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MU3Bopa: Y paay je UCNMTMBAH YyTULA] KIMMATCKMX eleMeHaTa Ha 0OMM CaKyM/beHUX KOMYMHA
SopoBHMLE, WYMCKe jaroge v kneke y Cpouju. OCHOBHM /b UCTPaXKMBakba je Aa ce npeasuae
KONnn4vymHe op.a6paHV|x LWYMCKKUX NN10A0Ba Y 3aBUCHOCTU OA Pa3/IMYUTUX cu,eHapMja KANMATCKUX
npomena (A1b_ , A1B__, A2 . m A2 ). VY nctpaxusary cy kopuwhere onwre (metoga mo-
[OeN0Batba), OCHOBHE (AunjanekTmyka) n nocedHe (MHAYKLMja M AeayKunja, aHaIM3a U CUHTE3a,
ancTpakumja u KOHKpeTusaumja) HayuyHe metoge. Mpunmkom odpage nogataka kopuwhenu cy
PErPECUOHN MOAENM, TAE je TEXULTE AATO HA CTAaTUCTUMYKO]j 3HAYajHOCTU KoepUuumjeHTa Ko-
penaumje y o4HOCY Ha CTaTUCTUYKY 3HAYajHOCT NapameTapa. UcTparkmnearem je yTepheHo aa
ce y HapegHOM nepuoay, ca NopacTom TeMMepaType M NaZaBuMHA, MOXKE OYEeKMBaTM Nopact
CaKyM/beHUX KOMMYMHA LWYMCKUX jaroaa U SOpoBHMLA, a onajarbe Kaeke. [lyropoyHuje npo-
rHO3e yKasyjy Aa ce Kog, LWYMCKMUX jaroga 1 S0pOBHMLLA MOMKE OYEKMBATU PacT, ca TEHAEHUNjOM
ycrnopetba nocne 2040. roanHe, [OK Ce KOZ KIEKE MOXKE OYEeKMBaTK onafarbe, Takohe ca Tek-
OeHumjom ycnopetrba nocse 2040. roauHe.

K/byuHe peum: LiymcKa jarosa, 50poBHMLA, KNeKa, TemnepaTypa, NnagasuHe, KAMMa, cTona pacta

YBOA

LLlymcKM ekocucTeEMM 3HAYajHK cy 360r yTuua-
ja Ha KAMmaTcke nNpomeHe, ann Takohe u 3dor
edpeKaTa KNMMATCKMX NPOMEHa Ha Npou3Boae U
ycayre us WYMCKUX ekocuctema. Y npuior tome
ropope nogauu Aa je BPeAHOCT TProBUHE LUYM-
CKMM npowussoauma, y EBponu npouereHa Ha
243 mna. € roguwmbe, npu yemy npeayseha y
CEKTOpY LIYMApCTBa MMajy NOC/IOBHU NPOMET 0f,
oko 300 mna. € v 3anowsbaBajy 2 MUA. Jbyaum
(Sisak, 2011). Ha Tako boraTom TPXKULUTY, NOpes,

ApBeTa Kao r1aBHOT NPou3BOAa, Pa3BUjeEHO je m
TPMULUTE MHOLITBA HEAPBHMX LUYMCKMUX MPOU3BO-
Aa (HOLWM). Kopnwhere HALWMN 3ay3Mma 3Havaj-
HO MecCTO Y MYNTUPYHKLMOHANHOM ra3goBakby
LIYyMama, Koje MMa 3HauajHy ynory y ydnaxasary
1 npunarohasary Ha HeraTuBHe edekTe KAMMaT-
CKMX npomeHa. OBM MpoOM3BOAM MpPencTaB/bajy
OuTtaH daKTop y npouecy rajerwa M Kopuwhera
LyMa 1, y TOM CMUCIY, MOTY YTULLATU Ha HUXOBY
oppxusocT (Vantomme, 2004).
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Tp*KMLWHa KoHKypeHTHOocT HALWM y Cpduju je
BMCOKa M 3aCHOBaHa Ha KOMMNAPATUBHUM NpeaHo-
ctuma doratctBa pecypca (Dragovié et al.,
2006). YKynHa npoueHeHa HETPXKULHA BpeaHOCT
506MYaCTUX LUYMCKMX N1I040BA U APYTOT LYMCKOT
Boha (BMLUB) n duswaka je 5,47 mun. €. Hajsa-
JKHUja BpCTa je dOpoBHMLA, Ca NpoLeHeHOM
BpeaHowhy og 2,2 mun. € (2007). BpeaHocT ca-
KYM/beHWUX bMBA NpoLereHa je Ha oko 0,5 mun. €
(2007). C 063mpom ga HALWIM, 3a pa3nuKky oa Ap-
BeTa, mory y Behoj mepu Aa MOTUBULLY yYeCHUKe
y naHuy cHadaeBara (Koju yksbydyje npouece
HabaBKe, npepage v naacmaHa), npeapyserta cy
WCTPaXKMBakba O YTULLAjy KIMMATCKMX MPOMEHa Ha
00MM caKyn/batba HEKWX [bMBa (Bpratba U AnNCK-
yapke) y Cpduju (Rankovié et al., 2016). Pesyn-
TaTV OBWX UCTPAXKMBarba Cy NMOKasaau Aa nocroje
3HayajHe pas3nuKe 0OMMY cakymn/barba mMamehy
Bpratkba M McMYapKe, Nog ytuuajem Temnepatype
(T) v napaBuHa (P). Kao HacTaBak HaBeAeHUX UC-
TparkKneakba, nocmatpanm cy blMLWB, a Kao Haj3Ha-
YajHuju npeacTtaBHULM ogadpaHu cy S0pPoBHUL,
LUYMCKa jaroga 1 Kneka. 3a doposHuLy je ytephe-
HO Aa je Haj3HavajHu BpcTa y Cpduju, Kako 3a
CaKyrn/baye Tako M 3a oTKymnsbueaye (2007), a Kne-
Ka M LWWYMCKa jaroga MMajy 3HavajaH yaeo y yKyn-
HUM CaKyn/beHUM KonuvdinHama BlLWB (Nedelj-
kovi¢, 2015).

Y TepuTtopmjasIHOM CMUCAY UCTPaXKMBakbe je
M3BpLIEHO Ha Teputopuju Penydnnke Cpbuje, des
ayTOHOMHMX MOKpajuHa. MNepuos UcTpaxknBarba
KOju ce 0AHOCK Ha NoAaTKe O KOJIMUYUHM CaKyn/be-
HUX NaofoBa GOPOBHULE, WYMCKE jaroge U Kne-
Ke, Ka0 M 33 KoAWuMHe nafaBuMHa M MpoceyHe
Temnepartype je og 1993. po 2016. roguHe. 3a
nojaTke O CLEHapujuma KAMMATCKUX NMPOMEHa,
Taj nepuog, je og 2015. po 2100. roa. Kao cueHa-
pujn, Koju oAroBapajy CBPCU UCTPAXKMBaHba, KOpU-
wheHu cy A16 1 A2 (2015). MocmaTtpaHu KAMmat-
CKM enemeHTW, TemnepaTtypa M NagaBuHe,
NPOLLEHEHN CY 32 MMHUMAZHY (Min) U makcuman-
Hy (max) BapwjaHTy, Na je Ha OCHOBY Tora UCTpa-
JKMBakbe BpLUEHO ca nogauuma o cnegehum Ba-
pujaHTama cueHapuja KAMMATCKUX MNpPOMeHa:
Al _ ,AlB__, A2 nA2 .

OCHOBHU LU/b UCTPAXKMBaHbA je Aa ce yTBpAM
KpeTatbe 0dMMma cakyn/batba LWyMcKe jaroae, 6o-
POBHMULLE U K/IEKE, KOje Ce MOXKe O4EeKMBaTH y pa-
3/IMYUTUM CLEHAPUjMMA KIMMATCKMX MPOMEHa,
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3aCHOBaHWX Ha NPOrHO3ama NpomeHa Temnepary-
pe v nagasuHa. CBpXa Npesy3eTux UCTPaXKMBakba
je y Tome pa ce, Ha da3u npegsuharba NpomeHa
Y KONMYMHAMa, YTBPAE NPOCEYHE roauLLbe cTone
pacTa odvMma caKyn/bakba OBUX NMPOU3BOAA Y Ha-
pegHOM Mepuoay M Tako cariesa yTuuaj Kanmart-
CKMX npomeHa Ha odum cakynsbara BILUB.
Mpepmet ncTparkmBarba cy Suam npoceyHa rogu-
WHa Temnepatypa (T), npoceyHa roauitba Kou-
YMHa NagasuHa (P) v cakyn/beHe KOANYMHE LyM-
ckux jaroga (Q,), doposHuua (Q,) n Kneke (Q,).
Y cknagy c Tum, dopmupaHa je cnegeha
OCHOBHa XMnoTesa:
® Yy OHOCY Ha NocMaTpaHy KomduHauumjy yTuua-
ja BUCMHe TemnepaType 1 odMMa NagaBuHa,
npy HUXOBOM PACTy, MOXE Ce OYEKMBATU Aa
0dMM CaKyM/beHMX KONMUYMHA LUYMCKe jaroae,
OOpPOBHULLE U K/IEKe, Y NPOCEKY, pacTe.

METOA PAAA

Y ncTpaxkusamy je, o4 onwTnX MeToaa, Kopu-
wheHa meTofa MOLEN0Bakba, @ 04, OCHOBHUX AM-
janekTnyka metoga. Mopeps wux, KopuwheHe cy
1 nocebHe HayyHe meToade: MHAYKLMja U AeayK-
LMja, aHanM3a 1 CMHTEe3a, ancTpakumnja U KOHKpe-
TM3aumja, uta.

MeToga mogenoBatba je KopuwheHa 3a ¢op-
Muparbe ogrosapajyhux aHaiuTUUYKMX moaena
(ekcnoHeHUMjanHN MoAenn TpeHaa NoCMaTPaHNX
BE/IMYMHA U MOAEN KpeTatba 00MMa CaKyn/barba
Ha 6asu BUCUHEe TemnepaType M oduma nasasu-
Ha). MowTo je, y oBOM Cay4vajy, OCHOBHa CBpxa
perpecroHnx mogena nporHosa dyayhux spesHo-
CTU, TEXKULUTE je Ha CTaTUCTMYKO] 3HAYQjHOCTU KO-
eduumjeHTa Kopenauyuje (Jovicic¢, 1981) y oaHo-
CYy Ha CTaTUCTUYKY 3HAYajHOCT NapameTapa.

Kao nomohHa metosa 3a godujare nHdpopma-
LMja 0 BUCMHM TemnepaType M odumy nagaBuHa
Ha OCHOBY Pas3/IMYUTUX KAMMATCKUX CLEHapwja,
KopuwheHa je metoga npoueHe (Zajecaranovic,
1987), y KoMOMHaLMjM ca NPUMEHOM perpecu-
OHe M KopenauuoHe aHanuide. OBa meToaa ce
npumerbyje y ciyvyajeBMma Kaga He NocToju mo-
ryhHOCT TayHor 1 npeymsHor odpayyHa, Koju du
Yy NOTNYHOCTW yBaKaBao CBE OHO LUTO Ce AellaBa
y CTBAapHOCTW.
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Y HapegHOM KOpaKy UCTparkmMBahba, Ha 0asvM  Jaum MMajy KapakTep npoleHe. Mopes perpecuo-
npoLeHeHNX BpegHoCcTn, GOPMUpPaHM Cy PErpecu-  HUX MOZEeNa TpeHaa, AO0AATHO je KopuwheHa Tex-
OHM mogenu TpeHaa (Dragutinovi¢ Mitrovié, HUKa rpaduykn opujeHTUcaHor npeasuharba,
BosSkovié¢, 2016) oduma caKkynsbakba, Na u3 Tor  yrpaheHa y KopuwheHu nporpam 3a yHakpcHa Tade-
pasnora v Ha Taj HauMH AOOMjeHN HYMEPUYKM MO-  NlapHa M3padyHasaka (onuuja ,forecasting sheet”).

Tadena 1. Bpeme (t), Temnepatypa (T) n nagasuHe (P) - namepeHo (1993-2015. roa.) v nporHosa npema
KIMMaTCKUM cLeHapujuma (2016-2100. roa.)

T P
¢ Alb__ Alb, . A2 A2 Al . Alb, A2 A2
god. °C mm-m
1993. 10,28 522,07
1994. 11,66 587,19
1995. 10,30 754,05
1996. 9,89 742,32
1997. 9,95 694,23
1998. 10,59 716,67
1999. 10,88 829,28
2000. 11,86 452,30
2001. 10,99 779,37
2002. 11,45 758,30
2003. 10,83 610,56
2004. 10,67 796,70
2005. 9,93 841,22
2006. 10,59 734,32
2007. 11,86 747,28
2008. 11,71 639,43
2009. 11,42 830,20
2010. 11,25 837,73
2011. 10,81 468,84
2012. 11,42 830,20
2013. 11,25 837,73
2014. 11,81 468,84
2015. 11,80 562,50

2016-2040. 11,40 11,79 11,19 11,60 737,32 737,32 842,65 842,65
2041-2070. 12,70 13,09 12,49 12,90 561,77 561,77 842,65 842,65
2071-2100. 14,10 14,49 14,49 14,90 561,77 561,77 561,77 491,55
U3Bop: (Rankovi¢ et al., 2016) n (2015)
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Tabena 2. Cakyn/beHe KOJIMYMHE LYMCKUX M/10408a

Lllymcka

Bpeme jaropa BbopoBHuya Kneka
t a, q, Q,

god. t

1993. / 1.072,80  2.142.900,00
1994. 7,60 17,10 313.800,00
1995. 2,15 61,37 2.507.500,00
1996. 3,00 51,85 984.216,00
1997. 3,00 6,50 562.200,00
1998. 0,52 59,20 815.200,00
1999. 1,22 365,74 438.180,00
2000. 11,63 253,46 258.420,00
2001. 521 166,12 /
2002. 4,55 180,51 31.385,00
2003. 2,74 488,45 10.150,00
2004. 14,53 277,11 206.850,00
2005. 20,69 681,85 200.980,00
2006. 9,00 1.580,40 305,50
2007. 66,05 2.023,50 402,60
2008. 61,00 2.260,65 843,05
2009. 88,75 1.342,23 493,52
2010. 197,05 2.482,65 811,36
2011. 161,50 2.262,10 1.009,63
2012. 125,32 1.446,95 406,03
2013. 137,40 1.672,50 316,15
2014. 122,15 2.062,19 1.264,58
2015. 161,60 1.848,15 1.331,90

M3Bop: (Rankovi¢ et al., 2016) n nHTepHa AOKY-
MeHTa Ynpase 3a wyme

basa nopataka je dopmupaHa Ha cnegehu HaumH:
1. dopmunpaHun cy HM30BM MofaTaka O BUCUHMU
TemnepaType n odumy nagasuHa (tabena 1);
e 3anepuog opa 1993-2015. roa. kKopuwhexu
cy cTBapHu (M3mepeHu) nogaum (2016,
Rankovi¢ et al., 2016);
e 3a nepuog nocne 2015. roa. KopuwheHu
Cy nojauu reHepucaHM Ha OCHOBY
oflabpaHuX cueHapuja NpomeHe Kaume
(2015);
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2. dopmupaHu cy HM30BKM MogaTaka 3a LWYMCKY

jarogy, dopoBHULY U Kaeky (Tadena 2);

e 3a nepuog og 1993-2015. roa. Kopuuwhe-
HW cy CTBAapHU (M3mepeHu) nogaum (1993-
2015);

e 3a nepuog nocne 2015. rog. KopuwheHu
cy nogaum odpayyHaTH Ha OCHOBY perpe-
CUOHUX MoZeNa U NPoLeHeHUX BpeaHo-
ct1 3a T 1 P npema ofadpaHum cueHapu-
juma npomeHe kavume (2015).

PE3YATATHU NCTPAJKUBAIbA 1
BHUXOBA AHAAN3A

MpoueHa KpeTarba 00MMa cakyn/bakba NOCMa-
TpaHux BMNLUB y HapeaHom nepuoay (20162100.
roa.), paheHa je 3a pasnmuuTe cLueHapuje npome-
He kanme (A1b n A2), Ha ocHOBY NpomeHa oga-
OpaHuUX KAMMATCKUX enemeHata T u P), a 3a pa-
31MYUTEe BapujaHTe perpecMoHuUx mogena
(KOMOMHOBAHM U eKCMOHEHLMjaNHW).

Pagu bosber npernesa v pasymeBarba pesyn-
TaTa, HbUXOBa CTPYKTypa je MpuKasaHa y Tpu Le-
NnHe. NocedHO cy NpWMKasaHW pesynTaTy Be3aHu
33 CBAKy BPCTYy MOCMATPaHMX LUYMCKUX NI040BA
(wymcka jaroga, 6opoBHULA U KieKa).

LLlymckKa jaroga

Kapa ce pagun o KkpeTary odMma cakyn/baka
wymckmx jaroga (Q,), y nepvogy 1993-2015. ro-
OVHe, BUA/bUBA je pactyha TeHaeHUMja, a y Oy-
ayhHoctu ce npeasuha HacTaBak TakBOr pacTa.
Mpw Tome, noctoju moryhHocT Aa ce y necumu-
CTUYKO] BapujaHTK cueHapuja (PV) TakBa TeHAOEH-
umja usmeHu u gohe fo onagara (rpadukoH 1).

Ytuuaj T u P Ha Q,, “CKasaH je Kpo3 Aga pe-
rpecMoHa mogena (eKCNoHeHLMjaHU U KOMOUHO-
BaHW), a HbUXOBM €NIeMeHTN [aTtun cy y Tadenu 3.
Obe BapujaHTe moaena 3a40B0/baBajy YC/0B 3a
MPOrHO3y Ha CKOPO MAeHTHUYaH HaumH (R =0,8024
n R =0,8028, a 0da cy curHnduKaHTHa).

PerpecnoHe jeaHaunHe nmajy cnepehu odnuk:

- EKCNOHeHUMjanHn mogen

Q,,=0,062-1,397"-0,999"1,266";

- KoMOUHOBaHM moaen

Q,=0,120-7>*-p%%-1,267".
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Tadena 3. EneMeHTU perpecMoHnx Mogena odnma cakyn/bakba LWYMCKUX jarosa

Ina e b T c ty d (e R? R F
EkcnoHeHuuMjanHn mogen
-2,787 0,66 0,334 0,94 -0,001 -0,73 0,236 6,60 0,896 0,8024 24,36
KombuHoBaHu mogaen
-2,120 -0,16 3,290 0,84 -0,870 -0,83 0,240 6,66 0,896 0,8028 24,42

" - CTaTUCTUYKM CUTHUPUKAHTHO Ha HMBoy a=0,05.

WUsBop: opurmHan

Ta6ena 4. O6um cakynbarba WyMCKMX jaroaa (Q ) npema cueHapujuma KAMMaTCKUX NPoMeHa 1 BapujaH-
Tama perpecvoHunx mogena (y t)

BapujaHta mogena

Bpeme KoméuHoBaHu EKCnoHeHuujanHu

Knumartcku cueHapuo
god. Alb_ Alb__ A2 A2 Alb AlB__ A2 A2
2015. 161,60 161,60 161,60 161,60 161,60 161,60 161,60 161,60
2040. 77.989,90 87.116,78 65.316,07 73.525,14 87.426,01 99.601,82 73.346,99 84.122,63
2070. 170,76-10° 188,62-10° 113,59-10° 126,33-10° 190,41-10° 216,93-10° 134,01-10° 153,70-10°
2100. 206,86-10° 228,50-10° 137,61-10° 153,04-10° 359,73-10° 409,82-10° 409,82:10° 504,24-10°

WUsBop: opurmnHan

Ose jefHa4YmMHe cy MOCAYKMIE Kao OCHOBA 3a
nporiosy Q ., yspwhusarwem oarosapajyhux
BpesHOCTM 3a T 1 P, npema ofadpaHum Kavmar-

[t] MepeHu nogaum MporHosa
5004
400 ;
300 Jov
Q,=0,924-1,286 '
QSJ SJ ! ! s
200 R=0,731\ S
J A
100 //\ ,,,,,,,
P PV

0 —
1994, 1998. 2002. 2006. 2010. 2014. 2018.

WUsBop: opurvHan tlgod]

padukoH 1. Tok KpeTarba 0dMMa cakyn/barba Wym-
CKMX jaroga, eKCNoHeHUnjanHu TPeH U NporHo3a Ao
2021. roguHe, ca BepoBaTHOM (VV), onTUMUCTUYKOM
(OV) n necumucTtnukom (PV) BapujaHToM

CKMM CLeHapujuma, Kao 1 oarosapajyhe roguHe
(tabena 4). Y Tom cmucny, y ogHocy Ha ABa cue-
Hapuja NpOMeHe KAMMATCKUX eleMeHaTa, yousbu-
BO je Aa ce Hajsehun pacT Q, MOXe o4ekMBaTn y
nepuogy 2071-2100. roanHe, npema cueHapujy
A2 (excnoHeHuujanHu mogen), a Hajmarbu y
nepuogy 2016-2040. roguHe, Nnpema cueHapujy
A2 (kombuHoBaHM mogen). Mpn Tome, 3anaxa
ce Aa eKCrnoHeHUMnjanHN MoAen Aaje HeLWwTo BuLle
u3Hoce Q  y OAHOCY Ha KOMOMHOBaHW MoAaes.

Ha ocHoBy nporHosupaHux sennunHa 3a Q,, y
ha/beM MNocTynKy, odpayyHate cy ogrosapajyhe
npoceyHe roguLirbe eKCroHeHLUmjanHe cTtone pac-
Ta (/). Tako je I, y nepnoay 1993-2015. roa. usHo-
cuna 28,58%. AKo ce yamy y 0d3Mp KOHCTaToBaHe
npomeHe T 1 P, y O4HOCY Ha CBa YeTUPU KOpPU-
wheHa KAMMaTCKa cueHapuja, 3anaxa ce ga I
nocteneHo onaga (tabena 5, rpadukoH 2), anm
nocne 2040. roa. moxe ce o4YeKmBaTh ga To ona-
parbe dyae 3HavajHO crnopuje.

OBaKBW pe3ynTaTu yKasyjy aa he, HajsepoBart-
Huje, pacT Q, ca BpemeHom duTu cee cropuju,
anu he ce TakBa TeHAEHLMja, MAKO yCMopeHa, U
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Tabena 5. NpomeHe y cTonama pacta o6Mma caKymn/bakba LWYMCKUX jaroga (IS) Yy 33aBMCHOCTU Of, KNNMaT-
CKOT CLieHapuja U 08MKa perpecroHor Mmogena no nocmaTpaHum nepuoguma (y %)

BapujaHTa mogena

Mepwuopg, KoméuHoBaHu EKCNOHeHuujanHu
Knumatcku cueHapuo
god. Alb_ Alb__ A2 A2 Alb_ AlB__ A2 A2
1993-2015. 29,58 29,58 29,58 29,58 29,58 29,58 29,58 29,58
1993-2040. 27,60 27,83 27,24 27,48 27,84 28,11 27,47 27,76
1993-2070. 27,85 28,04 27,20 27,42 28,07 28,33 27,49 27,76
1993-2100. 27,69 27,84 27,10 27,26 28,21 28,42 28,08 28,35

U3Bop: opurnHan

dasbe 3agpKaTu. MowTo Hema GUTHe pasnuke y
OZHOCY Ha KNIMMATCKe cueHapuje n obanK perpe-

CNOHEe Kpuse, OBa TBpAHa CE€ MOXKe CMaTpaTu
NPUANYHO BEPOBATHOM.

MNosehake Cmatberbe MNosehakte Cmatberbe
30 30
20 20
10 10
AlBnmin AlBmax
O (,). Q. Q. 0. O (,). 0. Q. Q.
N Na & D > Na & S
v v v v v v v v
N N N N
MNosehare Cmarbere Mosehatbe CMatbere
30 30
20 20
10 10
A2min A2ma><
0 0
S S O PP
ca”’ﬁ/ q”’ﬂ’ %“"W q”’n’ o o o @
) K 9 %) %) D '®°>
WU3sop: opurnHan

FpaduKoH 2. MpomeHe I, cakyn/batba WYMCKMX jaroAa no nepuoAnMma v KNMMaTCKUm CLueHapujuma (Kombu-

HOBaHW perpecuoHu moaen)
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bopoBHuUUa

CANYHO Kao M Kof KpeTarba odMma cakyn/ba-
Hba LWYMCKe jaroge, u Kog odnma cakynsbara 6o-
posHuue (Q,) je y nepmnoay 1993-2015. roa. Bu-
AsbuBa pactyha TeHgeHUwMja, a y dyayhHoctu ce
npensuha HacTaBak TakBor pacta. My osom cny-
Yajy noctoju moryhHocT ga ce y PV cueHapujy
TaKBa TeHAEeHUMja n3ameHn u aohe Ao onagara
(rpadukoH 3).

Ako ce nocmatpa ytiuaj T v P Ha Q,, 3anaxa
ce la U y OBOM C/lyyajy Taj yTMLaj Hajbosbe of-
C/NKaBajy Age perpecmoHe Gopme - eKCNOHeHLM-
janHa n kombuHoBaHa (Tadena 6). CAMYHO, Kao u
y NpeTxoaHOM ciy4ajy, Kog ode BapujaHTe moje-
Na fodujeHn cy CKOpo MAEHTUYHM KoedUuLmjeHTH
kopenaupje (R =0,788 n R,=0,790), koju cy ctaTn-
CTUYKU CUTHUOPUKAHTHMU.

PerpecnoHe jeaHaunHe umajy cnegehm odnmk:

- eKCMOoHeHUMjaIHn moaen

Q,=121,048-0,973"-0,9991,227;

- KOMOUHOBaHU Mmogaen

Q,=42.434,98-T032-p0%.1 227",

[t] MepeHu nogaum MporHo3a
5.000 ————
4,000

Qg=39,192:1,22"

> ;
3.000 R*=0,612 \
Qs )
2.000
1.000
0 T T T
1993. 2001. 2009. 2017.
t[god.]

W3Bop: opuruan

FpadpukoH 3. Tok KpeTarba obUMa cakyn/bara
60pOoBHMLA, EKCMOHEHLMjANHU TPEHA, M MPOTHO3a 0
2021. roguHe, ca BepoBaTHOM (VV), ONTUMUCTUYKOM
(OV) n necumuctnykom (PV) BapujaHTOM

Ha MCTU HauMH Kao M y NPETXOAHOM CAyuyajy,
yspwhusarbem ogrosapajyhux spegHoctv 3a T u
P, npema 04adpaHUM KNMMATCKUM CLeHapujuma,

Ta6ena 6. EnemeHT perpecnoHmx mogena obuma cakynsbarba 6oposHuua (Q,)

Ina - b iy c

2
d t, R R F

EkcnoHeHumjanHn mogen

4,796 0,92 -0,028 -0,06 -0,001 -0,66 0,205 4,54" 0,621 0,788 10,38°
KombuHoBaHu mogen
10,660 0,66 -0,320 -0,06 -0,960 -0,75 0,200 4,57" 0,624 0,790 10,50°

" - CTaTUCTMYKM CUTHUUKAHTHO Ha HuBoy a=0,05.

U3Bop: opurnHan

Tadena 7. O6um cakyn/barba SopoBHMLA (Y t) Mpema CueHapujuma KAMMaTCKUX MPOMEHa U BapujaHTama

perpecvoHnx mogena

BapujaHta mogena

Bpeme KoméuHoBaHu EkcnoHeHumjanHu
Knumatcku cueHapmo
god. Alb_. Alb__ A2 A2 Al . AlB__ A2 A2
2015. 1.848,2 1.848,2 1.848,2 1.848,2 1.848,2 1.848,2 1.848,2 1.848,2
2040. 632.562,9 625.790,3 559.778,3 553.369,4 779.140,8 770.867,9 705.253,3 697.383,1
2070. 367,1-10° 363,6-10° 218,6-10° 247,5-10° 414,7-10° 410,3-10° 314,9-10° 311,4-10°
2100. 169,9-10° 168,2:10° 115,7-10° 114,5-10° 184,7-10° 182,7-10° 182,7-10° 193,9-10°

WU3Bop: opurMHan
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Tab6ena 8. MpomeHe y cTonama pacta obuma cakynbarba 6oposHuua (l,) y 3aBUCHOCTM oA KAMMaTCKor

CLeHapuja no nocMaTpaHum nepuoguma (y %)

BapujaHTa mogena

Mepwuopg KomduHoBauum EKcnoHeHuujanHm
Knumarckm cueHapwmo / Climate scenario
god. Alb_ Alb__ A2 A2 Alb . AlB__ A2 A2
1993-2015. 21,98 21,98 21,98 21,98 21,98 21,98 21,98 21,98
1993-2040. 22,26 22,25 22,03 22,02 22,65 22,63 22,47 22,45
1993-2070. 22,75 22,73 22,04 22,19 23,02 23,01 22,63 22,61
1993-2100. 22,84 22,83 22,26 22,32 23,02 23,00 22,85 22,89

WN3Bop: opurmHan

Kao 1 oarosapajyhe roguHe, godujeHe cy NpPorHo-
3e 3a Q, (Tabena 7). Mpu Tome, you/buso je Aa ce
Hajsehn pacT Q, mOxe ouyekMBaTW y nepuoay
2071-2100. rog. npema cueHapujy A2 (ekcno-
HeHUMjanHM MOAen), a HajMakby Npema cueHapu-
iy A2__ (kombuHosaHn mogen). Takohe, 3anaa

ce U A3 KOMOMHOBAHWM MOZeN Aaje HewWwTo HUKe
u3HoCe Q, Yy OLHOCY Ha eKCMOHeHLWjaH1 mogen.

MpoceyHa roguwa eKCnoHeHunjaHa cTona
pacta obuma cakynsbarba doposHuue (I ), y nepu-
oay 1993-2015. rog,. nsHocKn oko 22,0%. YBaxkaBa-
jyhn KoHcTaTOoBaHe npomeHe T 1 P, y ogHOCY Ha

Noseharse Cmambere MNosehae Cmatbere
20 20
10 10
AlBmin Albmax
" o o N 0
S G &
v v v v v v v v
o) o) & > R P
N N N NJ N
MNoseharbe Cmatrbetrbe MNosehare Cmatbetrbe
20 20
10 10
A2min A2max
0 » Q Q Q- 0 \2) Q Q Q-
N4 g & D > K & N>
v v v v v v v v
N N N N N N N N
U3BOp: opurmHan

padukoH 4. MpomeHe IS cakyn/barba SOPOBHULE NO NEPUOAMMA U KAMMATCKUM CUEHapujuma (KoMOUHO-

BaHW PETPECUOHU MOAEN)
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cBa yeTupu KopuwheHa KAMMaTcKka cueHapwja,
3anaxa ce ga I, nocteneHo onaga (tabena 8, rpa-
duKoH 4), anu ce nocne 2070. roa. MOXKe OYEKU-
BaTM Aa TO onajakbe npecTaHe.

OBakBa cuTyaumja yKkasyje Ha To aa he, Hajse-
poBaTHuje, pacT Q, ca BpemeHoM duTu cse cno-
pujn, anu he ce TakBa TeHAEHUMja, MaKo ycnope-
Ha, U Jasbe 3agpxatu. OBa TBpAHA Ce MOXKe
CMaTpaTM BEPOAOCTOjHOM, jep HemMa BENKUX
pasfiMKa y ogHocy Ha oOauKe perecMoHnX moaena
N KAMMATCKe cueHapuje.

Kneka

CacBmMM cynpoTHa cUTyaumje je Koa KpeTaka
obuma cakynsbarba Kkneke (Q,), jep je y nepuogy
1993-2015. roguHe Bua/bMBa onagajyha TeHaeH-
umja, a y dyayhHoctn ce npeasuha HacTaBak Ta-
KBOT onagarba. Mnak, noctoju oaeheHa Beposat-
Hoha aa ce y OV cueHapujy TakBa TeHAeHUMja
nmsmeHu n gohe o nopacta (rpadukoH 5).

Ytnuaj Tu P Ha Q, Hajbosbe oac/nvKaBajy ABe
perpecnoHe Gpopme - eKCNoHeHLUMjaHa U KOMOU-
HoBaHa (Tadena 9). Kao M y cBMM MpeTxogHUM
C/ly4ajeBMMa, Koa ode BapujaHTe mogena fodu-
jEeHW cy CKOPO NAEHTUYHM KoepULMjeHTU Kopena-

[t-1073] MepeHw nogaum MporHoza
2.000
o0 (\f\
[ ov
QK 0 T ,'"‘
Q=3.854.258,96-0,645" }
2_
1000 R’=0,793
PV
[ I [ [
1993, 1999. 2005. 2011. 2017.
t [god.]

WU3Bop: opurmHan

padumKoH 5. Tok KpeTarba 0dMMma cakyn/barba Kie-
Ke, eKCMOHEeHUMjanHM TpeHa, U NporHo3a go 2021.
roamHe, ca seposatHom (VV), ontumuctmykom (OV)
M necummcTnykom (PV) BapujaHTOM

umje (R =0,905 n R =0,904), Koju cy CTAaTUCTUYKK
CUTHUODUKAHTHU.
PerpecuoHe jeaHaunHe nmajy cnegehm odnuk:
- eKCMOHeHUMjanHn moaen
Q,=2,6-10°0,476™1,002%-0,667";
- KOMOMHOBaHW mozen
Q,=10,02-10%*-T#53-p%%.0,671".

Ta6ena 9. EnemeHTn perpecnoHnx mogena obuma cakyn/barba kneke (Q,)

Ina e b . c

2
d t, R R F

EKCnoHeHuMjanHn moaen

21,680 3,01 -0,743 -1,18 0,002 0,67 —0,405 -6,46" 0,818 0,905 27,04
Kom6urHoBaHM moaen
29,936 1,33 -8,629 -1,25 0,833 0,46 -0,399 -6,36" 0,817 0,904 26,76

" - CTaTUCTUYKM CUTHUOMKAHTHO Ha HMBoy 0=0,05.
WU3Bop: opuriHan

Ta6ena 10. O6um cakyn/barba Kneke (Q,) Npema cueHapujuma KAMMaTCKMX NPOMeHa W BapujaHTama pe-

rpecrMoHux mogena (y t)

BapwujaHta mogena

Q

§_ KoméuHoBaHu EKcnoHeHuujanHu

= Knumartckm cueHapmo
god. Alb_ AlB__ A2 A2 Alb_ Alb__ A2 A2
2015. 1.331,90 1.331,90 1.331,90 1.331,90 1.331,90 1.331,90 1.331,90 1.331,90
2040. 0,009 0,013 0,012 0,008 0,009 0,006 0,012 0,009
2070. 17,45-10° 13,44-10° 28,21-10° 21,35-10° 12,32:10° 12,32:10° 12,32:10° 12,32:10°°
2100. 0,11-10** 0,09-10* 0,1810* 0,14-10* 0,02:10* 0,02:10* 0,02:10** 0, 01-:107*?

WU3Bop: opuriHan
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Ta6ena 11. pomeHe y cTonama pacta obuma cakynsbarba Kneke (l,) y 3aBUCHOCTM 0 KNMMATCKOT ClieHa-

pvja Nno nocmatpaHum nepuoguma (y %)

BapwmjaHTta mogena

Mepuopg, KoméuHosaHu EKcnoHeHuujanHu
Knumartcku cueHapuo
god. Alb_ AlB__ A2 . AlB_ Alb__ A2 A2
1993-2015. -35,53 -35,53 -35,53 -35,53 -35,53 -35,53 -35,53 -35,53
1993-2040. —34,36 —33,97 —34,10 —34,43 —34,36 —34,69 —33,97 —34,30
1993-2070. —34,36 —34,43 =33197 —34,23 —34,56 —-34,69 —34,49 —34,56
1993-2100. —34,10 —34,23 -33,70 =23)87 —34,82 —34,95 —34,88 -35,08

WU3Bop: opuruHan

Mpema 0BaKo A0OMjeHOM MoAeNMMa, 3anaka
ce pa ca nopactom T odum Q, onaga, Aok ca no-
Behatbem P pacTe, a dpaKTop TpeHaa (napameTap
y3 t) yKkasyje aa cBu ocTanu ¢dakTopu aenyjy y
cmepy onafakba Q TOKOM BpemeHa.

Yepwhueartem oarosapajyhux spesHocTu 3a
T wn P, npema ogadpaHuUM KAMMATCKUM CLEHApU-

juma, Kao mn oarosapajyhe roguHe, godujeHe cy
nporHose 3a Q, (tabena 10). Mpu Tome, you/bnBO
je ha ce Hajsehe BpesHOCTM Q, MOTY OYeKMBATH
y nepuoay 2016-2040. roanHe, npema cueHapujy
A2 . (KkombuHOBaHM mogen), a Hajmarbn y
nepuoay 2071-2100. roguHe, npema cueHapujy
A2 (kombuHoBaHW mogen).

MNosehakse Cmakberbe Mosehate Cmarberbe
0 0
AlBmin AlBmax
-10 -10
-20 -20
-30 -30
\2) Q Q- \} \2) Q Q- Q
> o S N> > e S N>
v v v v v v v v
R R kS R RS o K o
N N N N N N
Mosehare CMmamberse Mosehare Cmamere
0 0
A2 i A2
_10 min _10 max
-20 -20
-30 -30
\2) Q Q- N} \2) Q- Q Q-
S S A S S Y
25 5 Dy 5 o1 > D5 >
S S S S S S S S
N N N N N N N

UsBop: opurnHan

FpaduKoH 6. NMpomeHe I, 0d1Ma cakyn/batba K/1eKke Mo NepMoAMMa U KAMMATCKUM cLeHapujuma (KoMOnHO-

BaHW perpecMoHn moaen)
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MpoceyHa roauLba eKcrnoHeHUmMjaaHa cTona
pacta (I) obuma carkyn/barba Kneke, y nepuoay
1993-2015. roguHe, nsHocu —35,53% (onagajyha
cTona pacTa). YBaxkaBajyhu KoHcTaTOBaHe npome-
He T n P, y oaHOCYy Ha cBa 4yeTupu KopuwheHa
KJMMaTCKa CLueHapuja, 3anaxa ce Aa I, nocreneHo
onaga (tadena 11, rpadmKkoH 6). Y cywTMHM, pagu
ce O MOCTENEHOM CMakbekby CTerneHa onajara
TOKOM BpemMeHa (ycropaBarbe onafaka), y O4HO-
cy Ha npomeHe T u P, npeasuheHe KAMMaTCKUM
cueHapuvjuma, anu he ce HeraTMBHa cTona pacTa
3agpKatM 40 Kpaja nepuoga MNporHose
(2100. roa.). Takohe, Tpeda HanomeHyT Aa oda
perpecrMoHa moaena, y 0BOM C/y4ajy, Aajy Beoma
O/MCKe pesynTaTte No NuTakby EKCTPEMHUX Bpea-
HocTw .

AHUCKYCHJA

MpomeHe Koje npeasuhajy cueHapuju Kau-
MaTCKMX NpomeHa umajy oapeheHe nocneauue,
jep wyme cy KOMNIeKCHU duoeKkocucTemu, y Ko-
juma ce, NCTOBpPeMeHO, 0ABMjajy npouecn pacTta
1 ogymupara xuse matepuje. MameHe ycnosa 3a
pacT yc/ioB/baBajy npomeHe y GyHKUMOHUCakY
wymckux ekocuctema (Vuckovié, Stajié¢, 2003,
Reyer et al., 2017). MpoMeHa KNUMe OUPEKTHO
yTH4Ye Ha K/by4yHe npoLece y WYMCKMM eKocucre-
MWMMa, NonyT GOTOCKHTE3E, AN UMA U UHANPEKT-
He edeKTe, KPO3 NPOMeHe KapaKTepucTUKa Tna
unu cactaea Bpcta (Reyer et al., 2017). Heke og,
edeKkaTa KAMMATCKMX npomeHa, Beh je moryhe
YOUUTHU, Kao PeLMMO YnbeHMLE Aa je AoWN0 A0
npomeHa y peHo0runju, Kako APBEHACTUX, TaKO U
3esbacTux Bpcta (Rankovié et al., 2014). YTuuaj
KNIMMATCKUX enemeHarta Ha pact HALWM 3anaxkeH
je 1 oA cTpaHe NOKaNHOr CTAaHOBHWULUTBA, Koje ce
5aBK HUXOBUM CaKym/bakbeM. Haume, cakynsbaun
Ha nogpy4jy KonaoHuKka u besbaHuue, y Hajsehem
Opojy cmaTpajy Aa cy KAMmaTcKku ycnosu Hajeeha
npetkba pacty HALWN (Nedeljkovi¢ et al., 2015).

OHO WTO je 3ajeAHNYKA KAapaKTepUCTUKA OBAE
OaTUX NPOrHo3a jecte Aa, N0 CBUM MOAENMMA U
CBMM CLEHapujuMa KAMMaTCKMX NpomMeHa, odum
CaKyn/batba KNeKe onaga, Aok oduMM caKyn/barba
LIYMCKMX jaroga u 6opoBHULUA pacTe. To yKasyje
Ha cmep yTuuaja TemnepaTtype U nafgaBuHa Kof,
nocmatpaHux Bpcta BI1LLUB, Koju Buwe noroayjy

LWYMCKMM jarogama u 60poBHULAMa, aiu He oa-
roBapajy Kieku.

Mocmatpajyhu NnporHo3mpaHe KonM4mMHe caKy-
n/beHux BMWB, npema fodujeHum mogennma,
MOe ce 3aMmasuTu Aa HUXOBE anconyTHe Bpea-
HOCTM, LITO CYy YAa/beHUje o4, CafallHbOCTH, PacTy
(jaropa » doposHMUA) MAM onaaajy (kneka) oo
HepeanHux BpegHocTW. NpeTxoaHa UCTpaxKMBatba
0 OAHOCY HEKMX KIMMATCKUX enemeHata n oduma
cakynsbarba HALWM, yKasyjy ga dobduuactu nnogo-
BW MMajy NO3UTUBAH NPOCEYHM FOAULLIHU anco-
NYTHKU pacT (wymcka jaroga 11,19 t-god™ n do-
posHuua 131,20 t-god™). Takohe je yrBpheHo aa
ce, ca noseharbem TemnepaType 3a 1°C, moxe
OYEKMBATU Ja ce 0OMM caKyn/batba WyMCKe jaro-
ne noseha 3a oko 0,4%, a ca noseharbem Konu-
yMHe MagasuHa 3a 1 MmM-m™ cmarberbe 3a OKO
0,001%, npu 4yemy ce MO¥Ke OYEKMBATU NPOCEYHO
roguwe nosehare 3a oko 2,7% (aenosarbe
BPEMEHCKE KOMMOHeHTe mogena). CandHa je cu-
Tyaumja 1 ca SopoBHULIOM, jep je yTBpheHo Aa ce,
ca noseharbem Temnepatype 3a 1°C moxe oyeku-
BaTu noeeharbe 0dmma cakynsbara 3a oko 0,5%, a
ca noseharem KonnumHe nagasuHa 3a 1 mm-m
cMmarberse 33 oko 0,002%, npu yemy ce moxKe
O4YeKMBaTM NPOCEYHO roguLlbe noseharbe 3a OKO
2,5% (yTMuaj BpemeHcKe KOMMOHEeHTe moaena)
(Rankovic et al., 2014). MehyTum, TakBa cuTya-
LMja HUje 3adenekeHa y UCTpaKMBatbMMa KpeTa-
Ha 0duma cakynsbara mbusa y Cpduju (Ranko-
vic et al., 2016)*.

To roBopu Aa modenu, Be3aHW 3a LUymCKe
naogoBe, ca TemnepaTypom U nagaBuHama, Kao
rnaBHMM Bapujadnama, He odyxBaTajy cBe dUTHe
yTuuajHe dakTope, Koju Aenyjy Ha npomeHy odu-
Ma CaKyn/bakba. 3aTo je noTpedHo Aasba UCTpa-
KMBarba YCMEPUTU Ha OTKPUBaHe TaKBUX YTULLAj-
HUX baKTopa’ u UxoBo yBpwhuBarbe y Mogene,
Kao JofaTHWX Bapujadnau, aa 6u Tako yHanpehe-
HU MOZENN OUAM NPELU3HUU U MOIIN Aa Ce KO-
pucTe y NpakTUYHe CBpXe.

! PaheHa npema MCTOj MEeTOAO0NOWKOj npoueaypu U ca
McTMM Bapujabnama.

2 Kao Hekwu og moryhux yTuuajHux daktopa mory ce Hase-
cT1: dpoj cakyn/baya, 6poj OTKyN/bMBaYa, MPOMEHA Be/U-
YMHa aKTMBHe NMOBPLUMHE 3a CaKymn/bakbe, reorpadcka Wwu-
pWHa, HaAMOPCKa BUCKMHA, OPOj CYHYAHUX AaHA Yy Ce30HM,
cTakbe Wyma (MoBpLUMHA, CTPYKTypa no Bpctama apseha,
UTA.), TEXHONOWKMU HAKTOpU (TPAHCNOPT, CKAALMLIHM K
npepagHN KanauuTeTu, UTA.) v TpKUWHKU dakTopu (LeHa
OTKyna, U3BO3Ha LeHa, UTA.).
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N3 oBakBOr ogHoca odMma cakyn/bakba Ha
npomeHe T un P, kog BB n rmbuBa, moxe ce
3anasuTtu ga cy bIMNLWB mare ocembmem Ha npo-
meHe T u P op r/buBa, T4ge je Taj yTULaj UCTaKHy-
TUjn (WTO, Ha HEKM HauyuMH, ogroBapa dMONOLLKO]
npupoau rbuea). Tako je NPeTxoAHUM UCTParKu-
BakbMMa yTBphHeHo aa ce, y nepuogy 2001-2011.
roguHe, jaB/ba CHaXXHO M3pakeHa pactyha TeH-
aeHumja kop mbuea (11,54% kop Bprarba M
10,63% Kof4 AMcUYapKe), WTO 3HayM Aa ce y no-
cneftbux 11 rog. odMm cakynsbakba nevypaka
y&p3aHo nosehasa (Rankovi¢ et al., 2014). Ha-
BEeAEHO je y CKAady ca npernopykama NpPeTxoaHnx
NCTParKMBakba, FAe je NCTAaKHYTO A3 ,,...Ca aCnekTa
aocnegHe NpUMeHe NpPUHLMNA OAPXMKUBOT Pa3Bo-
ja, BEOMa je Ba)KHO YTBPAMTU Koju GaKTopu Haj-
WHTEH3UBHKje Aenyjy n 06e3deamTn hUXOBO KOH-
Tponucare, ga ou ce ode3deamno TpajHU ONcTaHaK
OBWX BPCTa, KOje MMajy BEOMa U3ParKeH eKOHOM-
CKM 3Hayaj M yT1Laj Ha pypanHu pa3soj” (Ranko-
vi¢ et al., 2014).

3AKAYIIU

Ha ocHoBy pe3synTaTta cnpoBeAeHUX UCTPaXKu-
Bakba, MOTy ce reHepucaTh cnegehm 3akbyyum:
e OnwTa NPOrHO3a KpeTarba 06MMa caKymn/barba

nocmatpaHmx 606uyactux naoaoBa M

WwymcKor Boha yKasyje ga ce, y HapeaHom

nepuoay, Moxe O4eknBaTH Aa pacty Qv Q,

(noe y npunor noctaB/beHOj xunoTtesu), a

onaga Q, (He uae y MpWNOr NOCTaB/beHO]

XunoTesu);

e canopactom T MOKe Ce O4YeKMBaTK pacT, a ca

nopactom P onapare Q;

e ca nopactom T M P MOXe ce 04eKkuBatu

onagaree Q;

e canopactom T MOXe Ce OYEKMBATU OMafatbe,

a ca nopactom P noseharbe QK;
® KOfA LWYMCKMX jaroga v OOpOBHMLA MOXKe ce

O4YeKMBaTH fa I, pacTe, ca TeHAEHLMjOM ycro-

perba nocne 2040. roa. (mae y npuaor nocra-

B/bEHO] XMMNOTE3M), AOK Ce KO KNEeKe MOoXKe
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ouYeKkunBaTK onagare (He nae y npuaor nocra-

B/bEHO]j XMMNOTE3M), @ Ca TEHAEHLMjOM yCriope-

Hba TaKBOr onagakba nocne 2040. roguHe.

OpaprkmBo Kopuwhere NPUPOAHUX pecypca,
KOju npefcTaB/bajy SoraTcTBO CBake 3emsbe, Mo-
cTaje npobnem rnodanHor 3Hayaja, jep Hepaumo-
HanHo Kopuwhere, y3 HeraTuBHe edekTe Kau-
MaTCKMX MPOMEHa, MOXe A0BeCTU [0 HUXOBOT
noTnyHor mw4yesasarba. Ca gpyre cTpaHe, yrnas-
HOM ce Mana u cpefrba npeayseha dase Kopu-
wherwem oBMX npousBoga. Kako ycnewHocT
HMXOBOT NOC/I0Bakba AMPEKTHO 3aBUCK og, moryh-
HOCTU HadaBKe CMpPOBUHE (Tj. ypoda HeApBHUX
LUIYMCKMX NpOM3BOAa), OBaKBa BPCTa UCTPaXKMBa-
Ha MMa NPAKTUYHM 3HAYaj, jep yKasyje npuspea-
HUM cybjeKTUMa KaKBe MPOMEeHe ce MOry OYeKu-
BaTU y dyayhHOCTM M Ha WTa mMory Aa padyHajy
npv nNaaHMpary HadaBKe CMPOBUHE.

Y HapeaHOM nepuoay, UCTPaXKMBaHa ce Mory
HacTaBWTW Yy NpaBLy UaeHTUOUKaLMje ApYruX yTuU-
LajHux ¢aktopa (nopen T u P), nocmaTtparba no-
Halarba 0dMMa caKyn/bakba SIEKOBUTOT U apoma-
TMYHOT dusba nof yTuuajem T v P, Kao U NpoMeHa
Ha TPXKMULUTY OBMX LUYMCKUX MPOWU3BOAA, Y 3aBU-
CHOCTM og, npomeHa T u P. Mpu Tome, Tpeda nma-
T/ Y BUAY Aa CY Ce U3MEHUU TN0daHU CLeHapu-
j¥ NpomeHa KAMme, na ce To MOpa y3eTu y 003up
NPWIMKOM crnpoBofhera TakKBUX UCTPaXKUBAHbA.

HanomeHa: VcTpaxuBatbe je peannmsoBaHo y
OKBMPY MpojekTa ,UcTpaxknBarbe CoLMo-eKOHOM-
CKMX acmneKaTta pusmnKa ycaes KAMMaTcKux npome-
Ha y WYyMCKMM nogpyyjuma“ (6p. 40100-
1457/2015-10), ¢uHaHCMpaHOr of CcTpaHe
MWHUCTapCTBa NO/LOMNPUBPEAE U 3aLUTUTE KUBOT-
He cpeamHe - Ynpase 3a Wyme U npojekta ,Uc-
TPa)KMBakba KAMMATCKMX MPOMEHa U HMX0BOT
yTMLAja Ha }KMBOTHY cpeauHy - npahetrbe yTuLaja,
aganTtauuja v ydnaxkasame”, nognpojekat ,,Co-
LiMO-eKOHOMCKM pa3Boj, yoiaxasarbe M aganTa-
uMja Ha KammaTtcke npomeHe” (es. 6p. 43007,
eB. 6p. noanpojekta 43007/16-111), buHaHcupaHor
of, cTpaHe MUHMCTapCTBa NPOCBETE, HayKe U Tex-
HoMoLWKoOr pa3soja Penydnuke Cpduje.
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Abstract: This study examines the influence of some climate elements on the collected quan-
tities of blueberry, wild strawberry and juniper in Serbia. The main objective of the research is
to predict the quantity of selected forest fruits depending on the different climate change sce-
narios (A1B  ,A1B_ ,A2 andA2__).The general (modeling method), basic (dialectical) and
specific scientific methods (induction and deduction, analysis and synthesis, abstraction and
concretization) were used. Regression models were used in data processing, where the focus
was on the statistical significance of the correlation coefficient in relation to the statistical sig-
nificance of the parameters. The research found that, in the coming period, with the increase
in temperature and precipitation, an increase in the collected amount of wild strawberries
and blueberries could be expected, and the decline of juniper. Longer-term forecasts indicate
expected growth with wild strawberries and blueberries with a tendency to slow down after
2040, and expected decline with juniper, with the same slow down tendency after 2040.

Key words: wild strawberry, blueberry, juniper, temperature, precipitation, climate, growth rate

INTRODUCTION

Forest ecosystems are significant due to the
impact on climate change, but also due to the
effects of climate change on products and servic-
es derived from forest ecosystems. Supporting
data show that the forest products trade value in
Europe is estimated at 243 billion € annually,
whereby companies in the forestry sector have a
business turnover of around 300 billion €, em-
ploying 2 mil. people (Sisak, 2011). In such a rich
market, besides wood as the main product, the
market for many non-wood forest products
(NWFP) has also been developed. The use of
NWEFP takes an important place in the multifunc-
tional forest management, which plays an impor-
tant role in mitigating and adapting to climate
change. These products are an important factor
in the process of growing and using forests, which

respectively, can influence their sustainability
(Vantomme, 2004).

The market competitiveness of NWFP in Ser-
bia is high and based on the comparative advan-
tages of resource capital (Dragovi¢ et al., 2006).
The total estimated non-market value of wild ber-
ries and other forest fruits (WBFF) and plants is
5.47 mil. €. The most important species is blue-
berry, with an estimated value of 2.2 mil. €
(2007). The value of collected fungi is estimated
at about 0.5 mil. € (2007). Since NWFP, unlike
wood, can motivate more participants in the sup-
ply chain (which includes purchasing, processing
and selling processes), research on the impact of
climate change on the collected quantities of
mushrooms (porcini and chanterelle) in Serbia
was undertaken (Rankovi¢ et al., 2016). The re-
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sults of these studies have shown that there are

significant differences in the collected quantities

between the porcini and chanterelle mushrooms,
influenced by temperature (T) and precipitation

(P). As a continuation of the above research,

WBFF were observed, whereas blueberries, wild

strawberries and junipers were selected as the

most significant representatives. Blueberries have
been found to be the most important species in

Serbia, for both collectors and purchasers (2007),

while junipers and wild strawberries have a signif-

icant share in the total collected amount of WBFF

(Nedeljkovi¢, 2015).

The research was carried out in the territory
of the Republic of Serbia without autonomous
provinces. The research period referring to data
on the amount of collected blueberry, wild straw-
berry and juniper, as well as the amount of pre-
cipitation and average temperature, covers the
period from 1993-2016. For data on climate
change scenarios, referring period is 2015-2100.
A1B and A2 (2015) were used as scenarios that
correspond to the purpose of the research. Ob-
served climate elements, temperature and precip-
itation were estimated for the minimum (min)
and maximal (max) variant, hence, the research
used data on the following variants of the climate
change scenarios: A1B_ , A1B__, A2 and A2 .

The main objective of the research is to de-
termine the trend of collected quantities of wild
strawberry, blueberry and juniper, which can be
expected in different climate change scenarios
based on forecast changes in temperature and
precipitation. The purpose of the research is to
determine the average annual growth rates of
collected quantities of these products in the fu-
ture based on the prediction of changes in the
guantities, and thus perceive the impact of cli-
mate change on the WBFF collected quantities.
The subject of the study were the average annu-
al temperature (T), average annual precipitation
(P) and collected quantities of wild strawberry
(Q,), blueberry (Q,) and juniper (Q,).

Accordingly, the following hypothesis was
formed:

e in relation to the observed combination of
influence of temperature and precipitation
extents, in their growth, it can be expected
that the collected quantities of wild strawber-
ry, blueberry and juniper increase on average.
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METHODS

In this research, the method of modeling was
used, as a (general) dialectical method. In addi-
tion, specific scientific methods were also used,
such as: induction and deduction, analysis and
synthesis, abstraction and concretization, etc.

The modeling method was used for the for-
mation of appropriate analytical models (expo-
nential models of the observed values trend and
models of changes in collection quantities based
on the temperature level and the volume of pre-
cipitation). The main purpose of the regression
model is a forecast of future values, therefore,
the focus of this research is on the statistical sig-
nificance of the coefficient of correlation (Jo-
vici¢, 1981) in relation to the statistical signifi-
cance of the parameters.

As an auxiliary method for obtaining informa-
tion on the temperature level and precipitation
volume based on different climate scenarios, the
estimation method was used (Zajecaranovic,
1987), in combination with regression and corre-
lation analysis. This method is applied in cases
where there is no possibility for accurate and pre-
cise calculation, which would take into account
everything that is happening in reality.

In the next step of the research, based on the
estimated values, the regression models of trend
(Dragutinovi¢ Mitrovi¢, BoSkovic¢, 2016) of
the collected quantities were formed. Therefore,
the numerical data obtained in this way have the
assessment character. In addition to the regres-
sion models of trend, a graphical forecasting tech-
nique was also used, embedded in the used
cross-tabulation calculation program (option
,forecasting sheet”).

The database is formed as follows:

1. series of data on temperature and precipitation

were formed (Table 1);

e for the period 1993-2015, we used actual

(measured) data (2016, Rankovi¢ et al.,
2016);
e for the period after 2015, we used data
generated from the selected climate sce-
nario scenarios (2015);
2. series of data for wild strawberry, blueberry
and juniper were formed (Table 2);
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Table 1. Time (t), temperature (T) and precipitation (P) - measured (1993-2015) and forecast by climate
scenarios (2016-2100)

T P
¢ A1B A1B A2 A2 A1B A1B A2 A2
year °c mm-m™
1993. 10.28 522.07
1994. 11.66 587.19
1995. 10.30 754.05
1996. 9.89 742.32
1997. 9.95 694.23
1998. 10.59 716.67
1999. 10.88 829.28
2000. 11.86 452.30
2001. 10.99 779.37
2002. 11.45 758.30
2003. 10.83 610.56
2004. 10.67 796.70
2005. 9.93 841.22
2006. 10.59 734.32
2007. 11.86 747.28
2008. 11.71 639.43
20009. 11.42 830.20
2010. 11.25 837.73
2011. 10.81 468.84
2012. 11.42 830.20
2013. 11.25 837.73
2014. 11.81 468.84
2015. 11.80 562.50
2016-2040. 11.40 11.79 11.19 11.60 737.32 737.32 842.65 842.65
2041-2070. 12.70 13.09 12.49 12.90 561.77 561.77 842.65 842.65
2071-2100. 14.10 14.49 14.49 14.90 561.77 561.77 561.77 491.55

Source: (Rankovi¢ et al., 2016) and (2015)

e for the period 1993-2015 we used actual

(measured) data (1993-2015);

e for the period after 2015, we used data
calculated on the basis of regression mod-

els and estimated values for T and P from
the selected scenarios of climate change

(2015).
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Table 2. The collected quantities of forest fruits

Time str:::lvvillirry Blueberry Juniper
t Q Q, Q,
year t
1993 / 1,072.80 2,142,900.00
1994 7.60 17.10 313,800.00
1995 2.15 61.37 2,507,500.00
1996 3.00 51.85 984,216.00
1997 3.00 6.50 562,200.00
1998 0.52 59.20 815,200.00
1999 1.22 365.74 438,180.00
2000 11.63 253.46 258,420.00
2001 5.21 166.12 /
2002 4.55 180.51 31,385.00
2003 2.74 488.45 10,150.00
2004 14.53 277.11 206,850.00
2005 20.69 681.85 200,980.00
2006 9.00 1,580.40 305.50
2007 66.05 2,023.50 402.60
2008 61.00 2,260.65 843.05
2009 88.75 1,342.23 493.52
2010 197.05 2,482.65 811.36
2011 161.50 2,262.10 1,009.63
2012 125.32 1,446.95 406.03
2013 137.40 1,672.50 316.15
2014 122.15 2,062.19 1,264.58
2015 161.60 1,848.15 1,331.90

Source: (Rankovi¢ et al., 2016) and internal doc-
uments from Directorate of forests

RESEARCH RESULTS AND ITS
ANALYSIS

The estimation of collected quantities move-
ment of the WBFF in the forthcoming period
(2016-2100) was made for different climate
change scenarios (A1B and A2), based on changes
of climate elements (T and P), and for different
forms of regression models (combined and expo-
nential).
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For a better overview and understanding, the
results related to each type of observed forest
fruits (wild strawberry, blueberry and juniper) are
presented separately.

Wild strawberry

The movements in collected quantities of wild
strawberry (Q,), in the period 1993-2015 shows
a growing tendency, with expected continuation
of the future growth. There is, in the pessimistic
scenario an option (PV), still a possibility of ten-
dency change, namely decline (Graph 1).

The influence of T and P on Q,, is expressed
by two regression models (exponential and com-
bined), and their elements are shown in Table 3.
Both model variants satisfy the forecast condition
in almost the same way (R_=0.8024 and R, =0.8028,
both significant).

The regression equations are:

- exponential model

QSJ=O.062-1.397T-O.999P'1.266‘;

- combined model

Q,=0.120-T>%-pP°¥-1.267".

These equations served as the basis for the
Q,, forecast, using the corresponding values for T
and P, according to the selected climate scenari-
os, as well as the corresponding years (Table 4).

[t] Measured data Forecast
500 =
300

Qs

200

100

0

1994 1998 2002 2006 2010 2014 2018

Source: original tiyr]

Graph 1. The collected quantities trend of wild
strawberry, the exponential trend and the forecast
until 2021, with the probable (VV), optimistic (OV)
and the pessimistic (PV) variant
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Table 3. Elements of regression models of wild strawberry collected quantities

Ina e b i c (b d i R? R F
Exponential model
-2.787 -0.66 0.334 0.94 -0.001 -0.73 0.236 6.60" 0.896 0.8024 24.36°
Combined model
-2.120 -0.16 3.290 0.84 -0.870 -0.83 0.240 6.66" 0.896 0.8028 24.42°

" - Statisticaly significant at the level a=0.05.

Source: original

Table 4. Collected quantities of wild strawberries (
sion model variants (in tons)

Q,,) according to climate change scenarios and regres-

Model variant

Time Combined Exponential

Climate scenario
year A1B_,  AIB__ A2 A2 A1B~ AlB__ A2 A2
2015 161.60 161.60 161.60 161.60 161.60 161.60 161.60 161.60
2040 77,989.90 87,116.78 6,316.07 73,525.14 87,426.01 99,601.82 73,346.99 84.122.63
2070 170.76-10° 188.62-10° 113.59-10° 126.33-10° 190.41-10° 216.93-10° 134.01-10° 153.70-10°
2100 206.86-10° 228.50-10° 137.61:10° 153.04-10° 359.73-10° 409.82:10° 409.82-10° 504.24-10°
Source: original

In this respect, and in relation to two scenarios of
climate elements changes, it is noticeable that
the highest growth of Q  can be expected in the
period 2071-2100 according to scenario A2__ (ex-
ponential model), and the lowest in the period
2016-2040, according to scenario A2_ . (combined
model). It is also noticed that the exponential
model provides slightly higher Q than the com-
bined model.

Based on the forecast dimension for Q, in
the subsequent procedure, the corresponding av-
erage annual exponential growth rates (I) were
calculated. In the period 1993-2015, /, was
28.58%. By taking into account observed changes
of T and P, in relation to all four climatic scenar-
ios, it is noted that the /. gradually decreases (Ta-
ble 5, Graph 2), with expectation of a significant-
ly slower decrease after 2040.

Table 5. Changes in average growth rate of collected quantities of wild strawberry (/;) depending on the
climate scenarios and regression model form by observed periods (in %)

Model variant

Time Combined Exponential
Climate scenario
year Al1B . A1B__ A2 A2 A1B . A1B__ A2 A2
1993-2015 29.58 29.58 29.58 29.58 29.58 29.58 29.58 29.58
1993-2040 27.60 27.83 27.24 27.48 27.84 28.11 27.47 27.76
1993-2070 27.85 28.04 27.20 27.42 28.07 28.33 27.49 27.76
1993-2100 27.69 27.84 27.10 27.26 28.21 28.42 28.08 28.35

Source: original
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Graph 2. Changes /_in the collected quantities of wild strawberries by periods and climate scenarios (com-

bined regression model)

The results indicate that, most probably, Q
growth will be slower with time, but such a
tendency, albeit slowed down, will be continued.
Since there is no significant difference between
climate scenarios and regression pattern, this
statement can be considered quite probable.

Blueberry

Similar to the movements in the collected
guantities of wild strawberries, in the period
1993-2015, there is a visible growth trend of
blueberries (Q,), with an expectation to be
continued in the future. In addition, there is a
possibility that in the PV scenario such tendency
changes, leading to the decline (Graph 3).

By observing the influence of Tand P on Q,, it
is noticed that also in this case, this influence is
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[t] Measured data Forecast
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Source: original

Graph 3. The trend of collected quantities of blue-
berries, the exponential trend and the forecast until
2021, with probable (VV), optimistic (PV) and pessi-
mistic (PV) variants
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Table 6. Elements of regression models of the collected quantities of blueberry (Q,)

Ina e b . c (g d (Eeg R? R F
Exponential model
4.796 092 -0.028 -0.06 -0.001 -0.66 0.205 4.54° 0.621 0.788  10.38"
Combined model
10.660 0.66 -0.320 -0.06 -0.960 -0.75 0.200 4.57° 0.624  0.790 10.50°

" Statistically significant at the level a=0.05.
Source: original

reflected by two regression forms — the exponen-
tial and combined form (Table 6). Similarly, as in
the previous case, almost identical correlation co-
efficients (Re=0.788 and Rk=0.790) were obtained,
and both of them were statistically significant.
The regression equations are:
- the exponential model
QB=121.048-0.973T-0.999"-1.227‘;
- the combined model
Q,=42,434.98-T03-p0%.1.227",
As in the previous case, by adding the appro-
priate values for T and P, according to the select-

Table 7. The collected quantities of blueberries (in
variants of regression models

ed climate scenarios, as well as the corresponding
years, Q, forecasts were obtained (Table 7). It is
evident that the highest Q, growth can be expect-
ed in the period 2071-2100 according to scenario
A2 __ (exponential model), and the lowest accord-
ing to scenario A2 __ (combined model). In addi-
tion, the combined model gives somewhat lower
Q, than the exponential model.

The average annual exponential growth rate
of the collected quantities of blueberry (/) in the
period 1993-2015 is around 22.0%. Bearing in
mind the observed changes in T and P in relation

tons) according to the climate change scenarios and

Model variant

[}

(]

g Combined Exponential

= Climate scenario
year A:I'Bmin Aleax Azmin Azmax A:I'Bmin Aleax Azmin Azmax
2015. 1,848.2 1,848.2 1,848.2 1,848.2 1,848.2 1,848.2 1,848.2 1,848.2
2040. 632,562.9 625,790.3 559,778.3 553,369.4 779,140.8 770,867.9 705,253.3 697,383.1
2070. 367.1-10° 363.6-10° 218.6-10° 247.5-10° 414.7-10° 410.3-10° 314.9-10° 311.4-10°
2100. 169.9-10° 168.2:10° 115.7-10° 114.5-10° 184.7-10° 182.7-10° 182.7-10° 193.9-10°

Source: original

Table 8. Changes in average growth rate of collecte
scenarios by observed periods (in %)

d quantities of blueberry (/) depending on the climate

Model variant

Period Combined Exponential
Climate scenario
year AlIB, A1B_ A2 A2 AIB_ AlB_ A2 A2
1993-2015 21.98 21.98 21.98 21.98 21.98 21.98 21.98 21.98
1993-2040 22.26 22.25 22.03 22.02 22.65 22.63 22.47 22.45
1993-2070 22.75 22.73 22.04 22.19 23.02 23.01 22.63 22.61
1993-2100 22.84 22.83 22.26 22.32 23.02 23.00 22.85 22.89

Source: original
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Graph 4. Changes | in collected blueberries by periods and climate scenarios (combined regression model)

to all four climate scenarios, the gradual decline
of I.is noted (Table 8, Graph 4), with an expected
cease of decline in 2070.

This situation suggests that the Q, growth will
probably be slower with time, whereas the ten-
dency, although slower, will maintain. This state-
ment can be plausible, as there are no major
differences in the form of regression models and
climate scenarios.

Juniper

Quite the opposite situation is with move-
ments of the collected quantities of juniper (Q,),
due to the noticeable declining tendency 1993-
2015, and expected continuation of decline in the
future. However, there is a certain probability
that tendency in the OV scenario will change,
leading to an increase (Graph 5).

The influence of T and P on Q, is reflected by
two regression forms - exponential and combined
(Table 9). As in all previous cases, correlation co-
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efficients (R=0.905 and R,=0.904) obtained in
both model variants were almost identical, and
are statistically significant.

[t1073)] Forecast

Measured data

I
QK=3,854,58.96-O.645t wW
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PV
] ! 1 1
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Source: original

Graph 5. The collected quantities trend of juniper,
the exponential trend and the forecast until 2021,
with probable (VV), optimistic (PV) and pessimistic
(PV) variants
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The regression equations are:
- the exponential model
Q,=2.6:10°0.476™-1.0027-0.667";
- the combined model
Q,=10.02-10%-T43-p>%3.0.671".
According to the derived model, it is noted
that with the increase of T, the extent of Q de-
creases, while with the increase of P, it is grow-
ing. In addition, the trend factor (parameter next
to t) indicates that all other factors act in the di-
rection of Q, decline over time.

By adding the appropriate values of T and P,
according to the selected climatic scenarios, as
well as the corresponding years, Q, prognoses
were obtained (Table 10). It is evident that the
highest Q, values can be expected in the period
2016-2040 according to the scenario A2 (com-
bined model), and the lowest in the period from
2071-2100, according to scenario A2 __ (com-
bined model).

The average annual exponential growth rate
(1)) for the collected quantities of juniper, 1993-

Table 9. Elements of regression models of collected quantities of juniper (Q,)

Ina G b Gy c . d G R? R F
Exponential model
21.680 3.01" -0.743 -1.18 0.002 0.67 -0.405 -6.46" 0.818 0.905 27.04°
Combined model
29.936 1.33 -8.629 -1.25 0.833 0.46 -0.399 -6.36 0.817 0.904 26.76°

* -statistically significant at the level a=0.05.
Source: original

Table 10. The collected quantities of juniper (Q,) according to climate change scenarios and variants of

regression models (in tons)

Model variant

(V]
E Combined Exponential
Climate scenario

year  Al1B__ A1B__ A2_ A2 A1B__ A1B__ A2_ A2
2010 1,331.90 1,331.90 1,331.90 1,331.90 1,331.90 1,331.90 1,331.90 1,331.90
2040 0.009 0.013 0.012 0.008 0.009 0.006 0.012 0.009
2070 17.45-10° 13.44-10° 28.21-10° 21.35-10° 12.32-10° 12.32-10° 12.32:10° 12.32:10°
2100 0.11-10* 0.09-10* 0.18-10*? 0.14-10** 0.02:10*? 0.02-10** 0.02:10** 0.01-10*2

Source: original

Table 11. Changes in the average growth rate of collected quantities of juniper (/) depending on the

climate scenario by observed periods (in %)

Model variant

Period Combined Exponential
Climate scenario
year A1B,  AIB_ A2 A2, A1B, AIB_ = A2 A2
1993-2015 -35.53 -35.53 -35.53 -35.53 -35.53 -35.53 -35.53 -35.53
1993-2040 —34.36 -33.97 -34.10 -34.43 -34.36 -34.69 -33.97 -34.30
1993-2070  —-34.36 —34.43 -33.97 —34.23 -34.56 -34.69 —34.49 —-34.56
1993-2100 —-34.10 —34.23 —33.70 —33.97 —34.82 —34.95 —34.88 —35.08

Source: original
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Graph 6. Changes in the collected quantities of juniper (/) by periods and climate scenarios (combined

regression model)

2015 is —35.53% (growth rate in decline). Consid-
ering the observed changes T and P in relation to
all four scenarios, it is noted that the /; gradually
decreases (Table 11, Graph 6). In essence, it is a
gradual decrease of the decline rate over time
(slower decline), with regard to T and P, predicted
by climatic scenarios, whereas the negative
growth rate will remain until the end of the fore-
cast period (2100). In addition, it should be noted
that both regression models, in this case, provide
close results on the extreme values of /.

DISCUSSION

Changes predicted by climate change scenar-
ios have certain consequences, because forests
are complex bio-ecosystems, in which, at the
same time, processes of growth and dehumidifi-
cation of living matter are taking place. Changes
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in conditions for growth are conducive to changes
in the functioning of forest ecosystems (Vuck-
ovic¢, Staji¢, 2003, Reyer et al., 2017). Climate
change directly affects key processes in forest
ecosystems, such as photosynthesis, but has also
indirect effects, through changes in soil or species
composition (Reyer et al., 2017). Some of the
effects of climate change can already be noticed,
for example, through the phenology changes of
woody and herb species (Rankovi¢ et al., 2014).
The influence of climate elements on the growth
of NWFPs was also observed by the local popula-
tion, dealing with collection. Namely, most of the
collectors in the Kopaonik and Beljanice area, be-
lieve that the biggest threat to NWFP growth are
climate conditions (Nedeljkovi¢ et al., 2015).
The common feature of presented forecasts is
that, according to all models and climate change
scenarios, the collected quantities of juniper de-
clines, while the collected quantities of wild straw-
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berries and blueberries grow. This indicates that
temperature and precipitation influence on the
observed species of WBFF is favorable for wild
strawberries and blueberries, but does not fit ju-
nipers. Observing the forecast of the collected
amounts of WBFF according to the derived mod-
els, it can be noted that their absolute values, by
rising distance from the present time, grow
(strawberries and blueberries) or fall (junipers) to
unrealistic values. Previous studies on the rela-
tionship between some climate elements and col-
lected quantities of NWFPs indicate that berry
fruits have a positive average annual growth rate
(wild strawberry 11,19 t-year™ and blueberry
131.20 t-year?).

It has also been found that by temperature
increase of 1°C, the collected quantities of wild
strawberry can be expected to grow by 0.4%, and
with an increase in the precipitation amount of
1 mm-m=, to fall down by 0.001%. One can ex-
pect an average annual increase of about 2.7%
(influence of the time component of the model).
Similar situation has also been found for blueber-
ry, whereas with the temperature increase of 1°C,
the collected quantities can grow by 0.5%, and
with the increase in the precipitation amount of
1 mm-m™, the collected quantities can decrease
by 0.002%, with an expected average annual in-
crease of about 2.5% (influence of the time com-
ponent of the model) (Rankovic¢ et al., 2014).
However, such a situation is not recorded in the
research related to the movements of the collect-
ed quantities of fungi in Serbia (Rankovic et al.,
2016).

This suggests that models, related to forest
fruits, with temperature and precipitation, as
main variables, do not comprehend all important
impact factors affecting the changes in collected
quantities. Therefore, further research should aim
to detect the impact factors?, their integration in
the models as additional variables, leading to im-

3 Developed by the same methodological procedure and
same variables

4 Possible impact factors: the number of collectors, the
number of purchasers, change in the size of the active area
for collection, the latitude, the altitude, the number of
sunny days in the season, the state of the forest (area,
structure by tree species, etc.) factors (transport, storage
and processing capacities, etc.) and market factors
(purchase price, export price, etc.).

proved models, which are more precise and can
be used for practical purposes.

On the basis of the relation of the collected
quantities to changes of T and P, by WBFF and
mushroomes, it is noticed that WBFF are less sen-
sitive to changes in T and P than mushrooms, by
which the influence is more prominent (corre-
sponding, to a certain extent, to biological nature
of the mushrooms). Previous research has shown,
for the period 2001-2011, a strong growth ten-
dency in mushrooms (11.54% for porcini and
10.63% for chanterelle), which means that in the
last 11 years, the collected quantities are rapidly
increasing (Rankovi¢ et al., 2014). Upper state-
ment is in line with the recommendations of pre-
vious research, where it was emphasized that
“..from the aspect of consistent application of the
principles of sustainable development, it is very
important to determine the most influential fac-
tors and assure their control, to safeguard the
permanent survival of these species, which have
significant economic importance and impact on
rural development” (Rankovic¢ et al., 2014).

CONCLUSIONS

Based on the results of the conducted re-
search, the following conclusions can be drawn:
e the general forecast of the collected quanti-

ties of wild berries and other forest fruits sug-
gests that Q. and Q, can be expected to in-
crease in the coming period (supports the
hypothesis), while Q, decreases (does not
support the hypothesis);

e With the increase of T, Qsj it is expected to
increase, and with the increase of P, Q it is
expected to decrease;

e with the increase in both T and P, a decrease
of Q,is expected;

e with the increase of T, Q_ it is expected to
decline, and with the increase of P, Q itis
expected to grow;

e with wild strawberry and blueberry, the in-
crease of /s is expected, with a tendency of
slowing down after 2040 (supports the hy-
pothesis), while with juniper, the decrease is
expected (does not support the hypothesis),
with a tendency of slowing down after 2040.
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Sustainable use of natural resources, which
represents the wealth of all countries, becomes a
problem of global importance, since irrational
use, with the adverse effects of climate change,
can lead to their complete depletion. On the oth-
er hand, small and medium-sized enterprises
mainly deal with the use of these products. Since
the success of their business is directly depend-
ent on the availability of raw materials (i.e. yield
of NWFP), this type of research has a practical
significance as it indicates to economic entities
what kind of prospects can be expected in the
future and what they can count on when planning
procurement of raw materials.

In the forthcoming period, research can con-
tinue in the direction of identifying other influ-
encing factors (in addition to T and P), observa-
tion of the collected quantities of medicinal and
aromatic plants under influence of T and P, as
well as changes in the market of these forest
products, depending on T and P changes. It
should be noted that the global climate change
scenarios have changed, and this must be taken
into account when conducting such research.
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