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YTULIA] TEMITIEPATYPE BA3AYXA U IIAAABUHA HA ITIPUPACT
IIPHOT BOPA (Pinus nigra]. F. Arnold): CTYAHJA CAYYAJA CA

IIOAPYYJAIIAAHUHE PYAHUK

Ap Bpanxo Crajuh, Banpeann npodecop, Yausepaurer y Beorpaay - Illymapcku paxyarer
MSc Mapxo Kasumuposuh, acucrenrt, Yausepaurer y Beorpaay - Ilfymapcku pakyarer

M3BoA: Y pady je UCTpaXkmMBaH yTULAj TemnepaType U NafgaBuHa Ha npupact ctadana Kyntype
upHor dopa Ha nogpydjy nnaHuHe PygHuK. Y Ty cBpxy je y3eTo 50 cepuja pagujanHor npupacta,
13 25 fOMUHAHTHUX cTadana. MomeHyTU yTULAj aHAM3MPaH je NPUMeHOM Tpu nNpoueaype:
Kopenauuje nsmehy ce30HCKMX BeIMYMHA TemnepaType n nagasunHa u RES xpoHonoruje uH-
[eKca pafujanHor npupacTa, Kopenauuje usmehy meceyHmx TemnepaTypa v nagasuHa u RES
XpOHOAOruje nHAeKca pagnjanHor npupacra 1 T3B. oA3nBHe dyHKUMje. PesyntaTi cy nokasanm
42 je upHu dop y 4aTUM yCnoBMMa BeOMa CEH3UTMBAH NpemMa U3HOCMMA NafaBuHa Y SIeTHUM
MecelMma, Ha Taj HauMH Aa Behe KoAnYMHE NagaBuHa y NeTO NPOY3POKYjy CTaTUCTUYKM 3HA-
YajHo Behe nsHoce npupacrta. Bapupare npmMpacta MHOro Makbe je yC10B/bEHO BapujaLMjama
TemnepaTtype, Npy YeMy je PerucTpoBaH cnad HeraTMBaH yTULAj BULLIMX jyICKUX TemnepaTypa
Ha Be/IMYMHY nNpupacTa. 3aK/by4eHo je Aa je peakumja LupHor dopa Ha OBOM NOKaAUTETY y No-
rnefy npuMpacTa v Herose 3aBUCHOCTU OA, KAMME CIMYHA peaKkumju upHor dopa y Cpduju un
3eM/baMa y HENOCpPeSHOM OKPYXKekby, Koje ce KapaKTepuLly CPOAHUM KAUMATCKUM YCI0BUMA.

K/byuHe peuu: K1Mma, Npupact ctadana, AeHAPOoKAMMaTonormja, upHu dop, PyaHuk, Cpbuja

YBOA

bpojHa nogpyyja npumeHe pesyntata UcTpa-
UBakba NpupacTa ctadana n WyYMCKUX cacTojuHa
(npuBpeaHO-eKOHOMCKA, UCTPaXKMBakba KAMMaT-
CKMX NpomeHa, edeKTa aepo3arahera, H1MBoa yTu-
Laja WTeToYMHa eHTOMOIoWKOr 1 duTonaTono-
LUKOT KapaKTepa, moryhHocth npumeHe hybpema,
aHaNn3a BUTA/NIHOCTU U cyllerba cTadana u cacTo-
juHa, aHanM3a XoMOreHOCTH yC/10Ba 3a pacT noje-
AVHWX BpCTa Apseha Ha PasMYUTUM CTaHULITUMA
UTZ.) U FbUXOB 3HAYaj Y OKBMPY CaBpPeMEHMX Hayu-
HUX UCTPaXKMBatba OAPXKMUBOT Pa3Boja, NPUINYHO
[eTa/bHO CYy Yy Haloj 3eM/bU MpPe3eHToBaU

Stamenkovié¢ nVuckovi¢ (1988), Vuckovic¢ u
Stamenkovié¢ (2000), Vuckovi¢ wn Stajic
(2004), Staji¢ (2010) n Staji¢ et al. (2014). Haj-
CKOpUja UcTpaxkunsarba osor Tuna y Cpduju npose-
AeHa cy y unby yTephuBarba 1 eBanyaumje AvHa-
MUKe npoueca feBuUTanuMsauuje U cyllerba
ctabana (Staji¢ etal. 2017a), jaumHe 3ajeaHUYKOT
KNMMATCKOr CMrHana y pacty ctadana (Stajic et
al., 2018), yTmuaja Bapujaumja Temnepatype v na-
[aBWMHa Ha NpuUpacT pasinyuTux BpcTa apseha
(Staji¢ et al. 2017b, Stojanovié et al., 2018) un
yTBphUBarba T3B. KAPAKTEPUCTUYHUX FOAMHA Y
pacty (Staji¢ et al., 2017c).
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McTpaxkmBarba TOKOBA MpMpacTa Kao eKo-
HOMCKO) NapameTpa u SuonHAMKaTopa peakuuje
ctadana Ha npomeHe OCHOBHUX daKTopa pacTa
nocebHO cy 3HayajHa 3a UpHKM dop, Kao Hajuewhe
KopuwheHy BPCTy 3a nowym/baBake y Cpdujun,
umajyhu y Buay aa 3aTe4eHo CTakbe cacTojuHa oBe
BpCTe HMje 3a40B0/baBajyhe, KaKo ca acnekTa u-
XOBOT 3/1paBCTBEHOT CTakba W BUTAIHOCTU, TaKO U
CTaHOBMLWTA Kopuwhera NPOM3BOAHUX NOTEHL M-
jana craHuwTa. MowymsbaBarwa LpHUM dopom
NPeTeXKHO Cy BPLUEHa Ha CTaHULITMMa APYruX Bp-
cta apseha, Na, y c/yyajy npeayradykmx onxoaru
W HeafeKBaTHOr ra3fAMHCKOr TpeTMaHa, npowu-
3BOAHA W eKooLwKa edUKACHOCT U cTabuaHocT
OBAKBWX BELUTAaYKM MOAUTHYTUX CACTOjUHA MOry
OMTW 3HaYajHO HapyweHu 1 yrpoxkenu (Vuckovic
et al., 2008, Staji¢ et al., 2017a). Crora je, y Ta-
KBMM C/ly4ajeBMMa, YeCTo NPUCYTaH NpoLec AeBu-
Tanusaumje ctabana, a 3aTUM U NOTMYHO Cyllere
[.eN0Ba KPOLUHbK, Ma YaK v Lenunx ctadana v rpyna
cradana.

Mopes Heogrosapajyher y3rojHor TpeTMaHa u
npeayraykmnx oNxoA4rbu, y3poK ymarberba BUTasHO-
CTV U cylwerba cTadana mory dutu n Bapujaumje
KIMMATCKMX eleMeHaTa, o4, KOjuX Cy HajBarKHWUju
TemnepaTypa Ba3ayxa M KONMYMHA nagasuHa. C
083Mpom fa cBe M3paKeHuje cyluerbe U AeBuTa-
nusaymja ctadana upHor dopa y BelTauku nogur-
HYTMM CacCTOjMHaMa NocNeAtbUX roguMHa npeacTa-
B/ba 030W/baH Npodiiem M 133308 3a LUIYMAPCKY
CTPYKY U HayKy y Cpduju, unsb oBor paaa je duo ga
ce aHanu3upajy peakumje ctadana upHor dopa y
BELUTAYKM NOAUTHYTOj CaCTOjMHN HA NOAPYYjy nna-
HUHe PyaHWK, yC/10B/bEHE BULLIEAELLEHN]CKUM Ba-
pujaumjama TemnepaType U nagaBuHa.

MATEPUJAA U1 METOAE

Y3opLm 33 aHanu3y (M3BPTLM) NPUKYN/BEHN CY
Y BELUTAYKM NOAMUTHYTOj CACTOjUHM LpHOT dopa Ha
nnaHuHM PyaHuK, opesberwa 62, oacek &
(RU62b), Koja ce Hanasmn Ha oko 700 m.n.v. Jloka-
LMja UCTparkmMBaHe cacTojuHe y okeupy Cpduje
npvKasaHa je Ha neBom Aeny caumke 1, Aok manay
roptem AEeCcHOM yray npeLmsHuje nokasyje nono-
¥Kaj UCTe caCTOjUHEe Yy KOHTEKCTY KOHdUrypaumje
TepeHa niaHuHe PyaHuk. Mopeg Tora, Ha UCTom
Oeny cAnke npeacTaB/beHa je M NosuLnja meteo-
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ponouwke ctaHuue “PyaHuK-nnaHuHa’ (MS RU-
-PL), Koja ce Hanasu y HenocpeaHoj SAU3UHU UC-
TpaXMBaHOr I0KannTeTa. Ha OCHOBY KNIMMaTCKMX
nopartaka 3a nepmog 1962-2016. roguHe, y otem
AecHoM yray cauke 1 npyMKasaHu cy nogaum o npo-
CeYHoj TemnepaTypu Basayxa (M310m/beHa KpuBa)
M MPOCEYHOj KONMUYMHM NagaBuHa (cusm ctyduhu)
Ha meceyHom HMBOY. [lpema TMm nogaumma, npo-
CeyHa roauvwra KonnuynmHa nagasuHa je 910
mm-m-2, WTO je 3HaTHO BuLUEe y OAHOCY Ha NMPOCeK
OBOT KAMMATCKOT eniemeHTa y Cpduju 3a nepuog,
1961-1990, koju npema Popovic el al. (2005) ns-
Hocu 734 mm-m-2. Opg, Tora, 65% nagasuHa (587
mm-m-2) HacTyna y TOKy BereTauMoHOr nepmMoaa
(anpun-okTodap). MpoceyHa roguba Temnepa-
Typa Ba3Ayxa v NpoceyHa TemnepaTtypay Bereta-
LMoHom nepuoay (anpun-oktodap) nsHoce 9,6 oC
n 14,9 oC.

MpBodUTHM y30paK dmo je cacTaB/beH of, Mo
[Ba M3BPTKA, y3eTUX Ca HaCNpaMHMUX CTpaHa CBa-
KOr o4, 25 AOMMUHAHTHMX cTadana upHor dopa (50
cepvja pagujanHor npupacTa). BennunHe pagujan-
HOT NpupacTta ctadana MepeHu cy Ha AUrUTanno-
amumomeTtpy (LINTAB), ca TauHowhy mepetrba of,
1/100 mm. Y TOKy Mmepetba U3BPLLEHA je CUHXPO-
Hu3auuja nogataka (Vuckovi¢ 1993, Stajic
2010), Hajnpe npoBepoM No3uumje ynag/bMeo ma-
JIUX MU BEZIMKUX U3HOCA pagujanHor npupacTa, a
33aTUM 1 MOMepakeM U NpeKianakem KpUBUX Y
crneunjanmsosaHom nporpamy TSAP. logaTtHa oue-
Ha KBasnTeTa mepera U Aasba aHanusa geduHu-
caHe da3e nopaTaka U3BpLUEHA je Y OKBUPY Mpo-
rpamckor naketa R. Tom npuanKkom je kopuwheHo
HEKOJIMKO AeHAPOXPOHONOWKUX (Xdndnnoteka,
Kao 1 [eN0BM KoAa KOju Cy Y CBPXY UCTPaXKMBarba
0BOr TUNa pa3BujeHn y okBupy JlabopaTtopuje 3a
UCTparknBake NpmMpacta U SUOMOHUTOPUHT LLy-
mapckor pakynteta y beorpaay.

Y umspy yTBhuMBarba cTeneHa noayaapHoOCTM
nojeguHavYHUX cepuja pagnjanHor npupacra u ma-
CTep XpOHOJI0TMje, CBe cepuje paanjanHor npupa-
CTa nofesbeHe cy Ha cermeHTe ay*kuHe 30 rogmHa,
KOju Cy CYKLLeCMBHO NMOMepPaHu 3a nepuoae of no
15 rogmHa o4 noyeTKa na Ao Kpaja cepuja. HakoH
TOra, CBakM CerMeHT je TecTUpaH ca TUM UCTUM
CEerMeHTOM cepwja paaujanHor npupacrta us gedu-
HUcaHe macTep xpoHonoruje. Hanme, ako cy Benu-
YuMHe pagmjanHor npupacTa y cermeHTMMa cepuja
AaTvpaHe NpeLm3HO U aKo Cy TOKOBM pacTa 0BUX
ctadasa Beoma C/IMYHM TOKOBMMA OCTasux cTada-
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N1a yo4yaBa ce NO3UTUBHA U CTaTUCTUYKU CUTHUDU-
KaHTHa Kopenauuja u odpHyTo (Staji¢ 2010).
OBOM NpoLeaypoM, yenes, ykaarbarba NojeauHnx
cepuja pagmjanHor npupacra ca yKynHu koeduum-
jeHTOM mehycepujcke Kopenauuje marbum og 0,5
n cepuja ca Behum dpojem “npodnematnyHmx” —
HeCcUrHUOUKAHTHO KopesnpaHux cermeHara, pe-
[lyKOBaH je npBoSUTHU y30paK 1 dopmupaH gedu-
HUTUBHW Yy30paK cepuja paAunjanHor npupacra,
Koju je KopuwheH y Aa/boj CTaTUCTUYKO]j 0dpaam.
3a cBe cepuje y aeduHUTUBHOM (NpeunitheHom)
Y30pKy yTBpHEHM CY OCHOBHM CTAaTUCTUYKM MOKA-
3aTesbu: Opoj nogaTaka o paanjasHOM npupacTy
(ay»kmnHa cepuje), apuUTMeTUYKa cpeanHa (l'r ) u
CTaHAapAHa AeBujauuvja BeUYMHA pagujanHor
npupacta (SD). MpoceyHe BeANYMHE OBUX NOKa3a-
Te/ba NpPe3eHTOBaHe Cy 3ajelHO Ca HEKUM Of, TU-
NMUYHUX OEHPOXPOHOOLIKO-CTAaTUCTUYKNX Mapa-
MeTapa, Kao LUTO Cy BE/IMYMHE NPOCEYHOT CTeneHa
CEH3UTUBHOCTM (oceT/buBOCTH) - (MS), Koepuuu-
jeHT ayToKkopenauyuje 1. peaa (AC1), KoepuumjeHT
yrnopeaHoCTM H13aka BennynHa npupacta (Glk),

KoeduLMjeHT KopenaLuje n U3HOC t-TecT BpeaHo-
ctm (tbp) npema Baillie nPilcher (1973).
Mpoueaypa NpoueHe 1 yKNakakba T3B. HEK/U-
MaTCKOr TpeHAa M3 cepuja paaujasHor npupacta
ctabana je Beoma BaxkaH KOpaK y OKBUPY MCTpa-
¥KMBaHba 3aBMCHOCTU NpuMpacTa cTadana, cactTojuHa
M WYMa Of, KIMMATCKUX enemeHata (4eHapoKIu-
maTonoruja). Moaenosarbe TUMMYHOT TOKa pasu-
janHor npupacta ctadana, O4HOCHO TpeHAa Npu-
pacta, omoryhaBa cTaHAapAu3auujy
nojegMHAYHUX cepuja pagujanHor npupacra u
HMXOBO YNpOCeYaBatbe y T3B. MPOCEYHY - IOKa/HY
xpoHonorujy (Cook E. et al. 1990). JegaH oz yecTto
KopuwheHnx NpucTyna 3a To jecTe NPUMeEHa T3B.
OBOCTpPYKOr getpeHaoBatba (Holmes et al.,
1986). Crora, y uu/by yTBphrBatba O4YeKMBaHOr
nAn “HopmanHor” TpeHaa pagmjaaHor npupacTa,
“oumnwheHor” of yTMuaja cTapocTu M NojeauHux
BapwujaLnja, Hajnpe je N3BpLLIEHO AeTpeHa0Batbe
NPYMEHOM HeraTMBHe eKCnoHeHUMjanHe GyHKLM-
je, a 3aTm 1 gasbe OGOUATPUpPAHLE) NyTeM [aT-
KUX KyOHUX CniajHOBa, NpM Yemy ce 3afpakasa
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50% BapujaHce y HU30BMMa BeAUYMHA paamjanHor
npupacrta Ha 67% AyXuHe CBake nojegMHavHe ce-
puje. UHaeKen pagmjanHor npupacta cBake noje-
OMHauHe cepuje fodujeHn cy feodom emnupujcke
Be/IMYMHE pafmjanHOr NpupacTa ca U3paBHaATOM
(npouerbeHom) BennunHom. [lasbe je cnposBeseHo
ayToperpecMoHO MoaeNioBakbe, Unju pes je aedu-
HucaH nomohy 13B. AIC Kputepujyma (Akaike
Information Criterion). HakoH Tora, n3BpLieHo je
ynpoceyaBare pesnayanHux cepuja kopuwhe-
HeM TEeXUHCKe cpeauHe nytem Takujese SMKBa-
npatHe ¢yHKumje (Cook et al., 1990). Ha Taj Ha-
YMH je pas3BMjeHa pe3uayasHa MmacTep
XPOHO/OrMja MHAEKca pagujanHor npupacta (RES),
Koja je KopuwheHa 3a Agasbe AeHAPOKAMMATONO-
LLKe aHanu3e.

KBanuteT nokanHe (mactep) xpoHosoruje ce-
puje pagujanHor npupacrta (XpoHonoruja), jaumHa
3ajeAHUYKOT U KZIMMATCKOT CUTHasa, aHaIn3mpaHu
cy nomohy yoduuajeHnx nHamKaTopa: Koeduum-
jeHTa n3parkeHoCTn nonynaumoHor curHana — EPS
(Wigley etal., 1984, Briffa, Jones, 1990), oaHo-
ca “curHan-wym” - SNR (eHr. signal-to-noise ratio)
npema Briffa uJones (1990) u npoueHTa Bapu-
jaHce objalwreHe nomohy NpBOr CONCTBEHOT BeK-
TOpa y aHaNU3M IMaBHUX KOMNOHeHTH (PC1).

CrabunHoct EPS KoeduumjeHTa Kpo3 Bpeme,
NcTpaxeHa je npumeHom 30-rogmiHbmnx NOKpeT-
HUX NPO30pa Koju Cy CYKLL,eCMBHO NOMEPaHM 3a Nno
jenHy roavHy (No3uumjy) y ECHO Ay Lene Ay»Ku-
He cepuje paAnjaNHUX NpUpacTa, O4HOCHO MacTep
XpoHonoruje.

Y unsby yTBpHMBarba 3aBUCHOCTU M3Mehy npu-
pacTa 1 KMMe cnpoBefgeHe cy KopenaluoHe aHa-
nnse namehy cesoHcKux (3-meceuyHnx) BeanumHa
TemnepaTtype v NaflaBUHa U BeNMYMHA MHAOEKCA
pagmjanHor npupacra. YTmuaj nojeAnHavYHnX me-
Ceuyn UCTPAXKeH je MyTem KOpenauMOoHUX U T3B.
0A3UBHUX YHKUMja n3mehy meceuHmx Kammart-
CKMX NnofAaTaka M Be/IMYMHA MHAEKCA pagujanHor
npupacta. OBe aHanM3e M3BPLIEHE CY Y OKBUPY
13B. treeclim dudnuoteke (Zang, Biondi, 2015).

PE3YATATHU

JepaH on dakTopa Koju orpaHuyaBa noyspaa-
HOCT MPUKYMN/bEHOT AeHAPOXPOHONOLWKOr MaTepu-
jana, jecte n penpeseHTaTMBHOCT y30pKa, OAHOCHO
6poj cepuja paamjanHor npupacTa 1 dpoj roanHa y
cepujama (Stajic et al., 2014). Y oBUM UCTparKu-
Batbuma “ayduHa’’ ysopka (eHr. sample depth)
oppeheHa je Ha HauMH Aa ce Kao NpBa BeMYMHA
pagujanHor npMpacra 3a gasbe aHaAuse y3nma Be-
JINYMHA Y OHOj KaneHZapCKoj rogMHU Y KOjoj uma
Hajmatbe 4 nogaTka o paaujanHom npupacty (rpa-
bUKOH 1).

HajBakHuje KapaKTepuCTUKe eMNUPKjCKUX ce-
pwvja pagujanHor npupacra upHor dopa npukasaHe
cy y Tabenu 1. HakoH npoBeaeHOr NoCTynKa CUH-
XpoHM3aLUnje U BULIECTPYKe CTaHAapau3saumje,
AedUHUTMBAH Yy30paK cauunkbeH je og 38 cepuja
pagunjanHor npupacrta, Nnopeksom 13 23 aomu-
HaHTHa cTadna. MpoceyHa AyXKUHA XpPOHoOruje

1955 1960 1965 1970 1975 1980

1985

1990 1995 2000
1 1 1

2010 2015

2005
1 1 ]

[y6uHa y3opka
Cm==NNWWA
1

ocouououo
|

I T T T T T T T T T T T 1
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
FoauHe

I'padukoH 1. Bpoj y3opaka no aHann3npaHUm KaneHAapckum roguHama. Cusa 60ja 03HauyaBa rogmHe ca BuLLe

o4 4 nogaTka.
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Tabena 1. KapaKTepucTuke cepuja (xpoHonoruje) pagujanHor npupacta (eMnyMpujckm nogawm)

> 4 NnoHaB/bakba

MpoceuHo 3a cee cepuje

bpoj
CTaTUCTUYKM NOKa3aTes/by Cnararbe ca MacT. XpOHO.
Crab. W3BpT. Op, [o Bp.rog. SD MS AC1 Glk My t,
r
i 23 38 1956 2015 57 229 159 0,32 0,71 0,67 0,72 4,48

eMMNUPMjCKNX BEIMYMHA pagujasHOr npupacTa us-
Hocu 57 roanHa, [OK je y Hajay»oj cepuja y y3op-
Ky KOHCTaToBaHO 60 nogaTaka o paaujasHOM npu-
pacty (o4 1956. no 2015. roguHe). ApUTMETUYKA
cpeAuHa BeNMYMHA pafMjanHor npupacra CBUX
cepuja nsHocu 2,29 mm, a npoceyvyHa BpeaHOCT
cTaHgapaHe gesujaumje 1,59 mm. MpoceyHa Be-
NmunHa MS KoedpmumjeHTa nsHocm 0,32, a npocey-
Ha BennuunHa AC1 je 0,71 (Tadena 1).

Y uwmy ytBhUBaka 3ajef4HUYKOr CUrHana y
pacTy, npema AejcTBy OCHOBHUX paKTopa cpeau-
He, HEOMXO4HO je U3BPLWMTK WTO je moryhe npe-
LM3HKjy OLLeHY CTeneHa caararba (nogyaapHocTy)
TOKOBA pacTa cTadana y y30pKy. Y Ty cBpXy, ogpe-
TeHa cy Tpu pasnnumnTa napameTpa Kao nokasaTe-
Jba Mehy3aBUCHOCTU cepuja pasmjanHor npupacra
(Glk, ¥ tbp). BennunHe oBuUx Nokasartesba NpuKa-
3aHu cy y Tadenun 1 n usHoce: 0,67 (Glk), 0,72 (rxy)
n 4,48 (tbp). Mpema godujeHnm pesyntatmma, npu-
CyTaH je Mo)Ke/baH HWMBO CNnarakba TOKOBa pacTa
nojeaMHaAYHMX Cepuja U MacTep XpOHONOruje, WTo
je ycnosuno ga ce npuctynu u uspaam pesuayan-
He XpOHO/IOrnje UHAEeKCca paanjanHor npupacrta
(rpadmKkoH 2). HajsHauajHMje cTaTUCTUYKE U OeH-

[APOXPOHO/OLLKE KapaKTEPUCTUKE OBE XPOHO/OMM-
je npeseHTOBaHe cy y Tadenu 2.

Mpoueaypa ayToperpecMoHOr MoAenoBama
nojeiMHa4YHUX MHAEKCA pagujasHoOr npupacTa yTu-
L,ana je Ha HUXOBY AYXKMHY, Na je BPeMeHCKN UH-
TepBan Koju odyxsaTta RES xpoHosioruja kpahu 3a
jeaHy KaneH4apcKy rofuHy y o4HOCY Ha nepuog,
KoZ eMnupunjckmx cepuja. Mopes Tora, npumerse-
HUM NOCTYNUMMa AeTPeHA0Bakba U ynpoceyaBa-
Ha, YMatbeHa je BeanunHa MS koeduumjeHTa Ha
0,26, a ayToKOpenauuja je CKOpo y NOTNYHOCTH
ennmuHucana (0,08). Takohe, AodujeHU UsHocCK
EPS (0,97) 1 SNR (27,9) cy npununyHo Benuku. Be-
NInunHe BapujaHce odjawrbeHe 1. concTBeHMM
BEKTOPOM (MPBMM BEKTOPOM Y aHaNN3U [NaBHUX
KomnoHeHTn) — PC1 — usHocu 0,49 (tabena 2).

Tadena 2. OCHOBHM CTaTUCTUYKO-AEHAPOXPOHONO-
LWKM nokasaTtesbn geduHucaHe RES xpoHonoruje.

BP- Ms Ac1 EPS SNR PC1
roa.
12 59 0,26 0,08 0,97 27,9 0,49

XpoHosoiuja

—— Macrtep xpoHornoruvja

WHpoeken pagujanHor npupacrta

000000000000000000000000000000

e EPS

w

N

-

o

1955 1960 1965 1970 1975 1980

T T T T T T
1985
[oguHe

WHaeken pagujanHor npupacta
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MpaduKoH 3. BennumHe KopenaumoHux KoeduumjeHata namehy ce3oHCKUX BENMYMHA TemnepaType U NajaBu-

Ha 1 RES xpoHonoruje nHpekca pagujasHor npmMpacrta

Y unsby CTULL@Ha OCHOBHMX Ca3Hakba O Nepuo-
Avma (ce3oHama) y TOKy roamMHe Koju Haj3HauajHu-
je yTMuy Ha pacT v npupacT Wymckux ctadana
yTBphHEeHu cy KopenaumoHu koeduumjeHTn nsmehy
CE30HCKUX (Pas3NnunT TPOMECEYHN BPEMEHCKHU
nepuvogu) nogaTtaka o TemMnepaTypu 1 najasuHa-
Ma W MHAEKCa pafujanHor npupacTa (rpadukoH 3).
TamHo cuBu cTyduhu npeacTas/bajy CTaTUCTUYKM
cUrHnduKaHTHe KoeduunjeHTe Ha HUBOY 3HAYaj-
HocTu o 0,05 (obe cTpaHe guctpmndyumje). Y aHa-
NIM3MPAHUM TPOMECeYHUM nepuoamma, mana u
BEe/IMKA C/10Ba Y Ha3MBMMA 03Ha4yaBajy mecele U3
npeTxoAHe, OAHOCHO Tekyhe KaneHAapcke rogu-
He. Kao wTto je moryhe yBuaetn us rpadmkoHa 4,
Of, YKYMHO 14 TeCTMpaHMX TpOMEeCeYHMX Nnepmnoaa,
CTAaTUCTUYKM 3HayajHa NO3UTMBHA Kopenauuja
yTBpheHa je camo namehy nHaeKkca pagujanHor
npupacTa U KoMYMHe najaBuHa (ropku eo rpa-
¢dUKoHa) 1 To y Nneproay aBrycT-okTodap npeTxoa-
He roguHe 1 NepuoanMa Maj-jyn, jyH-aBrycT u jyn-

-centemdap Tekyhe roanHe. Hajseha kopenauuja
nsmehy ncnutusaHux Bapujadnm ytepheHa je 3a
nepuog jyH-asryct tekyhe roguHe (0,57).

YTUuaj nojeanMHaYHUX MeceLm Ha U3Hoce npu-
pacTa ctadana upHor 6opa aHaNU3MpPaH je, Hajnpe,
KOpeniaLMoHOM aHa/IM30M Y KOjoj Cy Kao Bapwuja-
One y3eTu nogaum o TemnepaTypy 1 nagasMHama
OHUWX MeceLM Koju cy Beh feTeKToBaHM Kao cTaTu-
CTMYKM 3HAYajHU NPUIMKOM OLLEHE yTULLaja Ce30H-
CKMX M3HOCA KIMMATCKMX eleMeHaTa Ha MHAeKce
paanjanHor npupacta (rpaduKkoH 4).

Hajjaya cTaTUCTUYKM 3HAYajHa NO3UTMBHA KO-
penauuja usmehy nagasuHa u npupacta ytepheHa
je 3a neTrbe meceue Tekyhe roguHe (jyH, jyn v as-
ryct). Mopep, Tora, yTBphHEH je U CTaTUCTUYKM 3Ha-
YyajaH yTUUaj NagaBuHa 13 centemdpa nNpeTxoaHe
rofivHe 1 CTaTUCTUYKM HeraTMBaH yTuuaj nafasu-
Ha 13 Maja Tekyhe roanHe Ha BEANUYUHY NpupacTa.
HeraTuBaH yTuLaj BUCOKe TemnepaType y jyHy Te-
Kyhe roamHe Takohe je CTaTUCTUYKM 3HAYajaH.

Koedhuuwjent

Asr Cen Oxt Hoe [ley JAH ®EB MAP AMP MAJ JYH JYN ABI CEM Asr Cen Okt Hoe [eu JAH ®EB MAP AMP MAJ JYH JYN ABF CEN
Meceun

FpadumKoH 4. KopenaumoHu koeduumjeHTn (gobunjeHn 138. bootstrapped metogom) nsmehy nagasuHa (LpHa
60ja) u Temnepatype (cvBa 60ja) 3a meceLe aBryct npeTxogHe rogmHe-centembap tekyhe roguHe n RES

XPOHOI0TNje MHAEKCa pagmjanHor npupacra.
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paduKoH 5. KoedurumjeHTU oasmeHe dyHKUMje (406mnjeHm T3B. bootstrapped meTogom) nsmehy nagasuHa u
TemnepaType 3a MeceLe aBryct NnpeTxogHe roguHe-centembap tekyhe rogmHe n RES xpoHosnorunje nHaeKkca

pagujanHor npmpacta.

“KombuHoBaHW'’ edpeKaT nasaBmHa U Temne-
paType Ha MHAEKCe paaunjanHor npupacra uctpa-
YKMBaH je MPUMEHOM T3B. 043UBHUX PyHKLMja 3a
meceLe npegoyeHe y NnpeTxogHom npumepy. Pe-
3yATaTM NPMMEHe 0Be npoueaype yKasanim cy Ha
npeosnahyjyhu yTmuaj nagasmMHa us meceua jyna
Tekyhe roguHe Ha MHAEKce pafaujanHor npupacra
(rpadukoH 5).

AMCKYCHJA

OueHa KBanuTeTa cepuyja pagujanHor
npupacra

EKCTpaKLmja KAMmaTcKor yTuuaja (curHana) us
pafujanHor npupacta npeacTaB/ba BEOMA KOM-
naeKcaH MeToZ0/0LWKM NoCcTynakK, ¢ 0d3npom aa
BE/IMYMHY pagujanHor npupacta moamuduKyje Hu3
pa3sHoBpCHUX pakTopa. CTora, HMje NaKo 3aK/by4u-
TU KOjW > [le0 BEIMUYUHE PanjaNHOT MpMpacTa je
HACTao Kao pe3ynTaT yTULaja UCK/bYYMBO KAMMAT-
cKux pakTtopa (Stajic et al., 2014). 36or Tora, Ha-
BeAeHU ayTopu anoctpodupajy YnkbeHuLy aa y
UCTPaKMBakMMa pacTa U npupacta ctadana, geH-
APOXPOHONOTUNjW, AEHAPOKANMATONOTU[U, ann U
CAMYHUM AUCUMNANMHAMA Yy KOjUMa KapaKkTep u
BE/IMYMHA NPUPaAcTa C/yXKe Kao OCHOB 3a Pa3/inyu-
Ta CTPYYHO-HAy4Ha 3aK/by4mBakba (LeHAPOEeKoNo-
rmja, aeHaporemopdosoruja uta.), TepmuH “cur-
HaM» NpeacTaB/ba XKesbeHo 3aje4HUYKO CBOjCTBO
y cepujama paamjanHor npupacrta ctadana, Koje je

npeameT MHTepecoBaka M aHanum3e y 4aTUM YCo-
BMMa CTaHWUWTa. MehyTum, NOCTOojU U Ae0 YKYNHUX
Bapujaumja y BenmunHama npmpacta Koju ce 03Ha-
YaBa Kao OLLYM)>y, HACTAo Kao pe3ynTat cneumoduy-
He peakuuje cBaKor UHAMBUAYyaNHOr cTadbna Ha
yCN0Be CTaHULUTA, a/IM U pa3He C/ly4ajHe eHaoreHe
n ersoreHe dakTope (Cook et al., 1990). Umajyhu
TO Yy BUAY, MOXe ce Aecutn aa mehycodHo Hajonu-
’a cycegHa ctadna umajy cacBUM UK NPUANYHO
pasnnumUTy peakumnjy Ha gomuHupajyhe daktope
pacTa, WTo Y BE/IMKO] MEPU MOKe L0BECTU 0 He-
noAyAapHOCTM U Hecnaraka TOKOBa pajnjanHor
npupacrta osux ctabana. Ctora je og Be/nKe Ba-
KHOCTM npoBoherbe AeTa/bHe CUHXPOHM3aLMje
pagujanHor npupacTa aHaansmpaHux ctadana. ¥
nojeAnHUM CNy4ajeBnUMa, ycned HM3a youeHux He-
Cnararba y TOKOBMMA pacTa 1 npupacra, npBoduT-
HW y30paK 3a aHa/M3e npupacta Moxe dUTH 3Ha-
YyajHO ymarbeH. Tako cy Staji¢ et al. (2017c)
NpUAMKOM AedUHNCarba KapaKTEPUCTUYHUX FOAM-
Ha y pacTy SykBe Ha nogpydjy HKaryduue, oa yryn-
HO 64 NPBOOUTHUX cepuja paaujanHor NnpupacTa,
NMOCTYNKOM BULIECTPYKE CUHXPOHM3aLMje OCTaBu-
nn camo 52 cepwuje 3ap0BosbaBajyher KBanuTeTa,
HEOMNXOAHOT 33 Aa/ba NpoLecynparba y UCTPAXKKU-
BarbMMa MOMEHYTOT TMNa. Jow APaCTUYHK|U CyYaj
KOHCTaTOBaH je MPUIIMKOM UCTPaXKUBakba jaunHe
CUTHaNa N AeHAEPOKAMMATONOLIKOr NoTeHUMjana
OdyKkse Ha nogpyuyjy HM obepaan», Kaga je Stajic
(2010), ycnep, moryhux rpelukm y mepery 1 aatu-
pakby AW HeCTaHAAPAHOTr O4CTYNakba y TOKOBUMA
pacTa nojeaAnHUxX ctadana M3a3BaHUM CydYajHUM
bakTopuMa, o4, yKynHo 93 npeodUTHO y30pKoBaHa
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ctabna 3a fasba AEHAPOXPOHO/OLIKA UCTPAXKMBa-
Hba aHa/M3MpPao TOKOBE pajujanHor npupacra
camo 61 ctadna.

Pe3ynTatu 0BMX UCTpaXKmBakba Takohe cy no-
TBPAUAIN HEONXOAHOCT MPaBWAHO opadpaHor
y30pKa, Te je o4 yKynHo 50 cepwuja npupacta 3
NpPBOSUTHOT y30pKa Y KOHa4YaH y30paK y3eTo camo
38 cepwuja, Koje Cy NnoKkasuBasne A0BO/baH HUBO
cnarara TOKOBA pacTa nojeAMHavyHuUX cepuja u
Koja cy KopuwheHa 3a ga/ba UCTPaXKMBakba 3aBU-
CHOCTM NpMpacTa of, BapujaLmja KIMMATCKUX ene-
MeHaTa (4eHAPOKAMMATONOLWKA UCTPAXKUBaHbA).

Cepuje pagujanHor npupacta y A4edUHUTUB-
HOM Y30pKY MOKasa/ie cy BUCOK cTeneH mehysasu-
cHOCTM (NpoceyvaH KoeduumjeHT mehycepujcke
Kopenauuje nsHocu 0,72). MNpema NpoceyHoj
BennunHu MS koeduumjeHTa (0,32) morKe ce 3a-
K/bYUMTW Aa Ce, Y MPOCEKY, eMNupujcke cepuje
paguvjanHor npupacTta, Npema MHCTPyKLUMjama
Grissino-Mayer-a (2001), mory npuaopatv rpy-
M1 CEH3UTUBHUX Cepwmja, LITO NOKasyje Aa cy CTa-
bdna npuanYHO BUTANHA, ca jacHo yTBpheHom cro-
cobHowhy peaKuuje Ha yTuuaje PasNUYUTUX
CTMMYNATUBHUX MAWN orpaHuyaBajyhux dakTopa
pacTa. YTBpheHa npoceyHa BeanUYMHa ayToKope-
NauunoHor KoeduumjeHata npsor pega - AC1
(0,71) je npuanyHoO BUCOKa, HAYKYjyhy npu Tome
BMCOK YA,Ee0 T3B. HEXKe/beHOT KIMMaTCKOr Bapupa-
Ha, jep je NO3HATO Aa KAMMATCKKU yC/IOBU paTe
roguHe (t) He yTmM4y camo Ha Be/IMYMHY paaujan-
HOT MpMpacTa y Toj roguHu, Hero ny cnegehoj t+1,
na cse A0 t+k rogMHe. HakoH npumeHe NocTynka
ayToperpecMoHoOr MoAenoBakba cepuje npupacta
Cy NpaKTU4YHO “ounwheHe») of nojase ayTokope-
Naumje, Koja npeacTaB/ba HEMNOXe/bHO CBOjCTBO
cepuja npupacta, Koje 61 MOrIo yTMLATKU Ha Npa-
BW/IHO pacyhuBarbe 0 yTUUajy Bapujaunja Knmme
Ha Be/IMYMHE W KapaKTep npupacTta. YTepheHe
Be/InuMHe KoeduumjeHata Glk n t,, AoaaTHo cy
noTeBpAauae Aa je KBaiuUTeT y30pKa cepuja npupa-
CTa NPUAMYHO BUCOK U A2 je NPUCYTaH NOXKesbaH
HWBO Cnararba TOKOBA pPacTa NojeAMHAYHNX cepu-
ja n macrtep xpoHosnoruje.

[edunHncaHa pes3mayanHa XpoOHONOrMja UHAEK-
ca pagujanHor npupacra nokasyje BUCOKe U3HOce
EPS (0,97) n SNR (27,9). YTBpheHe sennunHe EPS
KoeduLMjeHTa KPO3 Bpeme NoKasyjy Aa cy Benn4u-
He OBOr MapameTpa Yy CBaKOj HapeaHOj CyKLecus-
HO MOMepaHoj FOANHU CKOPO UAEHTUYHE U Nepma-

HEHTHO M3Hag, yoduuajeHe v WupoKo npmxsaheHe
Ookbe rpaHuue, Koja npema Wigley et al. (1984)
n3Hocu 0,85.

Penauuje namehy Kknmme u npupacra
cradana

Pe3yntaTu MHOrodpojHUX UCTparkmMBara y
EBponu notepanau cy Aa je LpHM bop Beoma npu-
KNagHa BPCTa 33 AeHAPOKIMMATO/OLLIKA UCTPAXKK-
Bakba, a/IM je cama npupoaa penauuja msmehy
npupacTa v KNMMe yCNoB/beHa No3ULMjOM U Ku-
MOM NIOKaIUTeTa Ha KojeM Cy BpLUeHa UCTpaXKnBa-
ra. C 0031pom Ha To, y LM/by CTMLLAHA LWTO BEp-
HWjUX casHatba O [EeHAPOKJAMMATOJNOLWKO]
peakumju upHor dopa Ha PyaHMKy, yTUuaj Kanme
Ha npupacT ctadana ose BpcTe Apseha UcTparkeH
je Ha dasu: 1) Kopenauuje nsmehy pagujanHor
npupacTa 1 Ce30HCKMX NofAaTaka o najaBMHama u
TemnepaTtypu; 2) Kopenauuje usmehy pagujanHor
npupacTta u MmeceyHunx nogataka o nagasuMHama u
TemnepaTypu 1 3) T3B. 0A3nBHe dyHKLUMje.

Penauuje usmehy KonnumHe nagaBuHa u
npupacra cradana

Cymupajyhu pesyntate npumeHe cee TpU me-
TOAO/OWKe npoueaype 3a yTephrsarbe 3aBUCHO-
CTM MPUPACTa Of KJAUME, MOKeE Ce U3BECTU 3aK/by-
YaK 4a NocToju jacHa 3aBUCHOCT M3mehy npupacTa
LpHOr dopa M aHANU3UPAHUX KIUMATCKUX eneme-
HaTa. Mpu Tome, mopa ce nogsyhu ga sennymHa
pagujanHor npupacTa ctadana upHor dopa 3aBucH
NPBEHCTBEHO 04, KOANYMHE NagaBuHa. Pesyntatm
npumMeHe KopenaunoHe aHanmse namehy npupa-
CTa U Ce30HCKUX (TpoMeceyHMX) NagaBnHa Noka-
3a/1 Ccy Aa NPUCYCTBO BE/IMKE KOIMYMHE NajaBuHa
y KacHo nponehe, neto u paHy jeceH Tekyhe roam-
He pe3ynTuMpa CTaTUCTUYKKM 3HadvajHUm noseha-
HeM npupacTa upHor dopa. Pesyntatu cy nokasa-
/1 Aa Ha Be/IMUMHY npupacTa oBe BpcTe y Tekyhoj
rogMHM NO3UTUBHO YTUYY M NafaBUHE U3 NPeTXoa-
He roamnHe n To nocedHo Behu U3HOCK NagaBuHa y
KaCHO NeTo M paHy jeceH (Nepuog aBrycT-oKTo-
6ap). NMpeosnahyjyhu yTnuaj nagasmHa y neThem
nepuoay KOHCTaToBaH je U fodunjeHnm pesynTtaTu-
Ma npumeHe meTtoge Kopenaumje nsmehy meceu-
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HWX NodaTaKa o NagaBMHaMa OHWUX MeceLM Koju cy
Beh [eTeKTOBaHM Kao CTAaTUCTUUKM 3HAYajHU Npu-
JINKOM OLLeHE YTHLLaja CE30HCKUX M3HOCA KAMMAT-
CKMUX eNemeHaTa Ha MHAEeKce pagujanHor npupa-
cTa. TaKo, Hajsehu CTaTMCTMUYKM 3HaA4ajaH
NMo3WTUBAH yTULAj Ha npupacT Tekyhe roaunHe
uUmajy Behe nasfasuHe y 1eTHMM MeCeLnma - jyH,
HapouuTo jyn u asrycT. MNopeg Tora, yTepheHo je n
[a nagasuHe u3 centemdpa npeTxogHe roguHe
CTaTUCTUYKM NO3UTUBHO YTUYY HA BEIUYUHY NpU-
pacta y Tekyhoj roanHu. Kao pesyntaT osor meTo-
[ONOLIKOT NOCTyMNKa yTBpHeH je u HeraTuBaH yTu-
uaj noeehaHux NnagasuHa y majy Tekyhe roguHe Ha
BE/IMYMHY NPUPACTa UCTE TOAMHE.

Mmajyhu y Buay aa cy nagasmHe u Temneparty-
pa Basgyxa y mehycodHoj kopenaumju (seha Tem-
nepatypa — makbe nafaBuvHe U 0OPHYTO), WTO Y
3HayajHOj] Mepu MoxKe moamndprKoBaTU penauunje
nsmehy KaMme u npupacrta, oBaj npodnem ce
yCneLHo MoKe peLumnTy TpaHchopmaumjom naga-
BMHA M TemnepaType y HOBe He3aBMCHO NPOMEH-
JbUBe — HeKopenupaHe BeNMYUHE Koje ce 30BYy
CONCTBEHW BEKTOPWU WU [NlaBHE KOMMOHEHTe
(Fritts 1976). OBakas meTtoa Kopuwhera HOBO-
bopmmMpaHMX OPTOroHaIHUX KIMMATCKMX nogara-
Ka y perpecMoHuM aHanns3ama y uusby aeTeKkuuje
33aBMCHOCTM NpupacTa of, KAMMe HasuBa ce T3B.
aHanun3a ofasuBHe o¢yHKUMje (eHr. response
function analysis) — Blasing et al. (1984). Pe3yn-
TaTV MPUMeHe OBe CTAaTUCTUYKe Npoueaype Noka-
3a/11 ¢y AOMUHMPajyhy No3uTHBaH 3Hayaj NasaBu-
Ha U3 meceua jyna Tekyhe roguMHe Ha BeNYUHY
npupacTta upHor dopa. Mopeg Tora, ytepheHmn dpoj
MeceLM ca CUTHUOUKAHTHUM YyTULL@jeM Ha Ben4u-
He NpMpacTa je MHOro Marbu Hero Spoj 0BaKBUX
meceun yTBpheH nytem metoga KopenaumoHe
aHanuse.

LobuvjeHn pesyntatn peakuyuje ypHor dopa y
3aBMCHOCTM 0, BapujaLmja KNIMMaTCKMX enemeHaTa
BEOMa Cy C/IMYHUN pe3ynTaTMma NpPBUX AEHAPOKIM-
MaTONIOLKMUX UCTPAXKMBAHbA Y CacTOjMHaMa LpHOr
dopa y Cpduju, cnpoBeseHMX Ha CTaHULLTY Craay-
Ha v uepa y J/lunosuum (okonunHa beorpaga) oz
cTpaHe Stajic et al. (2017b). Ha 6a3u pesynTaTa
OBOT UCTPaXKMBakba, MOXe ce NpeMMUHAPHO 3a-
K/bY4MTU Aa WwTo cy Behu usHocn nagasuHa y net-
UM MeceLMma (jak yTuuaj) u marbe Temnepatype
y NIeTo u paHy jeceH (cnad ytuuaj), To upHu Sop
WHTEH3UBHM]je pacTe u npupawhyje y nedsbuHy.

Penauuje usmehy remnepatype Basgyxa
1 npupacta ctradana

[obujeHn pe3ynTtaTv Nokasanu cy Aa je Bapu-
parbe Be/IMYMHa NpUpacta MHOro Makbe yC/0B/be-
HO Bapujaumnjama Temnepatype. CTaTUCTUYKM 3Ha-
YajaH yTuLaj TemnepaType Ha npupacTt godujeH je
CcaMo NpMMeHOM MeToZe Kopenauuje nsmehy me-
CeYHMX MnofaTaka O nafaBMHaMa OHWUX Meceum
Koju cy Beh feTeKTOBaHM Kao CTaTUCTUYKM 3HaYaj-
HW MPUINKOM OLeHe yT1Laja Ce30HCKMX U3HOCa
KAMMATCKUX enemeHaTa Ha npupact. Y TOM KOH-
TEKCTy yTBpHEeH je HeraTMBaH yTULLAj BULLMX TEeM-
nepatypa y jyHy Tekyhe roguMHe Ha BeIM4MHY Npu-
pacTta. MoKkasana ce, Takohe, Aa je yTuuaj
TemnepaType U3 NPeTxoAHe roAuHe Ha BeNNYUHY
npupacta Tekyhe roaMHe MMHOpPaH.

Nopeherwe pobujeHnx pesynrara
Ca UCTpaXkKMBakbUMa U3 3eMa/ba
HenocpeaHor OKpyKekra

Y nornepy carnepaBakrba yTMLUAja NagaBuHa Ha
npupact ypHor dopa moxe ce pehu ga cy pesyn-
TaTW OBWX UCTParKMBakba Yy BEJIMKOM carniacjy ca
pes3ynTaTMmMa Koju OC/IMKaBajy peakuujy ctadana
LpHor dopa y 3aBUCHOCTM O KOMUYMHE NafaBMHA
y 3emsbama duslue Jyrocnasuje u bankaHckor no-
nyoctpea. YrepheHun gomuHupajyhu nosutmsaH
yTUUaj Behux neTkbux NagaBrHa Ha BEIMUYMHY NpU-
pacTa upHor dopa KOHCTAaTOBaH je U NPUINKOM
OBaKBUX UCTpa*KmBara y bocHU 1 XepueroBnHu
(Poljansek et al., 2013) n y jyrosanagHom geny
Byrapcke (Shiskova, Panayotov, 2013). Nopeg,
TOra, U34BOjeH NO3UTUBAH yTULAj Behux nsHoca
nagasuHa y jyny Ha nosehame npupacra Tekyhe
roauHe, 3adenexeH je U UCTpaXmMBarbUMa y Npu-
pogHMM cacTojuHama upHor dopa y PymyHujm
(Levanic¢ et al., 2013) ny Andanuju (Levanic et
al., 2013).

[odunjeHn pesynTtatu y nornegy temnepartype
M HEHOT yTWLLaja Ha NPMPAcT NOKasanu cy Ja je
0Baj KIMMATCKM eleMeHaT Marbe yTULLajaH Ha Be-
JIMYMHE NpupacTa Hero nagasuHe. YTepheHu cTa-
TUCTUYKM HEraTMBaH yTMLAj BULLMX TeMnepaTypa y
MeceLly jyHy Ha npupact 6opa, Aesom je notepheH
Wy APYTMM UCTPAXKMBabMMA Y MOMEHYTOM peru-
oHy. Hnp. PoljansSek et al. (2013) cy KoHcTaToBa-
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/X Hajjauy Kopenauujy namehy npmpacra u npo-
ceyHe TemnepaType Ba3gyxa y nepmuoay jyH-asrycr.
CnvuHn pesyntatm godujeHn cy aHanmMsama
Shiskova n Panayotov (2013) y PymyHuju, rae
je KOHCTaATOBaH jaK HeraTMBaH yTULAj NpoceyHe
Temneparype y nepuoay Maj-jyn Tekyhe roanHe Ha
M3HOC npupacTa Tekyhe roanHe. Kaga ce rosopu o
3aBMCHOCTU NpMpacTta of TemnepaType Basayxa,
MOe Ce YOUUTU [a Cy OBAE U3BEAEHM 3aK/byuLM
0 [a/IeK0 Makb0j 3HAYajHOCTU OBOT KIMMATCKOT
eNeMeHTa Ha pacT v npupacT ctadana upHor dopa
Y CYNpPOTHOCTU ca fodunjeHUm pesynTatma us An-
SaHuje (Levanic et al., 2013). HaBeaeHu aytopu
Cy YTBPAMAW Aa Cy NafilaBUHe 04 Makber 3Havaja 3a
dopmuparbe 1 M3HOCe NpupacTa LpHor dopa y An-
O6aHMju Hero wWTo je To TemnepaTypa. MNopea, Tora
Levanic et al. (2013) cy AeTeKTOBaAM YaK HELWTO
jauun yTMuaj TemnepaType y jyay Ha Bapujauuje
npupacTa Hero WTO je TO YTULAj jyICKNX NafaBuUHa,
Koju je 610 Takohe CTaTUCTMYKM 3HaYajaH.

3AKAYIITH

PesyntaTu ucTpaxkusarba Nokasanu cy Aa cra-
dna upHor 6opa Ha noapyuyjy naaHuHe PyaHWK
MMajy cnocodHOCT CANYHE — 3ajeIHNYKe peaKLuuje
npema AejcTey pasnnunTux Gpaktopa pacta, Te 4a
Cy TOKOBM MpUpacTa 1 bUXoBe BapujaLmje Beoma
NpvKAaaHe 33 aHaAnse yTuuaja Kamme Ha Wwyme u
LLIYMCKE eKocucTeme.

Y Ty cBpXYy yTBpHEHe aHann3e 3aBUCHOCTU NpU-
pacTa og, K1MMe HaroselTaBajy Aa je LpHu dop Ha
OBOM MOAPYYjy BEOMa CEH3UTUBAH NPema U3HOCK-
Ma NafaBuHa y NeTHUM MeceLMa, Ha Taj HauuH
[a Behe KoAMYMHE NagaBrHa y 1€TO NPOY3POKYjy
CTaTUCTUYKM 3HaYajHO Behe M3HOCe npupacTa y
Tekyhoj roanHu. Mopepa Tora, Moe ce 3aK/byunTn
[a je Bapuparbe BeNMYMHA Npupacta MHOro Makbe
YC/IOB/bEHO Bapujaumjama TemnepaType, WTO je Ha
HEKW HauuH U pa3ymsbmso, Majyhu y Buay ga
BMLWe TemnepaType y NAaHUHCKUM NOAPYYjuMa
HUCY YeCT CNyyaj.

Peakuuja upHor dopa Ha noApyyjy oBOr NOKa-
iMTeTa y norneay npupacTta v Herose 3aBUCHOCTU
o4, KNIMMe C/IMYHa je peaKkumju LpHor dopa y oKo-
NvHW beorpafia v y 3em/bama y HermocpegHoOM
OKpY’Kekby, KOje Ce MHaye KapaKTepuLly CIMYHUM
KIMMaTCKMM ycnoBMMa. Ha Taj HauuH je jow jea-

Hom noTepheHo aa du paamjanHu NpUpacT LpHor
6opa morao 6MTK oginyaH dSMonHAMKaTOp epeKTa
Bapuparba KIMMaTCKUX yTuLaja Ha npupacT cTada-
na upHor dopa y pervoHy jyrouctouHe Espone u
Beoma ynoTped/bue “proxy’’ 3a peKoHCTPYKLUMU]Y
KAMME Y NPOLLAOCTU, a/v U NMPOTHO3Y U3MEHA K/K-
me y dyayhHocTu Ha oBoM nogpyujy. Y Ty cBpXY je
HEeonxo4HO M3BPLWUTU AoOAaTHA UCTPaXkKMBakba
OEeHAPOKNIMMATONOLLKE peakLyje LpHor dopa 1 Ha
apyrum nogpydjuma Cpduje, anm NnpumMeHUTU 1
JApyre no3HaTe MeTOA0/0LWKe NpoLeaype y uctpa-
KUBakbMMa KapaKTepa 1 Be/IYMHe NpupacTa, o4,
3Hayaja 3a TayHy W jacHy OLLEHY YCNOB/bEHOCTU
npuMpacrta Bapujaumjama nojeanHmnxX KAMmaTCcKux
enemeHara.

Ha Kpajy, Tpeda HanomeHyTU fa cy OBaKBa uc-
TpaxmBakba OCHOB 33 Pa3yMeBarbe KOMMIEKCHUX
1 BULLE-Y3POYHMX NpoLeca AeBuTanmsaumje (cy-
weka) ctadana, rpyna ctadana UM Yak cactojuHa
ypHor dopa Ha noapy4jy Cpduje, macoBHO youe-
HUX Y NPETXOAHMM roAMHAMa, LUTO je, nopes, ocTa-
JioT, oA, U3y3eTHOT 3Hayaja 3a OYyBakbe KOoHLenTa
OAPKMBOT ra3goBakba Lymama oBe BpcTe Apseha.

HanomeHa: Pag je peannsoBaH y okBMpy Npo-
jekTa: “lUymckun 3acagun y dyHKumMju nosehara
nowymsbeHoct Cpduje”, Koju puHaHcMpa MuHu-
CTapCTBO NPOCBETE, HayKe U TEXHOMOLWKOr pa3Boja
Penybanke Cpbuje y oKBMPY Nporpama TEXHOO-
LKW pa3Boj.
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THE INFLUENCE OF TEMPERATURE AND PRECIPITATION ON THE
INCREMENT OF BLACK PINE ( Pinus nigraJ. F. Arnold): A CASE STUDY

FROM THE AREA OF MT.RUDNIK

Dr. Branko Stajic, associate professor, University of Belgrade — Faculty of Forestry
MSc Marko Kazimirovic, assistant, University of Belgrade — Faculty of Forestry

Abstract: The influence of temperature and precipitation on the growth of artificially estab-
lished black pine trees in the area of Mountain Rudnik was studied in this paper. For that
purpose, we bored 50 series of radial increment from 25 dominant trees. The aforementioned
influence was analyzed by applying three procedures: a correlation between seasonal values of
temperature and precipitation and RES chronologies of radial increment, a correlation between
monthly temperature and precipitation data and RES chronologies, and response function anal-
ysis. The results have shown that black pine was very sensitive towards the precipitation in
summer months in the given conditions, in the way that higher amounts of summer precipita-
tion resulted in significantly higher radial increment values. The variations of radial increment
were less conditioned by temperature oscillations, whereby the week negative influence of
July temperatures on the increment values was detected. It was concluded that the reaction
of black pine in the investigated site in terms of increment and its dependence on climate was
similar to the reaction of this species in Serbia and other neighbouring countries characterized

by similar climate conditions.

Keywords: climate, tree growth, dendroclimatology, black pine, Serbia

INTRODUCTION

Numerous areas of application of growth re-
searches (commercial-economic, climate change
research, air pollution effects, understanding the
level and character of the impact of entomological
and phytopathological pests, possibilities for ferti-
lization, analysis of vitality and drying of trees and
stands, analysis of homogeneity of the growth
conditions for tree species in different sites etc.)
and their importance within contemporary scien-
tific research on sustainable development have
been presented in detail in our country by Sta-
menkovi¢ nVuckovic (1988), Vuckovié nSta-
menkovi¢ (2000), Vuckovi¢ u Staji¢ (2004),
Staji¢ (2010) n Staji¢ et al. (2014). The most re-
cent research of this type in Serbia was carried out
in order to determine and evaluate the dynamics
of the devitalization process and drying of trees
(Stajic¢ et al. 2017a), the strength of common cli-
mate signal (Staji¢ et al. 2018), the impact of
temperature and precipitation variations on the
growth of various tree species (Staji¢ et al.

2017b, Stojanovic et al. 2018) and the pointer
years determination in tree growth (Staji¢ et al.
2017c).

The studies of increment as an “economic” pa-
rameter and bioindicator of the reaction of trees
to changes in the main growing factors are particu-
larly important for black pine, as a dominant tree
species for afforestation in Serbia, having in a mind
that the current status of black pine stands and
forests is not satisfactory, both from the aspect of
their health and vitality as well as the point of view
of using site potentials.

Afforestation with this species has been pre-
dominantly done in more productive sites and in
the case of too long rotations and inadequate sil-
vicultural approach, economic and ecological effi-
ciency and stability of such artificially established
stands can be significantly impaired and endan-
gered (Vuckovicet al.. 2008, Staji¢ et al..
2017a). Therefore, in such cases, the process of
devitalization of trees is often present, resulting in
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the complete drying of tree crown parts, and
whole trees and even groups of trees.

In addition to inadequate silvicultural treat-
ment and too long rotations, the cause of vitality
reduction and trees drying can also be variations of
climatic elements, among which the most impor-
tant are air temperature and the amount of precip-
itation. Considering that the emergence of ev-
er-growing drying and devitalization of black pine
trees in artificially established stands in the past
years presents a serious problem and challenge for
the forestry practice and science in Serbia, the aim
of this paper was to acquire knowledge about the
“nature” of the reaction of black pine trees from
an artificially established stand in the area of
Mt.Rudnik, conditioned by the variations in tem-
perature and precipitation over decades.

MATERIAL AND METHOD

The cores were collected from an artificially
established stand of black pine on Mt. Rudnik at

an elevation of approximately 700 m a.s.l. Within
the valid management plan, the stand was labelled
”b” and belongs to compartment 62 (RU62b). The
location of the investigated stand on the map of
Serbia is presented on the left side of Figure 1,
while the map in the upper right angle shows the
spot of the studied stand relative to the terrain
contours. Moreover, this part of the Figure shows
the position of the nearby meteorological station
Rudnik Planina (MS RU-PL), situated close to the
studied stand. The climate data from meteorolog-
ical reports were available for the period between
1962 and 2016. The bars in the lower right part of
Figure 1 show the average air temperature and the
sum of precipitation in the monthly resolution. Ac-
cording to these data, the annual sum of precipita-
tion is 910 mm-m, which is quite a lot above the
Serbian overall average of 734 mm-mfor the pe-
riod 1961-1990, given by T. Popovi¢ et al. (2005).
Within that framework, 65% (587 mm-m) of the
rain falls during the vegetation period (April to Oc-
tober). The average annual air temperature and
the average air temperature of the vegetation pe-
riod are 9.6 °C and 14.9 °C, respectively.
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Figure 1. Location of the area and the studied stand (RU62b). The down left average part of the Figure shows
monthly air temperature and the sum of precipitation during the period from 1962 to 2016 for the closest

meteorological station Rudnik Planina (MS RU-PL).
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For a primary sample, two cores were taken at
breast height at opposite sides of the trunk from
each of the 25 selected trees (50 radial increment
series). During the measurements with the LINTAB
device, the ring widths were cross-dated (1) visual-
ly by using strikingly narrow and wide tree rings
and (2) in TSAP software by the radial increment
curves sliding and overlapping. Additional assess-
ment of measurement quality and further data
processing was performed in open-sourced R en-
vironment, involving some of the existing dendro-
chronological libraries, as well as some personal
codes that were developed in the Laboratory for
increment and biomonitoring at the Faculty.

In order to establish the degree of coherence
of individual series of radial increments and mas-
ter chronology, all series of radial increments are
divided into segments of 30 years, successively
shifted for periods of 15 years from the beginning
to the end of the series. Subsequently, each seg-
ment is tested with this same segment of radial
increments from the defined master chronology.
Namely, if the radial growth width in the series is
dated precisely, and if the growth fluxes of these
trees are very similar to the patterns which oc-
curred in other trees, there is a positive and statis-
tically significant correlation and vice versa (Staji¢
2010). By this procedure, due to the removal of
individual radial growth series with a total coeffi-
cient between the serial correlations of less than
0.5, and the series with a larger number of “prob-
lematic” - non-significantly correlated segments,
the original sample was reduced and formed the
definitive sample series of radial increments in-
tended for further statistical processing. The basic
statistical indicators are defined for all series in
this “purified” sample: the number of tree rings
(length of the series), the arithmetic mean of the
radial increment (ir ) and the standard deviation
of data (SD). The average amounts of these indica-
tors are presented along with some of the typical
dendrochronological-statistical parameters, such
as the mean sensitivity (MS), the 1st order of au-
tocorrelation coefficient (AC1), the coefficient of
increment value series comparison (Glk), the cor-
relation coefficient and amount of t-test values
(tbp) according to Baillie and Pilcher (1973).

The procedure for assessing and removing the
so-called non-climatic trend in the radial tree
growth series is a very important step in the re-

search of the dependence of tree growth on the
climate (dendroclimatology). Modelling of the typ-
ical trends of radial growth allows for the stand-
ardization of individual radial increments series
and their averaging in the so-called mean - local
chronology (Cook E. et al. 1990). One of the fre-
quently used approaches for this purpose is the
application of the double detrending (Holmes et
al. 1986). Therefore, in order to determine the ex-
pected or “normal” trend of radial growth, that
has been “cleaned” from the impact of age and
individual variations, detrending was first per-
formed by using a negative exponential function,
and then by smoothing cubic splines, where 50%
of the variance in the sets of radial increments
were retained at 67% of the length of each individ-
ual series. The radial increment indices of each
individual series were obtained by dividing each
radial increment value by the value of the fitted
curve of that year. Further, autoregressive mode-
ling was carried out whose order was defined us-
ing the AIC criterion (Akaike Information Criterion).
Subsequently, the averaging of residual series was
carried out by using the Tukey’s biweight function
(Cook etal. 1990). In this way, the residual master
chronology of the radial growth index (RES) was
developed, which was used for dendroclimatolog-
ical analyses.

The quality of the local (master) series of radi-
al increments (chronology), the strength of the
common and climatic signals were analyzed using
the following commonly used indicators: the coef-
ficient of expressed population signal EPS (Wigley
et al. 1984, Briffa, Jones, 1990), the signal-to-
noise ratio- SNR (Briffa and Jones 1990) and the
percentages of variances explained by the first ei-
genvector in the principal component analysis
(PC1).

The stability of the EPS coefficient over time
was investigated using 30-year moving windows,
successively shifted for one year (position) to the
right along the entire length of the series of radial
increments, i.e. master chronology.

In order to determine the dependence be-
tween the increment and climate, the correlation
analyses were first made between the seasonal
(3-month) temperature and precipitation and the
obtained RES chronology. The impact of individual
months is investigated through correlation and re-
sponse functions between monthly climatic data
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and the radial growth index of RES chronology.
These analyses were carried out within the tree-
clim library (Zang, Biondi, 2015).

RESULTS

One of the factors that limit the reliability of
the collected dendrochronological material is a
sample depth, i.e. the number of series of radial
increments and the number of years in series
(Stajic¢ et al. 2014). In this study, the chronology
starts with the sample depth of four trees

The most important characteristics of the em-
pirical series of black pine radial increment are
shown in Table 1. After the performed procedures
of synchronization and multiple standardization,
the definitive sample was composed of 38 series of
radial increment values, originating from the 23
dominant trees. The average length of the row in-
crement chronology was 57 years, while in the
longest series in the sample 60 data on radial
growth were recorded (from 1956 to 2015). The

arithmetic mean of the radial increments of all se-
riesis 2.29 mm and the average standard deviation
is 1.59 mm. The average size of the MS and AC1
coefficient is 0.32 and 0.71, respectively (Table 1).

In order to determine a common signal in the
growth introduced by the effect of the basic envi-
ronmental factors, it is necessary to perform as
precisely as possible a valid assessment of the de-
gree of matching (synchronicity) between the ra-
dial increments of individual series combined to a
chronology. For this purpose, we calculated three
different parameters as indicators of the interde-
pendence of radial growth series (Glk, My and tbp).
The values of these indicators are 0.67 (Glk), 0.72
(rxy) and 4.48 (tbp). The obtained coefficient values
could be considered significant and it could be
concluded that there is a desirable level of agree-
ment between the individual series and master
chronology. So, we computed the RES chronology
of radial increment indices (Figure 2). The most
significant statistical and dendrochronological
characteristics of this chronology are presented in
Table 2.
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Figure 1. The number of samples (sample depth) by analyzed calendar years. The gray colour indicates years

with more than 4 series.

Table 1. Characteristics of the series (chronology) of radial increment (empirical data)

2 4 replication

Average series

Number of
statistical properties Agreement with master chr.
trees. cores. from to length =+ SD MS AC1 Glk My t,,
r
i 23 38 1956 2015 57 2,29 1,59 0,32 0,71 0,67 0,72 4,48
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Figure 2. Individual series of the radial index, RES chronology and EPS size “over time”.

The procedure of autoregressive modelling of
individual indices influenced their length, so the
time interval of RES chronology is shorter for one
calendar year compared to the period in the em-
pirical series. In addition, by using the detrending
and averaging procedures, MS coefficient was re-
duced to 0.26, and autocorrelation was almost
completely eliminated (0.08). Further, the ob-
tained values of EPS (0.97) and SNR (27.9) are
quite large. The variance explained by the first ei-
genvector (PC1) is 0.49 (Table 2).

Table 2. Basic statistical-dendrochronological indica-
tors of the defined RES chronology.

Length MS AC1 EPS SNR PC1

To obtain a basic knowledge about the periods
(seasons) during the year which significantly influ-
ence black pine growth, correlation coefficients
between the seasonal (different three-month pe-
riods) data on temperature and precipitation and
the RES chronology were determined (Figure 3).
Darker bars represent statistically significant coef-
ficients at the 0.05 a-level (two-tailed test). In the
analyzed three-month periods, the lower case de-
notes the month in the year previous to the cur-
rent year growth season, while the upper case
denotes the month of the current year. As can be
seen from Figure 4, out of a total of 14 tested
three-month periods, a statistically significant pos-
itive correlation was established only between the
radial increment values and the amount of precip-
itation (upper part of the Figure) in the period Au-
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Figure 3. The correlation coefficients between seasonal temperature and precipitation values and the RES

chronology of the radial increment indices.
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the current year. The largest correlation between
the tested variables was determined for the period
June-August of the current year (0.57).

The influence of individual months on black
pine trees growth was first analyzed by a correla-
tion analysis in which as variable were taken data
on precipitation and temperature of those months
that were already detected as statistically signifi-
cant during the estimation of the seasonal influ-
ence of climatic elements on radial increment in-
dices (Figure 4).

The strongest statistically significant positive
correlation between precipitation and increase
was determined for the summer months of the

current year (June, July and August). In addition,
the statistically significant impact of precipitation
from September of the previous year was deter-
mined and the statistically negative impact of rain-
fall from May of this year to the increment values.
The negative impact of high temperatures in June
of the current year is also statistically significant.
The “combined” effect of precipitation and
temperature on radial growth indices was investi-
gated using the response functions for the months
presented in the previous example. The results of
the application of this procedure indicated the pre-
vailing influence of precipitation from July of the
current year on radial increment indices (Figure 5).
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Figure 4. Correlation coefficients (obtained by the bootstrapped method) between the precipitation (black)
and temperature (gray) for the months of August of the previous year to September of the current year and

the RES chronology of the radial increment indices.
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Figure 5. Coefficients of the response function (obtained by the so-called bootstrapped method) between
precipitation and temperature for the months of August of the previous year-September of the current year

and the RES chronology.
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DISCUSSION

Evaluation of the radial increment series
quality

The extraction of climatic effects from the ra-
dial growth is a very complex methodological ap-
proach, since the radial growth size is modified by
a variety of factors, and therefore it is not easy to
conclude which “part of the radial increment val-
ues” was created due to the influence of purely
climatic factors (Staji¢ et al. 2014). Therefore, the
mentioned authors specifically point out the fact
that in the forest growth research, dendrochronol-
ogy, dendroclimatology and similar disciplines in
which the “character” and the values of the
growth serve as the basis for different valid ex-
pert-scientific conclusions (dendroecology, den-
drogemorphology, etc.) the term “signal” repre-
sents the desired common feature in the radial
growth series of trees, which is the subject of in-
terest and analysis under the given site conditions.
However, there is also a part of the total variation
in radial increment values designated as “noise”,
formed as the result of a specific reaction of each
individual tree to site conditions, as well as various
random endogenous and exogenous factors (Cook
et al. 1990).

Bearing this in mind, it may happen that the
closest neighbouring trees have a completely or
fairly different reaction to the dominant growth
factors, which can greatly lead to the discrepancy
and disagreement of the radial growth of these
trees. In some cases, due to a number of observed
disagreements in growth and growth rates, the in-
itial sample for growth analysis should be signifi-
cantly reduced. So, Staji¢ et al. (2017c), when
defining the pointer years in beech growth in the
area of Zagubica, determined that out of 64 origi-
nal series of radial increments by the procedure of
multiple synchronization only 52 series of satisfac-
tory quality should be retained necessary for fur-
ther processing in a research of this type. An even
more drastic case was found when investigating
the signal strength and dendroclimatological po-
tential of beech in the NP “ Perdap “ area, when
Staji¢ (2010), due to possible errors in measure-
ment or unexpected deviation in the growth pat-
terns of certain trees caused by random factors,
out of a total 93 originally sampled trees for fur-

ther dendrochronological research analyzed the
radial growth streams of only 61 trees. Conse-
quently, the detailed synchronization of the trees
radial growth is of great importance for the pur-
pose of detecting climatic variations patterns.

The results of the research carried out here
again reaffirmed the necessity of a properly select-
ed sample, since out of a total of 50 increment
series from the original sample, only 38 series
were taken into the final sample. Namely, these
series have a sufficient level of agreement on the
growth rates and they can be used for further re-
search the dependence of the increment variation
on climatic elements. The inter-correlation among
all series and MS are quite high indicating that ra-
dial increment values contain common climatic
forcing. So, the calculated average value of MS
(0.32) pointed out that empirical radial growth se-
ries can be added to a group of sensitive series
according to the Grissino-Mayer instructions
(2001) suggesting that the trees are with clearly
determined ability to react to the effects of vari-
ous stimulating or limiting growth factors. The de-
termined average value of the first order auto-cor-
relation coefficient - AC1 (0.71) is quite high
pointing out the existance of a large proportion of
unwanted climate variations, because it is well-
known that the climatic conditions of the given
year (t) do not affect only the radial growth value
in that year, but also inthenextt+ 1, uptot +k
years (Fritts 1976). After the application of the
auto-regression modelling process, the increment
series are practically “cleared” from the appear-
ance of autocorrelation, designated as an undesir-
able feature of the increments series that could
influence the correct reasoning of the effect of
climate variation on the values and "nature” of
the radial increment pattern. The values of the Glk
and ty, coefficients additionally confirmed that the
quality of the sample is quite high and that there
is a desired level of agreement between the indi-
vidual series of radial increment and master chro-
nology.

The defined RES chronology shows high
amounts of EPS (0.97) and SNR (27.9). The values
of moving EPS coefficient through time are almost
identical and permanently above the usual and
widely accepted lower limit of 0.85 (Wigley et al.
1984) indicating the signal strength was constant
through the chronology.
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Growth-climate relations

The results of numerous studies in Europe
have confirmed that black pine is a very suitable
species for dendroclimatic research, but the na-
ture of the relationship between climate and
growth is determined by the position and climate
of the site where the research was carried out.
Having that in mind, to obtain the most reliable
knowledge about the dendroclimatic reaction of
black pine, the influence of climate on the growth
of trees has been investigated on the basis of: 1)
correlations between radial growth and seasonal
data on precipitation and temperature; 2) correla-
tions between radial growth and monthly data on
precipitation and temperature, and 3) response
functions analysis.

Precipitation-radial growth relations

Summarizing the results of applying all three
methodological procedures, it can be concluded
that there is a clear dependence between black
pine growth and the climatic elements analyzed in
this paper. It must be emphasized that the radial
growth of black pine trees depends primarily on
precipitation. The results of the correlation analy-
sis between increment and seasonal (three-
month) precipitation showed that the presence of
high precipitation in late spring, summer and early
autumn of the current year resulted in a statistical-
ly significant increase in the black pine radial
growth. The obtained results showed that the
growth of this species in the current year is also
positively affected by precipitation from the previ-
ous year, especially precipitation in the late sum-
mer and early autumn (August-October period).

The prevailing influence of summer precipita-
tion could be also evident from the results of cor-
relation analysis between the monthly precipita-
tion data of those months that have already been
detected as statistically significant when assessing
the effect of seasonal amounts of climatic ele-
ments on radial growth. According to this proce-
dure, it can be concluded that a higher precipita-
tion in the warmest months of the year (June, July
and August) of the current year result in larger
back pine radial increment in the current growing
season. In addition, it has been detected that the
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precipitation from September of the previous year
has statistically positive influence on the incre-
ment values of the current year. As a result of this
methodological process, the negative impact of
increased precipitation in May of the current year
was determined.

Bearing in mind that precipitation and temper-
ature are correlated (higher temperature - less
precipitation and vice versa), which can significant-
ly modify climate-growth relations, this problem
can be successfully solved by the transformation
of precipitation and temperature into new inde-
pendent uncorrelated variables called principal
component eigenvectors (Fritts 1976). The use of
orthogonalized climatic variables in regression to
specify tree growth/climate relationships has been
commonly known as response function analysis
(Blasing et al., 1984). The results of the applica-
tion of this statistical procedure confirmed the
dominant positive significance of July precipitation
of the current year on the values of black pine ra-
dial increment (Figure 5). Additionally, the detect-
ed number of months with a significant impact on
increment is much lower than the number of
these months determined by the correlation anal-
ysis method.

The obtained results of the black pine reaction
to climatic variations are very similar to the results
of the first dendroclimatological study in the black
pine stand in Serbia carried out in Hungarian
oak-Turkey oak stand in Lipovica (around Belgrade)
by Staji¢ et al. (2017b). Based on the results of
this research, it can be preliminarily concluded
that the higher the amount of precipitation in the
summer months (strong influence) and the lower
temperature in the summer and early autumn
(low impact) the more intense black pine growth
is observed.

Temperature-tree radial growth relations

The obtained results showed that black pine
increment variations are much less conditioned by
variations in temperature then in precipitation. The
statistically significant influence of temperature on
the radial increment was only obtained by applying
the method of correlation between the monthly
precipitation data and the radial growth. In this
context, the negative impact of higher tempera-
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tures in June of the current year on the increment
values was determined. It was also shown that the
effect of the previous year’s temperature on the
value of the current year’s increment was minor.

Comparison of results with data from
neighbouring countries

Regarding the influence of precipitations on
black pine growth, it can be said that the results of
these studies are in agreement with the results
that reflect the reaction of this species on the
amount of precipitation in the countries of former
Yugoslavia and the Balkan Peninsula. Here deter-
mined prevailing impact of higher summer precip-
itation on the growth was also found in studies
from Bosnia and Herzegovina (Poljansek et al.,
2013) and from the south-western part of Bulgaria
(Shiskova, Panayotov, 2013). In addition, the
positive impact of higher precipitation in July on
the increment of black pine in the current year has
been recorded from black Pine in Romania (Le-
vanic etal.,2013) and in Albania (Levanic etal.,
2013).

The obtained results in terms of temperature
and its impact on the growth showed that this cli-
matic element is a less important factor that de-
termines the size of the increment than the pre-
cipitation. The statistically negative influence of
higher temperature in June on black pine incre-
ment was partly confirmed in other studies in the
mentioned region. For example, Poljansek et al.
(2013) found the strongest correlation between
the black pine increment and the average temper-
ature in the June-August period. Similar results
were obtained by the analyses of Shikov and
Panayotov (2013) in Romania, where a strong
negative impact of May-July temperature of the
current year was noted.

Regarding the growth-temperature relations, it
can be noticed that the conclusions about a weak-
er significance of this climatic element on the
growth of black pine trees are contrary to the re-
sults from Albania (Levanic etal., 2013). Namely,
the mentioned authors have found that radial
growth of black pine for the studied site in Albania
conditions was influenced more by temperature
than by precipitation. In addition, Levanic et al.
(2013) detected an even stronger influence of

temperature in July on the variations of radial in-
crement than the impact of July precipitation,
which was also statistically significant.

CONCLUSIONS

The here obtained results showed that black
pine trees in the region of Mt.Rudnik have a similar
common reaction to the impact of various sur-
rounding growth factors. The results of cli-
mate-growth relations in the studied area suggest-
ed that black pine was very sensitive to summer
precipitation, in the way that higher summer pre-
cipitation benefited radial growth in the current
year. In addition, it was concluded that pine incre-
ment was the less sensitive to temperature varia-
tions, which is understandable in some way bear-
ing in mind that significantly higher temperatures
in mountainous areas are not so common.

The detected reaction of black pine in the area
of this region in terms of growth and its depend-
ence on climate was similar to the reaction of
black pine near Belgrade and in the neighbouring
countries, which are also characterized by similar
climatic conditions. In this way, it has been once
again confirmed that radial growth could be a
great bioindicator of the effect of climate change
impact on black pine forests in the region of
Southeast Europe and a very usable proxy for the
reconstruction of a past climate, as well as the fu-
ture climate change forecast in this area. For this
purpose it is necessary to carry out additional in-
vestigations of the dendroclimatic response of
black pine in a number of other areas of Serbia,
but also apply some other well-known methodo-
logical procedures in the research of the “charac-
ter” and values of trees growth, which is impor-
tant for an accurate and clear estimation of the
dependence of increment variations on the varia-
bility of individual climatic elements.

In the end, it should be noted that such re-
searches are the basis for understanding the ob-
served complex and multi-causal processes of tree
devitalization (drying) in groups of trees or even
entire black pine stands in the territory of Serbia,
contributing in this way to the sustainable man-
agement of forests and forest ecosystems of this
tree species.
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