the
busiest main road outside Central Lika, led to new spa-
tial relations within the Lika region. The construction
of a new network of reconstructed and modernized
roads, and especially the new main transit route
Plitvice - Korenica - Udbina - Gracac - Prezid, has led to
a significant reduction in traffic on the former main

route Zuta Lokva - Otolac - Gracac (Rogi¢ 1975). This
has led to a slowing down of the economic growth of
the Central Lika area and the intensification of emigra-
tion (Rogi¢ 1975, Pejnovic 2004). It can consequently be
said that emigration is the main reason for the con-
tinuous decline in the total population of most areas of
Central Lika (Table 1).

The emigration of a predominantly young popula-
tion had immediate consequences (population decline)
and long-term consequences (population aging and a
low rate of natural change that had turned negative as
early as in the mid-1970s) (Pejnovi¢ 1985). Thus, in the
1948-2021 period, in almost all settlements of Central
Lika a decrease in the total number of inhabitants was
recorded. To be more precise, a population increase
was recorded in only three settlements (Licki Osik, Gos-
pi¢ and Novoselo Trnovacko, all three in the area of the
Town of Gospi¢) (Figure 2).
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Tablica 1. Kretanje broja stanovnika Srednje Like u razdoblju 1948-2021. Izvor: DZS (2020a, 2020b, 2022).
Table 1 Population trends in Central Lika in the 1948-2021 period. Source: DZS (2020a, 2020b, 2022).

GRAD / OPCINA 1948 1953 1961 1971
/ Naselje

TOWN / MUNICIPALITY 1948 1953 1961 1971
/ Settlement

1981 1991 2001 2011 2021 2011/ 2021/

1948 1948
1981 1991 2001 2011 2021 2011/ 2021/
1948 1948

GRAD / TOWN 26920 26285 27390 26683
GOSPIC
Gospié 4204 5127 6767 8046

OPCINA / MUNICIPALITY ~ 6750 6450 5911 4929
LOVINAC

Lovinac 929 954 869 869
OPCINA/ MUNICIPALITY 11674 10958 9952 8607
PERUSIC

Perusié 1003 1159 1290 1343
Srednja Lika ukupno / 45344 43693 43253 40219
Central Lika sum

¢emu dolazi do sukcesije vegetacije. Sukcesija vegetacije
odnosi se na promjenu zemlji$nog pokrova/nacina kori-
Stenja zemljiSta kroz tri faze. U prvoj fazi na poljopri-
vrednom zemljiStu izrasta nisko raslinje - travnato
zemljiSte, na primjer, livade i pasnjaci. Daljnjim zapusta-
njem, dolazi do druge faze sukcesije te se na travnatom
zemljiStu razvija srednje visoko raslinje - grmlje, odnos-
no sukcesija Sume. Iz takvog srednje visokog raslinja se u
zavrsnoj, trecoj fazi sukcesije vegetacije postepeno razvi-
ja visoko raslinje - Sumsko zemljiste (Hamzi¢ i dr. 2020).

Gledaju¢i aktualnu administrativno-teritorijalnu
organizaciju, podrudje Srednje Like okuplja tri jedinice
lokalne samouprave: Grad Gospi¢, Opéinu Lovinac i Op-
¢inu Perusié,? §to je podrucje ukupne povrsine od oko
1690 km?, s ukupno 78 naselja (slika 1).

3 Obuhvat podrudja Srednje Like analiziran u ovom radu raz-
likuje se od obuhvata u radovima drugih autora, kao $to su,
na primjer, Pejnovi¢ (1985) i Maga$ (2013) koji Opéinu Lo-
vinac ubrajaju u Juznu Liku. Naime, upravno-teritorijalna
podjela, na temelju koje su dana$nji Grad Gospi¢ i Op¢ina
Perusi¢ izdvojeni iz nekadasnje Opéine Gospié, ustrojena je
1993., a iste je te godine, izdvajanjem iz nekadasnje Opéine
Gracac, ustrojena i Opéina Lovinac. Op¢ina Lovinac je Li¢-
ko-senjskoj Zupaniji pripojena 1997., a uslijed te upravno-
teritorijalne organizacije, stanovniStvo Opdine Lovinac
gravitira prema Gradu Gospi¢u. Time je u ovom radu pros-
torni obuhvat Srednje Like proSiren i za tu jedinicu lokalne
samouprave, a §to je takoder uskladeno i s prostornim
obuhvatom pojedinih recentnih prostorno-razvojnih do-
kumenata (npr. Regionalnim operativnim programom Li¢-
ko-senjske Zupanije, Prostornim planom Licko-senjske
Zupanije) i znanstvenih radova (npr. Jovani¢ 2017, Hamzi¢ i
dr. 2020, Hamzi¢ i Fuerst-Bjeli§ 2021, Hamzi¢ 2021a, Hamzié¢
i Turk 2021).
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23285 22026 12980 12745 11464 47.3 42.6

8725 9025 6088 6575 6339 1564  150.8
3721 3054 1096 1007 957 14.9 14.2

640 533 288 257 246 27.7 26.5
6379 5648 3494 2638 1987 22.6 17.0

1218 1316 957 852 769 85.0 76.7
33385 30728 17570 16390 14408 36.2 31.8

Pri promatranju kretanja ukupnog broja stanovnika
svih opéih, odnosno sluzbenih popisa stanovnistva do sada,
uoCena su dva intervala: 1) interval gotovo kontinuiranog
porasta ukupnog broja stanovnika (1857-1900) i 2) interval
gotovo kontinuiranog pada ukupnog broja stanovnika
(1900-2021).* Pad ukupnog broja stanovnika, koji je prisu-
tan od pocetka 20. stolje¢a, rezultat je viSe negativnih ¢im-
benika: uz izravne i neizravne demografske gubitke i
posljedice povezane s ratovima (Prvi i Drugi svjetski rat te
Domovinski rat), pad broja stanovnika je uvjetovan i dugo-
trajnim iseljavanjem stanovnistva, kao i nedostatkom oz-
biljnih politika usmjerenih prema ruralnim podrudjima. Uz
prethodna iseljavanja u prekomorske zemlje, daljnja iselja-
vanja uslijedila su zavrSetkom Drugog svjetskog rata. Na-
ime, sredinom 20. stolje¢a stvorena je temeljna struktura i
inicirana industrijalizacija regije te je zbog agrarne prena-
seljenosti (Pejnovi¢ 1985) doslo do organiziranih iseljavanja
uagrarna podrudja, ponajvise u Slavoniju i Vojvodinu, kao i
u vece gradove na podrucju Hrvatske (Fajdi¢ 2009). Zatim
se Sezdesetih godina 20. stolje¢a na tzv. privremeni rad u
zapadnoeuropske zemlje, pogotovo u Njemacku i Austriju,
stanovnistvo iseljavalo zbog snaZne deagrarizacije s jedne
strane i sporijeg razvoja nepoljoprivrednih djelatnosti s
druge (Akrap i Gelo 2009). Izgradnjom cestovnih prometni-
ca tijekom Sezdesetih i sedamdesetih godina 20. stoljea, a
posebno prenoSenjem trase najfrekventnije magistralne

4 U intervalu 1857-1900. popisne je godine 1880. zabiljeZen
pad broja stanovnika, dok je u intervalu 1900-2011. zbog
izgradnje Licke pruge (1925. godine) popisne godine 1931.
zabiljeZen porast broja stanovnika.
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Table 2 Data on the images used. Source: GloVis (USGS).
Tablica 2. Podatci o upotrijebljenim snimkama. Izvor: GloVis (USGS 2013).

Recording date Spatial resolution Satellite and instrument No. of channels  Scene identificator
Datum snimka Prostornarezolucija  Satelitiinstrument Broj kanala Identifikator scene

15 June 1991 30m Landsat -5 7 LT51890291991166XXX01
15. lipnja 1991. (Thematic Mapper)

19 September 1991 30m Landsat -5 7 LT51890291991262XXX02
19. rujna 1991. (Thematic Mapper)

22 June 2011 30m Landsat -5 7 LT51890292011173MOR00
22. lipnja 2011. (Thematic Mapper)

10 September 2011 30m Landsat -5 7 LT51890292011253MOR00
10. rujna 2011. (Thematic Mapper)

2 Methodological Notes

2.1 Methodological Notes on the Use of Landsat
Multispectral Data

Satellite images are one of the fundamental sources of
data in studies that rely on remote sensing. This paper
uses Landsat multispectral data selected and downloaded
from the "GloVis" Internet portal, which is under the au-
thority of United States Geological Survey (USGS) and Na-
tional Aeronautics and Space Administration (NASA) and is
part of the archive entitled Global Land Survey (GLS),
which is a rich source of Landsat multispectral data.
Apart from the fact that no fee is charged for the satellite
images of this archive, their use has multiple other ad-
vantages, because they are already georeferenced, field
corrected, designed, and only images with a low degree of
cloud coverage are used (ValoZi¢ and Cvitanovi¢ 2011).
However, it should be noted that due to the differences in
satellite characteristics among Landsat satellite images,
there are differences in grid size, resolution, number and
differences of channels and the like.

This study uses images from 1991 and 2011, and all
the data used were recorded with the Thematic Mapper
(TM), a sensor for recording the Earth's surface located
on the Landsat 5 satellite. This means that the satellite
images used in this paper are mutually harmonized in
terms of spatial resolution, satellite, instrument and
number of channels (Table 2). In this paper, in order to
analyze the landscape development of Central Lika, the
analysis of satellite images was performed using the
computer program ENVI, version 4.7.

When using satellite image data, it should be noted
that there are difficulties related to the size of the grid,
which is why it is difficult to define what the image is

showing for individual objects in space. Namely, in this
study, Landsat multispectral data with a spatial resolution
of 30 m were used, which is why not all objects in space
are shown on the images, and it is difficult to distinguish
between certain types of land cover/land use (e.g. Jogun
2017, Setka et al. 2021). However, the indicated data were
prepared according to the procedures described in the
paper and were analyzed as such. Evaluation of the accur-
acy (success) of the classification was performed using a
confusion matrix and kappa coefficient (e.g. Cvitanovi¢
2014a, Jogun et al. 2017, Setka et al. 2020).

2.2 Methodological Notes on the Approach to the
Preparation of Landsat Multispectral Data

In this paper, Landsat multispectral data, more
precisely data sets related to spring and autumn, for
the years 1991 and 2011 were used. Namely, data sets
for spring/autumn were used because the approach of
this study was as follows: individual objects in space
that have vegetation periods and change during the
year (e.g. forest, cultivated land, low vegetation, etc.)
are defined in more detail using procedures that
involve two data sets (spring and autumn) for both ob-
served years.’

5 In this study, two sets of data were used for each observed
year, regardless of the fact that individual objects in space
that do not have vegetation periods and do not change du-
ring the year (e.g. road, settlement, water body, etc.) could
be defined by procedures for each year, i.e. by using only
one set of data (e.g. for autumn). The approach used was
applied because it allows for a better differentiation of
arable land (for which one part of the data, which refers to
autumn, is visible as dug/plowed land) from, for example,
grassland (where all data would be visible as vegetation).

1
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ceste izvan prostora Srednje Like, doslo je do novih pros-
tornih odnosa unutar regije Like. Izgradnjom nove mreze
rekonstruiranih i moderniziranih cesta, a osobito novoga
glavnog tranzitnog pravca Plitvice - Korenica - Udbina -
Gralac - Prezid doslo je do prenosenja teZista cestovnog
prometa s prijaSnjeg Zuta Lokva - Otolac - Gracac (Rogi¢
1975). Time je doSlo do zaostajanja podrudja Srednje Like i
intenziviranja iseljavanja (Rogi¢ 1975, Pejnovi¢ 2004). Slije-
dom navedenoga, moze se reéi da je iseljavanje osnovni
razlog kontinuiranog pada ukupnog broja stanovnika veci-
ne podrudja Srednje Like (tablica 1).

Iseljavanje pretezno mladog stanovnistva imalo je
trenutne (smanjenje broja stanovnika) te dugoro¢ne po-
sljedice (starenje stanovniStva i niska stopa prirodne
promjene koja je ve¢ od sredine sedamdesetih godina
presla u negativnu) (Pejnovi¢ 1985). Time je u razdoblju
1948-2021. kod veéine naselja Srednje Like zabiljeZen pad
ukupnog broja stanovnika. Samo je za tri naselja (Licki
Osik, Gospi¢ i Novoselo Trnovacko, sva tri s podrudja Gra-
da Gospica) zabiljeZen porast (slika 2).

2. Metodoloske napomene

2.1. MetodoloSke napomene uz multispektralne
podatke Landsata

Satelitske snimke jedan su od temeljnih izvora poda-
taka u daljinskim istraZivanjima. U ovom radu koriSteni
su multispektralni podatci Landsata koji su izabrani i
preuzeti s internetskog portala ,,GloVis* koji je u nadlez-
nosti United States Geological Survey (USGS) i National Aero-
nautics and Space Administration (NASA), a dio je arhive
engleskog naziva Global Land Survey (GLS) koja je bogati
izvor multispektralnih podataka Landsata. Osim oslobo-
denja od naplate, koristenje satelitskih snimaka ove arhi-
ve ima viSestruke prednosti, jer su ve¢ georeferencirane,
terenski ispravljene i izdvojene one s niskim stupnjem
pokrivenosti oblacima (ValoZi¢ i Cvitanovi¢ 2011). Medu-
tim, potrebno je napomenuti kako zbog razli¢itosti obi-
lieZja satelita, medu Landsatovim satelitskim snimkama
postoje razlike u veli¢inama reSetki, odnosno rezoluciji,
zatim broju i razlicitosti kanala i sli¢no.

U ovom istraZivanju koriste se snimke za 1991. i
2011. godinu, pri ¢emu su svi koriSteni podatci snimljeni
Thematic Mapperom (TM), senzorom za snimanje Zem-
liine povrsine koji se nalazi na satelitu Landsat 5. Time
su satelitske snimke koristene u ovom radu medusobno
uskladene $to se tice prostorne rezolucije, satelita, ins-
trumenta i broja kanala (tablica 2). U ovom radu je u
svrhu analize razvoja krajolika Srednje Like provedena
analiza satelitskih snimki uporabom racunalnog pro-
grama ENVI verzije 4.7.

KiG Br. 37, Vol. 21, 2022, https://doi.org/10.32909/kg.21.37.2

Pri upotrebi podataka satelitskih snimki potrebno je
napomenuti kako postoje poteskoce koje se odnose na
veli¢inu resetke. Time je kod pojedinih objekata u pros-
toru tesko definirati $to je na snimci. Naime, u ovom is-
trazivanju koriSteni su multispektralni podatci Landsata
prostorne rezolucije od 30 m zbog ¢ega na snimkama
nisu prikazani svi objekti u prostoru, a oteZano je i razli-
kovanje pojedinih vrsta zemljiSnog pokrova/nacina ko-
ristenja zemljidta (npr. Jogun 2017, Setka i dr. 2021).
Medutim, navedeni podatci su pripremljeni prema pro-
cedurama opisanim u radu i kao takvi su analizirani.
Evaluacija to¢nosti (uspjesnosti) klasifikacije provedena
je s pomocu matrice konfuzije i kappa koeficijenta (npr.
Cvitanovié 2014a, Jogun i dr. 2017, Setka i dr. 2020).

2.2. MetodoloSke napomene uz pristup pripreme
multispektralnih podataka Landsata

U ovom istraZivanju koristeni su multispektralni
podatci Landsata i to skupovi podataka koji se odnose na
proljeée i jesen za godine 1991. i 2011. Naime, pristup
ovoga istraZivanja bio je sljedeéi: pojedine objekte u
prostoru koji imaju vegetacijska razdoblja i mijenjaju se
tijekom godine (npr. Suma, kultivirano zemljiste, nisko
raslinje i dr.), detaljnije definirati s pomo¢u dva skupa
podataka (proljeée i jesen) za obje promatrane godine.>

Svaki od skupova podataka snimljen je u spektralnoj
rezoluciji od sedam kanala® te je prilikom pripreme sva
Cetiri skupa podataka bilo potrebno izdvojiti Sesti kanal,
kojim se snima termalni infracrveni (engl. Thermal-Infrared,
TIR) dio elektromagnetskog spektra. Nakon izdvajanja Ses-
tog kanala, preostali kanali su spojeni u zaseban skup po-
dataka i na takvim su skupovima podataka izvrseni daljnji
postupci, koje je moguée rasporediti u tri faze (slika 3).

5 U ovom istraZivanju su za pojedinu promatranu godinu ko-
riStena dva skupa podataka bez obzira na to $to bi se poje-
dini objekti u prostoru koji nemaju vegetacijske periode i
ne mijenjaju se tijekom godine (npr. prometnica, naselje,
vodno tijelo i dr.) moglo definirati za pojedinu godinu, od-
nosno koriStenjem samo jednog skupa podataka (npr. za
jesen). Primijenjeni pristup omogucuje bolje razlikovanje
ratarskog zemljiSta (kod kojeg je jedan dio podataka, jesen,
vidljiv kao prekopano/preorano zemljiSte) od npr. travnja-
ka (kod kojih bi svi podatci bili vidljivi kao vegetacija).

¢ Svaki kanal snima dio elektromagnetskog spektra: 1. kanal sni-
ma vidljivi, plavi (0,45 do 0,52 um); 2. kanal snima vidljivi, tj.
zeleni (0,52 do 0,60 um); 3. kanal snima vidljivi, crveni (0,63 do
0,69 um); 4. kanal snima nevidljivi, priblizno infracrveni (engl.
Near-Infrared, NIR) (0,76 do 0,90 um); 5. kanal snima nevidljivi,
kratkovalni infracrveni (engl. Shortwave-Infrared, SWIR) (1,55
do 1,75 um); 6. kanal snima nevidljivi, termalni infracrveni
(engl. Thermal-Infrared, TIR) (10,40 do 12,50 um); 7. kanal snima
nevidljivi, srednjevalni infracrveni (engl. Mid-Infrared, MIR)
(2,08 do 2,35 um). Pri tome je samo 6. kanal rezolucije 120 m,
dok su ostali kanali rezolucije 30 m.




HAMZIC, M.: LANDSCAPE DEVELOPMENT TRENDS OF CENTRAL LIKA IN INTERRELATION TO DEMOGRAPHIC INTER-CENSUS CHANGES

Each of the used data sets was recorded in a spectral
resolution of seven channels?, and during the preparation
of all four data sets it was necessary to isolate the sixth
channel that records the Thermal-Infrared (TIR) part of
the electromagnetic spectrum. After isolating the sixth
channel, the remaining channels were merged into a sep-
arate data set and further procedures were performed on
such data sets (from which the sixth channel was separ-
ated), which can be compiled in three stages (Figure 3).

The first stage is the calculation of the Normalized
Difference Vegetation Index (NDVI) for each of the pre-
viously described four data sets used (from which the
sixth channel was separated). Namely, since in this
study it is crucial to discover the state of the vegetation,
a calculation of the vegetation is required for each of the
four data sets used. In this research, the NDVI indicator
is used, which is based on red and infrared light chan-
nels and provides insight into the density and condition
of the vegetation cover (Isidoro et al. 2012).

The NDVI is expressed by the following expression (e.g.
Francis and Klopatek 2000, Campbell and Wynne 2011):

(NIR-VIS)
NDVI= ——;

= ; -1=NDVI=<1
(NIR+VIS)

NIR ~infrared light
VIS - visible light

It can be seen that the value of the NDVI indicator
takes the form of values from a closed interval ranging
from -1.0 to +1.0. Namely, the NDVI indicator is based on
the fact that different substrates reflect different types
of light in different ways. This means that a substrate
that is free of vegetation, for instance water, absorbs
and reflects the same types of light and the NDVI value
is approximately 0 (between -0.1 and +0.1). On the other
hand, photosynthetically active vegetation absorbs
most of the red light and reflects a lot of infrared light
and the value of the NDVI indicator is greater than 0.4,
while values closer to 1.0 indicate the existence of

¢ Each channel records one part of the electromagnetic
spectrum: The Ist channel records the visible blue range
(0.45 do 0.52 um); the 2nd channel records the visible gre-
en range (0.52 to 0.60 um); the 3rd channel records the vi-
sible red range (0.63 to 0.69 um); the 4th channel records
the invisible near-infrared range (NIR) (0.76 to 0.90 um);
the 5th channel records the invisible shortwave-infrared
range (SWIR) (1.55 to 1.75 um); the 6th channel records the
invisible thermal-infrared range (TIR) (10.40 to 12.50 um);
the 7th channel records the invisible mid-infrared range
(MIR) (2.08 to 2.35 um). Only the 6th channel has a reso-
lution of 120 m, while the other channels have a
resolution of 30 m.

photosynthetic vegetation of higher density (e.g. Fran-
cis and Klopatek 2000, Campbell and Wynne 2011).

The second stage refers to the merging of separate
channels and, for each of the years, the differentiation
of channels for spring and channels for autumn.
Namely, the computer program used in this study, ENVI
version 4.7, calculates whether there is a difference or
change between the observed channels (spring/au-
tumn) within the observed year.

The third stage involves the use of a Research of In-
terest (ROI) within the uncontrolled classification. This
study defines the following classes:

Built land (e.g. roads/motorways, settlements, construc-
ted facilities)

Forest (e.g. open, closed)

Water bodies (e.g. rivers, lakes)

Arable land (e.g. plough-land’)

Grass and shrubs (e.g. pastures, abandoned/overgrown
land plots).

2.3 Methodological Notes on Determining
Landscape Development Trends

Landscape development trends in this paper are de-
termined based on a comparison of previously determ-
ined classes for the years 1991 and 2011 (Figure 4).

The landscape development trends of Central Lika
are defined according to the following conditions:

1) Extensification and vegetation succession (e.g. land that
was arable land or grass and shrubs in 1991, and was
changed to grass and shrubs or forest in 2011)

2) Upbuilding (land that was not a built land in 1991 and
was changed to a built land in 2011)

3) Intensification (land that was grass and shrubs or forest
in 1991, and was changed to arable land in 2011)

4) Unchanged (the same class in 1991 and 2011)

5) Water bodies (water bodies in 1991 and/or 2011)

The conceptual model of landscape development
trends used in this paper in interrelation to demographic

7 Land used for agricultural purposes was observed within
the Arable land class due to the approach of defining land
cover/land use, by using two data sets for each observed
year (spring and autumn). In autumn this land is visible as
dug/plowed land, i.e. without vegetation. The reason for
this is the agricultural crops grown in the area of Central
Lika. In gardens that are located next to a house, vegetable
crops (potatoes, cabbage, beans, onions and less often to-
matoes and peppers) are most often grown, while cereals
(barley, oats, rye, wheat, etc.), vegetable crops (potatoes,
seed potatoes, cabbage, beans, onions, etc.), as well as fod-
der and livestock plants are most often grown on arable
land (Jovani¢ 2017), which means that in early autumn the
gardens were mostly dug and the fields plowed.

1
KiG No. 37, Vol. 21, 2022, hitps://doi.org/10.32909/kg.21.37.2



HAMZIC, M.: RAZVOJNI TRENDOVI KRAJOLIKA SREDNJE LIKE U MEBUODNOSU S DEMOGRAFSKIM MEBUPOPISNIM PROMJENAMA

Pristup pripreme podataka
Data preparation approach

4

Multispektralne satelitske snimke
(zasebno proljece i jesen 1991.)
Multispectral satellite images
(separately spring and autumn 1991)

) Ukupno 7 kanala - proljece 1991.
7 channels in total - spring 1991

Ukupno 7 kanala - jesen 1991.
7 channels in total - autumn 1991

'

lzdvajanje Sestog kanala
(za 2 seta podataka - proljec¢e i jesen 1991.)
Separation of the 6th channel
(for 2 data sets - spring and autumn 1991)

6 channel data set - spring 2011

Set podataka 6 kanala - proljece 1991.
» p prolj

Set podataka 6 kanala - jesen 1991.
5 channel data set - autumn 2011

!

IzraGun NDVI

(za 2 seta podataka - proljece i jesen 1991.)
> NDVI calculation
(for 2 data sets - spring and autumn 1991)

Spajanje svih kanala i njihovo razlikovanje

roljece i jesen 1991.
> (prolj i )

Merging all channels and its distinguishing
(spring and autumn 1991)

Za 1991. koristenje testnog podrucja i
definiranje klasa (Izgradeno; Suma; Vodna

tijela; Ratarsko zemljiste; Trava i grmlje
> j lj grmije)

For 1991 using research of interest and
definition of classes (Built land; Forest;

Water bodies; Arable land; Grass and shrubs)

v

Multispektralne satelitske snimke
(zasebno proljece i jesen 2011.)
Multispectral satellite images
(separately spring and autumn 2011)

) Ukupno 7 kanala - prolje¢e 2011.
7 channels in total - spring 2011

Ukupno 7 kanala - jesen 2011.
7 channels in total - autumn 2011

!

lzdvajanje Sestog kanala
(za 2 seta podataka - proljec¢e i jesen 2011.)
Separation of the 6th channel
(for 2 data sets - spring and autumn 2011)

Set podataka 6 kanala - proljec¢e 2011.
> 6 channel data set - spring 2011

Set podataka 6 kanala - jesen 2011.
5 channel data set - autumn 2011

!

Izraéun NDVI

(za 2 seta podataka - proljec¢e i jesen 2011.)
_>

NDVI calculation
(for 2 data sets - spring and autumn 2011)

Spajanje svih kanala i njihovo razlikovanje
(proljece i jesen 2011.)
Merging all channels and its distinguishing
(spring and autumn 2011)

Za 2011. koristenje testnog podrucja i
definiranje klasa (lzgradeno; Suma; Vodna

> tijela; Ratarsko zemljiste; Trava i grmlije)

For 2011 using research of interest and
definition of classes (Built land; Forest;
Water bodies; Arable land; Grass and shrubs)

Slika 3. Konceptualni model pristupa pripreme multispektralnih podataka Landsata.
Fig. 3 Conceptual model of the Landsat multispectral data preparation approach used in the paper.
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Data classes in 1991 / Klase podataka 1991.

Built land / lzgradeno

Forest / Suma

Data classes in 2011 / Klase podataka 2011.

Built land / lzgradeno

Forest / Suma

Water bodies / Vodna tijela \/./’ > Water bodies / Vodna tijela
SN/
RAVIAN
Arable land / Ratarsko zemljiste |<—, e e Arable land / Ratarsko zemljiste
7\ \,
,:'/ '~ \
Grass and shrubs / Trava i grmlje F R —— 3| Grass and shrubs / Trava i grmlje
&
Extensification and vegetation succession / 5 o35
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Ekstenzifikacija i degradacija vegetacije RS
= < Q g
................... > Upbilding / lzgradnja § %_ (: g
== 0
Intensification / Intenzifkacija % =g LD @
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—————— > Unchanged / Nepromijenjeno N g— g_%
e Water bodies / Vodna tijela BT o
=

Fig. 4 Conceptual model of landscape development trends for the 1991-2011 period used in this paper.
Slika 4. Konceptualni model razvojnih trendova krajolika 1991-2011.

inter-census changes is presented graphically (Figure
5). The development trends determined on the basis of
satellite images by using the computer program ENVI
version 4.7 were analyzed, while the spatial analysis of
census data, with inter-census changes detected for the
observed period, was supported by the use of the pro-
gram ArcGIS 10.0.

2.4 Methodological Notes on the Use of Census Data

In this study, only the census data that refer to the
total number of inhabitants and the number of agrarian
population are used. All official censuses (1857-2021)
were observed in order to gain insight into the longevity
of certain demo(geo)graphic processes, and when using
these censuses it is necessary to keep in mind their
methodological differences that were the result of dif-
ferent census concepts and definitions. The censuses
from 1857, 1948, 1953, 1961, 1971, 1981 and 1991 were
conducted according to the concept of permanent pop-
ulation (so-called de jure population). The censuses from
1869, 1880, 1890, 1900, 1910, 1921 and 1931 were con-
ducted according to the concept of the present popula-
tion (so-called de facto population) (NejaSmié¢ 1991, Lajic
and NejaSmi¢ 1994), whereas the last three censuses

(2001, 2011, 2021) were conducted according to the ad-
apted concept of a usual place of residence. Taking into
account the shortcomings of the incomplete harmoniz-
ation due to these methodological differences (Pokos
2003, Laji¢ and MiSeti¢ 2013), and in order to present
general trends as accurately as possible, the official
census results published on the official CBS website
were used as factual.

The agrarian population was observed for each
census year in the period (1991-2011)%. 1t should be
noted that the available data from the CBS for 1991 and
2001 show data relating to the total agrarian population,
which means that the data for these years are compar-
able. On the other hand, the data published by the CBS
for 2011 refer to employees in agriculture, forestry and
the fisheries. Since data on the agrarian population as
such do not exist for 2011, this paper uses the indicated
data used to gain insight into change trends, and ana-
lyzes them entirely at the level of the city/municipality

8 At the time of writing, only the first results of the 2021
census were published and available, which refer to the to-
tal population, but data on the agrarian population or em-
ployees in agriculture, forestry and the fisheries were not
published.

KiG No. 37, Vol. 21, 2022, hitps://doi.org/10.32909/kg.21.37.2 —



HAMZIC, M.: RAZVOJNI TRENDOVI KRAJOLIKA SREDNJE LIKE U MEBUODNOSU S DEMOGRAFSKIM MEBUPOPISNIM PROMJENAMA

Conceptual model of landscape development trends in interrelation with
inter-census changes / Konceptualni model razvojnih trendova krajolika
u meduodnosu s demografskim medupopisnim promjenama

Landscape development trends (1991-2011) /

Layer overlap /
Preklapanje slojeva

y

Demographic inter-census changes
(1991-2011; 1991-2021) /

Razvojni trendovi krajolika (1991.-2011.)

Extensification and vegetation succession /
Ekstenzifikacija i degradacija vegetacije

I w

—)i Water bodies / Vodna tijela l % g
— . s o

—»I Upbilding / Izgradnja ‘ g =]
5%

—>| Intensification / Intenzifkacija | N2

—)' Unchanged / Nepromijenjeno

Field research /
Terensko istrazivanje

Demografske medupopisne promjene
(1991.-2011.; 1991.-2021.))

—»{ Depopulation / Depopulacija

—>| Urbanisation / Urbanizacija

Slika 5. Konceptualni model razvojnih trendova krajolika u meduodnosu s demografskim medupopisnim promjenama.
Fig. 5 Conceptual model of landscape development trends used in this paper in interrelation to demographic inter-census changes.

Prva faza je ratunanje pokazatelja vegetacijskog in-
deksa normalizirane razlike (engl. Normalized Difference
Vegetation Index, dalje u tekstu NDVI) za svaki od pret-
hodno opisana Cetiri skupa podataka. Naime, s obzirom
na to da je u ovom istrazivanju klju¢an uvid u vegetaciju,
potrebno je ralunanje vegetacije za svaki od Cetiri skupa
podataka. U ovom se istraZivanju koristi pokazatelj NDVI
koji se temelji na kanalima crvenog i infracrvenog svjetla
te omoguduje uvid u gusto¢u i stanje vegetacijskog po-
krova (Isidoro i dr. 2012).

NDVI je dan izrazom (npr. Francis i Klopatek 2000,
Campbell i Wynne 2011):

(NIR-VIS)
NDVI= ——:
(NIR+VIS)

-1=NDVI=1
NIR - infracrveno svjetlo
VIS -~ vidljivo svjetlo

Vidljivo je da vrijednost pokazatelja NDVI poprima vri-
jednosti iz zatvorenog intervala od -1,0 do + 1,0. Naime, po-
kazatelj NDVI temelji se na ¢injenici da razlicite podloge
reflektiraju razliCite vrste svjetla na razliciti nacin. Time
podloga koja je bez vegetacije, na primjer voda, apsorbira
i reflektira podjednake vrste svjetla i vrijednost NDVI je
priblizno 0 (od -0,1 do +0,1). S druge strane, fotosintetski
aktivna vegetacija apsorbira vecinu crvenog svijetla i re-
flektira puno infracrvenog svjetla i vrijednost pokazatelja
NDVI veca je od 0,4, a vrijednosti blize 1,0 ukazuju na

KiG Br. 37, Vol. 21, 2022, https://doi.org/10.32909/kg.21.37.2

postojanje fotosintetske vegetacije vele gustole (npr.
Francis i Klopatek 2000, Campbell i Wynne 2011).

Druga faza odnosi se na spajanje izdvojenih kanala te,
za svaku od godina, razlikovanje kanala za proljeée i ka-
nala za jesen. Naime, u ovom istrazivanju upotrijebljenim
ratunalnim programom, ENVI verzije 4.7, ispituje se pos-
toji li razlika, odnosno promjena izmedu promatranih
kanala (prolje¢e/jesen) unutar promatrane godine.

Treca faza podrazumijeva testno podrudje (engl. Re-
search of Interest, ROI) u sklopu nenadzirane klasifika-
cije. Pri tome su u ovom istrazivanju definirane klase:
Izgradeno (npr. prometnice/autocesta, naselja, izgradeni objekti)
Suma (npr. otvorena, zatvorena)

Vodnatijela (npr. rijeke, jezera)
Ratarsko zemljiste (npr. oranice?)
Trava i grmlje (npr. pasnjaci, napustena zemljista/zemljista

u zarastanju).

7 Zemljista koja se koriste u ratarske svrhe su promatrana unutar
klase Ratarsko zemljiste zbog pristupa definiranja zemlji$nog po-
krova/natina koriStenja zemljidta, pri éemu se za pojedinu pro-
matranu godinu koriste dva skupa podataka (proljece i jesen).
Time je u jesen ovo zemljiste vidljivo kao prekopano/preorano
zemljiSte, odnosno bez vegetacije. Razlog tome su poljoprivred-
ne kulture koje se uzgajaju na podrudju Srednje Like. U vrtovi-
ma uz kulu naje$ée se uzgajaju povrtne kulture (krumpir,
kupus, grah, luk te rjede rajcica i paprika), a na oranicama se
najéedée uzgajaju Zitarice (jari je¢am, zob, raZ, pSenica i dr.), po-
vrtne kulture (krumpir, sjemenski krumpir, kupus, grah, luk i
dr.), te krmno i sto¢no bilje (Jovani¢ 2017), pa su u ranu jesen
uglavnom vrtovi prekopani i njive preorane.

LY
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Table 3 Data classes and changes for the observed period (1991-2011).
Tablica 3. Klase podataka i promjena za promatrano razdoblje (1991-2011).

Data class / Klasa 1991 2011  Change / Promjena
1991-2011

Built land / Izgradeno 08% 2.7% +1.9%

Forest / Suma 411% 422% +1.1%

Water bodies / Vodna tijela 04% 04% 0.0%

Arable land / Ratarsko zemljiste ~ 7.0%  57% -1.3%

Grass and shrubs / Travaigrmlje 50.6% 49.0% -1.6%

and Central Lika and compares them with data for 1991
and 2001. It should be noted that this is not observed in
detail at the settlement level, because the data for 2011
for employees in agriculture, forestry and the fisheries
in 54 settlements of Central Lika are marked "Z", which
means that these employees are protected, i.e. that less
than three inhabitants of the settlement are employed
in these activities.

3 Results of the Study

According to the procedures described above, data
classes were determined for the observed years (1991,
2011), and based on their interrelation, landscape de-
velopment trends in the observed period were determ-
ined. Spatial analysis further determined their surface
areas and spatial distribution. Demographic inter-
census changes were also identified for the observed
period. A synthesis of the obtained results provided in-
sight into their interrelation, which contributed to a
better understanding of the landscape development of
Central Lika.

3.1 Spatial Analysis of Landscape Development Trends

According to the procedure described above, data
classes and their surface shares were determined for the
observed years (1991, 2011) (Table 3), and shown carto-
graphically (Figure 6). It is important to note that for the
area of Central Lika in 1991 the total accuracy of classi-
fication was measured at 84.1%, and the value of the
kappa coefficient at 0.79. For 2011, the total accuracy of
classification was measured at 86.2% the value of the
kappa coefficient at 0.81. Given the high values of these
indicators, the accuracy levels are acceptable (e.g.
Cvitanovié 2014b, Jogun et al. 2017, Setka et al. 2021).

In this paper, built land refer, for example, to settle-
ments, roads/motorways, built land along the motor-
way and the like. However, as indicated above (Section

2.1), it should be taken into account that due to the res-
olution of the data used, not all objects are visible, but
objects determined by the approach used in this study
are considered factual. With the construction of the
Zagreb - Split motorway, the built land is mostly located
in the central area, closer to the Town of Gospié. The
results of this research showed that in the observed
period in the area of Central Lika the share of built land
increased (from 0.8% in 1991 to 2.7% in 2011). According
to the procedure used (described in Section 2.3), the
landscape development trends were determined, and in
this study the change of an area into built land is related
to the development trend Upbuilding.

In both observed years, the class Forest, along with
the class Grass and Shrubs, is the largest class in the area
of Central Lika, with a tendency of an increasing surface
share (from 41.1% in 1991 to 42.2% in 2011). Deciduous,
coniferous and mixed forests are represented, and they
are mostly located on the outskirts of Central Lika. For
example, deciduous forests that are the natural vegeta-
tion cover of this area have been preserved on the
slopes of Velebit and in higher, less accessible parts of
the Licko sredogorje mountain range (Hamzi¢ 2021b ac-
cording to Pejnovi¢ 1985). Also, in the third stage of ve-
getation succession, due to the reduction in agricultural
activities and the neglect of agricultural land over a
longer period of time, forest areas are developing
(Jovani¢ 2017, Hamzi¢ 2021b).

As previously stated (Section 2.2), arable land is the
name of the class that in this study refers to land (e.g.
plough-land) on which mostly vegetable crops and cer-
eals are grown. One of the smallest surface areas was
determined for this class, and in the observed period a
decrease in the surface share was determined (from
7.0% in 1991 to 5.7% in 2011). In the area of Central Lika,
this type of land is located closer to its central area.

Grass and shrubs in this study refer to pastures,
abandoned land, overgrown land (shrubs) and the like.

Due to a reduction in agricultural activities over a longer

1
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Suma / Forest

Arable land
Travaigrmlie /
- Grass a%d sjhrubs

I 'zgradeno / Builtland  J.

AN — Ratarsko zemljiste /

Slika 6. Srednja Lika prema klasama podataka (1991-2011).
Fig. 6 Central Lika observed by data classes (1991-2011).

2.3. MetodoloSke napomene uz uspostavu razvojnih
trendova krajolika

Razvojni trendovi krajolika u ovom su radu uspostav-
lieni temeljem usporedbe prethodno uspostavljenih klasa
za godine 1991. i 2011. (slika 4). Razvojni trendovi krajolika
Srednje Like definirani su prema sljede¢im uvjetima:

1) Ekstenzifikacija i degradacija vegetacije (npr. zemljiste
koje je 1991. ratarsko zemljiste ili trava i grmlje, a
2011. je promijenjeno u travu i grmlje ili Sumu)

2) Izgradnja (zemljiste koje 1991. nije izgradeno, a 2011.
je promijenjeno u izgradeno)

3) Intenzifikacija (zemljiSte koje 1991. je trava i grmlje ili
Suma, a 2011. je promijenjeno u ratarsko zemljiste)

4) Nepromijenjeno (1991. i 2011. su iste klase)

5) Vodna tijela (vodna tijela 1991. i/ili 2011.)

KoriSteni konceptualni model razvojnih trendova
krajolika u meduodnosu s demografskim medupopis-
nim promjenama graficki je prikazan na slici 5. Pri tome
su analizirani razvojni trendovi koji su uspostavljeni iz
satelitskih snimki uporabom ra¢unalnog programa
ENVI verzije 4.7, dok je prostorna analiza popisnih po-
dataka, pri ¢emu su za promatrano razdoblje uocene
medupopisne promjene, potpomognuta uporabom
programa ArcGIS 10.0.
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2.4. MetodoloSke napomene uz upotrebu popisnih
podataka

U ovom istraZivanju se koriste podatci koji se od-
nose na ukupni broj stanovnika te na broj poljopri-
vrednog stanovniStva. Promatrani su svi sluzbeni
popisi (1857-2021) kako bi se takvom temeljnom ana-
lizom dobio uvid u dugotrajnost pojedinih de-
mo(geo)grafskih procesa, a pri upotrebi navedenih
popisa stanovnistva potrebno je imati u vidu metodo-
loske razlike zbog razli¢itih popisnih koncepcija i de-
finicija. Prema koncepciji stalnog stanovnistva (tzv. de
iure stanovni$tvo) provedeni su popisi 1857., 1948.,
1953.,1961., 1971., 1981. i 1991. godine. Prema koncep-
ciji prisutnog stanovnistva (tzv. de facto stanovnistvo)
provedeni su popisi 1869., 1880., 1890., 1900., 1910.,
1921. i 1931. godine (Nejasmic 1991, Laji¢ i NejaSmié
1994), a posljednja tri popisa (2001., 2011., 2021.) pro-
vedena su prema prilagodenoj koncepciji uobicajenog
mjesta stanovanja. Uzimajuéi u obzir nedostatke ne-
potpune uskladenosti zbog metodoloskih razlika (Po-
kos 2003, Laji¢ i MiSeti¢ 2013), a u namjeri $to vjernijega
prikaza opéih trendova, kao Cinjeni¢ni su koristeni
sluzbeni popisni rezultati objavljeni na sluZbenim stra-
nicama DZS-a.
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period of time, arable land is neglected, and in the first
stage of vegetation succession grassland develops, while
in the second stage medium-tall vegetation (shrubs) de-
velops. It can be said that in the area of Central Lika they
are predominantly located between agricultural areas
and forests, and the results showed that in the observed
period there is a decrease in their surface share (from
50.6% in 1991 to 49.0% in 2011).

Related to the classes Forest, Arable Land and Grass
and Shrubs, in this paper the development trends Ex-
tensification and Succession of Vegetation and Intensifica-
tion have been determined. The development trend
Extensification and succession of vegetation actually com-
prises the trend related to deforestation, i.e. the suc-
cession of vegetation (change of forest into grass and
shrubs) as well as trends related to reforestation
(change of arable land into forest; and of grass and
shrubs into forest) and the succession of vegetation of
the first stage (change of arable land into grass and
shrubs). The results showed that this development
trend is present in 7.6% of the area of Central Lika,
mostly on the outskirts. The high representation of
this development trend is in line with the processes
that are characteristic of Croatian rural karst areas in
the hinterland (Fuerst-Bjeli§ et al. 2011).

In this paper, the development trend Intensification
refers to the change of forest and grass and shrubs into
arable land, i.e. more intensive use of land for agricultur-
al purposes. It was found that this development trend
accounts for 2.8% of the area of Central Lika, mainly in
the central area. Unchanged (87.7% of the area) is the
largest development trend in terms of surface area, and
is present in the entire area of Central Lika.

Although the area of Central Lika abounds in various
water bodies, due to the characteristics of the data used,
water bodies in this study refer only to Krusicko Lake,
Stikada Lake with the Ri¢ice Lake and a retention basin
at the Obsenica sinking river. Thus, in both observed
years, this class is the smallest in terms of surface area
(0.4% in 1991, 0.4% in 2011). Namely, there were no sig-
nificant projects related to water bodies in the observed
period, and any changes in the observed period would
be related to the water level.

3.2 Spatial Analysis of Demographic Trends

The basic analysis of demographic trends, which in-
cluded a review of the published data of all general and
official censuses so far (1857-2021), was presented earli-
er in the paper (Section 1.2). This provided a compre-
hensive overview of the numerical dynamics, i.e.
demographic trends of Central Lika in the wider time

frame, and a better understanding of current demo-
graphic changes and processes in the landscape. What
should be pointed out is that the depopulation of Central
Lika area began in the early 20th century, and that a con-
tinuous decrease in total population has been recorded
since 1931, and that the consequences of such a reduction
in the total population number since the 20th century are
visible in the landscape through natural succession and
slight reforestation (Fuerst-Bjeli$ et al. 2000).

A more detailed demographic analysis of Central Lika
was conducted for the 1991-2021 time frame, whereat
differences at the level of local self-government units and
settlements were observed. The observed thirty-year
period is marked by further emigration of the population
and demographic losses and consequences of the Home-
land War (1991-1995), which additionally aggravated the
current economic and demographic processes (e.g. Stam-
buk 1998, Pejnovi¢ 2004, Turk 2009, Zivié¢ 2009, Kristofié,
2010, Turk et al. 2015). However, somewhat more positive
trends have also been recorded, such as the return of a
part of the population who emigrated to other parts of the
Republic of Croatia and abroad due to the Homeland War
(Hamzi¢ 2021a), and significant immigration from other
neighboring countries, mostly Bosnia and Herzegovina
(Turk et al. 2015). It is a positive trend that with the con-
struction of the Zagreb - Split motorway in 2004, the area
of Central Lika came to the fore again®. This created the
conditions for higher employment levels, the opening of
entrepreneurial zones and a faster development of tour-
ism, small business and agriculture (Si¢ 2009). As part of
this, in the 2001-2011 inter-census period a slight increase
in the population of individual settlements was recorded.
However, migration to other centers of work from local
self-government units in Central Lika to other areas con-
tinued, and in the 2001-2011 period in 62.82% of settle-
ments one of the emigration types of general population
trends was recorded (Hamzi¢ 2021a). As a result, the
number of inhabitants in all settlements decreased
(Figure 7). Since the official censuses exist, the last census
(2021) recorded the lowest population (14,408) and popu-
lation density (8.5 inhabitants/km?) for the total area of
Central Lika as well as for all local government units: the
Town of Gospi¢ (11,464 inhabitants; 11.9 inh./km?), the
Municipality of Perusi¢ (1,987 inhabitants; 5.2 inh./km?)
and the Municipality of Lovinac (957 inhabitants; 2.8
inh./km?) (DZS 2022).

Consequently, at the level of settlements in the ob-
served period (1991-2021), only the intensity of the

° Namely, it is noticeable that areas with poorer transport
accessibility often have less favorable demographic indica-
tors (Turk and Simunié 2016).

1
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Poljoprivredno stanovnistvo je promatrano za svaku
popisnu godinu u razdoblju (1991.-2011.).% Pri tome je
potrebno napomenuti da su u dostupnim podatcima
DZS-a za 1991.1 2001. prikazani podatci koji se odnose na
ukupno poljoprivredno stanovnistvo i time su podatci
za navedene godine medusobno usporedivi. S druge
strane, podatci koje je objavio DZS za 2011. odnose se na
zaposlene u poljoprivredi, Sumarstvu i ribarstvu. S obzi-
rom na to da podatci o samom poljoprivrednom stanov-
nistvu za 2011. ne postoje, u ovom radu su navedeni
podatci koristeni u namjeri dobivanja uvida u trendove
promjene te su kao takvi na razini grada/opéine i Sred-
nje Like u ¢jelini analizirani i usporedivani s podatcima
za 1991. 1 2001. Potrebno je napomenuti da navedeno ni-
je detaljno promatrano na razini naselja, jer podatci za
2011. za zaposlene u poljoprivredi, Sumarstvu i ribar-
stvu su kod 54 naselja Srednje Like pod oznakom Z, §to
znadi da su zasticeni, odnosno da se tim djelatnostima
bavi manje od tri stanovnika tog naselja.

3. Rezultati istraZivanja

Prema prethodno opisanim postupcima za proma-
trane godine 1991.1 2011. utvrdene su klase podataka te
su temeljem njihovog meduodnosa utvrdeni razvojni
trendovi krajolika u promatranom razdoblju. Prostor-
nom analizom su utvrdene njihove povrsine i prostorna
rasporedenost. Takoder su u promatranom razdoblju
utvrdene demografske medupopisne promjene. Sinte-
zom dobivenih rezultata dobiven je uvid u njihove me-
duodnose $to je doprinijelo boljem razumijevanju
razvoja krajolika Srednje Like.

3.1. Prostorna analiza razvojnih trendova krajolika

Prema prethodno opisanom postupku su za proma-
trane godine 1991. 1 2011. uspostavljene klase podataka i
njihovi povrsinski udjeli (tablica 3) uz kartografski pri-
kaz (slika 6). Pri tome je vazno napomenuti da je za po-
drudje Srednje Like za 1991. godinu ukupno izmjerena
tocnost klasifikacije 84,1 %, a vrijednost kappa koeficijen-
ta 0,79. Promatrajuéi za 2011. godinu, ukupno je bila iz-
mjerena to¢nost klasifikacije od 86,2 % i vrijednost kappa
koeficijenta 0,81 te se s obzirom na visoke vrijednosti na-
vedenih pokazatelja moZe reéi da su prihvatljive to¢nosti
(npr. Cvitanovié 2014b, Jogun i dr. 2017, Setka i dr. 2021).

8 U trenutku pisanja rada bili su objavljeni i dostupni samo
prvi rezultati popisa stanovnistva iz 2021. godine u kojima
su objavljeni podatci o ukupnom broju stanovnika, a nisu
objavljeni podatci o poljoprivrednom stanovnistvu, odnos-
no zaposlenim u poljoprivredi, Sumarstvu i ribarstvu.
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Izgradeno podrudje u ovom istraZivanju se odnosi,
na primjer, na naselja, prometnice/autocestu, izgrade-
no zemljiSte uz autocestu i slicno. Medutim, kako je
prethodno navedeno (poglavlje 2.1), potrebno je uzeti u
obzir da zbog rezolucije podataka nisu vidljivi svi objek-
ti, ali se objekti promatraju kao ¢injenicni. Uz izgradnju
autoceste Zagreb - Split, izgradeno podrudje pretezno je
smjesteno u srediSnjem podrudju, blize gradu Gospicu.
Rezultati ovoga istraZivanja su pokazali da se u proma-
tranom razdoblju na podruéju Srednje Like povecao
udio izgradenog podrudja (sa 0,8 % 1991., na 2,7 % 2011.).
Prema (u poglavlju 2.3) opisanom postupku uspostav-
lieni su razvojni trendovi krajolika te je u ovom istrazi-
vanju promjena u izgradeno zemljiSte povezana s
razvojnim trendom Izgradnja.

U obje promatrane godine Suma je, uz klasu Trava i
grmlje, povrsinski najveca klasa na podrudju Srednje Li-
ke, s tendencijom povecanja povrsinskog udjela (sa
41,1% 1991., na 42,2 % 2011.). Zastupljene su bjelogori¢-
ne, crnogoricne i mjeSovite Sume, a pretezno su smje-
Stene na rubnim podrudjima Srednje Like. Na primjer,
bjelogori¢ne Sume koje su prirodni vegetacijski pokrov
tog podrugja saluvane su na padinama Velebita i na vi-
$im, slabije pristupa¢nim dijelovima Lickog sredogorja
(Hamzi¢ 2021b prema Pejnovi¢ 1985). Takoder, u trecoj
fazi vegetacijske sukcesije se, zbog smanjenja bavljenja
poljoprivredom i zapustanjem poljoprivrednog zemlji-
Sta kroz duZe vremensko razdoblje, razvijaju Sumska
podrudja (Jovanic¢ 2017, Hamzi¢ 2021b).

Ratarsko zemljiste je, kako je prethodno navedeno
(poglavlje 2.2.), naziv klase koja se u ovom istraZivanju
odnosi na zemljiSta (npr. oranice) na kojima se uzgajaju
pretezno povrtne kulture i Zitarice. Za tu klasu utvrdena
je jedna od najmanjih povrsina te je u promatranom
razdoblju utvrdeno smanjenje povrsinskog udjela (sa 7,0
% 1991., na 5,7 % 2011.). Na podrudju Srednje Like su ta
zemljiSta smjeStena bliZe srediSnjem podrudju.

Trava i grmlje se u ovom istraZivanju odnosi na pas-
njake, napustena zemljiSta, zemljiSta u zarastanju (grm-
lje) i sli¢no. Zbog smanjenja bavljenja poljoprivredom
kroz duze vremensko razdoblje se zapuStanjem ratar-
skog zemljista, u prvoj fazi vegetacijske sukcesije razvija
travnato zemljiSte, dok se u drugoj fazi razvija srednje
visoko raslinje (grmlje). MoZe se reéi da se na podrudju
Srednje Like poloZajno preteZno nalaze podrudja izme-
du poljoprivrednog i Suma, a rezultati su pokazali da u
promatranom razdoblju dolazi do smanjenja njihovog
povrsinskog udjela (sa 50,6 % 1991., na 49,0 % 2011.).

Povezano s klasama Suma, Ratarsko zemljiste te
Trava i grmlje, u ovom su radu uspostavljeni razvojni
trendovi Ekstenzifikacija i degradacija vegetacije te Intenzi-
fikacija. Pri tome je razvojni trend Ekstenzifikacija i




HAMZIC, M.: LANDSCAPE DEVELOPMENT TRENDS OF CENTRAL LIKA IN INTERRELATION TO DEMOGRAPHIC INTER-CENSUS CHANGES

Change index
Indeks promjene

[ 0,00 - 15,00
B 15.01-30,00
[ 30,01 - 45,00
[ 14501-65,00
| 165,01-83,04

. Settlement without inhabitants in 1991
Naselje bez stanovnika 1991.

e Settlement without inhabitants in 2011 and 2021
Naselje bez stanovnika 2011. 1 2021.

2011/1991 2021/1991

A 0 10 20 40 Km
L 1 1 1 | 1 1 1 |

Fig. 7 Population change index of settlements in Central Lika (2011/1991, 2021/1991).
Slika 7. Indeks promjene broja stanovnika naselja Srednje Like (2011/1991, 2021/1991)
Izvor: DZS (2020a, 2020b, 2022).

25
<
S 20 Yea'r/
T = Godina
= = 1991
i = 2001
% 5 A =201
0 4
Gospi¢ Town Lovinac Perusi¢ Central Lika sum
Grad Gospic¢ Municipality Municipality Srednja Lika
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Fig. 8 Trends in the agrarian population of Central Lika (1991-2011). Note: Data for 1991 and 2001 refer to the agrarian
population, while for 2011 they refer to employees in agriculture, forestry and the fisheries.
Slika 8. Kretanje poljoprivrednog stanovni§tva Srednje Like (1991-2011). Izvor: DZS (2021a, 2021b, 2021¢). Napomena:
Podatci se za 1991. i 2001. odnose na poljoprivredno stanovnistvo, dok se za 2011. odnose na zaposlene u poljoprivredi,
Sumarstvu i ribarstvu.
—
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degradacija vegetacije zapravo sadrZan od trenda koji se
odnosi na deforestaciju, odnosno degradaciju vegetacije
(promjenu Sume u travu i grmlje) te od trendova koji se
odnose na reforestaciju (promjenu ratarskog zemljista u
Sumu, trave i grmlja u Sumu) i sukcesiju vegetacije prve
faze (promjenu ratarskog zemljista u travu i grmlje). Re-
zultati su pokazali da je taj razvojni trend zastupljen na
7,6 % podrudja Srednje Like, pretezno na rubnim podru-
jima. Visoka zastupljenost tog razvojnog trenda je suk-
ladna procesima koji su karakteristicni za hrvatska
ruralna krska podrudja u zaledu (Fuerst-Bjeli$ i dr. 2011).

Razvojni trend Intenzifikacija u ovom se radu odnosi
na promjenu Sume te trave i grmlja u ratarsko zemljiste,
odnosno intenzivnije koriStenje zemljista u poljodjelske
svrhe. Utvrdeno je da se na taj razvojni trend odnosi
2,8% povrsine Srednje Like, uglavnom na srediSnjem
podru&ju. Nepromijenjeno (87,7 % povrsine) je povrSinski
najvedi razvojni trend koji je zastupljen na cijelom po-
drudju Srednje Like.

Premda podrudje Srednje Like obiluje razli¢itim
vodnim objektima, zbog karakteristika koriStenih po-
dataka, vodna tijela u ovom istraZivanju odnose se samo
na Kruscicko jezero, jezero Stikada s jezerom Ricice te
retenciju na ponornici Obsenica. Time je u obje proma-
trane godine ta klasa povrsinski najmanja (0,4 % 1991.,
0,4 % 2011.). Naime, u promatranom razdoblju nije do$lo
do znacajnih vodnih zahvata te bi se promjene u pro-
matranom razdoblju odnosile na visinu vodostaja.

3.2. Prostorna analiza demografskih kretanja

Temeljna analiza demografske dinamike koja podra-
zumijeva uvid u objavljene podatke svih opéih, odnosno
sluzbenih popisa stanovnistva do sada (1857-2021), pri-
kazana je prethodno u radu (poglavlje 1.2). Time se do-
bio sveobuhvatni pogled na broj¢anu dinamiku,
odnosno demografska kretanja Srednje Like u Sirem
vremenskom okviru te bolje razumijevanje trenutnih
demografskih promjena i procesa u krajoliku. Znacajno
je da je depopulacija podrucja Srednje Like pocela veé
pocetkom 20. stoljeca te da se kontinuirano smanjenje
ukupnog broja stanovnika biljezi od 1931. godine, a pos-
liedice takvog smanjenja ukupnog broja stanovnika od
20. stoljeca su vidljive i u krajoliku kroz prepustanje
zemlje prirodnoj sukcesiji i laganoj reforestaciji (Fuerst-
Bjeli§ i dr. 2000).

Detaljnija demografska analiza Srednje Like prove-
dena je za vremenski okvir 1991-2021 pri ¢emu su pro-
matrane razlike na razini jedinice lokalne samouprave
te naselja. Promatrano tridesetogodi$nje razdoblje obi-
lieZavaju daljnja iseljavanja stanovniStva te demografski
gubitci i posljedice Domovinskog rata (1991-1995) &ime
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su pogorsani prisutni gospodarski i demografski procesi
(npr. Stambuk 1998, Pejnovi¢ 2004, Turk 2009, Zivié
2009, Kristofi¢, 2010, Turk i dr. 2015). Medutim, nesto
pozitivniji trendovi kao $to su povratak dijela stanov-
niStva, koji su iseljeni u druga podrudja Republike Hr-
vatske i u inozemstvo zbog Domovinskog rata (Hamzi¢,
2021a) te znacajno useljavanje stanovnistva iz drugih
susjednih zemalja, ponajviSe iz Bosne i Hercegovine
(Turk i dr. 2015). Dobro je $to je izgradnjom autoceste
Zagreb - Split 2004. godine ponovno u prvi plan doslo i
podrudje Srednje Like.? Pri tome su stvoreni i uvjeti za
vecu zaposlenost, zatim otvaranje poduzetnickih zona
te brzi razvoj turizma, malog poduzetnistva i poljopri-
vrede (Si¢ 2009). Tako je u medupopisnom razdoblju
2001-2011 doslo do laganog porasta broja stanovnika
pojedinih naselja. Medutim, nastavljene su migracije
prema drugim sredistima rada izvan granica svojih jedi-
nica lokalne samouprave, odnosno okvira Srednje Like,
pa je u razdoblju 2001-2011 u 62,82 % naselja zabiljezen
jedan od emigracijskih tipova opleg kretanja stanovnis-
tva (Hamzi¢ 2021a). Kao rezultat navedenog, u svim je
naseljima doslo do pada broja stanovnika (slika 7). Time
je, od kada postoje sluzbeni popisi stanovnistva, u pos-
liednjem popisu (2021.) za ukupno podrudje Srednje Li-
ke zabiljeZen najmaniji broj stanovnika (14 408) i gustoca
naseljenosti (8,5 st/km?), kao i za sve jedinice lokalne sa-
mouprave: Grad Gospic (11 464 stanovnika; 11,9 st/km?),
Opéina Perusi¢ (1 987 stanovnika; 5,2 st/km?) i Opéina
Lovinac (957 stanovnika; 2,8 st/km?) (DZS 2022).

Posljedi¢no se na razini naselja u promatranom raz-
doblju (1991-2021) zapravo moZe pratiti samo intenzitet
smanjenja ukupnog broja stanovnika. S obzirom na to da
trenutacno Lika ima sva obiljeZja ruralne periferije koja
ne iskoriStava svoje prirodne razvojne potencijale (Si-
muni¢ i Turk 2017), u cilju pobolj$anja postojeéeg stanja
bilo bi dobro provesti proces deperiferizacije. Pod tim se
pojmom podrazumijeva uklanjanje perifernih obiljezja
stvaranjem novih centralnih funkcija koje bi omoguéile
zapo§ljavanje i ekonomski razvoj (Turk 2021).

Ipak, kako je vidljivo (slika 7), u najrazvijenijim dije-
lovima jedinica lokalne samouprave, u sjedistima, zabi-
ljeZena su manja smanjenja, tj. povoljnije vrijednosti
indeksa promjene broja stanovnika u odnosu na pripa-
dajude jedinice lokalne samouprave. Time se u proma-
tranom razdoblju uz depopulaciju, koja se biljezi na
cijelom podrudju Srednje Like, zbog nesto povoljnije si-
tuacije u sjediStima jedinica lokalne samouprave, napose

° Naime, primjetno je da prostori s loSijom vremenskom
prometnom dostupnos¢u nerijetko imaju nepovoljnije de-
mografske pokazatelje (Turk i Simunié 2016).
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decrease in the total population can be monitored. Given
that Lika currently has all the features of a rural periphery
that does not exploit its natural development potentials
(Simuni¢ and Turk 2017), it would be good to conduct a pro-
cess of deperipheralization in order to improve the existing
situation. This term implies the removal of peripheral fea-
tures by creating new central functions that would enable
employment and economic development (Turk 2021).

However, as evident in Figure 7, in the most develo-
ped parts of local self-government units, their seats,
smaller reductions were recorded, i.e. more favorable
values of the population change index compared to the
corresponding local self-government units as a whole.
Thus, in the observed period, in addition to depopulati-
on, which is recorded in the entire area of Central Lika,
due to a somewhat more favorable situation in the seats
of local self-government units, particularly in the Town
of Gospi¢1?, deruralisation and urbanisation are actually
also taking place in the area of Central Lika.

Based on the spatial analysis of census data at the
settlement level, it can be stated that the decline in the
total number of inhabitants is more pronounced in pe-
ripheral areas, while in settlements closer to the Town
of Gospi¢ it is less intense. Consequently, along with the
settlements of Novoselo Trnovacko (change index for
1991-2011 is 75.0; and for 1991-2021 it is 83.0) and Bru-
Sane (change index 75.7; 71.2), Gospi¢ (change index
72.9; 70.2) has the least negative indicators, ie. the
lowest decline in the total population during this period.
Also, it can be seen from Figure 7 that settlements closer
to Gospi¢ recorded lower population declines, i.e. more
favorable change indices, such as Li¢ki Osik (change in-
dex for 1991-2011 is 66.3; change index for 1991-2021 is
49.6 ), as well as that according to the last census (from
2021) they recorded a slight increase in population (e.g.
Novoselo Bilajsko recorded a change index of 71.34 for
1991-2011; and of 74.5 for 1991-2021; Smiljan 75.32; 80.0;
Zabica 65.2; 75.6) (DZS 2020a, 2020b, 2022).

In addition to trends in the total population number,
the observation of the development trends of the lands-
cape was also observed in interrelation with the trends
in agrarian population. Deagrarisation has been present
in the area of Central Lika since the mid 20th century
(Pejnovi¢ 1985), and the analysis of census data in the
1991-2011 period found a further reduction in agricul-
tural activity in all towns/municipalities, as well as in
the area of Central Lika as a whole, from 10.4% to 2.7%
(DZS 2021a, 2021b, 2021c) (Figure 8).

10 In the research area, Gospic is the only urban-type settle-
ment and has the highest level of socio-geographical func-
tions: administrative, health-care, educational, cultural, etc.

This can be confirmed at the level of settlements sin-
ce inthe 1991-2001 inter-census period a decrease in the
share of agrarian population was recorded in 68 settle-
ments of Central Lika (DZS 2021a, 2021c)'.. The decrease
in the share of agrarian population is present in most
settlements in Central Lika, while the individual settle-
ments in which there has been an increase in the share
have been traditionally more focused on agriculture.

4 Discussion

By using Landsat multispectral data, more precisely
sets of data related to spring and autumn, for the years
1991 and 2011, this paper determined data classes. Then,
based on a comparison with previously established cla-
sses, i.e. by using the conceptual model of landscape de-
velopment trends of Central Lika (Section 2.3), the
landscape development trends of Central Lika were de-
termined for the 1991-2011 period. Furthermore, by
using the conceptual model of landscape development
trends (described in Section 2.3) in interrelation to de-
mographic inter-census changes, a better insight into
the observed interrelations was obtained. The paper
determined that Unchanged (87.7% of the area) is the
largest development trend in terms of surface area, and
is present in the entire area of Central Lika. However, it
is somewhat less represented in the central area, closer
to the Town of Gospié, but also near Licki Osik and Peru-
$i¢. Namely, the development trends Upbuilding and In-
tensification are represented in the central area.
Upbuilding implies a change into built land during the
observed period. This can determine the connection
between the construction of structures (e.g. residential
buildings) and the least negative indicators related to
the number of inhabitants, and the process of urbanisa-
tion. Upbuilding (1.5 %) is one of the least significant de-
velopment trends in terms of surface area, which is in
line with the presented negative demographic trends,
and in the observed period there was no significant in-
crease in constructed structures. Also, using the data
from satellite images, except for the Zagreb - Split mo-
torway and associated facilities built in 2004, other
newly built roads are less visible.

11 This data cannot be displayed for 2011. Namely, as expla-
ined in Section 2.4, in the census data related to this popu-
lation for 2011, as many as 54 settlements in Central Lika
are marked "Z", which means that they are protected, i.e.
that less than three inhabitants of this settlement are en-
gaged in these activities. Also, for this census year (2011)
the data refer to the activities of agriculture, forestry and
the fisheries, and are not fully comparable with the data of
the two previous censuses (1991, 2001).

1
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u gradu Gospiéu,’® na podrudju Srednje Like zapravo
odvijaju i deruralizacija, odnosno urbanizacija.

Temeljem prostorne analize popisnih podataka na ra-
zini naselja moZe se ustvrditi da je pad ukupnog broja sta-
novnika jaceg intenziteta na rubnim podrudjima, dok je u
naseljima blize gradu Gospi¢u on ipak slabijeg intenziteta.
Posljedi¢no, uz naselja Novoselo Trnovacko (indeks pro-
mjene za 1991-2011 je 75,0; a za 1991-2021 je 83,0) i Brusane
(indeks promjene 75,7; 71,2), u tom razdoblju Gospi¢ (in-
deks promjene 72,9; 70,2) ima najmanje negativne pokaza-
telje, tj. najmanji pad ukupnog broja stanovnika. Takoder,
na slici 7 je vidljivo da naselja blize Gospicu biljeZe manje
padove broja stanovnika, odnosno povoljnije indekse pro-
mjena - Licki Osik (indeks promjene za 1991-2011 je 66,3;
indeks promjene za 1991-2021 je 49,6), kao i da prema pos-
liednjem popisu stanovnistva (iz 2021.) biljeZe blagi porast
stanovnika (npr. Novoselo Bilajsko indeks promjene za
1991-2011 je 71,34; a za 1991-2021 je 74,5; Smiljan 75,32;
80,0; Zabica 65,2; 75,6) (DZS 2020a, 2020b, 2022).

Uz kretanje ukupnog broja stanovnika, razvojni
trendovi krajolika promatrani su i u meduodnosu s kre-
tanjem poljoprivrednog stanovnistva. Deagrarizacija je
na podrudju Srednje Like prisutna od sredine 20. stolje¢a
(Pejnovic 1985), a analizom popisnih podataka je u raz-
doblju 1991-2011 utvrdeno daljnje smanjenje bavljenja
poljoprivrednom djelatnosti u svim gradovima/op¢ina-
ma, kao i na podruéju Srednje Like u cjelini - sa 10,4 %, na
2,7 % (DZS 2021a, 2021b, 2021c) (slika 8).

Navedeno se moZe potvrditi i na razini naselja, pri ¢emu
je u medupopisnom razdoblju 1991-2001 doslo do smanje-
nja udjela poljoprivrednog stanovnistva u 68 naselja Srednje
Like (DZS 2021a, 2021¢)."" Smanjenje udjela poljoprivrednog
stanovnistva prisutno je kod veéine naselja Srednje Like,
dok su pojedina naselja u kojima je doslo do povecanja udje-
la tradicionalno (od ranije) viSe usmjerena na poljoprivredu.

4. Rasprava

Upotrebom multispektralnih podataka Landsata,
tocnije skupova podataka koji se odnose na proljece i

10 Gospié je na podrudju istraZivanja jedino naselje gradskog
tipa i ima najvisi stupanj socio-geografskih funkcija: uprav-
no-administrativne, zdravstvene, obrazovne, kulturne i dr.

11 Taj podatak se ne moze prikazati za 2011. godinu. Naime,
kako je pojasnjeno u poglavlju 2.4, u popisnim podatcima
koji se odnose na ovo stanovnistvo za 2011. godinu je kod
Cak 54 naselja Srednje Like oznaka Z, $to znali da su
zaSti¢eni, odnosno da se tim djelatnostima bavi manje od tri
stanovnika tog naselja. Takoder, kod te popisne godine
(2011.) podatci se odnose na djelatnosti poljoprivrede,
Sumarstva i ribarstva, te nisu u potpunosti usporedivi s
podatcima dva prethodna popisa (1991, 2001).
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jesen za godine 1991. i 2011., u radu su utvrdene klase
podataka. Potom su, temeljem usporedbe prethodno
uspostavljenih klasa, odnosno upotrebom konceptual-
nog modela razvojnih trendova krajolika Srednje Like
(poglavlje 2.3), uspostavljeni razvojni trendovi krajolika
Srednje Like u razdoblju 1991-2011. Nadalje, s pomo¢u
(u poglavlju 2.3) opisanog konceptualnog modela ra-
zvojnih trendova krajolika u meduodnosu s demograf-
skim medupopisnim promjenama dobio se bolji uvid u
promatrane meduodnose. U radu je utvrdeno da je Ne-
promijenjeno (87,7 % povrsine) povrsinski najvedi razvoj-
ni trend koji je zastupljen na cijelom podrucju Srednje
Like. Ipak je neSto manje zastupljen u sredi$njem po-
drudju, blize gradu Gospicu, ali i Lickom Osiku te Perusi-
¢u. Naime, na srediSnjem podrudju je zastupljen
razvojni trend Izgradnja te Intenzifikacija. Izgradnja po-
drazumijeva u promatranom razdoblju promjenu u iz-
gradeno zemljite. Time se moZe utvrditi povezanost
izgradnje objekata (npr. stambeni objekti) i najmanje
negativnih pokazatelja vezanih za broj stanovnika te
procesa urbanizacije. Izgradnja (1,5 %) je jedan od povr-
Sinski najmanjih razvojnih trendova, $to je sukladno
prikazanim negativnim demografskim kretanjima te u
promatranom razdoblju nije doslo do znacajnijeg pove-
¢anja izgradenih objekata. Takoder, na satelitskim
snimkama, osim autoceste Zagreb - Split i pripadajucih
objekata izgradenih 2004. godine, ostale novoizgradene
prometnice su slabije vidljive.

Razvojni trend Intenzifikacija je povrSinski manjeg
udjela (2,8 %) te podrazumijeva promjenu iz trave i
grmlja ili Sume u ratarsko zemljiste. To se ponajvise od-
nosi na prenamjenu travnatog zemljista, odnosno grm-
lja/sukcesije Sume u zemljiSte koja koriste obiteljska
poljoprivredna gospodarstva koja su otvorena u tom
razdoblju i bave se poljodjelstvom i stoCarstvom (Ham-
zi¢ i Fuerst-Bjeli§ 2021). Taj razvojni trend je pretezno
zastupljen bliZe sredi§njem prostoru Srednje Like, gdje
su utvrdena povoljnija, odnosno najmanje negativna
demografska kretanja.

Uz razvojni trend Nepromijenjeno, Ekstenzifikacija i de-
gradacija vegetacije (7,6 %) je povrSinski najzastupljeniji
razvojni trend te, kako je navedeno (poglavlje 3.1), za-
pravo je sadrZan od procesa koji se odnose na sukcesiju
vegetacije prve faze, deforestaciju i reforestaciju, od-
nosno treéu fazu sukcesije vegetacije (Jovani¢ 2017,
Hamzi¢ i Fuerst-Bjeli§ 2021). Znacajni povrsinski udio
toga razvojnog tipa moZe se, izmedu ostalog, povezati s
negativnim demografskim medupopisnim promjenama
prikazanim u radu, odnosno procesom deruralizacije i
deagrarizacije.

Rezultati dobiveni u ovom istraZivanju sukladni su
procesima veéine ruralno gorsko/planinskih podrudja
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The development trend Intensification is of a smaller
share in terms of surface area (2.8%) and implies a chan-
ge from grass and shrubs or forest to arable land. This
mostly refers to the conversion of grasslands and
shrubs/forest succession into land used by family farms
that began operating in this period and are engaged in
agriculture and live-stock breeding (Hamzi¢ and Fuerst-
Bjeli§ 2021).This development trend is mostly represen-
ted closer to the central area of Central Lika, where mo-
re favorable, i.e. the least negative demographic trends
have been identified.

Along with the development trend Unchanged, the
trend Extensification and succession of vegetation (7.6%) is
the most represented development trend in terms of
surface area and, as indicated above (Section 3.1), actu-
ally comprises processes related to the first stage of ve-
getation succession, deforestation and reforestation,
and the third stage of vegetation succession (Jovanié
2017, Hamzi¢ and Fuerst-Bjeli§ 2021). The significant
surface share of this development type can be related,
among other things, to the negative demographic inter-
census changes presented in the paper, i.e. the process
of deruralisation and deagrarisation.

The results obtained in this study are consistent
with the processes of most rural mountainous areas of
the Republic of Croatia. Taking into account that in so-
me studies the process of the neglect of the agricultural
landscape was observed as a consequence of the negati-
ve processes of depopulation (e.g. Kladnik et al. 2009,
Hamzi¢ and Fuerst-Bjeli§ 2021) and population aging
(e.g. Kladnik et al. 2009), in some karst areas, vegetation
succession can still be viewed as a positive process (e.g.
Anici¢ and Perica 2003). This goes to show that proce-
sses related to landscape development can be studies
from different perspectives and aspects by using diffe-
rent types of data, allowing for a better understanding
of development trends and landscape processes.

This study used satellite images and census data, on
the basis of which the relationship between landscape
development trends and demographic inter-census
changes was analyzed. The results obtained should be
considered an important element of spatial models and
spatial and environmental development plans of indivi-
dual regions (for example, physical plans, environmen-
tal impact assessments, development scenarios, etc.),
particularly when the vast majority of settlements can
be expected to continue with their general social, parti-
cularly demographic, processes. A slightly smaller de-
crease in the number of inhabitants can be expected in
the area of the Town of Gospi¢, and a more pronounced
decrease in the municipalities of Perusi¢ and Lovinac.

5 Conclusion

In this paper, an analysis of the relationship between
the development of the Central Lika landscape and demo-
graphic indicators was carried out by using Landsat mul-
tispectral images and CBS census data, as well as selected
appropriate methods of analysis. The approach to the
analysis of these satellite images involved the use of data
sets related to spring and autumn in order to gain a better
insight into objects that have vegetation periods and
change during the year, for both observed years (1991 and
2011). Using the computer program ENVI 4.7, five classes
were defined for each analyzed year (Built land, Forest, Wa-
ter bodies, Arable land, Grass and shrubs). Based on the inter-
relation between the classes for the 1991-2011 period, five
landscape development trends were identified with the
following surface shares: Extensification and succession of
vegetation (7.6 %), Intensification (2.8 %), Upbuilding (1.5 %),
Water bodies (0.4 %).

The final results refer to the combination of data on
landscape development trends and demographic inter-
census changes. It was determined that Upbuilding is
most prevalent in the central area, which is in line with
the least negative demographic indicators (changes in
the number of inhabitants and the share of agrarian po-
pulation), and in accordance with the urbanisation pro-
cesses of the Town of Gospié. Accordingly, it was found
that Intensification is more prevalent in the central area.
On the other hand, Extensification and succession of vegeta-
tion is more prevalent in peripheral areas where the
most negative values of demographic indicators are ex-
pressed (changes in total population and share of agra-
rian population), which is in accordance with the
processes of deruralisation and deagrarisation.

It can be seen from the above that the census data
complement the presentation and understanding of the
general landscape development processes of Central Li-
ka in the observed period. The implementation of de-
mographic indicators, along with data obtained from
satellite images, allowed for the study of the landscape
development of Central Lika to include analyses from
different perspectives and aspects.
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Republike Hrvatske. Uzimajuéi u obzir da je proces za-
pustanja poljoprivrednog krajolika u pojedinim istrazi-
vanjima promatran kao posljedica negativnih procesa
depopulacije stanovnistva (npr. Kladnik i dr. 2009, Ham-
zi¢ i Fuerst-Bjeli§ 2021), odnosno starenja stanovnistva
(npr. Kladnik i dr. 2009), ipak se u pojedinim krskim po-
drudjima vegetacijska sukcesija moZe promatrati kao
pozitivan proces (npr. Ani¢ic i Perica 2003). Time se pro-
cesi povezani s razvojem krajolika mogu istraZivati s
razli¢itih aspekata i upotrebom razlicitih vrsta podataka
pri ¢emu se omogucava bolje razumijevanje razvojnih
trendova, odnosno procesa krajolika.

U ovom istraZivanju su koriStene satelitske snimke i
popisni podatci temeljem kojih je analiziran meduodnos
razvojnih trendova krajolika te demografskih medupo-
pisnih promjena. Dobiveni rezultati bi se trebali uzeti u
obzir kao vaZan element prostornih modela te planova
prostornog i okoli$nog razvoja pojedinih regija (na pri-
mjer prostornih planova, procjena utjecaja na okolis, ra-
zvojnih scenarija i sl.), osobito kada se kod velike veéine
naselja moZe ocekivati nastavak op¢ih drustvenih, oso-
bito demografskih procesa. Pri tome, nesto manje sma-
njenje broja stanovnika moze se ocekivati na podrudju
Grada GospiCa, a izraZenije u opéinama Perusi¢ i Lovinac.

5. Zakljutak

U ovom je radu provedena analiza meduodnosa ra-
zvoja krajolika Srednje Like te demografskih pokazatelja
pri ¢emu s pomoéu multispektralnih snimki Landsata i
popisnih podataka DZS-a te odgovarajuce metode anali-
ze. Pristup analize navedenih satelitskih snimki podra-
zumijevao je, u cilju dobivanja boljeg uvida u objekte
koji imaju vegetacijske periode i mijenjaju se tijekom
godine, za obje promatrane godine (1991 i 2011) upora-
bu skupova podataka koji se odnose na proljece i jesen.
Pri tome je s pomocu ra¢unalnog programa ENVI 4.7 za
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