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M3BoA: Y pasy je NCnNWUTMBAH yTULAj NOjeAUHMUX KIMMATCKMX eleMeHaTa Ha 06MM CaKyn/beHUX
KO/IMYMHA ABE KOMepLMjaiHO Haj3HauyajHuje BpcTe r/bmuea y Cpbuju (Bprakb M McuYapka).
OCHOBHM UW/b WUCTPakKMBatba je Aa ce yTBpAM OBMM CaKymn/beHMX KO/IMYMHA Bprakba M
NINCUYAPKMU, KOje Ce MOTy OYEeKMBATU y PasAUUYUTUM CLEHapUjMMa KAMMATCKUX NPOMeEeHa
(Alem, Alb _,A2 .1 A2max), 33aCHOBaHMX Ha NPOrHo3ama NpomeHa Temneparype u nagasuHa.
Y nuctparkusary cy kopuwheHe onwTe (anjanekTuuka) u nocedHe (meToaa moaenosarba), Kao
W KNaCcMUYHe HayYyHe MeToAe 3aK/byumBarba. Ob6payyH NpoceyHe roamikbe eKCNoHEHUMjanHe
cTone pacta (/) BpweH je GopmuparbeM eKCMOHEHLMjaNHUX PErpecroHnx moaena TpeHaa
00MMa caKymn/beHMX KOAMYMHA Bprakba M Ancuyapke. McTpaxkmBarbem je yTBpheHo aa ce,
npema nogauuma BesaHum 3a nepuoge o 2014. rogunHe, 1 KOA Bprakba U Kog ANCUYapKe,
MOKE OYEKMBATU MaA y KpeTamy [, a Tume un 0dum cakynsbatba. Ca Apyre cTpaHe, npema no-
AauMma BesaHuM 3a nepuoge o 2040. rogmHe, y oba cnyyaja ce MoOXKe O4YeKMBaTW U3BECHA
Koneb/bMBOCT (MafoBM U CKOKOBM) y KpeTary /. Mpema nopauuma BesaHum 3a nepuofe
nocne 2041. roa. (nocebHo 3a nepuog fo 2100. roa.), y oba cnyyaja, mory ce o4ekmsatu
nagosu y 0bumy cakynsbakba Kao nocneauua npomeHa T v P, n3a3BaHUX NPeTnocTaB/beHUM
KAUMATCKMUM NMpomMmeHama.

K/byuHe peuu: K1Mma, Temnepatypa, NagaBuHe, Bprakb, MCUMYapKa

YBOA

Y nocnepke Bpeme nocToju U3PaXKEHO UHTe-
pecoBatbe 3a KNMMATCKe NpoMeHe 1 epeKTe HUXo-
BOr yTuuaja. M3 Tor pasnora, noTpedHo je BpwnTH
OpojHa nCTpaKMBarba Be3aHa 33 NPOMeHe Kaume
n edekata Koju To npate. JedaH oA TaKBMX Npasa-
La je U ncTparkmBarbe MoryhHOCTU 3310BO/beHA
Joyackux notpeda y ogHoCy Ha NPOU3BOAE LWymap-

CTBa Yy 3aBMCHOCTM Of, MPOMEHa CTakba LUYMCKUX
eKoCUCTeMa, Koje M3a3nBajy KAnmaTcKe NpoMeHe.
MocedHo ce To oA4HOCK HA MPOM3BOAE LYMApPCTBa
KOjU CNy}Ke JbyACKOj MCXpaHM (KaTeropuja Heaps-
HUX LUYMCKUX Npounssoaa), 6e3 063upa LWTo npo-
M3BOAM O, APBETa M Aasbe 3a4pKaBajy 3HayajHO
MeCTO Y CBEYKYMHUM J/byACKMM noTpedama.

~
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Kao jegaH og 3HavajHMjUX Npon3BoAa Wymap-
CTBa, KOjW CNY¥XM 32 UCXPaHy, CY pasnymTe BpcTe
r/euBa. OHe cnafajy y HeapBHE WYMCKe Npon3BO-
4e MaTepujanHor TMna, a bUXoBa NPOU3BOAHA
W Jasbe ce Hajsehum genom ofguja y WwWymu, u
pes3ynTaT je CMOoHTaHUX Mpoueca y NpupogHoOM
oKpy:ketby (Belcher, Schreckenberg, 2007, Vidale,
2008). Umajyhu To y BMAay, y Cpbuju cy seh npe-
Oy3eTa UCTPaXKMBakba KOjUMa Ce YMHM MOKYLIAj
Aa ce odjacHM yTuLA] NojeaAMHUX KAMMATCKUX
enemeHaTal Ha 0dMM CcaKyn/beHWUX KOAMYMHA
r/buBa (Rankovic et al., 2014). Kao HacTaBaKk TUx
NCTparkMBakba, CNpoBeaeHa cy HOBa, Koja ce dase
MUCTUM OLHOCOM, a/in Yy CBETNY HEKMX CLeHapuja
KAMMaTCKMX npomeHa (2015), ga du ce usspwmna
npoueHa moryhHocTu 3af0Bo/berba NoTpeda 3a
0BUM M3BOPOM XpaHe y dyayhHoctu. U3 Tor pa-
3/10ra, 33 OBa WUCTParKMBarba ofadpaHu cy Bprakb
(Boletus sp.) n nucnuapka (Cantharellus cibarius),
Kao ABe KOMepLMjanHO HajBaXKHUje rbuse y Cp-
oujn (Rankovic et al., 2014; Nedeljkovic¢, 2015).

NcTparkmBare ce 04HOCK Ha Teputopujy Pe-
nybnvke Cpduje, 6e3 ayTOHOMHMX MOKpajuHa
(KocoBo 1 MeToxunja 1 BojsoguHa). Nepurog mc-
TparkmMBakba ce aeduHULE NEPUOaOM 3a KOju cy
AeduHUcaHn ocHoBHM nogaum (1993.-2100. roa,)
M OHMM Yy KOME Cy CrnpoBefeHa UCTpaxkMBakba
(2015.-2016. rog,).

Kao cueHapwmju, Koju ogrosapajy cBpcu UcTpa-
KMBakba, Kopuwhenn cy A1b n A2 (2015). Mo-
CMaTPaHN KAMMATCKM eleMeHTH, TemnepaTypa u
nazasBuHe, reHepucaHu cy y ABe BapujaHTe - MU-
HUMYM (Min) 1 Makcumym (max), Na ce Tako one-
puwe ca cnegehmum BapujaHTama cueHapuja Kau-
MaTCKMX NPOMEHa: Alem' AlEmax, Ame 7 Azmax.

OCHOBHM LW/b UCTPAXKMBaAHA je Aa ce yTBp-
On odUM CaKyn/beHUX KONMYMHA Bprakba U n-
CMYapKe Koje ce MOry OYEKMBATM Y PAsNIUYUTUM
CLUEHapujuMa KAMMATCKMX MPOMEHA, 3aCHOBAaHUX
Ha MPOrHo3ama MpomeHa TemnepaTtype W naga-
BMHA. CBpXa npeay3eTux UCTpaxKmBatba je Aa ce,
Ha 6as3u npeasuharba NPOMEHa y KoanYMHama,
yTBpAe npoceyHe cTone pacta odMma caKynsba-
Hba OBMX NMPOM3BOAA Y HAPEAHOM NEPUOAY U TaKo
YTBPAM YTULA] KAMMATCKMX MPOMeHa Ha odum
Cakyn/barba. MpeameT McTpaxkusarba cy duam

1 Knumatckn enemeHTn odyxsaTajy: 3pauerve,
NpUTUCaK Baszyxa, PefiaTMBHA B/IA’KHOCT, TemnepaTypa
BasAyxa, UCnapasakbe, 001a4HOCT, Tpajakbe OCyHYaBakba,
nagasuHe u Betap (YHkawesuh, 2005).
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npoceyHa rogumiurba Temnepatypa (7), npoceyHa

roamilba KoNMumHa nagasuHa (P) v cakyn/beHe

KosmumHe Bprarwa (Q,) n mcnuapke (Q,).

Y cknagy ca tm, dopmupaHa je cnegeha

OCHOBHa Xunoresa:

— Yy O4HOCY Ha MocmaTtpaHy KoOMOMHauujy yTu-
Laja BUCMHe TemnepaType 1 odvma nagasuHa,
reHepucaHmx Ha 6asum 4atMxX cueHapuja Kanum-
aTCKMX NPOMEHa, MOXe ce O4eKMBaTH Aa 0dum
CaKyMn/beHUX KOIMYMHA Bprakba U ncuyapke,
y Npoceky, onaga.

METOA PAAA Y1 OBPAAA IIOAATAKA

Y ncTpaxuBaky je oA onwTuX MeToAa Ko-
puwheHa AujanekTMyKa mMeToaa, a o4 nocedHuUx
MeToZia MOAENOBakba, KAa0 U MeToAa NpoLueHe.
Mopep, tux, KopuwheHe Cy U KNacuyHe metose
3aK/byuMBatba, Kao LWITO Cy: MHAYKUMjA U AedyK-
LMja, aHann3a u cMHTe3a, ancTpakLmja U KOHKpe-
TM3aumja, uTa.

MeToaa mogenoBara je KopuwheHa 3a dop-
Muparbe oarosapajyhux aHanuTUUYKUMX mogena.
OpgHocHo, ynotpebsbeHa je Npu dopmMmupamry eK-
CNOHEHUMjaNHUX Mofena TpeHAa NocMaTpaHux
BE/IMYMHA (PEerpecMoHn Moaenu TpeHaa), Kao npu
bopmupatrby Moaena KpeTarba 0dMMa cakyn/bakba
Ha 6a3u BUCHHE TemnepaType U 0dMMa NagasBuHa
(perpecvoHn mogenn).

MeTtoaa npoueHe? kopuwheHa je 3a aoduja-
e MHbopmaLMja 0 BUCMHM TemnepaType u odu-
My MafaBWHa Ha OCHOBY Pa3IMYUTUX CLEHapwuja
NpoMeHa KAume, y KoMOMHALMjU ca NPUMEHOM
perpecnoHe un KopenauuoHe aHanuse. OBa me-
ToAa ce OOMYHO KOPUCTM Y 3aBplIHMM dasama

2 ,Mewoge tupouyeHe u Upegukyuje Upegcuiassrba-
jy 06auK uHgyKwusHe mewioge, Koja Gpuitaga doceSHUM
Hay4YHUM Mewogama U HeHa ydowpeda je payuoHaaHa
U YenucxogHa. 3a0CHOBAHA je Ha Upoyecy CasHara, Kojum
ce aHwuyudupajy ygyha uckycuwiea y HeKom gomeHy“
(Zajecaranovié, 1987). Nopeg, Tora, ,,080M Melwlogom ce,
Ha ocHogy obpaheHux penesaHWHUx Gogawaka, Gpeg-
suhajy dygyha uckycwsa, Gojase u goiahaju ga du ce Ha
OCHOB8Y WUX Ca3HAaHA goHesne ogiosapajyhe ognyke y ca-
gawrocwiu” (Keca, 2009). 360r Tora ce peluaBakbe TakBUX
npodnema pefloBHO CBOAM Ha HEKY BPCTY npoueHe (Makbe
WY BULLE NpeunsHe). 3Hauu, ,,...Lupeda umaliu y eugy 4u-
HWeHuuy ga je godujeHu pe3yawiawl GpoyeHe y Uu38ecHOM
cuielieHy oliuiepeheH ipewkom, Goiolioso Kaga ce y o63up
y3umajy Heku Hemepsrousu akwiopu” (Keca, 2009).
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UCTPaXkKMBakba Kafa cy 08aB/beHU eKCNepUMEHTH
W aHanM3npaHu pesynTtaTu, aa du ce ynotnyHuna
cnvKa o ogpeheHMM nojaBama Koje cy UCTpau-
BaHe, na je Tpeda pasymeTn Kao nomohHy meTo-
4y Y UcTpaxkusatby. Mpumetrsyje ce y cayyajesnma
KaZ He NocToju MoryhHOCT TayHOr M NpeumnsHor
odpauyHa Koju &1 y NOTNYHOCTW yBaKaBao CBe
OHO WITO Ce fellaBa Y CTBAPHOCTMU.

Y HapegHOM KOpaKy MCTpaXimBarba, Tako A0-
6ujeHe nHpopmaumje (NpouereHe) KopuwheHe
Cy Kao OCHOBa 3a ¢opmupaarbe perpecuoHmx
mogena TpeHaa oduma cakynsbarba, na m3 Tor
pasnora U HyMepu4KkKM nofdaum fodujeHu Ha Taj
HaYMH MMajy KapaKTep npoueHe.

Tabena 1. TemnepaTypa (7) u nagasuHe (P) - amepeHe (1993.-2014. roa.) v NnporHosa npema
KAMMaTCKMM cueHapujuma (2015.-2100. roa.)

T P
lfoanHa Alb, Alb, A2 b Alb Alb,_ A2 A2
°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. 11,56 589,49
2013. 11,67 673,94
2014. 11,81 1.023,98
2015.-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

WU3Bop: (PaHkosuh et al., 2014) v (2015)
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basa nopgaTtaka je popmupaHa Ha cnegehu
HauYuH:
1. dopmupaHM cy HM30BM NOJATAKA O BUCUHMU
TemnepaType n obumy nagasuHa (Tabena 1);
e 33 nepuog og 1993. po 2014. roa. Ko-
puwheHu cy cTBapHM (M3MepeHn) nogaum
(Rankovic et al., 2014);
e 33 nepuog nocne 2014. roa,. kopuwheHu
Cy Nojaum 13 cueHapuja NpoMeHe Kanme
(2015);
2. dopmupaHun cy HU30BM NogaTaKa 3a Bprarb U
iMcnyapky (Tabena 2);
e 33 nepwuog og 1993. go 2011. roa. Kopu-
wheHun cy cTBapHM nogaum (1993-2011);
e 3a nepuog og 2012. go 2014. roa. Kopu-
wheHW cy nogauy reHepucaHu Ha OCHO-
BY perpecuMoHux moaena u3 npeTxomHux
ucTpaxkmsarba (Rankovic et al., 2014) w
CTBapHMX nogaTaka 3a T u P (1993-2014);
e 33 nepuog nocne 2014. roa,. kopuwheHu
cy nogaum odpayyHaTH Ha OCHOBY perpe-

CMOHUX MOAENa U3 MPETXOAHUX UCTPAXKMK-
Barba (Rankovic¢ et al., 2014) n nopaum
3a T n P n3 cueHapuja npomeHe Kamme
(2015).

O&payyH npoceyHe roAultbe eKCMOHEHLM-
janHe crtone pacTa (IS) BpLUIEH je dopmuparbem
E€KCNOHEeHUMjaNIHUX perpecuoHnx moaena TpeH-
Ja obuMa caKyn/beHUX KOIMYMHA Bprakba v an-
CUYapKe 1 TO y TPU BapwujaHTe..

MNpBa BapujaHTa je cTona Koja ce o4HOCKU Ha
nepuog y Kome cy AOCTYNHM CTBAapHM noAaum
(1993.-2011. roa.), apyra ce ogHOCK Ha NepUoA,
Kafa cy nogauu odpayyHaTv npema momenvma
A0OUjEHUM Y NPETXOAHWM WUCTPaXKMBakMMa, a
Tpeha ce o4HOCK Ha cBe MOAATKe 3a NocmaTpaHe
nepuoge nocne 2014. roanHe. Tpeha BapujaHTa
“Ma cBoje nogsapujaHTe (Mma mx yetmpwn - A1,
Aleax, Azmm 7 A2max), KOje Cy Be3aHe 3a oArosa-
pajyhu cueHapuo KNMMaTCKUX NpomeHa, a noge-
JbeHa je Ha Tpu nepuoga (2015.-2040. roauHe,
2041.-2070. roguHe n 2071.-2100. roauHe).

Ta6ena 2. Cakyn/beHe KoMuMHe Bprara (Q,) u ancuyapke (Q,) - pernctposaHe (1993.-2011. roa.)
1 npojekuuja npema mogenuma (2012.-2014. rof.) U KAMMATCKUM CLEHapUjUma

(2015.-2100. roa.)

Q, Q,
foawa  A16,  Al6_ A2, A2, Al6, AlB_ A2, A2,
t

1993. 5.186,10 2.605,50

1994. 1.212,98 631,00

1995. 3.792,04 1.502,03

1996. 3.948,68 1.192,95

1997. 3.128,33 729,53

1998. 3.407,72 634,29

1999. 3.063,55 1.075,37

2000. 1.723,39 807,43

2001. 941,32 400,99

2002. 1.147,62 452,06

2003. 1.302,49 405,50

2004. 2.934,99 744,50

2005. 3.588,30 1.274,70

2006. 2.478,96 1.130,70

2007. 3.215,44 1.201,04
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Q, Q
loanHa AlB__ Al A2 A2 A6, A6 A2 A2
t
2008. 2.466,80 906,90
2009. 4.823,80 1.123,90
2010. 4.262,75 1.142,40
2011. 2.082,62 1.004,72
2012. 2.174,48 858,79
2013. 2.261,23 816,51
2014. 2.838,66 699,85
50150040, 268L34- 234178 3.104,11- 271102 869,88- 787,24- 880,18-  796,56-
3.800,62 3.319,32 4.399,87 3.842,68 1.064,25 963,14 1.076,85 974,54
20412070, 217684~ 1901,17- 2.873,31- 2509,44- 826,53- 748,00- 784,80-  710,24-
3.262,64 2.849,47 4.306,51 3.761,14 1.04437 94515 991,64 897,43
50712100, 205973 179889 1798,89- 149077- 742,37- 67184- 67L84-  623,67-
3.087,11 2.696,17 2.696,17 2.23436 938,03 84891 84891 788,05

WUsBop: (PaHkosuh et al., 2014) v (2015)

Tako podujeHe npoceyHe rogullkbe crone
pacra (/) cy mehycodHo ynopehusane, aa bu ce
pasymesnin ogHocn umehy npomeHa sennunHe |,
a Koje cy moryhe ycnes npomeHa T v Py pasnu-
YUTUM KAMMATCKUM cueHapujmuma (Alb Alb__,
A2 WA2_).

Mopauwn cy odpaheHun y ogrosapajyhem npo-
rpamy 3a yHakpcHa TadefnapHa M3pauyyHaBahba,
Kopuwherem yrpaheHnx moryhHocTn odpauyHa,
yyBakba, rpynuncarba U copTmpara MHpopmaumja
M HbUXOBOT rpaduyKor NprKasa, Kao U ofrosapa-
jyher popatka nporpamy 3a CTaTUCTUYKY 0Opagy.

min”

PE3YATATH NCTPAKMBAILA 1
IbUXOBA AHAAU3A

Pagu Gosber npernefa v pasymeBarba pe-
3ynTaTa, HbUXoB Npukas he duUTK nogesbeH y Ase
uenunHe. NMocedHo he dMTK npuKasaHa cuTyaumja
BE3aHa 3a Bprakb, a NOCEOHO 3a NIMCUYAPKY.

Bprar

Kog, Bprama cy fodujeHe ctone pacrta (Tabe-
na 3) koje y nepuoay og 1993.-2011. rog. nmajy
NO3UTUBHY EKCMOHEHLMjaIHY MPOCEYHY TOANLLHY
crony pacra (/.=0,03-0,30%) 3a cBa 4eT1pm Kopu-

WwheHa KAMmaTcka cueHapuja. OunTto je y Tom ne-
puoay powno ao noseharba odMma cakyn/barba,
y3 oarosapajyhe KoHcTaToBaHe npomeHe T 1 P.

Tabena 3. pomeHe y cTonama pacrta KoanymHe
cakynsbatba Bpratba (/) y 3aBucHocTy
0/, KIMMATCKOT CLueHapuja no
rnocmaTpaHum neproamma

Knumatcku cueHapuo

flepnon Al6, Al6_ A2, A2,
1993-2011. 0,25 030 003 030
1993.-2014. -0,03 -0,03 -0,03 -0,03
1993-2040. 0,09 050 136 094
1993-2070. 0,02 0,06 061 0,40
1993.-2100. -0,03 -0,20 —0,02 -0,40

U3sBop: opurnHan

Kapa ce npuk/byye nogaun M3 HapegHe Tpu
roguHe, y CBUM CUEHapUjuMa Cce jaB/bajy HeraTue-
He BPeAHOCTM [, WITO yKasyje Ha onafarbe Caky-
N/bEHMX KOAMYUHA ca NnpomeHom T u P, Koje cy
3abenexkeHe y Te Tpu roguHe. M3 Tora ce moxe
3aK/byunTM Aa cy ce npomeHe T u Py Te Tpwu ro-
OVHEe TaKo KpeTane ga Ccy u3a3Basie ycrnopere
nosehatba 0OMMa caKyn/batba Bprarba.
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Ca npoaykaBatbem nogataka 3a T u P, reHe-
pUCaHUX Ha dasm KNMMATCKMX cueHapuja, y Oy-
ayhHoct go 2040. rogmHe, cuTyaumja ce Merba 1
npema CBUM CLLeHapMjuma ce MOXKe OYEeKMBaATU
nosehare /; (oa 0,09% ao 1,36%).

Mpuk/byynBarem nogataka 3a T u P, reHe-
pUCaHUX Npema KJAMMATCKMM CcueHapujuma 3a
nepwvoga oa 2041.-2070. roanHe, I je u fasbe no-
3UTUBHA, M3Yy3€eB Y C/IyYajy KAMMATCKOT CLieHapuja
A1B,  roe ce Beh jaB/ba HeraTMBHa BPEAHOCT, aau
CYy Ha 3HAYajHO HUXKEM HMBOY Y OLHOCY Ha Bpea-
HOCTW 13 npeTxoaHor nepuoga (/.=0,02-0,61%). To
roBOpu ga ce y TOM Nnepuoay MOXKe OYeKMBaTh
ycrnopere pacta odMma cakyn/bakba Bprakba.

Mocneatbn, Hajgyku, nepuog (1993.-
2100. roa,.) KapakTepuiue ce y CBUM KAMMATCKUM
CLueHapujuma HeraTMBHUM BpegHocTuma I (o4
—-0,02% po —0,40%), wTto roBopu Aa he npome-
He T n Py Tom nepuogy dUTW Takee Aa ce mory
OYEeKMBATU yCnopere pacta, OAHOCHO yMakbeha
odMMa cakyn/batba Bprakoa.

OBako youyeHe mpomeHe BpeAHOCTH I  jow
bosbe ce mory carnefatv Kaga ce Te MHGopmauu-
je BM3yenHo npuKaxy (rpadukoH 1). Ty ce moxke
jacHo 3anasuTu Aa npema CBUM CLeHapujuma Kpe-
Tarbe |, UMa, y3 matbe nasfose, y nepuoay o4 1993.
80 2070. roa. TpeHa nosehara. MehyTum, Kapak-
TEPUCTMYHO je Aa Ce y CBMM CLEHapujuma Moxke
ouyekmnBatn ga he ayropoyHo go 2100. rog,. yTmuaj
npomeHa T 1 P umaTu Kao edekat onagarbe oduma
caKyn/batba Bprarba (Hajmarbe npema KJIMMaTCKoOM
cueHapujy A2, a Hajsehe npema A2 ).

Ha ocHoBy anconyTHoOr HMBOa NPOMeHa Y ca-
KyN/beHUM KONMYMHaAMa Bpramba (Tadena 4), moxke
ce KoHcTaToBatTh ogpeheHa KonedsbusocT. Mnak,
npema CBMM CLEeHapujuma KAMMaTCKMX NpoMeHa
npouetyje ce ga he yKyrnHa KONMYMHA Cakyn/be-
HUX Bprakba ST marba 4o 2100. roanHe, nako ce
MOXe o4YeKMBaTh ogpeheHn Marbn NopacT yHyTap
CBaKOr NOCMATpaHoOr nepmoaa.

[] IloBehame M CMmameme [] IloBehame M CMmameme
0,40 0,80
0,20 0,40
|
0,10 AlB;, 0,20 AlBax
0,00 0,00
’ N 3 Q- Q \} ? Ne - Q Q- Q
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FpadukoH 1. NpomeHe /; cakyn/barba Bprakba no NepMoAMMa U KIMMATCKUM CLEHapujuma
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Tab6ena 4. NMpoLereHe KonnyMHe Bpraka (y kg) Koje ce mory oueknBatu ga he 6UTH cakynbeHe y ogHocy
Ha BpeMeHCKe nepuoae v cueHapuje npomeHa kaume (A1 n A2)

Knumartcku cueHapuo

Mepuopg
Alb Alb__ A2 A2
2015.-2040. 2.681,34-3.800,62 2.341,78-3.319,32 3.104,11-4.399,87 2.711,02-3.842,68
2041.2070. 2.176,84-3.262,64 1.901,17-2.849,47 2.873,31-4.306,51 2.509,44-3.761,14
2071.2100. 2.059,73-3.087,11 1.798,89-2.696,17 1.798,89-2.696,17 1.490,77-2.234,36

U3BOp: opurnHan

Nnucuyapka

Kaza ce paau o AMCUYapKK, cuTyaumja ce pa-
3/IMKyje o4, OHe Kog, Bpraka. Haume, Kog nucu-
yapke cy aodujeHe cTtone pacTa (tadena 5), Koje y
nepuogy og 1993. no 2011. roa. Mmajy HeraTuBHy
€KCMOHEHLMjaHY NPOCEYHY roANLLHY CTOMY pac-
Ta (/S=—O,40%) 3a CBa YETUPU KAMMATCKA CUEHapu-
ja. To yKasyje Ha Takee npomeHe T U P, Koje yTuuy
Ha CMatbere CaKyM/beHUX KOIMYMHA SIMCMYApKE.

Tabena 5. lpomeHe y cToNama pacTa CakKymn/beHmx
KoamumHe ancuyapke (1) y 3aBucHocTy
04, KIMMATCKOT cueHapwuja no
nocmaTpaHum nepuoanma

Knumartcku cueHapuo

Mepuopg
Alp_ Al __ Al A2
1993.-2011. -0,40 -0,40 -0,40 -0,40
1993.-2014. -0,70 -0,40 -0,70 -0,70
1993.-2040. 0,33 0,02 0,40 0,05
1993.-2070. 0,10 -0,03 0,03 -0,10
1993.-2100. -0,05 -0,10 -0,02 -0,20

U3sBop: opurnHan

Kapa ce HM3 nogaTtaka NpoayXu ca nogaunma
13 HapegHe Tpu roguHe (og 2012. go 2014. roa.),
y CBMM CLIEHapujuMa ce 1 Aa/be MOXKe KOHCTaTo-
BaTh nag, I, u To ckopo Aynno sehu Hero y nper-
xoAHOM nepuoay (HajHuka —0,40%, a HajBuwa
—0,70%). Ha coHoBYy TOra ce MOXe 3aK/by4yunTu
ha cy ce npomeHe T 1 Py nocmaTpaHe Tpu ro-
OWHe KpeTasie Tako Aa cy Mor/ie Aa 1M3a308Y joLu

Behe cmatberbe 00MMa caKyn/bakba IMcHMYapke y
Cpbuijun.

Ca npoaykaBakem nogataka 3a T u P, reHe-
pUCaHUX Ha basm KAMMATCKMX cueHapuja, y Oy-
ayhHoct ao 2040. roguHe, cuTyaumja ce merba U
npema CBUM CLEHapUjMMa Ce MOXKe OYEKMBATU
nssecHo noseharve I, (og 0,02 go 0,40%) caky-
n/bakba nnucudapke y Cpduju.

Mpuk/byunBarbem nogataka 3a T u P, reHe-
pUCaHMX Npema KAMMATCKMM CLeHapujuma 3a
nepwvopa oa 2041. no 2070. roguHe, I, Bapupa o4
CLeHapuja Ao cueHapuja, anu ce CBaKako pagum
0 BeoMa ManuMm npomeHama (cnado noseharbe
mnn cnado ymamerse). To ynyhyje Ha 3ak/bydak
[a ce y TOM Nepuoay MOXKe O4YeKMBaTK ycrnopa-
Bakbe PacTa, a Y HEKMM CLLeHapujuma 1 onagare,
oduMa cakynsbakba nancuyapke y Cpduju.

Mocnearu nepuog, Koju je pasmatpaH (1993 .-
2100. roa.) KapaKTepuile ce y CBUM KAMMaTCKUM
cueHapujuma HeraTMBHMM BpegHocTUMa I, (oA
—-0,02% po —0,40%), unme ce HacTaB/ba HeraTms-
HU edeKaTt npomeHa T 1 P y Tom nepuoay, na ce
MO’KEe OYEKMBATU yMakberbe 00MMa CaKymn/bakba
nucmyapke y Cpduju.

Cse KoHCTaTOBaHe NPOMEHe BPeAHOCTH [ Haj-
bosbe ce yoyaBajy Kaga ce nogalm BU3YeHO Npu-
Kaxy (rpadmkoH 2). Ty ce moxKe jacHO 3anasuTu
A3 npema CBMM K/IMMATCKMM CLLEHapUjuma 1 CBUM
NOCMaTPaHUM Mepuoauma KpeTakbe I Kog ancu-
YyapKe MMa, y3 Makba noseharba (PegoBHO, y CBUM
KAMMATCKMM CLeHapujuma, y nepmogy og 1993.
0o 2040. roa.), onwTK TpeHa, cmarberba. [pu
TOMe, CBEeyKyMHa CToMna pacTa je HeraTMBHa, LWTO
yKasyje Aa KoHcTaToBaHa nosehatba Yy HEKMM Me-
puogMma HUCY HMKAKO MOrna fia NPeoKpeHy on-
LTe KpeTarbe CTone pacta y NO3UTUBHOM CMepY.
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FpadukoH 2. MpomeHe /. 0buma cakynsbarba MCMYAPKE MO NEPUOANMA U KIMMATCKUM CLeHapujima

Ta6ena 6. MpouereHe KonnumnHe nucuyapke (y kg) koje he 6UTK cakyn/beHe y 04HOCY HA BpEMEHCKe
nepvoae v cueHapuje npomeHa kaume (A1 n A2)

Knumarcku cueHapuo

ILE Alb_ Alb__ A2 A2
2015-2040. 869,88-1.064,25 787,24- 963,14 880,18- 1.076,85 796,56- 974,54
2041-2070. 826,53-1.044,37 748,00- 945,15 784,80- 991,64 710,24- 897,43
2071-2100. 742,37- 938,03 671,84- 848,91 671,84- 848,91 623,67- 788,05

WU3Bop: opurmHan

MocmaTpajyhu npougHe anconyTHUX NpomeHa
CaKyM/beHUX KONMYMHA Auncuyapke (Tabena 6),

ma"“ (Bonet et al., 2008). [la &u ce r/buse 1 ocTanum
HeAPBHU WYMCKM NPOM3BOAM UHTErPUCANN Y NPO-

MOXXe Ce 3ana3snT KOHCTaHTHO CMakeHe Npema
cBum cu,eHapMjmma KIMMATCKUX NPOMEHa U 3a
CBe NocmaTpaHe BpemMeHCKe nepuoge.

AUCKYCHJA

Mponssoara rbuBea je ,,..uWek HegasHo Uo-
cwana Upedo3HaWa Kao yusb 1a3gosara wyma-
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Luec naaHupama rasgosarba LWymama, noTpedHo
je usrpaautn mogene (Bonet et al., 2008, Bonet
et al., 2010, Kucuker, Baskent, 2015), koju cy 3a-
CHOBaHM Ha eMMUPUjCKUM UCTPaXKMBatbMMa KOju-
Ma ce MoXe NpeaBUAeTH HWUX0B NpUHoc (Bonet
et al., 2008). N3rpaara noysgaHux mogena 3a
npegsuharbe NpMHOCa I/bMBa 3axTeBa MNPUKYyN/ba-
e Be/IMKe KoMYMHE eMMNUPUJCKUX NnogaTaka To-
KOM HEKO/IMKO roAuMHa, jep NocToju Buwwe dpaktopa
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KOju Cy OAroBOPHM 33 BUCOKe Bapujauumje y Ko-
IMYMHaAMa /bUBA Koje cy AOCTYMNHe y Npupoau.
OBO yK/byuyje Bapujaunje y nagaBuHama, temne-
paTypu, Mmpasy, eBanoTpaHCNMpaunju, penaTtmBHoj
BNIAYKHOCTM Basayxa W BogHOM deduumty (Bonet
et al., 2008).

Pe3yntatu wcTpa)kmBarba Cy MokKasaau Aa
NnocToje 3HayajHe pas/iMKe y KpeTakby eKCMOHeH-
uMjanHe npoceyHe roguwkse crone pacta (/) ca-
Kyn/batba M3Mehy Bprara M iMcuyapke, jep ce
y C/yyajy Bprakba CBe NMpoOMeHe (cmarberbe Uan
nosehatbe) 0ABMjajy Y NO3UTUBHOM CMMUCAY, AOK
ce Koj, n1ucuyapKe cBe NpomeHe ofBujajy y Hera-
TMBHOM. TO yKasyje fia ce KoZ Bprarba reHepasHo
MOKe roBOPUTM O YCnopekry pacTa, a Koa ncu-
YapKe O KOHCTAaHTHOM CMatberby. JegaH og, mory-
hux y3poKa oBaKBe peakuuje Bprarba y ogHocy
Ha IMCNYapKy MoXe SUTK M pacnpocTpakbeHocT
0BMX BPCTa bMBa y Wymama Cpduje, jep Konmum-
He CaKyn/beHUX Bprakba v no 2-3 nyta npemawajy
0dMM caKyn/barba IMCUYapKe, Na Ccy KoA Ancuyap-
Ke CBe NPOMeHe Yy NMpaBLy CMatbeha yousbMBHje.

Kaga ce pagu o npomeHama y anconyTHOM
n3Hocy, fodujeHn pesyntatv rosope aa noseha-
e MpoceyHe TemrepaType U NPOMeHe YKymnHe
KO/IMYMHE NafaBuHa (y NOYeTKy pacTe, a KacHuje
onaga), mory Aa umajy npomeH/bus (nepuogmu-
HO MO3MTMBAH W HEraTUBaH) yTULAj Ha NpoLueHe-
He CaKyn/beHe KOJMYMHE Bprarba, U KOHCTAHTHO
HeraTMBaH Ha NMpouereHe CaKyn/beHe KonnumHe
iMcuyapke.

MpouereHo ycnopaBarbe pacta odvma caky-
Nn/bakba BPrakba M HEroBo KOHCTAaHTHO CMakberbe
KOZ, IMCUYapKe, MOXKe ce onpaBaaTtu, nopes pac-
NPOCTPaHeHOCTU M YKYNHOT 0dMMma cakyn/barba
0BWX [/bUBa, M Nepuogom oTkyna (2012). Mepwu-
04M CaKyn/bakba Bprakba Cy /71eTo 1 jeceH. MNpema
CLeHapujuma KAMMATCKMX npomeHa, ao 2100.
roauHe ce, y netkem nepuogy, npeasuha cma-
Here KonnvmHe nagasuHa 3a 20-30% y nojeam-
HUM genosuma Cpduje. YNpaBo OBO CMarbeHse
KO/IMYMHE NafaBMHaA, MOXKe HEMOBO/LHO Aa yTUYe
Ha pa3Boj Bprakba, NOCESHO y NIeTHEM LMKAyCY
bepbde (,npBo Kono“). YKkonuko &u ce npogyuno
CYLWHM MEepUOA U Ha jeceH, cmarmo 61 ce odum
caKyn/batba Bprarba v U3 Apyror umkayca (,4pyro
Kono“). MpeTxo4HMM UCTPaXKMnBatbMMa je, Takohe,
yTBpHEHO Aa roguiiten NPUHOC bMBa 3HAYaAjHO
Bapupa y 0 HOCY Ha BPEeMeHCKe ycnoBe, npe cee-

ra Ha Bpeme M KonMumHy nagasuHa (O’Dell et al.,
2000, Bonet et al., 2004, Bonet et al., 2010). Tako
je, Hhp. y WnaHuju ytBpheHo aa ce moxKe oveku-
BaTu ,,...0ew dywa eehu UpUHOC irbUBa, YKOAUKO
ce KOMU4YUHa UagasuHa WOKOM jeCeHU ygeocuwpy-
yu“ (Bonet et al., 2010).

Ha KonuumHy cakyn/beHux Bprakba mory ga
YyTUYY 1 BUCOKe NeTrbe Temnepatype. C Tum y Besu
OTKYN/bMBAYM [/bUBA YNO30paBajy Aa U3N0XKEHOCT
Beh caKkyn/beHux Bprarba, TOMAOTHUM yAapuma,
Kaga je TemnepaTypa Beha og 30°C, yTuye Ha Ha-
IN0 KBaperbe UAN CMakbere KBanuteta ydpaHumx
nevypku (2012). OBakee TBpArbE Y MOTMYHOCTU
ce yKnanajy y npoueHy CaKyrn/beHUX KoauvuHa
Bpraka npema HajHenoBO/bHUJUM CLEHapUjuma,
nocedHo 13 passiora WTO je 3adenexeH nopacT
NeTHUX AaHa (faHW ca BUCOKOM TemMepaTypom)
3a 5 gaHa no gekaam (2010).

YKO/IMKO ce y 083up y3me OTMOPHOCT /n-
cuyapke, Koja je aocta Beha Hero Kof Bprarba
(2012), Tpeda duTK onpesaH y AOHOLWEHY 3aK/by-
YaKa O yTULajy eKCTPEMMO BUCOKMX TemnepaTypa
Ha CMatberbe 0dMMa cakyn/barba Ancuyapke. Me-
HyTum, c 0d3npom aa nucuyapka dmpa BnaxkKHuje
cTaHunwTe y wymn (2012), caceum je onpasBaaHa
npoLieHa 0 NOBE3aHOCTU CMakberba KOJIMYMHA Ca-
KYM/bEHWUX JIMCUYAPKKN Ca CMatberbeM YKYMHEe KO-
NinunHe nagasuHa go 2100. rogmHe (2010, 2015).

Pe3yntatn npetxogHuX UCTpaxKMBakba yKasy-
jy 4@ KAMMATCKM enemeHTH, Kao LITO Cy YKyMnHe
rofuHe KoANYMHe naaBuHa, YKYMHEe Ce30HCKe
(centembap n oKTOdap) NagaBunHe, NPOCEYHa ro-
OMWHba TemnepaTypa U NPOCeYHe Ce30HCKe TemM-
nepatype 3HayajHO yTW4yy Ha BepoBaTHohy aa
ce npeasuam npuHoc rbusa (Kucuker, Baskent,
2015). Ninak, Tpeda HarnacuMTh 4a, Mako 3HavajHu,
TO CBAKaKO HUCY jeauHU GaKTOPW, KOjU YTUUY Ha
NPUCYTHE KOJIMUYMHE [bMBa Y npupoau. Havme,
yTBphEH je AUpPEeKTaH U MHAMPEKTAH yTULAj U Ha-
rmda TepeHa, LWYMCKOT CK/0Ma, CTapoCTH CacToju-
He, dpoja cTtadana no xekTapy u ap. (Bonet et al.,
2008, Bonet et al., 2010, Kucuker, Baskent, 2015).

EBponcka ucTpa)kmBarba yKasyjy Ha Heon-
XOAHOCT AyropoyHor npeasuharba yTuuaja Kau-
MaTCKMX MPOMEHa Ha LUYMCKe eKocucTeme, jep
cy 360r gyror }XMBOTHOr Beka cTadana, WyMCKu
eKocucTeMu HeoTNopHKU Ha dp3y aganTauujy y oa-
HOCYy Ha HacTane npomeHe (Lindner et al. 2008).
OBaKBO WUCTparknBarbe Koje MojeKkTyje n npep-
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Buhatba pesynTaTa 3a Ay)KM BPEMEHCKU NepUos
(mo 2100. roa.), nocTaje ynopeamBo ca CAUYHUM
NCTPakMBakbMMa O YTULAjJy KAMMATCKMX MPOMeEHa
Ha wyme y EBponu, rage je yKasaHo Ha pakMBOCT
LUYMCKMX eKocucTema, NocedHO ca acrneKkrta npo-
n3soga u ycnyra (Lindner et al., 2008).

3AKAYYIIH

Ha &asu godujeHnx pesyntata, mory ce ¢op-

Munpatn cnegehu 3ak/bydum:

*  BPEAHOCT I, Kog Bpratba, bes3 0d3npa Ha nsse-
CHe MafoBe Y C/yYajy HEKMX KAMMATCKUX CLe-
Hapwuja, yKasyje fga ce 3a BehuHy KAMMATCKUX
CLeHapuja MOXKe MNPEeTnoCcTaBUTU CKPOMHO
noseharbe 0dMMa cakyn/bama;

*  BPeAHOCT | KOA Nncuyapke, y cnyyajy sehune
KNIMMATCKUX CLEHapuja, yKasyje ga ce moxke
0YEKMBATU KOHCTAHTHO CMakbere odmma ca-
Kyn/batba;

e vy 0da cnyyaja, U Kog Bprakba U Kog, ncmyap-
Ke, Mpema nogaunma Be3aHWM 3a nepuoge
[0 2014. roguHe, MOXKe ce O4YeKMBaTU nag y
KpeTarby I, a TMMe 1 0dMM cakyn/barba;

e y 00a cnyyaja, U Ko Bprakba M Kog, aimcuyap-
Ke, Npema nofauyma Be3aHum 3a nepuoae o
2040. rognHe, moxKe ce O4YeKMBaTU U3BeCHa
K0n1ed/bMBOCT, (MafoBM M CKOKOBU) Yy KpeTa-
Hy /S;

e vy o0da cnyyaja, U Kog Bprakba U Kog, mcmyap-
Ke, Mpema nogaunma Be3aHWM 3a nepuose
nocne 2041. roa,. (To nocedHO BaXu 3a nNepu-
og, £o 2100. roa.), MoXKe ce jacHO 3anmasuTn A4a
ce MOry O4eKMBaTK NaZoBM Yy 0dUMy caKyn/ba-
Ha Kao nocneaumua npomeHa T v P, n3assaHux
NPeTnocTaB/beHNUM KAMMATCKUM NPOMEHAMa;

® KOJA Bpratba HajHEMOBO/bHMUjWU CLEHApUO je
AlB, ., a HajnoBo/bHMjM je A2

® KOZA /ICMYAKe HAjHENOBOJbHUjU CLEHApPMO je
A2, a HajnoBo/bHUjU je A2 .
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OBM pe3ynTaTv yKasyjy Aa Kog ode BpcTe
r/bUBa, AYrOPOYHO NOCMATPaHO, Tpeda o4YeKunBsa-
™™ ymatberbe edekaTa cakynsbarba. Kog Bprarba
ce TO MaHudecTyje ycnopasBarbem pacta oduma
CaKyn/bakba, 0K Ce Kog, IMCMYapKe TO UCnosbaBa
Kao NepMaHeHTHO yMatberbe 00MMa CaKyn/bakba.
Ha da3u Tora, Moxe ce 3aK/byunTu 4a je nonasHa
xunotesa norepheHa.

CnpoBefeHa UCTparkMBakba cy nocedHo Ba-
YHa Cca acrneKkTa NpMmMeHe NPUHLMNAa OAPKMBOT U
MYATUPYHKLMOHANHOT ra3goBakba Wymama, jep je
notpedHo n3yunTn GakTope Koju MMajy HajuHTEeH-
3MBHMje AeNoBakbe Ha PacnpPOCTPaHeHOCT BpCTa
y npupoam, Kako du ce 0de3degmo HUXOB On-
CTaHaK v paumoHanHo Kopuwherse. Mopens Tora,
HEeAPBHM LWYMCKM NPOU3BOAN CY 04, U3y3eTHOr
3Hayaja 3a eKOHOMCKM Pa3BOj PypanHUX NoapyY-
ja, Na cnpoBeAeHa UCTpPaXKMBakba MMaAjy 3Ha4vaja
M Ca acrneKkTa OAP*KMBOr pa3Boja JIoKaHMX 3ajea-
HULA U pernoHa.

HapegHa ucTpakusarba &u Tpedano ga dyay
ycMmepeHa Ha:

* y3y4yaBarbe yTMUAja 04adpaHUX KAMMATCKUX
efnemeHaTta Ha 0dMM caKymn/bakba APYrnx eKo-
HOMCKM 3HaYajHUX HEeAPBHMX LYMCKMUX NPOU-
38043 (60dmMyacT NaogoBM U APYro WYMCKO
Bohe 1 IeKOBUTO M apoOMaTUUYHO Ou/be);

* MCNUTUBAbE YTULAja 04a0PaHMX KAMMATCKUX
eflemeHaTa Ha NPOMEHe CTakba LUYMCKUX eKo-
cuctema (6poj, AMmeH3uje U npupacT cTada-
N1a, CK/I0MN CacTojMHa, cacTaB 3eM/bULLTA U C/1.)
1, Ca TUM Yy Be3Uu, NPOMeHe Yy KoMYMHama ca-
KYN/beHUX HEAPBHUX LYMCKMX NPOU3BOAA.

HanomeHa: Pag je puHaHCcMpaH cpeactBnuma
npojekta 43007/16 - ,cTpaxknsarbe KAMMaTCKMUX
NPOMEHA U HUXOBOT YTULLAja Ha KUBOTHY Cpeau-
Hy - npaherwe yTUuaja, aganTayuja U ydnaxa-
Bakbe”, noanpojekat ,, Coumo-eKOHOMCKN PasBoj,
ybnarkaBarbe M afanTaumja Ha KIMMATCKe Npome-
He”, MnHKUCTapCcTBa NpoceeTe U Hayke Penybanke
Cpbuije.
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DETERMINATION OF COLLECTED PORCINI
AND CHANTERELLE QUANTITIES DEPENDING ON DIFFERENT

CLIMATE CHANGE SCENARIOS
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Abstract: This study examines the influence of some climate elements on the collected quan-
tities of two commercially most significant types of mushrooms in Serbia (porcini and chante-
relle). The main objective of the research is to determine the extent of the collected quantity
of porcini and chanterelle, which can be expected in different scenarios of climate change
(A1B_ , A1B__, A2 wn A2 ), based on forecasts of temperature and rainfall changes. The
general (dialectical) and specific (modelling methods) are used in the research, as well as the
classical scientific methods of reasoning. The calculation of the average annual exponential
growth rate (/) was carried out by forming exponential regression models of the trend of
porcini and chanterelle collected quantities. In the research it was found that, according to
the data related to the period up to 2014, one can expect a decrease in the movement of
both porcini and chanterelle /,, and thus a decrease in the collected quantities. On the other
hand, according to the data related to the period up to 2040, in both cases one can expect
some fluctuation (increase and decrease) in the movement of /.. According to the data related
to periods after 2041 (especially for the period until 2100), in both cases, one can expect a
decrease in the collected quantities, as a result of changes in T and P, caused by the assumed

climate change.

Keywords: climate, temperature, rainfall, porcini, chanterelle

INTRODUCTION

Many people have lately expressed inter-
est in climate change and the effects of its in-
fluence. For this reason, it is necessary to carry
out numerous studies related to climate change
and the effects that accompany it. One of these
directions is exploring the possibilities of satisfy-
ing human needs for forest products, depending
on the change of the state of forest ecosystems,
which causes climate change. In particular, this
applies to forestry products that serve for human
consumption (category of non-wood forest prod-
ucts), considering that wood products still retain
an important place in the overall human needs.

Different types of mushrooms are one of the
most important forest products, serving for nutri-
tion. They belong to the non-timber forest prod-

ucts of material type, and their production still
largely takes place in the forest, and is the result
of spontaneous processes in a natural environ-
ment (Belcher, Schreckenberg, 2007, Vidale, 2008).

Bearing this in mind, a research which at-
tempts to explain the influence of some climatic
elements? on the collected quantities of mush-
rooms has already been undertaken in Serbia
(Rankovi¢ et al., 2014). As a continuation of these
studies, new research is conducted, dealing with
the same relationship, but in the light of some
climate change scenarios (2015), in order to es-
timate the possibilities of meeting the needs for

1 Climate elements include: radiation, air pres-
sure, relative humidity, air temperature, evapotranspiration,
cloud cover, isolation, rainfalls, and wind (Unkasevi¢, 2005).
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this food-source in future. For this reason, por-

cini (Boletus sp.) and chanterelle (Cantharellus

cibarius) were selected for this research, as two
commercially the most important mushroom spe-
cies in Serbia (Rankovic¢ et al., 2014; Nedeljkovic,

2015).

The research refers to the territory of the Re-
public of Serbia, without the autonomous prov-
inces (Kosovo and Metohija and Vojvodina). The
research period is defined by the period deter-
mined on the basis of basic data (1993-2100),
and those in which the research was conducted
(2015-2016).

As scenarios that fit the research purpose, A1B
and A2 scenarios were used (2015). The observed
climate elements (temperature and rainfall) were
generated in two variants - the minimum (min)
and maximum (max), and, thus, we operate with
the following variants of climate change scenari-
os:A1B_, A1B_,A2 unA2_ .

The main objective of this research is to de-
termine the quantity of collected porcini and
chanterelle that can be expected in different sce-
narios of climate change, based on the forecasts
of changes in temperature and rainfall. The pur-
pose of this research is to determine the average
rate of increase in the quantity of collection of
these products in the future based on predictions
of changes in the quantities, and thus determine
the impact of climate change on the quantity
of the collection. The subject of the study were
average annual temperature (7), average annual
rainfall (P) and collected quantities of porcini (Q)
and chanterelle (Q).

Accordingly, the following hypothesis was
formed:

— in relation to the observed combination
of influence of temperature and rainfall,
generated on the basis of given scenarios of
climate change, it can be expected that the
volume of collected quantities of porcini and
chanterelle, on average, decreases.

METHODS AND DATA ANALYSIS

The general (dialectical), and specific scientific
methods (modelling) were used in the research,
as well as the assessment method. In addition,
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classical methods of reasoning were used, such as
induction and deduction, analysis and synthesis,
abstraction and concretization, etc.

The modelling method was used for the for-
mation of appropriate analytical models. It was
used in the formation of the exponential models
of trend (regression models of trend). In addi-
tion, it was used for the formation of models of
movement of collection, based on temperature
and rainfall (regression models).

The assessment method? was used to obtain
information on the temperature and rainfall,
based on different scenarios of climate change,
combined with the use of regression and corre-
lation analysis. This method is commonly used in
the final stages of research when the experiments
are performed and the results are analyzed in or-
der to complete the picture of the studied phe-
nomena. So, it shall be understood as an auxiliary
method in the research. It is used in cases where
there is no possibility for accurate and precise
calculation, which would fully respect everything
that happens in reality.

In the next step of the research, the provid-
ed (estimated) information was used as the ba-
sis for the formation of the regression model of
collection trends. For this reason, numeric data
obtained in this way have assessment character.

The database is formed as follows:

1. The series of data on temperature and rainfall

were formed (Table 1);

e for the period 1993-2014, we used the
actual (measured) data (Rankovic et al.,
2014);

e for the period after 2014, we used data
from the climate change scenarios (2015);

2 “The methods of assessment and prediction are
s form of inductive methods, which belongs to a specific
scientific methods and its use is rational and expedient. It is
based on a process of knowledge, which anticipates future
experiences in a domain” (Zajecaranovi¢, 1987). In addi-
tion, “this method, based on the processed relevant data,
predicts future experiences, phenomena and events, so that
one can bring appropriate decisions in the present on the
basis of these findings” (Kec¢a, 2009). Therefore, solving
those problems regularly comes down to some kind of as-
sessment (more or less accurate). This means that, “...we
should bear in mind the fact that the obtained result is to
some degree burdened by mistake, especially when taking
into account some unmeasurable factors” (Keca, 2009).
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Table 1. Temperature (7) and rainfall (P) - measured (1993-2014)
and forecasted by climate scenarios (2015-2100)

T P
Year AlB_ AIB_ A2 A2, A1B,  A1B__ A2 A2
°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 11.56 589.49
2013 11.67 673.94
2014 11.81 1,023.98
2015-2040 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: (Rankovic et al., 2014) and (2015)

2. series of data for porcini and chanterelle were
formed (Table 2);

for the period 1993-2011, we used actual
data (1993-2011);

for the period 2012-2014, we used data
generated on the basis of regression mod-
els from previous research (Rankovic¢ et

al., 2014) and the actual data for T and P
(1993-2014);

for the period after 2014, we used data
calculated on the basis of regression
models from previous research (Rankovic¢
et al., 2014) and data for T and P from
climate change scenarios (2015).
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Table 2. The collected quantities of porcini (Q ) and chanterelle (Q) - registered (1993-2011) and projections
based on models (2012-2014) and climate scenarios (2015-2100)

Q, Q,
Year A1B,,  AIB__ A2, A2, A1B, AIB_ A2, A2
t

1993 5,186.10 2,605.50

1994 1,212.98 631.00

1995 3,792.04 1,502.03

1996 3,948.68 1,192.95

1997 3,128.33 729.53

1998 3,407.72 634.29

1999 3,063.55 1,075.37

2000 1,723.39 807.43

2001 941.32 400.99

2002 1,147.62 452.06

2003 1,302.49 405.50

2004 2,934.99 744.50

2005 3,588.30 1,274.70

2006 2,478.96 1,130.70

2007 3,215.44 1,201.04

2008 2,466.80 906.90

2009 4,823.80 1,123.90

2010 4,262.75 1,142.40

2011 2,082.62 1,004.72

2012 2,174.48 858.79

2013 2,261.23 816.51

2014 2,838.66 699.85

20152040 268134 234178 310411 271102- 869.88- 787.24- 880.18- 796.56-
3,800.62 3,319.32 4,399.87 3,842.68 106425 963.14 1076.85 974.54

20412070 217684 190117- 2,87331- 2509.44- 82653- 748.00- 784.80- 710.24-
3262.64 2,849.47 430651 3,761.14 104437 94515 991.64  897.43

20712100 205973 1798.89- 1798.89- 1490.77- 74237- 67184- 67184- 623.67-
3,087.11 2,696.17 2,696.17 223436 93803 84891 84891 788.05

Source: (Rankovic et al., 2014) and (2015)

The calculation of the average annual expo-
nential growth rate (/,) was carried out by form-
ing exponential regression models of the trend
of collected quantity of porcini and chanterelle
in three variants.
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The first variant is the rate that applies to the
period in which actual data are available (1993-
2011). The second one refers to the period when
the data are calculated according to the models
obtained in previous studies. The third one re-
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fers to all the data for the observed periods af-
ter 2014, and has sub-variants (there are four of
them - A1B_ , A1B__, A2 1 A2_ ), which are
linked to the appropriate climate change scenar-
ios, and are divided into three periods (2015-
2040, 2041-2070, and 2071-2100).

The resulting average annual growth rates (/)
were mutually compared in order to understand
the relationships between the changes in /, which
are possible due to changes in T and P in different
climate scenarios (A1B_ , A1B_, A2 and A2 ).

The data are processed in an appropriate pro-
gram for cross-spreadsheet, by using the built-in
capabilities of calculation, storage, grouping and
sorting information and its graphic representation
as well as the additional appropriate program for
statistical analysis.

RESEARCH RESULTS AND THEIR
ANALYSIS

For a better overview and understanding of
the results, they are divided into two parts (por-
cini and chanterelle).

Porcini

Porcini growth rates (Table 3), in the period
1993-2011 have a positive exponential average
annual growth rate (/;=0.03-0.30%) for all four
climate change scenarios. It is obvious that in this
period there was an increase in the quantity of
collection, with appropriate changes in T and P.

When data from the next three years are add-
ed, negative values occur of [ in all scenarios, in-
dicating a decrease in collected quantities with
the change of T and P, which were recorded in
these three years. From this it can be concluded
that the change in T and P in these three years
caused a slowing increase in the collected quan-
tities of porcini.

With the lengthening of data for T and P,
generated on the basis of climate scenarios up
to 2040, the situation has changed, and according
to all scenarios the increase of /. can be expected
(0.09%-1.36%).

Table 3. Changes in growth rates of collected
quantities of porcini (/,), depending on
the climate scenarios for the observed

periods
S Climate scenario

A1B, AIB A2 A2
1993-2011 0.25 0.30 0.03 0.30
1993-2014 -0.03 -0.03 -0.03 -0.03
1993-2040 0.09 0.50 1.36 0.94
1993-2070 0.02 -0.06 0.61 0.40
1993-2100 -0.03 -0.20 -0.02 -0.40

Source: authors

Adding data for T and P, generated by the cli-
mate scenarios for the period 2041-2070, / is still
positive, except in the case of climate scenario
A1B__, where a negative value already occurs,
but at a significantly lower level compared to the
value from the previous period (/s=0.02-0.61%).
This suggests that in this period one can expect
a slowing growth rate in the collected quantity
of porcini.

And finally, the longest period (1993-2100) is
characterized by the negative values of /. (from
-0.02% to -0.40%) in all climate scenarios, which
indicates that the changes in T and P in this peri-
od will be such that one can expect a slowing of
growth or decrease of the quantity of collected
porcini.

The observed changes in the / value can be
better seen when this information is visually dis-
played (Diagram 1). It can be clearly observed
that in all scenarios the movement of /. has, with
minor declines an increasing trend in the period
1993-2070. However, it is characteristic that in all
scenarios it can be expected that by 2100, the
impact of changes in T and P have the effect of
decrease in the quantity of collected porcini (the
smallest according to the climate scenario A2
and the largest by A2 ).

On the basis of the absolute level of change in
the collected quantities of porcini (Table 4), cer-
tain fluctuation is observed. However, according
to all scenarios of climate change, it is estimated
that the total quantity of collected porcini will be
smaller by 2100, although a small increase can be
expected within each period.

min’
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Diagram 1. Changes in [, of porcini collection by periods and climate scenarios

Table 4. Estimated quantities of porcini (in kg) to be collected in relation to the periods of time

and climate change scenarios (A1B and A2)

Climate scenario

Period
Al1B_ Aleax AZmi" A2max
2015-2040 2,681.34-3,800.62 2,341.78-3,319.32 3,104.11-4,399.87 2,711.02-3,842.68
2041-2070 2,176.84-3,262.64 1,901.17-2,849.47 2,873.31-4,306.51 2,509.44-3,761.14
2071-2100 2,059.73-3,087.11 1,798.89-2,696.17 1,798.89-2,696.17 1,490.77-2,234.36

Source: authors

Chanterelle

When it comes to the chanterelle, the situa-
tion is different from the one regarding porcini.
Namely, the growth rates of chanterelle (Table
5), have a negative exponential average annual
growth rate (/:=-0.40%) for the four climate sce-
narios in the 1993-2011 period. This means that
changes in T and P reduce the quantity of collect-
ed chanterelle.
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When a series of data is extended with the
data for the next three years (from 2012 to 2014),
in all scenarios there is decrease of I, which is
almost twice higher than in the previous period
(minimum -0.40% and maximum -0.70%). Based
on projections, it can be concluded that the
changes in T and P observed in three years var-
ied in the way that they could cause even greater
reduction in the quantity of chanterelle collected
in Serbia.
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Table 5. Changes in growth rates of the collected
quantities of chanterelle (/.), depending
on the climate scenarios for the
observed periods

. Climate scenario
Period

A1B, Al1B_ AlB, A2
1993-2011 -0.40 -0.40 -0.40  —0.40
19932014 -0.70 -0.40 -0.70 —0.70
1993-2040 033 002 040  0.05
1993-2070 010 -0.03 003  -0.10
19932100 -0.05 -0.10 -0.02 —0.20

Source: authors

With the lengthening of data for T and P,
generated on the basis of climate scenarios up
to 2040, the situation has changed, and accord-
ing to all scenarios, one can expect an increase
in the /. (0.02-0.40%) of collected quantities of
chanterelle in Serbia.

With the addition of data for T and P, gen-
erated by the climate scenarios for the period

2041-2070, I varies, but certainly the changes
are very small (small increase or small decrease).
This suggests that in this period one can expect a
slow-down in growth, and in some scenarios even
a decrease in the quantity of collected chanterelle
in Serbia.

The last period under consideration (1993-
2100) is characterized by negative values of /
(from -0.02% to -0.20%) in all climate scenarios,
continuing the negative effect of changes in T and
P during this period, so one can expect a decrease
of the quantity of collected chanterelle in Serbia.

All changes in the value of / are better ob-
served when data are visually displayed (Diagram
2). It can be clearly observed that the I, move-
ment of chanterelle has, with a small increase,
the general trend of decrease under all climate
scenarios and all observed periods (regular, in all
climate scenarios, in the period 1993-2040). At
the same time, the overall growth rate is nega-
tive, indicating that ascertained increase in some
periods were not able to reverse the movement
of growth rate in the positive direction.
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Diagram 2. Changes in / of chanterelle collection by periods and climate scenarios
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Table 6. Estimated quantities of chanterelle (in kg) to be collected in relation to the periods of time and
climate change scenarios (A1B and A2)

Climate scenario

Period
A1B . A1B__ A2 A2
2015-2040 869.88-1,064.25 787.24- 963.14 880.18- 1,076.85 796.56- 974.54
2041-2070 826.53- 1,044.37 748.00- 945.15 784.80- 991.64 710.24- 897.43
2071-2100 742.37-938.03 671.84- 848.91 671.84- 848.91 623.67- 788.05

Source: authors

The estimations of the absolute change in the
quantity of collected chanterelle (Table 6) show
a constant decrease in all scenarios of climate
change and for all observed periods.

DISCUSSION

The mushroom production “...has only recent-
ly become a recognised management objective in
forest planning” (Bonet et al., 2008). To integrate
mushrooms and other non-wood forest products
into the forest management planning process, it
is necessary to build models (Bonet et al., 2008,
Bonet et al., 2010, Kucuker, Baskent, 2015), which
are based on empirical research which can pre-
dict their yield (Bonet et al., 2008). The construc-
tion of reliable models for predicting the yield
of mushrooms requires the collection of large
amounts of empirical data over several years, be-
cause there are several factors responsible for the
high variation in the quantity of mushrooms that
are available in nature. These include variations
in precipitation, temperature, cold, evapotran-
spiration, relative humidity and the water deficit
(Bonet et al., 2008).

The results showed that there were significant
differences in the movement of the exponential
average annual growth rate (/) between the col-
lection of porcini and chanterelle. In the case of
porcini, all changes (decrease or increase) take
place in a positive way, while in the case of chan-
terelle, all changes take place in the negative way.
This indicates that with porcini, one can generally
talk about slowing growth, and with chanterelle,
there is a constant decrease. One of the possible
causes of these reactions of porcini compared to
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chanterelle can be distribution of these species
in the forests of Serbia, because the quantities of
collected porcini exceeds the scope of collected
chanterelle 2-3 times, so all changes in the de-
crease of chanterelle are more visible.

When it comes to changes in absolute terms,
the results show that an increase in average tem-
peratures and changes in total rainfalls (initially
increase and subsequently decreases) may have
variable (periodic positive and negative) impact
on the estimated quantities of harvested porcini,
and constantly negative on the estimated quanti-
ties of collected chanterelle.

The estimated slowing growth in the quanti-
ty of collected porcini and its constant decrease
in chanterelle can be justified, in addition to the
distribution and collection of the total quantity of
these mushrooms, by period of purchase (2012).
The periods of porcini collection are summer and
fall. According to the climate change scenarios by
2100, there is an estimation that rainfalls will de-
crease by 20-30% in the summer period in some
parts of Serbia. This reduction in rainfalls can ad-
versely affect the development of porcini, espe-
cially in the summer harvest cycle (“first round”).
If dry period extends to fall, the collected quan-
tities of porcini from the other cycle (“second
round”) will also be reduced. Previous research
has also found that the annual yield of mush-
rooms varies considerably depending on weather
conditions, especially on the timing and volume
of rainfalls (O’Dell et al., 2000, Bonet et al., 2004,
Bonet et al., 2010). Thus, for example, in Spain,
“..the models predict five times greater mush-
room yields when autumn rainfall is doubled”
(Bonet et al., 2010).
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The quantity of collected porcini can be in-
fluenced by high summer temperatures. The
purchasers of mushrooms are warning that the
exposure of already collected porcini to heat
waves, when the temperature is higher than 30°C,
causes sudden deterioration or reduction in the
quality of harvested mushrooms (2012). These
statements completely fit into the evaluation
of the collected quantity of porcini to the most
unfavourable scenarios, especially because an in-
crease of summer days (days with a high temper-
ature) by 5 days per decade (2010) was recorded.

If the resistance of chanterelle is considered,
which is much higher than that of porcini (2012),
one should be cautious in drawing conclusions
about the impact of extremely high temperatures
on the reduction of chanterelle collection. How-
ever, since chanterelle prefers wetter habitats in
the forest (2012), it is quite reasonable to esti-
mate the connection between the decrease in the
guantity of collected chanterelle with a reduction
of total precipitation up to 2100 (2010, 2015).

The results of previous research suggest that
climate elements, such as the total annual rain-
fall, the total seasonal (September and October)
rainfall, the average annual temperature and
mean seasonal temperature significantly affect
the probability to predict the yield of mushrooms
(Kucuker, Baskent, 2015). However, it should be
noted that although significant, they are certain-
ly not the only factors that affect the amount of
mushrooms present in nature. There has been
a direct and indirect impact of slope, canopy,
stand age, number of trees per hectare, etc.
(Bonet et al., 2008, Bonet et al., 2010, Kucuker,
Baskent, 2015).

European studies suggest the necessity of
long-term predictions of climate change impacts
on forest ecosystems, as due to the longevity of
trees, forest ecosystems are vulnerable to rapid
adaptation in relation to such a change (Lindner
et al. 2008). Such a study that projects results and
forecasts for a longer period of time (by 2100),
becomes comparable to similar studies on the
impact of climate change on forests in Europe,
where the vulnerability of forest ecosystems, par-
ticularly in terms of products and services was
highlighted (Lindner et al., 2008).

CONCLUSIONS

The following conclusions can be reached on
the basis of the obtained results:

e the value of porcini /, regardless of a certain
decrease in the case of some climate scenari-
0s, suggests that for most climate scenarios a
modest increase in the quantity of collection
can be assumed;

* the value of chanterelle /, in the case of most
climate scenarios, suggests that a constant re-
duction of collection might be expected;

e in both cases (porcini and chanterelle), ac-
cording to the data related to the period up to
2014, a decrease in the movement of /, can be
expected, and thus the quantity of collection;

e in both cases (porcini and chanterelle), ac-
cording to the data related to the period up
to 2040, a fluctuation (decrease and increase)
in the movement of /, can be expected;

e in both cases (porcini and chanterelle), accord-
ing to the data related to periods after 2041
(this is especially valid for the period until
2100), a decrease in the collected quantities
can be expected, as a result of changes in T
and P, caused by the assumed climate change;

e for porcini, the most unfavourable scenario is
A1B__, and the most favourable one is A2

e for chanterelle, the most unfavourable scenar-
iois A2__, athe most favourable one is A2 _ .
These results indicate that for both species of

mushrooms, in the long term, we should expect a

decrease in collection. For porcini, there is a slow-

ing growth in the quantity of collection, while for
chanterelle there is a permanent decrease in the
quantity of collection. On that basis, it can be con-
cluded that the initial hypothesis was confirmed.

This research is particularly important from
the point of implementation of sustainable and
multifunctional forest management principles,
because the factors that have the most intense
impact on the distribution of species in nature
shall be studied, in order to ensure their surviv-
al and rational use. In addition, non-wood forest
products are of great importance for the econom-
ic development of rural areas, and the studies
conducted are also important from the aspect
of sustainable development of local communities
and regions.
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Further research should be focused on:

e the analysis of the effect of selected climate
elements on the quantity of collection of oth-
er economically important non-wood forest
products (berries and other forest fruits and
medicinal and aromatic plants);

e the analysis of the influence of selected cli-
mate elements on changes in the state of
forest ecosystems (number, dimensions and
growth of trees, the stands structure, soil
composition, etc. and so on.), and, in this re-
gard, changes in the collected quantities of
non-wood forest products.
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