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U3Boga: LLlymckm ekocnctemm y Cpbuju Tprne cBake roguHe BesInKe LITeTe, ycies HeraTusHor
yTuLaja BoAe, BETPA M NOXKapa, YMju Cy Y3POK KIMMATCKe NpoMeHe. Y TOM CMUCAY, Uu/b UCTpa-
UBaka je yTBpHMBarbe CTEMEHA YrPOXKEHOCTU NOjeANHNX LYMCKUX NOAPYYja 04 HaBeAeHUX
yTULQja, Kao U bopmuparbe PaHroBa U rpyna WyMCKUX NOApPYYja, U MHAEKCA HUXOBE YrpoKe-
HOCTW. Y CKNagy ca TUM, MeTOA0M K/aacTep aHan3e U3BPLLEHO je rpynucakbe LWYMCKUX NoapyY-
ja y ogHocy Ha ABa KpuTepujyma (dpoj wreTa un owTeheHa NoBpLIMHA), WTO je NOCAYKMM0 fAa
ce n3payvyHa 1 MHAEKC HbMXOBe YrPOXKEHOCTH No 0da KpuTepmjyma. Ha Taj HaumH, usasojeHe cy
TPU rpyne WyMCKuUX noapyyja: jako, cpeatbe n cnado yrpoxkeHa. Hajsehu MHAEKC yrpoxeHocTn
y ogHocy Ha 3axBaheHy NoBpLIMHY MMajy PacMHCKO 1 TapcKo WYMCKO nogpyuyje (IUPP=6), OOK Y
rpyny cnado yrpoxkeHux cnagajy Lymaamjcko, Jy>kHoky4ajcko, loprendapcko, Tumouko, To-
N/IMYKO U HWwiKo, ca / ,=3. Pe3ynTaTvt 0BUX UCTPAXKMBakba, MOTY CE KOPUCTUTY 33 KBAJIUTETHM[U
MOHWUTOPUHT (Npahere U KOHTPONA), HUXOBY NPEBEHUMN]Yy U pearoBake, YKoauko gohe go

nojase WTeTHUX gorahaja.

K/byuHe peuu: WwymcKka nogapydja, WyMCKe LWTETE, MHAEKC YrPOXKEHOCTU, paHrMparbe

YBOA

Knvmatcke npomeHe 1 wreTe Koje oHe 13asu-
Bajy NpegMeT cy npoyyaBakba PasIMunTUX CTPYKa
M HayYHUX OMCUMNINHA, Ca CBPXOM Aa ce u3Hahy
HaYMHU A ce eNMMUHULLY UK dapem yMatrbe Hu-
X0BW edeKTU 1 CBeay Ha ToNepaHTaH HMBO. Tako
ce 1 WymapcKa cTpyka 6aBu Tom BpCTom npodne-
ma (Nedeljkovié et al., 2018, Rankovi¢ et al.,
2014, Rankovi¢ et al., 2015, 2016/a, 2016/b,
2017, 2019), pa ou ce WwWymcKe WTeTe ymarbuae u
omoryh1o oncTaHak LWyma, ca CBUM KOpUCTUMA
(maTepujanHor unm HemaTtepujanHor TMna) Koje
oHe npy»ajy. To je S0 M OCHOBHM pas/or 3a Ha-
CTaBaK OBaKBWX UCTPaXKMBakba.

KaTactpodanHe npupoaHe Henoroae, Koje cy
noroaune WymcKe eko-cucteme y nocnearbmx 10-15
rofivHa (LWyMCKKW noxkapw, nonsiase, 1e[0/710MH,
BETPOJIOMK), MMase cy 03O0U/bHE eKOooLWKe U
eKoHomcKke nocneaunue (Petrovic¢, Grujovic,
2015, Rankovié et al., 2016/b, Rankovi¢ et al.,
2019). Ha npumep, WymcKku noxapwu cy, 2007. ro-
OVHe ,,...u3a38aau wwewy og oKo 40 munuoHa €.
Camo 3a caHayujy je tdowipedHo 24 munuoHa €.
UHgupekwiHa wiliewia Huje GpoyerusaHa” (2011).

Mako ce HacTaHak, odum u Bpeme Tpajarba
npupoaHux Henoroga y BehuHu cnyyajeBa He
MOry yHanpeg, npesBuaeTy, 3a U3BecHe nojase ce
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MOXKe npeTnocTaBnth ga he go wux gohu ,,..Ha
OCHOB8Y UCKYyCWAas8a, CLlUaWUCWUYKUX UogawaKka u
meuioga mogenosara“. Y cknagy ca Tum, ypaheHa
je ,..UpoyeHa yipoxeHocWwu wepuwopuje
Peliybnuke Cpbuje og Golnasa u Kauszarba wepe-
Ha, @ HO OCHOBY PACUOMOHUBUX CLUAWUCWUYKUX
togauwiaka uspaheHa je Kapuia pusuKka og esemeH-
wapHux Hedologa (wymcKu Goxapu, Golnase,
KAu3uwwa u 3emseouupecu)” (2011).

EdbekTnBHO ynpaB/batbe pU3MKOM 04, NpUpos-
HWUX HenoroAa ,,...3axwesa 3ajegHU4YKO gesoearbe
K/bYYHUX YyYEeCHUKQA U3 pa3auquliux HayuoHaAHUX
MUHUCWAapcwasa, KaHyenapuja u aieHyuja Ha
ceum HUsouma. Kako du ce tocwiuina ogpxcusoct
genosara cucliema, HeoUxogHo je usipaguwiu
CHOXOH MEeXaHu3am KoopguHayuje mehy cekuio-
puma“ (2014).

Ha cBMm HMBOMMA ynpas/barba, Kao U Yy CBUM
CEeKTOpMMa, NOTPedHO je M3BpWKUTK yHanpehere
AKTUBHOCTM, Kao M U3BPLUNTK jacHY Noaeny oaro-
BOPHOCTU 32 NpeBeHLMjy p1M3unKa of KaTacTpoda,
Y UW/by CMakbersa ,,...U3/10HEeHOCUU U paHUBo-
cliu, Yume ce cupe4yasa clisapare HoO8UX PU3UKA
0g Kawacwpoga“. Te akTMBHOCTU Tpeda aa dyay
yCMepeHe Ha ,,...pewasaHe 0CHOBHUX UOKpewa4a
PU3UKQ 0g Kawacuwipogha, Kao wio cy tocaeguue
cupoMawwiea u HejegHaKoCcwu, KAUMAWCcKe Upo-
MeHe u eapujabunHociu, HednaHupaHe u ép3e
ypdaHu3ayuje, nowe ylpasbare 3empuitiem u
CAI0MEeHU haKWopu KAo WUwo cy gemoipagcKe
pomeHe, cnabu UHCWUWYYUOHAAHU APAHHMA-
HU, UOAUWUKE KOje HUCY 3aCHOBAHE HA U03HABAHY
puU3uKa, Hegocwawak upoduca u dogcuwuyaja 3a
UpusawHa ynaiara y CMarbeHe pu3uKka og Kawa-
cwipodha, cnoxeHu naHyu cHadgesarsa, oipaHuye-
Ha gocwylUHOCW WexHosoluje, Heogpmcuea yuo-
wpebda GpupogHux pecypca, ag exkocucliema,
uaHgemuje u edugemuje. Ocum Wwoia, HEOUXOgHO
je ga ce Hacwasu ca ja4arem godpe ylpase ycme-
peHe Ha cMarerbe pU3UKa 0g Kawlacuipogpa Ha
HAYUOHA/HOM, PeluoHAAHOM U in08anHOM HUBOY,
U ga ce yHaupegu cUpeMHOCW U HAYUOHA/HA KO-
OpguUHAyUja 3a peaiogare y Cay4ajy Kawacuwpo-
ha, caHayujy u pekoHcwpykyujy“ (2015).

lNo3HaBare NoTeHUMjanHor pacnopeaa u cre-
NneHa yrpoXKeHoCTU WyMa, HhUXOBOr yTULaja Ha
OKOJIHO CTaHOBHWLUTBO, @/ U Ha CEKTOP LUymap-
CTBA NPeACTaB/ba jeflaH o4 OUTHUX enemeHaTa 3a
Pa3BOj PA3INUUTUX MNONUTUKA KOje UMaAjy 3a Uu/b

yMarberba pM3nKa o4 NPUPOLHUX Henoroga v npu-
narohasarbe KAMMaTCKMM npomeHama (2019/a).

Y Cpéuiju je BarkHO Aa ce, nopes HauMHa U UH-
TeH3WTeTa yTuuaja dpojHMUX KAMMATCKUX daKTopa
Ha BE/IMYMHY LUYMCKUX LUTETA, YTBPAM HUXOB Npo-
CTOPHM pacrnopes v CTeneH yrpoXKeHoCTU nojeau-
HUX AenoBa npocTopa. Apyrum peunma, BaxKHO je
No3HaBaTK Koja cy WymMmcKa noapydja (LLUMN) yrpo-
eHa o, ogpeheHux WTeTHUX dpaKkTopa U Yy KOM
cTeneHy. To je 3Ha4ajHo 360r KBasUTETHUWjer naa-
HUparba U OpraHM3aLmje pasoBa Ha u3derasary U
CaHauMju TakBuUX wWTeTa. Ha npumep, BaXKHO je
no3HasaTtu Koja cy LM yrpoxkeHunja og aejctea no-
»Kapa y ogHocy Ha apyra, jep du To goBseno Ao
ycmepaBahba Behe cTpyyHe naxre npema gatom
n3asunsavy (Koju je LJOMMUHaAHTaH Ha TOM NMPOCTOpPY)
1 0de3deanno cTpyyHO NPEBEHTUBHO Ae/10Batbe,
a/n M NpaBoOBPEMEHY U afileKBaTHY peakLuujy y cy-
Yajy OBAKBUX AellaBakba.

TepuTopujanHM OKBUP UCTPa*kUBara je
odyxsatao ogpeheHa UM 13 cTatTucTMuKkmx perno-
Ha lWymaguje n 3anagHe Cpduje u JyxkHe wm
NctouHe Cpduje, dasupajyhu ce Ha dpojy 1 nosp-
LWMHU NPUYMHEHUX LITETA, HA UAEHTMYAH HAauYMH
Kao Uy NPeTXoAHUM CIMYHUM UCTPaXKMnBakbmma’
(Rankovic et al., 2019). Ha Taj HauuH, U3aBojeHa
cy cnegeha LUN: Tapcko-3natndopcko (TAP),
Moapurscko-konydapcko (MOA), PacuHcko (PAC),
Tumouko (TUM), Jabnauuuko (JAB), JyxkHO-
mopascko (JMO), lumcko (IUM), Wymaaujcko
(WWYM), Oorbendapcko (ANB), CeBepHOKy4YajcKo
(CKY), Tonaunyko (TOM), Tonujcko (FON), JyxHo-
Kyyajcko (JKY), foprbendapcko (FTMB), Mopascko
(MOP) n Huwascko (HMLL). OBako ogadpana LUM,
HajyrpoXeHuja cy o4, NOCMATPAHMX WTETHUX daK-
Topa (BoAa?, BeTap 1 Noxapw), 0O4HOCHO NpeacTa-
B/bajy HAjyrpoXKeHuje npocTope y wymama
Penydnunke Cpduje.

Mepuoa, 3a Koju cy NpMKyN/beHU NOTPESHM
nogauwm, je og 2011. no 2018. roauHe. Y nepunogy
o4, jyHa oo oktodpa 2019. rog,. odas/beHM cy Npu-
Kyn/batbe, Npunpema 1 odpasa nogaTaka, kKao u
nucae 13BeLlTaja 0 080aB/bEHOM UCTPAXKMBAHLY.

1 Ycnep, NpucyTHUX pasnuka ,,..usmehy dogesne Ha cliadiu-
cuiudKe peiuoHe u Ha LUM, ypaheH je Gpeineg wiwewia og
UocmauwipaHux y3poYyHUKa 3a ceako LU, dpu yemy cy oga-
SépaHa LU ca yyewhem (Go GospwUHU) wliewia Hacwanux
ycneg gejcuwisa GocmawipaHux ¢gakwopa, sehum og 1%
(Rankovic et al., 2019).

2 Mo WTETHUM yTULAjeM Boge Nogpasymesa ce yTuuaj
KuwWe, rpaga, cHera u nesa.
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OCHOBHM LW/ Npesy3eTUX UCTPaXKMBakba je
03 ce yTBpAM CTEMeH YrpoXKeHOoCTU oapeheHunx
LLM op yTMuaja Boae, BETPA M NMoXKapa U, NoTom,
dopmumpajy paHrosu u rpyne UM npema TMm ca-
3HatbMma. OcHoBHa cBpxa &u duna Aa ce TakBUM
rpynucakbem u paHruparbem odesdeam paumoHa-
J1TaH NPUCTYN Y MOHUTOPUHTY (Npahere 1 KOHTPO-
Na), NpeBEeHUMjM 1 peakuumjm, y Cy4dajy Aa ce WreT-
HU gorahaj nojaBu, Npe cBera 'y opraHM3aLmnjckom
M eKOHOMCKOM norneay?. lpyrum peumma, Takee
paarbe Tpeda dpokycupaTv Ha oHa LUM Kopg, Kojux
ce Hajuyewhe jaB/bajy WwTeTe og, oapeheHor y3pou-
HUWKa, a He TaMO F4e Ce OHe PETKO UM HUKAKO He
jas/pajy. MpepameT ncTpaxkmeara Cy BeMYMHA
wTeTa og Boge (VO), setpa (VE) n noxapa (PO),
n3parkeHn dpojem wreTHUx gorahaja n owtehe-
HOM MOBPLUMHOM, @ Be3aHM cy 3a ogadpaHa LUM.
Ha ocHoBy Tora, geduHuncaHa je n ncTpaxku-
BaykKa XMnotesa, Koja rnacu:
— nocToje jacHo geduHucaHe rpyne UM, npema
BE/IMYMHM WITETA Of BOAE, BETPA M NOXapa, a
Ha OCHOBY TOra, M PaHr CBAKOT O MOCMaTPaHUX
LT no cBakom oA, nocmaTpaHux n3asmeada.

METOA PAAA Y1 OBPAAA ITIOAATAKA

3a noTpede oBOr UCTPaXKMBakba, KopuwheHe
Cy OCHOBHe, onwTe 1 nocebHe Hay4yHe MeToze,
Kao u oarosapajyhe TexHuke (Sedi¢, 1984). Op
OCHOBHUX MeToAa, KopuwheH je gnjanekTnykm me-
TOA, KOju NoApasymeBa yBaXkaBakbe pa3BojHe KOM-
NOHeHTe NoCcMaTpaHux nojasa. Og onwTMx MeToaa,
KopuwwheHe cy CTaTUCTUYKA U MeToAa MOAEN0Ba-
Hba, @ 04, NOCEGHUX METoAQ, MPUMEHEHE CY Ka-
CMYHE MEeTOAEe 3aK/byumnBatba (aHanM3a U CUMHTE3a,
AenyKkumja u MHAYKLUMja, KnacuduKaumja,...).

Opf, CTaTUCTUYKMX MeToda, NpuUMerbeHa je

KAacTep aHanv3a, NpeumsHuje meToaa xujepap-
Xujckor (arnomepaTtmsHOr) rpynucarba®. TexHuka

3 NMowTo ce HaYMHM MOHUTOPUHIA U BPCTe peaKkuuja Ha
wreTHe gorahaje pasnunKyjy y 3aBUCHOCTM OZ WTETHOT dak-
Topa, To &1 omoryhuno ycnoctas/bakbe ONTUMaNHe OpraHu-
3auuje 3a npahere u caHauujy (pagHa cHara U TeXHUYKa
cpeacTsa 61 6una nouMpaHa Tamo rae je To HajnoTpedHuje)
M ywrteae y GMHaHCUCKMM CcpeacTBUMa (CHUXKaBakbe Tpo-
LUKOBa aHra)koBakba paJHe CHare 1 HeOMNXO4HMX TEXHUYKMUX
CpeAcTaBa Ha CaHaLMjU NPUYNHBEHMX LLIYMCKUX LWTETA).

4 Mpynucarbe je MyNTMBapujaHTHa TEXHUKA Koja rpynuiue on-
cepBaLMje Koje gene canyHe BpeaHoCTU. TUMMYHO, NoCMa-
Tpaba ce He Pacunajy PaBHOMEPHO KPO3 N-AUMEH3UOHANHU

cnpoBohera 0Be MeToze 3acHMBaA ce Ha ToMe Ja
NoYmH-€E Ca CBAaKOM NOojeAMHAYHOM ONCepBaLLnjom,
Koja dopmmpa concTBeHu Knactep (rpyny). Ha csa-
Kom cnegehem Kopaky, NpoLec rpynuncakba nspa-
yyHaBa pacTojarbe u3mehy cBMX NapoBa KnacTepa
1 KomOMHyje ABa KnacTepa Koja cy HajbnuKa je-
AaH apyrom. OBaj npoLiec ce HacTaB/ba AOK Ce CBe
Tauke He Hahy y jegHOM KnacTepy. paduyukm npu-
Ka3 Hajuewhe je y odnuKy ApBeTa, na ce Ha3uBa
,heHaporpam”. Takohe, Tpeda HanoMeHyTU Aa
nozaTtke Hajnpe Tpeda copTUPaTU NO BEAUYUHY,
na oun ce odmo KesbeHu pesyaTar.

Op neT npaswna 3a gedrHUCAHE YAA/bEHOCTH
nsmehy knactepa (,,average”, ,centroid”, ,Ward“,
,single” n ,complete”), ogadpaHo je npasuno
,single”, a Kao M3nasHW pesynTat, yMmecTo ,AeH-
aporpama“, kopuwheH je gujarpam y odanky ca-
3Bexha (eHr. constellation diagram), Ha Kome ce
Hajdosbe 3anaka rpynucarse WM. Mpu Tome, Tpe-
ba HarnacuTU Aa cy u3fBajaHe TpPU OCHOBHE rpyne
LM, npema MHTEeH3UTETY WwTeTe®, a y O4HOCY Ha
opadpaHe enemeHTe nocMmaTparba (ca jegHe cTpa-
He, 5poj 1 NOBpPLUMHA LTETa, @ Ca ApYyre, WTeTe Of,
BOZle, BETPA U NoKapa).

Y fasbem NocTynky, U3BpLIeHo je SoaoBake
LLIN, y 3aBUCHOCTM 0opf, rpyne y Kojoj ce Hanase.
Tako je LUM Koja npunagajy rpynu HajyrpoxeHnjux
(I) aoaesmmBaHo Tpu (3) NoeHa (Mo cBakom LiTeT-
HoMm ¢akTopy nocedHO, Kako No dpojy Tako 1 nNo
NOBPLUMHW), OHUMA Y TPYNU CPeaHbe YrPOXKEHUX
(1) no aBa (2) noeHa n y rpynu cnado yrpoxKeHmx
(111) no jeaaH (1) noeH. Npwu Tome cy n3gBojeHe Tpn
TakBe rpyne, NocedHo 3a WTeTe 0Z, BOAE, 3aTUM Of,
BETpa 1, Ha Kpajy, og, noxapa. Cabmparbem noeHa
M paHruparem no Tako godujeHom 36upy, Aodu-
jeHe cy HoBe rpyne, Koje ce 3aCHWBajy Ha CBUM
nocmaTpaHMm LWITETHUM dakTopmuma® (Z). 36or

npocTop, Beh dopmupajy rpyase unu Knactepe. UaeH-
TUMKOBakbe 0BKX KacTepa npya moryhHocT aydsber pa-
3ymeBatba NPUKYM/beHUX nogataka (2017/b).

5 OdeneseHe cy ca: | - HajyrpoxkeHnja WM, Il - cpegmbe yrpo-
»eHa WM un 1l - cnado yrposkeHa LUM.

5 OBae Tpeda pasnuMKosaTh nojam ,yKynHa wreta” og 3dupa
MHAEKCA YrPOXKEHOCTH O, LUTETHWUX PpaKTOpa. YKyMHa LwTeTa
ce foduja caduparbem BpeaHOCTM Spoja WwTeTta uam nospLUn-
He WTEeTa y CBUM nocmatpaHum LUM y uesom nocmaTtpaHom
nepuogy, na ce oHAa paau Knactep aHanvsa (NpukasaHo y
[OHbeM [LIeCHOM YTy MPUNOXKeHUX , casBexkhe”-gujarpama),
[IO0K 36Mp MHAEKCa YrPOXKEHOCTH Of LUTETHMX dhaKTopa npea-
CTaB/ba pe3ynTaT cabuparba MHAEKCa YrpOXKeHOCTU Kog, CBa-
Kor wreTHor pakTopa (uma nx 4ga, jesaH 3a 6poj, a Apyruv 3a
MOBPLUKNHY).
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NPeTXoAHWUX Ca3Hakba O NMocMaTpakby CBUX Ofa-
SpaHunx hakTopa Ha YKYNHOM HWUBOY, rae ce y 36u-
py rydu n3 Bnga (,mackmpa“) nspaskeHu nojegu-
HauHuM yTnuaj (Rankovic et al., 2019), dopoBarbe
M paHrMpame ypaheHo je 3a CBaKkuM WTETHU haKTop
nocedHo, AOK je yTUUaj YRyNHuMX wreTa (Z) nocny-
¥KMO CaMO 3a YBUA, U KOHTPOAY.

OCHOBHM NoZaLm cy NPUKYN/bEHU U arpernpa-
Hu no LN v roguHama 3a Tpu wTeTHa pakTopa
(soma, BeTap u noxapwu), a ogHoce Ha dpoj WTeT-
HUX gorahaja n owTteheHy nospwuHy. OHK cy, 3a-
TUM, C/IOXKeHM y oarosapajyhy Tadeny (tabena 1) n
odpaheHu, npema ogadpaHum meTogama.

Mpunpema n npeaMmuHapHa odpaga nopara-
Ka cy u3BpLUeHn y ogroeapajyhum nporpamvma 3a

yHaKpcHa TabenapHa uspadyHasarba, a CTaTUCTUY-
Ka obpaaa (knactep aHanusa) y nporpamy SAS JMP
v.13 (Trial version).

PE3YATATHU UCTPACKMBAIbA

Yuewhe wreTta og nocmaTtpaHux ¢pakropa
no WyYMCKUM noapyyjuma

Y npBom Kopaky, odpayyHaTa cy ydewha no
Opojy M NOBPLIMHM CBA TPW NOCMATPaHa LWTETHA
¢dakTopa no ogadparum LLUM. Kao HajounrneaHumju
npu1Kas TUX pesynTaTta, NPUNoXKeHu cy ogrosapajyhm

Tadena 1. LLiteTe HacTane ycnen Aenosarba BoAe, BETPa M NoXKapa Ha nocmatpadmm LNy Cpduju, y neproay

oa 2011. po 2018. roanHe

n P [ha]
wn Vo VE PO z "(0] VE PO b3
n AS n AS n AS n AS P AS P AS P AS P AS

TAP 108 14 74 9 40 5 222 28 1.792,8 224,1 443,0 55,4 358,6 44,8 2.594,4 324,3
MM 324 41 134 17 50 6 508 64 4940 61,8 612,0 76,5 1815 22,7 1.287,5 160,9
ron 55 7 81 10 55 7 191 24 337,5 42,2 449,6 56,2 9455 118,2 1.732,6 216,6
noa 65 30 4 6 1 101 13 632,2 79,0 2155 26,9 91,7 11,55 9394 1174
Lym 0 0 17 2 17 2 0,0 0,0 00 00 870 109 87,0 10,9
JRY 0 O 0 0 13 2 13 2 00 0,0 0,0 0,0 216,3 27,0 216,3 27,0
PAC 486 61 234 29 29 4 749 94 1.537,1192,1 564,0 70,5 118,3 14,8 2.219,3 277,4
Aub 159 20 54 7 16 2 229 29 1.881,0 235,1 327,5 40,9 280,5 35,1 2489,0 311,1
b 20 115 14 26 3 161 20 30 04 2063 258 2115 264 420,8 52,6
MM 69 9 35 4 45 6 149 19 340,5 42,6 269,5 33,7 6628 828 1.272,8 159,1
CRY 65 8 167 21 21 3 253 32 247,8 31,01.362,5170,3 309,6 38,7 1.919,8 240,0
MOP 136 17 3 0 31 4 170 21 1.454,0 181,8 05 01 2665 33,3 1.721,0 215,21
JAB 48 6 58 7 18 2 124 16 82,8 10,4 6189 77,4 50,2 6,3 751,8 94,0
TOMn 86 11 8 1 71 9 165 21 4715 58,9 18,5 2,3 4129 516 902,9 1129
HULL 68 9 70 9 2 O 14018 133,55 16,7 952 11,9 47 06 2334 292
IMO 0 O 4 1 9 1 13 2 00 0,0 10,0 1,3 2.939,0 367,4 2.949,0 368,6
b3 1.689 /2967 /449 [3.205 /[ 9.407,7 / 5.192,8 / 7.136,6 / 21.737,1 /
Mpoc. 106 13 67 8 28 4 180 25 588,0 73,5 324,5 40,6 446,0 558 1.358,6 169,8

NereHpa: n - 6poj wreTa, P - NoBpLWMHA WTETa, AS - apuUTMeTUYKa cpeamHa (roauwwmuy npocek), VO - Boaa,

VE - BeTap 1 PO - noxapu

MsBop: (2019/b), Rankovi¢ et al. (2019) n Kankynaumje aytopa
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padukoH 1. Yyewhe wreta og Boge no Spojy (n) n nosplmnHM (P) 3a nocmatpara LUM y nepuoay og 2011. go

2018. rognHe

rpadukoHm (rpadmkoHn 1-4). Ha ocHOBY TUX NpUKa-

3a, MOXKe ce 3ana3utu cnegehe:

— KoZ wrTeTa og Boge (rpadmkoH 1) 3anaxa ce
aucnponopumja wreta no dpojy y ogHocy Ha
wTeTe NO NOBPWWHKU (HajuspaxkeHuje Kog,
Tapckor, PacuHckor, Mopasckor v Jorendap-
ckor LUM), npu yemy je oduuHo Behe yyewhe
wTeTa no noBpwuHu (Tapcko, MopaBcKo U
JOomwendapcko LWM) y ogHocy Ha wTeTe no
6pojy (cynpoTHoO je Koa, PacuHckor LLUM);

— Kop, WwTeTa of BeTpa (rpaduKoH 2) 3anaka ce
C/IMYHa TaKBa CUTyaumja, ogHocHo yyewhe no
6pojy marbe je o4 OHOr MO MOBPLUMHKU KOA
CeBepHokyu4ajckor LM, gokK je Koa PacuHckor
1 Huwkor LUM cynpoTaH cnyyaj;

— Kop WTeTa og noxapa (rpadpukoH 3) Takea auc-
nponopuuja (manm poj Nnoxapa, a jako Benu-
Ka owTeheHa NOBPLUMHA) je NOCEOHO NCTaKHY-
Ta Kopa Jy>kHomopasckor LUMM;

MO

nul TAP

CRY

MM

ANb

B VB

MpaduKoH 2. Yyewhe wreta og seTpa no dpojy (n) v nosplmnHu (P) 3a nocmatpaHa LN y nepuoay og 2011.

£0 2018. rognHe
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padukoH 3. Yyewhe wreTta og noxapa no dpojy (n) n
£0 2018. rognHe

— Kaja Ccy yKynHe wrete y nuTarby (rpadukoH 4),
yous/bMBa je BeAMKa pasnuka y yyewhy wreTa
no 6pojy y ogHOCY Ha NOBPLUMHY KOZ, Jy*KHO-
mopasckor LM v 1o unHm oo LM Hajyrpoxke-
HUjUM, Kaja je y nuTarby 30UpHM yTULAj cBa
TPU NOCMaTpaHa WwreTHa dpaKTopa.

OBaKBa cuTyalMja yKasyje Ha To ga ce wreTe
pPasnnunTO MaHUbECTYjy Y 3aBUCHOCTM Of, LUTETHOT
¢dakTopa, Kao u y 3asncHoctu og LLUM. Heka WM cy
yrpoKeHuja o4 yTuLaja Boge of, ApYrux, Heka apy-
ra og setpa uaun noxkapa. Kog Hekux LUM ce To
maHudecTyje no dpojy wreTHUx gorahaja, a Koz

nospwwHm (P) 3a nocmatpaxa LMy nepuoay oz 2011.

ApYrvx no noBplwmHK. O4MTO je Aa nocmaTpaHu
LWTETHW GaKTOPM HEMAjy NPOMNOPLMOHANAH YTULA]
NnocMaTpaHo y ogHocy Ha dpoj WTeTHWUX gorahaja
1 owTeheHy NOBPLUMHY.

Ako ce LUM nocmaTpajy npeko npoceyvyHux
BpegHocTu (Tadena 1), 3anaxka ce ga wreTe o4
BoAe Hajsuwe npetpnu PacuHcko LW, y npoceky
61 wreTaH gorahaj roamwtbe (Npatu ra Jiumcko LN
ca 41). Npu Tome, ceako LM je y npoceky npeTpne-
no 211 wreTHux gorahaja y nocmatpaHoM nepuo-
Ay, OAHOCHO y npoceky 13 roguwmse. MictoBpemeHo,
npema noBpLWWHK, Hajsehn odum WwTeTa denexun

MoP
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TUM

Z13)

il
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'Mb aunb

IpadukoH 4. Yyewhe ykynHux wreta no 6pojy (n) u nospwmHu (P) 3a nocmatpaHa LNy nepuoay oa 2011. ao

2018. rogmHe
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Horendapcko LM ca 235,10 ha-god™ (damncka cy u
Tapcko LN, ca 224,12 ha-god™, n Mopascko LU,
ca 181,80 ha-god™), npu uemy cBako LUM y npoceky
npeTtpnu wrety Ha 73,50 ha-god™.

LteTe on Betpa y Hajsehem dpojy norahajy
PacuHcko LN (y npoceky 29 wreTHUx gorahaja ro-
Avwbe), anu je Hajseha 3axBaheHa NoBplIKHA Y
CeBepHoKy4ajckom LM (y npoceky 170,31 ha-god™).
Mpu Tome, NpoceyaH roguLby SpPoj LITETHUX A0ora-
haja no nocmatpanmm LM je 8 roguwitbe, a npoceyHa
3axBaheHa nospLunHa nsHocu 40,57 ha-god™ no LLM.

MNoxkapwm ce gelwasajy pehe (y npoceky 4 roau-
Wwbe no LUM), a Hajuewhu cy y Tonamykom LLM (9).
MpoceyHa rogmikba NOBpPLUMHA 3axBaheHa WTeTa-
ma y gatum LM nsHocum 55,85 ha-god™, a Hajseha
npocevHa nospLnHa 3axsaheHa noxapuma je y
JyxkHomopasckom LM (367,38 ha-god™).

AKo OM1 ce nocmaTpasie yKYnHe WTeTe 3ajeaHo,
Ha cBakKom of nocmatpaHux LUM y npoceky ce
Jewasa 25 wreTHWX gorahaja roauwme, Ha npo-
ceyHoj nospwmnHu og, 169,82 ha-god™. Mpu Tome,
Hajsehu 6poj WwTeTHUX gorahaja Mma PacuHCKO
LN (y npoceKy 94 wTeTHa gorahaja roguuime),

a Hajseha npoceyHa NoBpLUKUHA je y Jy>KHOMOopaB-
ckom LM (368,63 ha-god™).

OBaKBv NozaLm o dpojy 1 NOBPLUMHM LUTETA Of,
BOZe, BETPa U no¥apa Ha nocmaTpaHum LM, y no-
cMaTpaHOM Mepwuoay, Nokasyjy Aa je noBpLmMHa
3axBaheHa owTeherem HELITO MEPOAABHM|U ene-
MEHT 3a JOHOLIEeHEe 3aK/bydyaKka. Y Tom cmuchay,
3anaxka ce fJa BOAa NpuyukbaBa Hajsehun obdum
wTeTa no nospLwmnHK (ykynHo 9.407,71 ha, a y npo-
ceky 587,98 ha no UM nnaum 73,50 ha-god™ no LLUMN),
npu Yyemy je 3a oko 25% sehu odum y ogHocy Ha
noskape (yrynHo 7.136,56 ha, npoceyHo no LUM
446,04 ha, ogHocHo 55,75 ha-god™ no LUM), a cko-
po ABocTpyKo Behun y ogHoCy Ha BeTap (yKynHo
5.192,84 ha, npoceyHo no WM 324,55 ha wnnu
40,57 ha-god™ no LWN). NpaKTU4yHO, o4HOC owTe-
heHe noBpLIMHe Of BETPa, MoXapa W Boae npu-
6amkHO M3Hock 1:1,5:2. To nokasyje ga Boga npu-
YnrbaBa Hajsehu odum wreta y WM, wto nma
BE/IMKM YTWLLAj HA BPCTY M HAYMH OpraHn3oBama
Mepa caHauuje n 3aWwTuTe (MpeBeHLMje), Kao U1 Ha
TPOLLUKOBE KOju Ce TOM MPUIUKOM YWHE.

Boga

JKyJMO

Betap

PAC

—eo ||

—e

2 4

paduKoH 5. Mpynucame UM, y ogHOCY Ha WyMCKe WTeTe o4 BOAE, BETPA U No¥Kapa, npema Opojy WTeTHUX

aorahaja (n)
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pynucare n paHrmpame LM y oaHocy Ha
nocmaTtpaHe WreTHe paorahaje, odpauyH
MHAEKCA YIrPOXKEeHOCTU U Manupare

Kopuwherem Knactep aHanunse, dopmmnpanHu
cy mogenwu rpynucatrba LUM y ogHocy Ha nocmatpa-
He WTeTHe paKTope, a npema dpojy WTETHUX Aora-
hHaja n owTteheHoj noBplWKHK. TaKBN MOAeNn cy
rpaduyKM NpUKasaHu, jep ce Tako Hajdosbe 3ana-
»Ka Kojum rpynama nojeguHa LUM npunagajy, a
LITO OAparkaBa CTEMEH HUXOBE YrPOXKEHOCTH, Y
0O4HOCY Ha yHanpes ogadpaHy TpocTeneHy cKany.

C 0631poM Ha TO, aKo ce NocmaTpa WTETHU yTU-
uaj Boae (rpadukoH 5), jacHo ce youaBajy Tpu rpyne
UM (wge y npuaor noctaB/beHoj xmnotesun), a y
CKNagy C TUM je U3BPLUEHO U A0AE/bMBaHbE NOEHa U

0dpayyH nHaekca yrpokeHocTu (/,), kao nckas cre-
neHa yrpoxeHoctu gator LLUMN (tadena 2).

Ha ocHoBYy cuTyauuje usnoxeHe y tadenu 2,
3aMaxa ce Aa je oA cBux nocmatpaHux LUM opg
BOAE Y BETPA HajyrpokeHunje PacuHcko LUM (Benu-
K1 6poj WwTeTHWX aorahaj u og, Boge v o4, BeTpa),
[OK Hajsehu Opoj noxkapa denexun Tonanuko LLUM.
Takohe, 3anaka ce fa je Hajmarbu OPOoj OHUX Hey-
rpoxkenux LUM (paHr Ill) Kog BoAe, AOK HewWTo
Behu dpoj Taksux LM Kog, WwTeTa o4 BeTPa U NoKa-
pa. TakBa cuTyaumja moxe dosbe aa ce carnega
nocmatpajyhu copTupaHe nogatke, raoe ce 3anaxa
na je PacmHcko UM HajyrpoXkeHuje y ogHOCY Ha
LUTETHO AejCTBO BOAE W BeTpa, a NpaTtu ra JIMmcko,
y3 loprendapcko 1 CeBepHoKyuajcko LUM Koz Be-
Tpa. Kog noxapa je To Tonanyko, a npaTte ra
Nnmcko, Tapcko, fonmjcko n Tumouko LLUM.

Tabena 2. Nnpexc yrposkeHoctu UM y oaHocy Ha dpoj wreTHux gorahaja (/)

HecopTtupaHo CoptupaHo
wn
"(0] VE PO T Vo VE PO 3

TAP 1 1 2 1 PAC 3 PAC 3 TOMN 3 PAC 3
LY 2 2 2 3 nnm 2 nnm 2 nnm 2 nnm 3
ron 1 1 2 1 TAP 1 713 2 TAP 2 Lym 2
noa 1 1 1 1 ron 1 CKY 2 ron 2 JRY 2
ym 1 1 1 2 noa 1 TAP 1 TUM 2 JIMO 2
JRY 1 1 1 2 LyMm 1 ron 1 noa 1 TAP 1
PAC 3 3 1 3 JRY 1 noa 1 Lym 1 ron 1
b 1 1 1 1 anb 1 LyM 1 JRY 1 noa 1
715 1 2 1 1 215 1 JRY 1 PAC 1 onb 1
TUM 1 1 2 1 TUM 1 anb 1 anb 1 b 1
CKY 1 2 1 1 CKY 1 TUM 1 213 1 TMM 1
MOP 1 1 1 1 MOP 1 MOP 1 CRY 1 CRY 1
JAB 1 1 1 1 JAB 1 JAB 1 MOP 1 MOP 1
TOn 1 1 3 1 TOMN 1 TOMN 1 JAB 1 JAB 1
HUL 1 1 1 1 HUL 1 HUL 1 HULL 1 TOMN 1
JMO 1 1 1 2 JIMO 1 IMO 1 IMO 1 HULL 1

U3BOp: opUrnHan

" BpojeBu y 0BOj KONIOHU HUCY A0BMjeHM Kao 36Up NMoeHa y KosioHama ca fiese cTpaHe, Beh Ha ocHoBy
pacnopega LM y ,ca3sexxhe“-aujarpamy 3a ykynaH 6poj wreTHux gorahaja 3a ceako LUM y nocmaTtpaHom

nepvoay-
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MpadumkoH 6. Mpynucare LUM, y ogHOCY Ha WyMCKe WTeTe 04 BOAE, BETPA M NOXapa, Npema BeNMYMHM oLTe-

heHe nospwuHe (P)

lpynucamwe LUM, nocmaTtpaHo y ogHOCY Ha
owTeheHy NOBPLUMHY, MPUKA3aHO je Ha rpaduKo-
Hy 6. Ty ce, Takohe, jacHO pacnosHajy Tpu rpyne
LLIN y ogHOCY Ha CTeneH yrpoxeHocTu (nae y npu-
JIOT MOCTaB/bEHOj XMMOTE3N).

Ha ocHoBy cuTyauuje nsnoxeHe y tadenu 3,
3anarka ce ga cy og cBux nocmatpanux LUM Hey-
paBHOTEXeH pacnopes UHTEH3MTeTa WTeTa Mo no-
cmaTpaHum dakTopmma. TaKo je Kop wTeTa of
Boge suwe LUM y KaTeropuju HajyrpoxKeHmjmux
(Tapcko, PacuHcko, lotendapcko u MopaBcKo
LLIM), oK cy KoA BETPA U NoKapa LUTETE CKOHLEH-
TpucaHe Ha no jegHo LUM (kog BeTpa CeBepHo-
Ky4ajcKo, a Kopg, noxapa JyxkHomopascko LLUM).

MocmaTparbe WTeTa NO NOBPLUMHKU NOKasyje
NPUANYHO U3MEHEHY CAUKY Y oAHOCY Ha &poj
WTeTHMX Aorahaja, jep ce 3anaka Aa ce noxapwu
porahajy pehe y oaHocy Ha apyra ABa LWTeTHa
dakTopa, anu cy 3aTo owTeheHe NOBPLUMHE jaKo
Benuke. Takohe, M 0BAe ce 3anarka Nojasa ,,MacKu-
parba“ Ha HUBOY YKYMHMX LUTETA, jep ce 3anaxa Ja

Nlumcko LM npema Spojy wTeTa cnasa y KaTtero-
pU1jy HajyrpoXeHujnx, anm NocMaTpaHo no nosp-
wuHKn oso LM cnapa y HeyrpoxeHa noapyyja. Y
TOM CMUC/Y, paHT 0dpayyHaT Ha OCHOBY YKyMHe
NOBPLUMHE UK YKYNHOT dpoja WTeTHWX gorahaja
He Moxe Aa dyae KpuTepujym 3a NpoLeHy cTene-
Ha YrPOXKEHOCTU.

Kao &o/bM nokasaTesb MHTEH3UTETA LYMCKUX
LITeTa MOXKe fa ce Npenopyyu 3ajeHUYKU MHAEKC
0OMNacHOCTM oA, LWTeTHUX Aorahaja, a 3acHMBaA ce Ha
36Mpy MHAEKCHUX MOEHa Mo CBMM MOCMAaTPaHMUM
wTeTHUM gorahajuma (tadena 4). Tako godujeH
WMHIEKC YIPOXKEHOCTU MOXKe A3 UMa BPeaHOCTU
namehy 9 un 3. To 61 3Haumno aa LM Koje je Hajy-
rPOXKEHMje o, CBa TPM WTETHA paKTopa MoXe Aa
“Ma HAeKc yrpoxeHocty (/) 9, a kog oHor Koje je
Sapem Kopg, jeaHor dakTopa NpMnagano rpynu Haj-
YTPOXKEHMjUX [ =5. Y TOM CMUCNY, MHAEKC YTPOKe-
HOCTW Yuja je BpeaHocT 5 dmo du rpaHmMLa 3a pas-
ABajarbe LM Ha oHa Koja cy y omacHOCTM og, WwTeTa
M Ha OHa Ko, KOjuX Ta OMACHOCT HW KOZ, jeAHor
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Tabena 3. MHaekc yrpoxkeHocTu LM y oaHocy Ha BennuunHy owTteheHe noBpLlnHe (IUP)

o HecopTtupaHo CopTtupaHo
vo VE PO T* Vo VE PO ¥

TAP 3 2 1 2 TAP 3 CRY 3 IMO 3 IMO 3
NM 1 2 1 1 PAC B TAP 2 ron 2 TAP 2
ron 1 2 2 2 anb 3 MM 2 TAP 1 ron 2
noa 2 1 1 1 MOP B ron 2 MM 1 PAC 2
Lym 1 1 1 1 noa 2 PAC 2 noa 1 anb 2
JRY 1 1 1 1 MM 1 JAB 2 wym 1 CKY 2
PAC 3 2 1 2 ron 1 nona 1 JRY 1 MOP 2
b 3 1 1 2 wym 1 Lym 1 PAC 1 MM 1
13 1 1 1 1 JRY 1 JRY 1 b 1 noa 1
TUM 1 1 1 1 215 1 b 1 715 1 Lym 1
CRY 1 3 1 2 TUM 1 13 1 TUM 1 JRY 1
MOP 3 1 1 2 CRY 1 TUM 1 CRY 1 715 1
JAB 1 2 1 1 JAB 1 MOP 1 MOP 1 TMM 1
TON 1 1 1 1 TON 1 TONn 1 JAB 1 JAB 1
HUL 1 1 1 1 HUL 1 HUL 1 TON 1 TON 1
JIMO 1 1 3 3 JMO 1 JIMO 1 HUL 1 HUL 1

WU3Bsop: opurmuHan

* BpojeBu y 0BOj KONIOHW HUCY A0OMjEHM Kao 30Mp NoeHa y KoNoHama ca ieBe cTpaHe, Beh Ha OCHOBY pacrno-
pega WMy ,cassexhe”-anjarpamy 3a ykynHy owteheHy noBplumHy y cBakom LLM y nocmatpaHom nepuoay.

Ta6ena 4. Haekcu yrpoxeHoctw (I, v ) no LN

Ln I L I
PAC 7 PAC 6
UM 6 TAP 6
Ton 5 ron 5
TAP 4 1B 5
ron 4 CRY 5
13 4 MOP 5
™M 4 MO 5
CRY 4 MM 4
nog 3 nog 4
Lwym 3 JAB 4
JKY 3 Y 3
Jil7]3 3 JKY 3
MOP 3 3 3
JAB 3 ™M 3
HULL 3 TON 3
JMO 3 HUMLL 3

U3Bop: opurnHan

160

baKTopa HMje eKCTPeMHO BenKa (WwTeTa HY no
jeaHom dakTopy He npunaga pawry |). To du npak-
TWYHO 3HaYMNo Aa csa oHa LUM koja umajy /=5
v sehn, mopajy Hajo3du/bHMje Aa ce npunpeme
3a cnpeyaBakbe WTETHUX gorahaja, npu yemy Te-
*uwTe Tpeda aa dyae Ha OHOM 3a Koju je yTBphe-
HO ga Ha Tom LN npasu Hajsehe wTeTe. Ha oHMM
LUMN Kop, Kojux je /=4 mopa ce ofpKaBaTh cTatbe
NpWMNPaBHOCTU U PefOBHO 00aB/baT MOHUTOPUHT
ZaTor npocTopa, AoK ce 3a oHa W ca /=3 mory
nNpenopy4YnTM cCamo CTaHgapaHe mepe onpesa, Kao
[oBO/bHE.

MowTo Tapcko-3natudopcko, PacnHcko, fonuj-
cko, CeBepHOKy4ajcKo, Jorendapcko, Mopascko
n Jy>kHomopascko LM vmajy HajBuWKN MHAEKC
YrPOXKEHOCTM npema nospwuHm (/,25), Ha Tim
LN Tpeda Hajo3bU/bHUje paguTV Ha NpeBeHLUjU

7 CBa oHa LM Koja HMCYy aHanu3MpaHa NPaKTMYHO NpUnaga-
jy rpynu Il (cnado yrpoxkeHa). To npoucTnye M3 NnpuHumMna
npwv n3dopy LUM 3a aHanusy, rae cy oHa LUM rae HUCY KOH-
craTtoBaHe wrete Behe oa, 1% Ha camoM MOYETKY UCTPaXKK-
Bakba MCK/byyeHa u3 aHanuse (Rankovié at al., 2019).
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WwTeTa, Npe ceera, o4 BoAe W BeTpa. JImcKo,
JadnaHuuko v Moapurscko-konydapcko LUM mopa-
jy nocebHo ga ce npunpeme 3a OHaj HajonacHUju
wTeTHWU dakTop Koju ce Ha gatom LUM nocedHo
nctuye (To Bapumpa og, LM go LUM), Aok ce 3a ocTa-
na LN npenopyyyje aprkarbe CTaH4ApPAHUX mepa
MOHUTOPUHTa 1 NPeBeHUMje Of, LYMCKUX LTeTa.

Manuparbe nocmaTpaHux UM npema nHaekcy
yrpoxeHoctu, omoryhasa ga ce carnega npocrtop-
HW pacnopef AejcTBa AATUX WTETHUX paKTopa
(rpadukoH 7).

Ha oBakBOM MpuKasy jacHO ce 3anaka Aa cy
LM Hajsehe yKynHe yrpoXKeHOCTU CKOHLUEHTpUCa-
Ha y ueHTpanHom geny Cpduje, a oKpyKeHa cy ca

LN Huxker cTeneHa yrpoxeHoctu. Oayaapajy je-
anHo JyxkHomopascko LU, koje je jyxkHO opg, Tor
nojaca (BMCOKa yrpoXKeHOCT Of, NoXKapa - BUCOKe
neTre Temnepatype) u CeBepHoKyyajcko LUM Ha
ceBepy (BMCOKa YrpOXKEeHOCT 0/, BETPA - KOLIABCKO
nogpyuyje). OBaKBy cUTyaLMjy ANKTMPajy reorpad-
CKM MON0XKaj (BepTuKanHuM pacnopes LMy ogHocy
Ha ceBep u jyr), pesbed u rmodanHo KpeTare Ba-
34yLWHUX Maca.

Bucoke BpegHOCTU MHAEKCA YIPOXKEHOCTHU Of,
noxapa, odMYHO NpaTe HUCKe BPegHOCTM MHAEKca
YrPOXEHOCTM 04, BoAa (Kao 1 cynpoTHo). Apyrum
peunma, y LM rae nocTojm n3parkeHa onacHoCT O,
BO/Zla, CKOPO Aa Hema OMacHOCTM o, Nnoxapa u

, Vo
ol

noa
; VOVEPO
(3
. wym
2 PO
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TAP 3 VEPO Vo
2IVo 3 mve
31 VE . 2 PO
R i ¥o!
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IpadumkoH 7. Mana ogadpanux LM ca MHAEKCMMA YrPOXKEHOCTM NPemMa NOBPLLUMHM, @ Y OLHOCY Ha MOCMaTpaHe
wreTHe daKkTope (y KpyroBuma cy 30MpHU MHAEKCU YTPOMKEHOCTH)
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00pHYyTO. Ha TO Tpeda odpaTnTh Naxkkby Npu Npo-
jekToBamy oarosapajyhux 3aWwTUTHUX (NpeBeH-
TUBHMX) U CaHALMOHUX Mepa.

HajHuKe BpegHOCTU MHAEKCA YIPOXKEHOCTH
no nospwwuHu (/,=3) nmajy loprwendapcko,
LLlymagujcko, Jy>kHoky4dajcko, Tumouko, Tonamyko
1 Huwko UM, na ce 3a Ta noapydyja mory npeno-
py4MTU CTaHAApAHE Mepe 3alluTUTe, Kao A0BO/b-
He. MehyTum, Kako ce KAuma KOHTUHYMPaHO
MeHa U NPou3BOAMN MOHEKad U HeovyeKnBaHe
edeKTe, nnak, Tpeda NpaTUTH CUTyaLMjy Ha Tepe-
HY U NPUNPEMUTU Ce peakunjy y caydajy aa ce
yOuu HeKa MpoMeHa.

AUCKYCHJA

YyecTanuje nojase NpMpPoOAHMX Henoroaa nsa-
3BaHe KAMMATCKMM NMpomMeHama Ha rnodanHom
HuBoy (van Aalts, 2006) umajy HeraTMBaH yTULaj
Ha OApPXWBW Pa3Boj, v U Ha NPUPOLHE pecypce
(Rajapaksa etal, 2017, Managi, Guan 2017).

MpeTxogHa ncTpaxmearba 0 yTULAjy KIMMAT-
CKMX MPOMEHa Ha WyMcKe ekocucTeme y Cpdujn
yKasyjy ga ce ,..ca senukom geposauiHohom
Moxce wiepguliu ga he, yKo/IUKO ce KOHCUWaWoea-
HU WpeHgosu Hacuiase, gohu go Gopacuua dpoja
U UospwuUHa wwewa Hacwanux Uog gejclugom
soge u gewpa” (Rankovic et al., 2019). Nopen
Tora, yTBpheHo je u ga ce ,,...y depuogy 1900-1940.
ToguHa, ceaKkux gecew foguHa goiahaso to 100
UpupogHux Kawacuwpoga, 1960-1970. loguHa
buno ux je 650, a 1980-1990. ioguHa Yak 2.000,
gokK je y gecewioioguwrem uepuogy 1990-2000.
ToguHa 6poj Kawacwpodpa je Gopacwuao Ha 2.800.
TbeHg Uokasyje ga ce 6poj aHpegHUX U 0UACHUX
culiyayuja us ioguHe y foguHy toeehasa, Ga cy
uocnegrUux I0gUHA eKOHOMCKU WpOWKO8U ywpo-
cuipyyeHu” (2011).

CyoueHe ca yyecTasiMm nojaBama NpUpPoLHUX
Hernoroga, MHore 3em/be Cy MHTerpucane nutara
ynpas/bakba PU3NMKOM Of, NPUPOAHUX Henoroaa
KpPO3 HauWoHanHe pa3BOjHe NaHOBe, cTpaTeruje
n npojekte (Prabhakar et al., 2015).

Y AKUMOHOM nfaaHy 3a cnpoBohere
HaumoHanHor nporpama ynpas/barba PU3MKOM Of,
e/leMeHTapHUX Hernoroaa, Kao nocedaH LUub je ae-
duHucaHo aa ,,...Pelybdauka Cpbuja bocegyje je-
gUHCUIBeH cucltuem ugeHwuguxkayuje, GpoyeHe u
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Upahera pusuKka og enemeHUWapHux Hedoioga...”,
a Kao jeAHa of, Mmepa 3a UCMNyHaBakbe TOT Ln/ba,
npeasuheHo je ,..yclocwasmare cucliema
ugeHwugurkosara u pahera pusuka og ese-
MeHWapHux Helologa u ocwianux oldacHocwu”
(2017/a). PesyntaT octBapuBarba AKLMOHOr Na-
Ha, Y OKBUPY OBe Mepe je ,,..yclocuiasmeH cu-
cluem UpouyeHe pu3uKa y ceKwopy toseoupuspege,
wymapcuiea, selepuHapcuigea, B0gHUX pecypca u
3quwitiullie #cueoliHe cpeguHe (2017/a), a npea-
BuheHe aKTMBHOCTU, Nopea ocTanor, odyxBaTajy
(2017/a):

- ,...U3paga Kapawa yipoxceHocwu u Kapawa

PU3UKA 0g WYMCKUX Goxapa“;

- ,..uspaga UnaHa agadwayuje Ha usmereHe

KAuMauicKe ycnoee”;

- ,...U3paga Kapauwa yipoxeHocwu u Kapawa
pu3uKa og dolnasa”

Ha nocpegaH HaunH, OBO UCTpaXkmMBame adaje
OOMPUHOC UCMYHaBaky OBOT LM/ba U MOBE3aHUX
AKTMBHOCTU M MOXKe NpeAcTaB/baTh NonasunLuTe 3a
n3pagy v AONyHy OBMX AOKYMeHaTa. Kao npumep
ce moxKe y3etn PacuHcko UM, rae nma Hajsuwe
WTeTHMX porahaja. Haume, 6e3 063mpa Ha pena-
TUBHO Makby NOBPLUMHY, cam 6poj roBOpM Aa ce Ha
TOM noApyuyjy LWTeTe 4yecTo Aellasajy, na Tpeda
dUTK onpesaH 1 ypaguTu cee Aa Heke og dyayhux
wreTa He dyAy KaTacTpodanHux pasmepa.

MpeTxogHa UCTpaXKmMBakba, Koja cy ce dasuna
OLEHOM MPUNPEM/bEHOCTU Ha KPU3HE CUTyaLuje,
nokasyje ga rpahaHu Cpbuje cmaTpajy aa je
,---0UeHa tpultpemsrbeHocliu 3a peaiosare Hajeu-
wa je kog gomahuHcwiea (M=3,03), a HajHUMca Kog
opiaHa jeguHUua n0KasHe camoyiipase (M=2,86)"
(Cvetkovi¢, 2017). OBaksM pe3ynTaTv yKasyjy Ha
3Hayaj MaeHTUOMKOBaHa NOCEOHO YrPOXKEHUX
LLIMN, kKako 61 noKkanHa camoynpaga, Ha Ymjoj Tepu-
TOPMjM Ce OHa Hanase, morna dnaroBpemMeHo Aa
pearyje, oaHocHO Aa noseha concTBeHy npunpe-
MJ/bEHOCT Ha MPUpPOAHe KaTacTpode.

BUTHO je HarnacuTn ga YKONMKO ce PU3KK of,
NpMPOAHUX HenoroAa He Nperno3Ha Ha Bpeme, OH
MOKe A0BECTU U [0 YMatbera noctojehux Kana-
LuuTeTa NPMNPEM/bEHOCTM Ha KPU3HE cuTyauuje n
NpaBoOBPEeMEHOr pearoBarba Ha AaTe MpomeHe
(Pilli-Sihvola et al., 2018).

Mopen Tora, Tpeda Harnacutv 4a je ,,...ys10ia jas-
HUX 8/1aCWU je 0g K/byYHOI 3Ha4aja 3a UOAUWIUKY
3qwiliuLlie XusoWHe cpeguHe, doceSHo ca acleKuwia
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Kaumauwickux apomeHa” (Tomic, 2014), anun u ca
acrnekTa ymarberba pU3MKa of, NPUPOAHUX KaTa-
cTpoda 1 To Kpo3 pazmeHy MHPOpPMALMja U 3HaHA
Ha pPas3IMYUTUM HUBOMMA ynpas/barba M uamehy
pa3nnumTmnx cektopa (Malagoda etal., 2010).

3AKAYIIH

Kao 0CHOBHM 3aK/byyLiM OBUX UCTPAXKMBakba,
mornu du aa ce Hasegy cnegehu:

—  LWTeTe ce pas3MumMTo MaHudecTyjy, y 3aBUCHO-
CTM o4, WwTeTHor GaKTopa, Kao My 3aBUCHOCTU
o, LUM;

— 3ana)ka ce gucnponopumja WTeTa U3parkeHa
Opojem WTeTHMX gorahaja y og4HOCY Ha wTeTe
n3parkeHe 3axeaheHoM NoBpPLNHOM;

— BOAA NpuuumaBa Hajsehu odum wreta no
nosplwmHu (yrynHo je noroheHo 9.407,7 ha,
WTO YMHM y npoceKky 588,0 ha no WM nau
73,5 ha-god™ no LN);

— nogauu o dpojy 1 NOBPLUMHK LITETa Of, BOAE,
BeTpa 1 noxkapa Ha ogadpaHum LLUMN, y aatom
nepuoay, NoKasyjy Aa je nospLmHa 3axsaheHa
owTteherem pefieBaHTaH eneMeHT 3a aHaNu3y;

— aKo Cce MOCMATpa yTULAj LUTETHUX daKTopa, no
Opojy M MOBPLUMHMU, jacHO ce yo4yaBajy rpyne
LLIM pasnuumTor cTeneHa yrpoxeHocTu (uae y
NpWIOTr NOCTaB/bEHO] XMMNOTE3N);

— Ha &asu pacnopega WM no paHrosuma, dop-
MWPAHN Cy MHAEKCU YTPOXKEHOCTH, KOjU, TaKo-
hHe, yKasyjy Ha NOBPLUMHY, KaO KpUTepUjym
Koju dosbe ofparkaBa peasiHy ONacHOCT Of,
LIYMCKMX LWITETa;

— HajBehu MHAEKC YrPOXKEHOCTU Y OAHOCY Ha 3a-
xBaheHy NoBpLINHY majy PacuHcko n Tapcko
wn (/,,=6), a cnege ux fonujcko, CesepHo-
Kyyajcko, Jorendapcko, Jy>KHOMOpPaBCKO U
Mopascko WM (/,,=5), unHehu Tako rpyny Haj-
yrpoxeHunjux LUM;

- I,,=4 vmajy Jlumcko, Moapmrscko-konydapcko
n JadnaHuyko WM, ynHehu rpyny cpeghe
yrpoxeHux LUM;

— y rpyny cnado yrpoxeHux nogpydja cnagajy
LLlymagujcko, JyxkHOKy4Yajcko, foprendapcko,
Tumouko, Tonnnyko n Huwko, ca /,=3;

— BMCOKe BPeAHOCTU MHAEKCA YIPOKEHOCTU Of,
noapa odMYHO NpaTe HUCKE BPEAHOCTU UH-
[eKca YrpoXKeHOCTH o4, BoAa, Kao 1 0OpHYTO;

— BeTap je Be/IMKM Npodsiem y ceBepo-UCTOYHOM
W OeIMMUYHO LEeHTPasHOM Aeny, BoAa Y LieH-
TpPa/HOM Nojacy, [OK CYy NOXapu U3PAXKEHN Y
jyronctouHum LN Cpbduje.

OBM 3aK/byyLM yKa3yjy Aa ce UHAEKCU yrpo-
KeHocTu, dasmpaHn Ha owTeheHoj NOBPLWNHY,
MOTY UCKOPUCTUTU 33 paHrMparbe U manuparse
LM, wTo moxe Aa NnoMorHe Aa ce y TUM noapyy-
jMma cnpoBeay KBaNUTETHUje U edUKaCHU]e mepe
npeseHunje wTeTHMx gorahaja y dyayhHoctw.
Tume &1 ce UCNyHWNA U OCHOBHA CBPXa OBAKBUX
NCTPaXKMBarba.

OHoO WTO OCTaje Aa ce pasjacHN y 0BOM OAHOCY
jecTe KaKo ce OBaKO pPas/IMYUTK C/y4ajeBn NoHa-
Wwajy Kafa cy y NuTakby opraHu3aunjcke mepe u
TPOLIKOBM caHauuje. [lpyrum peunma, Moxe fa ce
nocTaBu NuTarbe Aa Au je sehu opraHM3aunjckm
133308 1 GMHaAHCK]CKM 3axTeB caHUpaTy Behu dpoj
WwTeTHUXx gorahaja marber oduma, y ogHocy Ha
Marbm 6poj, anun Koju ce gelasa Ha Behem npo-
ctopy. To 61 morao aa dyae pasnor 3a npeaysnma-
Hbe NoceSHUX UCTPaXKMBakba, PaaM peLlaBatba 0Be
auneme, ogHoCHoO jeaaH moryhu cmep y dyayhum
UCTPaXKMnBarbnMa.

Mopep Tora, ocTaje Aa ce pefoBHO axKypupajy
WMHAEKCU YITPOXKEHOCTU U joLl NpeunsHmnje manmpa-
jy WM. Ha Taj HauuH, odyxsaTtune du ce cse npo-
MeHe Koje MoCMaTpaHu WTeTHU GaKkTopu n3asuBsa-
jy no nuTary obmuma wreTa, yume du ce naaHepu
CcHadpenu jakum aprymeHTMMa 3a NpenopyymnBsa-
He afieKBaTHUX Mepa NpeBeHLUuje 1 3awTuTe.

HanomeHa: VicTparkmBatrbe je peannsoBaHo y
OKBMPY nNpojekTa ,McTpaxkuBarba KAMMATCKUX
NPOMEHA U HUXOBOT YTULLAja Ha KUBOTHY CPEAMUHY
- npaheme yTMUaja, aganTtaymja u ydnaskasarbe”,
notnpojekar ,,Couno-eKOHOMCKM pa3Boj, ydnarka-
Batbe M aJanTtaumja Ha KAMMaTcKe npomeHe” (eB.
6p. 43007, eB. 6p. noTnpojekTta 43007/16-111), dpu-
HaHcWpaHor og, cTpaHe MWHUCTapCTBa NPOCBETE,
HayKe W TeXHO/OLLKOT pa3Boja.
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Abstract: Forest ecosystems in Serbia suffer great damages each year due to the negative
effects of water, wind and fires, which are caused by climate change. In this sense, the aim of
the research is to determine the degree of threat from the effects of water, wind and fires for
selected forest regions, as well as to form ranks and groups of forest regions, and their threat
indexes. Through cluster analysis method, forest regions are grouped based on two criteria
(number of damage and damaged area), in order to calculate their threat index. In this way,
three groups of forest regions were identified: considerably, moderately, and slightly threat-
ened. Rasinsko and Tarsko forest region (/,=6) have the highest threat index in relation to the
affected area. Sumadijsko, Juznokucajsko, Gornjeibarsko, Timocko, Topli¢ko and Nisko, with
1,,=3 belong to the group of slightly threatened areas. The results of these studies can be used
for achieving better quality of monitoring and control), prevention and response, should any
harmful event occur.

Keywords: forest damage, threat index, ranking

INTRODUCTION

Climate change and related damages are the
subject of study by various professions and scien-
tific disciplines, with the aim of finding ways to
eliminate or at least reduce their effects to a toler-
able level. The forestry profession is also address-
ing this type of problem (Nedeljkovi¢ et al.,
2018, Rankovic¢ et al.,, 2014, Rankovi¢ et al.,
2015, 2016/a, 2016/b, 2017, 2019) to minimize
forest damage and enable the survival of forests,
with all the benefits (tangible or intangible) they
provide. This was the main reason for continuing
such research.

Catastrophic natural hazards affected forest
ecosystems in the last 10-15 years (forest fires,
floods, ice-breakages, wind-breakages) with se-
vere environmental and economic consequences
(Petrovi¢, Grujovic, 2015, Rankovi¢ et al.,
2016/b, Rankovié et al., 2019). For example, for-
est fires in 2007 “...caused about € 40 million dam-
age. Restoration alone requires € 24 million.
Indirect damage was not assessed” (2011).

In most cases, the occurrence, extent and du-
ration of natural hazards cannot be predicted in
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advance. However, certain hazards can be as-
sumed “...based on experience, statistics and mod-
eling methods”. Accordingly, “...an assessment of
threat from floods and landslides in the territory of
the Republic of Serbia was made, and, based on
the available statistics, a map of the risks of natu-
ral hazards (forest fires, floods, landslides and
earthquakes) has been elaborated” (2011).

Effective disaster risk management “...requires
joint action of key stakeholders from different na-
tional ministries, offices and agencies at all levels.
In order to achieve sustainability of the system, it
is necessary to build a strong cross-sectoral coordi-
nation mechanism” (2014).

At all governance levels, as well as in all sec-
tors, there is a need to improve activities, as well
as to make a clear division of responsibilities for
disaster risk prevention, in order to reduce “...ex-
posure and vulnerability, thus preventing new dis-
asters”. These activities should focus on “...tackling
underlying disaster risk drivers, such as the conse-
quences of poverty and inequality, climate change
and variability, unplanned and rapid urbanization,
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poor land management and compounding factors
such as demographic change, weak institutional
arrangements, non-risk-informed policies, lack of
regulation and incentives for private disaster risk
reduction investment, complex supply chains, limit-
ed availability of technology, unsustainable uses of
natural resources, declining ecosystems, pandemics
and epidemics. Moreover, it is necessary to contin-
ue strengthening good governance in disaster risk
reduction strategies at the national, regional and
global levels and improving preparedness and na-
tional coordination for disaster response, rehabili-
tation and reconstruction” (2015).

The knowledge of potential distribution and
degree of threat to forests, their impact on the
population, but also on the forestry sector is one
of the essential elements for the development of
different policies aimed at reducing the risk of nat-
ural hazards and adapting to climate change
(2019/a).

In Serbia, in addition to the manner and inten-
sity of the impact of numerous climate factors on
the extent of forest damage, it is important to de-
termine their spatial distribution and the degree
of threat for particular areas. In other words, it is
important to know which forest regions (FRs) are
threatened by certain harmful factors and to what
extent. This can lead to a better planning and or-
ganization of work in avoiding future or restora-
tion from occurred damages. For example, it is
important to know which FRs are more threatened
by fire than others, because it would shift the at-
tention to a given cause (dominant in the area)
and provide preventive actions, and timely and
adequate response in the case of such events.

The territorial framework of the research in-
cluded certain FRs from the statistical regions of
Sumadija and Western Serbia and Southern and
Eastern Serbia. This selection was based on the
number and area of caused damages, in the same
way as in prior similar research® (Rankovi¢ etal.,
2019). Thus, the following FRs were selected:
Tarsko-Zlatiborsko (TAR), Podrinjsko-Kolubarsko
(POD), Rasinsko (RAS), Timocko (TIM), Jablanicko

! Due to the existing differences in ,,...in division into statis-
tical regions and the FRs, a review of the damages has been
done for each FR per harmful factor. FRs with the damage
share per harmful factor exceeding 1% (per area) have been
selected” (Rankovié et al., 2019).

(JAB), Juznomoravsko (JMO), Limsko (LIM), Suma-

dijsko (SUM), Donjeibarsko (DIB), Severnokucajsko

(SKU), Toplicko (TOP), Golijsko (GOL), Juino-

kucajsko (JKU), Gornjeibarsko (GIB), Moravsko

(MOR) and Nigavsko (NIS). The FRs selected in this

way are the most threatened by the observed

harmful factors (water?, wind and fires), represent-
ing the most threatened forest areas of the

Republic of Serbia.

The data was collected in the period from 2011
to 2018. Between June and October 2019 the col-
lection, preparation and processing of data were
carried out, as well as the writing of the research
report.

This research aims to determine the degree of
threat from the effects of water, wind and fires for
selected FRs and, subsequently, to form ranks and
groups of FRs. The purpose of such grouping and
ranking would be to provide a rational approach in
monitoring (tracking and control), prevention and
response, should a harmful event occur, primarily
in organizational and economic terms3. In other
words, actions should focus on those FRs where
damage from a particular cause occurs most often,
rather than rarely or never. The subject of research
is the extent of water damage (WA), wind (W/) and
fire (FI), expressed as the number of harmful
events and the damaged areas related to the se-
lected FRs.

A research hypothesis has been set:

— There are clearly defined groups of FR, based
on the extent of damage from water, wind and
fire, leading to the ranking of each of the ob-
served FRs per harmful cause.

METHODS

For the purpos of this research, basic, general,
and specific scientific methods were used as well

2 Harmful effects of water imply impact of rain, hail, snow
and ice.

3 Since the monitoring methods and types of reactions to
harfmul events vary per harmful factor, this would allow the
establishment of an optimal organization of monitoring and
restoration (manpower and technical facilities would be lo-
cated where needed) and financial savings (cost reduction
in engagement of labor force and necessary technical
means for restoration of forest damages).
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as appropriate techniques (Se$i¢, 1984). Used di-
alectical method, as one of the basic methods, is
respecting the development component of the
observed phenomena. Statistical and modeling
methods were used as the general scientific meth-
ods, while classical deduction methods (analysis
and synthesis, deduction and induction, classifica-
tion,...) as specific scientific methods, were also
applied.

Cluster analysis and, more precisely, the meth-
od of hierarchical (agglomerative) clustering? was
applied. The technique of implementing this
method is based on forming, with each individual
observation, its own cluster (group). At each sub-
sequent step, the grouping process calculates the
distance between all cluster pairs and combines
the two clusters closest to each other. This process
continues until all the points are in one cluster. The
graphic representation is usually in the form of a
tree, so it is called a “dendrogram”. In addition, the
data should first be sorted by size in order to ob-
tain the desired result.

Out of five rules for defining the distance be-
tween clusters (“average”, “centroid”, “Ward”,
“single” and “complete”), the rule “single” was se-
lected, and as an output, instead of “dendrogram”,
a constellation diagram was used, with the pur-
pose of better observation of the FRs grouping. In
addition, three basic groups of FRs were
distinguished, according to the intensity of
damage®, and in relation to the selected elements
of observation (the number and area of damage

4 Grouping is a multivariate technique that clusters observa-
tions sharing similar values. Typically, observations do not
scatter evenly through the n-dimensional space but form
clumps or clusters. Identifying these clusters provide an op-
portunity for a deeper understanding of the collected data
(2017/b).

°They are marked as: | - considerably threatened, Il - mod-
eratly threatened and Ill - slightly threatened

on the one hand, and damage from water, wind
and fire on the other).

Further on, the scoring of the FRs was done,
based on the group to which they belong. Thus,
FRs belonging to the group of considerably threat-
ened regions (I) were awarded three (3) points (by
each harmful factor separately, both by number
and surface area), those in the group of moderate-
ly threatened (l1) two (2) points and in the group of
slightly threatened (1) one (1) point. These groups
were made separately for damages caused by wa-
ter, wind and, fire. By summing up all the points
and ranking, new groups were formed, based on
all observed harfmul factors® (). Due to the prior
knowledge of observing all selected factors at the
overall level, where in the aggregate the individual
impact might be “masked” (Rankovi¢ et al.,
2019), scoring and ranking were done for each
harmful factor separately, while the impact of total
damage (Z) was used for control.

Baseline data were collected and aggregated
by FRs and years per three harmful factors (water,
wind and fires) and are related to the number of
harfmull events and the damaged area. They were
then collated into an appropriate table (Table 1)
and processed according to the selected
methods.

Data preparation and preliminary processing
are done in suitable cross-tabulation programs,
and statistical processing (cluster analysis) in SAS
JMP v.13 (Trial version).

5 The term "total damage” should be distinguished from the
sum of harmful factors threat index. Total damage is ob-
tained by summing the value of the number of damages or
damaged areas in all observed FRs during the observed pe-
riod. Afterwards, a cluster analysis (shown in the lower right
corner of the attached “constellations” diagram) should be
done. The sum of the harfmul factors threat index is the
result of the sum of threat indexes for each harmful factor
(one for the number and the other for the area).

Table 1. Damages caused by water, wind and fires in the observed FRs in Serbia, in the period 2011-2018

P [ha]

WA wi FI 2

AM P AM P AM P AM

n
FR WA wi Fi b3

n AM n AM n AM n AM P
TAR 108 14 74 9 40 5 222 28 1,792.8 224.1
LIM 324 41 134 17 50
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Table 1. Damages caused by water, wind and fires in the observed FRs in Serbia, in the period 2011-2018

n P [ha]
FR WA wi FI b3 WA wi FI z
n AM n AM n AM n AM P AM P AM P AM P AM
GOL 55 7 81 10 55 7 191 24 3375 422 449.6 56.2 9455 118.2 1,732.6 216.6
POD 65 8 30 4 6 1 101 13 632.2 79.0 2155 26.9 91.7 11.5 939.4 117.4
Sum 0 O 0O 0 17 2 17 2 0.0 0.0 0.0 0.0 87.0 10.9 87.0 10.9
JKU 0 O 0O 0 13 2 13 2 0.0 0.0 0.0 0.0 216.3 27.0 216.3 27.0
RAS 486 61 234 29 29 4 749 94 1,537.1192.1 564.0 70.5 1183 14.8 2,219.3 2774
DIB 159 20 54 7 16 2 229 29 1,881.0235.1 327.5 409 280.5 35.1 2,489.0 311.1
GIB 20 115 14 26 3 161 20 3.0 04 206.3 258 2115 264 420.8 52.6
TIM 69 35 4 45 6 149 19 3405 426 269.5 33.7 662.8 82.8 1,272.8 159.1
SKU 65 167 21 21 3 253 32 247.8 31.0 1,362.5 170.3 309.6 38.7 1,919.8 240.0
MOR 136 17 3 0 31 4 170 21 1,454.0 181.8 0.5 0.1 266.5 33.3 1,721.0 215.1
JAB 48 6 58 7 18 2 124 16 82.8 104 6189 774 50.2 6.3 751.8 94.0
TOP 86 11 8 1 71 9 165 21 4715 58.9 185 2.3 4129 51.6 902.9 112.9
NIS 68 9 70 9 2 0 140 18 1335 16.7 95.2 11.9 47 0.6 233.4 29.2
JMO 0 O 4 1 9 1 13 2 00 0.0 10.0 1.32,939.0367.4 2,949.0 368.6
b3 1,689 /2967 /449 /3,205 [ 9,407.7 / 5,192.8 / 7,136.6 /21,737.1 /
Aver: 106 13 67 8 28 4 180 25 588.0 73.5 3245 40.6 446.0 55.8 1,358.6 169.8

Legend: n - number of damages, P - area of damages, AM - arithmetical mean (yearly average), WA - water,

Wi -

wind and FI - fires

Source: (2019/b), Rankovi¢ et al. (2019) and authors calculations
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In the first step, the shares were calculated by
number and area of all three observed harmful
ors according to the selected FRs. Visualisation
he results is presented in charts 1-4. The fol-
ing can be noted:

in the case of water damages (Chart 1), there is
a visible disproportion between the number of
damages in comparison to damages per area
(most prominend in Tarsko, Rasinsko, Moravsko
and Donjeibarsko FR), with a higher extent of
damages per area (Tarsko, Moravsko and
Donjeibarsko FR) in comparison to the number
of damages (the opposite is Rasinsko FR).

in the case of wind damages (Chart 2), a simi-
lar situations has been noted, whereas the
share of the number damages is lower than of
the damages in the area of Severnokucajsko
FR, while Rasinsko and Nisko FR are the
opposite;

in the case of fire damages (Chart 3) dispropor-
tion (a small number of fires and very large
damaged area) is particularly prominent in the
Juznomoravsko FR;

when it comes to total damages (Chart 4),
there is a large difference in the share of the
number of damages in relation to the dam-
aged areas, as with JuzZnomoravsko FR, which
makes this particular FR considerably threat-
ened when it comes to the cumulative impact
of all three observed harmful factors.

This situation indicates that the damages are

manifested differently depending on the harmful
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MOR
SKU
TIM

GIB

DIB
RAS
Chart 1. Share of water damages by number (n) and area (P) for given FRs in the period 2011-2018
Top_ i3 M©

JMO

NIS

DIB
Chart 2. Share of wind damages by number (n) and area (P) for the given FRs in the period 2011-2018

NIS JMO'MR

LiM

JAB
MOR GOL
SKU POD
Sum
Gs DB A NIS TOP / MOR SKU
Chart 3. Share of fire damages by number (n) and area (P) for the given FRs in the period 2011-2018
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Chart 4. Share of total damages by number (n) and area (P) for the given FRs in the period 2011-2018

factors as well as depending on the FR. Some FRs
are more threatened by the impact of water than
others, some from wind or fire. In some FRs the
number of harmful events and in others by the
area manifests this. Obviously, the observed harm-
ful factors do not have a proportional impact in
terms of the number of harmful events and the
damaged areas.

If the FRs are observed by the average values
(Table 1), it is visible that Rasinsko FR suffered the
most from damages caused by water, with an av-
erage of 61 harmful events per year (followed by
the Limsko FR with 41). In addition, each FR suf-
fered an average of 211 harmful events in the ob-
served period, i.e. an average of 13 per year.
Observed per damaged area, the largest extent of
damage is recorded in the Donjeibarsko FR with
235.10 ha-year™ (close are also Tarsko FR with
224.12 ha-year™, and Moravsko FR with
181.80 ha-year™), whereas each FR suffered a
damage at 73.50 ha-year™ on average.

Wind damages mostly affect Rasinsko FR (an
average of 29 harfmul events per year), but the
largest affected area is in Severnokucajsko FR (an
average of 170.31 ha-year™). In addition, the aver-
age annual number of harmful events per ob-
served FR is 8 per year, and the average area cov-
ered is 40.57 ha-year™ per FR.

Fires occur less frequently (on average 4 per
year per FR), and are the most common in Toplicko

FR (9). The average annual damaged area in the
given FRis 55.85 ha-year™, and the largest average
area affected by fires is in the JuzZnomoravsko FR
(367.38 ha-year™).

Looking at the total damages together, on av-
erage, 25 harmful events occur on each of the ob-
served FRs, on an average area of 169.82 ha--
year™. At the same time, Rasinsko FR (average of
94 harfmull events per year) has the highest num-
ber of harmful events, while the largest average
area is at JuzZnomoravsko FR (368.63 ha-year™).

The data on the number and damage of areas
caused by water, wind and fires in the observed FRs
in the given period show that the area affected by
damage is a somewhat more relevant element for
reaching conclusions. It is noted that water causes
the greatest extent of damage per area (9,407.71
ha in total, and an average of 587.98 ha per FR or
73.50 ha-year™ per FR), with an about 25% higher
extent compared to fires (total 7,136.56 ha, aver-
age according to FR 446.04 ha, i.e. 55.75 ha-year™
per FR), and almost twice higher than wind (total
5,192.84 ha, average according to FR 324.55 ha or
40.57 ha-year*per FR). Practically, the ratio of are-
as damaged by wind, fire and water is approxi-
mately 1:1.5:2. Water causes the greatest extent of
damage, which has a major impact on the type and
manner of organizing restoration and protection
(prevention) measures, as well as on the costs in-
curred on that occasion.
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Grouping and ranking of FRs in relation
to observed harmful events, calculation
of the threat index and mapping

Using cluster analysis, models of grouping of
FRs in relation to observed harmful factors were
formed, based on the number of harmful events
and the damaged area. Derived models are shown
graphically, in order to clearly visualize groups per
FR, which is related to the threat degree, relative
to a pre-selected three-step scale.

If one observes the harmful impact of water
(Chart 5), three groups of FRs are clearly identified
(in line with the hypothesis). Accordingly, the
points and calculation of the threat index (/) are
adding to the threat degree of a given FR (Table 2).

Based on the information from Table 2, it is
noted that of all FRs, Rasinsko FR is the most
threatened by water and wind (a large number of
harmful events by both water and wind), while the
highest number of fires are recorded at
Toplicko FR. In addition, the lowest number of

those slightly threatened FRs (rank Ill) is with wa-
ter, while a slightly higher number of such FRs is
with wind and fire damages. Such a situation can
be better viewed by looking at the sorted data,
where it is observed that the Rasinsko FR is the
most threatened to the adverse effects of water
and wind, followed by Limsko, Gornjeibarsko and
Severnokucajsko with wind damages. In case of
fire, the most threatened is Toplicko, followed by
the Limsko, Tarsko, Golijsko and Timocko FR.

The grouping of FRs, based on the damaged
area, is shown in Chart 6. Three groups of FRs are
also clearly identified with respect to the degree
of threat (in support of the hypothesis).

As indicated in Table 3, in all observed FRs
there is an unbalanced distribution of damage in-
tensity per harmful factor. Thus, in the case of wa-
ter damages there are more FRs in the category of
considerably threatened areas (Tarsko, Rasinsko,
Donjeibarsko and Moravsko FR). In the case of
wind and fire damages, they are concentrated per
one FR (Severnokucajsko FR in the case of wind
and Juznomoravsko in the case of fire).

— Il

4

Chart 5. Groups of FRs based on forest damages caused by water, wind and fire, by the number of harfmul

events (n)
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Table 2. The FR threat index related to the number of harfmul events (/)

- Not sorted Sorted
WA wi FlI s WA wi FI s

TAR 1 1 2 1 RAS 3 RAS 3 TOP 3 RAS 3
LIM 2 2 2 3 LIM 2 LIM 2 LIM 2 LIM 3
GOL 1 1 2 1 TAR 1 GIB 2 TAR 2 Sum 2
POD 1 1 1 1 GOL 1 SKU 2 GOL 2 JKU 2
Sum 1 1 1 2 POD 1 TAR 1 TIM 2 JMO 2
JKU 1 1 1 2 Sum 1 GOL 1 POD 1 TAR 1
RAS 3 3 1 3 JKU 1 POD 1 SuMm 1 GOL 1
DIB 1 1 1 1 DIB 1 SUM 1 JKU 1 POD 1
GIB 1 2 1 1 GIB 1 JKU 1 RAS 1 alZ13 1
TIM 1 1 2 1 TIM 1 DIB 1 DIB 1 GIB 1
SKU 1 2 1 1 SKU 1 TIM 1 GIB 1 TIM 1
MOR 1 1 1 1 MOR 1 MOR 1 SKU 1 SKU 1
JAB 1 1 1 1 JAB 1 JAB 1 MOR 1 MOR 1
TOP 1 1 3 1 TOP 1 TOP 1 JAB 1 JAB 1
NIS 1 1 1 1 NIS 1 NIS 1 NIS 1 TOP 1
JMO 1 1 1 2 JMO 1 JMO 1 JMO 1 NIS 1

Source: original

* The numbers in this column are not obtained as the sum of points in the columns on the left, but on the
basis of the position of FRs in the “constellation” diagram for the total number of harmful events for each
FR within the observed period.

DiB

RAS

UM sy ™ el MOR €% GOL Total
2 ) 3 2| -15 1,0 =05 00 05 10 15 20

Chart 6. Groups of FRs based on forest damages caused by water, wind and fire, by the size of damaged area (P)
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Table 3. The FR threat index related to the size of damaged area (/_,)

R Unsorted Sorted
WA wi FI s WA wi FI s

TAR 3 2 1 2 TAR 3 KSU 3 JMO 3 JMO 3
LIM 1 2 1 1 RAS 3 TAR 2 GOL 2 TAR 2
GOL 1 2 2 2 DIB 3 LIM 2 TAR 1 GOL 2
POD 2 1 1 1 MOR 3 GOL 2 LIM 1 RAS 2
SUM 1 1 1 1 POD 2 RAS 2 POD 1 DIB 2
JKU 1 1 1 1 LIM 1 JAB 2 Sum 1 SKU 2
RAS 3 2 1 2 GOL 1 POD 1 JKU 1 MOR 2
DIB 3 1 1 2 Sum 1 Sum 1 RAS 1 LM 1
GIB 1 1 1 1 JKU 1 JKU 1 DIB 1 POD 1
TIM 1 1 1 1 GIB 1 DIB 1 GIB 1 SuM 1
SKU 1 3 1 2 TIM 1 GIB 1 TIM 1 JKU 1
MOR 3 1 1 2 SKU 1 TIM 1 SKU 1 GIB 1
JAB 1 2 1 1 JAB 1 MOR 1 MOR 1 TIM 1
TOP 1 1 1 1 TOP 1 TOP 1 JAB 1 JAB 1
NIS 1 1 1 1 NIS 1 NIS 1 TOP 1 TOP 1
JMO 1 1 3 3 JMO 1 JMO 1 NIS 1 NIS 1

Source: original

" The numbers in this column are not obtained as the sum of points in the columns on the left, but on the
basis of the schedule of FRs in the “constellation” diagram for the total size of damaged area for each FR
within the observed period.

The observation of damages per area shows a Table 4. Threat index (/,_and I, ) per FR

rather different picture in comparison to the num-

ber of harmful events. Fires occur less frequently FR L, FR [
than the other two harmful factors, while the RAS 7 RAS 6
damaged areas are very large. In addition, it was LIM 6 TAR 6
noted that the results are “masking” some facts at
the level of total damage. Namely, Limsko FR be- el g oL =
longs to the category of considerably threatened TAR 4 DIB 5
areas by the number of damages, but in terms of GOL 4 SKU 5
damaged area, it belongs to slightly threatened GIB 4 MOR 5
areas. In this sense, calculated rank based on the
total area of damages or on the total number of M 4 MO 2
harmful events cannot be taken into account as a SKU 4 LiM 4
criterion for assessing the degree of threat. POD 3 POD 4
As a better indicator of the intensity of forest SUM 3 JAB 4
damages, a common threat im.jex can pe recom- KU 3 UM 3
mended, based on the sum of index points for all
observed harfmull events (Table 4). The threat in- DIB 3 KU 3
dex can have values between 9 and 3. This would MOR 3 GIB S
mean that FR which is the considerably threatened JAB 3 TIM 3
of all three harmful factors can have a threat index NIE 3 TOP 3
(1,)=9, and for the FR that by at least one factor «
IMO 3 NIS 3

belonged to the group of the considerably threat-

ened /.=5. In this sense, /. whose value is 5 would Source: original
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be the boundary for dividing FRs into those that
are at risk of damages and those whereas the
threat is not extremely high for any factor (dam-
age does not belong to rank I by any factor). This
would practically mean that all FRs with /=5 or
higher must be seriously prepared to prevent
harmful events, with the focus on the factor caus-
ing most damage to that FR. If FR has /=4, the
alert status with regular monitoring should be
maintained, and if the /=3, FRs should perform
only regular precautaniory measures’.

7 All FRs that are not analysed belong to the Ill group (slight-
ly threatened). This is due to the adopted principles of FR
selection, whereas FRs with less than 1% damage were ex-
cluded from analysis (Rankovi¢ at al., 2019).

Since the Tarsko-Zlatiborsko, Rasinsko, Golijsko,
Severnokucajsko, Donjeibarsko, Moravsko and
Juznomoravsko FR have the highest thereat index
(1.,25), these FRs need serious work on damage
prevention, primarily from water and wind.
Limsko, Jablanicko and Podrinjsko-Kolubarsko FR
have to be prepared for the most dangerous harm-
ful factor at the given FR (this varies from one to
another FR). For other FRs it is recommended to
maintain standard monitoring and prevention
measures against forest damage.

The mapping of the observed FRs according to
the threat index, allows one to consider the spatial
distribution of the effects of the given harmful fac-
tors (Chart 7).

e
©

GOL
LIM
@i wak
GIB
N
e
<
WA - Water \
WI - Wind

y (0

FI - Fires ‘

)

Graph 7. Map of selected FRs with threat indices based on area by harmful factors (the circles represent the

sum of threat indices)
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The map clearly indicates that the FRs with the
highest total threat are concentrated in the central
part of Serbia, and are surrounded by the FRs of
lower threat degree. Only the Juznomoravsko FR,
positioned south of this zone (high risk of fire -
high summer temperatures) and the Severno-
kucajsko FR in the north (high risk of wind - KoSava
region) do not match. The reason for this is their
geographical location (vertical distribution of FR in
relation to the north and south), the relief and the
global movement of air masses.

High values of the fire threat index are usually
accompanied by low values of the water threat
index (and vice versa). In other words, if there is a
pronounced risk of water damages, there is almost
no risk of fire damages and vice versa. This should
be taken into account when designing appropriate
preventive and restoration measures.

The lowest values of the threat index per area
(I,,=3) have the Gornjeibarsko, Sumadijsko,
Juznokucajsko, Timocko, Toplicko and Nisko FR,
whereas standard protection measures can be rec-
ommended as sufficient. However, due to climate
change and sometimes unexpected effects, there
is a need for field monitoring and a ready response
in case of any changes.

DISCUSSION

More frequent occurrences of natural hazards
caused by climate change globally (van Aalst,
2006) have a negative impact on sustainable de-
velopment and also on natural resources
(Rajapaksa etal, 2017, Managi, Guan 2017).

Prior research on the impact of climate change
on forest ecosystems in Serbia indicated that,
“..there is a probability of an increase in the num-
ber and areas of damage caused by water and
wind” (Rankovi¢ et al., 2019). In addition, it was
found that “..in the period 1900-1940, 100 natural
disasters occurred every ten years, in the period
1960-1970 there were 650, and in the period 1980-
1990 as many as 2,000, while in the ten-year peri-
od 1990-2000, the number of disasters increased
to 2,800. The trend shows that the number of
emergencies and threats is increasing year after
year, so that in recent years the economic costs
have tripled” (2011).

Faced with the frequent occurrence of natural
hazards, many countries integrated issues of natu-
ral hazard risk management through national de-
velopment plans, strategies and projects (Prab-
hakar etal., 2015)

The Action Plan for the Implementation of the
National Disaster Risk Management Program de-
fines as a specific objective that “..the Republic of
Serbia has a unique system for identifying, assess-
ing and monitoring the risks of natural disasters”.
One of the measures to meet this objective is
“...establishment of a system for identifying and
monitoring the risks of natural disasters and other
hazards” (2017/a). The result of the implementa-
tion of the Action Plan under this measure is
“... established risk assessment system in the agri-
culture, forestry, veterinary, water and environ-
mental sectors” (2017/a), and the envisaged activ-
ities include (2017/a):

— “..development of endangerment and forest
fire risk maps”;

— “..development of a plan for adaptation to
changed climatic conditions”;

— “..development of hazard maps and flood risk
maps”.

Indirectly, this research contributes to the
achievement of the mentioned objective and re-
lated activities and may provide a starting point for
the development and amandement of these doc-
uments. An example is the Rasinsko FR, having the
most harmful events. Regardless of the relatively
smaller size of this FR, damages occure very often,
thus extra precautionary and other measures for
the prevention of future damages of greater pro-
portions are needed.

Prior research, dealing with crisis prepared-
ness assessment, shows that Serbian citizens con-
sider that “...the response readiness score is the
highest in the household (M=3.03) and the lowest
in local government bodies (M=2.86)"
(Cvetkovi¢, 2017). These findings indicate the
importance of identifying especially threatened
FRs so that the local government, on a given teri-
tory, can respond in a timely manner, i.e. to in-
crease their own preparedness for natural
disasters.

It is important to emphasize that if the risk of
natural hazards is not recognized on time, it can
also lead to a reduction in the existing crisis
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preparedness capacities and a timely response to
the given changes (Pilli-Sihvola et al., 2018).

In addition, it should be emphasized that
“... the role of public authorities is crucial for envi-
ronmental policy, especially from the aspect of cli-
mate change” (Tomi¢, 2014), but also from the
aspect of reducing the risk of natural hazards
through the exchange of information and knowl-
edge at different levels of government and be-
tween different sectors (Malagoda et al., 2010).

CONCLUSIONS

The basic conclusions of this research are:

— damages are manifested differently, depend-
ing on the harfmul factor, as well as depending
on the FR;

— thereis a disproportion between damages ex-
pressed in the number of harfmul events in
relation to the damaged areas;

— water causes the greatest amount of damage
per area (a total of 9,407.7 ha are affected,
which makes an average of 588.0 ha per FR or
73.5 ha-year™ per FR);

— data on the number and damaged areas
caused by water, wind and fire at selected FRs,
in a given period, show that the damaged area
is a relevant element for analysis;

— if the impact of harmful factors, by number
and area, is observed, groups of FRs of differ-
ent levels of threat are clearly identified (goes
in favor of the hypothesis);

— based on the rankings of the FR, threat index
has been developed, which also indicates that
the damaged area is a criterion which better
reflects the real danger of forest damage;

— The Rasinsko and Tarsko FRs (/,,=6) have the
highest threat index in relation to the affected
area, followed by the Golijsko, Severno-
kucajsko, Donjeibarsko, Juznomoravsko and
Moravsko FR (/,,=5), thus making the group of
considerably threatened FRs;

— The Limsko, Podrinjsko-Kolubarsko and
Jabalni¢ko FR, have I.,=4 and belong to the
group of moderatly threatened FRs;

—  The Sumadijsko, Juznokucajsko, Gornjeibarsko,
Timocko, Topli¢ko i Nisko FR, have /=3 and be-
long to the group of slightly threatened areas;

— high values of the fire threat index are usually
accompanied by low values of the water threat
index, and vice versa;

— wind is a big problem in the north-east and
partly central part, water in the central zone,
while fires are noticeable in the southeastern
FRs of Serbia.

These findings indicate that the threat index
based on the damaged areas, can be used to rank
and map FRs, which can help implement better
and more effective measures for the prevention of
adverse events in the future. This would also fulfill
the basic purpose of this research.

It remains to be clarified in this relationship
how different cases behave when it comes to or-
ganizational measures and restoration costs. In
other words, it may be questioned whether a
greater organizational challenge and financial re-
quirement is to remediate a larger number of harf-
mull events of a smaller scale, than a smaller num-
ber, but occurring in a larger area. This could be a
reason to undertake specific research to address
this dilemma.

In addition, the threat index remains to be up-
dated regularly and FRs more accurately mapped.
In this way, all the changes that the observed harf-
mul factors cause in terms of the extent of the
damage will be observed, providing planners with
strong arguments for recommending adequate
prevention and protection measures.
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