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KPETALE OBMIMA IIITETA OA IPUPOAHUX HELTIOTOAA Y
IIYMAMA CPBUJE U YTULIA] TEMITEPATYPE U IIAAABUHA

Ap Henap Panxosuh, peaosnu podecop, Yausepsurer y beorpaay — Illymapcku paxyarer, beorpaa

(nenad.rankovic@sfbbgac.rs)

Ap Jeaena Hepenkosuh, sorent, Yuupepsurer y beorpaay — [lymapcku dpakyaret, beorpaa

Ap Muoapar 3aaruh, peaosru nipodecop, Yuusepsurer y beorpaay — Illymapcku pakyarer, beorpaa,

Mp Mupjana Cranvmmh, AOKTOPAHA, YHHBEP3UTET Y BeorpaAy — Ilymapcku pakyaret, beorpaa

Ap Aparan Honuh, peaosnu ipodecop, Yausepsurer y beorpapy — Illymapcku gaxyarer, beorpaa

W3Boa: Y norneay BUA/bMBMX NOCAEAMLA KIMMATCKUX NPomeHa, Y Cpduju je, Kao vy Apyrum
[pyKaBama, npucyTHo noseharbe cpesrbe roauLibe TeMnepaType, CMakberbe KOMUMHe nasa-
BMHa, NojaBa Nonsasa, Cylla, LyMCKUX NoXapa 1 nefonoma. Linsb nctpaskmsarba je ytephusa-
Hb€ 3aKOHUTOCTM Y KpeTakby 00MMa LITeTa o NPUMPoAHUX Heroroaa y wymama Cpduje, 3aTum
yyewha y yKynHUM LWYMCKMM LUTETaMa U yTULLaja TemnepaType v najasmHa Ha odum WwTeTa of,
NPUPOAHMX HEMOroAa y Lymama y nocMaTpaHoM neprogy. Kao ocHOBHa HayuyHa MeToAa, Ko-
puwheHa je meToa MoAe0Bakba, a NpUMerbeHe Cy M MeTo/ja aHau3e TPeHAa, perpecroHa
M KOopenaumoHa aHann3a, KnacuyHe MeTofe 3aKk/byumBarba (ancTpakumja u KOHKpeTM3aumja,
aHanM3a v CUHTe3a, MHAYKUMja U AefyKuuja, UTA.), Kao v Apyre MeToAe 1 TEXHUKE HeonxoaHe
3a f00Mjarbe CBMX HEOMXOAHMX eleMeHaTa 3a 3aKk/byumBarbe (MpoceLy, ancoayTHU pacT, CTo-
rne pacta, UTA.). Pesyntatn uctpaskmsarba, 6e3 063uMpa Ha M30CTaHaK CUTHUUKAHTHOCTY KOf,
CBUX MOZeNa, yKa3syjy [la Cy WTeTe o NPUPOAHUX Henoroaa y wymama Cpduje y nopacty, Aa
ce ysehaBa rb1x0B0 ydelhe y yKynmHUM LIYMCKUM LITETaMa U 3 CE OHO MOKE BE3aTU 3a HUXKe
TemnepaTtype u Behy KoIMuMHY NagasuHa (CHEerosIoMm, CHeroussase, N1e0I0MU, Nefon3Base,
nonnase, UT4,).

K/byuHe peuum: Wyme, WTeTe, NPUPOAHE Hernoroge, Temnepartypa, nafasvHe

YBOA

KnumaTcke npomeHe u kbUX0Be nocieauue
3Ha4YajHO MeHbajy CTarbe KMBOTHE CpeauHe U
yrpoxkaBajy amOMjeHT y KOme ce JbyAcKa BpCTa
pa3Bujana suwe muneHnjyma (2011/a, 2014/a).
OTyZa M BENMKO MHTEpecoBakbe Aa ce Te nojase
odjacHe, cxBaTe MexaHW3MU LeN0Bakba CBUX YTU-
UajHUX GaKTopa M YYMHM HaMop Aa Ce CTakbe Npo-
MeHu 1 TpajHo odesbene ycnoBM 3a ONCTaHak
JbyfiCKe BpCTe.

Y cKkNagy ca TakBMM KpeTarbrma, nocedHo cy
y GOKycy MHTepecoBatba WYMCKM EKOCUCTEMM U

HUXOBO QYHKLIMOHUCAHE Y USMEHEHUM KIMMAT-
CKum ycnosuma. Mpu Tome, Tpeda 3HATU ga no-
cToju mehycodHa MHTepaKLMja y O4HOCY KIMME U
LWYMa, Na KOAMKO KAMMa yTUYE Ha LIyMe, CKOpPO Y
MUCTOj MepU U Wyme 0ONNKYjy KAMMY Ha KOomHe-
HUMm npoctopuma (Vuckovié, Staji¢, 2003, Bolte
et al., 2009, Staji¢ et al., 2014, Bakovic et al.,
2015, Sohngen, Tian, 2016). Ta paBHOTea yTuua-
ja Beoma je dWTHa 3a XKMBOTHE MPOLLECE Ha KOMHY,
jep ce wyma cmewTa Herge mamehy rnodanHux
KIMMATCKMX [ejcTaBa M CBUX APYrMX KOMHEHUX
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*wueux duha, ydnaxasajyhu edekre nagasuHa,
TemnepaTtype v KpeTakba Basayxa (Betap). EdbekTtu
yTMUaja KAMMe Ha LWyme ce MCNosbaBajy y Buay
BETPO/IOMa, BETPOM3Bana, 1ef010Ma, Neon3Ba-
Nla, NONNaBa, KAM3ULLITA, LWYMCKUX NOoXKapa 1 Can-
YHUX Mocneamua KAMMaTCKMX npomeHa. Ceu oBu
daKTOpK genyjy Tako da ymamyjy cBe OpojHe
¢byHKUMje wyma (NponsBoaHe, EKO/OLLKE U COLLU-
janHe), yrpoxasajyhn TMme LaHce 3a OMCTaHaK
OpOojHUX dU/BHUX U KUBOTUHCKMX BPCTa, Na U ca-
me Jsbyacke Bpcte (2011/a, 2012/a, Houghton
et al., 1996).

Henoroga npeactas/ba ,,...000CAH (heHOMEH,
/bYgCKY GKWUBHOCW UAU CUIGH€E Koje Moxce u3a-
3eauwiu lyduliak ¥usouia, dospegy unau HeKu gpy-
Iu 3gpascuiseHe ywiuyaje, owliehere UMOBUHe,
Tybuwiak cpegcuiasa 3a »cugow U ycayia, coyujasn-
He U eKoHoMcKe lopemehaje, uau wuwewe (o
HusouwHy cpeguHy” (2009).

MpupoaHa Henoroga je ,,...UpupogHu Upouyec
unu tojasa Koja moxce gogecliu go TySuKa Hu-
eowia, Uospega unau gpyiux 3gpascuieeHux yuwu-
uaja, owwehere umosuHe, iyduliak cpegcuiasa
30 HUeoW U ycayia, cCoOyujanHux U eKoOHOMCKUX
Gopemehaja unu wwelwe (o HUBOWHY cpeguHy"
(2009). Mpema 8§45 3akoHa o wymama (2010),
npuvpogHa Henoroga y lWymama npeacTas/ba
»---3Ha4YajaH dopemehaj Suosnowike pagHowexce u
HaCcWaHaK 038Us/bHUX WWewa y WyMCKUM eKoCu-
clueMumMa U3a3eaHuUx Upe ceeia Uoxapuma, cyue-
wem, dusbHUM Sonecliuma U wlewovyuHama,
8eWpOoNOMUMA U 8eWIpoU38010MA, CHEIOAOMUMA
u cHelouseanama, Golnasama, SYjudHUM UWIOKO-
8UMA, KAUUWWUMA U gpylum HelipegeuheHum
YUHUOUUMQ HA 8enUKUM UO8pWUHAMA WyMa u
wymckor 3emmuwiia®” (2010).

360r TOra, y CBETY Ce nocneatux roanHa no-
Kpehy OpojHa uCTpa)KmMBakba Be3aHa 3a 0AHOC
KAMME W LWIYMa, PaAM U3HANAXKeHa pellerba Aa ce
peTporpagHu npouecun 3aycrtase U cnpeyn gamse
noropLuarbe ctama wyma. Y Cpduju ce, Takohe,
MOTy KOHCTaTOBAaTW TaKBe NMPOMEHe, a HeraTusHe
nocneauue cy SpojHe (EKONOLIKE U EKOHOMCKE).
MNMocedHo cy nocnearbux roanHa yyectane nojase
nonnaea, KAM3MwWTa n negonoma. NMocneaunue ce
Mepe xu/bafama KyduKa apBeTa Koje je odopeHo
unn je owTeheHo (a oHAa, CMIOM MPUAKKE, U NO-
CEYEHO), Ynja HameHa Huje duna aa ce Tako Op3o
YK/bYuM y TOKOBe npomeTa ApBeTom. be3 0d3umpa
LITO Ce NAacMaHOM TaKBOr ApBeTa ocTBapyje us-
BeCHa GMHAHCKUjCKa KOPUCT, U30CTAHAK CBUX OHMUX
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KOPWUCTK, Koje cy Takea cTadna Tpedana fga odes-
b6epne cBoOjuUM GU3MONOLKMM NPOLLECMMA, HECYM-
HMBO ce KaTeropwuile Kao wreta (Bakovic, 2016).

3a caHuMparbe nocnegmua TakBUX WITETA Heon-
XO4HO je Bpeme, anu WM BeanKa duHaHCKjCKa
cpeAcTBa fia Ca OHO CKpaTu (BuwecTpyKo Beha o,
OHWX OCTBApEHMUX Npogajom odopeHux u owTtehe-
HWX cTadana). Mehy npBMM Kopauuma y UCTpau-
Bakby OBAKBMX MOjaBa Ba*KHO je KOHCTaTOBaTW
CMep U MHTEH3UTET TUX MPOMEHa, Kao U NAEHTU-
¢durKoBaTM daKTOpe Koju MX NPOY3pOoKyjy. Y Tom
CMUCAY, Y OBMM WUCTPaXKmMBarbMMa ce MO0 of,
yTBphuBatba TpeHaa odvma WwTeTa o NPUPOSHUX
Hernoroza, MEPEHO 3anpemMuHOM nocedyeHor! ap-
BETa, W NOKyllajem Ja ce YyTBpAM AenoBakbe ABa
OCHOBHa K/IMMaTcKa paKkTopa (TemnepaTtypa v na-
naBuHe) Ha oduM TakBUX LWTeTa. TpeHAoBMU cy
paheHu Ha yeTMpm HMBOA%: a) uena Cpduja (yryn-
Ho), &) Beorpagcku perunoH, B) pervoH LUymaauje
1 3anagHe Cpduje 1 r) pernoH JyxHe u McTouHe
Cpbuje. OgHoc oduma WTeTa M TemnepaTtype U
nagasuHa paheH je camo 3a ueny Cpdujy. Oakas
TEepUTOPUjasiHU OKBUP UCTPaXKMBarba AMKTUPana
je CTpyKTypa NpuKyn/beHnx nogaTaka (Tako je op-
raHM30BaHO MpPUKyM/bakbe, cucTeMaTm3aumnja m
yyBakbe nogaTaka y HaA/leXKHUM UHCTUTYLMjaMa).

Y ncTparkmBatby ce onepuile ca ABa BpemMeH-
CKa OKBMpaA - nepuog Koju je odyxsaheH Hyme-
PUYKMM NogaLMMa 1 nepuos cnposohera ncrpa-
XuBatba. Nepuog odyxsaheH nogaumma odyxsata
nHbopmaumje Koje gatmpajy 2010-2015. rogmHe.
Camo ucTparkuBatbe je 00aB/beHO y Nepuoay jyH-
asrycT 2016. roguHe. Mpunpema 1 odpaga noga-
TaKa, Kao M nucarbe m3BewTaja o odaB/bEHOM
UCTPaXmBakby, TPajanun cy HapeaHa Tpu mecela.

OCHOBHU LM/b OBUX UCTPAXKMBakba je yTBphHu-
Batbe 3aKOHUTOCTM Yy KpeTakby oduma wwTeTa of

1 MNpema meToaoNOWKUM Objalrberbma Penydanykor 3a-
BOAA 3a CTAaTUCTUKY, ,,...00gauu O wwewama Hacwanum y
wymama Upukydseajy ce o wuldosuma wyma u Uo y3poyu-
Ma HACWIaHKa widiewia, a uckasyjy ce y m® 3a GoceveHy
gpeHy macy u 'y ha 3a odyxeahery dospwuHy. lMog Goceve-
HOM gpeHOM Macom Uogpasymesa ce owieheHa gpeHa
maca mepeHa Ha Garby y gybehem cuiary, gok ce Gospuiu-
Ha ywisphyje apemepom unu (Hajuewhe) dpoyeHom" (2015).
2 Moppyuyja AN BojsogmnHe n Al Kocosa n Metoxuje Hucy
odyxsaheHa, jep je Ha Teputopujn All BojsoguHe pernctpo-
BaH BEOMa Manu odvm LWTeTa oA, NPUPOAHUX HEnoroaa, a
3a AN KocoBo 1 MeToxujy Hema nogaTaka, 360r n3ocTaHkKa
aAMUHUCTPATUBHUX Hag/exkHoCTH Penydanke Cpduje.
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npupoaHuX Henoroaa y wymama Cpduje, 3atum

yyewha y yKyMHMM LIYMCKMM WITETaTama U yTu-

Laja TemnepaTtype U NafaBMHa Ha 0OUM LUTETa Of,

NPUPOLHUX Henoroga y Wwymama y nocmaTpaHom

nepuogy. CBpxa UcTpaxkusama je ga ce Ha dasu

TAKO CTeYeHMX 3Hatba CTBOPM OCHOBA 3a Mpeay3u-

Makbe oarosapajyhux mepa u akTUBHOCTM Ha Cy-

30u1jarby HeraTMBHUX edekaTta yTuuaja KaMme Ha

LyMcKe ekocucTeme. NpegmeT uUCTpaxkmBakba cy

oMM wTeTa oA NPUPOAHMX Hemoroga U odum

YKYMHUX LWITeTa y LWyMama, NpoceyHa roauiumba

TemnepaTypa U NpoceyHa KoMYMHA NagaBuHa.
OcHOBHe xunoTese Koje ce y Be3n 0BUX OL4HO-

ca mory noctaButu cy cnegehe:

1. nocToju usparkeH TpeHs, KpeTarba NocmaTpa-
HUX BeNMYMHA (0OMM LWITETa Of NPUPOSHMX
Henoroga y wymama y Cpduju, beorpaagy, LUy-
maanju n 3anagHoj Cpduju u JyskHoj n UcTou-
Hoj Cpdujn) TOoKOM NocmaTpaHor nepnoaa;

2. NOCTOjU M3paXKeH TpeHZ KpeTama ydyewha
WwTeTa oA, NPUPOAHWUX Hermoroaa y YKYMHUM
LIYMCKMM LUTETaMa;

3. nocToju M3paykeHa 3aBUCHOCT odMma LWTeTa
04, NPUPOAHUX HeMoroaa y Wymama og, Tem-
nepaType 1 BeAnuMHe najasuHa.

METOA PAAA Y1 OBPAAA ITIOAATAKA

Y 0BMM UCTpaXKMBartbMMa, KaO OCHOBHA Hay4-
Ha mMmeToAa, KOpVIUJﬁEHa je MeTo4a moaenoBama,

[JOK Cy Kao MCTpaxkuBayke meToze KopuwheHe
meToaa aHanmse TpeHga (Rankovic, 2009, 2012)
W perpecuvoHa u KopenauunoHa aHanmsa (Jovicic,
1981, Petz, 1985). Mopep, Tora, KopuwheHe cy u
KJ1acu4He MeToZe 3aK/byumBarba (ancTpakumja u
KOHKpeTM3aLmja, aHanm3a U cuHTe3a, MHAYKLUNja
W Aenykuumja, UTA.), Kao 1 gpyre metose v TeXHU-
Ke HeonxofHe 3a Aobujatbe CBUX HEOMXOAHWX
eNeMeHaTa 3a 3aK/byymBakbe (MpoceLm, anconyT-
HW pacT, cTone pacTa, UTA.). 3a NPOLEHY 3Hayaj-
HOCTM NOjeAMHNX efiemeHaTa 400UjeHUX perpecu-
OHUX MoAena TpeHaa KopuwheHu cy KoebuumjeHT
aetepmuHaumje (R?), KoedpuumnjeHT Kopenaumje
(R), t-ctaTucTMKe fodMjeHMX OLEeHa napameTapa
1 F-CTaTUCTMKA (TecTMpa 3Ha4ajHOCT KoeduLmjeH-
Ta Kopenauuje). Mpar cTaTUCTUYKe 3HAYajHOCTU
opadpaH je a=0,05 (HMBO O03BO/bEHE TpELLKE je
jeAHakK nan mamun og, 5%), Kao yoduyajeHu 3a
OBAKBY BPCTY UCTParKMBaHba.

Mopepa, Tora, 3a NPOLLEHY TEMNA NPOMEHa no-
CMaTpaHuX BesnuMHa KopuwheHa je npoceyHa
roAvWHa eKcnoHeHuMjanHa ctona pacta (/), Koja
je nodnjeHa n3 napametpa y3 Bpeme (t) y ekcno-
HEHUMjaIHOM PEerpecMoHOM MoZEeNy TPeHAa.

OCHOBHU NoAaLm cy Npey3eT U3 UHTepHe Ao-
KymeHTaumje JasHor npeayseha ,,Cpbujawyme”
(2016/a) n u3 cratuctnuke nydamnkaumje ,Caon-
wrere - WY10“ Renydanykor 3aBoga 3a cTatu-
cTuky (2011/c, 2012/b, 2013, 2014/b, 2015,
2016/b), 3a nepuog 2010-2015. roguHe (tade-
na 1). CBM nogaum ce oAHOCE Ha AprKaBHe LWyMme,

Ta6ena 1. O6uMm wWTETa OA NPUPOLHUX HEMOTOAA Y APMKABHUM WyMama y Cpbuju u buxoso yyewwhe y

YKYNMHUM WWYMCKUM WTEeTaMa

YKynHe wymcke

LLiteTe og npuMpoAHUX Henoroga

. Llymaaunja u  JyxkHa n UctouHa
g uere esql Beorpaa 3anagHa Cpbuja Cpbuja
Et s £ s £ s £ s £
~ 3anpemuHa MosplwmHa ° 3 ° 3 o 3 o 3
o ; o ; o ; o ;
m? ha m? % m? % m? % m? %
2010. 38.836,0 3.109 14.902,0 38,4 52,0 0,10 11.811,0 30,4 3.039,0 7,8
2011. 64.805,0 2.078 8.141,0 126 340 0,05 6.9000 10,6 926,0 1,4
2012. 84.934,0 7.935 186190 21,9 970 0,11 18.269,0 21,5 253,0 0,3
2013. 85.609,0 5.427 29.960,0 350 360 0,04 27.437,0 32,0 60,0 0,1
2014. 121.867,0 8.078 41.107,0 33,7 1950 0,16 36.210,0 29,7 4.702,0 3,9
2015. 189.201,0 9.821 116.431,0 61,5 1950 0,10 29.883,0 158 83.345,0 44,1
2 585.252,0 36.448 229.160,0 39,2 609,0 0,10 130.510,0 22,3 92.325,0 15,8

Mseop: (2016/c), (2012/b), (2013), (2014/b), (2015), (2016/b) n kankynauuje aytopa
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jep noctoje Benuke Tewkohe aa ce wreTe y Npu-
BAaTHOM CEKTOPY EBUAEHTUPAjY U YKIOME Y KOHCO-
NIMA0BAHM MPUKA3 OBUX MogaTaka.

Tabena 2. MpoceyHa roguwtba Temnepatypa (7)
1 nagasuHe (P) y Cpdujn

T P
lfopuHa

°C mm-m=
2010. 11,03 847,71
2011. 10,93 474,67
2012. 11,59 528,24
2013. 11,67 673,94
2014. 11,79 1.000,30
2015. 11,77 690,63

WU3sBop: (2011-2016)

MNofaun o NpoceyHoj rogunLLH0j TemnepaTypu
Basayxa (T) M NpOCeYHOj roAnLLIHOj CyMU NajaBu-
Ha (P), Koju cy mepeHM Ha 39 MeTeopPOJIOLLIKUX
CTaHMLa Ha TepuTopujn Cpduje, npeysetn cy us
dunteHa ,,MeTeoponowWwKM roguilbak 1. - Knuma-
TOMOLWKM Nofaumn”, Koju ceake rogmHe odjasbyje
Penydanukn XugpomeTteoponolwku 3asog, (2011-
2016). [a ou ce podmo npocek 3a Cpdujy, nogaum
METEeOPOJIOLLKMX CTaHMLA cy KopuwheHu 3a ao-
Sunjarbe MPOCTUX AapPUTMETUYKUX cpeauHa (Tade-
na 2), 3a CBMX LIECT NOCMATPaHUX roguHa.

PE3YATATU NCTPAJKHBAIHA

MpuKas pesyntaTta OBUX UCTPaXKMBakba Noge-
JbEH je Ha TpW uefMHe: a) TPeHAO0BU WTeTa of,
npupoaHux Henoroaa, 8) TpeHa yyewha wreTa of,
NPUPOAHUX Henoroga y YKYMHUM LWTeTama W
B) yTMLAj TeMnepaType 1 NagaBnHa Ha odum wre-
Ta o4, NPUPOAHUX Hernoroda. Y nNpBOM CAyuyajy,
0AaTU Cy perpecuoHn mogenu TpeHzosa oduma
WTeTa oA, NPUPOAHUX Henoroga, npaheHn npo-
CEYHOM ToAMULIHOM EKCNOHEHUMja/IHOM CTOMOM
pacrta (/). Y gpyrom cnydajy, oaT je perpecuoHu
mogzen yyewha WTeTa o4, NPUPOAHUX Henoroaa y
YKYMHUM LWYMCKMM wTteTama. Y Tpehem cayyajy,
0aT je perpecMoHM mogesn 3aBUMCHOCTM oduma
LITEeTa 04 NPUPOSHUX HEMOroAa Yy O4HOCY Ha Npo-
MeHe TemnepaTtype 1 nagasuHa.
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TpeHpoBM WWYMCKUX LUTETA OA,
npupoaHuX Henoroga

Odpasom NpUKyN/beHUX NofaTaka fAodujeHun
cy cnenehu perpecroHn mogenu TpeHaa (rpadu-
KOH 1):

—06um LWYMCKUX WTETa o4 NPUPOAHUX HENOroAa
y Cpbujn (Q,, y m?)

Q.=17.653,83-t-23.595,07

(2,91 (=1,00)
R*=0,68 R=0,82 F, =848 (p=0,04)
1.=56,2%;

— 00MM LUYMCKMX LUTETa o4 NPUPOLHMX Henoroga
y beorpagy (Q,,,, y m®)

Q,,,=32,49t-12,20
(2,67) (-0,26)
R=0,64 R=0,80 F,=7,15 (p=0,06)

(6,4)

I, =36,4%;

— 06MM LWYMCKUX LWITETa 04 NPUPOLHUX Henoroaa
y Wymaauju v 3anagHoj Cpbuju (Q,, y m°)

Q,,=5.355,94-t+3005,87
(383  (0,55)
R=0,79 R=0,89 F,=14,66 (p=0,02)

(6,4)

1,=33,2%;

— 06MM LIYMCKMX WITETa 04, NPUPOAHUX Henoroga
y Jy>kHOj 1 Uctouroj Cpbujmn (Q,, v m?3)

Q,.=11.790,43-t-25.879,00

JIS

(1,76) (-0,99)
R=0,44 R=0,66 F, =3,11 (p=0,15)
1,;=77,0%.

Mmajyhu y BUAY TectoBe CTaTUCTUYKe 3HaYaj-
HOCTU MOMe Ce 3aK/byuuTu fa cy KoedbuumjeHTH
Kopenauuje 3HayajHu y cayyajy Cpbuje (ykynHo)
n Lymaauje n 3anagHe Cpduje (<5%), rpeLuka je
jenBa HewTo Beha y cnyyajy beorpaga (6%), Aok
je y cnyyajy Jy»kHe n ctouHe Cpbuje HewTo Beha
(15%). CBM napameTpu y3 Bpeme Cy CTaTUCTUYKM
3Ha4ajHU (t-TecT), M3y3eB y cay4ajy JyxHe U
NctouHe Cpduje, Aok cy cnodoaHn napameTpu y

3 Y 3arpagm cy t-cTaTUCTUMKe Nnapametapa.
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MpaduKoH 1. PerpecoHn mogenu TpeHga odvma
WwTeTa og, NPUMPOAHMUX Henoroga

CBMM C/ly4ajeBMMa CTaTUCTUYKN HECUTHUDUKAHT-
HW. OBakBa cuTyaumja je nocneauua penatmsHo
KpaTKMX HM30Ba M Manor dpoja cteneHu cnodose,
na ce ouyekyje ga y dyayhHoctv pegosHo npahe-
e 0BUX efemeHaTa omoryhu gyxe HU30Be WH-
dopmaumja 1 npeunsHuje mogene.

Tymauerbe napameTapa y3 Bpeme rnokasyje aa
ce y npoceky odum wteta nosehasao (noTepheHa
xunotesa 1), n To:

e Cpbuja (yKynHo):
17.653,83 m3.god;
e beorpaa:

32,49 m3.god;

e llymaauja n 3anagHa Cpbuja:

5.355,94 m3.god;

e JyxHa u UctouHa Cpbuja:

11.790,43 m3-god™.

Mpu Tome, NpoceyHa roamilba eKCNoHEeHLM-
janHa cTtona pacrta nsHocu:

e Cpbuja (yKynHo) 56,2%;

e beorpag 36,4%;

e LUymaamja n 3anagHa Cpbuja 33,2%;
e JyxHa u UctouHa Cpbuja 77,0%.

M3 oBMX MHOOPMaLMja ce MOXKe 3anasutu da
ce pagu o BeIMKUM 0dMMMMa LUTETA OF, NPUPOA-
HUX Heroroga, Kojuma je y Hajsehoj mepu noro-
HeH jyxkHU 1 nctodHmn geo Cpduje, jep oa yKynHor
oduma wreTa % (66,8%) je y Tom pernoHy. Tako-
hHe, y Tom pervoHy je v Hajseha npoceyHa rogu-
WHa eKCNoHeHUMjaHa cTona pacTa OBWX LUTeTa
(77% rogmwibe), wto He odehasa HUWTA A06pPO
oBOM Kpajy Cpduje y HapeaHom nepuay. Y Tom
CMWCNY, OBe LUTETe MOry Ce CMaTpaTu MnpaBom

Katactpodom 3a Taj aeo Cpduje, ann 1 3a ApKaBy
Y UENUHW.

TpeHp yuewha wreTta o4 NPUPOAHUX
HenoroAaa y yKynHUM LWYMCKUM LUTETamMa

KpeTtarbe yyewhe wreTta of NpUpOAHUX Heno-
rofia y YKYnHum wymckum wretama y Cpduiju (U,
y %), NoCMaTpaHo je NpPeKo perpecuoHor mogena
TpeHAa Koju uma cneaehu usmeg, (rpadukoH 2):

U=5,50-t-11.029,95
(1,57) (-1,57)
R=0,62 F_ =2,47 (p=0,19).

R?=0,38 6. 4
MaKo je curHnduKaHTHOCT KoeduumjeHTa Ko-
penaumje M napametapa Ha HUXKEM HUBOY Of
npeanocTas/beHe (rpewke cy Behe og 5%, anu
marbe o 20%), WTo je nocneamua HelwTo Kpahux
HW30Ba nogaTtaka, moxe ce pehu ga je 0OCHOBHM
TOK yyewha wWTeTa o4 NPMPOLHUX Henmoroaa y
YKYMHUM LWYMCKMM LiTeTama pactyhu (notepheHa
XunoTtesa 2), a To ce geluasa no cronu og 5,5%
rognwe. OBO AOBO/LHO FOBOPYU Aa OBUM BpPCTa-
Ma wTeTa Tpeda NOKNOHUTM Behy NaKky Hero 4o
caja v HenpekngHoO BPLIMTU CTPYYHU MOHMUTO-
puHr (npaherwe n KoHTpona), Aa &u ce crekne
nHpopmaumje Koje O nocnyxune Kao CTpy4Ha
OCHOBa 3a Npeay3nmarse oarosapajyhux mepa u
aKTMBHOCTM Ha cy3dMjarby HEraTUBHUX Nocieamnua
NPUPOAHUX HEeMoroAa no WyMCKe eKocucteme.

2012. 2013. 2014. 2015.

padumKoH 2. PerpecroHn mogen TpeHaa ydewha
LTeTa o4, NPUPOAHUX HEMOTroAa Y YKYMHUM
WyMcKMM wTtetama y Cpduju
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YTuuaj Temnepartype U nagaBuHa Ha
06MM LUYMCKMX LUTETA 04, NPUPOAHUX
Henoroga

YTUuaj ABa HajBaXKHMUja KNMMATCKa eNemeHTa,
TemnepaType M nagaBuMHa, Ha OOMM LLUYMCKUX
wTeTa o4, NPMPOAHMX HENoroga NocMaTpaH je ny-
Tem dopmuparba M aHanuse ogrosapajyher pe-
rpecrMoHor mogena. Y perpecMoHom mogesny je
00MM WTeTa of NPUPOAHMX Hermoroga 3aBMCHA
npomersbuea (Q), AOK CY HE3aBMCHE MPOMEH/bY-
Be TemnepaTypa (T), nagasuHe (P) n speme’ (t).
Cam mogen uma cnegehu nsrnea;

Q,=658.864,06-63.407,61-T+6,55-P+29.040,45-t
(0,74)  (-0,76) ~ (0,09) (1,74)
R*=0,75 R=0,87 F_,=2,03 (p=0,35).

(6,2)

Ha &asu podujeHux enemeHata 3a nNpoLeHy
CTaTUCTMYKE 3HAYajHOCTWN, MOXKe ce 3amasuTun Ja
HUWje ocTBapeHa CUrHUPUKAHTHOCT Ha HMBOY A0-
3BO/beHe rpelwke oa 5%. To je BepoBaTHO nocne-
OMUA penaTMBHO KPaTKMX HM30Ba nogaTtaka W,
300r BuLe He3aBUCHUX Bapujadan, manor dpoja
cteneHun cnodoge. Oso ynyhyje Ha gasbe npahe-
e U onepucarbe ca Behum dpojem nonasHmx
nofartaka, a, y CKnagy ¢ TUM, U aXKypuparse oBa-
Ko dopmupaHux mogena, ca sehum creneHom
CUTHUPUKAHTHOCTU.

Mnak, n3 fodujeHnx mogena ce MoKe 3amnasm-
TV Aa je yTMuaj He3aBUCHUX Bapujadau y cknaay
Ca HEeKMM yHanpes AaTUM o4YeKkuBakbMma (noTep-
heHa xunoTesa 3). Tako ca NopacTom Temnepary-
pe onaza odvm WTeTa of, NPUPOAHMX Hermoroaa
(vnn, ppyrum peumma, ca onafarbem Temnepary-
pe odum wWTeTa pacTe), LOK ca NOpacToM Nagasu-
Ha odum wrTeTa pacrte. To roBopu Aa ce y nocma-
TpaHom nepuogy y Behoj mepw® fewasane wrete
oA, NafaBuHa (HNp. Noniase, CHEroJlOMM, CHero-
n3Bane, UTA.), @ Makbe 04, OHUX YNjU je Y3POUHUK
BMCOKa Temnepatypa® (Hnp. noxkapu). NapameTap
y3 Bpeme (t) nokasyje Aa cy ce LWyMCKe LITETe 0f,

4 [opaTtHa Bapwujadna, paan oTKNakbakba LWTEeTHe nojase
ayToKopenaumje.

5 Y npoceky pacrte 3a oko 6,6 m* npu noseharby HMBOA
nafasvHa 3a 1 mm-m=.

6 Ca cmarberbem Temnepatype 3a 1°C pacTe odum wreTa
3a OKo 63.407,61 m>.
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NPUPOAHUX HEMoroaa NPOCeYHo roauLiHe nose-
hasasne 3a oko 29.040,45 m*. C 063upom Ha He-
curimdurKaHTHE napameTpe, HaBedeHe M3Hoce
Tpeda nocmaTpaTi ca U3BECHOM [030M pe3epse.

AUCKYCHJA

MpeTxofaHa MUCTpaxuBaka yKasyjy Aa cy npo-
MeHe TemnepaType v NajaBuUHA M3a3BaHe Ku-
MaTCKMM NpoMeHaMa uMase 3HavyajHe edpekTe Ha
LWyme TOKOM MpoLUIor BeKa. Ha npumep, nocroju
BMLUe A0KAa3a [a Cy NoXapwu KOHTposucaHu, da-
pem aennmmuuHo, Kammom (Sohngen, Tian, 2016).
McTo Tako, ucTpaxkmBarba nokasyjy aa y dyayhHo-
cT1 Tpeda OYEKMBATU CMAHbEHE BPEAHOCTU LLIYM-
cKor 3emsbuwTa y EBpony, ,,...3607 cMarera eko-
HOMCKU 8pegHUX 8pClia y ogcycuigy eqpuKacHUX
tpowusmepa” (Hanewinkel et al., 2013). Hanme,
yTBpheHo je ga he pgo 2100. roauHe, ,,...y 3a8u-
CHOCWU 0g KaMaWHUX cwola U UpumMereHux
KAUMAWICKUX cueHapuja, iydullak ga eapupa us-
mehy 14 u 50% (cpegrba epegHocul 28% 3a Ka-
MauiHy cuiolly og 2%) og cagauitbe spegHociu
wymckoi 3emmouwiwia y Espoiu, He pavyHajyhu
Pycujy, u ga he yKylHO U3HOCUWIU HEKOAUKO CUIO-
wuHa munujapgu EUR" (Hanewinkel et al., 2013).

OBae npeacTaB/bEHUM UCTPAXKMBAHUMA je
yTBphHeHa npoceyHa roauiiba eKCnoHeHLUMjaaHa
cTona pacTa WyMCKUX LWTeTa o4, NPUPOLHUX He-
noroga suwa og 50%. CanyHo Tome, y Hauymo-
HaNHOj CTpaTeruju 3awWwTuTe U cnacaBaka y BaH-
pefHUM cuTyaumjama, UCTaKHYTO je aa ce 6poj
npupoaHux Katactpoda y Cpduju 3HaTHO nose-
hao y nocnearux 100 roanHa (1900-2000. roa.).
Y nepuoay 1900-1940. roguHe perncTtpoBaHo je
100 npupogHux KatacTpoda, a HakoH Tora, dpoj
ce ctanHo nosehasao: ca 650 (1960-1970. roa,)
Ha 2.000 (1980-1990. roa.) n 2.800 (1990-2000.
roa.) NpUpoaHux Katactpoda. Tako je camo ToKom
2007. roguHe, perncTpoBaHo 258 LWyMCKUX NOXKa-
pa, npu Yyemy je onoxkapeH npoctop og 33.000 ha
pactuma, a oa Tora 16.000 ha nog, wymama. Y
Cpbuju ce n y dyayhHocTn oyekyje aa he knumart-
CKM eKcTpemu cBe Yelwhe A0Na3nTK A0 U3paxkaja
(2011/b). Y Esponu je, oa nonosuHe 20. Beka,
3abenexkeHo og 130 onyja cBake roguHe, o4, Kojux
cy, y Npoceky dune aBe AeCTPYKTUBHE onyje ro-
OMWHe, Koje cy u3asuBase 3HayajaHe wreTe y
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wymama. HajgecTpyKkTMBHUje oo caga 3adenexe-
He onyje y EBponu (/Towap u MapwiuH), poroau-
ne cy ce 1999. roguHe. MNMpuuntbeHa wreTa je us-
Hocuna Buwe og 240 mun. m® apeeta y npeko 15
3emasba’ (Schuck, Schelhaas, 2013).
EBnAeHTMpaHe WTeTe Cy MMane 1 3HavajHe eKo-
HoMcKe nocneguue. Tako cy onyje, Koje cy 2007.
rogvHe norogunae CKaHAMHABCKe 3eM/be U LieH-
TpanHy EBpony, nsassane wrere, Ynju cy ,,...ocuiy-
paHu Tyduyu (...) usHocunu 4,5 munujapge €, og
yeia oko 2,4 munujapge € y Hemaukoj“ (Schuck,
Schelhaas, 2013). LLymapcka nHayctpuja y Hemau-
KOj je npujaBuna um3ryd/beHU npuxon o4 OKO
1 mng. €, nopep AMPEKTHe LWTeTe NPoy3poKoBaHe
onyjom (Schuck, Schelhaas, 2013). Mocne nonnasa
Koje cy noroaune Cpdujy 2014. roaunHe, ,,...yKylaHo
esugeHWUpPaHa puHaHcujcka wiwewa y JI ,,Cpdu-
jawyme“ GpouerbeHa je Ha yKkylHo 269.987.832
RSD“ (Bakovic, 2016). Te wTeTe cy rpynucaHe y Tpu
Kaeropwuje: rajera Wyma (cafHuLLEe Ha HOBOOCHO-
BaHUM LUyMama Cy Ce WCKpMBWUAE, U3Banuie Uan
Cy MOTMYHO YHULITEHE, @ U3HOC WTeTa je npoue-
HeH Ha 27.497.080 RSD); pacagHuum (wTeTe Ha
CETBEHOM M CafiHOM MaTepwujany, UHOPACTPYKTY-
pu, odjeKTMMa, onpemMu 1 cA., WITeTa je NpoLeHe-
Ha Ha 22.912.297 RSD), kopuwherbe Wwyma (wrete
Ha WyMCKMM caodpahajHuuama - nyTeBu, MoCTo-
BUW, MPOMYCTH, NPOU3BEAEHU APBHU COPTUMEHTH,
ca eBMAEHTMPAHOM wWwTeTom og 219.578.455 RSD)
(Bakovic, 2016). LLlymcku nokapu €y, Camo TOKOM
2007. roanHe, nsassanm wrety oa oko 40 mun. €.
Camo 3a caHauumjy je duno notpedHo 24 mun. €, a
MHAMPEKTHA WTeTa Huje npouerbmBaHa (2011/b).
Y ogHocy Ha yKynaH odum LiTeTa, BULIE of, %
ce Ooronno y pervoHy jyskHe u uctouHe Cpduje.
OBakBM pe3yntatv AeNMMUYHO Cy mocneauua u
KaTacTpodbanHux Ne0N10Ma, KOju Cy NOroAuav oBo
nogpyyje. Haume, Tokom 2014. roguHe, ,,...1€g€HU
wanac Koju je 3axeawuuo yesny uctioyHy Cpdujy (y
BUCUHCKOM gujaiiazoHy og 300 go 1000 m H.s.)
Upoy3poKosao je Uojasy eesnuKkux snegosnoma, se-
gou3sasna u HaHeo He3abenexweHe wulewe HA
gpxasHUM U UpusawHUm toceguma. Cwpagane
cy wyme, sohrayu, enexkuiposogosu, Kyhe, dywe-
8u (jasHu u wymcKu), gusemeay u gp. JI1 ,,Cpduja-
wyme - beoipag je Upewipteno eHOPMHe wwewe

7 ®paHuycka je duna Hajuwe noroheHa ca WTETOM of,
176 mun. m?, a cnege je Hemauka ca 34 mun. m® v LWeaj-
uapcka ca 14 mun. m? (Schuck, Schelhaas, 2013).

Ha dogpy4jy LLlymckux ia3guHcuwiasa u3 bosreesya,
Huwa, Kyuyesa, Aectuowosuya u Kpywesya. Hu-
wuwa Mare wuwewe HUCYy HU Ha UMakumMa u wy-
mama GpusauiHux colclugeHuK (...) Y gpuasHuUm
wymama je esugeHuiupaHo 1.607.981 m? ogymu-
pyjyhux u owieheHux ciiabana. Hajeehe wiiewe
HQ gpHA8HUM WYMama AegHU wanac je Upu4uHo
Ha Wwepuwiopuju WyMcKoI ia3guHcwea , Tumo4yke
wyme”; borvesay, ige ce HaNAG3U Yak 61% og yKyi-
HO esugeHWuUpaHuUx owweheHux cwadana, og
yeia je 53% ogymupyhux u 47% owieheHux cuia-
bana. Kaga je y Guwiarby y3iojHU 064UK, Y YKyGUM
wwewama Gpema gpeHoj 3alpemuHuU Hajeehe
yyewhe umajy usgaHauyke wyme ca 46%, 3aWium
sucoke ca 37%" (Bakovic, 2016) MNpema nogaumma
13 AKLMOHOT NaHa caHaumje owTteheHux Wyma y
OP*KaBHOM M MPMBATHOM B/IaCHULLTBY 33 NEPUOA,
2015.-2018. roguHe, ,,...0owipedHa cpegcuisa 3a
CaHYUjy Hacwanux wuewa Koje je u3a38ao segHuU
wanac y ucwoyHoj Cpbuju usHoce 438.306.043
RSD ogHocHo 3.652.550 €“ (Bakovic, 2016).

Pe3syntatu mnctparkmsarba yKasyjy ga ce yde-
whe wTeTa o4 NPUPOAHUX HENOroAa y YKYMHUM
lwTeTama y LWyMCKUM ekocuTemuma y Cpduju no-
BehaBa 3a oko 5% Ha roguwrwem Husoy. MpeT-
XOAHWUM UCTparknBakbMMa, Koja cy odyxaatuna 30
3emasba EBpone, yTBpheH je pactyhu TpeHz, wre-
Ta Koje HacTajy Kao nocneamua NnpMpoaHUX Hemno-
roga (WymcKv noxKapu, onyjHU BETPOBM, CHEro/10-
MK 1 cn.). Oko 0,15% yKkynHe ApBHE 3anpemuHe
(oko 35 mun. m®) roanwrbe dusa owteheHo og
NpUpPoAHMX Heroroga (npocek 3a nepuog 1950-
2000. rog.). Ako ce yame y 063up aa yKynHa ceya
y opadpaHum aprkaBama M3HOCK oko 430 muau-
OoHa m?, wTeTa npeacras/ba oKo 8,1% erarta. He-
LITO BULLIE OA, NosoBuHe wTeTe (53% of yKynHor
6poja) je y3pokoBaH onyjHUM BeTpoBuMa, 16%
norkapmma u oko 3% cy wTeTte oA, cHera. YKynHo,
,..wtiewie og aduoWiuvyKux pakwopa u3Hoce
77%" (Schelhaaset al., 2003).

JlokanHe, pervoHanHe, ann v rmodanHe npo-
MeHe y TemnepaTypu U nagasmMHama Mory yTmuaTu
Ha MojaBy, y4ecTasiocT, Tpajatbe, OOUM, U UHTEH3U-
TeT nopemehaja y Wwymckum ekocuctemuma (Dale
et al., 2001; Hanewinkel et al., 2013). OBge npw-
KasaHa UCTpaXKMBakba yKasyjy A4a Ce MOXKe OYeKu-
BaTM noBehatbe LWTETa M3a3BaHUX MPUPOLHUM
Hermorogama ca nagom TemnepaTtype U nopacTtom
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nafasuHa. MpeTxogHa ucTpaxusamwa (Lindner,
Rummukainen, 2013) Takohe yKasyjy Aa Temnepa-
Typa M NagaBuHe KPUTUYHU GAKTOPU, KOjU yTU4dy
Ha nojaBy NpUpPoAHMX Hernoroaa. Knumatcku mo-
[env yKasyjy Ha NpoOMeHe y y4ecTanocTu, UHTEH-
3UTETY U Tpajarby eKCTpeMHUxX gorahaja, yK/bydy-
jyhn 1 Buwe TOnNAMX AaHa M BUWE OOUIHUX
nagasvMHama gorahaja Tokom 21. Beka (Lindner,
Rummukainen, 2013). MpojeKToBaHe KAMMATCKe
npomeHe noapasymesajy ,,...He camo UpomMeHy y
wemiepawiypu uau dagasuHama, eeh u ga he
wakea UpoMeHa gosecuiu go UpoMeHa y yyecuia-
A0CWU U 8esnuvUHe eKCUpPeMHUX 8pemMeHCKUX
Gpunuka“ (Schlyter et al., 2006).

MoBe3aHOCT BpeMeHCKHMX ycaoBa ca admoTny-
Kum owTteherrma WYMCKMX ekocucTema (Hnp.
CHEro/IoMM W 1e40/I0MM) je BaKHa Kako Ou ce
younnu moryhu HeraTMBHU edeKTU KAMMATCKUX
NPOMEeHa Ha Wyme W YTBPAUAU HajnpUKNaaHUjU
HauMHKU rasgosarba y dyayhHoctu (Kilpeldinen
et al., 2010). AKTUBHOCTM Yy ra3goBakby Wymama
MOTy MMaTM 3ana*KeH yT1Laj Ha 0CeT/bUBOCT LLYM-
CKMX eKocucTema Ha npupogHe Henoroge. lNpet-
XO4HA UCTPaXKMBarba NOKa3yjy 4a HAYMHU ras3po-
Bakba LWIyMamMa MOry y WUCTOj Mepu AOMpPUHETH
noseharby LITETA 04 NPUPOAHMX HEMOroAa Kao u
KNMmatcke npomeHe (Schuck, Schelhaas, 2013).
HeKku of, anTepHaTUBHUX HAYMHA ra3goBakba, Koju
YKIBYYYjy ,,...kpahy olxogry u Upunaiohasare
cacwiasa cacwiojuHa OHUM 8pcliama 3a Koje ce
ouekyje ga ce dosve lpunaioge KAUMAWCKUM Gpo-
meHama“, BoAge Ka ,,...CcMarberby Upupacuia, anu
He yuiu4y Ha Koau4vuHy Koja moxe duuiu Goceve-
Ha“ (Schelhaaset al., 2015).

3AKMAYYAK

Ha 6asu fodujeHux perpecMoHux mogena

MO3Ke ce 3aKk/byunTtu cnegehe:

® [POCEYHM amncoNyTHU PACT LWYMCKMX LITETA O,
npupogHux Henoroga y Cpduju (ykynHo) ms-
Hocu oKko 17.653,83 m3-god™, a npoceyHa ro-
OMlWEba EeKCMOoHeHUMjasHa cTona pacrta je
56,2%;

® [POCEYHM ancoNyTHU PacT LYMCKMX LITeTa o,
npupoaHuNX Hemoroaa y beorpagy M3HOCK OKO
32,49 m3-god™, a npoceyHa roamiurba eKcrno-
HeHUMjanHa cTtona pacta je 36,4%;
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® MPOCEYHM ancoNyTHU PACT LWYMCKUX LUTETa Of,
npupogHux Henoroga y Lymaanjn n 3anaa-
Hoj Cpdujn n3HocK oko 5.355,94 mi-god™, a
NpOCeYHa rogmiliba eKCNOHEHLMjaHA cTona
pacTta je 33,2%;

®  MPOCEYHM anCONYTHM PACT LYMCKUX LUTETA Of,
NpUpPOAHUX Henoroga y JyxHoj n MCTOYHOj
Cpbuju usHocn oko 11.790,43 m3-god™, a
NpoCeYHa rogulba eKCNoHeHLMjaiHa cTona
pacta je 77,0%;

e yyewhe wWTeTa oA NPUPOSHUX Hemoroga y
YKYMHUM LWYMCKMM WTeTama y Cpdumju ce no-
BehaBa y npoceky 3a oko 5,5% roauube;

* yTWUaj TemnepaType v NagaBuHa je TakaB Aa
Ce MOXKe 0O4YeKMBaTM Aa LiTeTe nopacTy ca na-
AoM TemnepaTtype 3a 1°C 3a oko 63.407,61 m3,
ca nopactom nagasuHa 3a 1 mm-m= 3a oKo
6,6 m*, a yTmuaj ceux octanmx daktopa (Heo-
dyxsaheHUx mogzenom) npoyspokyje noseha-
e og, npudnumxkHo 29.040,45 m*-god™.
OBako HaseageHe MHdpopmauuje, 6e3 0d3npa

Ha M30CTaHaK CUTHUPUKAHTHOCTU KO CBUX MOAe-

Na, TOBOPU Ja ce LyMCKe LUTETe 04 NPUPOAHUX

Henoroaa y Cpduju ysehasajy, aa ce ysehasa wu-

X0BO yyewhe y YKyMHUM LUYMCKMM LITETaMa U Aa

ce TakBo yBeharbe OBMX LUTETA MOXKe Be3aTu 3a

HUKe TemnepaType u Behy KOAMYMHY NagaBuHa

(cHeronomwu, cHerowssane, N1ef0N0MMU, NIeA0U3Ba-

ne, nonnase, UTA.). Npn Tome, noapyuje Jy>kHe 1

WcTouHe Cpduje ce moxke U34BOjUTU Kao nocedHo

noroheHo (Hajseha npoceyHa roguHa ekcno-

HeHUMjaNHa cTona pacta OBMX LITETA), Na Yy CBUM

HapegHUM UCTpaxkmnBarbMma nocedHo Tpeda no-

CMaTpaTM 0Baj KPaj U paguTM Ha pacBeT/baBakby

moryhux y3poKa TakBor CTakba.

MowTo ce cBe HaBeAEHO OAHOCU Ha ApXKaBHe
wyme, duno du notpedbHoO Aa ce yTBphuBarLe, UC-
KasuBarbe M KOHCO/MAO0Bake CBUX MHOPMaLMja
BE3aHMX 32 LITETe Of, NPUPOLHUX Hemoroga oda-
BM W 33 NpuBaTHe WymcKe nocege. Tpedano du
paguTn Ha peduHUCarby meTogonorvje 3a oda-
B/bakbe TOT Nocna, AoK &K 3a ycnelwHo cnpoBohe-
Hb€e 3aKOHCKMX pellerba Tpedano caunHUTU U of-
roBapajyhe npoTtokone, rae 6u ce jacHo ogpeanan
CBMW MOCTYNUM U aKTepu (40 HMBOA NojeamHaLa)
Ha npegsuheHMm nocnoBuma. MNoctojarbe TakBUX
npoTokona 6u omoryhuio jegHoodpasHoO M Nako
NPUKYN/batbe, CUCTEMATU3ALMN]Y U YyBatbe CBUX
notpedHux nHdopmaumja, Koje du ce gasbe Kopu-
CTUNE Yy aHA/IMTUYKE CBPXe.
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Takohe, paan godujarba mogena sehe noy-
30aHOCTK, a pacnonaxyhu penaTMBHO KpaTKUM
HM30BMMA MoJaTaka, NOTpedHOo je MPUMEeHUTU
anTepHaTUBHE EKOHOMETPUjCKe MeToae, Koje cy
nocedHoO pasBujeHe 3a Takee c/yyajese (Hsiao,
2007), Kaga ce KOMOWHYjy BpemeHcKe cepuje 1
ynopeaHu nogaum (aHanvsa naHen nogaraka). 3a
Takas npuctyn notpedHo je noctojehe nogatke
OOMYHUTU U MPUNPEMUTU 33 TaKBY cneunduyHy
BpCTY odpase.

HanomeHa: UcTtpaxmBatbe je peasn3oBaHo y
OKBMPY MpojeKkTa ,UcTpaxuBarba KAMMATCKUX

PRECIPITATION

NpOMeHa W HUXOBOT YTULLAja HA KUBOTHY Cpeau-
Hy - npaherbe yTULaja, afanTaumja u ydnaxasa-
e, noanpojekat , CoUMO-EKOHOMCKU Pa3Boj,
ydnaxkaBarbe M afanTaumja Ha KAMMaTCKe Npo-
meHe” (eB. 6p. 43007, eB. &p. nopgnpojekTa
43007/16-111), duHaHcupaHor og, ctpaHe MUHK-
CTapCTBa NPOCBETE, HAaYKe U TEXHO/OLIKOr Pa3Bo-
ja u npojekTa ,IcTparknsare COLNO-EKOHOMCKMX
acneKkaTa pUsMKa ycnen KAMMATCKMX NpOMeHa y
WYMCKMM nogpydjuma“” (dp. 401-00-1457/2015-
10), dbuHaHcupaHor og, cTpaHe MUHKUCTapCTBa Mo-
JbonpuBpese W 3alWITUTE KUBOTHE CpeauHe -
Ynpase 3a wyme.
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Abstract: In terms of the visible effects of climate change, in Serbia as well as in other coun-
tries is present an increase of average annual temperature, reduced amount of precipitation,
the occurrence of floods, droughts, forest fires and ice breakage. The aim of the research is
to determine the pattern of the trends in the extent of damages from natural hazards in the
forests in Serbia, their share in the total forest damage and the impact of temperature and pre-
cipitation on the extent of damage from natural hazards in the forests during the researched
period. A modelling method was used as a basic scientific method, with an application of
trend, regression and correlation analysis, methods of reasoning (abstraction and concreti-
zation, analysis and synthesis, induction and deduction, etc.), along with other methods and
techniques necessary for obtaining all needed elements (processes, absolute growth, growth
rate, etc.). Regardless of the lack of significance in all models, the research results indicate that
the damages from natural hazards in the forests in Serbia are expanding, with increased share
in total forest damages, which might be related to significantly lower temperatures and higher
rainfall (snow-breaks, snow uprooting, ice-breaks, ice uprooting, floods, etc.).

Key words: forest, damage, natural hazards, temperature, precipitation

INTRODUCTION

Climate changes and their consequences sig-
nificantly influence the state of the environment
and endanger the surroundings in which the hu-

man species are evolved over millennia (2011/a,
2014/a). Hence, there is the great interest in ex-
plaining these phenomena, understanding the
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mechanisms of action of all influencing factors
and efforts to change the situation and perma-
nently provide conditions for the survival of the
human species.

In line with such developments, particular fo-
cus is on the forest ecosystems and their func-
tioning in the changed climatic conditions. There-
by, one should know that there is a mutual
interaction between climate and forests, whereas
climate affects the forest, but almost to the same
extent forests shape the climate of the land areas
(Vuckovié, Stajic, 2003, Bolte et al., 2009, Stajic¢
et al., 2014, Bakovic et al., 2015, Sohngen, Tian,
2016). Mentioned influence balance is very im-
portant for land life processes, because the forest
is positioned somewhere between global climate
influence and all other terrestrial creatures, miti-
gating the effects of precipitation, temperature
and air movement (wind). The effects of climate
impacts on forests are manifested in the form of
storm breaks and uprooting, ice breaks and up-
rooting, floods, landslides, forest fires and other
similar effects of climate change. All these factors
act to reduce the number of all forest functions
(production, environmental and social), thus jeop-
ardizing the chances of survival of many plant and
animal species, including the human race (2011/a,
2012/a, Houghton et al., 1996).

Hazard represents “...a dangerous phenome-
non, substance, human activity or condition that
may cause loss of life, injury or other health im-
pacts, property damage, loss of livelihoods and
services, social and economic disruption, or envi-
ronmental damage” (2009). According to §45 of
the Law on Forests (2010), natural hazard in for-
ests represents “...a significant disturbance to the
biological balance and serious damage to forest
ecosystems primarily by fires, drying, plant diseas-
es and pests, storm-breaks and storm uprooting,
snow-breaks and snow uprooting, floods, torren-
tial flows, landslides and other unforeseen factors
over large areas of forests and forest lands”
(2010).

Therefore, in recent years many studies relat-
ed to connections between climate and forests
have been initiated, with an aim to find solutions
which will hold up the retrograde processes and
prevent further deterioration of forests. In Serbia,
the changes are also detected, whilst the negative
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consequences are numerous (environmental and
economic). Especially in recent years, there are
frequent occurrences of floods, landslides and ice
breakage. The consequences are measured in
thousands of cubic meters of felled or damaged
wood (which has been, forced by circumstances,
harvested), which were originally not yet intend-
ed for a timber market. Despite the fact that the
selling of such wood is bringing financial profit,
the absence of all other type of benefits provided
by such trees through their physiological process-
es undoubtedly is categorized as damage (Bak-
ovié, 2016).

A time is needed to rehabilitate forest dam-
aged in such way. The process might be shorted
by great financial means (significantly higher than
those gained through sales of uprooted and dam-
aged trees). As one of the first steps in studying
these phenomena, it is important to ascertain the
direction and intensity of these changes, as well
as to identify the factors that cause them. Respec-
tively, this research started by determining trends
of the extent of damage from natural hazards,
measured by volume of logged timber?, and at-
tempts to determine the influence of the two
main climate factors (temperature and precipita-
tion) on the damage extent. Trends were conduct-
ed at four levels?: a) the whole of Serbia (total),
b) the Belgrade region, c) the region of Sumadija
and Western Serbia, d) the region of Southern
and Eastern Serbia. The ratio of damage volume
and temperature and precipitation was carried
out only for the whole territory of Serbia. Such
territorial research framework was influenced by
the structure of the collected data (the manner
of organization of data collection, systematization
and storage in relevant institutions).

1 According to methodological explanation of the Statistical
Office of the Republic of Serbia, ,....data on forest damage
are collected by types of forests and by causes, and are
expressed in m? of the logged timber and in ha for the sur-
face area. Logged timber includes damaged mass of stand-
ing tree measured on the stump, while the area is deter-
mined by invenroty, or (most often) assessment” (2015).

2 Autonomus province (AP) Vojvodina and AP Kosovo and
Metohija were not included, because in the territory of a
very small volume of damages caused by natural hazards
was recorded in AP Vojvodina, and there are no data for
AP Kosovo and Metohija due to lack of administrative ju-
risdiction of the Republic of Serbia.
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The research operates with two time frames
- the period covered by the numerical data and
the period when it was conducted. The period
covered by the data includes information dating
from 2010 to 2015. The research was conducted
in the period June-August 2016. Preparation and
processing of data and writing a report on the
conducted research lasted for the next three
months.

The aim of the research is to determine the
pattern of the trends in the extent of damages
from natural hazards in the forests in Serbia, their
share in the total forest damage and the impact
of temperature and precipitation on the extent of
damage from natural hazards in the forests during
the researched period. The purpose is to create
the basis to undertake appropriate measures and
activities to combat the negative effects of cli-
mate impacts on forest ecosystems, based on the
acquired knowledge. The subject of research are
the extent of damage from natural hazards in the
forests, the total extent of forest damages, the
average annual temperature and average precip-
itation.

Basic hypotheses can be set as follows:

1. there is a growing trend in the observed var-
iables (extent of damage from natural hazards
in forests in Serbia, Belgrade, Sumadija and
Western Serbia Southern and Eastern Serbia)
during the research period;

2. there is a growing trend in the share of dam-
age from natural hazards in the total forest
damage extent;

3. there is a strong dependence of the extent of
damage from natural hazards in the forests on
the temperature and size of precipitation.

METHOD AND DATA ANALYSIS

In the research were used following methods:
a modelling method, trend analysis (Rankovic,
2009, 2012), regression and correlation analysis
(Jovici¢, 1981, Petz, 1985). In addition, classical
methods of reasoning were used (induction and
deduction, analysis and synthesis, abstraction and
concretization, etc.), along with other methods
and techniques needed for obtaining all the nec-
essary elements for drawing conclusions (averag-
es, absolute growth, growth rate, etc.). In assess-
ing the significance of individual elements of
obtained regression models, the coefficient of
determination (R?), the correlation coefficient (R),
t-statistics and F-statistic (tests the significance of
the correlation coefficient) have been used. The
chosen significance threshold is a=0.05 (the level
of error is equal to or less than 5%), as common
for this type of research.

In addition, exponential growth rate (/) has
been used for the assessment of the pace of the
observed variables variation. The exponential
growth rate was derived from the parameter with
time (t) in exponential regression model.

The basic data (Table 1) are taken from inter-
nal documents of Public enterprise “SrbijaSume”

Table 1. Damage extent of natural hazards in state forests in Serbia and their share in total forest damage

Total forest damage

Damages from natural hazards

Sumadija and Southern and

Year ST EHEeD Western Serbia Eastern Serbia
Volume Area Extent Share Extent Share Extent  Share Extent  Share

m’ ha m? % m? % m? % m? %

2010 38,836.0 3,109 14,902.0 384 52.0 0.10 11,811.0 30.4 3,039.0 7.8

2011 64,805.0 2,078 8,141.0 12.6 34.0 0.05 6,900.0 10.6 926.0 1.4

2012 84,934.0 7,935 18,619.0 219 97.0 0.11 18,269.0 21.5 253.0 0,3

2013 85,609.0 5,427 29,960.0 35.0 36.0 0.04 27,437.0 32.0 60.0 0.1

2014 121,867.0 8,078 41,1070 33.7 1950 0.16 36,210.0 29.7 4,702.0 3.9
2015 189,201.0 9,821 116,431.0 61.5 1950 0.10 29,883.0 158 83,345.0 44.1
2 585,252.0 36,448 229,160.0 39.2 609.0 0.10 130,510.0 22.3 92,325.0 15.8

Source: (2016/c), (2012/b), (2013), (2014/b), (2015), (2016/b) and authors calculations
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(2016/a) and the statistical publications of “State-
ment - SU10” (published by the Statistical Office
of the Republic of Serbia) for the period from
2010 to 2015 (2011/c, 2012/b, 2013, 2014/b,
2015, 2016/b). All data are related to state for-
ests, because of the difficulties in recording the
damages in the private sector and fitting them
into a consolidated data overview.

Table 2. Average annual temperature (T) and
precipitation (P) in Serbia

Year ! g

°C mm-m™
2010 11.03 847.71
2011 10.93 474.67
2012 11.59 528.24
2013 11.67 673.94
2014 11.79 1,000.30
2015 11.77 690.63

Source: (2011-2016)

Data on the average annual air temperature
(T) and the average annual sum of precipitation
(P), which were measured at 39 weather stations
on the territory of Serbia, are taken from the bul-
letin “Meteorological Yearbook 1 - Climatological
Data”, annually published by the Republic Hydro-
meteorological service of Serbia (2011-2016). In
order to calculate the average for Serbia, the data
of meteorological stations were used for obtain-
ing arithmetic mean (Table 2) for the six observed
years.

RESULTS

The research results are divided into three
parts: a) trends of damages from natural hazards,
b) trend of a share of damage from natural haz-
ards in total damages and c) the impact of tem-
perature and precipitation on the extent of dam-
age from natural hazards. In the first case, the
regression models of damages from natural haz-
ards are shown, followed by average annual ex-
ponential growth rate (/). In the second case is
given the regression model of a share of damages
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from natural hazards in the total forest damage.
In the third case, the regression model of de-
pendency of the extent of damage from natural
hazards on changes in temperature and precipita-
tion is shown.

Trend in forest damages from natural
hazards

Following regression models were obtained by
processing the collected data (Figure 1):
— the extent of forest damages from natural
hazards in Serbia (Q,, in m?)

Q.=17,653.83-t-23,595.07

(2912  (-1.00)
R’=0.68 R=0.82 F ,=8.48 (p=0.04)
1.=56.2%;

— the extent of forest damages from natural haz-

ards in Belgrade (QBgd’ in m3)

Q,,,=32.49-t-12.20
(2.67) (-0.26)
R=0.80  F, ,=7.15 (p=0.06)

I, =36.4%;

R?=0.64

— the extent of forest damages from natural
hazards in Sumadija and Western Serbia (Q
in m®)

sz8’

Q,:=5,355.94t+3,005.87
(3.83)  (0.55)
R=0.79 R=0.89 F, ,=14.66 (p=0.02)

1,=33.2%;

— the extent of forest damages from natural
hazards in Southern and Eastern Serbia (Q“S, in
m?)

Q,.=11,790.43-t-25,879.00

IS

(1.76)  (~0.99)
R=0.44 R=0.66 F,,=3.11 (p=0.15)
1,=77.0%.

3 The t-statistic parameters are in parentheses.
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Diagram 1. Regression models of extent of
damages from natural hazards

Bearing in mind the tests of statistical signifi-
cance, one can conclude that the correlation co-
efficients are significant in the case of Serbia (to-
tal) and Sumadija and Western Serbia (<5%). The
error is only slightly higher in the case of Belgrade
(6%), while in the case of South and Eastern Ser-
bia is somewhat higher (15%). All parameters
with time are statistically significant (t-test), ex-
cept in the case of Southern and Eastern Serbia,
while the other parameters in all cases are statis-
tically insignificant. This situation is due to rela-
tively short series and a small number of degrees
of freedom. It is expected that the future regular
monitoring of these elements will enable longer
series of information and more precise models.

Interpretation of parameters with time shows
that in the average, damage extent has been in-
creased (confirmed hypothesis 1), as follows:

e Serbia (total):
17,653.83 m*.god?;
e Belgrade:

32.49 m3-god;

e Sumadija and western Serbia:

5,355.94 m3-god;

e Southern and Eastern Serbia:

11,790.43 m*.god™.

Thereby, the average annual exponential
growth rate is:

e Serbia (total) 56.2%;

e Belgrade 36.4%;

e Sumadija and Western Serbia 33.2%;
e Southern and Eastern Serbia 77.0%.

There is a high volume of damages from nat-
ural hazards, whereas southern and eastern parts
of Serbia are largely affected. Around % (66.8%)
of total damage extent is in this region. In this
region is the largest average annual exponential
growth rate of damages (77% annually), which is
not comforting for the upcoming period. Hence,
the damage can be considered a real catastrophe
for that part of Serbia, but also for the country as
a whole.

Trend in share of damages from natural
hazards in the total forest damage

Trends in share of forest damages from natu-
ral hazards in the total forest damage in Serbia
(U, in %) were observed by using the following
regression model (Figure 2):

U=5.50-t-11,029.95
(1.57) (-1.57)
R=0.62 F,_ =2.47 (p=0.19).

R*=0.38 6 4

The significance of the correlation coefficient
and parameters is at a lower level than assumed
(errors are higher than 5%, but less than 20%), due
to slightly shorter data series. Despite that, it can
be stated that the main trend of the share of dam-
ages from natural hazards in the total forest dam-
ages is increasing (confirmed hypothesis 2), occur-
ring at a rate of 5.5% per year. This indicates that

o
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|
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Diagram 2. Regression model of share of damage
from natural hazards in the total forest damage in
Serbia
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these types of damages should receive more atten-
tion than before and that continuous performance
of technical monitoring is needed. In such way,
information which would serve as a professional
basis for taking appropriate measures and activi-
ties to combat the negative consequences of nat-
ural hazards on forest ecosystems will be acquired.

Influence of temperature and
precipitation on the extent of forest
damages from natural hazards

The impact of the two most important climate
elements (temperature and precipitation), on the
extent of forest damages from natural hazards,
was observed through the development and anal-
ysis of the corresponding regression model. In the
regression model, the extent of damages from
natural hazards is dependent variable (Q), while
independent variables are temperature (T), pre-
cipitation (P) and time (t). The model looks like
the following:

Q.=658,864.06-63,407.61-T+6.55-P+29,040.45t

(0.74)  (-0.76)  (0.09)  (1.74)

R’=0.75 R=0.87 F

(6,2)

=2.03 (p=0.35).

Based on obtained elements for assessing the
statistical significance, it can be noted that the
significance on the error level of 5% is not
achieved. This is probably due to the relatively
short data series, the number of independent var-
iables and a small number of degrees of freedom.
Hence, further monitoring and operation with a
higher number of initial data, frequent update of
newly formed models, with a greater degree of
significance are suggested.

However, from the obtained models it can be
seen that the influence of the independent vari-
ables is in accordance with a pre-given expecta-
tion (confirmed hypothesis 3). With increasing
temperature, the extent of damages from natural
hazards decreases (in other words, with decreas-
ing temperature share of the damages grows),
while with increasing precipitation the extent of
damages is increasing. This indicates that the ex-
tent of damage caused by precipitation (e.g. flood,
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snow-breaks, snow uprooting, etc.) in the report-
ing period has been higher than the extent of
damages caused by the high temperatures
(e.g. fires). The parameter with time (t) shows
that forest damages from natural hazards on an-
nual average have increased by approximately
29,040.45 m3. Given the values of insignificant
parameters, these amounts should be considered
with retention.

DISCUSSION

Previous studies are indicating that changes in
temperature and precipitation from climate
change might have significant effects on forests
over the past century. For example, there is more
evidence that the fires are controlled, at least
partly, by climate (Sohngen, Tian, 2016). Also, re-
search indicates a future reduction of the forest
land values in Europe, because of “...the decline
of economically valuable species in the absence of
effective countermeasures” (Hanewinkel et al.,
2013). Specifically, it was found that by 2100, “...
depending on the interest rate and climate sce-
nario applied - this loss varies between 14 and
50% (mean: 28% for an interest rate of 2%) of the
present value of forest land in Europe, excluding
Russia, and may total several hundred billion Eu-
ros” (Hanewinkel et al., 2013).

The average annual exponential growth rate of
forest damages from natural hazards determined
in this research is higher than 50%. Similarly, in
the National Strategy for protection and rescue in
emergency situations was noted that the number
of natural hazards in Serbia increased considera-
bly in the last 100 years (1900-2000). From 1900
to 1940 100 natural hazards were registered, con-
tinuing by the increase in the following years: 650
(1960 in 1970) to 2,000 (1980 to 1990) and 2,800
(1990-2000.) Only in 2007, 258 forest fires were
registered, with the burned vegetation area of
33,000 ha, of which 16,000 ha of forests. It is ex-
pected that in the future, Serbia will be more of-
ten exposed to climate extremes (2011/b). In Eu-
rope, from the mid-20" century, 130 storms per
year have been recorded, with, in average, two
destructive storms per year, causing considerable
forest damages. The most destructive storms in
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Europe, so far recorded (Lothar and Martin), oc-
curred in 1999. The damage costs were estimated
at more than 240 million m® of wood in over 15
countries* (Schuck, Schelhaas, 2013).

The recorded damage had significant econom-
ic consequences. A series of storms affected the
Scandinavian countries and Central Europe in
2007 and caused damage, which “...insured losses
(...) were calculated at €4.5 billion with about
€2.4 billion in Germany alone” (Schuck, Schelhaas,
2013). In addition to direct damage from the
storm, the Germany forestry industry reported a
revenue loss of about 1 billion € (Schuck, Schel-
haas, 2013). After the floods in Serbia in 2014, “...
the total recorded financial loss in the Public en-
terprise “SrbijaSume” is estimated at a total of
269,987,832 RSD” (Bakovic, 2016). These damag-
es are split into three categories: silviculture (for-
est seedlings in the newly established forests
were uprooted or completely destroyed, with the
damage estimated at 27,497,080 RSD); nurseries
(damage to the seeding and planting material,
infrastructure, facilities, equipment, etc., with the
damage estimated at 22,912,297 RSD), forest har-
vesting (damage to forest roads, bridges, manu-
factured wood products, with recorded damage
of 219,578,455 RSD) (Bakovic¢, 2016). Forest fires
from 2007 caused damage of approx. 40 million
€. Only the recovery amounted 24 million €,
whilst the indirect damage was not estimated
(2011/b).

In relation to the total extent of damages,
more than % occurred in the region of Southern
and Eastern Serbia. These results are partly orig-
inating from catastrophic ice breaks, which oc-
curred in the region. In fact, in 2014 “...the ice
wave that swept across Eastern Serbia (in altitude
range of 300 to 1000 meters above sea level)
caused the appearance of large ice breaks and
uprooting, making the unprecedented damages
to public and private property. Forests, orchards,
electrical lines, homes, roads (public and forest),
venison, etc. were damaged. Public enterprise
“Srbijasume” has suffered enormous damage in
the area of the Forest estates of Boljevac, Nis,
Kucevo, Despotovac and Krusevac. No less damage

4 France was the mostly affected, with damages of 176
mill. m?, followed by Germany with 34 mill. m® and Swit-
zerland with 14 mill. m* (Schuck, Schelhaas, 2013).

occurred on private farms and forests. (...) In state
forests amount of 1,607,981 m*® of dying and
damaged trees have been noted. The greatest
damage from the ice wave in the state-owned
forests was recorded in the territory of forest es-
tate “Timocke Sume”, Boljevac, with 61% of the
total registered damaged trees, of which 53% are
dying and 47% are damaged trees. In relation to
the silvicultural form, the share of coppice forests
in the total damages is the largest with 46%, fol-
lowed by the high forests with 37%" (Bakovic,
2016). According to the Action Plan for the recov-
ery of damaged forests in state and private own-
ership for 2015-2018 “...the necessary resources
for recovery of losses by ice wave in eastern Ser-
bia are estimated to 438,306,043 RSD or €
3,652,550 €” (Bakovic, 2016).

The research results indicate that the share of
damage from natural hazards in total damage in
forest ecosystems in Serbia is increasing by ap-
prox. 5% annually. Previous studies, which includ-
ed 30 countries in Europe, concluded a growing
trend of damages as a result of natural hazards
(forest fires, storms, snow-breaks etc.). Approxi-
mately 0.15% of the total timber volume (about
35 mill. m3) per year is damaged by natural haz-
ards (average for the period 1950-2000). By tak-
ing into account the total felling in selected coun-
tries of around 430 million m3 the damage
represents around 8.1% of the felling volume.
Slightly more than half of the damage (53%) is
from storms, 16% is from fires and about 3% of
the damage originates from the snow. Overall,
“...the total abiotic component is 77%" (Schelhaa-
set al., 2003).

Local, regional, and global changes in temper-
ature and precipitation can affect the occurrence,
frequency, duration, scope, and intensity of dis-
turbances in forest ecosystems (Dale et al., 2001;
Hanewinkel et al., 2013). This research indicates
that one can expect an increase in the damages
from natural hazards with a decrease in temper-
ature and an increase in precipitation. Previous
studies also indicate that temperatures and rain-
fall are critical factors influencing the occurrence
of natural hazards (Lindner, Rummukainen, 2013).
Climate models indicate changes in the frequency,
intensity and duration of extreme events, includ-
ing more hot days and more heavy precipitation
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events during the 21 century (Lindner, Rum-
mukainen, 2013). Projected climate changes imply
“...not only a change in mean climate parameters,
such as temperature or precipitation, but also
that such a change will result in changes in the
frequency and magnitude of extreme weather
events” (Schlyter et al., 2006).

The interconnection between climate condi-
tions and abiotic damage of forest ecosystems
(e.g. snow and ice breaks) is important in order
to identify the possible negative effects of climate
change on forests and determine the most appro-
priate forest management approach in the future
(Kilpeldinen et al., 2010). Activities in forest man-
agement can have a noticeable impact on the
vulnerability of forest ecosystems to natural haz-
ards. Previous studies have shown that forest
management practices can equally contribute to
increasing damages from natural hazards as cli-
mate change (Schuck, Schelhaas, 2013). Some of
the alternative ways of management “...reduction
in the rotation length of harvesting and adapta-
tion of species composition to those species that
are expected to perform better under a changed
climate” are leading to “...some reduction in incre-
ment, but does not influence the amount of wood
removed from the forest” (Schelhaas et al., 2015).

CONCLUSIONS

Based on the obtained regression model, the
following can be concluded:

e the absolute average increase of forest dam-
ages from natural hazards in Serbia (total) is
about 17,653.83 m3-year?, and the average
annual exponential growth rate is 56.2%;

e the absolute average increase of forest dam-
ages from natural hazards in Belgrade is
around 32.49 m3year?, and the average an-
nual exponential growth rate is 36.4%;

e the absolute average increase of forest dam-
ages from natural hazards in Sumadija and
Western Serbia is around 5,355.94 m3-year™,
and the average annual exponential growth
rate is 33.2%;

e the absolute average increase of forest dam-
ages from natural hazards in Southern and
Eastern Serbia is around 11,790.43 m*-year™,

216

and the average annual exponential growth

rate is 77.0%;

e the share of damages from natural hazards in
the total forest damage in Serbia increases by
an average of around 5.5% per year;

e it can be expected that the damage will in-
crease with temperature decrease by 1°C for
about 63,407.61 m?, with an increase in rain-
fall of 1 mm-m= for about 6.6 m?, and the
impact of other factors (not included in the
model) causes an increase of approximately
29,040.45 m*-year™.

Above mentioned information, regardless the
lack of significance in all models, indicate increase
of forest damages from natural hazards in Serbia,
increase of their share in total forest damages
and that the increase of these damages can be
connected with the lower temperatures and
greater precipitation (snow and ice breaks, snow
and ice uprooting, floods, etc.). At the same time,
the region of Southern and Eastern Serbia can be
marked as particularly affected (the largest aver-
age annual exponential growth rate of the dam-
ages). All subsequent research should focus on
this region of Serbia and work on finding possible
causes of such a state.

Since all of the above apply to state-owned
forests, it would be necessary to include determi-
nation, reporting and consolidation of all informa-
tion related to the damage from natural hazards
for private forests. Defining the right methodolo-
gy for work performance would be needed, whilst
for successful implementation of legislative solu-
tions appropriate protocols should be developed,
with clear task division for all the actions and
actors (to the level of individuals). The existence
of such a protocol would provide a uniform and
easy collection, systematization and storage of all
necessary information, which could be further
used for analytical purposes.

Also, in order to obtain a model with higher
reliability, while having relatively short data se-
ries, it is necessary to implement alternative
econometric methods, specifically developed for
such cases (Hsiao, 2007). Such methods combine
time series and comparative data (panel data
analysis). For such an approach, it is necessary to
supplement and prepare existing data to be suit-
able for specific kind of processing.
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