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U3Bopa: MNpeaeoHO-eKONOLWKN UCTPAXKMBAYKM NPUCTYN Y NAAHMPaky NPOCTOpa Npy»Ka ersakT-
He TeopujcKke U eMnNUpMjcKe AoKase 3a npaherbe eKOOLWKMX NocieanLa HacTaamux NPUPoA-
HWUM /UK aHTponoreHUm GpakTopuma, OL4HOCHO NMPOMeHaMa NPOCTOPHMX CTPYKTYpa Koje cy
HbUMa ycnossbeHe. MpeaeoHn odpasal, y KOMe Cy maTepujann3oBaHe pasInyunTe BpegHOCTH
npegena je Hocunal, jeAMHCTBEHON KapaKTepa npeAena Ha PasNMynuTUM NPOCTOPHUM HUBOU-
Ma 1 NpeAcTaB/ba NepLEenTUBHU AOMEH HEroBUX KOPUCHMKA. MoKasaTe/bn KoHbUrypaumje n
Komnosuumje odpaciia npesena cy MaTeMaTUUKM anropuTMm Koju KBaHTUOURYjy cneunduyHe
NPOCTOPHE KapaKTepUCTUKE, KOjJUM Ce MHTepnpeTupajy npeaeoHe dyHKUMje u npouecn (du-
3UYKM M EKOJIOLWKM acnekT), anun u popme (BM3yenaH acnekT) U 3HayYeHa (KOrHUTMBAH acnekT)
npegena. MeTtoga meTpuke npegena je Hawna Hajsehy npumeHy y aHann3m eKoNOLWKKX Npo-
CTOPHUX NpoLeca U duoamsepsnTeTa Kao U yTephMBarby HUBOA NPOMEHA CTPYKType, MehyTum
ce Behy NnpMmeHy Hanasu 1 y NpoLLeHN BM3yeNHOT KapaKTepa npegena. Lumw paga je aa ce Ha
OCHOBY Npernefa penesaHTHe NTeEpPaType NPUKaXKy OCHOBHW TPEHAOBU NMPUMEHEe MEeTPUKe
npegena y ytephrBarby €KONOLWKMX U BU3YENHWUX NpoLeHa npeaena. MeTtos UcTpaxuBarba je
3aCHOBaH Ha aHa/M3uW, cMCTeMaTU3aLMjU U KnacuduKaumju nydanKoBaHUX pagosa y nepuoay
o 2000. no 2016. roguHe, y Kojuma ce npumersyje meTpuka npegena y: (1) aHanusu npege-
oHor odpacua u erosmx NPomeHa, (2) aHanmnsm duogmsepsunteta n GyHKUMja CTaHULWTA U (3)
BM3yeNHOj NpoueHn npeaena. M3asajarbem penpeseHTaTUBHUX NapameTapa MeTpUKe KOMMOo-
3uumje n KoHduUrypaumje npegena GopmmpaHa je OCHOBA 3a fAasba UCTPaAXKMBarba NpUMeHe
MeTpuKe npegena y UHTerpasHoj aHan3n U NPOLLEHN eKONOLKUX U BU3YeSHUX BPEAHOCTU
npegena. CaBpemeHOM KOHLENTyaM3aLmnjom npeaeo ce NoOCMaTpa X0UCTUYKM, @ UMNepaTmB
Syayhum mctpaxkusarbuma Tpeda yCMepUTH y NpasLy pa3Boja MHTErpasHe aHanuse, BpeaHo-
Batba W NPOLEHE Npeaena Kao LerHe 3a notpede niaHMparba NPOCTOPHOT pasgoja.

K/byuHe peumn: npeseoHa MeTpMKa, CTPYKTypa npeaena, eKoNOoLWKa npoLeHa npegena, Busy-
e/lHa npoueHa npeaena

yBOA4

MpumeHa NpeseoHO-eKOMOWKOr KOHUeNnTa y  Aujanor namehy NpocToOpHUX NaaHepa M eKonora,
nnaHupary npoctopa omoryhuna je gpyrauvju  NPYKUBLUW €r3aKTHE TEOPUjCKE U eMMUPUjCKe J0-
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Ka3se 3a npahere eKoNOLWKMX nocneauua npoy-
3pOKOBaHMX MpoOMeHama CTPYKType npegena.
MNpeneoHO-eKONOWKN NPUCTYN UCTPAXKUBakY
NpoCTOpa Ce 3acCHMBA Ha aHa/IN3uM CTPYKType npe-
dena (npepeoHor obpacua; eHr. landscape
pattern), dyHKUMja 1 Npoueca Koju ce oasujajy y
npegeny (Forman, Godron, 1986). Y okBupu-
Ma naaHuparba NPOCTOPHOT Pa3Boja aHTULMNMpa-
jy ce npomeHe noctojehe cTpyKType npegena y
npasLy Xes/beHnx mehyogHoca enemeHaTa ogpe-
heHor npepeoHor odpacua Koju je Hocunal, je-
OWHCTBEHOT KapaKTepa npegena.

CaBpeMeHOM KOHLEeNTyanu3almjom npegena,
npefeoHn odpasal, OAHOCHO KapaKTep npeaena
noduja BpesHOCT Koja ce carnefiaBa Kao XONv-
CTUYKM, AMHAMMYAH U NepuenTtudunaH npocrtop-
HU eHTUTeT (Antrop, 2000, 2005; Vasiljevic,
Zivkovi¢, 2009; Vasiljevié¢, 2012; Vasiljevi¢,
Radié¢, 2016). OBakae npucTyn cariegasakrby
BpPeAHOCTM y npocTopy fod1o je CBOj NeruTumu-
TeT y EBPONCKOj KOHBEHUMjMU O Npepeny Koja ae-
buHUWe npeneo Kao ,061acT OHAKO KaKo je sugu
CTAHOBHMLITBO, @ Kapakulep Upegesna je Hocunal,
MAEHTUTETA HACTao aKUMjOM M MHTepaKuujom
NPUPOAHUX n/unn KynTypHux dakrtopa“ (Council
of Europe, 2000). MNpeaeo ce Tymaym Kao nosp-
WMHA 3em/be Koja NpeacTaB/ba KOMMIEKCaH CU-
CTeM eCTeTCKMX (BU3YyenHUX), KYATYPHUX, eKoso-
LIKMX U EKOHOMCKMUX CUCTEMA U MaTepujanusyje
ce y KapakTepy npezaena, Koju ce ofpakaBa Ha
JbYACKY NepLenuujy v npunagarbe (von Haaren,
2002). Pa3Bojem meToAa aHaNM3e M KBaHTUOUKa-
umnjom npeneoHor odpacLa CTBOPUIM Cy Ce YCo-
BM 3a €r3aKTHO NnpoyyaBare npegeoHe GyHKUMje
n npoueca (GU3MYKM U EKOMOLLKM acneKT), anu u
dopme (BM3yenaH acnekT), 3Hauyera (KOrHUTMBaH
acnekt) (Terkenli, 2001, Vasiljevi¢, 2012;
Vasiljevic et al., 2014). YTBphuBarbe BpeaHO-
CTW, Koja NpeacTaB/ba MHTErpaumjy CTPYKTYPHUX
W BU3Yye/NIHWX acneKaTa CcaBpemMeHOr KoHLenTa
npegena, 0AHOCHO Herosa onepalyoHannsaumja
M KBaHTUMKaLMja NpeacTaB/bajy M3a30B caBpe-
MEHOT MN/IaHWparba NPOCTOPHOr Pa3Boja.

MeTona meTpuKe npegena je seh HeKonAuko
rogvHa jefHa of, Haj3acTyn/beHnja MeToaa KBaH-
TubUKaLMje CTPYKType npeaena u npumersyje ce
y cBMM ¢da3ama nnaHuparsa (Leitao et al., 2006).
Ha Taj HaumH je omoryheHo aupekTHO npaherbe
NPOCTOPHOr Pa3Boja Kao M NpeanKumja nocneam-
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LLa NPOCTOpPHUX TpaHcdopMaLmja WTO UMa CBOjY
NMPUMEHY Y NMPOLLEHM EKOOLLKE CTabUAHOCTM npe-
neoHor obpacua, duoamusepsnTeTa Kao U y Npo-
LeHW BU3yesHOT KapakTepa npegena (Uuemaa
et al., 2009). KBaHTudMKaumja CTPYKType npeae-
la 1 HberoBa UHTepnpeTaumja ce oasuja y me-
WpUYKOM UCKA3y Komiosuuyuje u KoHgpulypayuje
CUIpyKLUIYpe KOoju ce NpUMerbyje Y aHaiu3n cTara
npegena (Uuemaa et al., 2009, 2012;
Vasiljevié¢, 2012; Radi¢, 2014; Vasiljevic¢ et
al., 2014a; Vasiljevi¢, Radic¢, 2016), ogHOCHO
,BPeaHOCTM nocTtojeher n }es/beHor npeaeoHor
odpacua Kao pgena nJaHCKor KoHuenTta“
(Vasiljevi¢, Radic, 2016).

Komiiosuyuja dGpegena ce oaHocu Ha dpoj-
HOCT, T'YCTUHY W BENIUYUHY Pa3ANYUTUX TUMNOBA
enemeHara y npegzeny, rae odenexja Komnosunuu-
je nHTepnpeTnpajy KapakTepucTuke npegena Kao
WTO Cy nponopumja, yjegHavyeHoCT, JOMUHaLNja
1 AMBEP3UTET NPefeoHUX enemeHaTa. 3a pasnuky
o4, KoMno3uumje, KOHpuUIypayuja dpegena npea-
CTaB/ba NPOCTOPHU pacnopes NpefeoHUX eneme-
HaTa u 6aBu ce 06/MKOM M KomnakTHowhy npe-
OEOHUX eneMeHaTa, pacTojatbMma  usmehy
eflemeHaTa, KOHTPaCcTOM MBMLA, YUME Ce UHTep-
npeTMpa NPoCcTOpHa reoMeTpuja NpeaeoHor ob-
pacua (Vasiljevié¢, 2012).

Benukn dpoj meTpuukux napamerapa Kako
KOMMO3uLMje, TaKo U KoHOUrypaumje npeagena cy
pasBMjeHN 3a KaTeropuuyke nopatke (eHr.
categorical maps) (6uno Kao BeKTOpCcKa MM pac-
Tepcka 6asa nogataka), Koje KBaHTUPMKYjy cre-
umduyaH npoctopaH GeHOMEH Ha HMBOY npeae-
OHOr e/leMeHTa, Kaace MnpefeoHUX esemeHaTa
W/IN Ha HMBOY MHTerpasHor npeaena (McGarigal,
Marks, 1995; Radi¢, 2014). Hajsehu dpoj me-
TPUYKUX anropuTama Cy UHTErpucaHu y pasamum-
Te codTBEpCKe MaKeTe Of KOjWUX Cy Haj3acTyrnsbe-
HUju y ynotpedu FRAGSTATS, Patch Analyst 3a
ArcGIS okpyerbe, IDRISI (Uuemaa et al., 2009),
SAGA v pgpyrv1 marbe nosHatv codpTBepu y pa3Bo-
jy, Koju cy omoryhunm ruxoBy LIMPY U ONepaTms-
HWjy NPUMEHY Y NpaKcu.

Ha ocHoBy npernega gocagallkbux pesyatata
UCTParkmnBakba Koju Cy 06jaB/beHU Y HAYYHUM Ya-
conucmma y nepuogy og 2000. go 2016. roauHe,
y OBOM pafly Cy NpWKasaHW TPeHAOBU NpumeHe
MeTpUKe npesena y yTephuBatby eKOOLKe U BU-
3yesniHe BpeAHOCTU npedena, O4HOCHO Pasmo-
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TpeHe cy mMoryhHOCTM 3a HUXOBY MWHTErpasHy
WHTepnpeTaunjy. EKonoweka BpegHocT je npea-
CTaB/beHa KPO3 NPOMEHE CTPYKTYpe npeaena Koje
ce ogHoce 1 Ha dyHKUMje cTaHuwTa a omoryhasajy
n npaherwe HMBOa buoausep3uTeTa. BusyenHa
BPEAHOCT npejena ce OAHOCUM Ha BU3YEsHO -
nepLenTVBHE U BM3YENHO - MPOCTOpPHe dyHKUUje
3axBasbyjyhu unjum BpegHocTMMa npeneo mMma
BayKHy ynory y obesbehery jaBHOr MHTepeca y
06nacTu KyNType, }KUBOTHE CPeAVHE U AONPUHOCK
MCNyHbaBaky PasHOBPCHUX JbyACKUX noTpeba
HEeOoMNXoAHMX 3a 34paB/be U barocTarbe 3ajefHuLe
(Council of Europe, 2000).

YBMAOM Yy Haj3acTyn/beHWje napameTpe me-
TPWKe Npefena Kojum ce U3parkaBa HexoBa eKo-
JIoWKa M Bu3yenHa o¢yHKUMja, dopmupaHa je
OCHOBaA 33 M3ABajarbe penpeseHTaTUBHUX Napa-
MeTapa 3a noTpede MHTerpasHe MpoLeHe Bpea-
HOCTM Mpefena Kao Aena MeToae uspaje nnaH-
CKMX JOKyMeHaTa.

MATEPWUIAN U METO/, PALA

MeToga UcTpaxkmnBatrba ce 3aCHMBA Ha aHau3H,
cucTemaTtusaumju M Knacudukaumju pagosa ny-
dankoBaHUx y Bogehum mehyHapogHMM Yaconu-
cuma pedepucaHum y dasm Web of Science. Ha
OCHOBY npernesa nydnMKoBaHMX pagoBa Ha Nnosby
npumeHe MeTpWKe npesena y eKoNOWKUM U BU-
3ye/IHUM UCTPaKMBatbMMA, CUCTEMATU30BaHU Cy
WHAMKaATOpU CTPYKType npezena v napamerpu
METPUKE KOjU CYy 3aTUM TyMauyeHMU Yy KOHTEKCTY
MOryhHOCTU HUXOBE MPUMEHE Y WMHTerpasaHoj
npoLueHu npeaena, 04HOCHO Y MHTErpasHoj UH-
TepnpeTaumju BU3yenHe U eKOJOLIKe ANUMEH3Uje
npegena.

Y npBoj basu paaa, U3BpPLUEHO je NpeTparkuBa-
e pafoBa nNydbankosaHMx y nepuoay og 2000. go
2016. rogmHe npema K/by4HUM TEPMUHMMA KOju ce
oAHoce Ha npodnematuky ucTpaxkusara. Kao
NpBO, NPWUKYMN/bEHU CY PalOBU KOjWU CY Y HAC/NOoBY,
M3BOAY WM KA0 K/by4YHY pey cafpKanuv TepMuH
»MeTpuKa npegena” (eHr. landscape metrics) nam
TEPMUHE KOjU CE YeCTO KOPUCTE KAao CUHOHUMMU:
,NpeneoHn uHaekcn” (eHr. landscape indices),
,MeTpuKa npoctopa“ (eHr. spatial metrics). 3aTm

je npeTpaxuBarbe NPUKYN/bEHUX PafoBa BPLUEHO
Yy KOMOMHaLMjK ca TepMmuHMma: ‘visual landscape’,
‘landscape aesthetics’, ‘scenic quality’, ‘landscape
visual character’, ‘visual preference’, ‘visual
perception’, ‘information function’, ‘visual
assessment’, “biodiversity’, ‘habitat’, ‘land use’,
‘landscape change’, ‘ecological assessment’,
‘ecological process’, ‘regulating function’.

Y apyroj ¢asu paga, U3BpLIEHa je Knacuduka-
LMja NpUKYN/bEHMX pajdoBa y Tpu KaTteropuje: (1)
npegeoHu odpasay, U terose npomene, (2) dvo-
OmnBepsnTeT 1 GyHKUMje CTaHUWTa Kao u (3) Bu3y-
e/lHa NpoLeHa npeaena, Koju cy 3aTUM NpoyYeHu
y ummy dopmuparba MHPOPMALMOHE OCHOBE,
npv 4Yemy HUCY pa3maTpaHu PagoBKU KOjU Ce HUCY
eKCM/IMLUUTHO OOHOCUIN Ha NMPUMEHY MeTpUKe
npegena. MeTpukom odpacua npeaena u aHanu-
30M HEroBMx NPOMeHa ce MOry MpaTUTU rnaBHe
ekonoLlke QyHKLMje 1 NpouecK, Koju cy MHAMKa-
TUBHU 3a dUoaMBEpP3UTET U 04, Kojux 3aBuce duo-
eKosiolWKe PyHKUMje cTaHMwTa. Jasbe UCTpaXKu-
Bakbe je 3aTUM ¢$OoKycupaHo Ha dubnunorpadcke
jeanHUUe Ynjn pesynTtaTi Nokasyjy Hajsehy Kope-
Nlaumjy ca uu/bem npeameTHOr UCTPaXKMBakba,
opHocHo ca moryhHowhy npoyyaBarba MHTerpan-
He npoueHe npegena. Y HapegHOM Kopaky, ce-
nektosaHo je 30 pafoBa NoAe/bEHUX Y TPU HaBe-
AeHe KaTeropwuje. Ha Taj HauuH je dpopmupaHa
MHbOPMaLMOHa OCHOBA Ha OCHOBY Koje Cy cucTe-
MaTM30BaHU METPUYKM NapameTpu, a Koju cy 3a-
TMM nogesbeHn, npema McGarigal-oBoj nogenu
(McGarigal, Marks, 1995), Ha wWecCT raBHUX
rpyna: MeTpuka BennumnHe v usuue (eHr. area and
edge metrics), meTpuka odnuka (eHr. shape
metrics), meTpuka arperaumnje (eHr. aggregation
metrics), meTpuka ausep3uteta (eHr. diversity
metrics), meTpuKa jesrpa (cpeauwiTa) (eHr. core
area metrics) U meTpuKa KOHTpacTa (eHr. contrast
metrics). Ha ocHoBy aHanu3e KopuwheHUx napa-
MeTapa MEeTPMKe, Kao M pes3y/iTaTa hUxose npu-
MeHe, 3a CBaKy HaBeAeHy KaTeropwujy 1MsasojeHu
CY Haj3HaYajHMjM NapameTpu Koju ce mory Tyma-
YUTWU Y KOHTEKCTY HMXOBE NPUMEHE Kao MpocTop-
HUX MHOMKATOPA.

MapameTpu MeTpuUKe Cy 03Ha4YEeHN aKPOHUMMU-
Ma, Koju cy npuxBaheHu y odnactu npeneoHe
ekonoruje (Tadena 1).
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Tabena 1. KopuwheHe 03HaKe U HUXOBO MNOjalltbeHe

O3HakKa Mapametpu meTpuKe npegena

NP Bpoj npeneoHunx enemeHata

LPI MHaeKc Hajseher npegeoHor enemeHTa

PD MpocTopHa KOMMNAKTHOCT NPefeoHNX enemeHaTa

MPS [poceyHa noBpLUMHA NPeAeoHUX enemeHara

PSCV KoeduumjeHT Bapujaumje NoBpLIMHE NPEeAEOHMX efeMmeHaTa

PSSD CraHfapaHa AeBujaumja NOBPLUNMHE NPefeoOHUX enemeHaTa

ED MpocTopHa KOMMNAKTHOCT UBMLLA NPEeAEOHUX efnemeHaTa

MSI MpoceyaH MHAEKC dopme NpeaeoHUX enemeHaTta

AWMSI MpoceyaH nHaeKc popme NOHAEPUCAH NOBPLUMHOM MPESEOHOr eflemMeHTa
MPFD MpoceyHa ¢paKTanHa BpeaHOCT

AWMPFD MpoceyHa ¢paKTanHa BPEAHOCT NOHAEPMCAHA MOBPLIMHOM NPeaeoHOr enemeHTa
LSI NHaekec dopme npepena

CONTAG MNHAeKc NpeHoCUBOCTU (KOHTaKTUOUAHOCTH)

Ul MHAOeKe ynopeaHe pasdujeHocTu (pacnplieHoctu)

Al NHaekc arperauuje

SHDI LLleHOHOB MHAEKC amBep3uTeTa

SHEI LLleHOHOB MHAEKC PpaBHOMEPHOCTU

SIDI CMMNCOHOB MHAEKC AMBep3nUTeTa

PROX MNHaekc goctynHoctu (gocera)

ENN EyknnaoBa guctaHua namehy HajONUMKKUX cyceHUX NPefeoHUX efneMeHaTa

PE3YNTATU U AUCKYCUIA

MpepeoHun o6pasauy U erose NpomeHe

Y KaTeropuju Koja ce oAHOCU Ha MpeneoHu
odpasal, 1 terose NPoOMeHe, U3ABOjeHM Cy pPaso-
BM KOjU ce ogHOCe Ha aHanu3y odpacua u wero-
BMX NPOMeHa Koje cy Hajuewhe nocnegumua aH-
TPOMOreHor yT1Laja, O4HOCHO NPOMEHA Y HAYMHY
Kopuwhera 3em/bUWITa. AIMHAMUYHU KapaKTep
npegena ykasyje Ha je4Hy Of, HeroBUX OCHOBHUX
ocobuHa - cTa/sHe NPOMeHe Koje ce ogBwjajy y
npoctopy u BpemeHy (Forman, Godron, 1986;
Antrop, 2005; Leitao et al. 2006; Vasiljevi¢,
Radi¢, 2016). TpaHchopmaumje npocTopa 1 npe-
HameHa HauuMHa Kopuwhera 3em/buLITa 33 NO-
Tpebe ypbdaHuzaumnje, caodpahaja, npuspese,
LIYMapcTBa, TYpM3Ma U APYrux akKTUBHOCTU Me-
Hajy CTPYKTYpy npegena moguoburyjyhu ekono-
WKe oAHOCe W MeXxaHuame QyHKLMOHUCAHbA.
YTuuaju TpaHcpopmaumja ogparkasajy ce Ha duo-
AMBEP3UTET, eHepreTcKke TOKOBe, H1oreoxemujcke
LMKAYCe M KNMMATCKe YC/I0BE Ha JIOKA/IHOM U pe-
rmoHanHom HuBoy (Leitao et. al, 2006), uctospe-
MeHO Mmerbajyhu cnvKky npegena, caMmm TUM M
BM3YesIHY Nepuenuunjy U A0XKWBI/baj /byam.

Mako ce ogpeheH 6poj ctyamja dasu npoyua-
BabEM MPOMEHA CTPYKTYPE PYPasIHUX U LUYMCKUX
npegena (Southworth et al., 2002), paneko cy
yyecTanuje cTyamje Koje npoy4yasajy TpaHchopma-
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umje ypdaHux npeaena, Kao HajapamaTuyHujer
06/IMKa HenoBPaTHUX MPOCTOPHMUX NPOMEHaA
(Luck, Wu, 2002; Wu et al., 2011). Beaunku 6poj
MUCTParkMBakba MOKasyje jacaH TpeHa y nosehaky
dparmeHTaumje npepena msassaHe ypdaHusaum-
jom (Southworth et al., 2002; Luck, Wu, 2002;
Weng, 2007; Aguilera et al.,, 2011; Fan,
Myint, 2013).

Ha ocHoBYy aHanu3e u cuctematusaumje usa-
OpaHuX paZoBa, MOXe ce NMPUMEeTUTU Jda ce y
npoceky npumersbyje og 4 no 10 napametapa me-
TPUKE Yy aHann3n CTpyKType npegena. Y ogpehe-
HoM Opojy cTyamja je aHanmsmpaH sehu 6poj na-
pameTapa MeTpuKe y Ln/by yTBpHuBatba HbUxoBe
cBpeucxogHoctu (Peng et al., 2010), 3aBUCHOCTM
04, pasmepe, NPoOCTopHe U MHOPMaLMOHe pe3o-
nyumje u moryhHoctn nHTepnpetaumje (Hercog,
Lausch, 2002) nnu nsdopa napamerapa Kao UH-
OMKaTopa xeTeporeHoctn cTpyKkType (Plexida et
al., 2013). MpocTopHa pe3onyunja ce og4HOCU Ha
YKYMNHY MOBPLUMHY UCTPAXKMBAHOT NOAPYYja, @ UH-
dopmaLMoHa pe3onyLmja Ha BEIMYUHY TpaHyne,
OCHOBHE rpaguBHe jeguHMLUE npegena Koja je
npeamet aHanmse (Forman, Godron, 1986;
Radi¢, 2014). Hercog v Lausch (2002) cy y age
cTyamje cnyyaja Koje cy dune pasanuumTe no cBMm
KpuTepujyma (noBpLUMHA, pa3mepa, pesonyumja,
nonasHe Oase nopgartaka) KBaHTMdMKoBanu 27,
OAHOCHO 24 napameTapa, rae cy napametpu PD,
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MPS, AWMPED; MPFD, MSI, LSI, 1Jl, CONTAG vy
obe cTyauje nokasanu HajsHavajHuje Kopenaumje
3a aHanM3y npegeoHor odpacua. Peng u capag-
HuuM (2010) cy wmsasojunm PSSD, PSCV, MSI,
AWMPEFD i CONTAG Kao MHAMKATOpe KOjWu KBaH-
TMOUKYjy Behu Spoj KOMNOHEHTU CTPYKType npe-
[ena y oAHoCy Ha Apyre, O4HOCHO jeMHO peary-
jy Ha Tpu Hes3aBWCHe Bapujadbne y perpecroHoj
aHanusu. Plexida n capagHuum (2013) cy og 24
TeCTMpaHWX NapameTapa yTepAauan aa 10 nokasy-
jy Hajsehe Kopenauuje 3a UHTepnpeTauumjy xeTe-
poreHocTu npeaena. CBU HaBeaeHU ayTopu, npe-
Anaxy ynoTtpedy mawer Opoja MeTpPUUKUX
napametapa, a DiBari (2007) mn Weng (2007) cy
nomohy 4 K/by4yHa napameTapa MHTeprnpeTUupanu
rnaBHe TpeHAoBe NpomeHa ypdaHux odpasaua.

MehyTtnm, n3dop napamerapa MeTpuKe 3aBu-
CW oL MoZena U UnsbeBa UCTpaxkmBamba. Mocnes-
WX FOAMHA Ce CBe y4yecTasnje KOpUCTU rpagu-
jeHT aHanusa (eHr. gradient analysis) vy
KOMOUMHALMjK ca METPUKOM Koje MoKasyjy 3Hauaj-
He pe3sy/iTaTe y Tymayery ypOaHMUX E€KOMOLWKMUX
npoueca (Luck, Wu, 2002; Weng, 2007). Benu-
Kn dpoj ctyamja je nsseaeH nomohy Aa/bUHCKe
aetekuymje  (Lausch, Hercog, 2002;
Southworth et al.,, 2002; Herold et al., 2002;
DiBari, 2007; Wu et al.,, 2011; Fan, Myint,
2014; Plexida et al., 2014). Fan n Myint (2014)
npegnaxy ynotpedy MHAEKCA NPOCTOPHE ayTOKO-
penaumje ca npeaeoHOM METPUKOM Yy MPOLEHU
dparmeHTaumje ypdaHux npegena.

CeneKkumjy [0o0OaTHO YC/NOXHaBa 3aBUCHOCT
napameTapa og, pasmepe, pesonyuuje, dase no-

JaTaka W Tunonorvje HaunHa Kopuwherba 3e-
M/bULUITA/3eM/bULLHOT NOKPUBaYa. Knacudukaum-
ja HauMHa Kopuwhera 3eM/bULLITA YK/bYYYje o4 3
po 17 knaca, Koje ce U3A4Bajajy pasIMuUTUM Me-
ToAaMa, WTO oTexasa nopehere pesyntata, Ha-
poYnTO MeTpuKe Ha HuBOy npegena (Hercog,
Lausch, 2002).

MeTpuKa Komno3suumje ce yewhe npumersyje
Y OAHOCY Ha KOHOUIypaLmjy KOjy je M 3HAaTHO NlaK-
Wwe KBaHTUPUMKoBATU. HajyyecTanuje ce npumersy-
je meTpuKa 13 rpyne meTpuke BeMYMHE U NBULA
(42% op, yrynHor dpoja TecTUpaHux NapameTapa y
CBUM CEIEKTOBAHMM UCTPaXKMBarbUMa), 3aTum me-
TpuKe arperaumje (21%), gusep3uteta (19%) u
06/11Ka (15.5%). Komnapauujom pesyntaTa cenek-
TOBaHWX UCTPaXKMBakba, a/in U Ha OCHOBY TEOPMUj-
CKMX MOCTaBKU U APYrux NPUKYMN/bEHUX pasoBa
n3asojeHo je 11 meTpuyKkUx napameTapa nomohy
KOjUX Ce MOTy NPaTUTU [MaBHU TPEHA0BU NPOCTOp-
HO-BpeMeHCKMx npomeHa odpacua (Tadena 2).

MapameTap ED ce npumersyje 3HaTHO Matbe y
oAHOCY Ha apyre v3gBojeHe napametpe. Mehy-
™MMm, Behe BpeaHocTu ED yKasyjy Ha dparmeHTH-
CaHe U M30N10BaHe NpefeoHe eNemeHTe Koju cy
nocaeguua aHTponoreHux ytuuaja (Radic, 2014).
PSSD npepctaB/ba mepy anconyTHe gucnepsuje,
a PSCV penatmsHy gucnepsujy noBpLUMHa npeae-
OHMX efnieMeHaTa y ofaHocy Ha MPS oapeheHe
Knace unu uenokynHor npegena (Radié¢, 2014).
Mapametpn PSSD mn PSCV cy gepusatn MPS un
npeacTassbajy ,,CTaTUCTURY Apyror pega”, cxogHo
YyemMy WX je HeOMnXoAHO U TYMAuUTU Yy KOHTEKCTY
BpeaHoctn MPS un PD.

Tadena 2. MeTpuuKM NapameTpu 3a aHanM3y odpacua npesena U HeroBux NpomeHa

MeTtpuka MeTtpuka MeTtpuka
MeTpuKa BeNIMUnHe U usuue .
061uKa arperauuje ausepsuTer
LPI PD MPS PSCV PSSD ED MSI AWMPFD CONTAG UI SHDI

Lausch et al., 2002 e & & & & & e
Luck, Wu, 2002 I * *
Herold et al., 2002 & & 4 &
Southworth et al, 2002 * * * * *
DiBari, 2007 * * *
Weng, 2007 * * *
Peng et al., 2010 * * * * * *
Wu et al., 2011 * * * *
Aguilera et al., 2011 * *
Plexida et al., 2013 & w * & = <
Fan, Myint, 2014 * * *
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Bbuogusep3uTeT U GyHKLUMje CTaHUWTA

MpumeHa KoHLenTa KBaHTUOMKaLMje odpasaua
npeaena y aHanvsun duoamsepsnTeTa U CTaHMLLTA
je jeAHO oA, HajUHTEeH3UBHMje NPOYYEeHUX NOosba
(Uuemaa et al.,, 2009). Hajsehu npoueHaT ymMHe
pazoBu Koju npoyyasajy OMOeKo/oLWKe ogHoce
CTPYKType npeaena v ogpeheHe TaKCOHOMCKe Bp-
cte dnope nnu dayHe (petasmwHuje supetn Uue-
-maa et al., 2009). 3HaTHO Matbe cy 3acTyn/beHa
eMMNUpUjCKa UCTPaXKMBatba Koja Npumersyjy me-
TPUKY MNpefena 3a aHanAu3y AMBep3uTeTa BuLle
TaKCOHa M HUXOBUX MehyodHOCa Ha PasIvynUTUM
pasmepama uUAn yKynHor duoamsepsnTeTa Ha He-
Kom nogpyyjy (Billeter et al., 2008; Schindler
et al., 2013). Hajsehn Spoj nctpaxkmnsarba ce oa-
HOCK Ha cucape, 3aTUMm Su/bKe W NTULE, AOK CY Y
MatbeM MPOLLEHTY 3aCTyn/beHe CTyanje O MHCEKTU-
Ma, rmu3aBuMMa, Bogo3emMuMMa U pudama
(Uuemaa et al., 2009; Uuemaa et al., 2012).

CBera HEKONMKO ayTopa je NpoyyaBaso npu-
MeHy MeTpuKe y NpoLeHu yKynHor duoamnsepsu-
Teta (Billeter et al.,, 2008; Ueemma et al.,
2009; Schindler et al., 2007, Schindler et al.,
2013). Schindler u capagHuum (2007) cy npe-
ONOXUAN ceT NapameTapa 3a MPOLEeHy YKynHor
duoamBepsunTeTa, rae Ccy ce UHAMKATOpPU AuBep-
3uTeTa CTaHUWTa dparmeHTaumje u odnuka npe-
[EOHUX efleMeHaTa Ha NpefeoHOM HUBOY U3ABO-
juNn Kao KpyLMjanHU Ha Pa3INYUTUM NPOCTOPHUM
pa3mepama. CTaHMLITa ca XeTeporeHUm abnoTuny-
KMUM yC/IOBMMa W Bapujaumjama y GU3NYKOj CTPYK-
Typu Mmajy Behu duopmsepsuTeT, a HoratcTso
(6pojHocT) BpcTama je ycnos/beHo dparmeHTaLm-
jom npenena u cteneHom M3onauumje CTaHULWTA
(marbe nM3onoBaHa CTaHMLWTA Cy cneuujcku dora-
Tnja) (Forman, Godron, 1986). ®parmeHTauuja
eKkocucTema U MaTpuue npeaena Cay»e Kao npo-
CTOPHM WMHAMKATOPWU MNomnyniauuje v noHalamwa
opraHmusama (Fahrig, 2002; McGarigal,
Cushman, 2002).

C gpyre cTpaHe, pe3ynTati NnpuMeHe MeTpuke
npeaena Kao MHAMKaTopa doratctea SusbHUM Sp-
CTama, MHCeKaTMMa M KMYMeraLMma nokasanum cy
4a 00/MK NpefleoHWX enemeHaTa, AUBEP3UTET,
yAa/beHOCT U HaYMH arperauuje npefeoHux ene-
MeHaTa Yy 04HOCY Ha METPUKY BeSIMYMHE U KOH-
TpacTa mBuue umajy Behy Kopenaumjy y mogeny
npoueHe AuBep3uTeTa 3a LWeCT CeNeKTOBaHMX
TakcoHomckux rpyna (Schindler et al., 2013).
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Hacynpor, MaHeBponcKka cTyanja Koja je yK/byuu-
Ba/jla NofaTKe M3 cefam ApXKaBa Y Lusby npoueHe
duoansepsnTeTa pypanHux npesena je ycraHoBu-
Na pa ce HujegHa BPCTa HUje n3aBojuaa Kao npe-
AVKTOp 33 ocTasie TakcoHOMcKe rpyne (Billeter
et al., 2008). KBaHTUDMKOBAHN METPUYKM Mapa-
MeTpK, OCMM MOBPLUNHE NPUPOAN SIUCKUX CTaHW-
WTa M HUXOBOT AMBep3uTeTa, HWUCY MOKasanu
3HayajaH 04HOC Yy aHanM3M NOBE3aHOCTU CTaHU-
WwTa 1 npeamkumjmu doraTcTBa BpcTama Ha Behum
pasmepama (Billeter et al., 2008). MNako cy npu-
cyTHe ogpeheHe HefoOCNeAHOCTU, FreHepasHo je
MeTpMKa Komnosuumje npegena (nponopunja u
AVBep3nTET TUMOBA HauMHa Kopulwhera 3em/bu-
LITa/3eM/bULLIHOT MOKPMBAYA) BULLE UCTPANKEHA Y
ofHOCYy Ha KoHbUrypauujy cTpyktype y npaherby
1 NpeanKkunju gusep3unTeta payHe, HApPOUUTO Au-
Bep3uteTa cucapa (Uuemaa et al., 2009).

3a pas3nvKy og, dayHe, KOMMAEKCHOCT 08aMKa
npefeoHUx enemeHaTa (MeTpuKka KoHourypauuje)
Ce MOoKa3ana Kao 3HaYajHMju MHAMKATOP CTeneHa
boratctBa ¢pnope (Moser et al., 2002). leome-
TPWjCKa CNIOXKEHOCT Npegena ce mera NPoOMeHOM
XeTeporeHocTn popme ycnes aHTPONOTeHUX yTu-
uaja cTBapajyhu paBHe (reomeTpr3oBaHe) uBULe,
KOje Merajy TOKOBE eHepruje u eHTponujy npo-
cTopa oapakasajyhu ce Ha doraTcTBO BpcTama.
CtaHuwTa dnomopdHUx (HenpasuaHmux) odnuka
reHepanHo umajy Behu 6poj Bpcta Ousbaka
(Fahrig, 2002; Moser et al., 2002; Honnay et
al., 2003). UHpeKc dopme NpeseoHMX enemeHaTa
1 ppaKTanHa BPeaHOCT NpefeoHUX enemeHaTta
(Kao ¥ HUXOBM AepuBaTU: NPOCEYHE BPEAHOCTU
VAW UHOEKCU NOHAEPUCAaHN NOBPLUMHOM efleMeH-
Ta) Cy CTaHAApAHW napameTpu odnuKa, AOK cy
Moser v capagHuum (2002) pa3Buam HOB MHAEKC
KOMMN/IEKCHOCTU 00/1MKa Koju NoKasyje Behe Kope-
nauuje y npeavKkunju gusepsuteta daope. Y gpy-
MM KaTeropujama, KBaHTMdUKauMja MeTpuke
n3onaumje ce peTko Kopuctn, gok cy PROX n ENN
(Tabena 3) MHAMKaTOPM NOBE3AHOCTM Koja 0des-
belhyje AOCTYNHOCT pecypca KpyuunjanHux 3a au-
HaMWKy nonynaumja (MeTpuKa usonauuje YMHM
12% op, yKkynHor 6poja TecTMpaHux napameTtapa y
CBUM M3BOjEHUM UCTPaXKMBatbMMa OBE KaTero-
puje). HeratmeHa Kopenaumja PROX 1 yrposkeHmnx
BpCTa yKasyje Ha duTHe yTuuaje dparmertauuje
npegena 3a osy rpyny Bpcta (Honnay et al.,
2003), 40K Cy MHBa3MBHE BPCTe Y OA4HOCY Ha ay-
TOXTOHe Takohe oceT/bMBMje Ha XeTeporeHocT
cTpykType (Kumar et al.,, 2006). Pesyntatu
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Kumar-a u gpyrux (2006) cy nokasanu ga npo-
CTOpHa XeTeporeHoOCT MOXe MMATU pasnuuuTe
edekTe Ha AUCTPUOYLMjY ayTOXTOHUX U UHBA3MUB-
HUX BpcTa dusbaka, rae cy napametpu ED, SIDI, I
MMann NO3UTUBHY, a NapameTap MPS HeraTueHy
Kopenauujy 3a cse BpcTe. EBUaeHTaH je nopact
CTyAMja 0 O4HOCY UHBA3UBHUX BPCTa U CTPYKType
npegena (Wania et al., 2006; Kumar et al.,
2006). HeoueknBaHa je HUCKA NPUMEHa MeTpUKe
KOHTpacTa MBMLE, a KOjy je HEONXOAHO YK/bY4UTH
Y Oa/bUM UCTpaxkusarbuma 36or 1odpo nosHaTor
KOHLEeNTa MBMYHOT edeKTa M 3Hayaja KoHTpacTa
meBuua 3a duogmeepsuter (Forman, Godron,
1986). M3 cBera HaBeAEeHOT, MOKe Ce 3aK/byunTn
fa ce dyayha emnuvpujcka UcTpaxkmBarba mopajy
YCMEpUTU y NpaBLly CUHTEe3e A0CafallbUX pesy-
TaTa y Uu/by NpoueHe U MOHUTOPUHra yKymnHOr
dnoansepsuTerta.

Y Tadenun 3 cy npuKasaHW raBHM NapameTpu
MeTpUKe KOju Cy ce NOoKasanu pefieBaHTHU 3a aHa-
nu3y doratcTBa BpcTama y M34BOjEHUM PafoBU-
Ma, @ FbMXOBY ananKaumjy y Aa/buM CTyaujama je
moryhe ycmeputu y npaBLy Kpeupara yHUBep-
3a/IHUX MHAMKATOpa Yy NPOLEHU YKynHor duoau-
Bep3uTeTa U CTaHUWTa. Minak, Heke napametpe je
noTpedHO NPOBEPUTU Y AA/BUM UCTPAKMBAHLUMA
(HNp. meTpuKka 0b6MKa y NpeanKLmnjU AuBEpP3UTeE-
Ta dnope je 3HaYajaH MHAMKATOP, AOK 33 dayHy
He nokasyje duTHe Kopenauuje).

BHU3YEAHAIIPOLIEHA ITPEAEAA

Y HapeAHOj KaTeropuju cy n3aBojeHn pagosu
KOju ce ogHOCe Ha NPUMeHY MeTpuKe npeaena y

BM3yesIHOj npoueHu npegena. Cama TemaTuka
ecTeTUKe npeaena je akTyenHa y CTPYYHOj U Hayuy-
Hoj 0bnacTn Beh HEKONUMKO AeueHuja, rae ce UH-
TEH3UBHO pasBuja of 70-ux roguHa npownor
BeKa. pBe Teopuje ce daBe eBONYLMOHUM daK-
Topuma Koje geduHuwy ypoheHe npedepeHue
YyoBeKa Ka ogpeheHum npegenvma. HenocpegHo
ce pa3Buja 1 Apyrayunju NpUCTyn Koju ce CBPCTaBa
y rpyny Teopuja KynTypHux npedepeHum y Kojuma
Cy OPYLWTBEHN KOHTEKCT M NepcoHasiHa MCKYCTBa
npecyaHv GaKkTopu y Kpempaky ecTeTCKOT LOMM-
B/baja (Tveit et al., 2006; Vasiljevi¢, 2012) n
,»ECTEeTCKO 33a/10BO/bCTBO MPOU3NIA3M U3 Npesena
KOjU JOMNPUHOCU KYNTYPHOM UAEHTUTETY U CTa-
dunHoctn” (Bourassa, 1988).

MpucTynu ce pasnuKkyjy M y 3aBUCHOCTU Of,
TOra Aa /N cy ayTOLEHTPUYHM (cydjeKaT y ueHTpy
MHTepeca) U anoLeHTPUYHN (ycmepeH Ha obje-
KaT) (Porteous, 1996). OBa nogena ce 3acHMBa
Ha cyOjeKTUBUCTUYKO] N 0OjeKTUBUCTUYKO] Napa-
amrmu (Lothian, 1999) y Kojoj ce npsa dasupa
Ha MpyKakby NCMXONOWKMX odjawrbera npede-
peHuuje 1 nepuenuuje npeaena, Aok cy y Gokycy
00jeKTUBUCTUYKE Napagurme GusMyKe KapaKTe-
pUCTUKe npeaenia Ha OCHOBY KOjUX JbyaW rpaje
npumapHe peakuuje Ha npoctop (Tveit et al.,
2006; Vasiljevi¢, 2012; Frank et al., 2013).0Ba-
KBa gndepeHumjaumja je onpegennna v TpeHaoBse
Yy EMNUPMjCKUM UCTPAKMBabMMa 3aCHOBAHWM Ha
eKCNepCcKo- WU NepLenTUBHO-OPUjeHTUCAHOM
npuctyny. Mepuenuuja u npedepeHunja npesena
ce Hajnpe pasBujana y 0d1acTu NCUXONOTU]E HKU-
BOTHE CpeAuHe, Koja Huje y3umana y od3up uu-
FEHULY A3 UCMIUTAHMLM MOTy A2 KOMOWHYjy pa-
3/IMYMTE KPUTEPUjYME Y OLEHU CLieHe npeaena, a

Tadena 3. MeTpuuKM NapameTpu 3a NpoLeHy duogusepsnTeTa U GyHKLMja CTaHMLITA

MeTtpuka BennumHe MeTpuKka MeTtpuka MeTtpuka MeTtpuka
1 uBuuUe obdnuKa  arperauuje AuBep3uTeTa M3onauuje
NP  MPS ED AWMSI 1] SHDI SIDI ENN PROX
Moser et al., 2002 < e e
Honnay et al., 2003 & e &
Westphal et al., 2003 o e
Kumar et al., 2006 e e e e
Wania et al., 2006 < < e e
Kim, Pauleit, 2007 & & & e & ©
Schindler et al., 2007 o < e e e e
Billeter et al., 2008 o
Schindler et al., 2013 e e e W ) w3
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CTyamje cy ce 3acHMBase Ha Nperneay Kapaktepu-
CTMKA Koje JoBOAe [0 HUCKE WK BUCOKe npede-
peHue npegena (Daniel, Meitner, 2001;
Dramstad et al., 2006). Ca gpyre cTpaHe, ek-
CNEepTCKM MPUCTYN je CTPUKTHO OKycupaH Ha
CTPYKTYpy npefena u KOHPUrypauujy HeroBux
enemeHara. Mako cy npucyTHe owwTpe pasnuke y
CXBaTakby BM3Ye/IHO-eCTeTCKe AMMeH3uje npegena
o4, CTpaHe pas3/INuUTUX TEOPUjCKMX MpaBsaLa, ca-
BPEMEHU TeOPeTUYapK ce CAXKy Aa je HEONXOA4HO
CjegurbaBatbe casHawa M gocturHyha y jeamH-
cTBeHy napagurmy (de la Fuente de Val etal,
2006; Fry et al, 2009). Dewey (1980) HaBoau aa
eCTeTCKU [0XKUBJ/baj HE YK/bydyje OA4BOjEeHOCT Cy-
bjeKkTa M odjekTa Beh je xonucTUYKe npupose,
yK/bYy4dyjyhn nHterpaumnjy daktopa Koju y yoduua-
jeHOM [0XXWBJ/bajy MOrYy MU3r1eaaTu npesuwe au-
¢dy3HM, nocedHO y KOHTEKCTY npeaesna, Koju ce
cacToju u3 Benukor dpoja enemeHarta. Ynpaso,
KOMM/IEKCHOCT Npesena, TeMnopasHa AUHaMuKKa,
CySjEKTUBHOCT U MHAMBUAYANHE pasnke nsmehy
rnocmartpaya, cy camo Heku og, paKTopa Koju oTe-
KaBajy Gopmuparbe KBaHTUTAaTUBHE M 00jeKTUBHE
npoueHe BW3yenHOr KapakTepa npejena
(Uuemaa etal., 2012).

MpBOdUTHa eMNMpUjCKa UCTparkKMBakba cy da-
3upaHa Ha kopuwhery doTorpaduja y npoueHu
npedepeHUn UCNUTaHUKA, Koje ce AaHac Komdu-
Hyjy ca caTenuUTCKum 1 aepodoTo CHUMLMMA.
OnpaBaaHocT npumeHe doTtorpaduja y ctyamjama
npedepeHLM je YeCTO KPUTUKOBaHa 3060r HKxoBe
HemoryhHOCTM Ja Ha afieKBaTaH HauMH NpeacTa-
BE AMHAMMUYaH U MyNTUOYHKLIMOHANAH KapaKTep
npeaena. Ynpkoc orpaHuyerwnma, dotorpaduje
Cy Ce MoKasasie Kao 3a40B0/baBajyhu penpeseHTu
CTBapHe cAuke npegena 3axsasyjyhu nopehery
ca nogauuma godujeHum y cTyamjama Ha TepeHy
(Dramstad et al., 2006). CTyauje y nporpammma
MOHUTOPUHTa Npegena u KBaHTUPUKaLmju CTpyK-
Type ce 3acHMBajy Ha Manama 3eM/bULLHOT Mo-
KpuBaya, aepodoTo CHMUMLMMA, Aa/bUHCKO] Ae-
TEKUMjW MpyKajyhn nepcrnekTUBy 3@ XOJMCTUYKY
npoLLeHy BM3ye/NHOT KapakTepa npegena, Koja y
KOMOUWHaLmju ca npedepeHL,aMa 3aCHOBaHUM Ha
doTorpadujama odjegmnmbyjy cydjeKTUBHM U 00jeK-
TuBHM npuctyn (Dramstad et al., 2006; Tveit et
al., 2006; Frank et al., 2013). XonncTnyku npu-
CTYN NOACTaKHYT je yBoherem aepodoTo cHUMa-
Ka, unyctpyjyhu sese nsmehy teopuje xonmsma u
lewTanTt Teopuje y nepuenuymju npegena, a NOMo-
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hy Kojux ce npaTe NpoMeHe U XONMCTUYKU UHTep-
npeTupajy KomnaekcHu npegenn (Antrop, Van
Eetverde, 2000). Antrop u Van Eetverde
(2000) pokasyjy Aa meTpuyKa KBaHTUdMKauMja
CyMUpaHe eHTponuje HajBuLLe oaroBapa AepuHu-
cakby jeAMHMULE UCTPaXKMBaba NPU BU3YeNHO] UH-
TeprnpeTaumjn caTeNIUTCKUX nofataka U MoXKe ce
KOPUCTUTN KaO KBAaHTUTATUBHA KapaKTEPUCTUKA Y
XO/IMCTUYKOM AebuHUCakby jeauHULEe npeaena.
CymunpaHa eHTponuja ce ogHocu Ha LLleHOHOBY
MHPOPMaLMOHY eHTPOMujy, Koja ce npumeryje
Kao LleHoHOB MHAeKc ansep3uTeTa (SHDI) y npe-
[EO0HOj eKONOTMju N M3paxaBa PasanNynToCT U
nponopuujy TMNoBa NpeseoHnx enemeHara.
Besy nsmehy npegeoHe aHanv3e 3acHOBaHe
Ha Manama 3eM/bULIHOT MOKpMBaya M doTtorpa-
dujama y npoLeHN nepumnnmMpaHor ecTeTCKOr KBa-
nuTeTa cy npoyyasanu Dramstad v capagHuum
(2006) ca un/bem fOa yTBpAE 4a /M Ce achekTu
KoMnosuumje npegena mory KOpuCTUTU Kao MH-
OMKaToOpWU 3a MpOLEeHy BU3yesHOr KBaauteTa y
nporpaMmmma MOHUTOPMHIA KOjU KOPUCTE Ja/bUH-
CKy AeTeKkuujy. No3nTmBHe Kopenauumje meTpuke
npegesa 3acHoBaHe Ha Manama v pesyaTaTta npe-
depeHUM ABe rpyne UCNUTAHMKA YKasyjy Ha HeKo-
JIMKO acrnekata Komnosuuuje u KoHourypaumje
(npeBacxogHo nponopumja U AMBEP3UTET TUMOBA
NpefeoHMX eleMeHaTa) Koju Ce MOTy KOPUCTUTH
Kao MapameTpu MPUIMKOM BU3yenHe npoLeHe.
Palmer (2004) KOpUCTM METPUKY Y aHAaNU3M nep-
uenuuje cueHcke BpPeAHOCTM npeaena Koju je
npeTpneo 3HaTHe nNpomeHe y nepuogay og 20 ro-
nuHa. OH yKasyje ga ce Bapujaumje y nepuenunjm
cueHe of CTpaHe WUCMUTaHMKA MOTY Y 3HATHOj
Mepu 08jaCHUTU MPOCTOPHUM METPUYKUM UHAW-
KaTopuMa, a nopegehu ux ca pesyntatuma aodu-
jeHMM aHKeTMpareM UWCNUTaHMKa 3ak/bydyje aa
je reHepasHO MeTpMKa KoMMNo3unumje y ogHOCY Ha
MeTPUKY KoHdurypaumjy O6aumxKe nosesaHa ca
CLUEHCKUM BpefHOCTMMA npeaena. Hajsehu po-
NPWHOC U3 rpyne napameTtapa MeTpuKe KoHuUry-
pauuje je umao ED, Koju ce noka3ao Kao UHAMKaA-
TMBaH 3a CLUEHCKe BPefHOCTU U KOMMIEKCHOCT
CTpyKType. Penaunje namehy susyenHux atpudyta
1 MeTpuKe odpacua y meauTepaHCKUM npeaenu-
ma Takohe noTtephyjy Aa cy MHAMKATOPWU KOM-
NJEKCHOCTU U AMBep3nuTeTa CTPYKTYpe Haj3Hayaj-
HUjU Yy npeauKkuunju npedepeHunje (de la
Fuente de Val et al.,, 2006). Bpoj n TMnosu
npefeoHux enemeHaTa cy umanu Hajsehe nosu-
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TUBHE Kopenauuje ca BUCOKO paHrmpaHuUm rnpe-
¢depeHuama (Palmer, 2004; Dramstad et al.,
2006), a uHaekcn odbnmka, Shannon-o8 MHAEKC
AvnBep3uTeTa U NPOCTOPHA KOMMNAKTHOCT Npeaeo-
HUX e/flieMeHaTa Cy MNOTeHUWjaHU MHAMKATOPU
avsep3uteTa u npupogHoctn npegena (Tveit et
al., 2006; Fry et al., 2009; Frank et al., 2013).
[eHepanHo, paHrMpaHW cy BUCOKO OTBOPEHW WU
XeTeporeHn npegenn ca NPUCYCTBOM esleMeHaTa
Boge (Palmer, 2004; Dramstad et al., 2006;
Tveit et al., 2006; Uuemaa et al., 2009, 2012;
Frank et al., 2013).

3a pas3nvKy of CTyAMja eKoJIoWKUX npoleca
npeaena, jeaaH of, rMaBHUX M3a30Ba Y aHaU3n
BM3ye/IHOT KapaKTepa npegfena je HegocTaTak ja-
CHOT OKBMpa 33 OMepaTUBHY W KBAHTUTATUBHY
NPUMeEHY BU3yeNHUX UHAMKATOpa. MaKo MeTpurKa
npegena jow yBeK He Moxe Aa 0djeaMHN U KBaH-
TUUKYje CBe acneKkTe BU3yeNHe AUMEH3uje npe-
gena (Dramstad et al., 2006), npe ceera ecreT-
CKe KpuUTepujyme nojeamHaua Koje cy penaTuBHe
n cySjeKTBHE, MOCTaNO je U3BECHO Aa ce BU3yen-
HW KapakTep npeaena, Mmopa Be3aTu 3a NpesfeoHu
olpasal, Kao CUCTEM Yy KOM ce maTepujanunsyjy
npeaeoHe BpeaHoctn (Fry et al., 2009;
Vasiljevic¢, 2012). MNpoyyasajyhun BusyenHy am-
MeH3ujy npeaena Kpo3 XONUCTUYKM NPUHLMNM, Y
OKBMpY jegHe NaHeBPOrCKe CTyguje Hactao je
npojekart VisualLands Koju je cMHTeTM30Bao Aoca-
Jallkbe Teopujcke OCHOBE M MpeacTaBuo jedaH
KBA/IMTAaTUBHO ApYyrayunju MeToA40N0WKN Moaen 3a
NpoLEeHy BU3yenHOT KapakTepa npegena (Tveit
et al., 2006; Sang et al., 2008; Fry et al., 2009;
Ode et al., 2010, Ode et al., 2011). Aytopu cy

AeduHUcanu aeseT NepuenTUBHUX (BU3yeNHUX)
KOHL,enaTa M 3a CBAaKWM KOHLENT NpeacTaB/beH je
ceT aTpmdyTa M NOTEHUMjaIHUX KBAHTUTATUBHUX
nHpuKaTopa (Tveit et al., 2006). Jasba UcTparku-
Bakba tbuxoBor moaena (Fry et al. 2009) nokasa-
Nla ¢y Aa BU3yesHU UHOMKATOPU MMAjy penaTtuBHO
WMPOK 3ajefHUYKM KOHLENTyaslHW OKBMpP ca
K/bYYHWMM €KOJIOLIKMM acreKTUma (BUCOK cTeneH
NnoBe3aHOCTU NPeAEeOHO-EKONOLWKNUX U BU3YETHUX
NPUCTYNa) WTO ra YNHU ynoTped/bnBnm y UcTpa-
KMBabMMa PasIMunTmMx GyHKLUMja U BPeaHOCTH,
dopmupajyhr aHaNIUTUYKY U MONa3HY OCHOBY 3a
pa3Boj HOBe MHTErpaTMBHe Teopuje U mMeToaa
Koje yHanpehyjy aHannsy, MOHUTOPUHT U NAAHU-
patbe. HakoH npoBepe KOHLEeNTya/HUX OKBMpPA U
aHanu3e 3ajeHUYKNX UMEeHUTEe/ba 32 BU3YE/THU U
€KOJ/IOLKM acneKT npeaena ayTopu cy M3aBojunm
LIeCT K/byYHMX KOHLLenaTa: KOMMNAEKCHOCT, Koxe-
PEHTHOCT, NPUPOAHOCT, BU3yenHU odyxBaT, UcTo-
puyHoOCT U ypeheHocT.

Y 1adenun 4 cy npvKasaHM METPUYKM Napame-
TPW Koju NoKasyjy Hajsehe Kopenauuje y gocaga-
WHWM UCTPaXKMBatbMMa WKW UHTEPNnpeTupajy
HEKW oA, HaBeAEeHUX KoHuenaTta. Bennku Hanop je
YNOXKEH Y MHTepnpeTaumnjy KOMMaeKCHOCTH npe-
[eNa Koju je y Kopenaumju ca KoxepeHTHolwhy,
KpO3 KBaHTUOMKaLUMjy aucTpmudyunje enemeHata
(meTpuKa npocTopHe KomnakTHocTu: MPS, PD,
NP; meTpuka gmsep3uTeTa: SHDI, SHEI), npocTop-
He opraHusauuje obpacua (MeTpuka arperauuje:
CONTAG, Al, IJI) n Bapujaumnja odamka 1 odpacua
(dpakTanHa reometpuja: MPFD, nHaeKc odnumKa:
MSI, meTpuka usuue: ED) (Ode et al, 2010,
2011).

Tabdena 4. MeTpuuKM NapameTpu 3a BU3yesHy NpoLeHy npegena

Mertpuka BennumHe u Mertpuka Mertpuka Mertpuka
uBULe obnuka arperauuje AuBep3uTteTa
NP MPS PD ED MSI MPFD CONTAG Al SHDI SHEI
Antrop, Van Eetvelde, 2000 & < * *
Palmer, 2004 & i &
Fuente de Val et al., 2006 i e e t &
Dramstad et al., 2006 t < &
Tveit et al., 2006 < < e e e & © v
Sang et al., 2008 * * o o i e
Fry et al., 2009 & & & o & v v
Ode et al., 2010 < e e S ) w3 S
Ode et al., 2011 < e < & 2 @
Frank et al., 2013 e e e
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3AKMAYYIAK

MNpeneoHn 0dpasal, je NPOCTOPHMU cUCTEM efne-
MeHaTa Koju Huje cTaTUYHa Kateropuja seh npea-
CTaB/ba AMHAMMYAH EHTUTET KOjU je NofA CTa/IHUM
yTUL@juMma NpUpoaHMX U/UAn aHTponoreHux dak-
Topa. IHAWKaTopu AnHaMKKe v eBoayumje npeae-
Na cy carnegmMBu Ha HUBOY npefeoHor odpacua
ynjom aHasnm3om ce yTBphyje cTarbe CTPYKType 1
byHKLUMOHUCaHa Npeaena, Npouekyje ce cTarbe
duopmsepsnTeTa Kao U HeroBa BU3yesHa Bpea-
HOCTM. YTWL@ju npupogHux dakTopa Kao nokpera-
Ya NMpomeHa v npoueca y npegeny ce oasujajy y
3HATHO Aly’Kem BPEeMEHCKOM Mepuroay Y OAHOCY Ha
TpaHcdopmaLmje y3poKoBaHe aHTPOMOreHUM ak-
TUBHOCTMMa Y NPOCTOPY. AHTPONOreHn yTuuaju ce
KapaKkTepuwy BehUM WMHTEH3UTETOM U HUBOOM
Henpeasua/bUBOCTM, a ypdaHUM3aLmMja Kao Hajapa-
MaTUYHMjM OONMK MPOMeHe CTPYKType npegena
OoCTaB/ba HenoBpaTHe nocneaunue. AKTUBHOCTU
Koje ce ofHOCe Ha NJaHupake NPoCcTopa U Hero-
Be TpaHchopmaumje ns nocrojeher y kes/beHo
(nnaHupaHo) cTarbe ce maHubecTyjy npomeHama
Y CTPYKTYPU 1 OYHKLMOHMCakyY nNpeaeoHor odpa-
cua. OBy Npouecyu 3aBuce o4, NPOCTOPHE pasmepe,
npoctopHe dopme n npoctopHe AucTpudyuuje
enemeHara y npesfeoHom odpacuy. Mopepn HaBe-
JAeHor, npegeoHu odpasal, Kao Hocunal, jeauH-
CTBEHOT KapaKTepa npegena Ha pPermoHasHoOM U
JIOKa/IHOM HMBOY cydnumupa pasnivumTte AUMEH-
3vje 1 BPeAHOCTU npefena Koje npeacTas/bajy
nepuenTMBHU JIOMEH HEroBMX KOPUCHMKA.

CaBpemeHa pocturHyha y TexHonoruju reo-
rpadckmx MHGopMaLMOHUX cuctema omoryhyjy
[la ce Ha OCHOBY peneBaHTHUX MPOCTOPHUX NOoAA-
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TaKa afeKBaTHO aHa/M3Mpajy, CUCTEeMATU3yjy U
NPUKaXKy CBOjCTBA KOMM/IEKCHUX OAHOCa eneme-
HaTa nNpeaena u npoLeca Koju ce y hemy oaBuja-
jy. MpumeHa ga/bUHCKe aeTekuuje, aepodoTo u
CATe/IMTCKMX CHUMaKa [O0BeNa je A0 Apyrauvjer
MCTPaXKMBaAYKor Npuctyna, oteapajyhu nyt 3a xo-
JNINCTUYKO pasymeBatbe NPOCTOPHUX heHOMEeHa.
PasBojem meToze MeTpuKe npeaena CTBOPUAN Cy
ce YCNOBW 3a ersakTHy aHa/iu3y U KBaHTUPUKALU-
jy npepeoHor odpacua, terose CTadUAHOCTU U
npomeHa npegena, ann n Gopme 1 3Hayera npe-
pena. NpuHuMnu npegeoHe meTpuke omoryhasa-
jy HYMEpPUMYKY M CTaTUCTUYKY aHaNnU3y npeaeoHor
obpacua, rae 6pojHU METPUYKKM NapaMeTpm KBaH-
TMOUKYjy cneunduyHe nojaBe Ha PaA3NUUUTUM
NPOCTOPHUM HMBOMMA.

[o capa je pa3BUjeHO HEKOIMKO CTOTUHA Me-
TPUYKMX NapameTapa Koju Cy Haliu CBOjy Npw-
MEHY Yy pasanuntum odnactmma Hayke. Mperne-
OOM peneBaHTHe nAuTepaTtype, NySd/AMKoBaHe y
nepuoay oa 2000 go 2016. rogmHe, n3agojeHun cy
napameTpu MeTpUKe npegesa Koju aHanusmpajy
npeaeoHn o0dpasay, U NpoLekyjy pasnnynTe eko-
NOLWKe U BU3yesiHe BpeaHocT npegena. OCHOBHMU
TPEHO0BM NPUMEHE METPUKe npeaena cy Knacu-
duKoBaHM y Tpu KaTeropuje: (1) npeseoHun odpa-
3al, U Herose npomeHe, (2) duamnsepsuTet u
dyHKUMje cTaHuWTa U (3) BU3yenHa nNpoLeHa npe-
nena. ispBajarbem penpeseHTaTMBHUX NapameTa-
pa meTpuKe npenena, KOjum ce MUHTepnpetupa
eKo/iowkKa U BM3yenHa BpegHocT npeaena (NP,
PD, ED, MPS, MSI, CONTAG, lJI, SHDI), ctBopeHa
je OCHOBa 3a UCTparkMBatbe HMXOBE anINKaTUB-
HOCTM M onepaunoHanunsaumje 3a notpede caspe-
MEHOT NiaHMparba NPOCTOPHOr pa3Boja.
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Abstract: The development of landscape-ecological approach application in spatial planning
provides exact theoretical and empirical evidence for monitoring ecological consequences
of natural and/or anthropogenic factors, particularly changes in spatial structures caused by
them. Landscape pattern which feature diverse landscape values is the holder of the unique
landscape character at different spatial levels and represents a perceptual domain for its us-
ers. Using the landscape metrics, the parameters of landscape composition and configuration
are mathematical algorithms that quantify the specific spatial characteristics used for interpre-
tation of landscape features and processes (physical and ecological aspect), as well as forms
(visual aspect) and the meaning (cognitive aspect) of the landscape. Landscape metrics has
been applied mostly in the ecological and biodiversity assessments as well as in the determi-
nation of the level of structural change of landscape, but more and more applied in the assess-
ment of the visual character of the landscape. Based on a review of relevant literature, the aim
of this work is to show the main trends of landscape metrics within the aspect of ecological
and visual assessments. The research methodology is based on the analysis, classification and
systematization of the research studies published from 2000 to 2016, where the landscape
metrics is applied: (1) the analysis of landscape pattern and its changes, (2) the analysis of bi-
odiversity and habitat function and (3) a visual landscape assessment. By selecting represent-
ative metric parameters for the landscape composition and configuration, for each category is
formed the basis for further landscape metrics research and application for the integrated eco-
logical and visual assessment of the landscape values. Contemporary conceptualization of the
landscape is seen holistically, and the future research should be directed towards the devel-
opment of integrated landscape assessment as a guideline for spatial development planning.

Key words: landscape metrics, landscape structure, landscape ecology assessment, visual
landscape assesment

INTRODUCTION

The application of landscape-ecological ap-
proach in spatial planning opened the way for a
different dialogue between spatial planners and
ecologists, providing the exact theoretical and
empirical evidence for monitoring ecological con-
sequences caused by changes in landscape struc-
ture. Landscape-ecological approach is based on
the analysis of the landscape structure (Land-
scape pattern), the functions and processes in a
landscape (Forman, Godron, 1986). Spatial de-
velopment planning anticipates changes in the
existing landscape structure in the direction of

desired interrelations between the elements of a
particular landscape pattern, which is the holder
of the unique landscape character.

Within contemporary landscape conceptual-
ization, the landscape pattern, or landscape char-
acter gets value that is perceived as a holistic,
dynamic and perceptible spatial entity (Antrop,
2005; Vasiljevic, Zivkovic, 2009; Vasiljevic,
2012; Vasiljevic, Radic, 2016). This approach
to the perception of values in space was given its
legitimacy in the European Landscape Conven-
tion, which defines the landscape as “an area, as
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perceived by people, whose character is the re-
sult of the action and interaction of natural and/
or human factors” (Council of Europe, 2000). The
landscape is interpreted as the surface of the
earth that represents a complex system of aes-
thetic (visual), cultural, ecological and economic
systems. The value of this system is materialized
in the landscape pattern, respectively landscape
character, that reflects human perception and
sense of belonging (von Haaren, 2002). By de-
veloping the method of analysis and the quantifi-
cation of the landscape structure, conditions have
been created for the exact study of functions and
processes (physical and ecological aspect), but
also of the form (visual aspect) and meaning (cog-
nitive aspect) of the landscape (Terkenli, 2001,
Bacusmesuh, 2012; Vasiljevic¢ et al., 2014).
The determination of the value, which represents
the integration of structural and visual aspects of
the contemporary landscape concept, ie its oper-
ationalization and quantification, is the challenge
of contemporary planning of spatial development.

Landscape metrics method is for several years
one of the most represented methods of quanti-
fying the structure of the landscape and is imple-
mented in all stages of spatial planning (Leitao
et al. 2006). This allows direct monitoring of spa-
tial development as well as the prediction of spa-
tial transformation which has its application in
assessing ecological stability of the landscape pat-
tern, the biodiversity, as well as the visual charac-
ter assessment (Uuemaa et al., 2009). Quantifi-
cation of the landscape structure and its
interpretation is performed in the metric forma-
tion of the composition and configuration of the
structure and represent methodology for land-
scape analysis (Uuemaa et al.,, 2009, 2012;
Vasiljevic, 2012; Radic, 2014; Vasiljevic et
al., 2014; Vasiljevic, Radic, 2016), or “the val-
ue of the current and the desired landscape pat-
tern as integral part of the spatial planning con-
cept” (Vasiljevic, Radic, 2016).

Landscape composition is related to the vol-
ume, density and size of different landscape
types, where the composition characteristics are
medium for the interpretation of landscape fea-
tures such as the proportion, the uniformity, the
dominance and diversity of landscape elements.
In contrast to the composition, the landscape
configuration represents the spatial distribution
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of landscape elements, and it reflects the shape
and compactness of landscape elements, distanc-
es between elements and edge contrasts. It inter-
prets the spatial geometry of the landscape ele-
ments (Vasiljevic, 2012).

A large number of metric parameters for land-
scape composition, as well as configuration have
been developed for the categorical maps (either
as a vector or raster data), which quantifies a spe-
cific spatial phenomenon at the level of the land-
scape element, class of landscape elements or at
the level of the integral landscape (McGarigal,
Marks, 1995; Radic, 2014). The largest number
of metric algorithms are integrated into the vari-
ous software packages, of which the most com-
mon in use are FRAGSTATS, Patch Analyst ArcGIS,
IDRISI (Uuemaa et al., 2009), SAGA and other
less well-known software packages in develop-
ment, which enable their broader and operation-
al application in practice.

Based on a review of relevant research stud-
ies, published from 2000 to 2016, this paper
shows the trends of landscape metrics application
in determining the ecological and visual value, or
consider the possibilities for their integral inter-
pretation. The ecological value is represented by
changes in the landscape structure that relate to
the habitat functions and enable the monitoring
of the level of biodiversity.The visual landscape
value refers to visual - perceptive and visual - spa-
tial functions, thanks to (ili neki dr termin due to,
by favour of) those values the landscape plays an
important role in ensuring the public interest in
the field of culture, the environment and contrib-
utes to meeting the various human needs neces-
sary for the health and wellbeing of the human
community (Zivkovi¢, Vasiljevié, 2013).

An examination of the most common land-
scape metric parameters which express its environ-
mental and visual function, there is a possibility to
extract representative parameters in the integrated
value assessment of the landscape, as part of the
method for the development of spatial plans.

MATERIALS AND METHODS

Our method is based on analysis, systematiza-
tion and classification of papers published in lead-
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ing international journals referred to in the Web of
Science. Based on a review of published papers in
the field of landscape metrics application in the
ecological and visual research, the landscape struc-
ture and metrics indicators were systemized, which
are then described in the context of their applica-
tion possibility in an integrated landscape assess-
ment or in the integrated interpretation of the
visual and ecological dimensions of the landscape.

In the first phase, the search of papers pub-
lished in the period from 2000 to 2016 had been
carried out, according to key terms relating to the
issue of research. Primarily, the works that con-
tained the term “landscape metrics” in the title,
abstract or as a keyword were collected or terms
that are often used as synonyms: “landscape in-
dices”, “spatial metrics”. Afterwards, the research
of collected works had been carried out in com-
bination with the terms, “visual landscape”,
“landscape aesthetics”, “scenic quality”, “land-
scape visual character”, “visual preference”,
“visual perception”, “information function”,
“visual assessment”, “biodiversity”’, ‘habitats”,
“land use”, landscape change”.

In the second stage of the operation, the
works were clasified in three categories: (1) land-
scape pattern and its change, (2) the biodiversity
and habitat functions and (3) visual landscape
assessment, which are then analyzed in order to
form the database, while the works that have not
been explicitly referred to the application of the
landscape metrics was not considered. Landscape
metrics and the analysis of its modification can
monitor major ecological functions and process-
es, that are indicative for biodiversity and that
depend on the biological function of the habi-
tat. Further research had been focused on the
bibliographic units which results illustrate the
highest correlation with the purpose of the re-
search topic - the possibility of studying the inte-
gral landscape assessment. In the next step,
there were 30 works selected and divided in
three categories. That’s how the database had
been formed on which basis the metric parame-
ters were systematized, which are then divided,
according to McGarigal division (McGarigal,
Marks, 1995), to six main groups: area and edge
metrics, shape metrics, aggregation metrics, di-
versity metrics, core area metrics and contrast
metrics. Based on the analysis of used metric pa-

rameters, as well as the results of their applica-
tion, for each indicated category the most impor-
tant parameters which can be interpreted in the
context of their application as spatial indicators
have been extracted.

Metric parameters are indicated by acronyms,
which are formalized in the field of landscape
ecology (Table 1).

Table 1. Used acronyms and their explanation:

Acronym Metric parameter

NP Number of patches

LPI Largest Patch Index

PD Patch density

MPS Mean Patch Size

PSCV Patch Size Coefficient of Variance
PSSD Patch Size Standard Deviation

ED Edge Density

MSI Mean Shape Index

AWMSI Area-Weighted Mean Patch Shape

Index
MPFD Mean Patch FractalDimension
AWMPED Area—ngghted Mean Patch Fractal
Dimension

LSI Landscape Shape Index

CONTAG  Contagion Index

Ul Interpersion and juxtaposition Index
Al Aggregation Index

SHDI Shannon’s Diversity Index

SHEI Shannon’s evenness Index

SIDI Simpson ‘s Diversity Index

PROX Proximity Index

ENN Euclidean nearest neighbour distance
RESULTS AND DISCUSSION

Landscape pattern and its changes

In the category related to the landscape pat-
tern and its changes, the selected articles are re-
lated to the analysis of the pattern and its chang-
es that are often the result of anthropogenic
influence - changes caused by the modifications
of land use. The landscape character dynamic in-
dicates one of its basic properties - continuous
modifications that occur in time and space (For-
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man, Godron 1986; Antrop, 2005; Leitao et
al. 2006; Vasiljevic, Radic, 2016). Spatial trans-
formation and land use change for urbanization,
transportation, industry, forestry, tourism and
other activities are changing the structure of the
landscape modifying ecological relations and
functioning mechanisms. The transformations im-
pact biodiversity, energy flow, biogeochemical
cycles and climate conditions at local and region-
al level (Leitao et. al, 2006), simultaneously
changing the landscape image, and therefore
visual perception and experience of people.

Although a number of studies have researched
rural and forest landscape structure changes
(Southworth et al, 2002), they are far more
frequent studies which research issues of urban
landscape transformations, as the most dramatic
forms of irreversible spatial change (Luck, Wu,
2002; Wu et al., 2011). Many studies show a
clear trend of landscape fragmentation increase
caused by urbanization processes (Southworth
et al.,, 2002; Luck, Wu, 2002; Weng, 2007; Agu-
ilera et al., 2011; Fan, Myint, 2013).

Based on the analysis and systematization of
selected entries, it can be observed that, on av-
erage, 4 to 10 metric parameters are applied in
the landscape structure analysis. In a number of
studies, greater number of metric parameters
have been analyzed in order to determine their
possible application or the purpose (Peng et al.,
2010), depending on the scale, the spatial and
information resolution and interpretation possi-
bilities (Herzog, Lausch, 2002) or the selection
of parameters as an structure heterogeneity indi-
cators (Plexida et al., 2013). Spatial resolution
refers to the total study area, and the information
resolution refers to the size of the “granules”, the
basic building units of the landscape which is the
subject of analysis (Forman, Godron 1986;
Radic, 2014). Herzog and Lausch (2002) quan-
tified 27 and 24 parameters in two case studies,
which were different on all criteria (area, size,
resolution, a starting database), where the pa-
rameters PD, MPS, AWMPFD; MPFD, MSI, LSI, lJI,
CONTAG in both studies showed the most signif-
icant correlation for the analysis of the landscape
pattern. Peng et al (2010) have identified PSSD,
PSCV, MSI, AWMPFD and CONTAG as indicators
that quantify the larger number of landscape
structure components in comparison to the oth-
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ers, or only react to the three independent vari-
ables in a regression analysis. Plexida et al
(2013) determined that 10 out of 24 tested pa-
rameters indicate the highest correlation for the
interpretation of the landscape heterogeneity. All
the above mentioned authors, proposes the use
of a smaller number of metric parameters, and
DiBari (2007) and Weng (2007) interpreted the
main trends of urban pattern changes by using 4
key parameters.

However, the choice of metric parameters de-
pends on the model and the research objec-
tives. In recent years, there is an increasing trend
of applying the gradient analysis combined with
metrics that show significant results in the inter-
pretation of urban ecological processes (Luck,
Wu 2002; Weng, 2007). A number of studies
was performed by means of remote sensing
(Lauscha Herzog, 2002, Southworth et al.,
2002; Herold et al.,, 2002; DiBari, 2007; Wu
et al., 2011; Fan, Myint, 2014; Plexida et al,
2014). Fan and Myint (2014) suggest the use of
an index of spatial autocorrelation with landscape
metrics in assessing the fragmentation of urban
landscapes.

The parameters dependence on the situation,
resolutions, database and typology of land use /
land cover makes the selection more com-
plex. Land use classification includes 3 to 17 class-
es, which are classified by various methods, and
which results makes complex to compare, espe-
cially at the level of the landscape metrics (Her-
zog, Lausch, 2002).

Composition metrics is more frequently used
as compared to a configuration that is significant-
ly easier to quantify. The most commonly applied
metric is from the group of area and edge metrics
(42% of the total parameters tested in all selected
studies), then the aggregation metrics (21%), di-
versity metrics (19%) and shape metrics
(15.5%). By comparing the results of the selected
studies, as well as on the basis of theoretical as-
sumptions and other collected studies, it has
been selected 11 metric parameters which can be
used to monitor landscape pattern modification
trends (Table 2).

Parameter ED applies much less compared to
other selected parameters. However, higher ED
values indicate on fragmented and isolated land-
scape elements that are the result of anthropo-
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Table 2. Metric parameters for the landscape pattern analysis and its changes

Area and Edge metrics Shape metrics Aggrega.xtion Diver§ity
metrics metrics
LPI PD MPS PSCV PSSD ED MSI AWMPFD CONTAG UI SHDI

Lausch et al., 2002 e e w3 e e < &
Luck, Wu, 2002 * * * *
Herold et al., 2002 e e e e e
Southworth et al., 2002  * o ] e <
DiBari, 2007 & e <
Weng, 2007 i o e
Peng et al., 2010 e < e e e e <
Wu et al., 2011 e e ] ¥
Aguilera et al., 2011 e &
Plexida et al., 2013 o i k3 o e o <
Fan, Myint, 2014 i e e

genic impacts (Radic, 2014). PSSD is a indicator
of the absolute dispersion and PSCV of the rela-
tive dispersion of the landscape elements, com-
pared to the MPS of the particular class or of the
entire landscape (Radic, 2014). Parameters PSSD
and PSCV are generated from MPS and are “sec-
ond-order statistics”, as such and in the context
of the value of MPS and PD, it is necessary to
interpret them.

Biodiversity and habitat functions

Application of the quantitation concept in the
landscape patterns analysis related to biodiversity
and habitat is one of the most intensively studied
fields (Uuemaa et al., 2009). The highest per-
centage of studies research biological relations of
the landscape structure and particular flora or
fauna taxa (for more details see Uuemaa et al,,
2009). A smaller number of empirical research
apply landscape metrics for the analysis of diver-
sity of taxa and their interrelation on different
scales or general biodiversity in an area (Billeter
et al., 2008; Schindler, et al., 2013). Most re-
search refers to mammals, plants and birds, while
a small percentage of studies are referred to in-
sects, reptiles, amphibians and fish (Uuemaa et
al.,, 2009; Uuemaa et al.,, 2012).

Only a few authors have studied the applica-
tion of the metrics in the biodiversity assessment
(Billeter et al., 2008; Ueemma et al., 2009;

Schindler, et al.,, 2007, Schindler et al.,
2013). Schindler et al (2007) proposed a set of
parameters for the assessment of biodiversity,
wherein the indicators to the habitat diversity and
fragmentation of landscape elements on the land-
scape level came as crucial at different spatial
scales. Habitats with heterogeneous abiotic con-
ditions and variations in the physical structure
have larger biodiversity, and the number of types
is subject to landscape fragmentation and the de-
gree of isolation of the habitat (Forman,
Godron, 1986). Ecosystem and landscape matrix
fragmentation serve as spatial indicators for the
population and the organisms behavior (Fahrig
2002; McGarigal, Cushman, 2002).

On the other hand, results in the application
of landscape metrics as an indicator of a diversity
of types of plants, insects and vertebrate, showed
that the shape of landscape elements, diversity,
the distance and the form of aggregation of land-
scape elements, in relation to the area metrics
and edge contrast, are more correlated in the di-
versity assessment model for the six selected taxa
(Schindler et al., 2013). In contrast, Pan-Euro-
pean study that included data from seven coun-
tries to assess biodiversity of rural areas has con-
cluded that no species is recognized as a predictor
for other taxonomic groups (Billeter et al,
2008). Quantified metric parameters (except for
the areas of semi-natural habitats and their diver-
sity) did not show significance in the analysis of
the correlation of the habitat and the prediction
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of a diversity of types on a larger scale (Billeter
et al., 2008). Although there are some inconsist-
encies, generally landscape composition metrics
(proportions and diversity of land use types / land
cover) is investigated more in relation to the
structure configuration in the monitoring and pre-
diction of the diversity of fauna, in particular
mammal diversity (Uuemaa et al., 2009).

In contrast to the fauna, the shape complexity
of landscape elements (configuration metrics) is
proved to be a significant indicator of the degree
of flora elements richness (Moser et al.,
2002). The geometric complexity of the landscape
is modified by changing the heterogeneity of
shapes due to anthropogenic influences, creating
a flat (geometrical) edge, which alter the flow of
energy, spatial entropy and reflects the richness
of species. Habitats biomorphic (irregular) shape
generally have a greater number of plant species
(Fahrig, 2002; Moser et al., 2002; Honnay et
al., 2003). The shape index of landscape elements
and fractal dimension index (as well as deriva-
tives: Mean and Area-Weighted Mean) are the
default shape parameters, while Moser et al
(2002) developed a new index of the complexity
of the shapes which displays a higher correlation
in the prediction of flora diversity. In the other
categories, the quantification of the isolation met-
rics is rarely used, while the PROX and ENN (Table
3) connection indicators which enables the avail-
ability of resources, both crucial to the dynamics
of populations (12% metric isolation of the total
number of tested parameters in all selected stud-
ies in this category). A negative correlation of

PROX and endangered species suggests substan-
tial impacts of landscape fragmentation for this
group of species (Honnay et al., 2003), while the
invasive species compared to the native are also
more sensitive to the heterogeneity of the struc-
ture (Kumar et al., 2006). Results Kumar et al.
(2006) showed that spatial heterogeneity can
have different effects on the distribution of indig-
enous and invasive species of plants, where the
parameters of the ED, SIDI, lJI had a positive, and
MPS negative correlation for all species. There is
evident increase in number of studies on correla-
tion of invasive spices and landscape structure
(Wani et al., 2006; Kumar et al., 2006). It has
been surprisingly low application of edge contrast
metrics, which is necessary to include in the fur-
ther research due to the well-known concept of
the edge effect and the significance of the edge
contrast for biodiversity (Forman, Godron,
1986). It can be concluded that future empirical
research should be directed towards the synthesis
of the results in order to asses and monitor the
overall biodiversity.

Table 3 shows the main metric parameters
which proved to be relevant to analyze the abun-
dance of species in the selected works. Their ap-
plication in further studies is possible to direct
towards the creation of universal indicators in
biodiversity and habitat assessment. However,
some parameters need to be checked in further
research (eg. shape metrics in diversity prediction
of flora is an important indicator, while the fauna
shows no significant correlation).

Table 3. Metric parameters for biodiversity and habitat functions

Area and Edge Shape  Aggregation Diversity Isolation
metrics metrics metrics metrics metrics
NP MPS ED AWMSI 11 SHDI SIDI ENN PROX

Moser et al., 2002 & & &
Honnay et al., 2003 e 3 t
Westphal et al., 2003 < <
Kumar et al., 2006 < & e “
Wania et al., 2006 < * * *
Kim, Pauleit, 2007 < & e & < 3
Schindler et al., 2007 2 < e < o <
Billeter et al., 2008 &
Schindler et al., 2013 t J & & & &
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Visual landscape assessment

In the following category has been selected
studies related to the use of the landscape met-
rics in the landscape visual assessments. The
landscape aesthetics is present in professional
and scientific context for several decades. It has
been intensively developed since the 70s of the
last century. The initial theories are concerned
with the evolutionary factors that define human
inborn preferences to certain landscapes. Along
to that preferences, different approach developed
which was classified within the group of cultural
theory preferences where a social context and
the personal experiences are the key factors in
the creation of aesthetic experience (Tveit et al.,
2006; Vasiljevic, 2012) and “aesthetic pleasure
is derived from the landscape which contributs to
cultural identity and stability “(Bourassa, 1988).

Approaches are different on the basis of de-
pendence on the subject of interest (autocentric)
or the basis of direction to an object (allocentric)
(Porteous, 1996). This division is based on the
subjective and objective paradigms (Lothian,
1999) in which the first is based on the provision
of psychological explanation preferences and per-
ception of the landscape, while the focus of ob-
jectivist paradigm is physical landscape character-
istics on which people build the primary reaction
to the space (Tveit et al ., 2006; Vasiljevic,
2012; Frank et al., 2013). Such differentiation
has identified trends in empirical research based
on expert- or perceptual-oriented approach.
Landscape perception and preference is first de-
veloped in the field of environmental psychology,
which did not take into account the fact that re-
spondents can combine different criteria to assess
the landscapes scene, and studies were based on
a review of the characteristics that lead to low or
high landscape preference (Daniel, Meitner,
2001, Dramstad et al., 2006). On the other
hand, the expert approach is strictly focused on
the structure of the landscape and the configura-
tion of its elements. Although there are strict var-
iations in the perception of landscape visual-di-
mensions by different theoretical approaches,
modern theorists agree that it is necessary to
incorporate the knowledge in a unified paradigm
(de la Fuente de Waal et al., 2006; Fry et al,

2009). Dewey (1980) states that the aesthetic
impression does not involve the separation of the
subject and the object, but it is already holistic in
nature, including the integration of the factors
that in the normal experience may look too dif-
fused, particularly in the context of the landscape,
which consists of a large number of elements. The
complexity of the landscape, the temporal dy-
namics, subjectivity and the individual differences
between the observer, are some of the factors
which hinder the formation of a quantitative and
objective of the visual landscape character assess-
ment (Uuemaa et al., 2012).

The initial empirical research based on the
use of photography in the respondent assessment
of preferences, which are now combined with
satellite and aerial images and data. Validation of
photos in preference studies are often criticized
for their inability to adequately plays a dynamic
and multi-functional character of the land-
scape. Despite the limitations, the photos proved
to be a satisfactory representative of actual imag-
es of landscapes due to comparison with the data
obtained in the field studies (Dramstad et al.,
2006). Studies in the landscape monitoring pro-
grams and structure quantification based on the
land cover maps, aerial images, remote sensing
and providing a perspective of a holistic assess-
ment of the visual landscape character, which in
combination with a preferences based on the
photographs combine objective and subjective
approach (Dramstad et al., 2006; Tveit et al.,
2006; Frank et al., 2013). A holistic approach
was enhanced by the introduction of aerial imag-
es, illustrating the connection between the theo-
ry of holism and Gestalt theory in the perception
of the landscape, and to help meet the modifica-
tions and holistic interpretation of complex land-
scapes (Antrop, Van Eetverde, 2000). Antrop
and Van Eetverde (2000) prove that the metric
quantification of summarized entropy is most ap-
propriate to definition of research units in the
visual interpretation of satellite data and can be
used as a quantitative characteristic of the holistic
definition of landscape units. Summarized entropy
is relates to Shannon information entropy, which
is used as the Shannon’s diversity index (ShDI) in
landscape ecology and expresses diversity and the
proportion of types of landscape elements.
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The link between landscape analysis based on
land cover maps and photographs within the per-
ceived aesthetic quality assessment were studied
by Dramstad et al (2006) in order to determine
whether aspects of the landscape composition
can be used as indicators for assessing the visual
quality of the remote sensing monitoring pro-
grams. Positive correlation of landscape metrics
based on the maps and the result of preferences
of two groups of respondents, have indicated
some aspects of the composition and configura-
tion (preferably the proportion of landscape ele-
ments diversity types) that can be used as param-
eters for the visual assessment. Palmer (2004)
uses the metrics in analyzing the perception of
the landscape scenic values which suffered signif-
icant changes over a period of 20 years. He indi-
cates that variations in the perception of the
scene by a respondent may (to a large extent)
explain the spatial metric indicators, and compar-
ing them with the results obtained in the survey,
concludes that the composition metrics in rela-
tion to the configuration metrics is more associ-
ated with the scenic landscape values. The largest
contribution from the configuration metrics group
parameters had ED, which proved to be indicative
for the scenic value and the complexity of the
structure The relations between the visual attrib-
utes and pattern metrics in the Mediterranean
regions also confirm that the indicators of the
complexity and diversity of the structure are the
most important for the prediction of preferences
(de la Fuente de Waal et al., 2006). The num-
ber and types of landscape elements, had the
highest positive correlation with the high-ranked
preferences (Palmer, 2004; Dramstad et al,,
2006), and the shape index, Shannon’s diversity
index and the spatial compactness of landscape
elements are potential indicators of the diversity
and landscape “naturalness” (Tveit et al., 2006;
Fry et al., 2009; Frank et al., 2013). Generally,
highly open and heterogeneous landscapes were
ranked with the presence of water elements
(Palmer, 2004; Dramstad et al., 2006; Tveit et
al., 2006; Uuemaa et al.,, 2009, 2012; Frank et
al., 2013).

Unlike the studies related to landscapes eco-
logical processes, one of the main challenges in
the analysis of the visual character of the land-
scape is the lack of a clear framework for the op-
erational and quantitative application of visual
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indicators. Although landscape metrics is still un-
able to unite and quantifies all aspects of the
visual dimension of the landscape (Dramstad et
al., 2006), aesthetic criteria of individuals which
are relative and subjective, it became clear that
the visual character of the landscape should be
linked to landscape pattern as a system in which
landscape values are materialized (Fry et al.,
2009; Vasiljevic, 2012).

Within the framework of a pan-European
study, the project Visual Lands originated by stud-
ying the visual dimension to the landscape
through a holistic principle. The project synthe-
sized the previous theoretical basis and intro-
duced a qualitatively different methodological
model for the visual landscape character assess-
ment (Tveit et al., 2006; Sang et al., 2008; Fry
et al., 2009; Ode et al., 2010, Ode et al., 2011).
The authors define nine perceptual (visual) con-
cepts and each concept is represented by a set of
attributes and potential quantitative indicators
(Tveit et al., 2006). Further studies of their mod-
el (Fry et al. 2009) have shown that the visual
indicators have a relatively wide common concep-
tual framework with a key ecological aspects
(high degree of correlation between land-
scape-ecological and visual approaches), which
makes it usable in the studies of different func-
tions and the values, and which form an analytical
and the starting point for the development of
new integrative theory and methods that improve
the analysis, monitoring and planning. After
checking the conceptual framework and analysis
of common denominator for the visual and envi-
ronmental aspect of landscape, authors have
identified six key concepts: complexity, coher-
ence, naturalness, visual scale, historicity and
stewardship.

Table 4 shows metric parameters which
demonstrate the highest correlation in the previ-
ous studies, or interpret some of the following
concepts. A great effort was devoted to the inter-
pretation of the complexity of the landscape
which is correlated to coherence, the distribution
elements quantification (spatial compactness
metrics: the MPS, PD, NP; diversity metrics: SHDI,
SHEI), the spatial organization of the pattern (ag-
gregation metrics: CONTAG, Al, IJI), variations in
shape and pattern (fractal geometry: MPFD,
shape index: MSI, metrics edge: ED) (Ode et al,
2010, 2011).
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Table 4. Metric parameters for visual landscape assessment

Area and Edge metrics Shape metrics Aggrega.nion Divers.ity
metrics metrics
NP MPS PD ED MSI MPFD CONTAG Al SHDI SHEI
Antrop, Van Eetvelde, 2000 < & & e
Palmer, 2004 * * *
Fuente de Val et al., 2006 w o e w <
Dramstad et al., 2006 < ¢ &
Tveit et al., 2006 < & & & o w & <
Sang et al., 2008 * * * * * *
Fry et al., 2009 i < R e e < =
Ode et al., 2010 t i 2 o & & i
Ode et al., 2011 < & e e < w
Frank et al., 2013 & S <

CONCLUSION

Landscape pattern a spatial system of ele-
ments which is not a static category, but it is a
dynamic entity that is under constant influence of
natural and / or human factors. Indicators of the
dynamics and evolution of landscapes are observ-
able at the level of the landscape pattern, those
analysus determines the state of the structure
and functioning of the landscape, estimates the
state of biodiversity, as well as its visual value.
The influence of natural factors as drivers of
change and processes in landscape take much
longer period compared to the transformations
caused by anthropogenic activities. Anthropogen-
ic impacts are characterized by greater intensity
and level of unpredictability, while urbanization
as a most dramatic form of landscape structure
change leaves irreversible consequences. Activi-
ties related to the processes of spatial planning,
and its tranformations from the existing to the
desired (planned) condition has been manifested
by changing the structure and functioning of the
landscape pattern. This processes depend on the
spatial scale, spatial forms and spatial distribution
of the elements in the landscape pattern. In ad-
dition, landscape pattern, as the holder of the
unique landscape character at the regional and
local level sublimates different dimensions and
landscape values representing the perceptive do-
main of its users.

Contemporary advances in technology, geo-
graphic information systems enable us to system-

ize and express complex properties of the rela-
tions between landscape elements and processes
that take place in it. Application of remote sens-
ing, aerial and satellite images led to a different
research approach, paving the way for a holistic
understanding of physical phenomena. By devel-
opment the method of landscape metrics, condi-
tions have been created for the exact analysis and
quantification of the landscape pattern, its stabil-
ity and changes, but also of the form and mean-
ing. Principles of landscape metrics enable nu-
merical and statistical analysis of the landscape
pattern, wherein the various metric parameters
quantify a specific phenomenon on different spa-
tial levels.

So far several hundred metric parameters
have been developed and have found their appli-
cation in various scientific fields. By reviewing
relevant literature published from 2000 to 2016,
there were selected parameters for landscape
metrics that analyze landscape pattern and as-
sess various ecological and visual values of the
landscape. The main trends of landscape metrics
were classified into three categories: (1) land-
scape pattern and its changes, (2) biodiversity
and habitat functions and (3) visual landscape
assessment. By selecting landscape metric pa-
rameters which interprets the ecological and
visual landscape values (NP, PD, ED, MPS, MSI,
CONTAG, IJI, SHDI), it has been created the basis
for researching their applicability and operation-
alization for the purposes of contemporary plan-
ning of spatial development.

47



Suzana Gavrilovi¢, Nevena Vasiljevi¢, Boris Radi¢, Vladimir Pihler,

AUTEPATYPA / REFERENCES

Antrop M. (2000): Background concepts for integrat-
ed landscape, Agriculture, Ecosystems and
Environment, 77, 17-28

Antrop M. (2005): Why landscapes of the past are
important for the future? Landscape and Ur-
ban Planning, 70 (1-2), 21-34

Antrop M., Van Eetvelde V. (2000): Holistic aspects
of suburban landscapes: visual image inter-
pretation and landscape metrics, Landscape
and Urban Planning 50 (1-3), 43-58

Aguilera F., Valenzuela L., Botequilha-Leitdo A.
(2011): Landscape metrics in the analysis of
urban land use patterns: A case study in a
Spanish metropolitan area, Landscape and
Urban Planning 99(3-4), 226-238

Billeter R., Liira J., Bailey D., Bugter R., Arens P., Au-
genstein 1., Aviron S., Baudry J., Bukacek R.,
Burel F., Cerny M., De Blust G., De Cock R.,
Diekotter T., Dietz H., Dirksen J., Dormann C.,
Durka W., Frenzel M., Hamersky R., Hen-
drickx F., Herzog F., Klotz S., Koolstra B.,
Lausch A., Le Coeur D., Maelfait J. P., Opdam
P., Roubalova M., Schermann A., Schermann
N., Schmidt T., Schweiger O., Smulders, M.
Speelmans M.J.M., Simova P., Verboom J.,
Van Wingerden W.K.R.E., Zobel M., Edwards
P.J. (2008): Indicators for Biodiversity in Ag-
ricultural Landscapes: A Pan-European Study,
Journal of Applied Ecology 45(1), 141-150

Botequilha Leitdo A., Miller J., Ahern J., McGarigal K.
(2006): Measuring landscapes: A planner’s
handbook. Island Press, Washington

Bourassa S. (1988): Toward a theory of landscape
aesthetics, Landscape and Urban Planning
15(3-4), 241-252.

Council of Europe (2000) European Landscape Con-
vention and Explanatory Report: T-LAND.
2000. Document by the Secretary General
established by the General Directorate of Ed-
ucation, Culture, Sport and Youth, and Envi-
ronment, Strasbourg

Daniel T., Meitner M. (2001): Representational valid-
ity of landscape visualizations: The effects of
graphical realism on perceived scenic beauty
of forest vistas, Journal of Environmental
Psychology 21, 61-72.

Dewey J. (1980): Art as Experience, Berkley Publish-
ing Group, New York; Il edition [I edition
1934]

48

de la Fuente de Val G., Atauri J.A., de Lucio J.V.
(2006): Relationship between landscape
visual attributes and spatial pattern indices:
A test study in Mediterranean-climate land-
scapes, Landscape and Urban Planning 77
(4), 393-407

DiBari J. (2007): Evaluation of five landscape-level
metrics for measuring the effects of urbani-
zation on landscape structure: the case of
Tucson, Arizona, USA, Landscape and Urban
Planning 79 (3-4), 308-313.

Dramstad W.E., Tveit S., Fjellstad W.J., Fry G. (2006):
Relationships between visual landscape pref-
erences and map-based indicators of land-
scape structure, Landscape and Urban Plan-
ning 78 (4), 465-474

Fan C., Myint S. (2014): A comparison of spatial au-
tocorrelation indices and landscape metrics
in measuring urban landscape fragmenta-
tion, Landscape and Urban Planning 121,
117-128

Fahrig, L. (2002): Effects of habitat fragmentation on
the extinction threshold: a synthesis, Ecolog-
ical Applications 12, 346-53

Forman R., Godron M. (1986): Landscape Ecology,
John Wiley and Sons, New York

Frank S., Furst C., Koschke L., Witt A., Makeschin F.
(2013): Assessment of landscape aesthet-
ics—Validation of a landscape metrics-based
assessment by visual estimation of the scenic
beauty, Ecological Indicators 32, 222-231

Fry G., Tveit S., Velarde M.D. (2009): The ecology of
visual landscapes: Exploring the conceptual
common ground of visual and ecological
landscape indicators, Ecological Indicators 9,
933-947

Herold M., Scepan J., Clarke K. (2002): The use of
remote sensing and landscape metrics to de-
scribe structures and changes in urban land
uses, Environment and Planning A 34 (8),
1443-1458

Honnay O., Piessens K., Van Landuyt W., Hermy M.,
Gulinck H. (2003): Satellite based land use
and landscape complexity indices as predic-
tors for regional plant species diversity, Land-
scape and Urban planning 63(4), 241-250

Kim K., Pauleit S. (2007): Landscape character, bio-
diversity and land use planning: The case of
Kwangju City Region, South Korea, Land Use
Policy 24(1), 264-274



LANDSCAPE METRICS APPLICATION IN ECOLOGICAL AND VISUAL LANDSCAPE ASSESSMENT

Kumar S., Stohlgren T. J., Chong G. W. (2006): Spatial
Heterogeneity Influences Native and Nonna-
tive Plant Species Richness, Ecology 87(12),
3186-3199

Lausch A., Herzog F. (2002): Applicability of landscape
metrics for the monitoring of landscape
change: issues of scale, resolution and inter-
pretability, Ecological Indicators 2(1-2), 3-15

Lothian A. (1999): Landscape and the philosophy of
aesthetics: is landscape quality inherent in
the landscape or in the eye of the beholder?
Landscape and Urban Planning 44, 177-198

Luck M., Wu J. (2002): A gradient analysis of urban
landscape pattern: a case study from the
Phoenix metropolitan region, Arizona, USA,
Landscape Ecology 17(4), 327-339

McGarigal, K., Cushman, S.A. (2002): Comparative
evaluation of experimental approaches to
the study of habitat fragmentation effects,
Ecological Applications 12, 335-345

McGarigal K., Marks B.J. (1995): FRAGSTATS: Spatial
pattern analysis program for quantifying
landscape structure. Gen. Tech. Rep. PNW-
GTR-351. Portland, OR: U.S. Dept. of Agricul-
ture, Forest Service, Pacific Northwest Re-
search Station

Moser D., Zechmeister H., Plutzar C., Sauberer N.,
Wrbka T., Grabherr G. (2002): Landscape
patch shape complexity as an effective meas-
ure for plant species richness in rural land-
scapes, Landscape Ecology 17, 657-669

Ode A., Hagerhall C., Sang N. (2010): Analysing
Visual Landscape Complexity: Theory and
Application, Landscape Research 35, 111-131

Ode A., Miller D. (2011): Analysing the relationship
between indicators of landscape complexity
and preference, Environment and Planning.
B: Planning and Design 38, 24-40

Palmer J. (2004): Using spatial metrics to predict sce-
nic perception in a changing landscape: Den-
nis, Massachusetts, Landscape and Urban
Planning 77 (2-3), 201-218

Peng J., Wang Y., Zhang Y., Wu J., Li W, Li Y. (2010):
Evaluating the effectiveness of landscape
metrics in quantifying spatial patterns, Eco-
logical Indicators 10(2), 217-223

Plexida S., Sfougaris A., Ispikoudis I., Papanastasis V.
(2013): Selecting landscape metrics as indi-
cators of spatial heterogeneity—Acompari-

son among Greek landscapes, International
Journal of Applied Earth Observation and
Geoinformation 26, 26-35

Porteous J.D., (1996): Environmental Aesthetics: Ide-
as, politics and planning, Routledge, London

Radi¢ B. (2014): Erozija kao faktor degradacije pre-
dela u skijaskim centrima Srbije, doktorska
disertacija. Univerzitet u Beogradu - Sumar-
ski fakultet, Beograd

Sang N., Miller D., Ode A. (2008): Landscape metrics
and visual topology in the analysis of land-
scape preference, Environment and Planning
35 (3), 504-520

Schindler S., von Wehrden H., Poirazidis K., Wrbka T.,
Kati V. (2013): Multiscale performance of
landscape metrics as indicators of species
richness of plants, insects and vertebrates,
Ecological Indicators 31, 41-48

Schindler S., Poirazidis K., Wrbka T. (2007): Towards
a core set of landscape metrics for biodiver-
sity assessments: A case study from Dadia
National Park, Greece, Ecological Indicators
8(5), 502-514

Southworth J., Nagendra H., Tucker C. (2002): Frag-
mentation of a Landscape: Incorporating
landscape metrics into satellite analyses,
Landscape Research 27(3), 253-269

Terkenli T., (2001): Towards a theory of the land-
scape: the Aegean landscape as a cultural-
image. Landscape and Urban Planning 57,
197-208

Tveit, M., Fry, O., Fry, G. (2006): Key concepts in a
framework for analysing visual landscape
character. Landscape Research 31, 229-256

Uuemaa E., Antrop M., Roosaare J., Marja R., Man-
der U. (2009): Landscape Metrics and Indi-
ces: An Overview of Their Use in Landscape
Research, Living Rev. Landscape Research 3,
1-28

Uuemaa E., Mander U., Marja R. (2012): Trends in
the use of landscape spatial metrics as land-
scape indicators: A review, Ecological Indica-
tors 28, 100-106

Vasiljevi¢ N. (2009): Evropski koncept karakterizacije
predela - veza sa planiranjem prostora.
Slovenacki i hrvatski model, stanje u Srbiji,
Zbornik radova " Planska i normativna zastita
prostora i Zivotne sredine ", APPS, Beograd,
Vol V, str. 407- 420

49



Suzana Gavrilovi¢, Nevena Vasiljevi¢, Boris Radi¢, Vladimir Pihler,

Vasiljevi¢ N. (2012): Planiranje predela kao instru-
ment prostornog razvoja Srbije, doktorska
disertacija. Univerzitet u Beogradu - Sumar-
ski fakultet, Beograd.

Vasiljevi¢ N., Gavrilovi¢ S., Sljuki¢ B. (2014): Karakter
predela Mladenovca: ocuvanje vrednosti pri-
menom principa umreZavanja, Glasnik Geo-
grafskog fakulteta Univerziteta u Beogradu,
Beograd, 91 -210

Vasiljevi¢ N., Radi¢ B., Gavrilovi¢ S. (2014a): Land-
scape character metrics: a new methodolog-
ical approach to landscape planning, The
Third Romanian - Bulgarian - Hungarian -
Serbian - Conference: Geographical research
and Cross - Border Cooperation within the
Lower Basin of the Danube, Abstract book,
Srebrno jezero (Veliko Gradiste), 69 - 70

Vasiljevi¢ N., Radi¢ B. (2016): Kulturni predeo: od
zasti¢ene vrednosti do planskog koncepta,
Glasnik Sumarskog Fakulteta, Sumarski
fakultet Univeziteta u Beogradu, Beograd,
257-278  https://doi.org/10.2298/GS-
F1614257V

Vasiljevi¢ N., Zivkovi¢ J. (2009): A New Approach To
Landscape In The Spatial Development Strat-
egy Of Serbia — A Step Toward Implementa-
tion Of European Landscape Convention,
Zbornik radova "Regional Development, Spa-
tial Planning And Strategic Governance",
IAUS, Beograd, 197- 216

von Haaren C. (2002): Landscape planning facing the
challenge of the development of cultural
landscapes. Landscape and Urban Planning
60, 73-80

Wania A., Kuhn 1., Klotz S. (2006): Plant richness
patterns in agricultural and urban land-
scapes in Central Germany—spatial gradi-
ents of species richness, Landscape and Ur-
ban planning 75(1-2), 97-110

Weng Y. (2007): Spatiotemporal changes of land-
scape pattern in response to urbanization,
Landscape and Urban Planning 81(4), 341-
353

Westphal M., Field S.A., Tyre A.J., Paton D., Possing-
ham H.P. (2003): Effects of Landscape Pat-
tern on Bird Species Distribution in the Mt.
Lofty Ranges, South Australia, Landscape
ecology 18(4), 413-426

Wu J., Darrel G., Buyantuyev A., Redman C. (2011):
Quantifying spatiotemporal patterns of ur-
banization: The case of the two fastest grow-
ing metropolitan regions in the United
States, Ecological Complexity 8(1), 1-8

Zivkovié, J., Vasiljevié¢ N. (2013): Predeo kao koncep-
tualni okvir odrZive arhitekture i urbanog
dizajna u: Ana Nikezic¢, ur.,, Predeo igre:
Kosutnjak — Principi arhitektonskog projek-
tovanja u svetlu klimatskih promena (Be-
ograd: Univerzitet u Beogradu, Arhitektonski
fakultet, 26-41

© 2017 Authors. Published by the University of Belgrade, Faculty of Forestry. This article is an
open access article distributed under the terms and conditions of the Creative Commons
Attribution 4.0 International license (https://creativecommons.org/licenses/by/4.0/)






