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M3Bopa: [o casa cnpoBeaeHUM UcTpakmsarbmma y Cpduju je ytepheHo ysehatbe wreTa y Lwy-
Mama of, NPUPOSHUX Hemoroaa, Kao 1 yseharbe yyelwha y yKYNHUM LIYMCKMM WTETama y3
HUXOBY TEPUTOPUjaNIHY HeyjefHaveHocT. LUnsb ucTpaxkmBara je yTBphrBarbe TpeHaa KpeTaka
Spoja 1 NoBpLUMHE WTeTa, NOBPLUMHE LWTETa MO je4HOM WTeTHOM Aorahajy, Kao U NporHose
KpeTakba WTeTa HacTaNuX yc/es WTeTHOr AejcTBa BoAe, BETPA M NoXapa Y ogadpaHum wym-
CKMM noapyyjuma y Cpduju. Y uctpaxkmsatmby je kopuwheHa meToga Mogenosarba, a npume-
HbeHe Cy U MeTofa aHanu3e TPpeHAa, PerpecnuoHa 1 KopenauuoHa aHannsa, Kao 1 nocedHe
meToge. Pe3yntati ncTpaxkmsarba yKasyjy Aa nocToje pas/vKe y TpeHA0BMMA KpeTakba wTeTa
nojeAnHAYHUX WTETHUX GaKTopa, y3 yrnaBHOM pacTyhu TpeHA KpeTakba WTeTa HacTanux ycnes,
[ejcTBa BoAe 1 BeTpa onagajyhu TpeHa KpeTarba LWITeTa HacTaAuX ycaes AejcTea noxapa, anv

1 nopact odMma LTeTa HaCTaNuX ycnea AejcTea cBa Tpu WTeTHa dakTopa.

K/byuHe peuu: wreTe y LWymama, BOAa, BETap, NOXKapw, TPEeHA,

YBOA

KnumaTcke npomeHe npeacTaB/bajy riodanHu
133308, KOju ce maHUdecTyje Kpo3 nopact Temne-
paType, npomeHe y NafaBMHama U HUXOBOM UH-
TEH3UTETY U NOjaBU EKCTPEMHUX BPEMEHCKMUX
ycnoBa (Seneviratne et al., 2012). YTmuaj
K/IMMaTCKMX NPOMEHa HemnpornopLMoHasHoO nora-
ha Kako 3emsbe TaKko v pasnunuute cektope (Fol-
ke, 2006), ykwyuyjyhu n cektop wymapcrea. Ove-
KMBAHM pPU3MLM HACTaIM Kao nocsieanua ytuuaja
pasAnuMTMX GakTopa, anu U KNMMATCKUX NPOMEeHa
Cy, Ka4a je CeKTop WymapcTBa y NuTtakby, Cy: Npo-
MeHa pexunma BeTpa v Boae, ysehare pusnka og
noskapa (nocedHo y meguTepaHCKOM pPernoHy),
Kao u Yyewhu eKkcTpeMHu BpemeHcKku gorahaju,

Kao wTo cy nonnase u cywe (2017). NpomeHe y
KIMMM YyTUYY Ha NojaBy SUOTUYKKX (y4ecTanocT u
nocneauLe nojase WTETOYMHa U donectn) n aduo-
TUUYKKMX nopemehaja (NpomeHe y nojasu noxapa,
YYECTaNoCT! U UHTEH3UTETY NPUPOAHMX Henoroaa
nojase noxapa, NPOMEHe Y y4ecTanocTu U UHTEH-
3utety onyje) (Lindner etal, 2010), WTo MmoxKe
MMaTU YTULA] Ha YMarbeHe NPOoU3BOLHE, EKOJO-
LWKe v coumjanHe GyHKUMje Wwyma.

lnasHu adnotnukmn nopemehaju y Esponu cy
nosap, setap, nonsase u cywe (Flannigan
etal., 2000, Fuhrer etal., 2006, Moriondo
et al., 2006). Y nepuogy 1950-2000. roanHe, 53%
0p, YKYMHUX LWITeTa y Wymama je Suno y3poKoBaHo
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nojaBom onyja, a 16% nojasom noxapa (Schel-
haas etal., 2003). Cpbuja ce cyoyasa ca SpKum
nopacTom TemnepaTtype y 04HOCY Ha NopacT cpea-
WX TN0OANHUX BPEAHOCTU TeMnepaType, Kao 1
npoMeHama MHTEH3WUTeTa NagaBMHaA HAPOYUTO
nojaBy jakux Kuwa, Kao un Beher dpoja AaHa de3
nagasuHa (2017). NpeTxogHa UCTparkMBatkba yKa-
3yjy fa NpomeHe TemnepaType n nagasuHa y Cp-
d1jn n3asBaHe KAMMATCKUM MPOMeHama Mmajy
3HauajHe edekTe Ha Wyme, y3 yBeharbe yyecTano-
CTW MojaBe nonnaBa, KAM3WUWTaA U Nefosioma
(Rankovi¢ et al., 2016), dyjuuHnx nonnaea
(Risti¢ et al.,, 2012), wymcKux noxapa
(Aleksic etal., 2006) n apyrux NPUPOAHUX He-
noroga y wymama'. Mako je npumeheHo ysehare
WwTeTa y WyMama og, npupoaHunx Henoroga y Cpdu-
jn, Kao n yeehatbe yyewha y yKynHUM LLYMCKUM
LITeTama, 3anakeHa je u brxoBa TepuTopujanHa
HeyjeaHauyeHocT (Rankovic¢ etal., 2016). Kaga
je y nuTarby KpeTarbe 0OMMa LITETA O NPUPOLHUX
Henoroga y wymama Cpduje 1 yTuuaja Temnepaty-
pe 1 nafaBunHa, BUA/bUBO je Aa WTeTe y CTaTUCTUY-
KM pernoHmma Lymagmje n 3anagHe Cpduje,
Kao U JyxkHe u UctouHe Cpduje, yuectsyjy ca 39,1%
Y YKynHomMm odumy wreTa y wymama (Rankovic
et al., 2016).

TakBa cuTyauuja je npoy3pokoBana notpedy Aa
ce TaKBa M C/IMYHA UCTPAXKMBAkba HacTaBe U Npo-
wupe. Y ckaay ¢ TMM, NPOLLeHEHO je Aa No3HaBa-
e 0dMMa M MHTEeH3UTETa NMPOMEHa HacTanux
ycnepn, AejcTsa WTETHUX yTULaja BoAe?, BeTpa U no-
’Kapa “ma n3paxeH 3Hayaj. Y 0BOM UCTparKMBakby
je aHanM3npaHo KpeTare Opoja TaKBuMX LUTETA, BE-
IMYMHe NOBPLUMHA Ha KOjUMa Cy ce TaKBe LiTeTe
Aecune 1 NOBpLUMHE WTeTa Mo jeAHOM LITEeTHOM
aorahajy. Y3 To, U3BpLUEHa je NPOrHo3a KpeTara
NOCMaTpaHWX BEMYMHA Y HapeaHOM ABOroau-
WHem nepuoay (y oaHocy Ha 2017. roguHy, Koja je

! TepMUH ,,NpUPOAHa HemoroZa y WyMu“ NpescTaB/ba ,,...3Ha-
yajaH Gopemehaj duonowkKe pasHowexe U HACWAHAK
036UrbHUX WWewa y WyMCKUM eKOCUCUeMUMA U3a380HUX
Upe ceela Goxcapuma, cywerbem, durbHUM donecliuma u
wwewo4yuHama, 8ewiposIoOMUMa U 8eWpou3eanamad, CHelo-
JIOMUMQ U CHelou3easnama, toldsnasama, Syjud4HUM WOKOBU-
Ma, KAU3UWWUMQ U gpyium HelpegeuheHum YUHUOYUMA Ha
8eaAUKUM UOBPWUHAMA WyMd U WYMCKOI 3emMsbuwiiia”
(2010).

2 MNop, WTETHUM yTULIAjem BOZE NoapasyMeBa Ce yTULAj KuLLe,
rpaga, cHera v fiepa.
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nocnearba roamMHa ca eMnUpujckKMm nogaumma y

KopUWheHNnM BpeMEHCKMM HM30BMMa).
TepuTOpUjaHN OKBUP UCTPAXKMBaba je 00Y-

XBaTao ogpeheHa wymcKka nogpydja (LUM) y ctatu-

CTUYKMM permoHuma Llymaguje v 3anagHe Cpdu-

je, Kao 1 JyxkHe u UctouHe Cpduje. MowTo nocToje

n3BecHe pasnuke namehy nogene Ha CTaTUCTUUKE
pernoHe u Ha UM, ypaheH je npernes wieta of

NOCMaTpPaHUX y3pOYHMKa 33 CBAKO LUYMCKO NO-

Apydje, npu yemy cy ogadpaHa WymcKa nogpydja

ca yyewhem wTeTa HacTanux ycnen Aejctea no-

cmaTpaHux daktopa, Behum oa 1% (no nospLum-

HK). TaKBMM MOCTYNKOM M3ABOjeHa cy cneaeha

LLIN: Tapcko-3natndopcko, Nogpurscko-konydap-

cKo, Pawko, TumoukKo, JadnaHunuko, JyxkHomopaBs-

cKo, JlIumcko, LLymagujcko, Aorwendapcko, Ceep-

HOKy4ajcko, Tonaunyko, fonmjcko, Jy*KHOKy4ajcko,

loprendapcko, Mopascko 1 Huwascko. MpakTuy-

HO, MOKe ce roBopuUTU Aa cy ogadpana LUM Hajy-

rpoXKeHMja o4, NOCMATPaAHUX WTETHUX haKTopa U,

Yy TOM CMUCAY, NPeACTaB/bajy HajyrpoXeHuje npo-

cTope y Wwymama Penydavke Cpduje.

McTparkmBarbe ce 3acHMBa Ha MHPopmMaLmjama
Koje pgaTtupajy us nepuoga 2011-2017. rognHe.
Mpunpema 1 odpasa nogaTaka, Kao U NUCarbe U3-
BelTaja 0 00aB/bEHOM UCTPaXKMBaAkbY, 0OyxBaTajy
nepuog o Hosemdpa 2018. roa. Ao anpuna 2019.
roauHe.

OCHOBHM LW/b OBOT UCTPaXKMBakba je Aa ce
yTBpAe M odjacHe OCHOBHM TPEHA0BMU KpeTaha
O6poja M MoBpLWMHA WTeTa, NOBPLIMHE WTETA MO
jeaHoOM WiTeTHOM porahajy, Kao 1 Aa ce usBpLUK
NporHo3sa KpeTtakba y HapegHom nepuoay. OcHoB-
Ha CBpXa je Aa ce, Ha OCHOBY TAKO CTEYEHWX Ca3Ha-
Ha, CTBOPU OCHOBA 3a Npeay3vMmatkse oArosapajy-
hnx mepa 1 aKTUBHOCTM Ha cy3dujarby HEFAaTUBHUX
edekaTa (TexHUUYKe, EBKOHOMCKE U coumjanHe npu-
pofie) Ha WyMcKe 1 Apyre NoBesaHe ekocucTeme.
MpepmeT UcTparkMBakba cy Opoj WTeTa, NOBPLUMHA
WTeTa, Kao M NOBPLUMHA LWITETA MO jeAHOM LITeT-
Hom forahajy of, BoZe, BETPaA M NorKapa y Wwymama
Penydnuke Cpduje.

OcHOBHa xMnNoTesa, Koja ce y Be3un 0BUX OAHO-
Ca MOXe NocTaBuTy, je cnepeha:

— nocToju uspaxeH pactyhu TpeHg dpoja wreTa,
NoBpLWMHA WTeTa M NOBPLIMHA NO jegHOM
wTeTHOM gorahajy, HacTanunx ycnes, aenosata
BOZE, BeTpa M No¥apa y ogadpaHum LWYMCKUM
noapy4juma.
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METOA PAAA T OBPAAATIOAATAKA

Kao onwrTe HayyHe meTtoge, KopuwheHe cy
CTAaTUCTUYKA M MeToZa MoaenoBama. Mopeg Tora,
KopulwheHe cy nocedbHe HayyHe meToAe (ancTpak-
LUMja N KOHKpeTM3aLumja, aHanm3a n CUHTe3a, UH-
AyKUuMja 1 geayKkumja), Kao v apyre Metoge v Tex-
HMKe HeonxoaHe 33 Aodujarbe NoOTpedHUX
e/leMeHaTa 3a 3aK/byuMBarbe (ancosyTHWU pacT,
yyewha v ogHocu, uta.). 3a odpagy nopataka,
npumerseHe cy, aHanmsa TpeHaa (Rankovid,
2012) »n perpecuoHa U KopenauuMoHa aHanu3a
(Jovicié¢,1981,Petz, 1983).

3a NpougeHy 3HAYajHOCTU NOjeaUHUX eleMeHa-
Ta fodMjeHNX perpecMoHux mogena TpeHaa, Kopu-
wheHu cy KoeduumjeHT getepmuHaumje (R?), Koe-
duumjeHT Kopenauuje (R), t-cTaTUCTMKe A0ONjeHUX
oueHa napametapa u F-ctatuctuka. lMpar cratum-
CTUYKe 3HAYajHOCTN Yy CBMM C/y4YajeBMMa dMo je
a=0,05 (HMBO [03BO/bEHE TPELUKE je jeaHaK Uu
Matby o 5%).

Kao 0CHOBHM enemeHTH 3a aHanu3y Kopuwhe-
HU Cy MPOCEYHM FOANLWIFbW ancoNyTHK pacT (A,) v
npoceyHa roguilltba eKCnoHeHuMujasiHa cTona
pacta (/). O6e oBe BennumMHe cy fepuBMpaHe Ha

OCHOBY napameTpa y3 Bpeme (T) y IMHeapHUm u
E€KCMOHEHLUMjaHUM perpecMoHMm mogenvma
TpeHAaa.

Moaaum ce ogHoce Ha dpoj WTeTHUX gorahaja
(n), noBpLMHe Ha Kojuma cy ce gecune wrete (P)
1 0dMM NOBpLUMHE WTETe MO jeAUHOM LUTETHOM
porahajy (P/n). OcHOBHM Nogaum Cy NPUKYN/bEHU
13 UHTEPHE AOKYMeHTaumja Penydaunukor 3aBosa
3a CTaTUCTMKY, OAHOCHO M3BeluTaja o wTeTama y
Wwymama 3a nepuog 2011-2017. rogmHe no cTaTu-
CTUYKMM PErMoHMMA M LWYMCKUMM Mnoapy4yjuma
(2018/a). Y HapegHOM KopaKy je n3spLieHo cabu-
parbe nogataka u3 ogadpaHux LM 3a dpoj n nosp-
WwuHe wreTa. MNocne Tora, Ha 6asu Tako dopmupa-
HUX nopgaTaka, M3BpWEH je odpayyH oduma
noBpLKHe no wteTHom gorahajy (tabena 1). Cea
Aasba obpaja (M3papa perpecMoHuMx mogena
TPeHAa M NPorHo3sa) 1 aHanunse dasmpaHu cy Ha
TaKo foOMjeHnM HyMepuyKum nHdopmaumjama.

Odpaaa nogataka je M3BpLUEHA Yy 04roBapajy-
AUM CTaTUCTUYKMM Nporpamuma v nporpammma
33 YHaKpcHa TadenapHa M3payyHaBakba, Koju cy
KopuwheHu 1 3a reHepucare rpaduyKknx npuka-
3a. Y3 70, KopuwheHa u TexHuKa rpaduykm opu-
jeHTUcaHor npeasuhamba, yrpaheHa y kopuwhexu

Tabena 1. LLiteTe HacTane ycnea AenoBakba BoAe, BETPaA M NoKapa Ha nocmaTpanum LUM y Cpdujn, y neprogy

2011-2017. roauHe

vo VE PO b3
T P P/n P P P/n P P/n
n n n n
Tog. ha ha-n™* ha ha-n™ ha ha-n™ ha ha-n™*
2011. 78 28330 3,70 15 35,00 2,33 55 693,52 12,61 148 1.016,82 6,87
2012. 100 772,85 7,73 134 69,55 0,52 191 4.842,64 25,35 425 5.685,04 13,38
2013. 174 924,70 5,31 66 41250 6,25 39 28830 7,39 279 1.625,50 5,83
2014. 297 1.361,37 4,58 132 1.080,36 8,18 6 4799 8,00 435 2.489,72 5,72
2015. 426 3.540,85 8,31 34 274,64 8,08 47 684,06 14,55 507 4.499,55 8,87
2016. 203 1.393,46 6,86 275 1.479,59 5,38 26 126,64 4,87 504 2.999,69 5,95
2017. 106 455,50 4,30 308 1.460,18 4,74 60 291,98 4,87 474 2.207,66 4,66
> 1.384 8.737,03 6,31 964 4.811,82 4,99 424 6.975,13 16,45 2.772 20.523,98 7,40
Mpocek 198 1.248,15 0,90 138 687,40 0,71 61 996,45 2,35 396 2.932,00 1,06
Yuewhe 49,9 42,6 / 34,8 23,4 / 15,30 34,0 / / / /

NlereHpa: n - dpoj wreTa, P - noBpLluKMHa, P/n - noBplwnHa no wretHom gorahajy, VO - Boga, VE - BeTap,

PO - noxkapu u T - Bpeme
M3Bop: (2018/a) n Kankynauuje aytopa
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Tabena 2. PerpecvoHn moaenv TpeHaa NOCMaTPaHUX WTETHUX dakTopa y ogadpaHum LM y Cpdujn, y ne-

puoay 2011-2017. roguHe

JepHauumHa a t(a) b t(b) R? R F P
BPOJ LUTETA
Boaa
VO=a+b-T -3.878,8 1,10 19,36 0,79 0,11 0,33 0,62 0,47
BeTtap
VE=a+b-T -81.070,0 -0,34 40,32 2,61 0,58 0,76 6,83 0,05
MNoxapu
PO=a+b-T 22.143,0 2,03 -10,96 -0,95 0,15 0,39 0,91 0,38
YKynHO
UK=a+b-T -97.715 -2,62 48,71 2,84 0,62 0,79 8,07 0,04
NOBPLUUHA LUTETA (ha)
Boga
VO=a+b-T  —-312.286,0 -0,65 155,67 0,72 0,10 0,31 0,52 0,50
BeTtap
VE=a+b-T —499.744,0 -0,97 248,49 3,51 0,71 0,84 12,29 0,02
MNoxapu
PO=a+b-T 737.607,0 1,75 —365,75 -1,16 0,21 0,46 1,35 0,30
YKynHo
UK=a+b-T —74.454 -1,83 38,42 0,11 0,003 0,05 0,01 0,90
NMOBPLUUHA LUTETE NO WUTETHOM AOrARAJY
Boga
VO=a+b-T -215,2 -0,29 0,11 0,30 0,02 0,13 0,09 0,78
Betap
VE=a+b-T —1.345,2 -1,32 0,67 1,32 0,26 0,51 1,75 0,24
Moxkapu
PO=a+b-T 4.113,5 1,70 -2,04 -1,69 0,37 0,64 2,87 0,15
YKynHo
UK=a+b-T 1.333,7 1,23 —-0,66 -1,22 0,23 0,48 1,48 0,28

Nerenpa: VO - wreTe og Boge, VE - wreTe of BeTpa, PO - wTeTe o4 noxapa, UK - ykynHe wreTe, T - Bpeme,
a - cnodogHu napameTap, t(a) - t-ctaTucTUKa cnodogHor napameTpa, b - napameTap y3 Bpeme, t(b) - t-ctatu-
CTUKa nNapameTpa y3 Bpeme, R? - KoedULMjeHT feTepMmuHaumje, R -KoeduumjeHT Kopenauuje, F - F-cTaTucTu-

Ka, p - BepoBaTHoha rpeLuke F-cTaTUCTUKe
MU3Bsop: opurmHan

nporpam 3a yHakpcHa TabenapHa uspavyHasarba
(onumja ,forecasting sheet“).

PE3YATATHU UCTPACKVMBAIHA

Y NpBOM KOpaKy, U3BpLUEHA je aHa/IM3a KpeTa-
Ha Opoja WwreTHUX gorahaja, 3aTUM BEIMYMHE MO-
BplWMHa 3axBaheHunx WTeTama, NOBPLUMHE 3aXBa-
heHe wWTeTama no jegHom WTeTHOM Aorahajy, kao

3 ba3supa ce Ha IMHeapHoj yHKLMjU TpeHaa.
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M YKYMHUX LITETa 3a CBA TPU NOCMaTpaHa enemeH-
Ta*. 3a noTpede 0BUX aHaNU3a, POPMUPAHU Cy Oa-
rosapajyhu nnHeapHu mogenu TpeHaa (Tadena 2,
rpadukonmn 1-3).

Ha da3u godunjeHnx moaena n oueHa cratu-
CTUYKE 3HAYajHOCTM HUXOBUX eleMeHaTa, MoXKe

4 Kaga je y nuTakby U3HOC YKyMHE NOBPLUMHE MO WTETHOM
norahajy (P/n), oH je nodujeH Kao KoAMYHMK 36upa nosp-
LUMHa CBe TP BPCTe WTeTa y AaToj rogmHu ca 36upom &poja
WTeTHWX gorafhaja cBe Tpy BpCTe LUTETA Y AATOj TOAMHM.
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ce 3anasuTu moaenu TpeHaa Aa umajy cnegehe

KapaKTepucTuke:

— YINaBHOM HWCKe BpegHOCTU R?, y3 n3y3eTaK
Ko, O6poja wreta oz BeTpa (0,58), ykynHor dpo-
ja wreTa (0,62) M NoBpLWKHA WTETa OZ BETpa
(0,71);

— Hema NoKe/bHOT HUBOA CTAaTUCTUYKE 3HAYajHO-
ct1 R (0£0,05), n3yses y seh nomeHyTMm cay-
YyajeBuma ca sehum BpeaHoctuma R%;

— CTATMCTMYKa 3HAYajHOCT NapameTapa y3 Bpeme
(T) noHalua ce Ha UCTM HauMH, Kao 1y cay4ajy R?
1 R (nocturHyTa je camo Koz 6poja wTeTa og, Be-
Tpa, YKyMNHor 6poja WTeTa U NOBPLUMHA LITETA).
OBaKBa cuTyaumje je nocneauua, npe ceera,

penaTMBHO KPaTKMX HM30Ba NOMA3HMX NoJaTakKa.

To cyrepuie Aa ce NOy34aHOCT 3aK/byyMBakba Ha

ba3u fodujeHnx mosena orpaHMYaBa camo Ha Tpu

n3gBojeHa cnydaja. MehyTtum, 1 nopeg Tora, octa-

M MOAENM 3aCNYXKYjY Aa ce NPOKOMEeHTapuLy, jep

ce 13 tbUX MOXKe carnefatv makap rpyda cnuvka

TOKa [aTuX Nojasa.

MpBa jacHO BMA/bMBA KapaKTepPUCTMKa KpeTa-
Ha NOCMATPaHUX LITETHMX MOjaBa jecTe Aa no dpo-
jy pacty, u3y3eB Kaz, je pey o noxapvma (rpadpmKkoH
1). AKo ce nornegajy nokasaTesbM, Kao LUTO Cy Mpo-
CEeYHU roAMLLFM aNcONYTHU PACT U NPOCEYHA roau-
WHa eKcnoHeHuMjaaHa cTona pacTa (tabdena 3),
BUAJ/bUBO je Aa dpoj WwTeTa o4 BoAe pacTe 3a OKO
19 wreTHMX gorahaja roanwbe (12,2%), og, BeTpa
33 OKo 40 (42,1%), yRynHux wWTeTa 3a oKo 49
(17,1%), a jegmHo onaga Kog nokapa 3a oko 11
(-11,8%).

Kaga cy ynutawy owTeheHe noBpLluuHe,
BMAJ/bMBO je Aa UMajy CIMYaH TPeHL Kao U Kop,
6poja wreTHux gorahaja (rpadumkoH 2), jep owTe-
heHa noBpLlIMHa pacTe Kog, CBUX NOCMaTPaHMUX
wTeTHUX dakTopa, M3y3eB noxapa. Tako, owTe-
heHa noBpLlIMHA oA AejcTBa BoAe pacTe 3a OKO
155,68 ha-god™ (14,9%), of BeTpa 3a OKO
248,49 ha-god™ (82,9%) n ykynHa owteheHa no-
BpLWMHa 3a oko 38,42 ha-god™ (7,7%), AOK Kog,
noapa onaza 3a oko 365,75 ha-god™ (-27,5%).

HewrTo gpyraumja cutyaumja je kog nospLinHe
wTeTa no jegHom wrteTHom porahajy (rpadwm-
KOH 3), rae oBa MojaBa pacTe Ko Bofe U BeTpa, a
onaja Kog noxapa v Ha yKynHom HuBoy. MospLum-
Ha no jeaHom wTeTHOM gorahajy pacte Kog Boge
3a oko 0,11 ha-n"*-god™ (2,4%), a BeTpa 3a OKO
0,67 ha-n"*-god™ (28,7%). Ca gpyre cTpaHe, Koz no-
»Kapa onagajy 3a oko 2,04 ha-n*-god™ (-17,8%), a
Ha YKyrnHOM HMBOY 3a oko 0,66 ha-n"*-god™ (—8,1%).

Tadena 3. MpoceyHn roauilbKM anconyTHU PacT 1
npoceyHa rogMLiHba eKCcroHeHLMjaaHa cTona pacTa

Mokasatesb u u3pas LitetHn pakTop

wirere (0] VE PO 2

Ap n-god 19 40,32 -10,96 48,71
n
I, % 12,2 42,1 -11,8 17,1
Ap ha-god™ 155,68 248,49 —365,75 38,42
IS % 149 829 -27,5 7,7
A ha-:ntgod* 0,11 0,67 -2,04 -0,66
Pn °

1 % 2,4 287 -17,8 -81

8

Nerenpa: n - 6poj wreta, P - nospwmHa, VO - BOAa,
VE - seTap, PO - noxapwu, Ap - anconyTHWU roauLL KN
pacT 1 I, - npoceyHa rogmiikba eKCnoHeHuujanHa
cTona pacta

WU3Bop: opurmuHan

AKo &1 ce nocmaTpao mehycodHu oaHocC no-
CMaTpaHuX WTETHWUX enemeHata (Tadena 4), moske
3anasuTu aa ce yyewhe Boze, BETPa M NoXKapa Kop,
Opoja wreTa kpehe y oaHocy 3,3:2,3:1 (VO:VE:PO),
a KoOA noBplwwuHe wTeTa y oaHocy 1,8:1:1,4
(VO:VE:PO). To 3Hauu aa cy, npema dpojy LwTeTa,
noKapu Hajmarbe OPOjHM, NpK Yemy je dpoj WwTeTa
0/, BOZE BULLE Hero TpocTpyKo Behu, a 6poj wreTa
Of1, BETPA HeLTO BMLIEe Hero ABOCTpyKo. CacBum je
Apyradvja cuTyalmja Kaja ce nocmaTtpa odum
owTteheHnx NOBPLUMHA, TAe Cy LUTETe Of, BeTPa Haj-
Makbe, IOK Cy LWTeTe oA noxkapa 3a oko 40% sehe,
a wreTe of BoAe 3a 80% sehe.

Y3umajyhu cse HaBeaeHO y 003up, jacHO ce mc-
nosbaBa WTETHW YTULA) BOAE, KAa0 Hajuspasnutujer
wTeTHOr GakTopa OZ CBa TPW NOCMaTpaHa, Koju
noKasyje pacT 1 no dpojy 1 no nospwmHK. BeTap,
Takohe, nokasyje pacT wreTa 1 no dpojy 1 No nosp-
WWHW, anun, 1 Nopes Tora LWTOo Cy Te WTeTe HeLWTo
Makbe M3parKeHe, hUXOB y3/1a3HM TOK ONOMUHE U
Hasa)Ke MnojayaH CTPYYHM paf Ha cnpevyaBarby Je-
NoBakba OBOT WTeTHOr dakTopa y Wwymama Cpduje.
Koa noskapa ce 3anasa fia cy makbe OpojHu, anu ce
[AelaBajy Ha Behum nospluMHama. Mako ce KoHcTa-
TOBaHM Nagj, CBMX NOCMaTPaHMX NoKasaTesba LWTeTa
0/, NOKapa, MOXKe cmaTpaTv nocneamLom noseha-
HWX Hamopa NocnefrUX roAMHA Ha HUXOBOM Cy-
38ujatby, MNakK, Ha bKUMa ce 1 Jasbe mopa Aa dyae
3a4pKaH GOKyC CTPYYHOT MHTEpecoBaka Npw 3a-
WTUTU LIYMCKMX KOMMIEKCA.
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padumKoH 2. PerpecnoHn mogenu TpeHaa NoBpLInHe wTeTa y nepuoay og 2011-2017. roguHe
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paduKoH 3. PerpecnoHun mogenv TpeHaa NOBPLUMHE LWITETA MO WTETHOM Aorahajy y nepuoay oa

2011-2017. roguHe

Tabena 4. OgHoc yyewha NnocmaTpaHUX WTETHUX
bakTopa y yKynHum wretama

MNoka3saTte LWrteTHn dpakTop
= vo VE PO
Yyewhe 49,9% 34,8% 15,3%
" OpHoc 3,3 2,3 1
Yuewhe 42,6% 23,4% 34,0%
OpaHoc 1,8 1 1,4

NereHpa: n - 5poj wreta, P - noBpLlumnHa, VO - BoAa,
VE - BeTap, PO - noxapu
U3BOp: opuriHan

YKynHe LTeTe NocMaTpaHo no 6pojy npumert-
HO pacTy, AOK je NO NOBPLUMHM Taj PacT 3HAYajHO
cnopujn. CynpoTHO ce NoHala NoBpLUMHA MO jea-
HOM WTeTHOM gorahajy, Koja onaga. To je, npe
cBera, nocneAmua yTuuaja 3HavyajHor cMambera
NoBpLUMHE NOA NoXapuma. Taksa cuTyaumja Hana-
Ke [a ce KYMynaTMBHO NocMaTpakbe Mopa palu-
YNAHUTK Ha WTeTHe daKTope, Aa ce He du gecuno

[a ymarbetrbe jegHor of kux (y oBom cayyajy no-
yKapwu) He NPUKpUje AejCTBO OHUX APYrMX KOju pac-
Ty, jep y cny4ajy hMX0BOT 3aHEMapUBakba Mory Aa
ecKannpajy U HauuHe wWwTeTe KaTtacTpodanHmx
pa3mepa.

Y HapegHOM Kopaky cy ypaheHe nporHose Oy-
ayher kpeTtarba dpoja 1 noBpmHe WTeTa (rpadm-
KOHU 4-6), KaO U NOBPLUMHE LWITETA MO jeaHOM
wreTHom porahajy. MNpu Tome je kKopuwheHa Tex-
HUWKa npeasuharba Ha dasun IMHeapHor TpeHaa, ca
pactyhom (+), BeposaTtHom (0) 1 onagajyhom (—)
BapujaHTOM.

Mpema pactyhoj BapujaHTK, NporHosunpa ce
pacT dpoja WTeTa CBMX MOCMATPAHUX LUTETHUX
dakTopa, Kao u yKynHor dpoja wreTa (rpadwu-
KOH 4). BepoBaTHa BapujaHTa NPOrHo3e yKasyje Ha
pactyhu TpeHza Spoja wTeTa of BoAe, BeTpa U
YKynHor 6poja wreTa, AOK ce y cyyajy Opoja wre-
Ta HaCTaNux ycnen Aenosakba NoXapa, pacT npes-
Buha y nepuoay nocne 2018. roaunHe. Npema ona-
Aajyhoj BapujaHTh, 6poj wTeTa cBa Tpu $aKTopa,
Kao u Opoja yKynHux WTeTa, onaga, y3 moryhu
O6naru pact nocne 2018. roguHe.
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padumkoH 4. MNporHosa KpeTarba Opoja wreTa Ha 6a3un nepuoga og 2011-2017. roanHe
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padumkoH 5. NporHosa KpeTarba NOBPLUMHE WTeTa Ha 6a3u nepuoga og, 2011-2017. roauHe
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TpaduKoH 6. MporHosa KpeTarba NOBPLUMHE LUTETA NO WTETHOM gorahajy Ha dasu nepuosa og,

2011-2017. roauHe

Mpema pacTtyhoj 1 BepoBaTHO] BapujaHTH, Npo-
rHo3upa ce pactyhu TpeHA NoBpLIMHa LITeTa HacTa-
NMX ycnen AenoBarba BoAe U BETPA, KAao U YKYMHUX
NnoBpLUMHA WwTeTa (rpadmKoH 5), y3 npumeTaH ona-
Aajyhu TpeHa NoBpLUMHA LWITETa HACTaNuX ycnen,
JenoBarba noxkapa (M y BepoBaTHOj U y onagajyhoj
BapujaHTK). Onagajyha BapujaHTa npeasuha KoH-
CTQHTHO CMakbere CBa TPW NocmaTtpaHa dakTopa
nocne 2017. roguHe, Npu 4emy ce Ko, NOBpLUMHA
WITeTa HacTanux ycnen AefioBakba BeTpa nocse
2018. roanHe Moxke o4ekmnsaTu dnar nopacr.

Kaga je y nuTarby NporHo3a KpeTakba NoBpLIn-
He WTeTa no wretHom gorahajy, pactyha u sepo-
BaTHa BapujaHTa Nnokasyjy ga he wreTte pacTu Kag
Cy y NuUTakby BOAA, BETap M YKyMHe WwTeTe, AOK ce
Kog, noxkapa npumehyje TpeHA onagarba nocne
2018. roauHe (rpaduKoH 6). Mpema oNTUMUCTNY-
HOj BapujaHTW, NPOrHO3Mpa ce nag noBpLlUNHE
LTeTa Mo wreTHom gorahajy cBa Tpu WTeTHa dpaK-
TOPa M YKYMHWUX MNOBPLUMHA WITETA, Y3 MPOrHO3Yy
pactyher TpeHAa NOBPLIMHE LWITETa MO WTETHOM
porahajy og, Boae 1 BeTpa.

AKo &1 morao ga ce nsBy4ye Heku 30upHU (cBoa-
HW) KOMEHTAp OBaKBWX NPOrHO3a, OH &1 MMao, nNpe

cBera, ynosopasajyhu Kapakrep, jep BehuHa no-
cMaTpaHux dakTopa nokasyje yrnaBHom pactyhe
TeHgeHUMje (BeTap Yak 1 y onagajyhoj BapujaHTtu).
Ty WTeTe o4 NoXKapa y U3BECHOj Mepu oayaapajy,
jep ce 3anaxa m3BecHO onafarbe 1y pactyhoj Ba-
pujaHTK nporHose nocne 2018. rogmHe, anu Takea
nporHosa he ce UCNYHUTM CaMo Y3 HAaCTaBaK CTPyY-
HOT aHra*koBakba Ha FbUXOBOM cy30ujatby.

AMCKYCHJA

MHoru ayTopu cy ce nocnearux nap geueHuja
6aBMAM UCTpaXKMBabMMa pasymeBatba yTuLaja
KJIMMATCKUX NpOoMeHa Ha ekocucteme (Rummii -
kainen, 2012, Lindner et al., 2010, 2014,
Seneviratne etal, 2012), ann 1 nporHo3om
yTULAja KNIMMaTCKUX NMPOMEHA Ha eBPOMCKe LWyme
n wymapcteo (Schelhaas etal., 2003, Lind-
ner et al., 2010, Rankovi¢ et al., 2012,
Rankovic etal, 2016). O4eknBaHe npojeKkumje
K/IMMATCKUX MPOMeHa YKasyjy Ha moryhHocTm
noseharba yyectanoctu, anm U MHTEH3UTETA
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NPUPOAHUX Hermoroaa, Kako y odumy Tako u y ay-
YKMHU HbUX0BOr Tpajatba (2018/b).

Mako ,,...0ocwoju HeussecHocw y UpoiHo3ama
Kaumawickux ekcuipema” (Lindner etal., 2014),
Ynme ce orpaHuyaBa f0dKjarbe KOMMNIETHE CnKe
0 TOME Ha KOju HauuH he KAMmaTcKe npomeHe
YyTULATU Ha NOjaBy NPUPOAHUX HENoroaa, Ha OCHo-
BY f0dMjeHWX pe3ynTaTa OBOr pajla MoXKe ce ca
BE/IMKOM BepoBaTHOhom TBpAMTK Aa he, yKoAnKo
ce KOHCTAaToBaHM TPeHA0BM HacTase, gohu o no-
pacTa dpoja 1 NOBPLUMHA LITETA HACTaUX NOA, Aej-
CTBOM BOZe U BeTpa. [peTxogHUM NCTparkMBakby-
ma y Cpduju je ytBphHeHo ga npoceyHa roguilma
eKCMOHEeHUMja/Ha CTOoMa pPacTa WYMCKUX LWTeTa
(mepeHo y m® noceyeHor ApBeTa) of, NPUPOSHUX
Henoroga usHocu 56,2% (Rankovié et al.,
2016). Ha Teputopujun Yewwke penydaunke, wrerte
HacTane ycnepn BeTpa, nefa U CHera YnMHwuae cy
43,8% caHuTapHe ceye y nepmoay 1900-1950, a
4yak 73% y nepuogy 1951-1980. LteTte opf cywe m
3arahetba Basgyxa nopacsne cy ca 1,8% Ha 18,1% y
nocmaTtpaHom nepuoay. Y nepuogy 1963-1999.
roguHe, abMOTUYKM GaKTOPW Cy OATOBOPHM 33 75%
obMMa caHMTapHUX ceya, ca cneaehum yyewhem:
BeTap 46,3%, cHer 11,5%, cywa 7,2%, 3arahere
Basayxa 7,0%, Hacnare nega 3,0% (Brdazdil et
al., 2018). OdUM M MHTEH3UTET TUX LWITETA MOTY
MMaTU yTULAja Ha KOMNIeTaH NaHal cHadaeBarba
y ceKTopy wymapcTea. lydutak Hactao ycnes He-
rnoroga ce He cacToju CaMo of, TPOLKoBa 0dHOBE
M cMakbera BpeaHocTu apsHe rpahe, seh u og
cMatberba dyayhe BpegHocTH owTeheHUx Uam He-
owTeheHux (anu aectabmnamsoBaHmx) cacTojuHa
(Hanewinkel,Peyron,2013).

Y EBponu ce jaBsbajy 6ap ABe [eCTPYKTUBHE
onyje roanwme (Gardiner et al., 2010), npu
yemy je yTBpHEH 1 NopacT HUXOBOT MHTEH3UTETA
HapOYUTO y AeN0BMMA 3anagHe, LLeHTpasHe 1 ce-
BepHe EBpone (Gregow etal., 2017). Betap, Kao
jefiaH o4 Haj3HavajHUjux YnHUNaLa nopemehaja y
LIYMCKMM ekocuctemmnma y Esponu (Seidl etal.,
2014), y3po4HUK je Buwe o 50% 3adenexeHnx
npumapHux owTtehetrba y wWymama EBpone HacTa-
X ycneq, npupoaHux Henoroga (Schelhaas
et al., 2003).

TpeHA pacTta 6poja WTeTa HacTanux ycnen ae-
NloBakba BeTpa je, Takohe, npumeTtaH u y Cpduju
(rpadumkoH 1), y3 anconyTHu roguiwken pact og 40
roauibe, WTO je ABOCTPYKO BULLE Yy OAHOCY Ha
pacT wreTa HacTanux ycnea aejctea soge. Mpema
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nporHosun dyayher KpeTtara wreTta (rpadmKoHM
4-6) HacTanux ycnes AenoBakba BETpa jeAnHo npe-
ma onagajyhoj BapujaHTVU ce moXKe O4YeKMBaTH
npvspemeHu nag poja, NoBpLIMHA U WTeTa npe-
Ma WTeTHOM forahajy HacTanux ycnes, Aenosama
BeTpa, AOK Apyre ABe BapwjaHTe NMPOrHo3upajy
CTa/HK pacT.

MpomeHe y nafaBMHama NpeacTaB/bajy jefaH
opf, y3pouHuKa nopemehaja y WymcKUm ekocucre-
MMM, Ko LWITO Cy NOjaBa, Y4eCTanocT, Tpajakbe,
0o6um u uHTeHsuTeT nopemehaja (Dale et al,
2001). ObunHe nagasunHe y KomdmHaUMjM ca Apy-
rMm pakToprma (NpomeHa TemnepaType, KpeTare
Ba3AyLlWHMX Maca M C/.) cy ce maHudecToBase y
BMAy nonnasa, 1 2014. rog,. y Cpduju HaHene Be-
JIMKe eKOHOMCKE LUTeTe, NpoLeHeHe Ha BULLE 0f,
2,7% dpyTO HaumoHanHor goxotka (Pekovic
et al., 2014). NopeA nonnasa, UCTe TOANHE je Leno
nogpyyje mcrtoyHe Cpduje (BMCUMHCKM pacnoH
300-1.000 m H.B.) duno noroheHo neaeHUm Tana-
COM KOje je NpOy3pOKOBaso MojaBy Nef0/1oMa,
Nlefov3Bana M HaHe o WTeTe Ha NOBPLIMHU 0f,
43.305,78 ha (Bakovi¢ et al., 2015). Nako cy
ouyekunBarba Aa he ce yuecTanocT nojase nefeHnx
Tanaca ymawMUTH, NocToje MHAMKaumje aa he gohu
80 yBehatba HUXOBOT MHTEH3UTETA, a/in U AyXKUHe
Tpajakba (Rummukainen, 2012).

Mpema nporHo3u dyayher KpeTaka wreTa
(rpadmKoHM 4-6) HacTanux ycneq, AenoBarba Boae,
a npema pactyhoj 1 BepoBaTHOj BapujaHTU, MOXKe
Ce 04eKMBaTK NopacT, Kako dpoja Tako 1 NoBpLIU-
Ha WTeTa HacTanux ycnea Aenosakba Boge. Tako-
He, BUA/bUB je U HarW pacT, Kako dpoja, Tako u
NOBpLUMHA LWTEeTa HAcTa/ux ycnen AenoBarba
BOAE, WITO MOXe NoTBpAUTM MoryhHOCT nojase
yMakoeHe yyecTanoctu, anu u seher nHTeHsunTeTa
nojasa dpoja 1 NOBPLUMHA LWITETA HACTANNX YCNes,
Aenosakba Boge. C 063vpom Aa Boga npeacTassba
Haju3pasnTMju WTETHW GaKTop OZ CBa TPMU NOCMa-
TpaHa (Tadena 3), noTpedHo je NnocBeTUTH NnocedHy
naxkwy y npahemy WrteTa y Wymama, HapoumTo
OHWX HaCTaNnX Of, AeN0Bakba BOAE.

LLlymckun noxapwv npeactaB/bajy jeaaH of rnas-
HUX eKOHOMCKUX nNpodnema wymapcrea y Cpduju
(Aleksic etal., 2009), anu 1 NpeTHY WYMCKUM
eKO-CUCTEMMMA U PA3JINUUTUM PESIUKTHUM, eHae-
MWYHUM, 1 3awTnheHMm BpcTama apseha un koy-
wa (Bankovic et al., 2009). MNojaBa noxapa
13y3eTHO BenKor odmMma y nocneare Age aele-
Huje y EBponu ce foBoaM y Be3y M ca nojaBom
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pasNnuUTUX eKcTpeMHux gorahaja (Barriope-
dro etal.,2011,Rahmstorf,Comou,2011),
Kao LUTO Cy Ayru cywHn nepuoan npahexu suco-
KWMM TeMnepaTypama, aJiu U UHTEH3UBHUM BETPOM
Ha nogpydjy MeautepaHa (San-Miguel-
-Ayanzetal,2013,Koutsias etal., 2012).

MNaKo perpecvoHn moaenun TpeHaa npukasyjy
naz 6poja, NoBpLUMHE WTETa U NOBPLUMHE LWTETa
no wTeTHom forahajy HacTanux ycnes Aenosarba
noapa, npema nporHosu dyayher kpeTarba wre-
Ta (rpadmkoHM 4-6) HacTanux ycnen aenosakba
noxapa, npema pactyhoj BapujaHTH, moxe ce
ouYeKuMBaTU HKUXoB pacT. OBa pas/sinKa y NnpmKasa-
HWM pe3ynTaTMMa ce AeTMMUYHO MOXe 00jacHUTH
Kopuwherbem KpaTKOr HM3a nogaTaKka, aau He
Tpeda 3aHeMapuUTU HW YTULAj PA3IMYUTUX Y3POY-
HWKa NOXKapa, KaKo KAMMATCKUX (HNp. nagaBuHe,
Temneparypa, UT4.), Tako 1 gaemorpadckmx npome-
Ha (Murpaumje us cena y rpag), Koju Mory umaTu
No3nTMBaH, a/iv U HeraTMBaH yTULAj Ha TpeHaoBe
NoCcMaTpaHMX BEJIMYUNHA.

36or noTewkoha y odpaan Bennke KoanumHe
owTeheHe ApBHE mMace ogMax HaKOH Hemnoroze,
owTeheHa cradna ,,..moiy Gocwiawiu 6a3a og Koje
ce UOWKOpHAYU wupe, a 3awum Halagajy 3gpase
wpydye“ (Brazdil etal., 2018). LLteTa HacTana
ycnen NnpupoaHUX Henoroaa, Hema camo eKoso-
WKW M eKoHOMCKM yTnuaj (Schuck, Schel-
haas, 2013), Beh usnckyje u npomeHy u ,,...Gose-
harbe ToCM08HUX AKWIUBHOCUWIU®, KOj€ ,,...8apUpPAjY,
Y 3a8UCHOCWU 0g epclle Gpegy3eha u HA4uUHa U
obuma Ha Koju je 3axeaheHa wymcKa GospwuHa”,
Kpu3a HacTana nocne npupoaHe Hemnoroae, Kao u
CeKYHZapHM yTULLAjX Ha YNTaB CEKTOP LYMapCTBa,
mory dUTu orpaHuyeHn ogroeapajyhum ,,..mepa-
Ma jagHe Gonuliuke”, Koje yKbyyyjy ,,..XUuliHe pe-
aKyuje 3a obHasmarbe Gpucliyida owwieheHum
uospwuHama, Udogcuiuyaje 3a yKnarbare ouwle-
heHor gpsewia us wyme, (...), ja4are Katayuwewa
ocobsa u dyuewia, Gomoh 3a caHayujy“ (Hane -
winkel,Peyron,2013).

3AKAYYIH

Ha ocHoBY pe3ynTtaTa CnpoBeAeHUX UCTPAXKU-

Bakba, Mory ce ussyhu cnegehu 3akmbyuum:

— TpeHAOBM ABa NOCMaTpaHa NokasaTesba LWTeTa
(n n P), Ko, wTeTa of, BOAE M BETPa, Kao U
YKYMHUX WTeTa, MMajy pactyhun cmep (notepaa
NMoCTaB/beHE XMMNoTese);

— TpeHAOBM CBa TpM NocmaTpaHa nokasaTesba
wrerta (n, P v P/n), Kog, WwTeTa og noxapa, Mma-
jy onagajyhu cmep (onosprHyTa nocTaB/beHa
XunoTesa);

— TPeHAOoBM NOBPLUMHE LWITETA MO jeAHOM LUTeT-
Hom gorahajy (P/n), Kof yKYNHUX WTeTa, Tako-
hHe, umajy onagajyhu cmep (onosprHyTa nocra-
B/bEHA XMMOTe3a);

— TEeCcTOBM CTAaTUCTWMYKE 3HAYajHOCTU Cy 33aj0-
BO/bEHU Kog, Tpu mogena (6poj wreTa og, Be-
Tpa, yKynaH 6poj WwreTa 1 NOBPLUMHA LWTETa 0f,
BeTpa), a NoLwTo cy cBa Tpu pactyhe opujeHTH-
caHa, ca noysgaHolwhy ce Mory TyMmaunTu hu-
XOBW €1eMEHTU (MO CBUM KpUTEPUjyMMMA NO-
TBpheHa NnocTaB/beHa xMnoTesa);

— wTeTe o4 BOAA Cy Haju3paXKeHuje U Ha HuX
Tpeda oOpatnTh nocedHy naxmy;

— MpOrHo3e Koje ce ofHOCe Ha nocmaTtpaHe dak-
Tope v nokasaTtesbe WTeTa ynyhyjy Ha onpes,
jep CKopo cBe NporHose ykasyjy Ha nopact
odunma wTeTa;

— WTeTHM daKTOpM MOpajy Aa Ce nocMaTpajy pe-
[OBHO MojeauHayYHo, jep 30MpHO NocmaTpa-
e, yciesn HUXOBOTr HejefHaKOr KpeTarba,
MOKe Aa foBeje [0 HeafeKBaTHOr carnesaBa-
Hba OnacHocTU 3a noseharbe HEKOT 0 HUX,
LUTO CTBapa NPETNOCTaBKe 3a MojaBy HeraTms-
HUX PU3NYKMX, EKOHOMCKUX U COLMjaHUX
nocneauua.

OBaKBM 3ak/byuum ynyhyjy Ha cTanaH onpes,
Kaja Cy OBe BPCTe LWYMCKMX LUTETa Y NUTakbY, jep je
04YMTO Aa OHe MOKasyjy TeHAeHLMjy pacTa (6e3 0d-
3Upa LUTO TO HU1je CNyyaj Ko nokapa). To noapasy-
MeBa cTasHo npahetbe odvma wTeTa 3a cse no-
CcMaTpaHe y3pOYHUWKe, aHanu3uparbe HUXOBOT
KpeTarba M yTBphHMBatbe NepUoANYHOCTU NojaB/bu-
Bahba. Mocneare HMje duno moryhe cnposecty,
380r penaTMBHO KPaTKMX HNU30Ba, a/In Ce Npenopy-
yyje Kao obaBesHu aeo dyayhux uctparkmearba
oBor npodnema, Kaga dyay AOCTYNHW AyKU HU30-
BM MHGOPMALIMja O LUYMCKMM WITETama.

HanomeHa: VicTparkmBarbe je peannsoBaHo y
OKBMPY NpojekTa ,McTpaxuBarba KAMMATCKUX
NPOMEHA U HMXOBOT YyTULLAja Ha KMBOTHY CPeAUHY
- npahere yTHUaja, aganTtaymja u ydnaxkasaree”,
noanpojekat ,Couno-eKOHOMCKM pa3Boj, ydnara-
Bakbe M afanTalLmja Ha KNMMATCKe NnpomeHe” (eB.
6p. 43007, e.. 6p. nognpojexta 43007/16-111), dpu-
HaHcMpaHor og, cTpaHe MWHMCTapCcTBa NPOCBETE,
HayKe 1 TEXHOJIOLKOT pa3Boja.
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Abstract: The research carried out in Serbia so far revealed an increase in forest damages from
natural hazards, as well as increased share in total forest damages with their territorial inequal-
ity. This research aims to determine the trend in the number and area of damages, the area of
damages per one harmful event, and the prognosis of damages caused by the harmful effects
of water, wind and fire in selected forest regions of Serbia. A modelling method was used as
a basic scientific method, with an application of trend regression and correlation analysis and
other specific methods.The results of the research indicate that there are differences in the
trends per harmful factor. An increasing trend is visible with the damages caused by the effects
of water and wind but also in the extent of damages caused by all three detrimental factors. A
decreasing trend is noticeable only for the damages caused by fire.

Keywords: forest damages, water, wind, fire, trend

INTRODUCTION

Climate change is a global challenge, manifest-
ed through temperature increase, changes in pre-
cipitation and their intensity, and the occurrence
of extreme weather conditions (Seneviratne
et al., 2012). The impact of climate changes dis-
proportionately affects countries and different
sectors (Fol ke, 2006), including the forestry sec-
tor. The expected risks, in the case of the forestry
sector are a result of the influence of different fac-
tors, including climate change. They vary from
changes in wind and water regimes, an increase in
the risk of forest fires (especially in the Mediterra-
nean region), to more frequent extreme weather
events, such as floods and droughts (2017). Climate
changes are affecting the occurrence of biotic (fre-
guency and consequences of the occurrence of
pests and diseases) and abiotic disorders (changes
in the occurrence of fires, frequency and intensity
of natural hazards, changes in the frequency and
intensity of storms) (Lindner etal., 2010), with
possible impact on the reduction of productive,
ecological and social functions of forests.

The main abiotic disorders in Europe are fire,
wind, floods, and droughts (Flannigan etal,
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2000, Fuhrer etal., 2006, Moriondo etal.,
2006). In the period 1950-2000, 53% of the total
forest damages were caused by storms, and 16%
by fires(Schelhaas etal., 2003). Serbia faces a
faster temperature increase compared to the
mean global temperature increase, and is subject
to changes in precipitation intensity, especially the
occurrence of heavy rains, as well as more days
without precipitation (2017). Previous research
indicates that changes in temperature and precip-
itation in Serbia, caused by climate changes, have
significant effects on forests. It is reflected through
an increase in the occurrence of floods, landslides
and ice breakages (Rankovi¢ etal., 2016), tor-
rential floods (Risti¢ et al., 2012), forest fires
(Aleksic etal., 2006) and other natural hazards
in forests®. Despite the increase in forest damages

1 Term “natural hazard in forests” represents “...a significant
disturbance to the biological balance and serious damage to
forest ecosystems primarily by fires, drying, plant diseases
and pests, storm-breaks and storm uprooting, snow-breaks
and snow uprooting, floods, torrential flows, landslides and
other unforeseen factors over large areas of forests and for-
est lands” (2010).
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from natural hazards in Serbia, as well as the share
increase in total forest damage, their territorial
inequality has been noticed (Rankovi¢ etal.,
2016). When it comes to the extent of the damag-
es from natural hazards in Serbia’s forests and the
impact of temperature and precipitation, it is evi-
dent that the damages in the statistical regions of
Sumadija and Western Serbia, as well as South and
Eastern Serbia, account for 39.1% of the full extent
of damages (Rankovi¢ etal., 2016).

Such a situation triggered off a continuation
and expansion of current and similar research. Ac-
cordingly, it is estimated that the knowledge on
the extent and intensity of changes caused by the
harmful effects? of water, wind, and fire is of con-
siderable significance. This study analysed the
trends in the number of damages, the area of
damages and the area of damages per harmful
event. In addition, the trend forecast of the ob-
served variables in the next two-year period (com-
pared to 2017, as the last year with used empirical
data in the time series), was carried out.

In terms of territory, in research were included
particular forest regions (FRs) in the statistical re-
gions of Sumadija and Western Serbia, as well as
Southern and Eastern Serbia. Due to the differenc-
es in division into statistical 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, and these are: Tarsko-Zlatiborsko, Pod-
rinjsko-Kolubarsko, Rasko, Timocko, Jablanicko,
Juznomoravsko, Limsko, Sumadijsko, Donjeibarsko,
Severnokucajsko, Topli¢ko, Golijsko, JuZznokuca-
jsko, Gornjeibarsko, Moravsko, and Nisavsko. Prac-
tically, the selected FRs are the most vulnerable to
the observed disturbances and, in this sense, rep-
resent the most endangered areas in the forests of
the Republic of Serbia.

The research is based on information dating
from the period 2011-2017. The preparation and
data processing, as well as the research report
writing, cover the period from November 2018 un-
til April 2019.

This research aims to determine and explain
the basic trends in the number and area of damag-
es, the area of damages per harmful event, and

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

the trend forecast in the upcoming period. The

purpose is to create a foundation for implementa-

tion of appropriate measures and activities to sup-
press negative effects (technical, economic and
social) on forest and other related ecosystems.

The subject of research is the number of damages,

area of damages, as well as the area of damages

per harmful event from water, wind and fire in the
forests of the Republic of Serbia.

The basic hypothesis about these relations can
be set as follows:

— thereisagrowing trend in the number of dam-
ages, area of damages and area of damages
per harmful event, caused by the effect of wa-
ter, wind, and fire in the selected FRs.

METHODS AND DATA PROCESSING

Statistical and modelling methods were used
as the general scientific method. In addition, spe-
cial scientific methods (abstraction and concretiza-
tion, analysis and synthesis, induction and deduc-
tion) were used, as well as other methods and
techniques needed to obtain the necessary ele-
ments for concluding (absolute growth, shares,
and relations, etc.). For data processing, the trend
analysis (Rankovic¢, 2012), regression and cor-
relation analysis were applied (Jovici¢, 1981,
Petz, 1983).

In assessing the significance of individual ele-
ments of derived regression models, the coeffi-
cient of determination (R?), the correlation coeffi-
cient (R), t-statistics of obtained parameters and
F-statistic were used. The used statistical signifi-
cance threshold was a=0.05 (the level of error is
equal to or lower than 5%).

The average annual absolute growth (A,) and
average annual exponential growth rate (/) were
used as the basic elements for the analysis. Both
dimensions have been derived based on the time
parameter (7) in linear and exponential regression
models.

The data refers to the number of damaging
events (n), the areas on which the damages oc-
curred (P), and the extent of the damaged area per
harmful event (P/n). The basic data are collected
from the internal documentation of the Statistical
Office of the Republic of Serbia, i.e. the Report on
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Table 1. Damages caused by water, wind and fires in selected FRs in Serbia, in the period 2011-2017

WA wi FI ™
T P P/n P P/n P P/n P P/n
year " ha ha-n™ " ha ha-n™ ha ha-n™ " ha ha-n™
2011 78 28830 3.70 15 35.00 233 55 693.52 12.61 148 1,016.82 6.87
2012 100 772.85 7.73 134 69.55 0.52 191 4,842.64 25.35 425 5,685.04 13.38
2013 174 92470 531 66 41250 6.25 39 288.30 7.39 279 1,625.50 5.83
2014 297 1,361.37 458 132 1,080.36 8.18 6 4799 8.00 435 2,489.72 5.72
2015 426 3,540.85 831 34 27464 8.08 47 684.06 1455 507 4,499.55 8.87
2016 203 1,393.46 6.86 275 1,479.59 538 26 126.64 4.87 504 2,999.69 5.95
2017 106 455.50 4.30 308 1,460.18 4.74 60 29198 4.87 474 2,207.66 4.66
> 1,384 8,737.03 6.31 964 4,811.82 4.99 424 6,975.13 16.45 2.772 20,523.98 7.40
Average 198 1,248.15 0.90 138 687.40 0.71 61 996.45 2.35 396 2,932.00 1.06
Share  49.9 42.6 / 34.8 234 / 1530 34.0 / / / /

Legend: n- number of damages, P- area, P/n- area of damage per harfmull event, WA - water, W/ - wind,

Fl - firesn T - time
Source: (2018/a) and authors’ calculations

forest damages in the period 2011-2017 by statis-
tical regions and FR (2018/a). In the next step, the
number and area of damages on which damage
occurred from selected FRs have been calculated.
Subsequently, the calculation of the extent of the
damaged area per harmful event was provided
(Table 1). All further processing (development of
regression models and forecast) and analysis are
based on the derived numerical information.

Data processing was performed using appropri-
ate statistical programs and programs for cross-tab-
ulation calculations, which were also used for gen-
erating graphical representations. In addition, the
graphically orientated forecasting technique, incor-
porated in cross-tabulation calculation program
(option “forecasting sheet”?), was used.

RESULTS

In the first step, the analysis was conducted for
the trends in the number of damages, then the
size of the areas of damages, the area of damages
per harmful event, as well as the total damages

3 Based on linear function
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caused by all three monitored elements®. For

these analyses, the corresponding linear model

was formed (Table 2, Graphs 1-3).

Based on the obtained models and estimates
of the statistical significance of their elements,
characteristics of the trend models are:

— mostly low values of R?, with the exception of
a number of wind damages (0.58), the total
number of damages (0.62) and the areas of
wind damages (0.71);

— lack of desirable level of statistical significance
R (0£0.05), except in the cases, with higher val-
ues of R?(as mentioned above);

— the statistical significance of the parameters in
time (T) has the same appearanceas in the
case of R? and R (achieved only in the number
of damages from the wind, the total number
of damages and areas of damages).

First of all, such a situation is the result of the
relatively small sample size of the data. This sug-
gests that the reliability of the conclusion based
on the derived models is limited to only three iso-
lated cases. However, other models also need to

4 The total area per harmful event (P/n) is derived by divid-
ing the areas of all three types of damages in a given year
with a sum of all harmful events in a given year.
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Table 2. Regressions model of harmful factors in the selected FRs in Serbia, in the period 2011-2017

Equatation a t(a) b t(b) R? R F P
NUMBER OF DAMAGES (n)

Water

WA=a+b-T —-3,878.8 1.10 19.36 0.79 0.11 0.33 0.62 0.47
Wind

Wi=a+b-T —-81,070.0 -0.34 40.32 2.61 0.58 0.76 6.83 0.05
Fires

Fl=a+b-T 22,143.0 2.03 -10.96 -0.95 0.15 0.39 0.91 0.38
Total

TD=a+b-T -97,715 -2.62 48.71 2.84 0.62 0.79 8.07 0.04

AREA OF DAMAGES(ha)

Water

WA=a+b-T  -312,286.0 -0.65 155.67 0.72 0.10 0.31 0.52 0.50
Wind

Wi=a+b-T ~ —499,744.0 -0.97 248.49 3.51 0.71 0.84 12.29 0.02
Fires

Fl=a+b-T 737,607.0 1.75 —-365.75 -1.16 0.21 0.46 1.35 0.30
Total

TD=a+b-T —74,454 -1.83 38.42 0.11 0.003 0.05 0.01 0.90

AREA OF DAMAGES PER HARMFUL EVENT (ha-n™)

Water

WA=a+b-T —-215.2 -0.29 0.11 0.30 0.02 0.13 0.09 0.78
Wind

Wi=a+b-T -1,345.2 -1.32 0.67 1.32 0.26 0.51 1.75 0.24
Fires

Fl=a+b-T 4,113.5 1.70 -2.04 -1.69 0.37 0.64 2.87 0.15
Total

TD=a+b-T 1,333,7 1,23 -0,66 -1,22 0,23 0,48 1,48 0,28

Legend: WA - damages caused by water, W/ - damages caused by wind, F/ - damages caused by fires,
TD - total damages, T - time, a - free parametar, t(a) - t-statistics of a free parametar, b - parametar to time,
t(b) - t-statistics of parametar to time, R?-coeficient of determination, R - coeficient of corelation,
F - F-statistics, p - probability of error of F-statistics

Source: original

be commented on, as they can provide a rough  water is increasing by about 19 harmful events per
trend indication of observed phenomena.

The first visible feature of the observed harmful  total damages by about 49 (17.1%). A decrease in
events is their increase in numbers, except for fires  the number of damages is visible only if they are
(Graph 1). The number of damages caused by caused by fire, namely about 11 (-11.8%) (Table 3).

year (12.2%), by wind by approximately 40 (42.1%),
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Table 3. Average annual abosolute growth and av-
erage annual exponential growth rate

Indicator and unit of Harmful factor

measurement of
WA wi Fi D

damage

A, nyear® 19 40.32 -10.96 48.71
n

I % 122 421 -11.8 171

S

A ha-year™ 155.68 248.49 —365.75 38.42

IS % 149 829 =275 7.7

A hantyear' 0.11 0.67 -2.04 -0.66
P/n °

I % 2.4 28.7 -17.8 -8.1

S

Legend: n- number of damages, P - area, WA - water,
WI - wind, FI - fires,TD - total damages,Ap - absolute
annual growth,/, - average annual exponential
growth rate

Source: original

Damaged areas have a similar trend as at the
number of harmful events (Graph 2), because the
area damaged by all harmful factors, except fire, is
growing. Thus, the damaged area caused by water

increases by around 155.68 ha-year™ (14.9%),
caused by the wind by around 248.49 ha-year™
(82.9%) and the total damaged area around 38.42
ha-year?(7.7%), while the area damaged by fire is
decreasing by around 365.75 ha-year™(-27.5%).

A somewhat different situation was recorded
in the damaged areas per one harmful event
(Graph 3), where this occurrence is increasing for
water and wind, and decreasing for fire and at
the total level. The area per harmful event is
growing by 0.11 ha-n-year™(2.4%) when caused
by water, wind by 0.67 ha-n"t-year™(28.7%). On
the other hand, in the case of fire, they decline by
2.04 ha-n*-year™(-17.8%), and at the total level
by 0.66 ha-n"*-year™(-8.1%).

The interaction between the observed harmful
elements (Table 4) shows that the share of water,
wind, and fire in the number of damages is in the
ratio 3.3:2.3:1 (WA:WI:Fl), and by the area of dam-
ages in the ratio 1.8:1:1.4 (WA:WI:Fl). This means
that, according to the number of damages, those
caused by fire are the least numerous, caused by
water are more than tripled, and caused by wind
are more than double. A completely different

n n

600 600 ,
Water Wind
500 500
400 400
300 300 Wi=40.32-7-81,07
200 EEENNNE - 200 R?*=0.577 A
100 b WA=19.36'T—38,788 100 N
R?=0.111

0 0" : :

2011 2013 2015 2017 2011 2013 2015 2017
n n
600 ! 600 3

Fires Total Damages 3
500 500 o
400 400
300 300 B <7/ TD=48.71T-97,715
R*=0.617

200 FI=210:9677+2,143 200
100 L R?=0.154 100

0 ? i 0

2011 2013 2015 2017 2011 2013 2015 2017

Graph 1. Regression models of the number of damages in the period 2011-2017

204



DAMAGE TRENDS IN SELECTED FOREST REGIONS AND A FUTURE PERIOD FORECAS

ha ha
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Graph 2. Regression models of the area of damages in the period 2011-2017
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Graph 3. A regression model of areas of damages per harmful event from 2011-2017
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Table 4. Extent ratio of harmful factors in total
damages

Indicator of Harmful factor
damage WA wi FI
Share 49.9% 34.8% 15.3%
Ratio 3.3 2.3 1
Share 42.6% 23.4% 34.0%
Ratio 1.8 1 1.4

Legend: n- number of damages, P - area,
WA - water, WI - wind, FI - fires
Source: original

picture is when looking at the extent of damaged
areas, where damages caused by wind are the low-
est, while damages caused by fire are about 40%
larger and damages caused by water by 80% larger.

Taking all of this into account, the harmful ef-
fect of water is clearly manifested, being the most
prominent detrimental factor of all three ob-
served, increasing in both number and area. The
wind also shows the growth of damages both in
terms of number and area. Although being less
manifested, their upward course is alarming,

indicating a need for additional attention concern-
ing preventive activities in the forests of Serbia.
The number of forest fires is lower but they occur
in larger areas. Increased efforts in suppression of
all observed indicators of fire damages in recent
years might have influenced their decline. Howev-
er, there is still a need to retain professional inter-
est in protecting forests.

Total damages are noticeably increasing in
number, while their increase is significantly slower
in terms of area. On the other hand, damage areas
per harmufl event are declining. This is primarily
due to the significant reduction in the damaged
areas caused by fires.This implies that cumulative
observations must be split per harmful factor, so
that the reduction of one of them (in this case
fires) does not dissimulate the effects of others
which grow. In case they get neglected, the dam-
ages can escalate to catastrophic proportions.

In the next step prognoses were made for the
future trend of the number and area of damage
(Graph 4-6), as well as the damage areas per
harmful event. In this case, a prediction technique
based on a linear trend, with growing (+), probable
(0) and declining (-) variant have been used.

n Measured data Forecast n Measured data Forecast
900 T I ] i
Water [ 900 Wind [
800 i 800 ;
700 t 700 I
600 ‘ 600 :
500 | )| s00 ‘ (+)
400 ‘ 400 | @
300 | 300 |
200 ! , 200 ! |
[ \
100 : @ 100 oo | @
0 L |
2011 2013 2015 2017 2019 0 2011 2013 2015 2017 2019
n Measured data Forecast n Measured data Forecast
[ al T T
Zgg Fires [ Zgg Total Damages!|
1 I + )
700 | 700 | O
600 ‘ 600 I ]
[
500 | 500 ‘ ©
400 | 400 |
300 ‘ 300 I @
[ [
200 ‘ +)- 200 .. :
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|
0 2011 2013 2015 2017 2019 0 2011 2013 2015 2017 2019

Graph 4. A trend prognoses of the number of damages based on the period 2011-2017
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Graph 5. A trend prognoses of the area of damages based on the period 2011-2017
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Graph 6. A trend prognoses for the area of damages per harfmull event based on the period

2011-2017
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According to the growing variant, an increase
in the number of damages caused by all harmful
factors was forecasted, as well as in the total num-
ber of damages (Graph 4). A forecast of probable
variant indicates a growing trend of damages
caused by water, wind and the total number of
damages. In the case of damages caused by fire,
an increase is predicted after 2018. According to
the declining variant, the number of damages
caused by all three factors, as well as the number
of total damages, is decreasing with a slight in-
crease after 2018.

According to the growing and probable vari-
ant, the growing trend of areas of damage caused
by the water and wind, as well as the total areas of
damage (Graph 5), is forecasted, with a noticeable
decline trend in the areas of damage caused by
fires (also in probable and declining variants). The
declining variant envisages a constant reduction of
all three factors observed after 2017, with a slight
increase in the damaged areas caused by wind af-
ter 2018.

The forecast of trends in the area of damages
per harmful event, the growing and probable var-
iant are showing an increase of damages caused
by water, wind, and total damages. In case of fires,
there is a visible decrease after 2018 (Graph 6).
According to the growing variant, a decrease in the
areas of damages per harmful effect of all three
harmful elements and the total areas of damage is
forecasted, as well as the growing trend of areas of
damage per harmful event caused by water and
wind.

A summary of derived prognoses should be
taken into consideration as a warning since most
of the observed factors show a generally growing
tendency (even in the declining variant). Damages
caused by fire are somewhat different, as there is
a decrease also in the growing variant forecasts
after 2018. This forecast can be realized only with
continuation of professional engagement in this
field.

DISCUSSION

In the last few decades, many authors have
dealt with research on climate change impacts on
ecosystems (Rummikainen,2012,Lindner
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etal, 2010,2014,Seneviratne etal, 2012),
but also the prognosis of climate change impacts
on European forests and forestry (Schelhaas
etal.,, 2003,Lindner etal,2010,Rankovic
et al., 2012, Rankovi¢ etal., 2016). The ex-
pected climate change projections indicate the
possibility of increasing the frequency, as well as
the intensity of natural hazards, both in extent and
in the length of their duration (2018/b).

The “...uncertainties in the projections of cli-
mate extremes...” (Lindner etal, 2014), are
limiting a complete picture of how climate change
will affect the occurrence of natural hazards.
Based on derived results and continuation of the
observed trends, there is a probability of an in-
crease in the number and areas of damage caused
by water and wind. Previous researches in Serbia
found that the average annual exponential rate of
growth of forest damage (measured in m® of felled
tree) from natural hazards is 56.2% (Rankovi¢
etal., 2016).

In the territory of the Czech Republic, damages
caused by wind, ice and snow accounted for 43.8%
of salvage felling in the period 1900-1950, and
even 73% in the period 1951-1980. The damages
from drought and air pollution increased from
1.8% to 18.1% in the observed period. In the peri-
od 1963-1999, abiotic factors were responsible for
75% of salvage felling with the following share:
wind 46.3%, snow 11.5%, drought 7.2%, air pollu-
tion 7.0%, ice deposits 3.0% (Brazdil et al,
2018). The extent and intensity of such damages
may have an impact on the complete supply chain
in the forestry sector. Loss due to hazards involves
not only the costs of restoring and reducing the
value of timber, but also reducing the future value
of damaged or undamaged (but destabilized)
stands(Hanewinkel,Peyron, 2013).

In Europe, at least two destructive storms oc-
curannually (Gardiner etal., 2010), with an
increase in their intensity especially in part of
Western, Central and Northern Europe (Gregow
et al., 2017). Wind, as one of the most significant
disruptors in forest ecosystems in Europe (Seid|
et al., 2014), causes more than 50% of primary
damages to Europe’s forests caused by natural
hazards (Schelhaas etal. 2003).

The growing trend in the number of damages
caused by the wind is also visible in Serbia (Graph
1), with an absolute annual growth of 40 per year,
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which is twice as high as the growth of damages
caused by water. According to the forecast of fu-
ture damages (Graphs 4-6) caused by wind, tem-
porarily decrease in the number, area, and area of
damages per harfmful eventcan be expected by
the declining variant, while the other two variants
forecast a steady growth.

Precipitation variations are one of the causes
of forest ecosystem disorders, such as the occur-
rence, frequency, duration, extent, and intensity of
disorders (Dale etal., 2001). Heavy rainfalls in
combination with other factors (temperature
change, air mass movement, etc.) were manifest-
ed in the form of floods in Serbia, and in 2014,
caused major economic losses, estimated at more
than 2.7% of gross national income (Dekovi¢ et
al., 2014). In addition to the floods, in the same
year, the whole area of eastern Serbia (altitude
300-1,000 m above sea level) was hit by an ice
wave that caused the appearance of ice-breakages
and damage in the area of 43,305.78 ha (Bak-
ovic etal, 2015). Although the expectations are
that the frequency of increased ice waves will de-
cline, there are indications that they will grow in
their intensity and duration (Rummukainen,
2012).

According to the forecast of future trends of
damages (Graphs 4-6) caused by water, and ac-
cording to the growing and probable variant, it is
possible to expect an increase in both the number
and areas of damages. In this case, there is a rapid
increase in both the number and the areas of dam-
ages caused by water, which can confirm the pos-
sibility of reduced frequency, as well as a greater
intensity in occurrence of the number and areas of
damages caused by water. Given that water repre-
sents the most prominent detrimental factor of all
three observed (Table 3), special attention should
be paid to the monitoring of forest damages, espe-
cially those caused by water activity.

Forest fires represent one of the main eco-
nomic problems of forestry in Serbia (Aleksic¢
et al., 2009), but also a threat to forest ecosystems
and various relict, endemic, and protected species
of trees and shrubs (Bankovié¢ etal., 2009).
The occurrence of large-scale fires in the last two
decades in Europe is also linked to the emergence
of various extreme events (Barriopedro et
al,,2011,Rahmstorf,Comou, 2011), such as

long periods of drought followed by high temper-
ature, but also with intense winds in the Mediter-
ranean (San-Miguel-Ayanz etal., 2013,
Koutsias etal., 2012).

Although regression models show a decrease
in the number, area of damages, and area of dam-
ages per harmuful event caused by fire, according
to the forecast of future damage (Graphs 4-6)
caused by fire, and based on the forecast by grow-
ing variant, their increases till may be expected.
This difference in presented results can be partly
explained by the use of a small sample size. How-
ever, the influence of various causes of fires, both
climatic (e. g. precipitation, temperature, etc.) and
demographic changes (migration from village to
town) should not be neglected. They can have a
positive, but also a negative effect on the trends of
the observed parameters.

Due to the difficulty in treating a large amount
of damaged wood immediately after the calamity,
the damaged trees present “...a base from which
bark beetles propagate prodigiously and then in-
vade healthy trunks” (Brazdil etal., 2018). The
damage caused by natural hazards has not only
an environmental and economic impact (Schu-
ck, Schelhaas, 2013) but also requires a
change and “...increase in business activity...”,
which “...can vary according to the type of compa-
ny/sector involved and in the way that the forest
area has been affected”. The crisis after the natural
disaster, as well as secondary impacts on the en-
tire forestry sector, may be limited by the appro-
priate “...public policy measures...”, which include
“...emergency responses to restore access and min-
imize accidents, incentives for wind damage re-
moval, (...),the strengthening of staff and budgets,
aid for cleaning and restoration” (Hanewin-
kel,Peyron, 2013).

CONSLUSIONS

Based on the results of the conducted re-
search, the following conclusions can be drawn:

— the trends of the two observed indicators of
damage (n and P), on the damages caused by
water and wind, as well as the total damage,
have an upward direction (confirmation of
hypothesis);
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— the trends of all three observed indicators of
damage (n, P and P/n), in case of fire damage,
have a downward direction (hypothesis is
rejected);

— the trends of the area of damages per harmful
event (P/n), in the case of total damage, also
have a downward direction (hypothesis is
rejected);

— statistical significance tests are satisfactory in
three models (number of damages caused by
wind, the total number of damages and areas
of damages caused by wind). Due to the up-
ward orientation of all three models reliably
interpretation is possible (the hypothesis has
been confirmed by all criteria);

— damages caused by water are the most pro-
nounced and should be treated with special
care;

— forecasts relating to the observed factors and
indicators of damages areraising caution, as
almost all forecasts indicate an increase in the
extent of damages;

— harmful factors must be observed on a regular
basis, but also apart in order to avoid inade-
quate perception of possible danger. If ob-
served together, growth of one factor can cre-
ate the preconditions for the appearance of
negative physical, economic and social
consequences.

Such conclusions point to constant caution
concerning these types of forest damages, due to
the obvious growing tendency (although this is not
the case with fire). This implies constant monitor-
ing of the extent of damages for all observed fac-
tors, analyzing their movement and determining
the period of occurrence. The latter could not be
implemented, due to relatively short sequences,
but is recommended as a compulsory part of fu-
ture research on this issue, when a larger sample
size of forest information becomes available.
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