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Simulation model of land cover changes in a post-socialist
peripheral rural area: Pozega-Slavonia County, Croatia

Simulacijski model promjena zemljisnog pokrova v
postsocijalistickom perifernom ruralnom podrucju:
Pozesko-slavonska zupanija, Hrvatska

Simulation modelling is a useful method for the
explanation and prediction of land use and land cov-
er changes, which are fundamentally interconnected
with broader social and natural elements. Significant
land cover changes, predominantly land abandonment,
occurred in peripheral rural areas across Central and
Eastern Europe after the collapse of socialism. One
such area is Pozega-Slavonia County in Croatia, for
which we modelled land cover changes from 1985 to
2027. 'The prevailing change from 1985 to 2013 was
secondary succession. The simulation model of future
land cover changes was based on cellular automata and
artificial neural networks, and was implemented in the
MOLUSCE plugin for QGIS. Validation of the test
models showed that they more successfully predicted
the quantity (rather than the location) of the changes,
and the post-simulation combination of individual re-
sults slightly improved their agreement with reference
data. The final model predicted that forests would cover
over 60% of the whole area by 2027 if the current neg-
ative demographic and economic trends continue into
the future.
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land use and land cover change, peripheral area,
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Simulacijsko modeliranje korisna je metoda za objas-
njavanje i projekeiju promjena nacina koristenja zemljista
i zemljisnog pokrova, koje su u osnovi povezane sa Sirim
drustvenim i prirodnim elementima. Znacajne promjene
zemlji$nog pokrova, pretezito napustanje zemljista, dogo-
dile su se u perifernim ruralnim podruc¢jima diljem Sre-
disnje i Istoéne Europe nakon raspada socijalizma. Jedno
je takvo podrudje Pozesko-slavonska Zupanija u Hrvat-
skoj, za koju su modelirane promjene zemlji$nog pokrova
od 1985. do 2027. godine. Prevladavaju¢a promjena od
1985. do 2013. bila je sekundarna sukcesija. Simulacij-
ski model budu¢ih promjena zemljisnog pokrova teme-
lien je na Celijskim automatima i umjetnim neuronskim
mrezama i realiziran u dodatku MOLUSCE za QGIS.
Validacija testnih modela pokazala je da su oni to¢nije
predvidali kvantitetu (bolje od lokacija) promjena te da je
naknadna kombinacija individualnih rezultata simulacija
nesto poboljsala njihovo podudaranje s referentnim po-
datcima. Konacni je model predvidio da bi sume mogle
pokrivati vise od 60 % cijelog podrudja do 2027. ako se
trenutni negativni demografski i ekonomski trendovi na-
stave u buduénosti.

Kljuéne rijeci: umjetne neuronske mreze, Celijski
automati, promjene nacina koristenja zemljiSta i
zemljisnog pokrova, periferno podrudje, simulacijski

model, MOLUSCE
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Infroduction

Land use and land cover changes (LULC) result
from the complex interaction of many natural and
social factors (Pijanowski et al., 2002). Understand-
ing the causes and consequences of LULC has be-
come critical because they impact biodiversity, car-
bon dynamics, climate, hydrology, and livelihoods
(Memarian et al., 2012).

Global trends of LULC can be divided into two
opposite categories: intensification (agricultural
expansion, urbanisation, deforestation, etc.) and
extensification (land abandonment, afforestation,
etc.) (Diaz et al., 2011). Polarisation of these trends
is the most common on agricultural land, which
represents the largest terrestrial biome. There is a
consensus that agricultural intensification gener-
ates land degradation and reduces the quality and
quantity of the services that ecosystems provide to
humanity. However, the abandonment or extensifi-
cation of agriculture yields two-sided consequences
(Rey Benayas et al., 2007). Negative consequences
of extensification include the disappearance of tra-
ditional farming practices, long-term loss of habi-
tats of high ecological value, higher probability of
wildfires, invasion of exotic species, food insecurity
(Diaz et al., 2011), reduction of biodiversity, loss of
landscape identity, etc. (Ruskule et al., 2012). Some
of the positive consequences are improved hydro-
logical regulation, soil recovery and erosion mitiga-
tion, higher water quality, increased fertility, fungal
biomass and decomposer activity, and carbon se-

questration (Rey Benayas et al., 2007).

These consequences are not always relevant in
all parts of the world or are only relevant at small
scales (Rey Benayas et al., 2007). Nowadays, the
biodiversity of semi-natural agricultural land in
Europe is almost as valuable as wild biodiversity. A
central issue of Europe’s traditional cultural land-
scapes is their instability, i.e. their dependence on
a medium degree of human impact. If land use is
abandoned, traditional landscapes will be displaced
by spontaneous secondary succession. Conversely,
human impact that is too intensive will lead to the
conversion of traditional landscapes into more sim-
plified landscapes (Plieninger et al., 2006). Since
the mid-twentieth century, European peripheral
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Uvod

Promjene nacina koristenja zemljista i zemljisnog
pokrova (engl. LULC) rezultat su sloZenog odnosa
izmedu mnostva prirodnih i drustvenih ¢imbenika
(Pijanowski i dr., 2002). Razumijevanje uzroka i po-
sljedica tih promjena postalo je vazno jer one utjecu
na bioraznolikost, dinamiku ugljika, klimu, hidrolo-
giju i zivot ljudi (Memarian i dr., 2012).

Globalni trendovi spomenutih promjena mogu se
podijeliti na dvije suprotne kategorije: intenzifikaciju
(poljoprivredna ekspanzija, urbanizacija, deforestacija
itd.) i ekstenzifikaciju (napustanje zemljista, aforesta-
cija itd.) (Diaz i dr., 2011). Polarizacija tih trendova
najceséa je na poljopriviednom zemljistu, najvecem
svietskom stanistu. Postoji konsenzus o tome da
poljoprivredna intenzifikacija uzrokuje degradaciju
zemljiSta te smanjuje kvalitetu i kvantitetu usluga
koje ekosustavi pruzaju ¢ovjecanstvu. Medutim, na-
pustanje ili ekstenzifikacija poljoprivrede ima dvojne
posljedice (Rey Benayas i dr., 2007). Negativne po-
sljedice ekstenzifikacije ukljucuju nestanak tradicio-
nalnih poljoprivrednih djelatnosti, dugoro¢ni gubitak
stanista visoke ekoloske vrijednosti, pove¢anu vjero-
jatnost sumskih pozara, invaziju egzoti¢nih vrsta, ne-
sigurnost hrane (Diaz i dr.,, 2011), smanjenje biora-
znolikosti, gubitak identiteta krajolika itd. (Ruskule
idr., 2012). Neke od pozitivnih posljedica su pobolj-
$ana hidroloska regulacija, oporavak tla i sprecavanje
erozije, povecanje kvalitete vode, povec¢ana plodnost,
biomasa gljiva i aktivnost razlagaca te sekvestracija

ugljika (Rey Benayas i dr., 2007).

Spomenute posljedice nisu jednako relevantne
u svim podrudjima svijeta ili su relevantne u sitnim
razmjerima (Rey Benayas i dr., 2007). Danas je bi-
oraznolikost poludivljih poljoprivrednih zemljista
u Europi vazna gotovo kao bioraznolikost divljine.
Sredi$nji je problem europskih tradicionalnih kultur-
nih pejzaza njihova nestabilnost, tj. ovisnost o umje-
renom ljudskom utjecaju. Ako se zemljiste napusti,
tradicionalne ¢e pejzaze zamijeniti spontana sekun-
darna sukcesija. Suprotno, preintenzivan ljudski utje-
caj dovest ¢e do transformacije tradicionalnih pejzaza
u jednostavnije pejzaze (Plieninger i dr., 2006). Od
sredine dvadesetog stolje¢a europska su periferna
ruralna podrudja izgubila dosta svoga poludivljega
poljoprivrednog zemljista, a simulacijski su modeli



rural areas have lost much of their semi-natural
agricultural land, and simulation models have pre-
dicted the continuation of this trend in the coming
decades (Navarro and Pereira, 2012; Ruskule et al.,
2012).

The interest in researching European peripheral
areas is also visible in numerous rural typologies.
Newer examples include typologies from Croatia
(Luki¢, 2012), the Czech Republic (Klufovi, 2016),
Hungary (Beluszky and Sikos, 2008), Moldavia
(Tudora, 2009), Poland (Banski and Mazur, 2016),
Russia (Mikhaylova et al., 2015), and Slovenia (Co-
sier et al., 2014). They indicate that rural areas with
different developmental obstacles occupy a signifi-
cant part of national territory. Although peripher-
al rural areas are certainly not a unique feature of
Central, Eastern, and Southeast Europe, their spec-
ificity is their composition: not only remote or areas
with natural disadvantages but also the so-called
internal rural peripheries (TA, 2011). This unique
type of countryside is described as an area with
poor accessibility and scarcity of more developed
urban central settlements. Many of them are char-
acterised by weak local economies and lack of job
opportunities for young people. Negative demo-
graphic processes progress, particularly out-migra-
tion and ageing of the population (TA, 2011). As a
consequence, land is usually abandoned, resulting in
secondary succession and afforestation.

Although rural depopulation had already start-
ed in 19* century in karst peripheral areas, the or-
igin of systematic problems in Croatian rural areas
can be traced to the socialist period. General and
agrarian policies became unfavourable for farmers’
private properties, which, along with long-term
depopulation, deagrarianisation, and pauperisation,
resulted in their social and economic impoverish-
ment. The Croatian War of Independence and the
collapse of socialism in the 1990’ caused massive
socio-economic and institutional changes (Lukié,
2012). The period of transition to a market econ-
omy was characterised by economic crisis, depopu-
lation, unsuccessful privatisation, and deterioration
of the sectoral structure (Pejnovi¢ and Kordej-De
Villa, 2015). The aforementioned conditions and
processes influenced land abandonment and af-
forestation (Cvitanovié et al., 2016).

predvidjeli nastavak toga trenda u idué¢im desetljeci-

ma (Navarro i Pereira, 2012; Ruskule i dr., 2012).

Zanimanje za istrazivanje europskih perifernih
podrudja takoder je uocljivo u brojnim ruralnim ti-
pologijama. Noviji primjeri ukljucuju tipologije iz
Hrvatske (Luki¢, 2012), Ceske (Klufovi, 2016), Ma-
darske (Beluszky i Sikos, 2008), Moldavije (Tudora,
2009), Poljske (Baniski i Mazur, 2016), Rusije (Mi-
khaylova i dr., 2015) i Slovenije (Cosier i dr., 2014).
One upucuju na to da ruralna podrudja s razlicitim
razvojnim preprekama zauzimaju znacajan udio na-
cionalnog teritorija. Iako periferna ruralna podrucja
sigurno nisu jedinstveno obiljezje Hrvatske, Isto¢ne
i Jugoistoéne Europe, njihova je posebnost u tome
§to ne obuhvacaju samo udaljena podrucja ili pod-
rudja s prirodnim nepogodnostima nego i takozvane
unutarnje ruralne periferije (TA, 2011). Ovaj jedin-
stveni tip ruralnog prostora opisuje se kao podrucje
sa slabom dostupnoséu i nedostatkom razvijenijih
urbanih centralnih naselja. Mnoge od njih karakte-
rizira slaba lokalna ekonomija i nedostatak poslovnih
prilika za mlade ljude. Negativni demografski procesi
napreduju, napose emigracija i starenje stanovni§tva
(TA, 2011). Kao posljedica toga zemljiste se obi¢no
napusta, rezultiraju¢i sekundarnom sukcesijom i afo-
restacijom.

Tako je ruralna depopulacija pocela ve¢ u 19. sto-
lje¢u u krskim perifernim podru¢jima, podrijetlo su-
stavnih problema u hrvatskim ruralnim podrudjima
moze se pratiti do socijalistickog razdoblja. Op¢a i
agrarna politika postale su nepovoljne za privatna
poljoprivredna gospodarstva, $to je s dugoro¢nom
depopulacijom, deagrarizacijom i osiromasivanjem
rezultiralo njihovim socijalnim i ekonomskim sla-
bljenjem. Domovinski rat i raspad socijalizma 1990-
ih uzrokovao je duboke socio-ekonomske i institu-
cijske promjene (Luki¢, 2012). Razdoblje tranzicije
prema trzi$noj ekonomiji odlikovalo se ekonomskom
krizom, depopulacijom, neuspjesnom privatizacijom
te narusavanjem sektorske strukture (Pejnovié¢ i Kor-
dej-De Villa, 2015). Prethodno spomenuti uvijeti i
procesi uvjetovali su napustanje zemljiSta i aforesta-
ciju (Cvitanovié¢ i dr., 2016).

Promjene nacina koriStenja zemljista i zemljis-
nog pokrova u postsocijalistickim drzavama Srednje

i Isto¢ne Europe bile su zanimljiva istrazivacka tema

posljednjih nekoliko godina. Nakon raspada socija-
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LULC in post-socialist Central and Eastern Eu-
ropean countries has been an interesting research
topic during the last few years. After the collapse
of the socialism in these countries, one of the main
LULC trends was decrease in agricultural land use
due to extensification, land abandonment and af-
forestation from one side, or suburbanisation on the
other (Viclavik and Rogan, 2009; Baumann et al,,
2012; Alcantara et al., 2013; Griffiths et al., 2013).
Similar studies have been conducted in the area of
northern Croatia (Horvat, 2013; Cvitanovi¢ et al.,
2016; Jogun et al., 2017), where similar trends and
driving forces of LULC were detected, like in the
previously mentioned papers. The methodology
of those papers was based on analysis of historical
LULC, while this study aims to extend them using
predictive simulation models of LULC. Namely,
simulation models are one of the most effective tools
to study LULC, and they can additionally support
land use planning and policy (Verburg et al., 2004).
Many simulation models have been created during
the two last decades, under initiatives like the Land
Use and Land Cover Change Project of the Inter-
national Geosphere-Biosphere Program (IGBP),
and International Human Dimensions Program
(IHDP) (Han et al., 2015). Most of the empirical
studies employing LULC simulation models have
dealt with dynamic areas that have undergone sig-
nificant LULC such as deforestation, expansion of
built-up areas and pressure on agricultural land due
to urbanisation, population growth, and economic
development in the last few decades (Pontius et al.,
2008). This research will offer new insights on the
performance of LULC simulation model in a post-
war and post-socialist rural area, which can be ap-
plied to similar studies in the future.

The main goals of the study were to: (1) detect
historical LULC and create a stochastic simulation
model of LULC for one post-socialist peripheral
rural region: a case study of Pozega-Slavonia Coun-
ty from 1985 to 2027; (2) ascertain the relationship
between complex rural typology and LULC in the
case-study area; (3) assess suitability of artificial
neural networks and cellular automata for modelling
complex and nonlinear LULC; and (4) examine the
potential of the LULC simulation model for the cre-
ation of development scenarios in the research area.
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lizma u tim drzavama, jedan od vodecih trendova u
LULC-u bilo je smanjenje poljoprivrednog nacina
koristenja zemljista zbog ekstenzifikacije, napusta-
nja zemljista i aforestacije s jedne strane ili subur-
banizacije s druge strane (Viclavik i Rogan, 2009;
Baumann i dr., 2012; Alcantara i dr., 2013; Grifhiths
i dr.,, 2013). Sli¢na su istraZivanja provedena na po-
drudju sjeverne Hrvatske (Horvat, 2013; Cvitanovi¢
idr., 2016; Jogun i dr., 2017), gdje su utvrdeni sli¢ni
trendovi i pokretaci navedenih promjena kao u pret-
hodnim istrazivanja. Metodologija tih istrazivanja
temeljena je na analizi povijesnih promjena nacina
koristenja zemljista i zemljisnog pokrova, dok ih ovo
istrazivanje nastoji prosiriti uporabom predikcijskih
simulacijskih modela. Naime, simulacijski modeli
su jedan od najudinkovitijih alata za proucavanje
LULC-a, a mogu i dodatno poduprijeti planiranje
i politiku nacina koriStenja zemljista (Verburg i dr.,
2004). Mnostvo simulacijskih modela stvoreno je
tijekom posljednjih dvaju desetlje¢a, u inicijativama
kao $to su Land Use and Land Cover Change Pro-
Ject of the International Geosphere—Biosphere Program
(IGBP) i International Human Dimensions Program
(IHDP) (Han i dr., 2015). Ve¢ina empirijskih istra-
Zivanja temeljenih na simulacijskim modelima LU-
LC-a bavila su se dinami¢nim podruéjima koja su
prosla znacajne promjene kao §to su urbanizacija,
porast stanovnistva te ekonomski razvoj u posljed-
njih nekoliko desetljec¢a (Pontius i dr., 2008). Ovo ¢e
istrazivanje ponuditi nov uvid u izvedbu simulacij-
skog modela LULC-a u poslijeratnom i postsocija-
listickom ruralnom podruéju, koji se moze primije-
niti na sli¢na istraZivanja u buduénosti.

Glavni ciljevi ovog istrazivanja bili su: (1) utvrditi
povijesne promjene nacina koristenja zemljista i ze-
mljisnog pokrova i stvoriti njihov stohasti¢ni simu-
lacijski model za jednu postsocijalisticku perifernu
ruralnu regiju — studiju slucaja Pozesko-slavonske
Zupanije od 1985. do 2027., (2) utvrditi povezanost
izmedu kompleksne ruralne tipologije i promje-
na nacina koristenja zemljista i zemljisnog pokrova
u podrudju studije slucaja, (3) utvrditi pogodnost
umjetnih neuronskih mreza i Celijskih automata za
modeliranje kompleksnih i nelinearnih promjena na-
Cina koristenja zemljista i zemljiSnog pokrova i (4)
ispitati potencijal njihova simulacijskog modela za

izradu razvojnih scenarija u podrudju istrazivanja.



Research area and data

Pozega-Slavonia County, as a marginal rural area
with diverse landscape features (lowlands vs moun-
tains), and turbulent social conditions in the recent
decades (fall of socialism, war, transition, and EU
entrance) is a fine example for modelling land cover
changes in similar areas of Central and Eastern Eu-
rope. It is located in the western part of the histor-
ical region of Slavonia, in eastern Croatia (Fig. 1).
With a surface of 1823 km? (CBS, 2015) and com-
posite development index of 32.8% of the national
average (Pejnovi¢ and Kordej-De Villa, 2015), it is
one of the smallest and the most underdeveloped
Croatian counties.

According to physical-geographic regionalisation,
Pozega-Slavonia County is part of the Pannonian

Podrucje istrazivanja i podatci

Pozesko-slavonska zupanija, kao marginalno ru-
ralno podrudje s raznolikim reljefnim obiljeZjima
(nizine nasuprot gorama) te turbulentnim socijal-
nim uvjetima posljednjih desetljec¢a (pad socijaliz-
ma, rat, tranzicija i pristup EU) dobar je primjer za
modeliranje promjena zemljisnog pokrova u sli¢-
nim podrudjima Srednje i Isto¢ne Europe. Smjeste-
na je na zapadnom dijelu povijesne regije Slavonije,
u isto¢noj Hrvatskoj (sl. 1). Povr§inom od 1823 km?
(CBS, 2015) i kompozitnim razvojnim indeksom
od 32,8 % nacionalnog prosjeka (Pejnovi¢ i Kor-
dej-De Villa, 2015) jedna je od najmanjih i najsla-

bije razvijenih hrvatskih Zupanija.

Prema fizickogeografskoj regionalizaciji Pozes-
ko-slavonska zupanija pripada panonskoj mega-
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Fig. 1 Geographic location and features of Pozega-Slavonia County, Croatia

SI. 1. Geografski polozaj i obiliezja Pozesko-slavonske zupanije, Hrvatska

Source: according to EU-DEM; DARH, 2005
lzvor: prema EU-DEM; DARH, 2005
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Mega-Region, comprising two distinct units: the
Pozega Basin and the Pakrac-Lipik area (Bognar,
1999). The Pozega Basin is surrounded by old moun-
tains—Psunj, Papuk, Krndija, Pozeska Gora, and Dilj,
which are covered with forests. In the central part of
the basin real lowlands formed on quaternary deposits
prevail, which are favourable for agriculture.

Pozega-Slavonia County had 78,034 inhabitants
in 2011, a respective general population density of 43
persons per square kilometre, which was less in com-
parison to 76 persons per square kilometre in Croatia
as awhole. The number of settlements was large (277),
as a consequence of traditional agrarian exploitation,
and historical and natural conditions. Most of the
settlements had populations less than 200, and 15 of
them were unpopulated. The share of the urban pop-
ulation was 41.6%, which was also below the Croatian
average of 56%, confirming the rural characteristics
of the area (CBS, 2011). The Pozega Basin has a very
long history of human inhabitation, and until the sec-
ond half of the 20™ century, it had been attractive for
many immigrants. However, since the 1971 popula-
tion census, this area has been losing population. The
western part of the county was particularly struck by
the Croatian War of Independence (1991-1995), the
negative demographic and economic repercussions of
which are still being felt today. Moreover, the negative
trends of ageing and depopulation are set to under-
mine the demographic situation in the future (Njegag,
2012).

The temporal frame of the research was influenced
by data availability, research methodology, and deep
changes in the political and economic system that oc-
curred in the research area. The base year for the test
model was 1985, the launch year was 1999, and the
target year for simulation was 2013. The final model
had its base in 1999, the launch year was 2013, and
the target year was 2027.

The main data source was multispectral satellite
images acquired by the Landsat mission, which were
downloaded from the USGS EarthExplorer service.
The criteria for their selection were: coverage of the
same research area; availability of all bands (Level
1 Data Product); cloud-free scene; the same season
(summer) for phenological consistency; and equal
and sufficient periods between images. The earliest
images were acquired by Landsat 5 TM on August
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regiji, obuhvacajuéi dvije razlicite cjeline: Pozes-
ku kotlinu i pakracko-lipicko podruéje (Bognar,
1999). Pozesku kotlinu omeduju stare gore: Psunj,
Papuk, Krndija, PozZeska gora i Dilj-gora, koje su
prekrivene Sumama. U sredi$njem dijelu kotline
prevladava pravi nizinski reljef formiran na kvar-
tarnim naslagama, $to je povoljno za poljoprivre-

du.

Pozesko-slavonska zupanija imala je 2011.
godine 78 034 stanovnika, odnosno opéu gusto-
¢u naseljenosti 43 stan./km?, §to je bilo manje u
odnosu na 76 stan./km? u cijeloj Hrvatskoj. Broj
naselja je velik (277), kao posljedica tradicional-
noga agrarnog iskoristavanja, povijesnih i prirod-
nih uvjeta. Vedina je naselja imala manje od 200
stanovnika, a njih 15 nije imalo stanovnika. Udio
gradskoga stanovni§tva bio je 41,6 %, sto je tako-
der bilo ispod hrvatskog prosjeka od 56 %, potvr-
dujudi ruralna obiljezja prostora (CBS, 2011). Po-
zeska kotlina ima vrlo dugu povijest naseljenosti
pa je sve do 18. stoljeca bila privla¢na za doselja-
vanje. Medutim, nakon popisa stanovnistva 1971.
ovo podrudje gubi stanovnistvo. Zapadni dijelovi
Zupanije osobito su bili pogodeni Domovinskim
ratom (1991. - 1995.), ¢ije se posljedice osjecaju i
danas. K tomu, negativni trendovi starenja i depo-
pulacije narusavat ¢e demografsku sliku u budu¢-

nosti (Njegag, 2012).

Vremenski okvir istrazivanja bio je uvjetovan
dostupnoséu podataka, metodologijom istraziva-
nja i dubokim promjenama u politickom i gospo-
darskom sustavu koje su se dogodile u podrudju
istrazivanja. Ishodisna godina za testni model bila
je 1985., pokretacka godina bila je 1999., a cilj-
na godina simulacije bila je 2013. Kona¢ni model
imao je ishodiste u 1999., a pokrenut je od 2013. s
ciljem prema 2027. godini.

Glavni izvor podataka bile su multispektralne
satelitske snimke prikupljene misijom Landsat,
koje su preuzete sa servisa USGS EarthExplorer.
Kriteriji za njihov izbor bili su: obuhvacanje pod-
rudja istrazivanja, dostupnost svih kanala (Leve/ 1
Data Product), scena bez oblaka, jednako godisnje
doba (ljeto) radi fenoloske uskladenosti te jednaka
i dovoljno duga razdoblja izmedu snimanja. Naj-
ranije snimke prikupio je Landsat 5 TM 10. kolo-
voza 1985., drugi set je prikupio Landsat 7 ETM+



10%, 1985; the second set was acquired by Landsat
7 ETM+ on August 9, 1999; and the most recent
images were acquired by Landsat 8 OLI TIRS on
August 7%, 2013. The images were downloaded in
GeoTIFF format in 30 m spatial resolution, already
georeferenced and georectified in the WGS 84 UTM
33N coordinate system. Thermal and panchromatic
bands were not used.

The digital terrain model, from which natural
variables for the simulation model were derived, was
retrieved from the European Environmental Agency.
Its original spatial resolution was 25 m and its pro-
jection ETRS89 LAEA, so it was resampled to 30 m
by the nearest neighbour method and re-projected to
WGS 84 UTM 33N. The data on areas suspected to
be mined were retrieved from the Croatian Mine Ac-
tion Centre. Administrative boundaries were obtained
from the Digital Atlas of the Republic of Croatia.
Ancillary spatial data were: the Croatian Base Map
in the scale of 1:5000 in the period of 1980-1990, the
topographic map in the scale of 1:25,000 in the pe-
riod of 2001-2003, and the Digital orthophoto map
in the scale of 1:5000 from 2011 via the State Geo-
detic Administration Geoportal Web Mapping Ser-
vice; aerial photogrammetric images from 2001 were
bought from the State Geodetic Administration; and
high-resolution satellite images were acquired by the
SPOT 6 in 2013 via the Open Layers service. Statis-
tical data were obtained from the 2001 Census and
the 2011 Census of the Croatian Bureau of Statistics.

Methods

Land cover classification

The classification scheme consisted of five classes:
water; built-up; crops and soil; grass and shrubs; and
forest. The scenes were classified using the supervised
method in Semi-Automatic Classification Plugin
tor QGIS, using the maximum likelihood algorithm.
Training samples for classes were chosen on the basis
of “true colour” (red, green, and blue bands) and “false
colour” RGB composites (bands from the infrared and
visible parts of the spectrum), and with more accu-
rate ancillary data. Regarding the fact that the class
of built-up land usually gets the most mixed up with

9. kolovoza 1999. godine, a najnovije snimke pri-
kupio je Landsat 8 OLI TIRS 7. kolovoza 2013.
godine. Snimke su preuzete u Geo TIFF formatu s
prostornom rezolucijom 30 metara, unaprijed ge-
oreferencirane i georektificirane u koordinatnom
sustavu WGS 84 UTM. Termalni i pankromatski

kanali nisu bili upotrijebljeni.

Digitalni model reljefa koji je sluzio u simu-
lacijskom modelu za izvodenje prostornih ¢im-
benika preuzet je s internetske stranice Europske
agencije za okoli§. Njegova izvorna prostorna re-
zolucija bila je 25 m, a projekcija ETRS89 LAEA,
zbog Cega je preuzorkovan na 30 m metodom naj-
blizega susjeda u projekciju WGS 84 UTM 33N.
Podatci o minski sumnjivim podruéjima dobiveni
su od Hrvatskog centra za razminiranje, a admini-
strativne granice potjecu iz Digitalnog atlasa RH.
Dodatni prostorni podatci sluzili su za kontrolu
klasifikacije: hrvatska osnovna karta u mjerilu
1:5000 iz 1980.—-1990. godine, topografska karta
u mjerilu 1 : 25.000 iz 2001. - 2003. godine i digi-
talna ortofoto karta u mjerilu 1 : 5000 iz 2011. go-
dine preko WMS-a Geoportala Drzavne geodet-
ske uprave, aerofotogrametrijske snimke iz 2001.
godine kupljene od Drzavne geodetske uprave i
satelitske snimke visoke rezolucije iz 2013. godine
snimljene satelitom SPOT 6 preko servisa Open
Layers. Statisticki podatci preuzeti su iz Popisa
stanovnistva 2001. i 2011. godine Drzavnog za-
voda za statistiku.

Meode

Klasifikacija zemljisnog pokrova

Klasifikacijska shema sastojala se od pet klasa:
voda; izgradeno; usjevi i tlo; trava i Sikara; Suma.
Scene su klasificirane nadziranom metodom u
dodatku Semi-Automatic Classification Plugin za
QGIS, uporabom algoritma maximum likelihood.
Uzorci za treniranje izabrani su na temelju tzv.
true colour (crveni, zeleni 1 plavi kanal) 1 false colo-
ur RGB kompozita (kanali iz infracrvenog dijela
spektra) te iz tocnijih dodatnih podataka. S obzi-
rom na to da se klasa izgradenog zemljista obic-
no mijesa s drugim klasama jer obuhvaéa mozaik
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the other classes because it incorporates a mosaic of
buildings, vegetation, and soil, the classification was
conducted separately for built-up and for other land,
following recommendations from Horvat (2013). In
this procedure, the built-up land was manually delin-
eated from ancillary data. After finishing the entire
classification, modal filtering with a 3 x 3-pixel neigh-
bourhood size was carried out to reduce noise.

Reference samples for the classification accuracy
assessment were determined independently from the
classification results and training samples, by the same
method used for the training samples. The quantita-
tive measures of accuracy were omission, commission,
and overall agreement, instead of a deficient Kappa

coefficient (Pontius and Millones, 2011).

Simulation of land cover changes

The simulation model of LULC in this research
was conducted in MOLUSCE (Modules for Land
Use Change Evaluation), which is an open-source
plugin for QGIS (MOLUSCE, 2018). The plugin
implements the following functionalities: takes
input data of land cover categories and explana-
tory variables; trains LULC model using input
data and well-known algorithms; predicts future
LULC based on the training input; and performs
validation of results based on reference data from
the past (GIS-Lab, 2018).

For modelling LULC transition potential, four
algorithms can be used, i.e. artificial neural net-
work (ANN), logistic regression, weight of evi-
dence, and multi-criteria evaluation (MOLUSCE,
2018). We selected results from ANN multi-layer
perceptron because they had the highest accuracy
compared to the other algorithms.

ANNS are a form of machine learning that is
used increasingly because of advances in comput-
ing performance and the increased availability of
flexible software (Pijanowski et al., 2002). It is one
of the most successful systems in remote sensing
used for land cover classification (Gagparovi¢ and
Jogun, 2018), and modelling LULC. It is very
good at coping with incorrect and poor data, and
capturing complex non-linear features in model-
ling processes (Li and Yeh, 2002). ANNs consist
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zgrada, vegetacije i tla, klasifikacija je provedena
odvojeno za izgradeno i ostalo zemljiste, prema
preporuci u Horvat (2013). U tom je postupku
ru¢no izdvojeno izgradeno zemljiste iz dodatnih
podataka. Nakon konac¢nog klasificiranja nacinje-
no je modalno filtriranje s prozorom 3 x 3 Celije
kako bi se smanjio $um.

Referentni uzorci za testiranje tocnosti klasifi-
kacije odredeni su neovisno o rezultatima klasifi-
kacije i uzorcima za treniranje, jednakom meto-
dom kao uzorci za treniranje. Kvantitativne mjere
to¢nosti bile su pogreske iskljucenja i ukljucenja te
ukupno slaganje, umjesto manjkavog kapa koefici-

jenta (Pontius i Millones, 2011).

Simulacija promjena zemljisSnoga pokrova

Simulacijski model promjena nacina koristenja
zemljiSta i zemljiSnog pokrova u ovom je istraziva-
nju realiziran u MOLUSCE-u (Modules for Land
Use Change Evaluation), koji je dodatak otvorenog
koda za QGIS (MOLUSCE, 2018). Dodatak posje-
duje sljedeée funkcionalnosti: uzima ulazne podatke
kategorija zemljiSnog pokrova i eksplanatornih va-
rijabla, trenira model uporabom ulaznih podataka
i poznatih algoritama, predvida buduée promjene
nacina koristenja zemljista i zemljisnog pokrova na
temelju treninga i izvodi validaciju rezultata pomocu

referentnih podataka iz proslosti (GIS-Lab, 2018).

Za modeliranje tranzicijskog potencijala LU-
neuronske mreze (ANN), logisticka regresija, teZzina
dokaza i multikriterijsko vrednovanje (MOLUSCE,
2018). Ovdje su izabrani rezultati algoritma ANN
multi-layer perceptron jer su imali najvi$u to¢nost u

usporedbi s drugim algoritmima.

ANN je oblik strojnog ucenja koji se sve vise rabi
zbog napretka ra¢unala i povecane dostupnosti flek-
sibilnih softvera (Pijanowski i dr., 2002). ANN je je-
dan od najuspjesnijih sustava u daljinskim istraziva-
njima koji se primjenjuje za klasifikaciju zemljisnog
pokrova (Gagparovi¢ i Jogun, 2018) i modeliranje
promjena nacina KkoriStenja zemljita i zemljisnog
pokrova. Vrlo se dobro nosi s neto¢nim i nepotpunim
podatcima te kompleksnim nelinearnim obiljezjima



of layers and neurons that imitate the structure
of the human brain and its ability to sort patterns
and learn from trials and errors, thus observing re-
lationships in data (Pijanowski et al., 2002). The
most widely used form of ANN is the multi-layer
perceptron (MLP), described by Rumelhart et al.
(1986).

The MOLUSCE plugin uses classical realisa-
tion of an MLP ANN with backpropagation. It
performs initial preprocessing of the input data
(dummy coding of categorical variables into a set
of independent variables, and normalisation of
factor variables), sampling, and training (GIS-Lab,
2018). For each model, there were 1000 randomly
selected samples based on 1-size Moore neigh-
bourhood (3 x 3 window size).

In the backpropagation algorithm, momentum
is used for the learning procedure, and weights
corrections are calculated as:

wn+1) =rxdwn)+mxxdwn—-1) (1)

where w is a vector of neuron weights, dw is a
vector of weights changes, 7 is an iteration number,
7 is learning rate, 72 is momentum. Training set is
divided into learning set (80% of samples) and vali-
dation set (20% of samples). Learning is stochastic,
where a random sample is selected from the learn-
ing set, and the weights of the network are updated
during forward/backward propagation. A fitting

error for a sample is calculated as:
(2

ti_oi
d

E =

where E is a sample error, 7, is the target val-
ue of a output neuron for given sample, o, is the
real output value of the neuron,  is the count of
output neurons (GIS-Lab, 2018). Models in this
research were trained with learning rate and mo-
mentum parameters set to 0.001 in order to stabi-
lise the learning graph. A number of iterations was
set to 200 in order to avoid problems with model
over-fitting.

Simulation step is performed with Cellular au-
tomata (CA), which is the most well-known LULC
concept. The main idea of CA is that LULC can

be explained by the current state of a “cell” and its

u procesu modeliranja (Li i Yeh, 2002). ANN se sa-
stoji od slojeva i neurona koji oponasaju strukturu
ljudskog mozga i njegovu sposobnost sortiranja uzo-
raka i ucenja iz pokusaja i pogresaka uocavajuéi tako
veze u podatcima (Li i Yeh, 2002). Najrasireniji oblik
ANN-a u praksi je multi-layer perceptron (MLP),
koji su opisali Rumelhart i dr. (1986).

Dodatak MOLUSCE upotrebljava klasi¢nu rea-
lizaciju MLP ANN-a s povratnim preno$enjem. On
izvodi pocetnu predobradu ulaznih podataka (naiv-
no kodiranje kategorijskih varijabli u skup nezavi-
snih varijabli te normalizacija faktorskih varijabli),
uzorkovanje i treniranje (GIS-Lab, 2018). Za svaki
je model nasumi¢no izabrano po 1000 uzoraka te-
meljenih na Mooreovu susjedstvu velic¢ine 1 (veli¢ina
prozora 3 x 3).

U aIgoritmu povratnog prenosenja momentum se
rabi za proces ucenja, a popravke tezina racunaju se
kao:

wn+1)=rxdwn)+mx+dwn-1) (1)

gdje je w vektor tezina neurona, dw je vektor te-
Zina promjena, 7 je broj iteracija, 7 je stopa ucenja,
m je momentum. Skup za treniranje podijeljen je
na skup za ucenje (80 % uzoraka) i skup za valida-
ciju (20 % uzoraka). Ucenje je stohasti¢no, pri ¢emu
se bira slucajni uzorak iz skupa za ucenje, a tezine
mreZe azuriraju se tijekom unaprijednog/povratnog
prenosenja. Pogreska kalibracije za uzorak racuna se
kao:

ti_oi
d

E = 2)

gdje je E pogreska uzorka, 7 je ciljna vrijednost
izlaznog neurona za dani uzorak, o, je stvarna izla-
zna vrijednost neurona, d je broj izlaznih neuro-
na (GIS-Lab, 2018). Modeli u ovom istrazivanju
trenirani su sa stopom ucenja i momentumom
postavljenim na 0,001 kako bi se stabilizirao graf
ucenja. Broj iteracija postavljen je na 200 kako bi
se izbjegao problem s pretjeranom kalibracijom
modela.

Korak simulacije izvodi se ¢elijskim automatima
(CA), koji su najpoznatiji koncept LULC-a. Osnovna
je ideja celijskih automata da se promjene nacina ko-
ri$tenja zemljista i zemljisnog pokrova mogu objasni-
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changes in the neighbourhood (van Schrojenstein
Lantman et al., 2011).

The CA implemented in MOLUSCE takes as
input the next data: initial state raster (current land
cover categories); factor rasters (explanatory varia-
bles); and model (transition potentials that are the
output of an algorithm, e.g. an ANN). The simula-
tor takes transition probabilities from the transition
matrix, calls a model, and feeds it with initial state
and factor rasters. The model calculates transition
potentials of every transition class, and the simula-
tor constructs a raster of the most probable transi-
tions. For every transition class in the raster of the
most probable transitions, the simulator searches a
needed count of pixels with the greatest certainty
and changes the category of the pixels (GIS-Lab,
2018). Simulations in this research were performed
in two iterations, meaning that the described pro-
cedure was repeated with the first simulated map as
the initial state map for the second iteration. Be-
cause the model integrates CA and ANN, it will be
referenced as CA-ANN in the rest of the paper.

Calibration and validation are essential elements
of the simulation model. A clear distinction between
these terms was made in Pontius et al. (2004). The
simplest method for validation is a null model. The
simulation model is calibrated with data from time
¢, and validation is based on the comparison of the
simulated map for 7, with the observed map in 7,
The null model assumes persistence, i.e. no change
between ¢, and #,. If the null model (map from #)) is
more similar to the observed map from #, than the
simulated map, it means that the simulation is not
satisfactory. We conducted a three-way map com-
parison, which considered the agreement between
two pairs of three maps: the reference map of #; the
reference map of #,; and the simulated map for 7,
This three-map comparison allowed us to distin-
guish the pixels that were correct due to persistence,
versus the pixels that were correct due to change.
Mathematical expressions for measurements de-
fined by a combination of information of quantity
and location can be found in previous papers, i.e.
overall quantity disagreement and agreement (Pon-
tius and Millones, 2011), overall shift and exchange
(Pontius and Santacruz, 2014), and figure of merit
for prediction (Pontius et al., 2008).
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ti trenutnim stanjem ,,¢elije” i promjenama u njezinu
susjedstvu (van Schrojenstein Lantman i dr., 2011).

Celijski automati ugradeni u MOLUSCE
prihvacaju kao ulaz sljedeée podatke: raster po-
Cetnog stanja (trenutne kategorije zemljisnog
pokrova), raster faktora (eksplanatorne varijable)
i model (tranzicijski potencijal koji je izlaz algo-
ritma, npr. ANN). Simulator uzima tranzicijske
vjerojatnosti iz tranzicijske matrice, poziva model
te mu prosljeduje rastere pocetnog stanja i fakto-
ra. Model racuna tranzicijski potencijal za svaku
klasu promjena, a simulator stvara raster najvje-
rojatnijih promjena. Za svaku klasu promjena u
rasteru najvjerojatnijih promjena simulator trazi
potreban broj ¢elija s najvecom sigurno$cu i mije-
nja kategorije ¢elija (GIS-Lab, 2018). Simulacije
u ovom istrazivanju provedene su u dvije iteracije,
§to znaci da je opisana procedura ponovljena s pr-
vom simuliranom kartom kao kartom pocetnog
stanja za drugu iteraciju. Buduéi da model inte-

grira CA i ANN, u nastavku rada navodit ée se
kao CA-ANN.

Kalibracija i validacija bitni su elementi simu-
lacijskog modela. Jasna distinkcija izmedu ovih
pojmova nacinjena je u Pontius i dr. (2004). Naj-
jednostavnija metoda validacije je tzv. nu/-model.
Simulacijski model kalibrira se s podatcima iz
vremena 7, a validacija se temelji na usporedbi
simulirane karte za #, s opazenom kartom u 7,
Nul-model pretpostavlja perzistenciju, tj. da nije
doslo do promjena izmedu ¢, i £,. Ako je nul-mo-
del (karta iz #)) sli¢niji opazenoj karti iz 7, nego
simulirana karta, to znaci da simulacija nije zado-
voljavaju¢a. Ovdje je provedena trostruka uspo-
redba karata koja podrazumijeva slaganje izmedu
parova triju karata: referentne karte za #,, referen-
tne karte za 7, i simulirane karte za 7. Ta trostru-
ka usporedba karata omogucila je izdvajanje Celija
koje su bile to¢ne zbog perzistencije nasuprot ¢e-
lijama koje su bile to¢ne zbog promjena. Mate-
maticki izrazi za mjere definirane kombinacijom
informacija o kvantiteti i lokaciji mogu se pronadi
u prethodnim istrazivanjima, tj. ukupno kvanti-
tativno neslaganje i slaganje (Pontius i Millones,
2011), ukupni pomak i razmjena (Pontius i San-
tacruz, 2014), i faktor kakvoce projekceije (Pontius
idr.,2008).



Results

Land cover classification

Most of the land in Pozega-Slavonia County
in 1985, 1999, and 2013 was covered with forests,
especially in mountainous areas. Crops and soil
prevailed in lowlands, while grass and shrubs dom-
inated in the zones in between. Built-up and water

Rezultati

Klasifikacija zemljisnog pokrova

Vedina je zemljista u Pozesko-slavonskoj Zupa-
niji 1985.,1999. 1 2013. godine bila pokrivena $u-
mama, osobito u gorskim predjelima. Usjevi i tlo
prevladavali su u nizinama, dok su trava i §ikara do-
minirali u srednjim visinskim zonama. Izgradene i

[ water / voda

[ forest/suma

Land cover / Zemljisni pokrov

[E built-up / izgradeno
Fe& "] crops and soil / usjevi i tlo
[ grass and shrubs / trava i Sikara

[ water / voda

[ forest/suma

Fig. 2 Land cover classification
in Pozega-Slavonia County in
1985, 1999, and 2013

SI. 2. Klasifikacija zemljisnog
pokrova u Pozesko-slavonskoj
Zupaniji 1985., 1999.12013.

Land cover / Zemljisni pokrov

[ built-up / izgradeno
% ] crops and soil / usjevi i tlo

grass and shrubs / trava i Sikara

5 10 15km
—

Source: derived from the
EarthExplorer dato; DARH, Bl atsr/ voda
lzvor: obrada podataka sa

stranice EarthExplorer; DARH, [ forest/suma

Land cover / ZemljiSni pokrov

[ built-up / izgradeno
2005. (‘E& [1 crops and soil / usjevi i tlo
[ grass and shrubs / trava i Sikara

2006.
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Tab. 1 Land cover classification accuracies (in %)
Tab. 1. Toénost Klasifikacijo zemljisnog pokrova (u %)

1985 1999 2013
o* c** @) C @) C

Water / Voda 0.00 0.00 0.00 0.00 1.87 0.00
Built-up / Izgradeno 0.00 0.00 0.61 0.12 0.00 0.97
Crops and soil / Usjevi i tlo 0.15 2.90 6.91 4.10 1.13 0.51
Grass and shrubs / Trava i Sikara 7.65 1.12 12.39 11.84 11.85 9.76
Forest / Suma 0.28 0.29 1.33 3.20 2.01 2.83
Overall agreement / Ukupno slaganje 98.69 94.95 96.89

* Error of omission / Pogreska iskljucenja
** Error of commission / Pogreska ukljucenja

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer

areas had the smallest share—less than 5% of the
total area (Fig. 2).

Considering that the most problematic class
(built-up) was delineated manually, the overall
classification accuracy was high: 98.7%; 95%; and
96.9%—for 1985, 1999, and 2013 respectively. The
largest errors of omission and commission were in

the class of grass and shrubs (Tab. 1).
The largest change from 1985 to 1999 was a de-

crease in crops and soil, and an increase in grass and

shrubs, and forest. From 1999 to 2013, the most signif-

vodene povrdine imale su najmanji udio — manje od

5 % ukupne povrsine (sl. 2).

S obzirom na to da je najproblemati¢nija klasa
(izgradeno) izdvojena ru¢no, ukupna toénost klasi-
fikacije bila je visoka: 98,7 %; 95 % 1 96,9 % — za
1985., 1999, i 2013. godinu. Najvece pogreske is-
kljuéenja i ukljucenja bile su u klasi zrava i Sikara

(tab. 1).
Najvecéa promjena od 1985. do 1999. bilo je sma-

njenje usjeva i tla te porast trave i grmlja te Suma.

Od 1999. do 2013. najznacajnija je promjena bilo

Tab. 2 Net changes of land cover in Pozega-Slavonia County 1985-1999-2013
Tab. 2. Nefo promjene zemljisnog pokrova u Pozesko-slavonskoj zupaniji 1985. - 1999. - 2013.

1985 1999 2013 A 1985-1999 | A 1999-2013
ha % ha % ha % ha % ha %
Water / 813 | 0.4 898 | 0.5 678 0.4 85| 0.0 220/ -0.1
Voda
Built-up / 6926 | 38 | 7242 | 40 | 7196| 3.9 316| 0.2 47| 0.0
Izgradeno
Crops and soil /
ops 63727 | 350 | 47546 | 261 | 47933| 263 | -16181| -8.9 387 0.2
Usjevi i tlo
Grassand shrubs /| )20 | 1537 | 37008 | 205 | 25442| 140 | 11989 66 | -11566 -63
[rava i Sikara
lgore“/ 85747 | 471 | 89538 | 49.1 | 100984 55.4 | 3791| 21 | 11446| 623
uma

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer
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icant change was a reduction in grass and shrubs, and
an increase in forest cover. The changes in built-up and
water, the smallest classes, were not significant (Tab. 2).

The most compact areas of change from culti-
vated land to grass and shrubs were in the moun-
tainous parts of Psunj and Pakracka gora, and the
Pakrac-Lipik area, which were the hardest struck by

smanjenje trave i Sikare te porast sumskog pokrova.
Promjene u najmanjim klasama (izgradeno, voda)

nisu bile znacajne (tab. 2).

Najkompaktnija podrudja zarastanja obrade-
nih povrsina u travu i §ikaru bila su u gorskim
dijelovima Psunja i Pakracke gore te pakracko-li-
pickog kraja, koji su bili najteze pogodeni Do-

1985-1999

Land cover change /
Promjena zemljisnog pokrova lll 4 — 2

Fig. 3 Land cover changes in
Pozega-Slavonia County in the
period of 1985-1999

SI. 3. Promjene zemljisnog
pokrova u Pozesko-slavonskoj
Zupaniji 1985. - 1999.

Legend:
0-no change, 1 -water,

2 -built-up, 3 - crops and soll, . ‘ SRR d

4 - grass and shrubs, 5 - forest

Legenda:
0-bez promjene, 1 -voda,
2-izgradeno, 3 - usjeviiflo,

4-travaisikara, 5-Suma

Source: derived from the
EarthExplorer data; DARH,
2005.

lzvor: obrada podataka sa
stranice EarthExplorer; DARH,

10 2-5 [ 14-3
[11-53 Bl 3-1 [14-5
[ ]1—-4 Il 3—-2 E5-1
[ 1-5 [13—-4 552
[ 2-3 [3-5 [[5-3

12—-4 [14—-1 [15—-4

2005.

43

T. Jogun
A. Luki¢
M. Gasparovi¢

Simulation Model
of Land Cover
Changes in a Post-
Socialist Peripheral
Rural Area: Pozega-
Slavonia County,
Croatia

Simulacijski

model promjena
zemljisnog
pokrovau
postsocijalistickom
perifernom
ruralnom podrudju:
Pozesko-slavonska
Zupanija, Hrvatska



HRVATSKI
GEOGRAFSKI
GLASNIK
81/1,31-59 (2019.)

both the Croatian War of Independence and subse-
quent depopulation. Most of the extensive changes
were grouped in the elevation zone of 200-400 m,
while the highest mountainous parts (covered with
forest, unpopulated) and the lowest parts of low-
lands (agricultural areas, demographically relatively

stable) were less prone to change (Fig. 3; Fig. 4).

movinskim ratom i depopulacijom. Veéina ek-
stenzivnih promjena bila je grupirana u visinskoj
zoni 200 — 400 m, dok su najvisi dijelovi gorja
(pokriveni $umom, bez stanovni$tva) i najnizi
dijelovi nizina (poljoprivredna podruéja, demo-
grafski relativno stabilna) bili izloZeni manjim
promjenama (sl. 3; sl. 4).

1999-2013

[11-3
C11-4
B 1-5
[12->3
12—-4

A X Land cover change /
ﬂ‘u\( Promjena zemljisnog pokrova lll 4 — 2
[0 2-5 [ 1453

N 3-1 @455
ll3-2 Ems5-1
13-4 @552
@3—-5 @5-3
[14—-1 [15-4

Fig. 4 Land cover changes in
Pozega-Slavonia County in the
period of 1999-2013

SI. 4. Promjene zemljisnog
pokrova u Pozesko-slavonskoj
Zupaniji 1999.-2013.

Legend:

0-nochange, 1-water,

2 -built-up, 3 - crops and soil,
4-grass and shrubs, 5 - forest

Legenda:

0- bez promjene, 1 -voda,
2 -izgradeno, 3 - usjeviiflo,
4-travaisikara, 5-Suma

Source: derived from the
EarthExplorer data; DARH,
2005.

lzvor: obrada podataka sa
stranice EarthExplorer; DARH,

2005.
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Tab. 3 Changes in the share of forest cover in the period of 1999-2013, by types of settlements in Pozega-Slavonia County
Tab. 3. Udio Sumskog pokrova i njegove promjene 1999.-2013. po tipovima naselja u Pozesko-slavonskoj zZupani

Forest cover (%) /

Types of settlements (Luki¢, 2012) / Sumski pokrov (%)
Tipovi naselja (Luki¢, 2012)

1999 2013 A 1999-2013
Economically diversified settlements /

78.01 78.27 0.27
Ekonomski diversificirana naselja
D.ynam.{c, structurally—s.tr?nger sefttlements / 45.63 47.09 145
Dinamicna, strukturno jaca naselja
Other fural settlements (rTlostly small) / 69,95 20,20 10.25
Ostala izvangradska naselja
Settle.ments in the .rursil.l periphery / 62.42 74.05 11.63
Naselja ruralne periferije
Settle'menté Wlt'ih agricultural e'xtensiﬁcanon / 4167 4914 - 47
Naselja poljoprivredne ekstenzifikacije
M:jl'r}<et—or'1'entf.:d agncu%tura.l settlements'/ 34.97 39.72 475
Trzisno orijentirana poljoprivredna naselja
Unpopulated settlements in 2001 /

86.39 91.11 4.72
Naselja bez stanovnika 2001.
Urban settlements /

34.40 35.39 0.99
Gradska naselja

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer

Trends of extensification and afforestation in
Pozega-Slavonia County were correlated with devel-
opment types of particular settlements, which were
typed using 59 variables (Luki¢, 2012). The share of
forest cover and its growth in the period of 1999-
2013 were the highest in the least-developed areas
(settlements in the rural periphery, other settlements,
unpopulated settlements, settlements with agricul-
tural extensification) (Tab. 3), which were the most
influenced by restrictive natural and social factors.

Land cover change variables

The initial variables for LULC in the test sim-
ulation model 1985-1999-2013 were: elevation;
slope; aspect; distance from rivers; distance from
lakes and reservoirs; distance from precedent
LULC; general population density by settlements
in 2001; population growth index 2001/1991 by
settlements; juvenile index in 2001 (population

Trendovi ekstenzifikacije i aforestacije u Pozes-
ko-slavonskoj Zupaniji bili su povezani s razvojnim
obiljezjima pojedinih naselja, koja su tipizirana pre-
ma 59 varijabli (Luki¢, 2012). Udio $umskog po-
krova i njegov porast 1999. — 2013. godine bili su
najvisi u najslabije razvijenim podru¢jima (naselja
ruralne periferije, ostala naselja, naselja bez stanov-
nika, naselja poljoprivredne ekstenzifikacije) (tab.
3), koja su bila najvie pod utjecajem ogranicavaju-
¢ih prirodnih i drustvenih faktora.

Varijable promjena zemljisnog pokrova

Pocetne varijable za LULC u testnom simula-
cijskom modelu 1985. — 1999. — 2013. godine bile
su: nadmorska visina, nagib padina, orijentacija pa-
dina, udaljenost od rijeka, udaljenost od voda staja-
¢ica, udaljenost od proteklih promjena zemljisnog
pokrova, prosjecna gustoca stanovnistva po nase-

ljima 2001., indeks ukupnog kretanja stanovnistva
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0-14/population 65+) by settlements; distance
from built-up settlements; distance from settle-
ments with population greater than 1000; distance
from traffic network; and distance from areas sus-
pected to be mined.

Because of multicollinearity or low explanatory
power, the following were excluded from the initial var-
iables: aspect; population growth index; distance from
traffic network; and distance from built-up settlements.

Test simulation of land cover changes
(1999-2013)

Transition probabilities were computed with the
Markov chain analysis for the period of 1985-1999
(Tab. 4).

Different combinations of parameters and varia-
bles produced dozens of simulated land cover maps
for 2013. Because of the stochastic nature of the
model, three maps produced with optimal param-
eters were combined by a modal function into one
final land cover map for 2013 (Fig. 5).

The overall agreement of the three maps varied
from 82.2% to 82.87%. Combining the three maps

2001./1991. po naseljima, indeks mladosti stanov-
niStva (< 15 / 2 65 god.) 2001. po naseljima, uda-
ljenost od izgradenih dijelova naselja, udaljenost
od naselja ve¢ih od 1000 stanovnika, udaljenost od
prometnica i udaljenost od minskih podrugja.

Zbog multikolinearnosti ili slabe eksplanatorne
modi od pocetnih varijabla iskljucene su: orijenta-
cija padina, indeks kretanja stanovnistva, udaljenost
od prometnica i izgradenih naselja.

Testna simulacija promjena zemljisnog pokrova
(1999.-2013.)

Tranzicijskc vjerojatnosti izracunane su meto-
dom Markovljevih lanaca za razdoblje 1985.—1999.
(tab. 4).

Razne kombinacije parametara i varijabli rezul-
tirale su desetcima simuliranih karata zemljisnog
pokrova za 2013. godinu. Zbog stohasti¢ne naravi
modela tri karte dobivene optimalnim parametrima
spojene su modalnom funkcijom u jednu kona¢nu

kartu zemljisnog pokrova za 2013. godinu (sl. 5).

Ukupno slaganje triju karata u odnosu na refe-
rentnu variralo je izmedu 82,2 % i 82,87 %. Kom-

Tab. 4 Transition matrix of LULC in PoZega-Slavonia County for the period of 1985-1999

Tab. 4. Tranzicijska matrica LULC-a u Pozesko-slavonskoj Zupaniji 1985. - 1999.

1999
C d G d
Water / Built-up / I.'OpS an rass an Forest /
Vod 1 4 soil / shrubs / g
oda zgradeno ma
8 Usjevi i tlo Trava i sikara "
Water / 0.907 0.000 0.087 0.006 0.000
Voda
Built-up / 0.000 0.980 0.004 0.014 0.002
Izgradeno
Crops and
A soil / 0.000 0.006 0.662 0.285 0.047
X L
— | Usjevi i tlo
Grass and
shrubs / 0.000 0.002 0.155 0.627 0.216
Trava i sikara
Forest / 0.001 0.000 0.016 0.036 0.946
Suma

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer
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2013 - CA-ANN

Land cover / ZemljiSni pokrov
[ water / voda
[ built-up / izgradeno
[E& [ ] crops and soil / usjevi i tlo
[ ] grass and shrubs / trava i Sikara
B forest/Suma

10 15 km

Fig. 5 CA-ANN simulation of land cover in Pozega-Slavonia County for 2013

SI. 5. CA-ANN simulacija zemljisnog pokrova u Pozesko-slavonskoj zupaniji za 2013.

Source: derived from the EarthExplorer data; DARH, 2005.
lzvor: obrada podataka sa stranice EarthExplorer; DARH, 2005.

increased their overall agreement to 83.5%. The
simulation models had slightly better results than
the null model, but their overall validation results
were similar. Much bigger differences between the
models’ performance were found in the predic-
tion of quantity and location of land cover class-
es. Namely, all simulation models better predicted
quantities of classes than the null model, while the
null model better predicted locations of classes than
the simulation models (Fig. 6).

It was more important to assess the accuracy
of simulated changes than overall land cover. A
comparison of net changes between observed and
simulated maps revealed that the simulation model
correctly predicted the tendency of changes in all
classes except crops and soil. It predicted the larg-
est net change especially well—an increase of forest
cover (observed = 6.3%, simulated = 5.3%).

Using the three-way map comparison approach
for validation of simulated LULC, it was theoret-
ically possible to compute 125 combinations of
agreement or disagreement for 5 classes, but they
were aggregated instead (Fig. 7). The largest error
was due to the changes simulated as persistence
(12.2%). The figure of merit of simulated LULC
was 20.2%.

binacija triju karata povecala je njihovo ukupno
slaganje na 83,5 %. Simulacijski modeli imali su
nesto bolje rezultate od nul-modela, ali su ukupni
rezultati validacije bili sli¢ni. Mnogo vece razlike u
performansama modela bile su u simulaciji kvan-
titete i lokacija klasa zemljisnog pokrova. Naime,
svi simulacijski modeli bolje su predvidjeli kvanti-
tetu klasa nego nul-model, dok je nul-model bolje
predvidio njihove lokacije nego simulacijski modeli

(sl. 6).

Vaznije je bilo procijeniti to¢nost simuliranih
promjena nego ukupnoga zemljiSnog pokrova.
Usporedba neto promjena izmedu referentnih
i simuliranih karata otkrila je da je simulacijski
model to¢no predvidio tendenciju promjena svih
klasa osim usjeva i tla. Osobito je dobro predvidio
najznacajniju promjenu, porast povrine Suma
(opazeno = 6,3 %, simulirano = 5,3 %).

Pristupom trostruke usporedbe karata za valida-
ciju simuliranih promjena nacina koriStenja zemlji-
§ta i zemljisnog pokrova teoretski se moglo dobiti
125 kombinacija slaganja ili neslaganja za 5 klasa,
ali su one umjesto toga grupirane (sl. 7). Najveca se
pogreska dogodila zbog promjena simuliranih kao
perzistencije (12,2 %). Faktor kakvoce simuliranoga

LULC-a bio je 20,2 %.
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= Agreement / Slaganje = Quantity disagreement / Kvantitativno neslaganje = Exchange/Razmjena = Shift/Pomak

oQ
T @
Null 1999/ R]
Nul-model 1999 23
o Q
2RO}
s 3
1 c C
S 2
58
CA-ANN 2013 -3 Sl
Combined CA-ANN
2013-1,23/
Kombinacija CA-ANN
2013-1,2,3
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Landscape/Krajobraz

Fig. 6 Overall quantity and allocation disagreement of land cover classes in simulated versus observed for 2013
SI. 6. Ukupno kvantitativno i lokaciisko neslaganie klasa zemijisnog pokrova simuliranih i nul-modela za 2013.

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer

Persistence simulated correctly = 79.29% /
Tocéno simulirane perzistencije = 79,29 %

Persistence simulated as change /
Perzistencija simulirana kao promjena

Change simulated as change to wrong category /
Promjena simulirana kao promjena u pogresnu kategoriju

» Change simulated correctly /
Toéno simulirana promjena

» Change simulated as persistence /
Promjena simulirana kao perzistencija

5 10 15 20 25
Landscape (%) / Krajobraz (%)

Fig. 7 Components of agreement and disagreement of simulated LULC using a three-way map comparison approach
SI. 7. Sastavnice slaganja i neslaganja simuliranoga LULC-a uporabom pristupa frostruke usporedbe karata

Source: derived from the EarthExplorer data
lzvor; obrada podataka sa stranice EarthExplorer
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'The validation map shows the spatial distribu- Validacijska karta prikazuje prostorni raspored
tion of the agreement and disagreement compo- sastavnica slaganja i neslaganja simuliranih promje-
nents of the simulated LULC (Fig. 8). The most na nadina koriStenja zemljista i zemljiSnog pokrova
accurate predictions of LULC were in southern (sl. 8). Najto¢nija predvidanja tih promjena bila su
parts of Pakracka gora, where they were the largest ~ u juznim dijelovima Pakracke gore, gdje su bile naj-
and relatively linear due to the total land abandon- vece 1 relativno linearne zbog potpuna napustanja

ment after the war.

Fig. 8. Spatial distribution of
components of agreement
and disagreement of the
simulated LULC in PoZego-
Slavonia County for 2013

SI. 8. Prostorna raspodiela
sastavnica slaganja i
neslaganja simuliranoga
LULC-a u Pozesko-slavonskoj
Zupaniji za 2013.

Legend:

1 - change simulated as
change to wrong category,
2 - change simulated
correctly,

3 - change simulated as
persistence,

4 - persistence simulated as
change,

5 - persistence simulated
correctly

Legenda:

1 - promjena simulirana

kao promjena u pogresnu
kategoriju,

2 -tocno simulirana promjena,
3 - promjena simulirana kao
perzistencija,

4 -perzistencija simulirana kao
promjena,

5-tocno simulirana
perzistencija

Source: derived from the
EarthExplorer data; DARH,
2008.

lzvor: obrada podataka sa
stranice EarthExplorer; DARH,
2005.

zemljista nakon rata.

o1 N

2013 - CA-ANN

Agreement/disagreement components/
Komponente slaganja/neslaganja

1 N2 @3 W4 (15
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Final simulation of land cover changes
(2013-2027)

Transition probabilities for the period of 2013—
2027 were computed with the Markov chain analy-
sis from the period of 1999-2013 (Tab. 5).

Model calibration was done with the parame-
ters ascertained as optimal in the test model, while
dynamic social variables were changed (e.g. popu-
lation density from 2011). After running the CA-
ANN simulation, three of the produced maps for
2027 were selected and combined using the modal
function, as in the test model (Fig. 9).

Regarding the fact that validation showed that
the simulation models better predicted quantity
rather than the location of LULC, the quantita-
tive analysis likely deserves more attention (Tab.

6).

According to the CA-ANN model, forests could
cover almost 115 thousand hectares, i.e. 63% of the
surface of the county, by 2027. Grasslands could
have only half of the surface area (7.9%) that they
covered in 1985 (13.7%). A small predicted reduc-
tion of agricultural areas (-1.3%) could imply po-
larisation in agricultural development—extensifica-

Konacna simulacija promjena zemljisnog
pokrova (2013.-2027.)

Tranzicijske vijerojatnosti za razdoblje 2013. —
2027. izratunane su metodom Markovljevih lanaca

iz razdoblja 1999.—2013. (tab. 5).

Model je kalibriran parametrima koji su potvr-
deni kao optimalni u testnom modelu, dok su dina-
micne socijalne varijable promijenjene (npr. gustoca
naseljenosti iz 2011.). Nakon provedene simulacije
CA-ANN-a za 2027. godinu izabrane su tri karte
i spojene modalnom funkcijom kao u testnom mo-

delu (sl. 9).

S obzirom na to da je validacija pokazala kako
su simulacijski modeli bolje predvidali kvantitetu
od lokacija promjena nacina koristenja zemljista i
zemlji$nog pokrova, kvantitativna analiza zasluzuje
vise pozornosti (tab. 6).

Prema modelu CA-ANN sume bi do 2027. go-
dine mogle pokrivati gotovo 115 tisu¢a hektara,
tj. 63 % povrsine Zupanije. Trava i Sikara mogle bi
zauzimati samo polovinu povrsine (7,9 %) koju su
zauzimale 1985. (13,7 %). Predvideno neznatno
smanjenje poljoprivrednih povrsina (-1,3 %) moglo
bi podrazumijevati polarizaciju agrarnog razvo-

Tab. 5 Transition matrix of LULC in Pozega-Slavonia County for the period of 1999-2013

Tab. 5. Tranzicijska matrica LULC-a u Pozesko-slavonskoj Zupaniji 1999. - 2013.

2013
C d G d
Water / Built-up / I.'OpS an rass an Forest /
Vod 1 4 soil / shrubs / g
oda zgradeno ma
8 Usjevi i tlo Trava i sikara "
Water / 0.704 0.000 0271 0.013 0.012
Voda
Built-up / 0.000 0.969 0.007 0.014 0.010
Izgradeno
Crops and
g soil / 0.001 0.003 0.839 0.129 0.028
= L
— | Usjevi i tlo
Grass and
shrubs / 0.000 0.001 0.197 0.443 0.358
Trava i sikara
Forest / 0.000 0.000 0.005 0.031 0.964
Suma

Source: derived from the EarthExplorer data
lzvor: obrada podataka sa stranice EarthExplorer
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2027 - CA-ANN

Land cover / ZemljiSni pokrov
[ water / voda
[ built-up / izgradeno
[é& [ ] crops and soil / usjeviitlo

[ ] grass and shrubs / trava i Sikara
B forest/Suma

Fig. 9 CA-ANN simulation of land cover in Pozega-Slavonia County for 2027
SI. 9. CA-ANN simulacija zemljisnog pokrova u Pozesko-slavonskoj zupaniji za 2027.

Source: derived from the EarthExplorer data; DARH, 2005.

lzvor: obrada podataka sa stranice EarthExplorer; DARH, 2005.

tion in less favourable areas and intensification in
Pozega Basin, where the natural (flat terrain, fertile
soil) and social conditions (relatively stable popu-
lation, better transport connectivity) are better for

agriculture.

povoljniji za poljoprivredu.

Tab. 6 Land cover structure and simulated net LULC in the period of 2013-2027
Tab. 6. Struktura zemljisnog pokrova i simulirane nefo promjene nacina koristenja zemijista i zemljisnog pokrova u razdoblju 2013. - 2027.

ja — ekstenzifikaciju u nepovoljnim podrudjima te
intenzifikaciju u Pozeskoj kotlini, gdje su prirodni
(ravan reljef, plodna tla) i drustveni uvjeti (relativno
stabilno stanovnistvo, bolja prometna povezanost)

2013 2027 A 2013-2027

ha % ha % ha %
Water / 677.67 0.37 643.57 0.35 -34.10 -0.02
Voda
Built-up / 7195.12 3.95 714123 3.92 -53.89 -0.03
Izgradeno
Crops and
soil / USjeVi i 47924.58 26.31 45513.25 24.98 -2411.33 -1.32
tlo
Grass and
shrubs / Trava i 25434.27 13.96 14379.36 7.89 -11054.90 -6.07
sikara
Forest /
< 100942.30 55.41 114496.50 62.85 13554.23 7.44
Suma

Source: derived from the EarthExplorer data

lzvor: obrada podataka sa stranice EarthExplorer
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Allocation of simulated LULC in the period of
2013-2027 was similar to that of the previous peri-
od (Fig. 10). Therefore, the location-validity of the
model could be considered satisfactory at the coarse
spatial level.

Razmjestaj simuliranih promjena nacina kori-
Stenja zemljista i zemljiSnog pokrova za razdoblje
2013. — 2027. bio je slican kao za prethodno raz-
doblje (sl. 10). Prema tome, lokacijska vijerodostoj-
nost modela na grubljoj prostornoj razini moze se

ocijeniti zadovoljavajuc¢om.

2013-2027

/”\ V\

4\/‘7 f

{ Land cover change /
t’h;,\( Promjena zemljisnog pokrova lll 4 — 2
[ 10 2-5 [ 14-3
[11-53 BN 3-1 455
\ [11-4 EE3-2 EE5-1
ﬂ\ B 1-5 13-4 EM5-2
) 1253 [3-5 @553
“\*\/\\J\ E2-4 [J4->1 EE5-4
| = N
he o IR
\’M‘l
2
= 1

10 km
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Fig. 10 Simulated land cover
changes in Pozega-Slavonia
County for the period of
2013-2027

SI. 10. Simulirane promjene
zemljisnog pokrova u Pozesko-
slavonskoj Zupaniji 2013. - 2027.

Legend:

0-no change, 1-water,

2 - built-up, 3 - crops and soil,
4 -grass and shrubs, 5 - forest

Legenda:

0-bez promjene, 1 -voda,
2 -izgradeno, 3 - usjeviiflo,
4-travaisikara, 5-Suma

Source: derived from the
EarthExplorer data; DARH,
2005.

lzvor: obrada podataka sa
stranice EarthExplorer; DARH,
2005.



Discussion

Evaluation of methods and techniques

Hybrid classification of images acquired by re-
mote sensing was used for detection of land cov-
er. The high overall accuracy achieved (over 95%)
confirmed that this is one of the most accurate
classification methods (Horning, 2004).

Conversely, validation of simulation models
depends highly on the accuracy of reference data,
and comparisons between different models are
relative (Pontius et al., 2008). Furthermore, many
studies are lacking validation entirely (Pontius et
al.,2004; Verburg et al., 2004; Pontius et al., 2008).
Although the comparison to a null model is the
simplest validation method, it is very rigid, be-
cause it is sometimes an insuperable barrier (Pon-
tius et al., 2004). Pontius et al. (2008) compared
13 simulation model applications, and 6 of them
performed worse than the respective null model.
'The figure of merit in this study was 20.2%, which
is the average in comparison to the other results in
Pontius et al. (2008), and better than that shown
in more recent studies (Memarian et al., 2012;
Sloan and Pelletier, 2012). However, Pontius et al.
(2008) found that figure of merit of the LULC
model depends on the amount of LULC, where
models observing greater LULC have a greater
figure of merit. This study confirmed that claim
because LULC were observed in 17% of the area,
which is also average.

Regarding quantity and location disagreement,
results showed that the simulation models bet-
ter predicted quantity rather than the location
of LULC, which corresponds to previous studies
(Memarian et al., 2012).

Besides the amount of LULC, their trends also
impact model performance. If the trends are lin-
ear (e.g. deforestation in developing countries),
the model will perform better. Here, non-linear
changes due to time lags in the process of sec-
ondary succession, which are hard to incorporate
into a model, were problematic. This research area
is unique in comparison to previous studies, in
the manner that there was an observed decrease

Rasprava

Evaluacija metoda i tehnika

Hibridna klasifikacija snimki prikupljenih da-
ljinskim istrazivanjima upotrijebljena je za utvr-
divanje zemlji$nog pokrova. Visoka ukupna po-
stignuta to¢nost (preko 95 %) potvrdila je da je
to jedna od najtoénijih metoda klasifikacije (Hor-
ning, 2004).

S druge strane, validacija simulacijskih mode-
la uvelike ovisi o to¢nosti referentnih podataka, a
usporedbe izmedu razli¢itih modela su relativne
(Pontius i dr., 2008). Nadalje, u brojnim istrazi-
vanja uopce nema validacije (Pontius i dr., 2004;
Verburg i dr., 2004; Pontius i dr., 2008). Iako je
usporedba s nul-modelom najjednostavnija me-
toda validacije, vrlo je stroga jer je katkad nepre-
mostiva prepreka (Pontius i dr., 2004). Pontius
i dr. (2008) usporedili su 13 primijenjenih si-
mulacijskih modela, od kojih je 6 bilo losije od
odgovarajuéega nul-modela. Faktor kakvoée u
ovom je istrazivanju bio 20,2 %, $to je prosjecno
u usporedbi s drugim rezultatima u Pontius i dr.
(2008), a bolje nego u nekim novijim istrazivanji-
ma (Memarian i dr., 2012; Sloan i Pelletier, 2012).
Medutim, Pontius i dr. (2008) otkrili su da faktor
kakvoc¢e modela LULC-a ovisi o koli¢ini promje-
na nacina kori$tenja zemljista i zemljisnog pokro-
va, pri ¢emu su modeli s ve¢im promjenama imali
vedi faktor kakvocée. Ovo je istrazivanje potvrdilo
tu tvrdnju jer su su doti¢ne promjene opazen na
17 % podrugdja, $to je takoder prosjecno.

Sto se tice kvantitativnog i lokacijskog neslaga-
nja, rezultati su pokazali da su simulacijski modeli
bolje predvidali koli¢inu od lokacija promjena, §to
odgovara prethodnim istrazivanjima (Memarian

i dr., 2012).

Osim koli¢ine promjena, njihovi trendovi ta-
koder utjec¢u na izvedbu modela. Ako su trendo-
vi linearni (npr. deforestacija u slabije razvijenim
zemljama), model Ce biti uspjesniji. Ovdje su bile
problemati¢ne nelinearne promjene zbog vre-
menskog zaostajanja tijekom sekundarne suk-
cesije, koje je tesko ugraditi u model. Podrudje
istrazivanja je jedinstveno u odnosu na prethodna
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of built-up land, which is considered to be a very
unusual change (Verburg and Overmars, 2007).

'The number of land cover classes significant-
ly impacts the accuracy of the simulation mod-
els. With the introduction of every new class,
the probability of error exponentially increases.
Hence, dichotomous models (urban/non-urban,
forest/non-forest) perform better than ones using
multiple classes (Li and Yeh, 2002). In this study,
there were five land cover classes, which were
enough to determine the most relevant processes
of extensification (crops—grass—forest) and inten-
sification in the study area. This number of class-
es was average in comparison to previous studies

(Pontius et al., 2008).

Scientists are constantly trying to find ways to
improve the results of the validation of LULC
simulation models. A popular method is a mul-
ti-resolution validation, in which a model is val-
idated at different spatial resolutions. Predicted
maps at coarser resolution have a higher agree-
ment with reference maps than at finer resolu-
tion (Pontius et al., 2004). However, this might
indicate that the model is scale-dependent, rather
than more accurate. We made a combination of
simulation results to improve the overall accuracy
because similar approaches in classification have
yielded promising results (Chen, 2008). Consid-
ering that the model is stochastic, combination
increases the probability of a correct simulation
(e.g. if two models predicted the persistence of
class 4, and a third model predicted change from
A to B, the combined result would retain persis-
tence, which is more probable). The improvement
due to the combination was not statistically sig-
nificant, and the figure of merit of the combined
map was even smaller than in some specific maps.
This can be explained by components of agree-
ment and disagreement because specific maps
better predicted changes, but they did a worse job
of predicting persistence than the combined map.
Combination improved the overall visual balance
of the maps. In the future research, it would be
interesting to include pan-sharpening methods
during preprocessing of input images and exam-
ine its effects on classification and LULC model
accuracy (Gasparovi¢ and Jogun, 2018).
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istrazivanja jer je opazeno smanjenje izgradenog
zemljista, §to se smatra vrlo neobi¢nom promje-

nom (Verburg i Overmars, 2007).

Broj klasa zemljisnog pokrova znacajno utje-
Ce na tocnost simulacijskih modela. Uvodenjem
svake nove klase vjerojatnost pogreske eksponen-
cijalno raste. Stoga su dihotomni modeli (urba-
no/neurbano, §uma/ostalo) ucinkovitiji od onih
s ve¢im brojem klasa (Li i Yeh, 2002). U ovom
je istrazivanju bilo pet klasa, $to je bilo dovoljno
za utvrdivanje najvaznijih procesa ekstenzifikaci-
je (usjevi — travnjaci — $ume) i intenzifikacije u
istrazenom podrudju. Broj klasa bio je prosjec¢an
u usporedbi s prethodnim istrazivanjima (Pontius

i dr., 2008).

Znanstvenici stalno pokus$avaju pronadi nacine
kako poboljsati rezultate validacije simulacijskih
modela promjena nacina koritenja zemljista i
zemlji$nog pokrova. Popularna metoda je multi-
rezolucijska validacija u kojoj se model vrednuje
u razli¢itim prostornim rezolucijama. Simulira-
ne karte u grubljoj rezoluciji imaju veée slaganje
s referentnim kartama nego u finijoj rezoluci-
ji (Pontius i dr., 2004). Medutim, to prije moze
znaciti da je model ovisan o mjerilu nego da je
to¢niji. Ovdje je nacinjena kombinacija rezulta-
ta simulacija kako bi se povecala ukupna to¢nost
jer je slican pristup u klasifikaciji dao obecavaju-
¢e rezultate (Chen, 2008). S obzirom na to da je
model stohasti¢an, kombinacija povecava vjero-
jatnost to¢ne simulacije (npr. ako su dva modela
predvidjela perzistenciju klase 4, a treci je model
predvidio promjenu iz 4 u B, kombinirani bi re-
zultat zadrzao perzistenciju, §to je vjerojatnije).
Poboljsanje zbog kombinacije nije bilo statisticki
znacajno, a faktor kakvocée kombinirane karte bio
je ¢ak manji od nekih pojedinac¢nih karata. To se
moze objasniti komponentama slaganja i neslaga-
nja jer su specifi¢ne karte bolje simulirale promje-
ne, ali su losije simulirale perzistencije od kom-
binirane karte. Kombinacija je poboljsala ukupnu
vizualnu ravnotezu karata. U buduénosti bi bilo
zanimljivo ukljuéiti metode izostravanja u predo-
bradu ulaznih snimka i ispitati njihov utjecaj na
klasifikaciju i to¢nost LULC modela (Gasparovi¢
i Jogun, 2018).



Evaluation of results

Today, post-socialist Croatia has similar prob-
lems with land abandonment in peripheral rural
areas to those of other countries from the former
Eastern Bloc, e.g. Latvia (Ruskule et al., 2012), and
Slovakia (Némethov4 et al., 2014).

In the mountainous parts of Pozega-Slavonia
County, which were used for low-intensity agricul-
ture 30 years ago, the dominant process was sec-
ondary succession, which will probably result in to-
tal afforestation by 2030. Similar processes of land
abandonment were documented in previous studies
in Croatia (Cvitanovi¢, 2014), in which they were
explained by social restructuring, i.e. deagrariani-
sation and industrialisation. Afforestation in PozZe-
ga-Slavonia County in the period of 1985-2013
was influenced by depopulation, unfavourable natu-
ral conditions, transport isolation, deep political and
economic changes (collapse of socialism, transition,
EU accession), war, unsuccessful privatisation, etc.;
which corresponds to more recent studies (Ruskule
et al., 2012; Griffiths et al., 2013; Cvitanovi¢ et al.,
2016).

The relation between afforestation/share of for-
est cover and types of settlements demonstrated
that LULC could be used as an indicator of fine-
scale development trends. Depopulation is one of
the most important driving forces of land use ex-
tensification and overall development problems in
Pozega-Slavonia County. Spatial plans were recent-
ly updated with acts regarding land as an unrenew-
able resource, but new data on LULC trends and
population dynamics are lacking. Accurate input
data in development strategies and documents are
the first step in their successful realisation, so they
should be improved. This paper contains a lot of
data on LULC that can be used in new spatial plans
and strategies of PoZega-Slavonia County.

Active strategies of land use and land cover
management could be intensification, extensifica-
tion, and afforestation. Sometimes, however, the
most beneficial option is “re-wilding”, i.e. passive
management of ecological succession with the aim
to restore natural ecosystem processes and reduce
human control of landscapes (Navarro and Perei-
ra, 2012). In any case, the decision on land use and

Evaluacija rezultata

Danasnja postsocijalisticka Hrvatska ima sli¢ne
probleme s napustanjem zemlji§ta u perifernim ru-
ralnim podrucjima kao druge drzave biviega isto¢nog
bloka, npr. Latvija (Ruskule i dr., 2012) i Slovacka
(Némethov4 i dr., 2014).

U gorskim predjelima Pozesko-slavonske Zupanije
koji su bili iskoristavani za ekstenzivnu poljoprivredu
prije 30 godina prevladavajuéi proces bila je sekundar-
na sukcesija koja ¢e vjerojatno rezultirati potpunom
aforestacijom do 2030. Sli¢ni procesi napustanja ze-
mljista zabiljeZeni su u prethodnim istrazivanjima u
Hrvatskoj (Cvitanovi¢, 2014), u kojima su objasnjeni
socijalnim prestrukturiranjem, tj. deagrarizacijom i
industrijalizacijom. Aforestacija u Pozesko-slavonskoj
zupaniji u razdoblju 1985. — 2013. bila je pod utjeca-
jem depopulacije, nepovoljnih prirodnih uvjeta, pro-
metne izolacije, korjenitih politickih i gospodarskih
promjena (raspad socijalizma, tranzicija, pristup EU-
u), rata, neuspjesne privatizacije itd., $to se poklapa s
novijim istrazivanjima (Ruskule i dr., 2012; Griffiths i
dr., 2013; Cvitanovié¢ i dr., 2016).

Odnos izmedu aforestacije (udjela Sumskog po-
krova) i tipova naselja pokazao je da promjene nacina
koristenja zemljista i zemljisnog pokrova mogu biti
indikator razvojnih trendova na lokalnoj razini. De-
populacija je jedna od najvaznijih pokretackih sila ek-
stenzifikacije zemljista i sveukupnih razvojih proble-
ma u Pozesko-slavonskoj Zupaniji. Prostorni planovi
nedavno su nadopunjeni aktima o zemljistu kao ne-
obnovljivom resursu, ali nedostaju novi podatci o tren-
dovima LULC-a i kretanju stanovni§tva. To¢ni ulazni
podatci u razvojnim strategijama i dokumentima prvi
su korak u njihovoj uspjesnoj provedbi, stoga se treba-
ju poboljsati. Ovo istrazivanje sadrzi mnogo podataka
o promjenama nacina koristenja zemljista i zemljisnog
pokrova koji se mogu iskoristiti u novim prostornim
planovima i strategijama Pozesko-slavonske Zupanije.

Aktivne strategije upravljanja nacinom koristenja
zemlji$ta i zemljisnim pokrovom mogu biti intenzifi-
kacija, ekstenzifikacija i aforestacija. Medutim, katkad
je najisplativije pasivno prepustanje prirodnom tijeku
razvoja, tzv. renaturalizaciji (engl. re-wilding) kako bi
se obnovili prirodni procesi u ekosustavu i smanjio
ljudski utjecaj na pejzaz (Navarro i Pereira, 2012). U
svakom slucaju, odluka o strategiji razvoja koristenja
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land cover strategy should be based on regional
studies (Rey Benayas et al., 2007). Remote sensing
and GIS have had a great role in such studies, but
they should not be seen as a panacea (Farrow and
Winograd, 2001), nor are geographers and GIS-an-
alysts the only competent experts in of LULC stud-
ies. An interdisciplinary, holistic approach is neces-
sary, whereby simple visualisation of results should
be the common language between all stakeholders
(Herrmann and Osinski, 1999). The results of this
study are meant to be used by the community, to
help decide on the most appropriate land use man-
agement strategy.

Conclusion

'This paper presented the application of integrated
CA-ANN simulation model for analysis and pre-
diction of land cover changes (MOLUSCE) in a
post-socialist peripheral rural area.

'The hybrid method of supervised classification of
Landsat satellite images appeared to be very reliable,
with a minimum overall accuracy of 95%. Through
comparison of classified maps, significant LULC in
Pozega-Slavonia County from 1985 to 2013 were ob-
served. The class of forest had the highest increase in
overall landscape, from 47% in 1985 to 55% in 2013.
The class of soil and crops had the greatest decrease,
from 35% in 1985 to 26% in 2013. Thus, the main
trend was secondary succession, characterised by the
change from agricultural land to grass and shrubs in
the period of 1985-1999, and a change from grass
and shrubs to forest in the period of 1999-2013.

Statistical analysis of variables representing so-
cial and natural elements, which are correlated with
LULC, revealed that it was possible to build a sim-
ulation model that explained historical trends and
predicted future LULC in post-socialist peripheral
rural areas. Using an example of forest cover and
afforestation, it was proven that this LULC occurs
more commonly in/around settlements that have the
worst development trends and conditions (e.g. de-
population, mountainous terrain, traffic isolation, war
consequences). Consequently, observed LULC could
be used as an indicator of small-scale development
trends.
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zemljista i zemljiSnog pokrova treba biti utemeljena
na regionalnim studijama (Rey Benayas i dr., 2007).
Daljinska istrazivanja i GIS imaju nezaobilaznu ulo-
gu u tim studijama, no oni niposto nisu univerzalno
rjesenje (Farrow i Winograd, 2001) niti su geografl i
GIS analiticari jedini kompetentni za studije o pro-
mjenama i utjecajima zemlji$nog pokrova. Nuzan je
interdisciplinarni, holisticki pristup, pri ¢emu jedno-
stavna vizualizacija rezultata treba biti zajednicki jezik
medu svim interesnim skupinama (Herrmann i Osin-
ski, 1999). Rezultati ovoga istraZivanja namijenjeni su
zajednici kao pomo¢ u donos$enju najprikladnije stra-
tegije upravljanja zemlji$nim pokrovom.

Lakljucak

Ovaj je rad predstavio primjenu integriranoga
CA-ANN simulacijskog modela za analizu i projek-
ciju promjena zemljisnog pokrova (MOLUSCE) u

postsocijalistickom perifernom ruralnom podrudju.

Hibridna metoda nadzirane klasifikacije satelit-
skih snimka Landsata pokazala se vrlo pouzdanom
s ukupnom to¢nosé¢u iznad 95 %. Usporedbom kla-
sificiranih karata utvrdene su znacajane promjene
nacina koristenja zemljista i zemljinog pokrova u
Pozesko-slavonskoj Zupaniji od 1985. do 2013. Kla-
sa Suma imala je najvedi porast u cijelom pejzazu, s
47 % 1985.na 55 % u 2013. Klasa tlo i usjevi imala je
najveée smanjenje, s 35 % 1985. na 26 % 2013. Da-
kle, glavni trend bila je sekundarna sukcesija, obilje-
Zena promjenom iz poljoprivrednog zemljista u tra-
vu i §ikaru u razdoblju 1985. — 1999. te promjenom
iz trave i $ikare u Sumu u razdoblju 1999. - 2013.

Statisticka analiza varijabli koje predstavljaju
drustvene i prirodne elemente koreliranih s navede-
nim promjenama otkrila je da je moguée izgraditi si-
mulacijski model koji je objasnio povijesne trendove
i projicirao budué¢i LULC u postsocijalistickom pe-
rifernim ruralnim podruéjima. Koristenjem primjera
sumskog pokrova i aforestacije dokazano je da se ta-
kve promjene dogadaju ¢esée u naseljima i oko na-
selja koja imaju najnepovoljnije razvojne trendove i
uvjete (npr. depopulacija, gorski reljef, prometna izo-
lacija, ratno naslijede). Posljedi¢no, uocene promjene
mogu se rabiti kao indikator razvojnih trendova na
lokalnoj razini.



The integrated CA-ANN model was proven to
be one of the most efficient methods for simulating
complex and non-linear LULC, which are specific
for the research area. The simulated maps had a bet-
ter agreement than the null model in comparison to
observed maps, especially in predicting the quantity
of LULC. The post-simulation combination of indi-
vidual results slightly improved the overall agreement
of simulated land cover with the observed, but not
significantly. The main weakness of the model is that
it is focused on pattern resemblance and acts like a
“black box”, so it would be appropriate to employ
some kind of agent-based model in a similar area and
compare their performance.

'The simulation model predicted that forest will
cover 63% of Pozega-Slavonia County by 2027
and that the mountainous zone between the Poze-
ga Basin and the Pakrac-Lipik area will be almost
completely afforested. The potential dangers and
opportunities of such LULC have been presented,
therefore enabling the creation of management plans
and scenarios. For example, in areas of Pozega-Slavo-
nia County that would become covered with forest,
construction zones can be restricted to protect nature
and let the land to become “wild” again; or they can
be expanded, to stimulate immigration, along with
other planning measures (e.g. subsidies for ecological
agriculture).

Deep development problems in Pozega-Slavonia
County require focused and multi-sectoral strategy in
which the realisation of spatial and regional develop-
ment plans has an important role. Optimistically, this
study would be useful in envisioning evidence-based
policy and it is offered for evaluation, to all interested
groups, in the hope that it will contribute to the wel-
fare of society and nature in PoZega-Slavonia Coun-
ty. Also, the study identified problems of LULC sim-
ulation modelling and management, which could be
applied in other peripheral rural areas with similar
development backgrounds.

This work was supported by the Croatian Sci-
ence Foundation under Grant 4513 (Croatian Ru-
ral Areas: scenario-based approach to discuss planning

and development, CRORURIS).

Integrirani CA-ANN model pokazao se kao
jedna od najudinkovitijih metoda za simulaciju
kompleksnog i nelinearnog LULC-a, koji je karak-
teristian za istrazeno podrudje. Simulirane karte
imale su vece slaganje nego nul-model u odnosu
na opazene karte, posebno u projiciranju kvantitete
promjena. Postsimulacijska kombinacija pojedinac-
nih rezultata neznatno je poboljsala ukupno slaga-
nje simuliranoga zemlji$nog pokrova u odnosu na
opazeni. Glavni je nedostatak modela u tome $to
je usmjeren na slaganje uzoraka i sto se ponasa kao
»,crna kutija” pa bi bilo prikladnije upotrijebiti neku
vrstu agentnog modela u slicnom podrudju te uspo-
rediti njihov uéinak.

Simulacijski je model projicirao da ée Sume po-
krivati 63 % Pozesko-slavonske Zupanije do 2027.
te da ¢e gorska podrugja izmedu Pozeske kotline i
pakracko-lipickog kraja biti gotovo potpuno posu-
mljena. Predstavljene su potencijalne opasnosti i
prilike takvih promjena nacina koristenja zemljista i
zemljiSnog pokrova omoguéujuéi stvaranje razvojnih
planova i scenarija. Na primjer, u podru¢jima Pozes-
ko-slavonske Zupanije koja ¢e postati pokrivena Su-
mom gradevinske zone mogu se smanjiti radi zastite
prirode i prepustanja zemljista divljini ili se mogu
prosiriti radi poticanja imigracije usporedno s dru-
gim planskim mjerama (npr. poticajima za ekolosku

poljoprivredu).

Duboki razvojni problemi u Pozesko-slavonskoj
Zupaniji zahtijevaju usmjerenu i multisektorsku stra-
tegiju u kojoj realizacija prostornih i regionalnih ra-
zvojnih planova ima vaznu ulogu. U najboljem slu¢aju
ovo istrazivanje moze biti korisno u osmisljavanju
politike utemeljene na dokazima te se daje na vred-
novanje svim interesnim skupinama sa svrhom dopri-
nosa dobrobiti drustva i prirode u Pozesko-slavonskoj
Zupaniji. Istrazivanje je takoder uputilo na probleme
simulacijskog modeliranja i upravljanja navednih pro-
mjena, $to je primjenljivo na druga periferna ruralna

podruéja sa slicnom razvojnom osnovom.

Ovaj rad poduprla je Hrvatska zaklada za zna-
nost projektom 4513 (Primjena metode scenarija
u planiranju i razvoju ruralnih podrucja Hrvatske,

CRORURIS).
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