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1 PREDSTAVITEV PROBLEMATIKE IN HIPOTEZE 

1.1 OPREDELITEV RAZISKOVALNEGA PROBLEMA 

1.1.1 Dendrokronologija 

V najširšem pomenu besede je dendrokronologija znanost datiranja branik, ki vključuje 

preučevanje informacijskih vsebin v strukturi datiranih branik in uporabo teh informacij v 

okoljskih ter zgodovinskih vprašanjih (Kaennel in Schweingruber, 1995). Poleg starosti 

drevesa, klime, motenj širše okolice in lokalnih rastnih razmer ter naključnih oz. 

nepojasnjenih dejavnikov (Cook, 1985) vplivajo na delovanje kambija tudi rastne razmere 

tekočega in predhodnega rastnega leta, v katerem je drevo kopičilo hranilne snovi (Fritts, 

1976). Debelinska rast dreves se tako odziva na variabilnost za rast ugodnih in neugodnih 

dejavnikov, kar se kaže v variabilnem debelinskem prirastku. Leto, v katerem najmanj 

80 % analiziranih dreves odreagira z manjšim ali večjim prirastkom glede na prejšnjo 

rastno sezono, imenujemo značilno leto (Schweingruber, 1983; Schweingruber in sod., 

1990). V primeru, ko imamo kronologijo z neznanim letom nastanka branik, lahko na 

podlagi značilnih let in variabilnosti zaporedja širin branik v postopku datacije in 

sinhronizacije določimo leto nastanka vsake izmed branik (Fritts, 1976). Informacije o 

lastnostih branik in letu njihovega nastanka uporabimo za študije odzivnosti dreves na 

klimatske spremembe in za rekonstrukcijo pretekle klime (npr. Sarris in sod., 2007; 

McCarroll in sod., 2012), ali pa na primer za preučevanje vpliva defoliacije, gnojenja in 

gojitvenih del ter soljenja cest (npr. Büntgen in sod., 2009; Jyske, 2008; Levanič in Oven, 

2002).  

 

Vpliv okoljskih dejavnikov na rast dreves se ne kaže samo v širini branik, marveč tudi v 

širini ranega in kasnega lesa (npr. Lebourgeois, 2000), anatomskih značilnosti lesnih 

vlaken (npr. Wimmer, 2002), znotraj letni dinamiki kambijeve cone (npr. Gričar in Čufar, 

2008; Mäkinen in sod., 2008), izotopski sestavi branik (npr. Hafner in Levanič, 2009; 

McCarroll in Loader, 2005), zadrževanju setov iglic (Jalkanen in sod., 2000; Poljanšek in 

sod., 2011, priloga F) in gostotnih profilih branik (npr. Cown in Parker, 1978). Gostoto 

branik merimo z uporabo rentgenskih žarkov (Schweingruber in sod., 1978), nadomestne 

podatke pravih vrednosti gostote pa lahko izmerimo po metodi odboja modrega spektra 

(Campbell in sod., 2007; McCarroll in sod., 2002). 
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Za pridobitev vzorcev debelinske rasti se v primeru poseka dreves odvzamejo odrezki 

dreves oziroma koluti. Lahko pa se uporabi prirastni sveder (Grissino-Mayer, 2003), s 

katerim se iz stoječega drevesa na nedestruktiven način odvzame izvrtek. Ta v primeru, da 

smo z usmeritvijo svedra zadeli sredino debla, obsega debelinske prirastke od zadnje 

branike do stržena. Pri odvzemu vzorcev se izogibamo kompresijskemu lesu, zato moramo 

upoštevati ekscentričnost debla. Sveder je zato vedno vzporeden z izohipso. Za hitrejšo in 

lažjo uporabo prirastnega svedra je v uporabi pripomoček, ki je vezni člen med prirastnim 

svedrom in baterijskim vrtalnikom (Poljanšek in Levanič, 2012b, priloga D). Pridobljene 

izvrtke posušimo in pravilno orientirane pritrdimo na lesene nosilce. Izvrtke vzdolžno 

zbrusimo tako, da so pod povečavo celice lesa jasno vidne v vseh branikah. Površino 

vzorca poslikamo vzdolž njegove celotne dolžine s sistemom ATRICS (Levanič, 2007). 

Sliko vzorca uvozimo v program WinDendro™ (Regent, 2013), v katerem določimo in 

izmerimo širine branik. Rezultate meritev, na primer zaporedja širin branik, izvozimo v 

program PAST-4 (Sciem, 2013), v katerem preverimo skladnost zaporedij širin branik med 

vzorcema, vzetima z nasprotnih strani drevesa, ter med drevesnimi, lokalnimi in 

regionalnimi kronologijami. Skladnost preverimo na dva načina. Pri vizualni oceni 

ujemanja dveh kronologij na intervalu prekrivanja gre za (do neke mere) subjektivno 

oceno. Ob tej oceni smo najbolj pozorni na ujemanje vrednosti letnih parametrov branik v 

značilnih letih in na morebitne izpadle, manjkajoče branike (glej poglavje 1.1.2). Drugi 

način preverbe je uporaba dveh statističnih kazalnikov, ki skladnost tudi numerično 

ovrednotita. To sta tBP (Baille in Pilcher, 1973) ter koeficient časovne skladnosti GLK% 

(Eckstein in Bauch, 1969). Vrednost tBP je koeficient korelacije med primerjanima 

kronologijama, medtem ko GLK% izračuna delež skladnega gibanja obeh kronologij; npr., 

ali se prirastek v posameznem letu v obeh kronologijah hkrati poveča ali zmanjša, ne glede 

na velikost. Končni rezultat preverbe skladnosti dveh zaporedij širin branik znotraj istega 

drevesa ponazarja kronologijo drevesa. Medsebojno ujemajoče drevesne kronologije z iste 

lokacije združimo v rastiščne oziroma lokalne kronologije, regionalna kronologija izbrane 

drevesne vrste pa se izračuna na podlagi dendrokronološke mreže lokalnih kronologij 

širšega območja. Primere takih mrež že poznamo npr. iz območja Alp, Apeninskega 

polotoka ter Aljaske (Büntgen in sod., 2009; Di Filippo in sod., 2007; Schweingruber in 

sod., 1993). 
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Na delovanje kambija in s tem na nastanek branike vpliva več dejavnikov (Cook, 1985), 

zato vsaka branika vsebujejo širok spekter okoljskih informacij. Stalni dejavniki so starost 

drevesa, klima ter motnje ožje in širše okolice. Vpliv neklimatskih dejavnikov bližnje in 

daljne okolice zmanjšamo z ustreznim izborom rastišč, drevesne vrste ter vzorčenih dreves, 

starost drevesa oziroma starostni trend pa izničimo s procesom standardizacije. 

 

Standardizacija pomeni iskanje primerne regresijske krivulje in računanje razlik med 

prilagojenimi in dejanskimi vrednostmi (Levanič, 1996). Pri tem sta v uporabi programa 

dplR (Bunn, 2010) in ARSTAN 4.1d (Krusic in Cook, 2007). Razlike med izračuni 

omenjenih programov niso značilne, zato je izbira delovnega okolja prepuščena 

uporabniku (Poljanšek in sod., 2010, priloga E). S standardizacijo se izračunata 

standardizirani (ang: standardized) kronologiji; standardna kronologija (ang: standard 

chronology) in kronologija ostankov (ang: residual). Standardna kronologija ima več 

nizkofrekvenčne variabilnosti (se pravi, da vsebuje cikle z nizko frekvenco, to so 

dolgoročne spremembe) kot kronologija ostankov, zato je v rekonstrukcijah klime, kjer se 

pričakuje več variabilnosti klimatskega dejavnika in spreminjanje le-tega na daljši časovni 

skali, bolj uporabna (npr. Briffa in sod., 2001; Esper in sod., 2002). V primeru, ko linearna 

povezava med standardno kronologijo in klimatskim dejavnikom ni visoko statistično 

značilna, lahko to povezavo matematično izboljšamo z uporabo standardiziranih z-

vrednosti (npr. Ljungqvist, 2010) oziroma s tehtanim izračunom regionalne kronologije iz 

več lokalnih, pri čemer je utež za lokalno kronologijo s preučevanim klimatskim signalom 

pojasnjena varianca (McCarroll in sod., 2003). Pri tem označuje klimatski signal statistično 

značilno korelacijo med preučevanim parametrom branike in klimatskim dejavnikom.  

 

Za preučevanje klimatskega signala oziroma vpliva klime na rast dreves potrebujemo 

večletne kvalitetne in preverjene klimatske podatke. Najboljše je, če lahko pridobimo 

podatke vremenskih postaj, ki stojijo na približno enaki nadmorski višini in v neposredni 

bližini oziroma čim bliže lokaciji vzorčenja dreves. V primeru, da v bližini ni vremenskih 

postaj, imajo manjkajoče podatke, so nezanesljive ali pa so časovni nizi prekratki, potem 

uporabimo meteorološke podatkovne baze, kot je na primer Histalp (Auer in sod., 2007). 

Histalp vsebuje podatke o temperaturi, padavinah, trajanju sončnega obsevanja ter zračnem 

pritisku za izbrana mesta alpskega in širšega območja, vse do Bosne in Hercegovine (BiH). 
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Medtem ko baza Histalp daje izmerjene podatke posameznih vremenskih postaj, omogoča 

internetna aplikacija KNMI Explorer (van Oldenborgh, 1999) na podlagi CRU sistema 

(Jones in Harris, 2008) uporabo homogeniziranih izmerjenih vremenskih podatkov, iz 

katerih lahko izračunamo vrednosti izbranega klimatskega dejavnika za poljubno izbrano 

točko ali območje v naravi.  

 

1.1.2 Odzivnost rasti dreves na klimo 

Različne drevesne vrste se različno odzivajo na različne klimatske dejavnike (García-

Suárez in sod., 2009), zato je za izbiro drevesne vrste pomembna odločitev, kateri 

klimatski signal želimo preučiti. Ključna je tudi izbira rastišča. Na ekstremnih rastiščih sta 

starost dreves in klima ključna dejavnika, ki vplivata na letni debelinski prirastek (Fritts, 

1976). Za ekstremno štejemo tisto rastišče, na katerem so, za izbrano drevesno vrsto, rastne 

razmere slabe. To je lahko v osrednjem delu ali pa na robu areala razširjenosti izbrane 

vrste. Zato se značilni klimatski signal v širinah branik pričakuje takrat, ko je na 

ekstremnem rastišču opravljen ustrezen izbor drevesne vrste, katere debelinsko priraščanje, 

zaradi večkratnega ali daljšega neugodnega stanja klimatskih dejavnikov v času rastne 

sezone, poteka v stresu. V praksi klimatski signal pomeni, da se parameter branike dobro 

odziva na variiranje klime. Pri preučevanju rasti dreves z ekstremnih rastišč nas lahko 

ovirajo morebitne izpadle ali/in zelo ozke branike (Wilmking in sod., 2012). Do izpada 

oziroma izklinjenja branik pride, ko zaradi hudega stresa kambijeva cona ne proizvede 

letne prirastne plasti po celotni višini debla, od krošnje navzdol oziroma po celotnem 

obodu debla. Izpadle branike so pogoste pri drevesih, ki rastejo na robu areala razširjenosti 

(Wilmking in sod., 2012), zato so tovrstna območja najprimernejša za preučevanje vpliva 

klime na rast dreves. Medtem ko so tovrstne raziskave pogoste v borealnih gozdovih (npr. 

Briffa in sod., 1992; Schweingruber in sod., 1993; Lindholm in sod., 2009), zmernem pasu 

Evrope (npr. Mäkinen in sod., 2003), območju Alp (npr. Rolland, 1993; Levanič, 2005; 

Büntgen in sod., 2006) ter pretežnem delu mediteranskega bazena (npr. Touchan in sod., 

2005), pa je vpliv klime na rast dreves slabo raziskan na območju zahodnega dela 

Balkanskega polotoka. Drevesna vrsta, ki je primerna za raziskave o vplivu klime na rast 

dreves in katere osrednji del areala leži na neraziskanem območju, je črni bor (Pinus nigra 

Arnold). 
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1.1.3 Črni bor (Pinus nigra Arnold) 

Črni bor spada med dvoigličaste bore, je enodebelno drevo in dosega višine od 30 pa do 

40 m (Brus, 2004). Raste tudi na najbolj ekstremnih rastiščih z bazično podlago (slika 1). 

Na nekaterih rastiščih dosega starosti do 800 let (Wimmer in Grabner, 1998). Mlajša 

drevesa imajo stožčasto krošnjo, medtem ko je pri starejših izrazito dežnikasta (Vidaković, 

1991). Pri vizualni oceni starosti dreves prek podobe krošnje je potrebna previdnost, kajti 

dežnikasta krošnja lahko obstaja tudi pri relativno mladih drevesih, rastočih na slabo 

rodovitnih, oziroma ekstremnih rastiščih (Fritts, 1976). Naravni areal črnega bora je 

izrazito nesklenjen in se razteza po zahodnem delu Sredozemlja, južni Evropi, Mali Aziji 

in nekaterih predelih severozahodne Afrike (slika 2). Zaradi velike morfološke in genetske 

variabilnosti ga stroka deli v več podvrst (Vidaković, 1991); na pretežnem delu zahodnega 

dela Balkanskega polotoka raste podvrsta P. nigra bosniaca, medtem ko se na območju 

Dunaja pojavlja P. nigra austriaca, v Romuniji pa P. nigra banatica. Branika ima lepo 

vidno mejo med ranim in kasnim lesom ter veliko odzivnost na klimo (Wimmer in sod., 

2000), zato je to primerna vrsta za preučevanje vpliva klime na debelinski prirastek dreves 

(Strumia in sod., 1997; Martin-Benito in sod., 2011).  

 

Odziv črnega bora na klimo je že preučen z robnih območij njegovega centralnega dela 

areala na Balkanskem polotoku. Klimatski signal je že bil preučen v Albaniji (Levanič in 

Toromani, 2010), submediteranskem delu Slovenije (Ogrin, 1989) in Avstriji (Leal in sod., 

2008). Raziskav o vplivu klime na letni debelinski prirastek črnega bora iz zahodnega dela 

Balkanskega polotoka pa še ni. Raziskava iz Albanije, z jugozahodnega dela razširjenosti 

črnega bora na Balkanskem polotoku (Levanič in Toromani, 2010), je pokazala, da širina 

branik črnega bora negativno korelira z nadpovprečnimi junijskimi temperaturami 

tekočega leta ter z nadpovprečnimi avgustovskimi in septembrskimi temperaturami 

predhodnega leta, na debelinski prirastek pa ima pozitiven vpliv nadpovprečna količina 

padavin preteklega avgusta in septembra.  
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Iz tega sledi, da je klimatski signal v širinah branik črnega bora z jugozahodnega dela 

Balkanskega polotoka bolj kompleksen, kot je klimatski signal drugih drevesnih vrst z 

večjih geografskih širin (npr. Briffa in sod., 1988; Lindholm in sod., 2009) ali z območja 

Alp (npr. Trachsel in sod., 2012), kjer je rast dreves odvisna predvsem od temperatur, 

oziroma z manjših geografskih širin, kot na primer iz območja Sredozemlja, kjer je rast 

dreves odvisna predvsem od padavin (npr. Touchan in sod., 2005; Touchan in sod., 2010). 

V zmernih geografskih širinah, kjer je tudi Balkanski polotok, variabilnost samo 

temperatur ali padavin ne pojasni v zadostni meri variabilnosti rasti dreves (Fritts, 1976), 

lahko pa variabilnost temperatur in padavin pojasnimo z variabilnostjo sončnega obsevanja 

(Stahle in sod., 1991). Parameter število ur sončnega obsevanja (oziroma oblačnost) se 

zaradi neposrednega vpliva na fotosintezo in s tem na izotope ogljika uporablja tudi v 

rekonstrukcijah klime za območja z manjšim vlažnostnim stresom, kjer je bolj kot 

temperatura za fotosintezo pomembna stopnja sončnega obsevanja (Young in sod., 2010). 

 

 

Slika 1: Črni bor (P. nigra banatica) na ekstremnem rastišču na njegovem severovzhodnem robu areala na 
Balkanskem polotoku v jugozahodnem delu Romunije (foto: Simon Poljanšek) 

Figure 1: Black pine (P. nigra banatica) on extreme site in his north-eastern margin of distribution on the 
Balkan Peninsula in the south-western part of Romania (photo: Simon Poljanšek) 
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Slika 2: Karta naravne razširjenosti črnega bora (P. nigra), povzeto po: EUFORGEN (2013) 

Figure 2: Map of natural distribution of black pine (P. nigra), after: EUFORGEN (2013) 

 

1.1.4 Stabilnost klimatskega signala v času 

Prvo izmed načel dendrokronologije je, da so fiziološki in biološki procesi, ki vplivajo na 

debelinsko rast dreves v sedanjosti, imeli enak vpliv tudi v preteklosti; »sedanjost je ključ 

do preteklosti« (Fritts, 1976). Načelo o stabilnosti klimatskega signala v času moramo 

preveriti, preden pristopimo k rekonstrukciji klimatskega dejavnika. Če je prišlo v dobi 

merjenih klimatskih podatkov do sprememb v stabilnosti klimatskega signala, 

rekonstrukcija ni več zanesljiva, saj je zelo težko zagotoviti, da se obdobja slabše 

odzivnosti v preteklosti niso dogajala. Ali je klimatski signal značilen skozi celotno 

obdobje merjenih klimatskih podatkov, se lahko preveri z metodo drseče korelacije (npr. 

Dean in Anderson, 1974). Ta izračunava korelacijski koeficient v časovnem oknu, ki se 

pomika za eno časovno enoto po celotni dolžini razpoložljivih podatkov. V literaturi se 

pojavljajo različne dolžine oken; v raziskavi na severovzhodnem robu areala črnega bora 

na Balkanskem polotoku (Levanič in sod., 2012) je bilo, podobno kot v nekaterih 

predhodnih raziskavah (npr. Luterbacher in sod., 1999; Pauling in sod., 2006), uporabljeno 

30-letno okno, medtem ko smo v osrednjem delu tega areala temperaturni in padavinski 

signal preverili z 31-letnim oknom (Poljanšek in sod., 2012b).  
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Klimatski signal v času je lahko stabilen ali pa spremenjen zaradi klimatskega ali 

antropogenega vpliva. Strumia in sodelavci (1997) so opazili spremenjen odziv rasti črnega 

bora na količino padavin v okolici Dunaja; medtem ko se je v zadnjih 150 letih odziv na 

majske padavine zmanjšal, se je na julijske značilno povečal. Sprememba naj bi bila 

posledica povišane koncentracije ogljikovega dioksida in nitratov v ozračju (Leal in sod., 

2008). O močnejšem odzivu dreves na padavine v sredini 20. stoletja poročajo tudi iz 

območja Pirenejev (Andreu in sod., 2007), medtem ko iz Grčije (Sarris in sod., 2007) in 

območja italijanskih Alp (Coppola in sod., 2012) poročajo o zmanjšanem odzivu oziroma 

celo o spremembi vpliva nadpovprečnih temperatur iz negativnega v pozitiven (Amodei in 

sod., 2012). Medtem ko za šibkejši signal v širinah branik munike (Pinus heldreichii 

Christ.) v Albaniji domnevajo, da je posledica slabših klimatskih podatkov oziroma ne-

ekstremnosti rastišča in zato slabega odziva dreves (Seim in sod., 2012), so v Romuniji 

spremenjeni odziv rasti dreves na klimo pripisali rudniškim aktivnostim (Kern in sod., 

2009), v južni Nemčiji pa emisijam SO2 (Wilson in Elling, 2004). Na drugačen odziv 

debelinske rasti na klimatske dejavnike bi lahko vplivala tudi sprememba v klimi 

Sredozemlja iz obdobja od 1960 do začetka 1990. To obdobje je opisano kot desetletje z 

izjemno spremenljivim sončnim obsevanjem (Mariotti in Dell’Aquila, 2012) oziroma s 

povečanim padavinskim trendom v 60-ih letih 20. stoletja (Xoplaki in sod., 2003), pa tudi 

kot obdobje zmanjšane sončne aktivnosti, katere vpliv so odkrili npr. v spremembah v rasti 

sibirskega brina (Juniperus Siberica Burgsd) (Shumilov in sod., 2007). 

 

1.1.5 Rekonstrukcija klime 

Pretekle vrednosti okoljskih dejavnikov izračunamo tako, da parametre linearnega 

regresijskega modela med merjenimi vrednostmi klimatskega dejavnika in opazovanega 

parametra branike uporabimo v linearni enačbi, kjer vrednost klimatskega dejavnika 

ponazarja odvisno spremenljivko, vrednost parametra branik pa neodvisno spremenljivko. 

Linearni model, razvit za obdobje, ko imamo na voljo kvalitetne klimatske podatke, se tako 

uporabi za rekonstrukcijo izbranih klimatskih podatkov v obdobje pred instrumentalnim 

zbiranjem podatkov, ko so parametri branik na voljo, podatki o klimi pa ne (Fritts in sod., 

1971). Pred izračunom rekonstrukcije se kakovost modela preveri s količnikoma RE 

(Fritts, 1976) in CE (Cook in sod., 1999).  
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Statistični test RE (ang: »reduction of error«) oceni, koliko boljša od povprečne vrednosti 

klimatskega dejavnika iz obdobja kalibracije je naša izračunana rekonstrukcija. CE (ang: 

coefficient of efficiency) je podoben kazalnik, le da namesto uporabe povrečne vrednosti 

klimatskega dejavnika iz obdobja kalibracije uporabimo obdobje verifikacije. Obdobji 

kalibracije in verifikacije dobimo, ko celotno obdobje merjenih klimatskih dejavnikov 

delimo na dve, navadno enako dolgi obdobji. Pri rekonstrukciji je pomemben tudi 

parameter EPS (ang: expressed population signal), ki zaradi odvisnosti od števila 

vzorčenih enot in povprečne korelacije med njimi pove, ali majhen vzorec vsebuje signal 

velike populacije. Za rekonstrukcijo lahko uporabimo tisti del kronologije, kjer je 

parameter EPS višji kot 0,85 (Briffa in Jones, 1990; Wigley in sod., 1984), ali vsaj 0,80.  

 

Z rekonstrukcijami lahko preučujemo variabilnost klimatskega dejavnika v preteklosti ter 

odgovorimo na vprašanje, ali so se klimatske spremembe, podobne sedanjim, v preteklosti 

že dogajale in kako so se nanje drevesa odzivala. Poleg tega nam rekonstrukcije pomagajo 

pri omejevanju variabilnosti projekcij klimatskih sprememb v prihodnosti oziroma pri 

izboljšanju postavljenih modelov. Za območja Francije, Italije ter Iberskega polotoka so iz 

obdobja od 15. do 19. stoletja na voljo prve instrumentalne meritve klimatskih podatkov 

(Camuffo in sod., 2010). V območjih, kjer dolgoletnih klimatskih podatkov ni, so 

rekonstrukcije zato zelo pomembne (Luterbacher in sod., 2012). Z območja 

Mediteranskega bazena so že predstavljene daljše rekonstrukcije temperatur oziroma 

padavin Atlasa v Afriki, Pirenejev, Alp, Karpatov ter območja Egejskega morja, medtem 

ko za območje Dinaridov še ni razvita niti dendrokronološka mreža niti še ni izračunana 

rekonstrukcija (slika 3). 
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Slika 3: Lokacije in s korelacijskim koeficientom predstavljen klimatski signal 847 kronologij širin branik 
širšega območja Mediteranskega bazena. Pearsonovi koeficienti korelacije so izračunani glede na mrežo 
temperaturnih (A) in padavinskih (B) koeficientov obdobja junij-avgust. Krogi in številke označujejo 
območja in rekonstruirani klimatski dejavnik dolžine > 600 let; 1. Atlas, rekonstrukcija suše; 2. Pireneji, 
temperatura; 3. avstrijski del Alp, temperatura; 4. Alpe, temperatura; 5. Karpati, temperatura; 6. Egejsko 
morje, padavine; 7. jugozahod Turčije, padavine; 8. vzhodni Mediteran, padavine (povzeto po: Luterbacher 
in sod., 2012). 

Figure 3: Location and correlation coefficient of climate sensitivity of 847 TRW chronologies within the 
Greater Mediterranean Region. Pearson’s correlation coefficients are computed against gridded June-
August: (A) temperature and (B) precipitation indices. Black circles and numbers refer to climate 
reconstructions > 600 years; 1. Atlas, reconstruction of drought; 2. Pyrenees, temperature; 3. Austrian Alps, 
temperature; 4. Alps, temperature; 5. Carpathians, temperature; 6. Aegean Region, precipitation; 7. 
Southwest Turkey, precipitation; 8. Eastern Mediterranean, precipitation (after: Luterbacher et al., 2012). 

 

Na sliki 3 je razvidno, da za območje med Egejskim morjem in avstrijskim delom Alp že 

obstajajo objavljene kronologije. V mednarodni podatkovni zbirki dendrokronoloških 

podatkov (ITRDB), prosto dostopni na internetu, so na voljo kronologije, organizirane po 

avtorjih, regijah, drevesnih vrstah ter merjenih parametrih branik (NOAA, 2012). V zbirki 

so za območje zahodnega dela Balkanskega polotoka kronologije širin branik smreke 

(Picea abies L.) iz Senja na Hrvaškem ter Vlasiča in Jahorine v BiH, vsa vzorčenja je 

opravil Schweingruber. V Črni gori je Schweingruber na prelazu Čakor vzorčil tudi 

omoriko (Picea omorika) (NOAA, 2012). Prav tako je bilo v BiH, v krajih Ravno borje 

(Kuniholm, 1981) in Duboka (Kuniholm in Striker 1983), opravljeno vzorčenje črnega 

bora, katerih maloštevilni vzorci so bili uporabljeni v dendrokronološki raziskavi širšega 

območja Egejskega morja (Hughes in sod., 2001). Dendrokronološko raziskavo je v BiH 

opravil tudi Accetto (1979), ko je preučil pomlajevanje črnega bora v okolici kraja 

Bugojno ter munike na planoti Prenj (Accetto, 1980).  
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Rezultati meritev debelinske rasti, ki jih je objavil Accetto (1979, 1980), so podane le kot 

grafična slika (same meritve niso na voljo), medtem ko so druge meritve z zahodnega dela 

Balkanskega polotoka objavljene v digitalni obliki (NOAA, 2012). Objavljene kronologije 

so zaradi tega na voljo za široko uporabo, a ker obsegajo le meritve največ petih dreves na 

eno lokacijo, so statistično premajhen vzorec za razvoj dendrokronološke mreže in 

reprezentativno predstavitev celotnega območja oziroma za uporabo teh kronologij v 

dendroklimatološki analizi vpliva klimatskih dejavnikov. Za zanesljivo izdelano 

dendrokronološko mrežo debelinskih prirastkov potrebujemo sistematičen pristop k 

vzorčenju na klimatske dejavnike odzivne drevesne vrste. Organiziran pristop izdelave 

kronologije izbrane drevesne vrste in rekonstrukcijo klimatskega dejavnika lahko že 

zasledimo na nekaterih sosednjih območjih zahodnega dela Balkanskega polotoka. V 

Romuniji, na vzhodnem delu Balkanskega polotoka, so rekonstruirali 1000-letno poletno 

temperaturo, temelječo na kronologiji širin branik cemprina (Pinus cembra) (Popa in Kern, 

2009), ter dodatno preučili še vpliv klime na prirastke treh drugih drevesnih vrst (Picea 

abies L. Karst., Abies alba Mill. in Fagus sylvatica L.) (Kern in Popa, 2007). V Bolgariji, 

jugovzhodnem delu Balkanskega polotoka, so izdelali 655- in 305-letno kronologijo 

munike in molike (Pinus peuce Gris.) (Panayotov in sod., 2009) ter rekonstruirali poletno 

temperaturo (Trouet in sod., 2012). V Albaniji so v tisočletni kronologiji munike preučili 

klimatski signal, niso pa še predstavili nobene rekonstrukcije (Seim in sod., 2012).  

 

Z vzorčenjem prirastkov na več lokacijah in izdelavo skupne regionalne iz več lokalnih 

kronologij pričakujemo, da bomo zajeli klimatski signal, ki ne bo samo lokalen, temveč bo 

ponazarjal odziv dreves na klimo širšega območja. Prostorsko jakost klimatskega signala 

ter kako veliko območje izdelana kronologija pokriva, preverimo prek spletnega programa 

KNMI Explorer (van Oldenborgh, 1999). Ta omogoča primerjavo naše izbrane kronologije 

z raznovrstnim naborom klimatskih parametrov izbranega območja iz CRU-sistema (Jones 

in Harris, 2008) ter slikovni prikaz izračuna korelacijskih vrednosti. Poznavanje velikosti 

vplivnega območja klimatskega dejavnika na izbrano kronologijo pomaga pri razumevanju 

in razlagi v rekonstrukciji identificiranih značilnih oziroma ekstremnih let. V našem 

primeru so značilna leta definirana kot leta, v katerih so rekonstruirane vrednosti presegle 

mejno vrednost, postavljeno na dveh standardnih odklonih od povprečne vrednosti 

(Touchan in sod., 2005) oziroma na izbranem centilu (Touchan in sod., 2008). 
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1.2 RAZISKOVALNE HIPOTEZE  

Naš cilj je bil izdelati dendrokronološko mrežo črnega bora za območje zahodnega dela 

Balkanskega polotoka, preučiti vpliv na rast najbolj vplivnega klimatskega dejavnika ter 

rekonstruirati izbrani dejavnik v obdobje pred zbiranjem merjenih klimatskih podatkov. Z 

ozirom na naše cilje smo postavili naslednje hipoteze: 

 

1. Lokalne kronologije črnega bora z različnih rastišč, nadmorskih višin in matičnih 

podlag se med seboj ujemajo, kar dokazuje skupen klimatski signal, ki nam 

omogoča sestavo regionalne kronologije črnega bora za BiH. 

2. Regionalna kronologija črnega bora zahodnega dela Balkanskega polotoka se 

ujema z regionalnimi kronologijami sosednjih območij. 

3. Klimatski signal v maksimalni gostoti kasnega lesa je bolj izrazit kot v širini branik.  

4. Na širino branik črnega bora z ekstremnih rastišč vplivajo zgodnje poletne 

temperature in padavine, medtem ko na maksimalno gostoto kasnega lesa v braniki 

vplivajo pozno poletne temperature in padavine. 

5. Regionalna kronologija črnega bora omogoča rekonstrukcijo najbolj vplivnega 

vremenskega dejavnika v obdobje pred instrumentalnimi meritvami. 

6. Odziv črnega bora na klimo se skozi čas ne spreminja. 
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2 ZNANSTVENA DELA 

2.1 435 LET DOLGA KRONOLOGIJA ČRNEGA BORA (Pinus nigra) ZA 

CENTRALNO-ZAHODNI DEL BALKANSKEGA POLOTOKA.  

 

Poljanšek S., Ballian D., Nagel T. A., Levanič T. 2012. A 435-Year-Long European Black 

Pine (Pinus nigra) Chronology for the Central-Western Balkan Region. Tree-Ring 

Research, 68, 1: 31-44. 

 

Opisujemo razvoj prve regionalne kronologije črnega bora (Pinus nigra Arnold) za 

območje centralno-zahodnega dela Balkanskega polotoka; Bosne in Hercegovine (BiH), 

temelječo na sedmih lokalnih kronologijah iz različnih krajev preučevanega območja. 

Analiza značilnih let v lokalnih kronologijah je pokazala skupen signal (verjetno klimatski) 

- najmanj pet pozitivnih (1876, 1930, 1941, 1969) in devet negativnih značilnih let (1874, 

1880, 1891, 1931, 1943, 1963, 1971, 1987, 2000) je bilo skupnih za vseh sedem 

preučevanih rastišč. Lokalne kronologije so bile medsebojno primerjane s statističnimi 

parametri in vizualnim ujemanjem. Iz lokalnih kronologij smo za območje BiH razvili 435 

let dolgo kronologijo širin branik črnega bora in jo primerjali z že obstoječimi 

kronologijami iz Črne gore, Grčije, Albanije, Avstrije (območje Dunaja) in Francije 

(Korzika). Statistične in vizualne podobnosti med regionalnimi kronologijami potrjujejo 

močan regionalni signal kronologije BiH, zato lahko novo razvito kronologijo z zahodnega 

dela Balkanskega polotoka vključimo v dendrokronološko mrežo za črni bor. 
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CHRONOLOGY FOR THE CENTRAL-WESTERN BALKAN REGION
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ABSTRACT

We describe the development of the first black pine (Pinus nigra Arnold) regional chronology

for the central-western Balkan area, Bosnia and Herzegovina (BiH), based on seven site chronologies

from different parts of the country. Pointer-year analysis identified a common signal (possibly climate)

in the site chronologies—at least five positive (1876, 1930, 1941, 1969) and nine negative pointer years

(1874, 1880, 1891, 1931, 1943, 1963, 1971, 1987, 2000) are common to all seven study sites. Site

chronologies were compared using statistical parameters and visual crossdating, from which we

constructed a 435-year-long tree-ring width chronology for P. nigra for BiH and compared it with

existing P. nigra chronologies fromMontenegro, Greece, Albania, Austria (Vienna region), and France

(Corsica). The resulting statistical and visual similarity indicated that the chronology has a strong

regional signal and therefore can be included in the dendrochronological network for P. nigra for the

Western Balkans.

Keywords: Pinus nigra, climate change, Bosnia and Herzegovina, dendroclimatology, dendro-

chronology.

INTRODUCTION

Dendrochronological research has a long

tradition in the western and central part of the

Mediterranean, such as Spain, France, Italy,

Morocco, Tunisia, and Algeria (Martinelli 2004).

However, the eastern part of the Mediterranean

region had been largely overlooked until 1999

(Touchan and Hughes 1999), after which this

situation improved as dendrochronological studies

started to emerge in Jordan, Syria, Cyprus,

Lebanon, and Turkey (Touchan et al. 2005b;

Sevgi and Akkemik 2007; Touchan et al. 2007;

Touchan et al. 2008). Currently, long chronologies

for different tree species are available, as well as

long-term reconstructions of different climatic

parameters (see Touchan et al. 2007). Other

studies have also realized the importance of the

lack of data in the eastern region of the

Mediterranean. Allen et al. (2010) clearly identify

that data are needed on tree growth, climate-

growth, as well as climate-mortality relationships.

In Bulgaria and Romania dendrochronolog-

ical research is progressing. Panayotov et al.

(2010) compiled a 758-year-long chronology for

Pinus heldreichii Christ. and a 340-year-long

chronology for Pinus peuce Gris., while Popa

and Kern (2009) developed a 1,000-year-long

chronology of Pinus cembra L. for Romania and

reconstructed summer mean temperature anoma-

lies for the period AD 1163–2005. In Austria,

Strumia et al. (1997) studied the response of black

pine (Pinus nigra Arn.) to precipitation and

reported a high sensitivity to summer rainfall,

whereas Leal et al. (2008) observed a decreasing

sensitivity of the response to spring-summer

precipitation towards the end of the 20th Century.

Dendrochronological work in Greece, Cy-

prus and in countries of the Near East (Turkey,

Syria, Lebanon) is also well developed (Kuniholm

and Striker 1983; Touchan et al. 2005a). At this

stage, new chronologies have been constructed*Corresponding author: tom.levanic@gozdis.si
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and the first regional reconstructions of climate

parameters have been published, including a long

regional oak tree-ring width chronology (Kuni-

holm and Striker (1983) as well as the reconstruc-

tion of spring-summer precipitation for the

Eastern Mediterranean (Touchan et al. 2005b)

and a study of the association between signature

years and the seasonal patterns of atmospheric

circulation (Hughes et al. 2001).

Dendrochronological work in Albania, un-

like that in Greece and the Near East, is being

slowly developed by research teams from various

countries. The first chronology of P. nigra from

Albania and its response to climate was published

by Levanič and Toromani (2010), while Seim et al.

(2010) constructed a 1,000-year-long tree-ring

width and tree-ring density chronology for P.

heldreichiii in Albania.

In contrast to the rapid and systematic

development of dendrochronological networks

all around the Mediterranean basin, the Western

Balkan region, which includes Montenegro, Bos-

nia and Herzegovina (BiH) and Croatia, has been

less intensively investigated by dendrochronolo-

gists, and systematic dendrochronological work

focusing on chronology development and climate-

tree growth relationships, or addressing different

dendroecological questions, has been largely

absent. We are aware of two dendroecological

studies by Accetto (1979) on the growth dynamics

and natural regeneration of P. nigra and P.

heldreichii in Central BiH. That study was limited

to a relatively small area and focused more on

stand dynamics than on the development of long

chronologies. There are only a few chronologies

from this region in the International Tree-ring

Data Bank — P. nigra chronologies from Ravno

Borje (Kuniholm 1981) and Picea abies chronol-

ogies from Jahorina, Čakor and Vlasić (Schwein-

gruber 1996a). Although Kuniholm and Striker

(1983) built a network of more than 50 Greek and

Turkish sites, only one chronology from Duboka,

Serbia, originates from the region we studied.

The Balkan Peninsula in Southeastern Eu-

rope is ca. 550,000 km2 in size. It has a strong

north-south temperature gradient, which can be

viewed as a climatic transition from the strong

Mediterranean conditions in Greece to temperate

conditions toward the Alps, as well as a strong

east-west precipitation gradient, resulting in a

diverse climate throughout the region. Forests in

this region are diverse, and forest communities on

southern slopes, shallow soils and limestone

bedrock in the Mediterranean climate zone of

the western part of the Peninsula are especially

susceptible to the predicted increase in tempera-

ture and decrease of precipitation (Pachauri and

Reisinger 2007). For these reasons, the Balkan

Peninsula is an important region for dendrochro-

nological and dendroclimatological work, which

has been exploited in its eastern, but not in its

western part. We therefore decided to initiate

systematic dendrochronological work on P. nigra

in the western part of the Balkan Peninsula. P.

nigra grows on extreme sites, has a wide ecological

amplitude and distribution range, and responds

well to environmental changes (see Fritts 1976). Its

natural range of distribution extends from the

vicinity of Vienna, Austria, in the north to Greece

in the south, and covers all western Balkan

countries. P. nigra can grow on different sub-

strates and bedrock, such as limestone, dolomite,

and serpentine-peridotite (Vidaković 1991; Isajev

et al. 2004). Our study had the following goals:

N construction of tree-ring width chronologies
for P. nigra on many natural sites in Bosnia
and Herzegovina,

N development of a regional P. nigra chronol-
ogy for Bosnia and Herzegovina,

N comparison of pointer years between sites
and between neighboring countries,

N connection of the newly developed P. nigra
chronology with other P. nigra chronologies
from the Balkan Peninsula and neighboring
countries.

MATERIALS AND METHODS

Sampling Locations

Seven P. nigra sites were sampled in BiH.

They ranged in elevation from 500 m to 1,500 m

a.s.l., with a southern aspect at higher elevations

and a northern aspect at lower elevations (Table 1,

Figure 1). Apart from the other six sites, trees at

Šipovo (SIP) were sampled on the northern and
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southern side of the slopes above the gorge. All

study sites had a low stand density, so the sampled

trees had plenty of growing space and no between-

tree competition. Many sampled trees were

growing on a ridge (see Figure 2). All study sites

were more or less pure P. nigra stands with only a

minor occurrence of other tree species (e.g.

Fraxinus ornus L., Pinus sylvestris L., Quercus

petraea Liebl., and Quercus pubescens Wild.).

According to local foresters, some locations have

had frequent forest fires (also visible as fire scars

on the stem) caused by lightning, and some sites

have been heavily affected by intensive resin

collection (such trees were not sampled). The

Figure 1. Sampling sites (N) of P. nigra in Bosnia and Herzegovina (dark gray area); Blace (BLA), Konjuh (KON), Krivaja (KRI),

Perućica (PER), Prusačka rijeka (PRU), Šator (SAT) and Šipovo (SIP); meteorological stations (#) Mostar and Sarajevo.

Table 1. Basic characteristics of the P. nigra sampling locations in Bosnia and Herzegovina.

Site Code Latitude N Longitude E Elevation [m] Slope [u] Aspect Bedrock

Blace BLA 43u319 18u079 950 50 SE Dolomite

Konjuh KON 44u179 18u329 1,100 45 S Serpentine

Krivaja KRI 44u139 18u299 500 60 NE Serpentine

Perućica PER 43u199 18u429 1,450 55 S Limestone

Prusačka rijeka PRU 44u049 17u219 1,100 65 S Limestone

Šator SAT 44u119 16u369 1,300 55 S Dolomite

Šipovo SIP 44u179 17u129 1,100 60 S & N Limestone
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sampling locations were evenly distributed across

BiH and covered the majority of the sites where P.

nigra is found in natural stands (Figure 1).

Main Characteristics of Black Pine (Pinus
nigra Arn.)

P. nigra is a widespread species on the Balkan

Peninsula. It can be found in a wide altitudinal

range, from 500 to 2,000 m a.s.l. and can measure

as much as 50 m in height and over 1 m in

diameter. On some extreme sites it can reach over

500 years of age (Brus 2004). It has distinct annual

rings with clearly visible earlywood and latewood.

Resin ducts are abundant and mainly in the

latewood, and missing or false rings can occur,

especially on extreme sites. P. nigra is not shade-

tolerant, but can resist low winter and high

summer temperatures. Its thick bark makes it

more fire resistant than other tree species in the

area. All P. nigra subspecies are mountain species

that occupy intermediate plains and more or less

steep slopes of the wider Mediterranean region. In

low elevations of the Mediterranean part of its

distribution, natural P. nigra stands are found on

north-facing slopes, whereas in alpine and conti-

nental areas, they are located on south-facing

slopes (Bussotti 2002). P. nigra is well adapted to

extreme sites with summer heat and a lack of

precipitation. It can grow on steep, rocky slopes

where soils are highly erodible and on dolomite,

limestone, or serpentine-peridotite bedrock where

growth conditions for other tree species are too

extreme. Sites on serpentine-peridotite are partic-

ularly interesting as this bedrock type is charac-

terized by low fertility, low soil moisture, calcium

deficiency, high concentrations of heavy metals,

and low plant nutrients. Serpentine-peridotite

substrate varies from pH 5.5–8 (Proctor and

Woodell 1975; Stevanović et al. 2003). Because

trees on these sites grow slowly, we can expect to

find very old individuals. Such trees are highly

suitable for the development of long chronologies

or investigation of climatological and ecological

questions related to tree growth (Leal et al. 2008;

Linares and Tı́scar 2010).

Sampled Trees

Old, dominant or co-dominant trees with a

healthy trunk and no signs of resin exploitation

were selected for sampling. From each tree, two

cores from opposite sides were taken at breast

height (1.3 m) and perpendicular to the slope to

avoid compression wood. On extreme terrain, we

took only one core per tree, or the core was taken

at a greater height than normal (i.e. 1.5–2 m).

Cores were air-dried and glued on wooden

holders, and sanded with progressively finer

sandpaper until a high-polish surface was achieved

(Stokes and Smiley 1996). Samples were scanned

using the ATRICS system (Levanič 2007) and

measured using WinDENDRO software (www.

regentinstruments.com). The width of each annual

ring was measured to the nearest 0.01 mm.

Climate

Geographically, the Balkan Peninsula repre-

sents an important north-south transect and a

Figure 2. Typical site with P. nigra growing on a steep

limestone slope of the Prusac gorge, Bosnia and Herzegovina

(photo: Simon Poljanšek).
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climatic transition zone between the Mediterra-

nean and Central European synoptic - temperate

zone (Eastwood 2004). Although the vegetation in

BiH belongs to the Mediterranean vegetation

community (Eastwood 2004), it is enriched by

diverse geographical features. This leads to high

species diversity and makes BiH one of Europe’s

biodiversity hotspots (Gibson et al. 2003).

BiH is located in the northwestern part of the

Balkan Peninsula, between 42u269 to 45u159N and

15u449 to 19u419E. It is bordered by Croatia to the

north, west, and south, by Serbia to the east, and

by Montenegro to the southeast. Because of its

geographical position, proximity to the Adriatic

Sea, and distinct topography, the northern part of

the country has a moderate continental climate

with July temperature around 20uC and 700–

800 mm of annual precipitation (Pintarić 1999). In

the central mountainous area severe winters with

abundant snowfall prevail. Warm humid air from

the Adriatic Sea often collides with cooler air

above the Dinaric Alps, and as a consequence, the

Čvrsnica (2,000 m a.s.l.), Prenj (1,900 m a.s.l.) and

Džamija (1,800 m a.s.l.) mountain peaks receive

abundant precipitation — annual precipitation on

these peaks averages from 3,000–5,000 mm,

among the highest recorded in Europe. Bjelašnica

(2,000 m a.s.l.), located behind the first range, still

receives more than 1,800 mm of yearly precipita-

tion, although there can be large differences

between years, with a maximum of 3,157 mm in

1900 and a minimum of 627 mm in 1954 (Federal

Hydrometeorological Institute of Bosnia and

Herzegovina).

Mountain ranges in BiH have an important

impact on climate. They reduce the influence of

the Mediterranean and enhance the influence of

the continental climate over a very short distance.

Western BiH has a typical sub-Mediterranean

climate pattern with warm and wet late autumn

and winter months (6.5uC average winter temper-

ature and 650 mm precipitation) and hot and dry

summers (22uC and 250 mm precipitation). As

there are three types of climate that influence the

BiH area, a mixed climatic influence is observed in

weather station data that are provided by the

HISTALP climate database project (Auer et al.

2007). The variability of climate in BiH is well-

represented by two meteorological stations—

Mostar and Sarajevo. The Mostar meteorological

station (Figure 3b) represents a typical sub-Med-

iterranean climate—the temperature is high in

July-August (25uC average monthly temperature)

and precipitation is most abundant from October

to January (700 mm). Winter is not particularly

cold (6uC) and summer is very dry (245 mm from

May-August). The climate of the inner part of BiH

is well-represented by the meteorological station in

Sarajevo (Figure 3a); it is a moderate continental

climate—mountain ridges oriented north-south

Figure 3. Climate diagram based on the HISTALP dataset (Auer et al. 2007) for the period 1881–2006 for (a) Sarajevo and

(b) Mostar.
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prevent the Mediterranean climate from reaching

deep into the country, which results in cool

summers (17uC average monthly temperature)

and equally distributed precipitation over the year

(1,000 mm of annual precipitation).

Statistical Methods

Crossdating of chronologies was done with

PAST-4TM software (www.sciem.com) using both

visual on-screen comparisons and statistical pa-

rameters, such as the t-value after Baillie and

Pilcher (tBP) (1973) and Gleichläufigkeits coeffi-

cient (GLK%) (Eckstein and Bauch 1969). False

and missing rings were counted across all tree-ring

series per site and summed. Additionally, quality

control using program COFECHA was applied to

check for measurement errors (Holmes 1983). If

necessary, measurements were repeated, re-

checked, or removed from further processing if

recognized as unusable. Reasons why certain trees

were removed from the sample pool were growth

anomalies connected with historical resin collec-

tion, overgrown wounds, or occurrence of com-

pression wood deep inside the trunk. In three cases

we were not able to measure tree-ring widths on

the entire core, just on their older sections. This

caused a small decrease in sample depth after

1900. Because the sample depth in the last

100 years is more than adequate, we are confident

that this did not influence the overall results.

Individual tree-ring width (TRW) series were

standardized to remove long-term trends (Cook

1985), and all basic statistical parameters of TRW

were calculated using ARSTAN for Windows

(Cook and Holmes 1999). Each series of tree-ring

widths was fit with a cubic smoothing spline with a

50% frequency response at 67% of the series length

to remove non-climatic trends related to age, size,

and the effects of stand dynamics (Cook and Briffa

1990). Each year’s ring width was divided by the

year’s value of the fitted curve to give a dimension-

less index with a mean of one. Index values were

then prewhitened using an autoregressive model

selected on the basis of the minimum Akaike

criterion and combined across all series using

biweight robust estimation of the mean to exclude

the influence of outliers. Two chronologies were

produced this way—a standard chronology and a

residual chronology containing only high-frequen-

cy variations with statistically removed autocorre-

lation (Cook 1985; Cook et al. 1990).

The regional chronology was calculated in

ARSTAN using the same parameters as for the

site chronologies. The main difference between the

site chronologies and the regional chronology is

that we first composed a file containing all

individual raw TRW series and then ran AR-

STAN to produce a standard and residual

regional chronology.

Signal strength in site chronologies was tested

using Expressed Population Signal - EPS (Wigley et

al. 1984; Briffa and Jones 1990). Calculation of EPS

is based on a 50-year moving window with a 25-

year overlap. For each window, ARSTAN calcu-

lates the average between-tree correlation, number

of trees included, and EPS. We also calculated the

usable portions of the chronologies to ensure the

reliability of any future climate reconstructions that

may be carried out with this dataset. The usable

portion of a chronology was defined as the part

where a minimum number of trees maintains an

EPS value above 0.85 (Briffa and Jones 1990).

Pointer years (PYs) were calculated for each

site and compared between sites to search for a

common forcing in the tree-ring widths. According

to Schweingruber et al. (1990), PYs are defined as

years when at least 80% of 13 trees respond with an

increase or decrease in tree-ring width. An exception

was made for sites KRI and PRU where, because of

the small number of accepted samples, conditions

for PYs were set at 90% of 10 trees for KRI and

83% of 12 trees for BLA. PYs were calculated with

non-standardized tree-ring series. We also identified

‘‘Regional’’ PYs , defined as pointer years that were

common on at least four out of seven site

chronologies. Finally, the results of the PY analysis

were compared with PYs calculated from various

tree species in BiH, Greece, Italy, Turkey, and

Serbia in a study by Hughes et al. (2001).

RESULTS

Construction of Site Chronologies

Seven P. nigra site chronologies of different

length between 198 and 430 years were built for
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Bosnia and Herzegovina (Table 2). On each site

we found trees that could not be crossdated with

others; such trees were removed from the data

pool. The highest number of excluded trees was at

SIP (12 out of 35; 34%); however, the highest

proportion of trees excluded was at KRI (8 out of

18; 44%). Because trees at KRI were used for the

industrial exploitation of resin, only 18 trees were

found without visible damage to the trunk, and

only 10 could be crossdated. A similar problem

occurred at PRU, where, because of the extremely

steep slope, only 15 trees could be sampled and

just 10 of them crossdated (Table 2).

In some trees, false rings and missing rings

were detected. Missing rings were identified in

cases where one core had a ring in a certain year

and the core from the opposite side did not. For

example, at BLA we collected 41 cores and found

just two missing rings (Table 2). Seven missing

and false rings were identified at KRI. The largest

number of missing rings was found at KON (31

altogether). Trees within sites crossdated very well,

as values of coefficients tBP and GLK% were high

at all locations (Table 2). The highest maximum

(23.9) and average values (17.8) of tBP were found

at KON, and the lowest values were found at SIP

(15.8 and 11.4, respectively).

In general, all tree rings were narrow (mean

value below 1 mm). The widest TRW was found at

PRU (4.29 mm) and the narrowest at KRI

(0.11 mm) (Table 3). The lowest standard devia-

tion was found at SIP (0.25) and the highest at

SAT (0.66). The highest values of mean sensitivity

were at BLA, KRI, PER, and SAT, while KON,

PRU, and SIP had values below 0.20. Values of

the first-order autocorrelation in the raw chronol-

ogies were high, meaning that growth conditions

in the previous year influence tree-ring width in

the current year. Autocorrelation in the standard-

ized chronologies were slightly lower than in the

raw chronologies and completely negligible in the

residual chronologies.

Table 2. Basic data of the site chronologies.

Site Time Span Length Trees Cores

Trees

Excluded

False

Rings

Missing

Rings

Average

tBP

Min-Max

tBP

Average

GLK%

BLA 1625–2010 386 21 41 9 0 2 13.5 10.5–16.9 73.1

KON 1626–2010 385 24 45 6 0 31 17.8 13.5–23.9 74.8

KRI 1667–2010 344 18 29 8 7 7 14.6 10.8–17.1 73.1

PER 1603–2010 408 33 50 9 3 7 13.9 8.93–20.1 71.3

PRU 1694–2010 317 15 22 5 0 15 12.1 8.63–13.8 63.3

SAT 1813–2010 198 20 40 4 3 16 13.0 10.4–17.2 73.3

SIP 1576–2005 430 35 58 12 4 19 11.4 8.47–15.8 68.1

Table 3. Tree-ring width (TRW) statistics for raw chronologies, including mean, standard deviation (st. dev.), minimum and

maximum tree-ring width, mean segment length, expressed population signal (EPS), mean sensitivity (MS), as well as first-order

autocorrelation ac(1) for the raw, standard, and residual chronologies.

Site

Raw Chronology ac(1)

Mean St. dev. Min-Max mssl* EPS . 0.85 MS rBT** RAW STD RES

BLA 0.77 0.29 0.16–2.30 263 1830 0.22 0.39 0.73 0.68 0.00

KON 0.74 0.43 0.21–3.52 330 1705 0.19 0.48 0.87 0.74 0.00

KRI 0.70 0.47 0.11–3.33 280 1745 0.24 0.46 0.84 0.49 0.03

PER 0.98 0.42 0.25–2.30 291 1660 0.23 0.39 0.84 0.65 0.00

PRU 0.99 0.49 0.29–4.29 277 1825 0.17 0.37 0.85 0.57 20.01

SAT 1.44 0.66 0.23–3.33 165 1870 0.23 0.43 0.88 0.57 20.00

SIP 0.75 0.25 0.20–0.87 292 1730 0.15 0.29 0.81 0.67 0.01

*Mean sample segment length.

**Correlation among trees (rBT) calculated with residual tree-ring series.
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Similarities between site chronologies were

high. All site chronologies crossdated well, except

between SAT and KRI and PER and KRI

(Table 4). Average values of tBP and GLK%

coefficients for combinations of site pairs were

8.5 and 66.1, respectively. The highest value was

found between PRU and KON (13.4) and the

lowest between KRI and SAT (1.9). All GLK%

coefficients were high, with the exception of the

above-mentioned combinations with a low tBP
value. The KRI site did not crossdate well with

PER and SAT, but did match well with BLA (9.6)

and KON (12.7). Residual site chronologies are

presented in Figure 4.

Table 4. Comparison of tBP (upper triangular of matrix) and GLK% (lower triangular of matrix) coefficients between

site chronologies.

Site BLA KON KRI PER PRU SAT SIP

BLA * 10.4 9.6 9.0 11.7 5.2 7.8

KON 66.9 * 12.7 10.6 13.4 6.4 12.1

KRI 66.9 68.0 * 4.6 6.7 1.9 7.0

PER 65.7 67.4 57.3 * 9.9 7.5 10.2

PRU 70.8 69.9 63.4 67.4 * 5.6 11.2

SAT 64.9 61.4 51.5 66.4 65.4 * 5.0

SIP 63.6 74.1 68.1 69.9 70.7 67.6 *

Figure 4. Residual chronologies for P. nigra from seven locations in BiH. The dashed line represents the point on the chronology

where the EPS value exceeds 0.85, vertical dotted lines show connections between parts of the figure.
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Pointer Years

Pointer years (PYs) were studied at all seven

locations. Altogether we found 287 positive and

308 negative PYs (Figure 5). We identified five

positive (1876, 1930, 1941, 1959, 1969) and nine

negative (1874, 1880, 1891, 1931, 1943, 1963, 1971,

1987, 2000) PYs common to at least four out of

seven sites.

Out of 14 positive PYs published in Hughes

et al. (2001), two were present in at least four of

our sites (1930, 1959), while three positive PYs

(1897, 1910, 1936) were found at three of our sites.

Negative PYs seemed to be more local and had

less similarity with those published, because only

one year (1928) in Hughes et al. (2001) was found

to be common to two of our sites.

Regional Chronology for P. nigra in Bosnia

and Herzegovina

A regional chronology for P. nigra was

compiled from all seven site chronologies. All site

chronologies crossdated well with the regional

chronology, with tBP values being equal or greater

than 7.8 and GLK% values being equal or greater

than 65.7 (Table 5). The highest tBP value was

found between the regional chronology and the

site chronology KON (17.7), and the highest

GLK% coefficient was found between the regional

chronology and the site chronology PRU (74.0).

Analyses of raw chronologies, included in the

calculation of the regional chronology, confirmed

the extreme growth conditions at all seven sites.

The average tree-ring width was 0.87 mm, but

more than half of all tree rings were narrower than

0.77 mm. Seventy-five percent of all tree rings were

less than 1.04 mm wide. The narrowest ring was

0.11 mm and the widest 4.29 mm. The widest

TRW were found in juvenile period of the trees

(above 1 mm), but with increasing age the average

TRW fell under 0.80 mm; the raw chronology is

presented in Figure 6a and the residual chronol-

ogy in Figure 6b, while sample depth is presented

in Figure 6c. After AD 1666, the sample depth

exceeded 20 trees. Fifty trees included in the

chronology were present after 1706, and after

1833, 100 trees were included. The highest number

of trees covers the period from 1875 until the

present, with more than 110 trees.

Figure 5. Pointer years at all 7 locations (& represents a positive pointer year and % a negative). Scale of the x-axis is set to the

common period 1873–2009 with sufficient sample depth on all seven sites.

Table 5. Comparison of BiH regional P. nigra chronology with site chronologies (the respective chronology was temporarily

removed from the regional chronology prior to comparison).

Site Chronologies Start Year End Year Overlap tBP GLK%

BLA 1624 2010 386 13.0 68.8

KON 1625 2010 385 17.7 73.6

KRI 1666 2010 344 9.4 65.7

PER 1602 2010 408 13.3 71.4

PRU 1693 2010 317 16.4 74.0

SAT 1812 2010 198 7.8 68.9

SIP 1575 2005 430 13.3 73.8
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Comparisons with Other P. nigra Chronologies

from the Broader Region

The BiH regional P. nigra chronology was

compared with other regional P. nigra chronol-

ogies for Southern Europe (Mediterranean area),

Austria, and Switzerland, available in the Tree-

Ring Data Bank or acquired through exchange

with other laboratories. The highest tBP and

GLK% coefficients were found between the BiH

and Montenegro chronologies (13.5 and 71.1,

respectively) – Table 6. Both parameters were

also high when comparing the BiH chronology

with chronologies from Albania, Austria, France,

and Greece, ranging between 6.0 and 7.8 for tBP
and 52.0 and 69.1 for GLK%. We found a

minor connection or no connection at all

between the BiH chronology and chronologies

from Slovenia, Switzerland, Turkey, Cyprus, and

Spain.

Figure 6. P. nigra regional raw (a) and residual chronology (b) with sample depth (c) for Bosnia and Herzegovina. The dashed line

represents the point on the chronology where the EPS value exceeds 0.85.
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DISCUSSION

We present the first 435-year-long regional

chronology for P. nigra for Bosnia and Herzego-

vina. It was compiled from seven site chronologies

originating from different substrates, elevations,

and slopes, evenly dispersed across the country.

The regional chronology has a sufficient sample

depth and an EPS . 0.85 from AD 1675 until the

present. It is as long as P. nigra chronologies from

nearby regions such as Cyprus, Corsica, and

Montenegro (Schweingruber 1996b; Touchan

and Hughes 2007; Levanič unpublished) and in

some cases even longer than chronologies for

Slovenia (unpublished data), Switzerland, Greece,

and Albania (Schweingruber 1996c; Hobi 2008;

Levanič and Toromani 2010). The length of the

BiH regional chronology is close to the maximum

age of P. nigra of ca. 500 years (Brus 2004). With

the additional coring of dead wood or the collection

of wood samples from old houses, it might be

possible to construct an even longer P. nigra

chronology, as was the case with the P. cembra

chronology by Popa and Kern (2009) or with the

oak and pine chronologies by Kuniholm and

Striker (1983). In the latter case, the length of

living tree chronologies was extended with oak and

pine samples from churches, mosques, and houses,

but the length of the P. nigra chronology from

Duboka (Serbia) is only 342 years long and has not

yet been extended (Kuniholm and Striker 1983).

The BiH regional P. nigra chronology corre-

lates well with other P. nigra regional chronologies

from the Balkan Peninsula or surrounding re-

gions. The highest value of tBP, 13.5, found

between BiH and Montenegro is not surprising

because the chronologies from Montenegro are

located ca. 50 km ESE from the PER in BiH. High

values were also observed with the Albanian (7.8)

and Austrian (7.5) P. nigra chronologies. These

results indicate the existence of a north-south

transect and will be used to develop a P. nigra

dendrochronological network for the Balkan

Peninsula.

Comparing the BiH regional P. nigra chro-

nology with those from Cyprus, Spain, Italy, and

Slovenia shows very few similarities. Although this

was expected for the chronologies from Cyprus,

Spain, and Italy because of the longer distances to

these sites and different environmental conditions,

it was surprising for the chronology from Slovenia

particularly, because sites used to build the

Slovenian P. nigra chronology are located between

sites in BiH and Austria. This calls for further

sampling on extreme sites in Slovenia, Croatia and

northern BiH to connect the BiH regional

chronology with that from Slovenia.

The small number of common PYs between

our study and the study by Hughes et al. (2001) is

not unexpected as the distance between the

majority of sites is large. Moreover, there are a

Table 6. Comparison of BiH regional P. nigra chronology to other regional chronologies.

Chronologies Start Year End Year

Overlap with BiH

Chronology tBP GLK%

Albania (Levanič and Toromani 2010) 1769 2007 238 7.8 69.1

Austria, regional chronology (Grabner, personal

communication) 1318 1996 430 7.5 64.4

Cyprus (Touchan and Hughes 2007) 1553 2002 427 1.4 52.0

France, Corsica (Schweingruber 1996b) 1517 1980 405 6.0 58.8

Greece, Langada (Schweingruber 1996c) 1825 1981 156 2.4 60.8

Greece, Zagradeniye (Huges et al. 2001) 1706 1979 274 7.2 63.7

Greece, Scotida (Kuniholm and Riches 2004) 1751 2003 253 6.8 65.0

Greece, Taygetos (Kuniholm and Groneman 2005) 1657 1999 343 4.9 57.1

Italy, Sicily (Schweingruber 1996d) 1772 1980 208 4.2 57.2

Montenegro (Levanič, preliminary results) 1593 2006 414 13.5 71.1

Slovenia (Levanič, preliminary results) 1798 2008 210 4.1 62.1

Spain (Fuster 1996) 1686 1989 303 0.0 51.0

Switzerland (Hobi 2008) 1892 2007 115 2.3 59.6

Turkey (Touchan et al. 2005) 1770 2002 232 2.3 55.8
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variety of other environmental factors (e.g. eleva-

tion, topographic features, edaphic conditions)

that may account for differences among these

sites.

The potential of the BiH P. nigra chronology

for dendroclimatological studies has not yet been

tested. However, sufficient sample depth, high tBP
values between site chronologies, a large number

of common pointer years, and high EPS values

suggest that there must be a common signal in the

tree rings. Similar research in Albania on the

climate sensitivity of P. heldreichii (Seim et al.

2010) and P. nigra (Levanič and Toromani 2010)

confirms that Pinus has a high potential for

dendroclimatology in the region. Additionally,

the newly constructed chronology for BiH could

be used to date wooden artifacts, such as houses

and religious objects or icons, from different parts

of the country.
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Briffa, P. Jones, D. Efthymiadis, M. Brunetti, T. Nanni, M.

Maugeri, L. Mercalli, O. Mestre, J.-M. Moisselin, M. Begert,

G. Müller-Westermeier, V. Kveton, O. Bochnicek, P. Stastny,

M. Lapin, S. Szalai, T. Szentimrey, T. Cegnar, M. Dolinar,

M. Gajic-Capka, K. Zaninovic, Z. Majstorovic, and E.

Nieplova, 2007. HISTALP—historical instrumental climato-

logical surface time series of the Greater Alpine Region.

International Journal of Climatology 27(1):17–46.

Baillie, M. G. L., and J. R. Pilcher, 1973. A simple cross-dating

program for tree-ring research. Tree-Ring Bulletin 33:7–14.

Briffa, K. R., and P. D. Jones, 1990. Basic chronology statistics

and assessment. In Methods of Dendrochronology: Applica-

tions in the Environmental Sciences, edited by E. R. Cook, and

L. A. Kairiukstis, pp. 137–152. Kluwer academic publishers,

Dordrecht, Boston, London.

Brus, R., 2004. Drevesne Vrste na Slovenskem (Tree species on

Slovenian area; in Slovenian). Mladinska založba, Ljubljana.
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2.2 323 LET DOLGA REKONSTRUKCIJA SUŠE ZA JZ OBMOČJE ROMUNIJE, 

OSNOVANA NA ŠIRINI BRANIK ČRNEGA BORA (PINUS NIGRA ARNOLD). 

 

Levanič T., Popa I., Poljanšek S., Nechita C. 2012. A 323–year long reconstruction of 

drought for SW Romania based on black pine (Pinus nigra Arnold) tree-ring width. 

International Journal of Biometeorology : (v tisku). 

 

Povišanje temperature in nižanje količine padavin sta največji prihodnji grožnji stabilnemu 

gospodarjenju z ekosistemu v Romuniji. Za potrebe razumevanja odziva ekosistema in 

širših socialnih posledic okoljskih sprememb smo izdelali 396 let (1615-2010) dolgo 

kronologijo širin branik (TRW) vrste Pinus nigra var. banatica (Georg. et Ion.) s 

klimatskih signalom suše. Izračunali smo statistično povezavo med širinami branik in 

dvema vremenskima parametroma; mesečno količino padavin (PP) in standardiziran 

padavinski indeks (SPI). PP in SPI korelirata statistično značilno s TRW (r = 0,54 in 0,58) 

in sta stabilna v času. Statistični testi, ki merijo natančnost in sposobnost napovedovanja 

modela, so vsi značilni. SPI je bil rekonstruiran nazaj do leta 1688, z identificiranimi 

značilno suhimi in mokrimi leti po metodi centilov. Z rekonstrukcijo smo odkrili dve do 

sedaj nepoznani značilno sušni leti v Romuniji- 1725 in 1782. Ti dve leti sta bili skoraj 

tako sušni kot leto 1946, znano kot leto »velike lakote«. Ker za omenjeni leti ni na voljo 

nobenih lokalnih zgodovinskih zapisov, smo rezultate primerjali s sosednjimi deželami in 

odkrili, da sta bili obe leti značilno sušni v širši regiji (Slovaška, Madžarska, Anatolija, 

Sirija in Turčija). Medtem je bilo obdobje 1800-1900 relativno zmerno, s samo dvema 

zmerno značilnima letoma, kar se tiče vremena. Obdobje 1900-2009 pa je bilo opazno 

zaradi visokega števila mokrih in sušnih ekstremov- identificirali smo pet mokrih in tri 

značilno suhe dogodke (eden izmed njih je bil v letu 1946). 
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Abstract Increase in temperature and decrease in precipi-
tation pose a major future challenge for sustainable ecosys-
tem management in Romania. To understand ecosystem
response and the wider social consequences of environmen-
tal change, we constructed a 396-year long (1615–2010)
drought sensitive tree-ring width chronology (TRW) of
Pinus nigra var. banatica (Georg. et Ion.) growing on steep
slopes and shallow organic soil. We established a statistical
relationship between TRW and two meteorological parame-
ters—monthly sum of precipitation (PP) and standardised
precipitation index (SPI). PP and SPI correlate significantly
with TRW (r00.54 and 0.58) and are stable in time. Rigor-
ous statistical tests, which measure the accuracy and predic-
tion ability of the model, were all significant. SPI was
eventually reconstructed back to 1688, with extreme dry
and wet years identified using the percentile method. By
means of reconstruction, we identified two so far unknown
extremely dry years in Romania—1725 and 1782. Those
2 years are almost as dry as 1946, which was known as the
“year of great famine.” Since no historical documents for
these 2 years were available in local archives, we compared
the results with those from neighbouring countries and
discovered that both years were extremely dry in the wider

region (Slovakia, Hungary, Anatolia, Syria, and Turkey).
While the 1800–1900 period was relatively mild, with only
two moderately extreme years as far as weather is
concerned, the 1900–2009 period was highly salient owing
to the very high number of wet and dry extremes—five
extremely wet and three extremely dry events (one of them
in 1946) were identified.

Keywords Dendroclimatology . Standardised precipitation
index . Summer drought reconstruction .DomogledNational
Park . Climate change

Introduction

An increase in temperature and decrease in precipitation,
forecast by various climate change scenarios for the south-
ern part of Romania, constitute one of the main challenges
for sustainable forest ecosystem management in Romania
(IPCC 2007). Knowledge of past precipitation dynamics
and, more specifically, of past frequencies and intensity of
drought in southern Romania has yielded new information
on the history of the paleoclimate in the Balkans and, in
particular, of what we can expect in the future (Busuioc et al.
2007; Manea et al. 2005).

In contrast to Western and Northern Europe, where pale-
oclimatic investigations provide a good and reliable picture
of temperature and precipitation dynamics in the last two
millennia (Pauling et al. 2006; Büntgen et al. 2011), only
limited research has been carried out in relation to Eastern
Europe and the Balkan regions. Most studies have focused
on temperature reconstructions (Popa and Kern 2009;
Büntgen et al. 2007) and few on precipitation (Kern et al.
2009; Büntgen et al. 2011; Büntgen et al. 2010). Some
climate-growth studies in this region have focused on a more
complex response of trees to temperature and precipitation
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(Panayotov et al. 2010; Panayotov and Yurukov 2007) or have
explored the potential of trees to identify extreme climate
conditions (Panayotov et al. 2011). Reconstruction of drought
indices (such as the standardised precipitation index [SPI] or
Palmer drought severity index [PDSI]) is even rarer (Esper et
al. 2007; Nicault et al. 2008; Touchan et al. 2005a) than
temperature or precipitation reconstruction, although drought
indices can give a better insight into a tree’s response than
temperature or precipitation data alone. In contrast to PDSI
(Palmer 1965), which takes into account a complex pool of
different meteorological variables, such as monthly precipita-
tion, potential evapotranspiration and various soil parameters,
data which are sometimes non-existent in certain parts of the
world (at least on an extended time scale), SPI is based on
monthly precipitation data only (McKee et al. 1993).
This makes calculations easier and it can also be ap-
plied in parts of the world with limited access to, or
non-existent, meteorological data necessary to calculate
more complex drought indices.

The natural distribution area of black pine (Pinus nigra)
is SE Spain, Italy, France, Corsica, the Balkan Peninsula and
Turkey (Isajev et al. 2004). Black pine is a light demanding
species, growing on exposed locations dispersed within the
distribution area, rarely forming bigger enclosed popula-
tions. This results in huge genetic diversity and the forma-
tion of different subspecies and varieties (Isajev et al. 2004).
In Romania, the natural distribution area is in the south-
western part, in the Banat region, where Pinus nigra var.
banatica (Georg. et Ion.) grows on extreme sites. The Banat
region also delineates the north-eastern boundary of natural
distribution of P. nigra and is the only region of Romania in
which Pinus nigra grows naturally. Sites on which the
studied species is at the margin of its natural distribution
are particularly important in providing information on the
plasticity of the species, which is crucial for understanding
the survival strategies of forests and forest trees with respect
to different changing environmental factors (drought, steep
slopes and shallow soils).

Black pine has been the focus of many studies dealing
with growth dynamics in relation to climate in the western
and central part of the distribution area (Strumia et al. 1997;
Leal et al. 2008; Martín-Benito et al. 2010; Linares and
Tíscar 2010; Martín-Benito et al. 2008; Lebourgeois et
al. 2011), with much less attention given to the eastern
distribution boundary of this species.

This study is the first tree-ring based precipitation and SPI
reconstruction, which also identifies dry and wet periods for
southern Romania over the past three centuries. In order to
achieve these two major goals, it was necessary to construct a
drought sensitive tree-ring width chronology, to identify the
main driving growth factors of Pinus nigra var. banatica
(Georg. et Ion.) from the Banat area and to identify the impact
of extreme drought on tree growth. This study is additionally

important because it was carried out on the only natural Pinus
nigra var. banatica (Georg. et Ion.) site in Romania, which is
also the eastern boundary of this species’ natural distribution.
The knowledge gained will also be important for the sustain-
able evolution of fragile black pine ecosystems in Romania.

Materials and methods

Site description

The study area is located within the Banat region in south-
west Romania, specifically in Domogled National Park
(N44°52′, E 22°24′) (Fig. 1). The studied P. nigra site is
the only natural forest population of black pine in Romania,
situated on the southern slope of the Cerna Valley near Mt.
Domogled. The altitude of the sampling site varies between
800 and 1,100 ma.s.l., on a steep slope (over 30 °C). The
slope is characterized by significant vertical fragmentation,
with many limestone cliffs (Patroescu et al. 2008). The base
vegetation on the site is black pine (Pinus nigra var. bana-
tica [Georg. et Ion.]), Carpinus orientalis, Corylus colurna,
various shrubs (such as Sorbus borbasi) and grasses. The
soil at the study location is shallow, organic, on limestone
and dolomite bedrock. The site is affected by frequent fires,
but the thick bark of P. nigra prevents major injury or death
being inflicted on these trees. Only if the fire is severe do the
older trees die (as was the case in 2000, when a large fire
destroyed more than 90 ha of the park).

The climate of the studied region (Fig. 2) is continental
with a sub-Mediterranean influence. In general, the winters
are cold (down to −30 °C, average −4.8 °C in January),
while summers are hot, the hottest month being July, with
26.5 °C average. The amount of precipitation is the highest
in May and June (altogether 168.6 mm), the driest months
are July, August and September, with just 162.8 mm in this
particular period. The total annual amount of precipitation is
not very high—only 629.6 mm on average.

Tree-ring chronology development

Old, dominant or co-dominant trees with healthy trunks and
no signs of resin collection were selected for sampling. Two
cores from opposite sides were taken from each tree at
breast height (1.3 m) and perpendicular to the slope to avoid
compression wood. On extreme terrain, we took only one
core per tree, or the core was taken at a greater height than
normal (i.e., 1.5–2 m). Altogether, 45 trees were sampled
and 83 cores collected. Cores were air-dried and glued onto
wooden holders, and sanded with progressively finer sand-
paper until a highly polished surface was achieved (Stokes
and Smiley 1996). The collected samples were processed in
two laboratories in Romania and Slovenia. Samples were
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measured using LINTAB with the TsapWin system
(Romania) and scanned using the ATRICS system (Levanič
2007), as well as measured using WinDENDRO software
(Slovenia). In both cases, the width of each annual ring was
measured to the nearest 0.01 mm.

Chronologies were cross dated with PAST-4™ software
(www.sciem.com) using both visual on-screen comparisons
and statistical parameters, such as the t-value after Baillie and
Pilcher (tBP) (Baillie and Pilcher 1973) and Gleichläufigkeit
coefficient (GLK%) (Eckstein and Bauch 1969). False and
missing rings were counted across all tree-ring series per site
and summed. Quality control was additionally applied using
the COFECHA program to check for measurement errors

(Holmes 1983). If necessary, measurements were repeated,
re-checked, or removed from further processing if recognized
as unusable. Certain trees were removed from the sample pool
because of growth anomalies connected with resin collection
in the past, a decayed inner part of the trunk, overgrown
wounds or the occurrence of compression wood deep inside
the trunk. Additionally, some trees were excluded owing to
their very slow growth (impossible to measure tree-ring
widths), or because we were unable to cross date them. After
the exclusion of such trees, 37 or 82 % of all sampled trees
were retained for analysis.

Individual tree-ring width (TRW) series were standard-
ized to remove long-term trends (Cook 1985) and all basic

Fig. 2 Climate of the studied
region. Bars delineate
precipitation; the thick black
line is average monthly
temperature, while thin grey
lines show minimum and
maximum average monthly
temperatures

Fig. 1 Location of the research plot in Romania (white dot); black star indicates Romania's capital Bucharest
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statistical parameters of TRW were calculated using
ARSTAN for Windows (version ARS41d_xp) (Cook and
Holmes 1999). Each tree-ring width series was first power
transformed to stabilize variance and then fitted with a cubic
smoothing spline with a 50 % frequency response at
200 years to remove non-climatic trends due to age, size
and the effects of stand dynamics (Cook and Briffa 1990).
Each year’s ring width was subtracted from the year’s value
of the fitted curve to obtain variance-stabilized residuals
(Cook and Peters 1997). Index values were then prewhit-
ened using an autoregressive model selected on the basis of
the minimum Akaike criterion and combined across all
series using a biweight robust estimation of the mean to
exclude the influence of outliers.

Three chronologies were produced in this way including
a standard chronology, i.e., a biweight robust mean of all
series included, a residual chronology containing a very
strong common signal and statistically removed autocorre-
lation, and an ARS chronology with a pooled autoregression
model (persistence) reincorporated into the residual chro-
nology (Cook 1985; Cook et al. 1990). All three chronolo-
gies were tested against the climate data and that with the
highest correlation was selected for the reconstruction.

Chronology confidence for climate reconstruction was
assessed using two criteria—expressed population signal
(EPS) and subsample signal strength (SSS) (Wigley et al.
1984). EPS is an absolute measure of chronology error that
determines how well a chronology based on a limited num-
ber of trees represents the theoretical population chronology
(Cook and Kairiukstis 1990). It is calculated from the
between-tree correlation and the number of trees included
in the calculation. EPS can have a value between 0 and 1
and values greater or equal to 0.85 are considered to be
adequate to ensure that a chronology is suitable for climate
reconstruction, although chronologies (or sections of them)
with EPS just below the threshold can still be highly corre-
lated with climate parameters and can be used in climate
reconstruction, providing they are of good statistical quality
(Cook and Kairiukstis 1990). As a second criterion, we used
SSS to calculate the usable portion of the chronology for
climate reconstruction and to define the maximum length of
the potential climate reconstruction (Wigley et al. 1984;
Briffa and Jones 1990). SSS is calculated from data on
sample depth and the between-tree correlation. The
same threshold as for EPS also applies for SSS (Briffa
and Jones 1990).

Climate data

We used two sources of climate data—a local source from
Baile Herculane meteorological station and a gridded CRU
TS 3.1 temperature and precipitation dataset (Mitchell and
Jones 2005). When comparing these two datasets, it was

found that the local climate dataset, which contains only
precipitation data, is short (from 1976 till 2008) and incom-
plete, with a lot of missing data. This makes the local dataset
useless for climate reconstruction and, in particular, for
calibration and verification of the model. Gridded data, on
the other hand, are cross-checked, better documented and
homogenised. We therefore opted for the CRU TS 3.1 data-
set (acquired via http://climexp.knmi.nl/), which spans the
1901–2009 period and has a grid resolution of 0.5°× 0.5°
(Mitchell and Jones 2005). In using gridded data, we were
aware that gridded datasets are not as precise in some
regions as in others, owing either to a relatively small
number of meteorological stations included in the calcula-
tion of the gridded data or to the relatively short period of
collecting meteorological data (New et al. 2002). The
Balkan Peninsula is one such region, with a relatively low
density of high quality meteorological data or the lengths of
the available datasets are limited to the post World War II
period. In the present case, the studied site is surrounded by
four meteorological stations (Belgrade [SRB], Cluj [RO],
Sibiu [RO] and Timisoara [RO]) with high quality, homo-
genised, long datasets (at least from 1888 to the present) that
are included in the CRU TS 3.1 database, and with several
meteorological stations with datasets from 1951 to the pres-
ent that are also included in the CRU TS 3.1 database (van
Oldenborgh 1999). In order to ensure that the CRU dataset
does indeed depict the distribution and amount of precipita-
tion of the studied region, we compared it to a short local
precipitation dataset—the correlation was 0.71, high enough
to confirm the similarity of the two datasets.

The standardized precipitation index (SPI) (McKee et al.
1993), calculated on the basis of the CRU climate dataset,
was used to detect drought periods. SPI is a drought index
that takes into account only precipitation and is less com-
plex to calculate than the other widely used drought index,
the Palmer drought severity index or PDSI (Palmer 1965).
The main difference between the two indices is that SPI
better describes drought events and shows more variability
on a shorter time scale (less than 9 months) than PDSI. This
makes SPI better for detecting short-term droughts than
PDSI (Ceglar and Kajfež-Bogataj 2008). SPI was calculated
for the 1902–2009 period; the year shorter time period
compared to the full length of the meteorological data is
because the calculation of SPI also takes into account
monthly precipitation of the previous year. SPI is a measure
of drought based on the probability of precipitation for a
given time period. Its key feature is the flexibility to mea-
sure drought on different time scales, in our case we used 1,
3, 6, 12 and 24 months. From the physiological point of
view, prolonged drought periods (months to years) can have
a major impact on tree growth, and can even cause some tree
species to die-off (for more information on tree response to
drought see McDowell et al. 2008). SPI values are derived
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by comparing the total cumulative precipitation over a spe-
cific time interval with months having the average cumula-
tive precipitation for that same time interval over the entire
length of the record. For example, 3 months SPI for August
takes into account cumulative precipitation for the last
3 months, including the analysed month—June, July and
August—and, similarly, 6 months SPI for August takes into
consideration the months from March to August. SPI values
range from 2.00 and above (extremely wet) to −2.00 and
less (extremely dry), with near normal conditions ranging
from 0.99 to −0.99.

Climate reconstruction

We applied a bootstrapped Pearson’s correlation coefficient
to identify the dependency between the residual chronology
and the monthly sum of precipitation for the 1901–2009
period; different combinations of seasonalized climate var-
iables for precipitation were also correlated with the residual
chronology. Additionally, the residual chronology was cor-
related with the SPI for 1, 3, 6, 12 and 24 months for the
1902–2009 period in order to test the influence of a pro-
longed lack of precipitation on tree-ring formation. The
spatial strength and outreach of the correlation between
residual tree-ring width chronology and monthly sum of
precipitation was tested using Climate Explorer from KNMI
(van Oldenborgh 1999).

To assess the accuracy of the model used for climate
reconstruction, the measured data were split into two equal-
ly long datasets: calibration and verification periods (Fritts
1976). The procedure was then repeated with reversed peri-
ods. The reliability and prediction capacity of the linear
model was tested using Pearson’s correlation coefficient
(r), mean squared error (MSE), reduction of error (RE)
(Fritts 1976) and coefficient of efficiency statistics (CE)
(Cook et al. 1994). All parameters were computed for both
calibration and verification periods (National Research
Council 2006). If RE and CE coefficients are above zero,
then the relationship has a predictive value and the
transfer function can be calculated and applied on the
regional chronology until the year in which the EPS
value decreases to below 0.85 (or for as many years
as the degree of replication of the chronology allows).

Reconstruction of the climate was based on calibration
and verification of the tree-ring width indices against known
climate parameters, in our case precipitation and SPI, the
latter introduced by McKee et al. (1993). A linear model
was used to compute the relationship between residual chro-
nology and climate data.

R statistical package (R Development Core Team 2009)
was used for all statistics in the paper, except standardisation,
for which ARSTAN was used. For specific climate-related
calculations, R library BootRes (Zang 2009) was used.

Results

Chronology

We developed a 396-year long tree-ring width chronology for
the only P. nigra natural stand in Romania (Fig. 3). The
chronology is based on 37 trees; the time period covered by
the individual tree-ring sequences is between 1615 and 2010.
The average age of the analysed trees is 225 years, with a
minimum of 148 and amaximum of 396 years. Themean tree-
ringwidth in the raw chronologywas 0.92±0.52mm. The raw
chronology has a high first order auto-correlation in the raw
series (0.77±0.07), indicating that nutrient storage in the
previous year has an important influence on the following
year’s growth. The mean sensitivity, a measure of the tree’s
response to annual changes in the environmental conditions,
was 0.30 (0.24 and 0.39) for the raw chronology.

Between-tree correlation is an important measure in
chronology construction. In our case, the average
between-tree correlation was 0.45±0.20. The average
correlation between individual chronologies and the site
chronology was 0.63. The variance explained by the
first principal component is 44.96 %, showing that a
major part of the variability can be ascribed to one
single factor (presumably climate). This was also con-
firmed by a high signal to noise ratio (SNR) of 23.03.
Subsample signal strength (SSS), the value that defines
the maximum length of potential reconstruction by cal-
culating the year in which the EPS value exceeds a
certain threshold, whereby 0.85 is widely accepted
(Wigley et al. 1984), exceeded the threshold value of
0.85 in the year 1758 and 0.80 in the year 1688. This
indicates that the portion of the chronology prior to
1688 needs to be upgraded with more cores from very
old trees (or buildings).

Comparison of our chronology with other P. nigra
chronologies from neighbouring regions showed that it
compares particularly well with P. nigra chronologies
from Bosnia and Herzegovina and Montenegro (tBP>
8.0), moderately well with chronologies from Bulgaria,
Albania, N. Greece and Austria (tBP>5.0), and non-
significantly with chronologies from S. Greece, S. Tur-
key and Italy (tBP<4.0). Although we only sampled on
one site, we achieve a good regional signal and good
regional agreement with P. nigra chronologies from the
wider region, in particular from the western part of the
Balkan Peninsula.

The quality and spatial strength of the climate signal of
the chronology, tested using spatial correlation in KNMI
Climate Explorer (van Oldenborgh 1999), showed that the
residual chronology correlates best with July precipitation
(0.5>r >0.6, p<0.05) in the region covering the south-
western part of Romania, north-western part of Bulgaria
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and eastern part of Serbia, which corresponds to the vicinity
of the sampling location (Fig. 4). A slightly lower spatial
correlation (0.4>r>0.5, p<0.05) can be observed in a sig-
nificant part of the Balkan Peninsula. This makes our

chronology a good proxy for large-scale climate reconstruc-
tion, especially in combination with newly developed P.
nigra chronologies from the Balkan Peninsula (Poljanšek
et al. 2012).

a

b

c

d

Fig. 3 Raw (a) and residual (b)
chronology for P. nigra from
Baile Herculane with expressed
population signal (EPS) and
Rbar (c) and sample depth (d).
The solid vertical black line
indicates part of the chronology
where subsample signal
strength (SSS)>0.85, while
dashed black vertical line
depicts part of the chronology
where SSS>0.80. Low fre-
quency variability of the raw
and residual chronology is
marked with the spline
(thick black line)

Fig. 4 Spatial correlation
between tree-ring indices (re-
sidual chronology) and gridded
CRU TS 3.1 July precipitation
(significance level is 95 %) for
the 1901–2009 period
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Response function development and temporal stability
of the signal

Initial exploratory data analysis of the CRU TS 3.1
dataset confirmed that there was no significant temporal
autocorrelation in any of the precipitation variables.
Using bootstrapped correlation analysis, we identified
July precipitation as the most important factor influenc-
ing P. nigra growth at the studied site (r00.54, p<
0.01). Correlation analysis for the period spanning from
the previous September to the current September
showed that July is almost twice as important for tree-
ring formation as the next most significant month, June.
Since the site is very extreme in respect to the lack of
precipitation, it plays an important role in tree growth,
so above average precipitation in July promotes tree
growth and significantly affects tree-ring width (Fig. 5).

Additionally, we calculated the SPI, a measure of the
influence of drought on tree growth, and correlated it
with tree-ring indices (Fig. 5). SPI takes into account
lack of precipitation in the user-defined period; in our
case, we used a 3-month SPI, which takes into account
precipitation in the previous two and the current
months. The relationship between residual chronology
and 3-month August SPI gave a high correlation value
—r00.58 (p<0.01), which is even higher than in the
case of precipitation. It is worth mentioning that SPI
takes into account a longer time period than the sum of
monthly precipitation (3 vs. 1 month) and as such it
better reflects the influence of the lack of summer
precipitation on tree growth, so it better depicts the
most sensitive period for the formation of tree rings.

The temporal stability of the correlation between tree-
ring indices, July precipitation and 3-month August SPI was
tested using a 30-year running correlation for the 1902–
2009 period (Fig. 6). The running correlation varies between

0.4 and 0.7 and never falls below the significance level for
the 30-year running correlation (r≥0.349, p<0.05). Be-
tween 1903 and 1950, there is a slight decrease in the
relationship, from 0.6 down to 0.4, and an increase after
1965 until 2009. Since these oscillations are not particularly
large, it can be concluded that the relationship between
residual chronology and precipitation is stable in time and
that it reflects a stable relationship among July precipitation,
3-month August SPI and tree growth.

Reconstruction of 3-month August SPI, and identification
of extremely dry and wet years

Response function analysis identified July precipitation and
3-month August SPI as the most important factors for cli-
mate prediction and climate reconstruction. July precipita-
tion explains 29 %, and 3-month August SPI 34 % of the
total variance. The quality of both models was tested using a
split-sample calibration and verification procedure. The
1902–2009 period was split into two equally long periods
for calibration and verification—1902–1955 and 1956–
2009. RE, CE and MSE parameters were calculated to
validate the predictive power of the model (Table 1). All
parameters were also calculated with calibration and verifi-
cation periods reversed.

Cross-validation indicated that both models performed
well in the estimated July precipitation and 3-month August
SPI. Both models also indicated a stable relationship over
the calibration and verification period of the available mea-
sured data. Based on this, we used the entire calibration
period (1902 to 2009) to develop a linear model for the
reconstruction. However, since both models take into ac-
count precipitation and the 3-month August SPI model
performs better with respect to higher explained variability
of the model and combined effect over 3 months (June-
August), we decided to do the final reconstruction only for

Fig. 5 Correlation between
tree-ring indices and precipita-
tion (black bars) and 3-month
standardised precipitation index
(SPI) (grey bars) from previous
to current September. Dashed
line indicates 99 % significance
level
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the 3-month August SPI. The linear model used for the
reconstruction of 3-month August SPI is shown in Eq. 1.

Aug:SPI ¼ �3:1637þ 3:1598 � RES
r2adj ¼ 0:34; p < 0:000
� �

ð1Þ

Reconstructed values coincide well with the calculat-
ed values (Fig. 7). Minimum and maximum of the
reconstructed 3-month August SPI are between −1.70
and 1.63, with the average being the same as for mea-
sured data, and standard deviation being smaller than
for measured data (±0.58). In addition to good perfor-
mance of the model in average years, the reconstructed
3-month August SPI also performs well in extremely
dry and wet years. As an example, 1946 was extremely
dry, with a lengthy drought. Trees responded with very
narrow or even missing rings, and the model correctly
predicted very dry conditions in the June–August peri-
od. In extremely wet years (such as 1969), trees did not
respond so intensively to the above average amounts of
precipitation in the June–August period. It seems that
they reach their response limit to precipitation sooner
and cannot take full advantage of the above average
amount of precipitation, or there was some other envi-
ronmental factor that limited their growth.

The model fits well in extremely dry (such as 1946 and
2000) and wet years (such as 1970 and 1975). Since the
calculation of SPI takes into account a longer period, in our
case 3 months, this model also better reflects climatic con-
ditions in the growing season than the model for July
precipitation.

Based on the good agreement between calculated 3-
month SPI for August and tree-ring indices, the reconstruc-
tion can be expanded into the past (Fig. 8). Since the length
of the chronology with SSS>0.85 is 253 years, the 3-month
August SPI index can be reconstructed for the 1758–2010
period. If the SSS threshold is lowered to 0.80, the part of
the chronology suitable for climate reconstruction can
additionally be extended to 323 years (1688–2010 period).

An important question in climate reconstruction is how
well extreme events can be reconstructed. We used a similar
approach to that of Touchan et al. (2008), in which extreme
events were identified with percentiles. We set the threshold
values lower than Touchan because climate in the studied
region was less extreme than in Tunisia, such that, extremely
wet events were defined as those with values above (or equal
to) the 83rd percentile, while values below (or equal to) the
17th percentile were identified as extremely dry events. For
the 3-month August SPI reconstruction, the 83rd percentile
corresponds to 0.86, while the 17th percentile corresponds to

Fig. 6 Temporal stability of the
correlation between July
precipitation, 3-month August
standardised precipitation index
(SPI) signal and residual chro-
nology. 30-year running mean
was used for the analysis;
dashed line depicts 95 % sig-
nificance threshold of the cor-
relation coefficient

Table 1 Calibration and verifi-
cation of the linear model for the
reconstruction of July precipita-
tion and 3-month August stand-
ardised precipitation index (SPI)

Variable July precipitation 3-months August SPI

cal. 1956–2009 cal. 1902–1955 cal. 1956–2009 cal. 1902–1955
ver. 1902-1955 ver. 1956-2009 ver. 1902-1955 ver. 1956-2009

RE 0.29 0.27 0.28 0.36

CE 0.29 0.27 0.28 0.36

MSE 690.98 646.72 0.68 0.66

rcal
2 0.27 0.31 0.36 0.30

rver
2 0.31 0.27 0.30 0.36

rwhole 0.53 0.58
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−0.98. With the 3-month August SPI model, we reconstructed
eight out of 19 extreme summer events in the period of the
existing meteorological data (1901–2009); three out of eight
were extremely dry and five out eight extremely wet summer
periods.

The strength of SPI is that it takes into account a longer
period for calculation of the lack of precipitation, and thus
provides a more reliable picture of water availability in the
growing period. With the 3-month August SPI model, we
reconstructed 16 extreme events in the period 1688–2010—
eight wet and eight dry. The 1900–2009 period is character-
ized by the highest number of extreme events; five wet
(1914, 1969, 1970, 1975 and 1982) and three dry (1946,

1987 and 2000) events were reconstructed. The year 1946
was the driest year in our 323-year long reconstruction;
while another 2 years were less dry but still very dry. There
were five wet periods in the 1900–2009 period, two of them
(1914 and 1975) were extremely wet and the remaining
three very wet.

The 1800–1900 period was almost without extreme
years, since we reconstructed only two of them, one wet
(1884) and one dry (1830), but even these two extreme
years were only at the limit of acceptance for being extreme.
The 1700–1800 period was comparable to 1900–2009, with
six extreme years, two wet (1729 and 1770) and four dry
years (1725, 1748, 1782 and 1784). Identified wet years

Fig. 7 Comparison of
measured (grey) and
reconstructed (black) 3-month
August standardised precipita-
tion index (SPI) in the period of
available precipitation data for
the calculation of 3-month SPI
(1901–2009)

Fig. 8 Reconstructed 3-month
August standardised precipita-
tion index (SPI) for the 1688–
2010 period. The period before
1688 (grey line) is not reliable
due to too small subsample
signal strength (SSS); the peri-
od between 1688 and 1757 has
SSS>0.80, its start is marked
with a vertical dashed line. This
period can be potentially used
for reconstruction; the period
after 1757, the start of which is
marked with a vertical solid
line, has SSS>0.85, and recon-
struction is therefore meaning-
ful. The horizontal dashed line
depicts the 15th and 85th per-
centiles, while values above/
below the dashed line corre-
spond to extremely wet/dry
years (also marked with black
circles)
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were not particularly extreme; they were merely above the
threshold value. Both two reconstructed dry years—1725
and 1782—were extremely dry, 1782 being the second and
1725 the third driest year in our reconstruction.

Discussion

The P. nigra trees used in this study were growing on an
extreme site, where drought and water availability are the
main limiting factors for their growth. This ecological limita-
tion of growth is expressed by the high positive correlation of
the index chronology with precipitation from the growth
period May to July. A similar pattern is shown by the SPI
index for the summer period. A similar response to the late
spring–summer precipitation deficit was observed in the
Mediterranean basin for P. nigra (Martín-Benito et al. 2010;
Lebourgeois et al. 2011; Touchan et al. 2010), Central Europe
(Leal et al. 2008) and the western Balkans (Panayotov et al.
2010; Panayotov et al. 2011; Kern and Popa 2007; Popa and
Kern 2009). The water stress is accentuated by the shallow
soil, with low water capacity, specific to the sampling site and
natural vegetation conditions of black pine in Romania.

Reconstruction of the 3-month August SPI three centu-
ries back in time gives an opportunity to identify potentially
dry and wet summers and compare their extremeness with
known extreme years in the meteorological dataset, as well
as with the results of other reconstructions in the wider area.
Our reconstruction of the 3-month August SPI identified
16 years with values above or below the threshold
(Fig. 8); eight of them were identified as wet and eight as
dry years. Of those 16 extreme years, two were identified as
extremely wet (1914 and 1975) and three as extremely dry
(1725, 1782 and 1946). While the extremely dry 1946 is
widely known in Romanian history as a year of greatly
reduced precipitation, as well as extreme poverty and hun-
ger all over Romania (Busuioc et al. 2007), no documentary
sources are available for the years 1725 and 1782, which
were similarly extreme. Solely on the basis of the extreme-
ness of the reconstructed values, it can be concluded that the
years 1725 and 1782 were extremely dry and that poverty
and famine probably raged in the country at that time, too.
Although Romanian sources do not provide any evidence as
far as these two extreme years are concerned, we found
reports describing 1725 as “the year with major drought in
Anatolia and Syria” (Touchan et al. 2007) and 1782 as “the
year with drought in the Western Black Sea region of
Turkey” (Akkemik et al. 2005), as well as “the year with
extremely low water in the Danube river due to lengthy
drought” (Büntgen et al. 2010).

The last three centuries have been fairly varied in terms
of the frequency of dry and wet extreme years. The highest
concentration of wet and dry years took place between 1900

and 2000—in this period, we identified five wet and three
dry summer periods (Fig. 8). In contrast, the period between
1800 and 1900 had almost no extreme summers, since only
one wet and one dry year was reconstructed. The 1700–
1800 period was more extreme than 1800–1900 but less
than 1900–2000. For the 1700–1800 period, we identified
two wet and four dry events, with two of them belonging to
the group of most extreme dry years (1725 and 1782). They
were as dry as the extreme year of 1946.

Comparison of medium frequency variation in our recon-
struction with temperature, precipitation or drought recon-
structions from neighbouring regions shows similarities in
the parts in which dry (or wet) events seem to have affected
the wider region and to have lasted longer than a single year.
Such exceptional periods, with extended lack of precipita-
tion, were 1781–1784 reported by Büntgen et al. (2010) for
Slovakia and 1946–1949 reported for Slovakia (Büntgen et
al. 2010), Bulgaria (Panayotov et al. 2010), Hungary (Kiss
2009) and Bosnia and Herzegovina (Poljanšek, submitted).
We also identified periods comparable with other recon-
structions in terms of above average amounts of precipita-
tion—1881–1885 (Akkemik et al. 2005), 1912–1914
(Büntgen et al. 2010) and 1969–1975 (Popa and Kern
2009; Panayotov et al. 2010; Touchan et al. 2005b).

In view of the prediction of a severe decrease in precip-
itation in southern and western Romania according to pres-
ent climate change scenarios (Manea et al. 2005),
knowledge of the occurrence of past droughts (intensity
and frequency) is undoubtedly greatly needed. A long-
term, precipitation sensitive chronology is one of the most
precise and reliable sources of information in a region with
relatively short instrumental climate data. The P. nigra
tree-ring index chronology from the Banat region
proved to be a good and reliable proxy for precipitation
in southwest Romania. This is also supported by the
temporal stability of the correlation between precipitation and
tree-ring width index. This precipitation reconstruction
primarily shows one- to 2-year droughts and not prolonged
periods of drought.

Our reconstruction shows that the number of extreme
events fluctuates over time. The number of extreme events
in the 18th century was similar to that in the 20th century.
However, the number of extreme events in the 20th century
has been increasing, with 1946 being the driest year in our
reconstruction. According to climate prediction models,
southern and eastern parts are the most vulnerable regions
of Romania to drought (Barbu and Popa 2004). The years
2000 and 2003 were considered to be the driest years in the
last 60 years in the southern part or Romania, with major
implication for agriculture and water management (Croitoru
et al. 2011). The year 2012 also seems to be a very dry year,
based on the precipitation data until August 2012. The
frequency of drought events has increased in recent decades
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from 33 % (1942–1953) to 80 % (1982–1990). The longest
hydrological drought for southern Romania was recorded
during 1980–1995 (Stefan et al. 2004). Two moderate–ex-
treme drought periods were distinguished recently for the
southwest region (near our study site), namely, 1992–1995
and 2000–2003 (Ghioca 2009). If the number of ex-
treme drought events increases in the future, this will
have a significant impact on forests, biodiversity and
society in Romania. According to governmental docu-
ments, Romania is aware of the problems with water
supply and measures are being taken to mitigate the
consequences of the increasing number of drought
events (Barbu 2005). However, if the extent and severity of
drought increases in the future, this will inevitably lead
to increased plant mortality and significant changes in
ecosystems and Romanian society.
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2.3 DOLGOLETNA REKONSTRUKCIJA SONČNEGA OBSEVANJA/ 

VLAŽNOSTNEGA STRESA IZ ŠIRIN BRANIK ZA OBMOČJE BOSNE IN 

HERCEGOVINE 

 

Poljanšek S., Ceglar A., Levanič T. 2013. Long-term summer sunshine/moisture stress 

reconstruction from tree-ring widths from Bosnia and Herzegovina. Climate of the Past, 9, 

27-40. 

 

Predstavljamo prvo rekonstrukcijo sončnega obsevanja za območje severno-zahodnega 

dela Balkanskega polotoka. Sončno obsevanje je tesno povezano z vlažnostnim stresom v 

drevesih, ker sta vlažnostni stres in zato širina branik pod vplivom direktnega in 

posrednega vpliva trajanja sončnega obsevanja (temperatura, padavine, oblačnost in 

evapotranspiracija). Rekonstrukcija je osnovana na standardizirani z-vrednosti povprečne 

kronologije, izračunane iz meritev širin branik črnega bora, vzorčenih na sedmih lokacijah 

v Bosni in Hercegovini. Našli smo značilno, negativno korelacijo (r = -0,54, p <0.0001) s 

povprečnim številom ur trajanja sončnega obsevanja obdobja junij-julij z vremenske 

postaje Osijek (Hrvaška). Izračunani model je bil uporabljen za rekonstrukcijo trajanja 

sončnega obsevanja obdobja 1660-2010. Identificirali smo značilno sončna in oblačna 

poletja ter jih primerjali z dostopnimi zgodovinskimi viri suš, vulkanskih izbruhov in 

drugimi rekonstrukcijami iz širšega območja. Vsa značilna poletja z majhnim trajanjem 

sončnega obsevanja (1712, 1810, 1815, 1843, 1899 in 1966) smo povezali z vulkanskimi 

izbruhi. 
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S. Poljanšek1, A. Ceglar2, and T. Levanič1
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Abstract. We present the first summer sunshine reconstruc-
tion from tree-ring data for the western part of the Balkan
Peninsula. Summer sunshine is tightly connected with mois-
ture stress in trees, because the moisture stress and there-
fore the width of annual tree-rings is under the influence of
the direct and interactive effects of sunshine duration (tem-
perature, precipitation, cloud cover and evapotranspiration).
The reconstruction is based on a calibrated z-scored mean
chronology, calculated from tree-ring width measurements
from 7 representative black pine (Pinus nigra Arnold) sites
in Bosnia and Herzegovina (BiH). A combined regression
and scaling approach was used for the reconstruction of the
summer sunshine. We found a significant negative correla-
tion (r =−0.54, p < 0.0001) with mean June–July sunshine
hours from Osijek meteorological station (Croatia). The de-
veloped model was used for reconstruction of summer sun-
shine for the time period 1660–2010. We identified extreme
summer events and compared them to available documentary
historical sources of drought, volcanic eruptions and other re-
constructions from the broader region. All extreme summers
with low sunshine hours (1712, 1810, 1815, 1843, 1899 and
1966) are connected with volcanic eruptions.

1 Introduction

Documentary proxies of climate data from the 15th to the
19th centuries are well distributed over the Mediterranean
region and are particularly abundant in Italy, France and the
Iberian Peninsula, while they are less frequently found for
the Balkan Peninsula area, i.e., Greece, former Yugoslavian
countries, Albania, Bulgaria and Romania (Camuffo et al.,

2010). Dendrochronological studies of climate-tree growth
relationships, such as the investigation of the southern part
of Balkan Peninsula (Xoplaki et al., 2001), can help val-
idate historical explanations of climate variability and its
impact on human life. One of the first dendrochronologi-
cal investigations on the Balkan Peninsula was a study cov-
ering the area of Greece, western Turkey, Cyprus and one
location from Bosnia and Herzegovina (BiH), by which an
Aegean master tree-ring chronology was constructed (Ku-
niholm and Striker, 1983). With additional sampling of old
houses and mosques, the chronology was extended back to
7000 BC and one location each from Italy and BiH were
added (Hughes et al., 2001). In the eastern part of the Balkan
Peninsula, in south-western Bulgaria, 655-yr Bosnian pine
(Pinus heldreichii Christ.) and 305-yr Macedonian pine (Pi-
nus peuce Griseb.) chronologies were developed (Panayotov
et al., 2010). Later, summer temperature was reconstructed
(1768–2008), based on maximum latewood density measure-
ments of P. heldreichii trees from a high-elevation stand in
the Pirin Mountains in Bulgaria (Trouet et al., 2012). In Ro-
mania, the first 1000-yr Carpathian tree-ring width (TRW)
stone pine (Pinus cembra L.) chronology has been estab-
lished and summer mean temperatures reconstructed for the
period 1163–2005 (Popa and Kern, 2009). In Albania, a
1391-yr TRW chronology (617–2008) was developed and
maximum density measurements were acquired on living and
dead P. heldreichii trees (Seim et al., 2010). A high positive
correlation with summer, particularly August temperatures
was found, but no significant correlation with precipitation.
A similar study was performed on black pine (Pinus nigra
Arnold) in Albania, whereby Levanič and Toromani (2010)
developed a 238-yr TRW chronology. Tree-ring indices show
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a significantly negative response to summer temperatures and
positive response to June precipitation. In sub-Mediterranean
Slovenia, the formation of radial increments of P. nigra
is stimulated by above-average winter and spring temper-
atures, while a negative impact of above-average temper-
atures in summer and during the entire vegetation period,
from April through September, are clear (Ogrin, 2005). How-
ever, despite the numerous dendrochronological investiga-
tions across the Balkan Peninsula, climate reconstructions in
the north-western part of Balkan Peninsula are still not avail-
able. Current dendrochronological investigations in develop-
ing TRW and maximum density chronologies from across the
Balkan Peninsula – Slovenia (Hafner et al., 2011), Croatia,
BiH (Poljanšek et al., 2012), and Montenegro (T. Levanič,
personal communication, 2012), as well as Albania (Seim et
al., 2012; Levanič and Toromani, 2010), Bulgaria (Trouet et
al., 2012; Panayotov et al., 2010) and Romania (Levanič et
al., 2012), should soon yield results that enhance our knowl-
edge of past variation and contribute to dendroclimatological
network of Balkan Peninsula (Luterbacher et al., 2012).

1.1 Climate of the studied area

Geographically, the Balkan Peninsula represents the border
between Mediterranean and Central European climates. The
combined impact determines the climate in the western part
of the Balkan Peninsula as a mixture of continental climatic
influence from the interior of the peninsula, mountain cli-
matic influence from the Dinaric Alps and Mediterranean
influence from the Adriatic Sea (Zupan Hajna, 2012). An-
nual precipitation and temperature regimes are characterised
by seasonally diverse circulation patterns. In spring, an At-
lantic High extending eastwards and over the Balkan Penin-
sula joins a low centre approaching from the southeast, caus-
ing a north–north-easterly flow over the eastern Mediter-
ranean area. The extension of the summer Asian thermal
low is evident throughout the eastern Mediterranean in all
summer circulation patterns; however, it controls the weather
in the region jointly with other principal pressure features
(Kostopoulou and Jones, 2007). Multiproxy reconstructions
of monthly and seasonal surface temperature fields for Eu-
rope back to 1500 show that the late 20th- and early 21st-
century European climate is very likely warmer than that of
any time during the past 500 yr (Luterbacher et al., 2004).
In the light of projected climate change, heat waves in the
Mediterranean region and on the Balkan Peninsula will in-
tensify in the second half of the 21st century – they will be
more frequent and will last longer (IPCC, 2007). Accord-
ing to predictions, the minimum daily temperature during
the “worst heat” events is expected to rise by around 3 ◦C
(Meehl and Tebaldi, 2004). In the eastern Mediterranean
and the Middle East, there will be a gradual and relatively
strong warming of about 3.5–7 ◦C between the 1961–1990
reference period and the period 2070–2099 (Lelieveld et al.,
2012). The observed daytime maximum temperatures appear

to be increasing most rapidly in the northern part of the re-
gion, i.e., the Balkan Peninsula and Turkey. Hot summer
conditions that rarely occurred in the reference period may
become the norm by the middle or end of the 21st century
(Lelieveld et al., 2012). Moreover, a decrease in annual mean
precipitation from 10 % to more than 20 % over some re-
gions of the Mediterranean basin is expected by the end of the
21st century (IPCC, 2001). In the eastern part of the Mediter-
ranean basin, the observed strong drought period of the end
of the twentieth century seems to be the strongest of the last
500 yr (Nicault et al., 2008). It is therefore important to in-
vestigate whether extreme events have already occurred in
BiH in the past and how trees responded to them. Results
from our study can support study of climate, aridification
processes (Kertész and Mika, 1999) and glaciation investi-
gations (Hughes, 2010) from surrounding regions and BiH.

1.2 Species selection

Selecting tree species growing on sites with limited between-
tree competition and climate as the prevailing growth-
limiting factor maximises the climate signal in tree-rings
(Fritts, 1976). P. nigra was chosen for this study, since it
grows on extreme sites, has a good response to climate
(Lebourgeois, 2000) and reaches ages up to 500 yr (Brus,
2004). The P. nigra area distribution covers the majority of
the Mediterranean region (Vidaković, 1991), so the results of
the climate-growth relationship from BiH can be compared
to studies from other regions. Its growth response to climate
has been studied in the western (Martı́n-Benito et al., 2010b,
2011) and eastern Mediterranean (Sevgi and Akkemik, 2007;
Touchan et al., 2003), in the northern limit of its natural areal
– in Austria (Leal et al., 2008) and south-eastern Romania
(Levanič et al., 2012). Since the species is well-adapted to
the Mediterranean and southern European climate, P. nigra
tolerates summer droughts and high temperatures (Penue-
las and Pilella, 2003), but poorly tolerates drought during
early spring (Wimmer et al., 2000). Similar to trees in Spain
(Martı́n-Benito et al., 2012) P. nigra growth on high ele-
vated sites of Dinaric Mountains should be most strongly
influenced by soil moisture. This environmental factor is in
a tight connection with temperature, precipitation and cloud
cover (Seneviratne et al., 2010). Variability in all these fac-
tors is explained with sunshine values, which also indirectly
influences tree-growth (Fritts, 1976). Therefore, it should
be possible to recover moisture stress-linked sunshine vari-
ance from tree-ring data (Stahle et al., 1991). As the differ-
ent species respond to different climate parameters (Garcı́a-
Suárez et al., 2009), it is important to test the presence of
sunshine/moisture stress in TRW of P. nigra in BiH.

In this paper we present results of climate/tree-growth
analysis, based on a P. nigra TRW chronology from the
north-western part of the Balkan Peninsula. The following
aims were set:

Clim. Past, 9, 27–40, 2013 www.clim-past.net/9/27/2013/
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– Identification of the climate signal in the tree-ring
widths of P. nigra in BiH.

– Reconstruction of the most growth-limiting factor(s) for
P. nigra.

– Identification of extreme climatic events in the past.

– Comparison of identified extreme events with published
historical sources.

2 Materials and methods

2.1 Site description and tree-ring data

BiH is located between 42◦26′–45◦15′ north and 15◦44′–
19◦41′ east, in the north-western part of Balkan Peninsula.
Seven sites, dispersed along the main mountain chain in BiH,
to cover the diverse climate of the studied region, were se-
lected for this study (Fig. 1). The Krivaja and Konjuh sites
are close to one another, but differ in altitude and aspect (Ta-
ble 1). All sites are under the influence of a moist meridional
maritime airflow from the Adriatic Sea, which often intrudes
into the Balkan Peninsula where it collides with cooler air
above the NW–SE oriented Dinaric mountain chain. This is
the reason why there is a relatively high amount of precip-
itation over Dinaric mountains during growth season (Zu-
pan Hajna, 2012). Average mean June–August temperature
on high mountainous sites is 8.8 ◦C, while the amount of
precipitation varies from 100 mm (Bjelašnica) to 280 mm
(Čemerno station). Although there is more than 1000 mm
(Bjelašnica) or 1600 mm (Čemerno) of annual of precipita-
tion, the studied sites are in summer time generally dry be-
cause of mostly southern exposure, steep slopes and shallow
soils.

Trees, used in this research, were sampled in the years
2005 and 2010. Individual TRW series were fitted with a
cubic smoothing spline with a 50% frequency response at
67 % of the series length to remove non-climatic trends
due to the tree’s age, size, and the effects of stand dynam-
ics (Cook and Briffa, 1990). Standardisation was done us-
ing ARSTAN for Windows, version 4.1d, the program pro-
vided by Cook and Krusic, Lamonth-Doherty Earth Obser-
vatory, Columbia University (http://www.ldeo.columbia.edu/
trl). The signal strength in the standardised chronology was
tested using the Expressed Population Signal – EPS (Wigley
et al., 1984). The calculation of EPS was based on a 50-yr
running window, with a 25-yr overlap. The usable portion of
a chronology was defined as the part in which a minimum
number of trees maintained an EPS value ≥ 0.85 (Briffa and
Jones, 1990). The data are archived at the Slovenia Forestry
Institute and the full details of the sites and sampling strate-
gies are included in Poljanšek et al. (2012).

Fig. 1. Sampled sites, distributed along Dinaric mountains; Šator
(SAT), Šipovo (SIP), Prusac (PRU), Blace (BLA), Peručica (PER),
Konjuh (KON) and Krivaja (KRI), with meteorological station Os-
ijek.

2.2 Climate data

Two different climate datasets, available for BiH, were used
in this research. The Histalp dataset contains temperature and
precipitation data from various locations in BiH, as well as
sunshine data (1958–2007) for town Osijek in the continental
part of Croatia (Auer et al., 2007). The second climate dataset
consists of individual weather stations, provided by the Fed-
eral Hydrometeorological Institute of BiH. These stations are
Bjelašnica (2000 m a.s.l.), Čemerno (1305 m a.s.l.), Sarajevo-
Bjelave (630 m a.s.l.), Šipovo (460 m a.s.l.) and Tjentište
(580 m a.s.l.). Some datasets have gaps in the annual base
because climate data collection was disturbed twice due to
a state of war. Bjelašnica mountainous weather station con-
tains temperature data for time periods: 1895–1940, 1951–
1992 and 2000-present, while precipitation data is available
for time period 1952–2009. Sarajevo-Bjelave has a complete
dataset from 1888 until the present. Other weather stations
stopped collecting data due to disruption in 1992; Šipovo
(1965–1992), Tjentište (1964–1992) and Čemerno (1958–
1992).

2.3 Statistical analysis

Pearson’s correlation coefficient (r) was used to evaluate
the relationship between annual radial growth of P. nigra
and climate factors: precipitation, temperatures and sunshine.
Simple mean of all standardised site chronologies was com-
pared to monthly mean temperatures, monthly sum of pre-
cipitation and sunshine hours, to identify the most strongly
correlated growth factor. In addition to simple monthly cli-
mate values, a number of seasonal climate data variables
were generated and correlated with the tree-ring indices
as well. After identification of the sunshine seasonal vari-
able, we normalised the individual site chronologies us-
ing z-score values (Ljungqvist, 2010) and calculated their

www.clim-past.net/9/27/2013/ Clim. Past, 9, 27–40, 2013
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Table 1. General characteristics of sampled sites and number of trees sampled (n) in Bosnia and Herzegovina.

Site Latitude/Longitude Elevation Slope exposure Bedrock n Time span EPS≥ 0.85

Blace 43◦31′ N/18◦07′ E 950 m 50◦ SE dolomite 21 1625–2010 1830
Konjuh 44◦17′ N/18◦32′ E 1100 m 45◦ S serpentine 24 1626–2010 1705
Krivaja 44◦13′ N/18◦29′ E 500 m 60◦ NE serpentine 18 1667–2010 1745
Peručica 43◦19′ N/18◦42′ E 1450 m 55◦ S limestone 33 1603–2010 1660
Prusac 44◦04′ N/17◦21′ E 1100 m 65◦ S limestone 15 1694–2010 1825
Šator 44◦11′ N/16◦36′ E 1300 m 55◦ S dolomite 20 1813–2010 1870
Šipovo 44◦17′ N/17◦12′ E 1100 m 60◦ S & N limestone 35 1576–2005 1730

correlation coefficient with the most influential sunshine
variable. Squared correlation coefficient (r2) shows the pro-
portion of explained variance in each chronology and this
value was used for the weighted mean regional chronology
calculation (McCarroll et al., 2003). The significance of the
summer sunshine signal strength between site chronologies
in the two different time periods; the period of sunshine data
(1958–2007) and the period pre-sunshine data (1813–1957)
were tested using a z-test for the two correlation coefficients
(Kanji, 1993). Linear model between regional chronology
and sunshine season variable was calculated using linear re-
gression. To assess the quality of the linear model for sun-
shine reconstruction, the period of the measured sunshine
hours (1958–2007) was split into two equally long periods
for calibration (1983–2007) and verification (1958–1982).
The procedure was then repeated with the periods reversed.
The reliability and prediction skill of the model was tested
using reduction of error (RE) (Fritts, 1976), coefficient of ef-
ficiency (CE) (Cook et al., 1999) and the proportion of ex-
plained variability (r2). If RE and CE coefficients are higher
than zero, the relationship has a predictive value, then a
transfer function can be calculated and applied on the re-
gional chronology. Applications of the transfer function on
the chronology over a period of time for which there is no
climate data results in reconstruction of the climate. We used
this approach on the chronologies from 2010 to the year of
1660, when value of EPS drops below 0.85 threshold (Ta-
ble 1). Finally, years of extreme summer sunshine values
were defined as years with summer sunshine values of above
or below a specified threshold. Positive and negative thresh-
olds were calculated as one and two standard deviations (SD)
from the mean value. The mean value of sunshine hours was
calculated over the entire period of reconstruction (1660–
2010). Positive values denote sunny summers, while negative
values denote less-sunny summers. We used the term “less-
sunny” to denote years with an unusually (below 1 or 2 SD)
low number of mean June–July sunshine hours. Because the
solar radiation can be reduced not only by the cloud cover
(Suehrcke, 2000; Arking et al., 1996), but also by other fac-
tors, such as volcano eruptions (Handler, 1989), forest fires
(Chubarova et al., 2008) and other aerosols (Satheesh and Kr-
ishna Moorthy, 2005; Moosmüller et al., 2009), we decided
that the term less-sunny is the most appropriate.

3 Results

3.1 Climate signal analysis

Climate signal in the TRW of P. nigra was analysed us-
ing Pearson’s correlation coefficient between climate data
and mean standardised chronology; an average of seven site
chronologies. The highest correlation coefficients for tem-
perature and precipitation data were found using Bjelašnica
weather station. There are positive correlations between
spring temperature and summer precipitation and negative
with summer temperature and tree growth. Above average
number of sunshine hours in June and July has a significant
negative effect on tree growth. Additionally, the correlation
improves if months are combined into spring and summer
periods (Fig. 2). According to the results of the correlation
analysis, the strongest correlation among sunshine values
was found with mean June–July sunshine hours (r =−0.44,
n= 50, p < 0.01). This climate proxy was tested for the
long-term reconstruction. Between TRW and temperature,
the strongest correlation was calculated with mean June–
August temperature (r =−0.45, n= 87, p < 0.001), but this
negative influence is more likely indirect, rather than direct,
because temperature on mountainous sites cannot negatively
influence tree-growth. The mean summer temperature at the
Bjelašnica weather station site of 10 ◦C does not exceed the
optimal temperature for tree growth, set at 20 ◦C for the mod-
erate climate zone (Fritts, 1976). Negative influence of above
average temperature on P. nigra growth is reasonable in area
where summer temperature exceeds 20 ◦C, e.g. in Mediter-
ranean area (Ogrin, 2005) but not at high elevations, where
the majority of our sites are located. Precipitation signal is
also significant (r = 0.34, n= 59, p < 0.01), but lower than
temperature signal. Sunshine is not the growth limiting factor
on this site, but its values are closely connected to moisture
stress, which most logically drives the tree-growth (Alavi,
2002).

3.2 Transfer function development

We used z-test to test the differences in inter-correlations
of seven site chronologies between the periods with and
without sunshine data (1813–1957 and 1958–2007) – Ta-
ble 2. The period of pre-sunshine data is omitted with the
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Fig. 2. Correlation coefficients (columns) between standardised
chronology (average of seven site chronologies) and climate data
from Bjelašnica weather station; precipitation with light grey, tem-
perature with dark grey and sunshine hours with white columns
(Osijek weather station). Columns with pattern represent significant
value (95 %).

length of the shortest site chronology from Šator (1813–
2010). The z-test confirmed that the results of correlation
values among individual site chronologies in the period of
sunshine data (1958–2007) and in the period of pre-sunshine
data (1813–1957) do not differ. This confirms that the rel-
ative strength of the climate signal in the seven proxies
remains constant through time. There are several ways in
which the seven site chronologies can be combined to re-
construct the climate of the past (Trachsel et al., 2012;
Briffa et al., 1988). We used weighted averaging, where the
weight of each series is determined by the amount of vari-
ance in site chronologies, explained by sunshine. In this
case all proxies that correlate strongly with sunshine data re-
ceive a high weight, irrespective of how highly they corre-
late with each other. This approach ensures that all strong
proxies are included (McCarroll et al., 2013). The mean
chronology, constructed using weighted averaging, corre-
lates with mean June–July sunshine hours at −0.54 (n= 50,
p < 0.0001), more strongly than with simple averaging the
site chronologies (r =−0.44). The equation for the linear
model between BiH regional chronology and sunshine hours
from Osijek is Y = 271.424−11.592 ·X (n= 50, F = 12.9,
p < 0.001), where Y represents the mean June–July sunshine
hours and X are weighted TRW indices. Prediction skill and
the stability of developed model were verified using a split-
sample procedure (Table 3). The calibration-validation ex-
ercise indicated stability of the relationship over the two
halves of the available instrumental data period. The simi-
larity and strength of the derived calibration equations and
verification tests of the two subset periods (Fig. 4) justify
using the full period for developing the sunshine recon-
struction. Additionally, the spatial strength of the weighted
standardised chronology was tested using spatial correla-
tion calculations in the KNMI Climate Explorer (van Old-
enborgh, 1999). Our chronology correlates best with mean
June–July Palmer Drought Severity Index (PDSI) for Eu-
rope, as a measure of soil moisture. Even though that so-
lar radiation and sunshine hours vary significantly within
the Carpathian-Balkan-Dinaric region (Niedźwiedź, 2012),

Table 2. Correlation values (Pearson’s r) between the TRW series
(individual site chronology and average, calculated as simple mean
of all sites) over the calibration (upper triangle-period of measured
sunshine data) and in the remainder of the common period (lower
triangle-period before the measured sunshine data). No statistically
significant differences were discovered between any of the pairs of
correlation coefficients (z-test for two correlation coefficients).

Calibration period of measured sunshine data 1958–2007

Site Blace Konjuh Krivaja Peručica Prusac Šator Šipovo average

Blace 0.33 0.30 0.42 0.39 0.06 0.36 0.61
Konjuh 0.45 0.39 0.62 0.51 0.34 0.55 0.78
Krivaja 0.32 0.42 0,36 0.39 0.33 0.44 0.66
Peručica 0.52 0.59 0.40 0.65 0.37 0.62 0.78
Prusac 0.40 0.61 0.38 0.57 0.42 0.70 0.79
Šator 0.08 0.30 0.22 0.25 0.33 0.43 0.55
Šipovo 0.30 0.52 0.47 0.62 0.58 0.25 0.79
average 0.66 0.80 0.66 0.79 0.78 0.48 0.74

Period before measured sunshine data 1813–1957.

we have calculated high correlation values in the region of
Croatia (0.6 < r < 0.5, p < 0.05) and in the “triangle-like”
area (0.4 < r < 0.3, p < 0.05) extending from Slovenia to
Slovakia in the north and south to Greece (Fig. 3). This
makes our regional chronology a valuable proxy for large-
scale summer sunshine hours reconstruction.

3.3 Reconstruction and identification of extreme
summers

Mean value of June–July sunshine hours in the period of
available data is 268 h, with minimum value of 220 in the
year of 1989 and maximum of 317 in 2000. The total range
of measured mean June–July sunshine values over the en-
tire instrumental period 1958–2007 is 96 h, but the recon-
structed range over the same period is only 43; a reduction
of 55 %. To avoid this bias we “scaled” the proxy series so
that it has the same mean and variance as the climatic tar-
get data over the calibration period (Esper et al., 2005; Mc-
Carroll et al., 2013). After scaling, reconstruction produces
a range of 80 h over the instrumental period, a loss of only
17 % comparing to the measured data. The threshold June–
July sunshine values of the period 1660–2010 were com-
puted at 247 h (1 SD) and 226 h (2 SD) for identification of
less-sunny summers and at 289 h (1 SD) and 310 h (2 SD)
for very sunny summers. With sunny weather thresholds we
were able to reconstruct 5 (2 SD) and 55 (1 SD) very sunny
summers, while with less-sunny thresholds we identified 6
(2 SD) and 58 (1 SD) summers with less-sunny weather (Ta-
ble 4). In the period of available sunshine data (1958–2007),
we were successful at identifying the very sunny summer of
2000 and the less-sunny summers of 1966, 1974, 1975 and
1983, while we were just beneath 1 SD threshold level for
extreme years (by just 4 sunshine hours per month) in years
1959, 1968, 1969, 1986 and 1988. Sampled trees failed to
respond to low June–July sunshine values in 1989 and 2004,
and high sunshine values in 2006 and 2007.
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Fig. 3. Correlation values (p < 0.05) between weighted-TRW in-
dices and mean June–July CRU Palmer Drought Severity Index
(scPDSI), calculated in KNMI explorer (van Oldenborgh, 1999).

4 Discussion

4.1 Climate signal and reconstruction

Investigation of the climate signal in the P. nigra TRW
chronologies is based on previously developed site chronolo-
gies for the north-western part of the Balkan Peninsula (Pol-
janšek et al., 2012). Each site chronology was compared to
Bjelašnica climate data and sunshine data for Osijek area.
Studies from the Alps report positive correlations with sum-
mer mean temperature (Rossi et al., 2007; Frank and Es-
per, 2005; Carrer et al., 2007), while sites from the Mediter-
ranean area are more precipitation sensitive (Touchan et al.,
2005). Variability of the radial growth of P. nigra from the
mountainous western part of the Balkan Peninsula can be ex-
plained with the amount of summer sunshine hours, because
June–July sunshine can be indirectly connected to moisture
stress. So far, there are no results on cambium activity of P.
nigra from BiH, but we can assume that the June–July period
is the most important part of the growing season for tree ring
formation (Gričar and Čufar, 2008).

Although significantly positive, the precipitation signal in
the TRW is not as strong as the sunshine signal. Natural P.
nigra stands on mountainous sites are found on south facing
slopes (Bussotti, 2002), where the trees with maximised cli-
mate signal can be expected. Soils on these sites have quite
high infiltration rates in summer and much lower rates dur-
ing the wet seasons (Cerdà, 1997). During spring trees ac-
cess water, available in the shallow soil layers, while dur-
ing summer drought, when the highest response to moisture
stress would be expected, P. nigra trees conduct hydraulic lift
and access deep water source (Penuelas and Pilella, 2003).
They also have efficient drought-response of needle tracheids

Fig. 4. Time series plots of measured (solid grey line) and recon-
structed mean June–July sunshine hours for the calibration and ver-
ification periods of the split sample procedure (solid and dashed
black line).

Table 3. Statistics of calibration/verification procedure between the
P. nigra weighted mean chronology and mean June–July sunshine
hours; RE – reduction of error; CE – coefficient of efficiency; r2 –
squared regression coefficient or explained variance.

Calibration Verification

Period r2 r2 RE CE

1983–2007 0.25a 0.26b 0.38 0.15
1958–1982 0.26b 0.25a 0.34 0.17
1958–2007 0.29c

Stars denote significance (a = p < 0.05, b = p < 0.01, c = p < 0.001).

(Cochard et al., 2004) and possibly similar to P. sylvestris,
water storage in the stem and branches (Waring et al., 1979).
Furthermore, precipitation is locally distributed and therefore
weather station data does not show the actual amount of pre-
cipitation at the sites. Annual precipitation along western part
of Dinaric mountain chain reaches amounts of 2000 mm or
more, for example, in year 1900, Bjelašnica station recorded
3157 mm of precipitation. One of the reasons for the high
amount of precipitation is the Dinaric Mountains, which acts
as a climatic barrier between Mediterranean and continen-
tal climate, similar to the Pirin Mountains in southwest Bul-
garia which spatially mark a transition between the Mediter-
ranean and temperate climate zones (Grunewald et al., 2009).
All these factors contribute to relatively low correlation be-
tween mean monthly precipitation and tree-ring indices in
BiH, whereas an increasing influence of precipitation on tree-
growth is observed towards the interior of the Balkan Penin-
sula in Romania (Levanič et al., 2012) and in the Central Eu-
rope in the Vienna basin region (Strumia et al., 1997), where
P. nigra reacts more strongly to July rainfall. Similar re-
sults have also been reported from Turkey, where P. nigra re-
sponds positively to summer precipitation and not to temper-
ature (Sevgi and Akkemik, 2007). In contrast to the relatively
uniform response to a single climatic factor, a combined re-
sponse of P. nigra to precipitation and temperature has been
reported from Albania and Spain. In Albania, a significant
negative response to June, July and August temperatures
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Table 4. List of years with extreme summers, aligned from the years
with the highest standard deviation (SD) from the mean to years,
closer to mean value. Event years in bold are common to results
from other studies, see Table 5.

Sunny summers

2 SD 1742, 1908, 1945, 1695, 1931

1 SD 1725, 1696, 1929, 1950, 1697, 1947, 1865, 2000,
1802, 1944, 1806, 1782, 1808, 1694, 1830, 1958,
1854, 1948, 1909, 1891, 1803, 1773, 1788, 1932,
1707, 1825, 1933, 1893, 1779, 1869, 1702, 1957,
1698, 1875, 1840, 1807, 1907, 1703, 1952, 1741,
1763, 1666, 1784, 1755, 1726, 1789, 1785, 1863,
1922, 1868, 1769, 1874, 1946, 1665, 1720

Less-sunny summers

2 SD 1899, 1843, 1810, 1815, 1712, 1966

1 SD 1818, 1816, 1814, 1799, 1736, 1772, 1985, 1838,
1984, 1885, 1926, 1845, 1871, 1821, 1914, 1681,
1682, 1683, 1692, 1819, 1714, 1833, 1879, 1975,
1691, 1680, 1913, 1876, 1837, 1693, 1897, 1915,
1900, 1713, 1832, 1846, 1844, 1898, 1820, 1886,
1974, 1978, 1684, 1722, 1783, 1902, 1679, 1813,
1826, 1738, 1970, 1983, 2009, 1729, 1912, 1927,
1780, 1936

and positive response to June precipitation on the tree radial
growth has been observed (Levanič and Toromani, 2010). In
Spain, the standardised precipitation-evapotranspiration in-
dex is recognised as the main climatic driver of P. nigra ra-
dial growth (Martı́n-Benito et al., 2012), although the trees
are still sensitive to July and August temperature and precip-
itation (Martı́n-Benito et al., 2010a). Beside significant cor-
relations between summer climate factors and TRW indices
in BiH, we also discovered a positive correlation (r = 0.35,
p < 0.01) with spring temperatures as well (Fig. 2). Spring
(January to March) temperatures have no direct influence
on cambium activity, but their positive influence on radial
growth can be explained through early start of cambium ac-
tivity in warm March and with water availability at the be-
ginning of the growing period. Mild and wet winters over
the western part of the Balkan Peninsula are connected to
negative North Atlantic Oscillation (NAO) phases (López-
Moreno et al., 2011; Vicente-Serrano and López-Moreno,
2005). In negative NAO winters, the western Balkans expe-
rience anomalously cyclonic circulation and enhanced pre-
cipitation and therefore sufficient soil recharge which has a
positive influence on a wider radial increment of P. nigra.

When testing the ability of the linear model to reconstruct
June–July sunshine hours, decreased sensitivity of radial
growth to summer sunshine between 1977 and 1985 was no-
ticed (Fig. 4). In this period trees have complacent rings, giv-
ing an impression of very little climatic influence on annual
tree growth. According to Mariotti and Dell’Aquila (2012),

this period from the end of the 1960s to the beginning of the
1990s was characterised by outstanding decadal variations of
summer sunshine values and therefore temperatures over the
entire Mediterranean region, with maximum of the precipi-
tation trends in the 1960s (Xoplaki et al., 2006). The sum-
mer of 1976 was the coolest summer of the second half of
the twentieth century over the northeastern Mediterranean,
while this same summer was one of the hottest and driest in
the United Kingdom (Xoplaki et al., 2003a). Mediterranean
summer temperature anomalies were also very well reflected
in BiH, where the coolest summer was recorded in 1974 and
the warmest summers in 1994, 1998 and 2000. The trend for
the period 1950 to 1960 is −1.15 ◦C per decade, whereas a
trend of 0.5 ◦C per decade was recorded for the period be-
tween 1980 and 1999 (Xoplaki et al., 2003b). There is also
a clear tendency for wetter summers between 1967 and 1985
over the Balkan region, when compared to previous decades
(Blade et al., 2011). In our research we identified summer
2000 as sunny and 1974 as less-sunny (Table 4). Also, from
the period of wetter summers 1967–1985, we identified 7
out of 19 summers as less-sunny (1970, 1974, 1975, 1978
and 1983–1985). Regional processes and feedbacks modu-
late the influence of large scale anomalies during summer
over the Mediterranean. Mariotti and Dell’Aquilla (2012)
have shown that these processes may involve cloud cover,
land surface modifications and include positive soil moisture-
precipitation and soil moisture-temperature feedback. Many
regional processes that were modified due to increased sum-
mer NAO could mask the significant relationships among
precipitation, temperature and tree growth. These processes
can have a profound impact on tree growth, since incoming
solar radiation and moderate heat flux are supporting factors
for growth (Weitzenkamp et al., 2007). Changes in incoming
solar radiation due to increased cloud cover could weaken
the temperature and precipitation growth relationships of P.
nigra by having a direct effect on gross primary production.
Identification of significant processes is beyond the scope of
this article but should be addressed in future studies.

4.2 Identification of extreme summer events

In our reconstruction there is a noticeable period from the
beginning of the reconstruction in 1660 until 1695 (Fig. 5).
This period is part of the Late Maunder Minimum (Luter-
bacher et al., 2001) and it signifies the climax of the so-called
“Little Ice Age” in which Europe experienced predominant
cooling (Xoplaki et al., 2001) and marked climate variabil-
ity (Luterbacher et al., 2000). Summers in western and cen-
tral Europe were wetter and slightly cooler than they are to-
day due to a weaker Azores high (Luterbacher et al., 2001).
During “Little Ice Age”, the period 1725–1775 was warm
and sunny in northern Norway (Young et al., 2010), while in
BiH we noticed sunny period from 1695–1790 (Fig. 5). The
coldest decade of the millennium over the Northern Hemi-
sphere was in 1691–1700 (Jones et al., 1998). This partly
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Table 5. Records of reconstructed sunny/less-sunny summers based on TRW from BiH, with standard deviations (SD) and their comparison
with other related available documentary sources.

Sunny Less-sunny SD Historical event Reference

1975 1 Slovakia: wet in June–August Büntgen et al. (2010b)
1970 1 Slovakia: wet in June–August Büntgen et al. (2010b)

1950 1 Italy, south area: one of the hottest summers Camuffo et al. (2010)
1948 1 Slovakia: dry spell from March–August Büntgen et al. (2010b)
1946 1 SW Romania: year of great famine Levanič et al. (2012)
1945 2 Driest years in Bulgaria during the 20th Koleva and Alexandrov (2008)

century (1945 and 2000)
1931 2 Warm period in Bulgaria Trouet et al. (2012)

1927 1 Slovakia: wet from March–August Büntgen et al. (2010b)
1912–1915 1 Taal eruption, Indonesia in 1911 Mastin and Witter (2000)

1908 2 Anatolia: major drought and famine event Akkemik et al. (2005)
1899 2 Etna eruption: central explosion in July Bonaccorso et al. (2004)
1876 1 Czech Lands: downpours in summer with local floods Büntgen et al. (2010b)

1874 1 Province of Ankara, Turkey: a devastating drought Touchan et al. (2007)
1871 1 Czech Lands: 3 weeks of rain in July–August Büntgen et al. (2010b)
1844–1846 1 Etna eruption in 1842 and 1843, clouds in 1844–1846 Bonaccorso et al. (2004)
1843 2 Etna eruption in 1842 and 1843, clouds in 1844–1846 Bonaccorso et al. (2004)
1832–1833 1 Etna eruptions in 1831 caused clouds in 1832–1833 Bonaccorso et al. (2004)

1830 1 Slovenia: great heat and drought in July and August Ogrin (2002)
1825 1 Slovakia: dry and warm April; long-lasting drought before Büntgen et al. (2010b)

late July; Czech Lands: very dry in July
1815 2 Volcano Tambora explosion, Indonesia in April Xoplaki et al. (2001), Boers (1995)
1810 2 Large stratospheric eruption in 1809 of a volcano in the tropics Cole-Dai et al. (2009)

1806–1808 1 Slovakia: dry and warm in May–August Büntgen et al. (2010b)
1802–1803 1 Serbia: the lack of rain from May until October Xoplaki et al. (2001)
1789 1 Slovakia: great drought in May–June Büntgen et al. (2010b)
1782, 1784 1 Romania: extremely dry years Levanič et al. (2012)

1783 1 Eruption of Laki in southern Iceland Grattan and Pyatt (1999)
1782 1 Slovakia: hot two weeks in June, warmth continuing in July–August Büntgen et al. (2010b)

1772 1 Czech Lands: rainy June Büntgen et al. (2010b)
1742 2 Anatolia: extremely dry year Akkemik et al. (2005)

1729 1 SE Romania: extremely wet year Levanič et al. (2012)
1725, 1726 1 SE Romania: drought in 1725 Levanič et al. (2012)

Anatolia: 2-yr long major drought Touchan et al. (2007)
1720 1 Mediterranean: one of the hottest summers Camuffo et al. (2010)

1712 2 Greece: drought, bad harvest, high prices, famine Xoplaki et al. (2001)
1712–1714 2 Awu eruption on December, 1711 in Indonesia Clor et al. (2005)

1707 1 Anatolia: dry year Akkemik et al. (2005)
1696, 1697 1 Anatolia: dry years Akkemik et al. (2005)
1695 2 Cold summer, famine in England, Ireland Lindgrén and Neumann (1981)

1691–1694 1 Crete: bad harvest, famine, high prices olive-oil Xoplaki et al. (2001)
1691–1693 1 Northern Hemisphere: Jones et al. (1998)

The coldest decade 1691–1700 of the millennium

fits to our results, as the years of 1679–1684 and 1691–1693
were recognised as years with less-sunny summers. But af-
terwards, our reconstruction shows the period of 1694–1698
as years with sunny summers and even more; the summer of
1695 was recognised as the fourth sunniest summer in our
reconstruction (Table 4). In the northern and continental part
of Europe, this year was extremely cold and wet (Lindgrén
and Neumann, 1981), while in Aegean sea area drought in
the autumn destroyed harvest (Xoplaki et al., 2001). This
long dry period from the late autumn of November 1695
to January–February of 1696 resulted from anticyclone con-
ditions prevailing over central, eastern and south-eastern
Europe, which prevented crossing of low-pressure systems

towards the Balkans (Xoplaki et al., 2001). This, dominant
atmospheric circulation pattern between the British Isles and
Balkan Peninsula, has been also recorded by a summer re-
construction from north-eastern Mediterranean (Trouet et al.,
2012). On a smaller scale, our results support this strong and
consistent anti-phase relationship, which suggests that the
summer NAO pattern is the main driving force of the tele-
connection between summer temperatures in south-eastern
versus north-western Europe (Trouet et al., 2012). We sup-
port this idea with identification of extremes (Table 4). In
general, summers with low values of sunshine hours are re-
lated to oscillation patterns from continental Europe and re-
gions north of BiH; e.g. 1975, 1970, 1927, 1876, 1871 and
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Fig. 5. Reconstructed (black line) and measured (shorter red line) mean June–July sunshine hours. Solid grey lines delineate two, while
dashed grey lines represent one standard deviation from the mean, calculated over the reconstructed period 1660–2010. Black dots mark
identified extreme summers and arrows indicate larger volcano eruptions; Awu (Clor et al., 2005), Vesuvius (Scandone et al., 2008), unknown
and Tambora (Cole-Dai et al., 2009), Etna (Bonaccorso et al., 2004) and Taal (Mastin and Witter, 2000).

1772. On the other hand, sunny summers are more related
to oscillations from the south-eastern and continental part of
Balkan Peninsula; e.g. 1945, 1931, 1802, 1784 and 1729, or
south-eastern/eastern Mediterranean; e.g. 1950, 1908, 1874,
1742, 1725, 1726, 1720, 1707 etc. (Table 5). The BiH area
proved to be a good area for further extreme climatic events
investigations, as it is located in the transition zone between
Mediterranean and continental influence, therefore the trees
react to climatic extremes from both zones. This could be the
reason why we have many common summer climatic events
with Slovakia, and on the other hand years when growth sea-
sons were different between these two regions. For example,
cold and wet conditions in the spring of 1725 prevailed over
Slovakia and later during the summer, extensive anomalous
low-pressure conditions, extending from northern to central
Europe, have been connected with disastrous floods in Slo-
vakia (Brázdil et al., 2008), while BiH and Romania (Lev-
anič et al., 2012) were influenced by the hot, sunny summer
weather from the eastern Mediterranean, similar to Anato-
lia and Syria (Touchan et al., 2007). After severe and snowy
winter 1725/1726 in Slovakia (Brázdil et al., 2008), summer
drought extended from Turkey (Touchan et al., 2007) and in-
fluenced both; BiH and Slovakia area (Brázdil et al., 2008).

Special awareness must be made when identifying extreme
years and their possible causes. With mean June–July sun-
shine hours, we explain 21 % of the variability of the TRW
indices. Aside to negative summer sunshine correlation val-
ues, there is also a positive correlation between TRW indices
and spring temperatures (Fig. 2). This means that extremely
cold winters could affect the cambium and limit its activ-
ity (Jyske et al., 2012). In such years TRW could be nar-
rower, despite the possible good growth conditions later in
the summer. Therefore, it is important to verify newly iden-
tified extreme climatic events (Table 5). One such case is the
winter 1782. This winter is reported to be harsh and cold
in Greece, with Lake Karla freezing and the destruction of
olive and fruit trees, death of animals; for BiH plague and

the deaths of people are mentioned (Xoplaki et al., 2001).
Later in that year, drought events during the summer sea-
son extended north to Slovakia (Büntgen et al., 2010a), east
to Romania (Levanič et al., 2012) and to the western Black
Sea region of Turkey (Akkemik et al., 2005). The summer of
1782 was also recognised in our reconstruction as a year with
high moisture stress during the growing season. The next ex-
ample happened in the period of existing instrumental data
in BiH. Winter of 1928/1929 was characterised as extremely
cold in Slovakia (Büntgen et al., 2011) and as the winter
when sea froze in the Venice lagoon (Winchester, 1930).
The measured mean January–March temperature in 1929 for
Sarajevo-Bjelave was, according to Federal Hydrometeoro-
logical Institute of BiH, −20 ◦C, while the long-term aver-
age (1889–2009) is−11 ◦C. In the following summer season
mean temperature did not differ from long-term mean, but
our reconstruction showed summer with above average sun-
shine hours (Table 4).

In search for explanations for less-sunny summer events,
we also reviewed the influence of natural forcing on climate
of the western part of Balkan Peninsula. The years with sur-
prisingly low summer sunshine values matched well with
years of major volcanic eruption, similar to strong volcanic
forcing system in the North (McCarroll et al., 2013). This im-
pact can be seen in abrupt change in the same growth year,
lagged by one year, or as a prolonged effect, due to the in-
fluence of volcanic eruptions and sulphate loadings and con-
sequently on tree-growth (Breitenmoser et al., 2012). We no-
ticed the importance of strength, location and the length of
volcano eruption, as well as the season of activity (Mastin
and Witter, 2000). In the years of 1666, 1695 and 1698
Kuwae volcano erupted in the southwest Pacific (Briffa et
al., 1998). While years 1666 and 1695 are both the dates
of the eruption, our study identifies them as sunny. This in-
dicates that western part of Balkan Peninsula was not in-
fluenced by volcanic eruptions from south-western Pacific.
On the other hand, Tambora explosion in Indonesia (1815),
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whose eruption is counted as the largest historically docu-
mented eruption of the modern (instrumental) era (Briffa et
al., 1998), is recorded in our tree ring series as the fourth
summer with the lowest sunshine values in the reconstruc-
tion period. After Tambora, eruptions of Raung and Ijen, also
from Indonesia, took place in the year 1817 (Mastin and Wit-
ter, 2000). Our reconstruction describes the period of 1813–
1821, with exception of 1817, as summers with a low num-
ber of sunshine hours. This decade is also counted as prob-
ably the coolest in the last 500 yr (Cole-Dai et al., 2009).
We can consider that one massive eruption has influence on
more growth periods, like Taal volcanic eruption from Philip-
pines in the 1911 (Mastin and Witter, 2000), which seems to
have affected tree growth in BiH in the following 4 yr (1912–
1915). We observed the same results in the years after Kraka-
toa eruption in 1883 (Rampino and Self, 1982). Closer to BiH
an eruption of volcano Vesuvius (Italy) happened in May,
1771 and lasted for a whole month (Scandone et al., 2008).
Its influence is not recorded in the same year, but the follow-
ing summer had low value of sunshine hours (Table 4). Influ-
ence of longer volcanic eruptions on tree-growth is seen in
the long Vesuvius eruption, starting in July, 1895 and lasting
till September, 1899, being active for more than 1500 days
(Scandone et al., 2008). Vesuvius is located southwest from
BiH, but as there is in the beginning of the growing season
a north–northeasterly flow over the eastern Mediterranean
area (Kostopoulou and Jones, 2007), volcanic dust was trans-
ported towards the Dinaric mountains. This explains why we
identified following years 1897–1900 and 1902 as less-sunny
(1 SD) and 1899 as year with extremely low amount of sun-
shine (Table 4). With volcanic eruptions, we connected all
summers with sunshine values below 2 SD; Vesuvius in 1899
(Scandone et al., 2008), Etna (Italy) in 1843 (Bonaccorso et
al., 2004), unknown in 1810 and Tambora in 1815 (Cole-Dai
et al., 2009), Awu (Indonesia) in 1712 (Clor et al., 2005) and
Taal in 1966 (Mastin and Witter, 2000). The results of this
research open many new fields of potential future investiga-
tions. But for a more detailed examination of the discovered
BiH extreme summer sunshine events and their connection
to volcanic eruptions, further inquiries with applications of
data on sulphur loadings, power of eruption and its length
should be addressed. Further, special investigation on avail-
able documentary archives with an emphasis on the whole
region of the western Balkans is needed. Especially for those
events which may be limited to the BiH area only and are not
confirmed by documentary sources from outside the BiH.

5 Conclusions

We conclude that summer mean June–July sunshine hours
from Osijek station (Croatia) are the most appropriate proxy
for the moisture stress, which influences the radial growth
of P. nigra in mountainous sites in the Bosnia and Herze-
govina area. With application of the z-score method and

weighted mean calculation, one reliable regional chronol-
ogy, as a representative for the whole western part of Balkan
Peninsula, was calculated. With values of 2 SD for identi-
fying extreme climatic events, we discovered 5 extremely
sunny (1742, 1908, 1945, 1695, 1931) and 6 summers with
extremely low values of sunshine hours (1899, 1843, 1810,
1815, 1712, 1966). All identified 6 summers with the low-
est number of sunshine hours from BiH area are connected
to volcanic eruptions in the past. Major part of other less-
sunny summer events overlap with reported events from re-
gions north of the Balkan Peninsula, while sunny summer
events are more related to events from inner, continental part
of Balkan Peninsula or Mediterranean area. Besides climate
forcing of moisture stress, impact of volcanic eruptions have
been connected and their influence discussed, but for detailed
explanation of the relation between moisture stress and sun-
shine values, more thorough identification of these relation-
ships, including multispecies tree ring network and/or iso-
tope analysis, should be addressed in the future.
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2.4 PARAMETRI BRANIK DREVES Pinus nigra (Arnold) IN NJIHOV KLIMATSKI 

SIGNAL 

 

Poljanšek S., Levanič T. 2012. Parametri branik dreves Pinus nigra (Arnold) in njihov 

klimatski signal. Zbornik gozdarstva in lesarstva, 98: 15-25 

 

Predstavljamo prvo analizo klimatskega signala v branikah črnega bora (P. nigra Arnold) s 

pomočjo metode odboja modrega spektra. Izbrana drevesa so rastla na Kojniku. Z 

ekstrakcijo smole in skeniranjem so bili 5 mm debeli vzorci pripravljeni za analizo. 

Izmerili smo širino celotne branike ter širino in gostoto ranega ter kasnega lesa. Za 

odstranitev starostnega trenda in drugih ne-klimatskih faktorjev smo merjene časovne 

serije standardizirali s kubičnim zlepkom. Pri meritvah gostot smo značilne korelacije 

izračunali med padavinami obdobja maj-junij ter gostoto ranega lesa (r = 0,64, p<0,001), 

medtem ko gostota kasnega lesa korelira najbolje s povprečno temperaturo obdobja junij-

avgust (r = 0,42, p<0,01). Pri merjenju širin je bila najvišja korelacija izračunana med 

širino celotne branike in povprečno temperaturo obdobja junij-avgust (r = -0,62, p<0,001). 
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3 RAZPRAVA IN SKLEPI  

3.1 RAZPRAVA 

3.1.1 Lokalne kronologije BiH 

Območje zahodnega dela Balkanskega polotoka med Albanijo in Slovenijo je predstavljalo 

regijo brez sistematično izdelane dendrokronološke mreže. Prevladujoči del neraziskanega 

območja leži na območju BiH, zato smo se osredotočili na vzorčenje v tej državi. Za 

vzorčenje izbrana drevesa so rasla na sedmih različnih lokacijah v območju Dinarskega 

gorstva. Z našo prvo postavljeno hipotezo smo želeli preveriti, ali se lokalne kronologije 

črnega bora z različnih rastišč, nadmorskih višin in matičnih podlag med seboj ujemajo. 

Izbrana stara drevesa so rasla posamično ali v redkih sestojih na rastiščih s plitvimi in 

odcednimi tlemi, velikim nagibom ter večinoma južno ekspozicijo. S tem izborom rastišč 

smo se v največji možni meri izognili vplivu sestojnih dejavnikov ter poskrbeli, da so 

zaporedja širin branik vsebovala predvsem klimatski signal (Fritts, 1976). Ugotovili smo, 

da se izdelane lokalne kronologije območja BiH medsebojno dobro ujemajo. Najboljše 

ujemanje je med lokacijama Prusac in Konjuh, najmanjše pa med Krivajo in Šatorjem 

(Poljanšek in sod., 2012a), vendar sta bili obe lokalni kronologiji zadržani v vzorcu zaradi 

dobrega ujemanja z drugimi lokalnimi kronologijami. Z izdelavo medsebojno ujemajočih 

se lokalnih kronologij območja zahodnega dela Balkanskega polotoka je bila vzpostavljena 

mreža lokalnih kronologij širin branik črnega bora (Poljanšek in sod., 2012a). Medsebojno 

ujemajoče lokalne kronologije potrjujejo skupen klimatski signal, na podlagi katerega je 

bila razvita prva regionalna kronologija črnega bora za območje BiH. S tem je dopolnjen 

manjkajoči del mozaika v dendrokronološki mreži Balkanskega polotoka. Prva hipoteza, 

da se lokalne kronologije črnega bora z različnih rastišč, nadmorskih višin in matičnih 

podlag med seboj ujemajo, je zato potrjena (Poljanšek in sod., 2012a).  

 

Poleg vzorčenja dreves črnega bora iz njegovega osrednjega dela areala na zahodnem delu 

Balkanskega polotoka smo dodatno vzorčili tudi na dveh robnih lokacijah njegove 

razširjenosti na Balkanskem polotoku (slika 4). Severovzhodna lokacija je od sklenjenega 

areala ločeno rastišče črnega bora v celinskem delu Balkanskega polotoka in leži v 

jugozahodnem delu Romunije (Levanič in sod., 2012). Druga lokacija pa leži na 

severozahodnem delu razširjenosti na Balkanskem polotoku, to je na območju 

submediteranske Slovenije (Poljanšek in Levanič, 2012a). Sedem lokalnih kronologij 
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osrednjega območja razširjenosti na Balkanskem polotoku in iz njih izpeljano regionalno 

kronologijo smo zato lahko primerjali z lokalnima kronologijama dveh robnih območij. 

Novo izdelana regionalna kronologija črnega bora osrednjega območja areala z 

Balkanskega polotoka se dobro ujema z lokalno kronologijo severovzhodnega roba 

razširjenosti (Romunija) s tBP 7,9 in GLK% 66; koeficient tBP pa je slabši ob primerjavi 

regionalne kronologije s kronologijo severozahodnega roba razširjenosti (Slovenija), tudi 

zaradi krajše dolžine lokalne kronologije (tBP 2,1 in GLK% 59). Malce bolje se lokalna 

kronologija iz submediteranske Slovenije ujema z lokalnima kronologijama iz osrednjega 

območja areala; Krivaja in Šipovo (pri obeh velja tBP > 2,7 in GLK% > 57), ter z internetno 

objavljenima kronologijama iz Ravno Borja (NOAA, 2012) (tBP 3,1 in GLK % 62) ter (tBP 

3,5 in GLK % 66) z območja najbolj severnega dela areala naravne razširjenosti črnega 

bora, to je okolice Dunaja (Wimmer in Grabner, 1998).  

 

Medtem ko se kljub velikim razdaljam med lokacijami vzorčenja naštete kronologije 

razmeroma dobra ujemajo, pa ujemanja med lokalnima kronologijama severovzhodnega in 

severozahodnega robnega območja praktično ni. Razlog za to so verjetno različne 

prevladujoče klimatske razmere. Na severozahodni lokaciji prevladujejo submediteranske 

razmere, medtem ko je za severovzhodno lokacijo značilna celinska klima z le manjšim 

submediteranskim vplivom (Levanič in sod., 2012). Razlog je lahko tudi v izjemnih 

vplivih lokalnih dejavnikov na rast dreves in s tem zabrisani klimatski signal širšega 

območja. Eden izmed takih primerov je bil odkrit na lokaciji Šator, v osrednjem delu 

areala. Z vzorčenjem debelinskega prirastka tamkajšnjih dreves smo odkrili sedemletni 

upad prirastka, ki je izhajal iz dogodka leta 1929 (Poljanšek in sod., 2012a). Dejavnik, ki bi 

lahko povzročil tak odziv dreves, je gozdni požar oziroma z njim povezan ekstremni sušni 

stres. Ta bi lahko povzročil izredno izgubo več setov iglic ali pa celotne zelene krošnje, 

zaradi česar je bil proces fotosinteze skoraj ustavljen. Ali je res prišlo v letu 1929 do 

odpada vseh iglic, bi lahko preverili z metodo sledenja sledi iglic, ki retrospektivno 

ugotavlja življenjsko dobo iglic terminalnega poganjka (Jalkanen in sod., 2000; Poljanšek 

in sod., 2011, priloga F). 
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Slika 4: Lokacije vzorčenja lokalnih kronologiji: Kojnik (KOJ) v Sloveniji za vzorčenje širin branik in 
gostote lesa ter vzorčenje samo širin branik v Băile Herculane (BaH) v Romuniji in v BiH: Šator (SAT), 
Šipovo (SIP), Prusac (PRU), Blace (BLA), Peručica (PER), Konjuh (KON) in Krivaja (KRI). Lokacija 
vremenske postaje v Osijeku je označena z belim kvadratom (avtor slike: Tom Levanič). 

Figure 4: Locations of sampling for local chronologies: Kojnik (KOJ) in Slovenia for sampling tree-ring 
widths and density measurements, and sampling for tree-ring widths only in Băile Herculane (BaH) in 
Romania and in BiH: Šator (SAT), Šipovo (SIP), Prusac (PRU), Blace (BLA), Peručica (PER), Konjuh 
(KON) and Krivaja (KRI). Location of the Osijek weather station is marked with white square (author: Tom 
Levanič). 

 

3.1.2 Ujemanje regionalnih kronologij  

Iz sedmih lokalnih kronologij osrednjega območja areala na Balkanskem polotoku je bila 

izračunana regionalna kronologija BiH. Za potrditev klimatskega signala širšega območja 

Balkanskega polotoka je bila nova regionalna kronologija s parametroma tBP in GLK% 

primerjana z objavljenimi kronologijami iz sosednjih območij (Poljanšek in sod., 2012a). 

Med sabo smo primerjali le objavljene kronologije črnih borov, ker je odziv na klimo 

vrstno specifičen (García-Suárez in sod., 2009). Kronologije, uporabljene v primerjavi, so 

na voljo v mednarodni dendrokronološki podatkovni banki ITRDB (NOAA, 2012) ter v 

arhivu Gozdarskega inštituta Slovenije, oddelka za prirastoslovje in gojenje gozdov.  
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Ugotovili smo, da se regionalna kronologija črnega bora iz njegovega osrednjega območja 

na Balkanskem polotoku odlično ujema s tistimi iz južnega dela areala, t.j. Črne gore, 

Albanije in Grčije, s skrajno severnega robu območja razširjenosti črnega bora- Avstrije 

(Poljanšek in sod., 2012a) ter severovzhodne točke razširjenosti - jugozahodne Romunije 

(Levanič in sod., 2012). Ujemanje z regionalnimi kronologijami sosednjih območij, 

predvsem s transekta Avstrija-Grčija, potrjuje drugo hipotezo o ujemanju regionalne 

kronologije črnega bora zahodnega dela Balkanskega polotoka z regionalnimi 

kronologijami sosednjih območij. Na tem mestu lahko opozorimo, da ima 

dendrokronološka mreža še vedno praznine na območju Srbije, Hrvaške, Makedonije ter 

Kosova, zato bi lahko tem območjem posvetili naše nadaljnje delo in tako zgostili 

dendrokronološko mrežo. 

 

3.1.3 Klimatski signal v gostoti ranega in kasnega lesa ter širini branike  

Meritev gostot branik je bila opravljena po metodi modrega odboja (McCarroll in sod. 

2002). Analiza je prvo testiranje metode modrega odboja na črnem boru, zato je bila testno 

uporabljena samo na eni lokaciji (Poljanšek in Levanič, 2012a). Izbrana lokacija leži na 

severozahodnem robu razširjenosti črnega bora na Balkanskem polotoku in je dovolj 

ekstremno rastišče, kjer so zaradi vpliva submediteranske klime dobre korelacijske 

povezave med širino branik in klimatskim dejavnikom (Ogrin, 1989 in 2005). Postavljena 

četrta hipoteza pravi, da na širino branik črnega bora z ekstremnih rastišč vplivajo zgodnje 

poletne temperature in padavine, medtem ko na maksimalno gostoto kasnega lesa vplivajo 

pozno poletne temperature in padavine. Na vzorčenih borih je bil analiziran vpliv klime na 

širino in gostoto ranega ter kasnega lesa. Močni odziv širin branik na količino padavin 

obdobja maj-avgust je bolj posledica odziva širin kasnega lesa na padavine. Viden je jasen 

odziv širin kasnega lesa na julijske in avgustovske padavine, zato je na padavine teh dveh 

mesecev odzivna tudi širina celotne branike. Podobno je v odzivu na temperature, saj je 

večji del variabilnosti širin branike vezan na variabilnost širin kasnega lesa. Kljub temu 

lahko del četrte hipoteze o vplivu zgodnje poletnih temperatur in padavin na širino branik 

zavrnemo. Na širino branik, predvsem pa na širino kasnega lesa, ne vplivajo temperature in 

padavine zgodnjega poletja, temveč padavine in temperature mesecev julij in avgust, torej 

sredina oziroma konec poletja (Poljanšek in Levanič, 2012a).  
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V drugem delu četrte hipoteze smo predpostavili, da na maksimalno gostoto kasnega lesa v 

braniki vplivajo pozno poletne temperature in padavine, vendar smo z rezultati odkrili, da 

na maksimalno gostoto kasnega lesa najbolj vplivajo februarske padavine, medtem ko je 

med poletnimi temperaturami značilen le vpliv avgustovskih temperatur. Del četrte 

hipoteze o vplivu pozno poletnih temperatur na gostoto kasnega lesa je potrjen, o vplivu 

pozno poletnih padavin pa zavrnjen, čeprav korelacijske vrednosti izkazujejo določen vpliv 

avgustovskih padavin na gostoto kasnega lesa, vendar je ta vpliv neznačilen. Ob 

preučevanju klimatskega signala v gostoti ranega lesa sta bila odkrita značilna 

temperaturni in padavinski signal zgodnje poletnega obdobja maj-junij (Poljanšek in 

Levanič, 2012a).  

 

Poleg iskanja obdobja, v katerem imajo temperature in padavine največ vpliva na izbrane 

parametre branik, smo preučili tudi jakost tega vpliva. Zanimalo nas je, ali je klimatski 

signal v maksimalni gostoti kasnega lesa bolj izrazit kot v širini branik, k primerjavi pa 

smo dodali še klimatski signal v gostoti ranega lesa. Najmočnejša klimatska signala sta bila 

odkrita v gostoti ranega lesa ter v širini branik. Izbrani klimatski signal v gostoti ranega 

lesa je sicer močnejši, kot je v širini branik, vendar razlika statistično ni značilna. 

Najmočnejši klimatski signal v gostoti kasnega lesa izraža vpliv temperatur obdobja junij-

avgust, vendar njegova jakost ni bolj izrazita, kot je močan klimatski signal v širini branik. 

Ker smo v tretji hipotezi postavili trditev, da je klimatski signal v maksimalni gostoti 

kasnega lesa bolj izrazit kot v širini branike, smo to hipotezo zavrnili. Razlog za šibkejši 

klimatski signal v gostoti kasnega lesa bi lahko iskali v ne dovolj ekstremnem rastišču. 

Mogoče kljub vsem okoljskim omejitvam izbrano rastišče ne pomeni tako ekstremnih 

razmer za rast črnega bora. Avtorji metode modrega odboja (McCarroll in sod., 2002) so 

opozorili, da mora biti metoda testirana na več drevesnih vrstah in na več različnih 

rastiščih. Rezultati doktorske disertacije so začetek uporabe te metode na črnem boru in 

veljajo le za območje submediteranske Slovenije oziroma za severozahodni rob areala 

črnega bora na Balkanskem polotoku (Poljanšek in Levanič, 2013). Zaradi rastiščne in 

vrstne pestrosti iglavcev na Balkanskem polotoku imamo namen raziskave razširiti še na 

druga rastišča vzhodnega in notranjega dela Balkanskega polotoka. 
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Del četrte hipoteze, da na širino branik črnega bora z ekstremnih rastišč vplivajo zgodnje 

poletne temperature in padavine, je bil preverjen tudi na drevesih s severovzhodnega roba 

in osrednjega dela areala na Balkanskem polotoku. Izračuni korelacijskih vrednosti med 

letnim debelinskim prirastkom črnega bora in klimatskima dejavnikoma z zahodnega dela 

Balkanskega polotoka potrjujejo, da je klimatski signal v širinah branik zaradi prepletanja 

vplivov mediteranske, gorske in kontinentalne klime tega območja (Zupan Hajna, 2012) 

veliko bolj kompleksen kot v Alpah, kjer je za debelinsko rast najbolj omejujoč dejavnik 

temperatura (Frank in Esper, 2005; npr. Carrer in sod., 2007; Levanič in sod., 2008), ali na 

območju vzhodnega in južnega mediteranskega bazena, kjer so ta dejavnik padavine (npr. 

Touchan in sod., 2005; Touchan in sod., 2008). Ker se topli in vlažni veter iznad 

Jadranskega morja nad Dinaridi dviga in trči v hladni zrak, so orografske padavine obilne 

(Zupan Hajna, 2012). Količine padavin nad najvišjimi vrhovi znašajo od 3.000 do 5.000 

mm letno. Medtem ko je količina padavin na Dinarskem gorstvu ena izmed največjih v 

Evropi, dosega količina padavin na letni ravni v celinskem delu polotoka, na 

severovzhodnem robu areala črnega bora, le 630 mm (Jones in Harris 2008; Levanič in 

sod., 2012) in je podobna tisti z območja Dunaja (Wimmer in sod., 2000). Na območjih z 

manjšo količino padavin je zato pogosteje zaslediti sušni stres dreves kot na območjih z 

večjimi količinami padavin.  

 

Črni bor ima, podobno kot rdeči, mnogo kompenzacijskih mehanizmov za odziv na sušne 

razmere. Mednje lahko štejemo npr. skladiščenje vode v vejah in steblu, črpanje 

razpoložljive vode iz velikih globin ter preprečevanje transpiracije iz iglic (Waring in sod., 

1979; Penuelas in Pilella, 2003; Cochard in sod., 2004). Vse to pomaga boru preživeti 

močnejše oziroma daljše sušno obdobje, hkrati pa zabriše jasen odziv širin branik na 

padavinski režim. Debelinska rast dreves črnega bora iz osrednjega dela areala ima 

približno enako močno korelacijo tako s poletnimi padavinami kot s temperaturo 

(Poljanšek in sod., 2012b). Optimalno temperaturno območje za fotosintezo je odvisno od 

drevesne vrste, rastišča, sončnega obsevanja, razpoložljive talne vlage in drugih 

dejavnikov, vendar pa naj bi bila optimalna temperatura za drevesa zmernega pasu na 

splošno okoli 20 ⁰C (Fritts, 1976). Med povprečnimi poletnimi temperaturami zraka z 

visokogorskih rastišč zahodnega dela Balkanskega polotoka in debelinsko rastjo črnega 

bora smo izračunali negativne korelacije (Poljanšek in sod., 2012b), ker pa so izmerjene 
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povprečne poletne temperature na gorskih lokacijah Dinarskega gorstva le okoli 14 ⁰C 

(Tpovprečna junij-julij, postaja Čemerno, 1300 m n.m.v.), neposredno negativnega vpliva na 

širino branik nismo znali pojasniti. V odnosu med klimo, rastiščem in debelinsko rastjo 

dreves gre za kompleksen sistem prepletanja vplivov sončnega obsevanja, opoldanskega 

upada fotosinteze, najnižjih, povprečnih in najvišjih dnevnih temperatur, količin padavin 

ter razpoložljive vlage v tleh, nezanemarljivi pa niso tudi odzivi dreves v času sušnih 

razmer. Zato smo padavinski in temperaturni signal območja osrednjega areala črnega bora 

(Poljanšek in sod., 2012b) pojasnili z variabilnostjo sončnega obsevanja, ki tudi 

neposredno vpliva na fotosintezo (Stahle in sod., 1991), in potrdili število ur sončnega 

obsevanja kot nadomestni kazalnik za sušni stres in s tem najvplivnejši dejavnik na širino 

branik črnega bora iz BiH (Poljanšek in sod., 2013).  

 

Za območje osrednjega dela areala je bila tako odkrita značilna povezava med širino branik 

in urami sončnega obsevanja iz obdobja junij-julij z vremenske postaje Osijek (slika 4). 

Bolj izrazit padavinski signal je bil odkrit v celinskem delu Balkanskega polotoka, v 

severovzhodnem robu areala črnega bora. Tu je bil sušni stres opredeljen s trimesečnim 

standardiziranim padavinskim indeksom obdobja junij-avgust (Levanič in sod., 2012). Pri 

tem je bil odkrit jasen vpliv julijskih padavin, in ker je julij sredi poletja, je četrta hipoteza 

s trditvijo, da na širino branik črnega bora z ekstremnih rastišč vplivajo zgodnje poletne 

temperature in padavine, zavrnjena. Ta hipoteza je zavrnjena tudi za območje zahodnega 

dela Balkanskega polotoka, saj je za območje BiH preverjeni klimatski signal potrdil 

negativno (pozitivno) korelacijo med širino branik in temperaturami (padavinami) 

celotnega poletja (maj-avgust) (Poljanšek S. in sod., 2012b). Glede na del četrte hipoteze 

in uporabe sončnega obsevanja kot najbolj omejujočega dejavnika pa jo lahko potrdimo, 

saj je trajanje sončnega obsevanja mesecev junij-julij, kot obdobja zgodnjega poletja, 

najbolj vplivalo na širino branik (Poljanšek in sod., 2013).  

 

V raziskavi vpliva klime na širino branik dreves črnega bora iz osrednjega in 

severovzhodnega robnega dela areala širine ranega in kasnega lesa niso bile izmerjene. S 

tovrstno analizo bi lahko preverili, ali vsebuje širina kasnega lesa več variabilnosti kot 

celotna širina branike in močnejši klimatski signal. Do sedaj tudi še ni bilo raziskav 

sezonske dinamike nastanka lesa pri črnem boru z Balkanskega polotoka, zato ni znano, 
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kateri klimatski dejavniki in na kakšen način vplivajo na posamezne procese nastanka lesa. 

Veliko informacij bi lahko pridobili tudi s preučevanjem letnega poteka prilagoditve 

fotosinteze ekološkim razmeram. Zaradi vsega naštetega bi bilo smiselno opravljati 

kombinirane raziskave znotraj letne in več letne dinamike debelinske rasti ter meritve 

temperaturne in svetlobne kompenzacijske ter saturacijske točke fotosinteze. 

 

3.1.4 Stabilnost klimatskega signala v času  

Pred izračunom rekonstruiranih vrednosti klimatskega dejavnika je treba preučiti stabilnost 

signala v času. V širini branik črnega bora z zahodnega dela Balkanskega polotoka smo 

izračunali signal trajanja sončnega obsevanja. Vendar pa dolžina podatkovnega seta 

sončnega obsevanja za območje severnega dela Balkanskega polotoka (Osijek, Hrvaška), 

kakor tudi prekratki seti temperaturnih ter padavinskih podatkov iz submediteranskega dela 

Slovenije, ne omogočajo izračuna večletne drseče korelacije. Za preskus šeste hipoteze o 

stabilnosti klimatskega signala v času smo namesto sončnega obsevanja zato uporabili 

korelacijsko povezavo med širinami branik črnega bora iz osrednjega dela areala in 

padavinami oziroma temperaturami poletnega obdobja (Poljanšek in sod., 2012b). Z drsečo 

korelacijo odkrita slabša odzivnost širin branik na temperature in padavine se je pokazala v 

obdobju okoli leta 1980 (Poljanšek in sod., 2012b). Poleg drseče korelacije je slabši odziv 

širin branik prikazala tudi grafična slika testa dveh linearnih modelov, kjer so v 

posameznih obdobjih opazna neskladja med merjenimi in napovedanimi vrednostmi 

sončnega obsevanja (Poljanšek in sod., 2013). Stabilnost signala je bila preverjena tudi na 

severovzhodnem robu razširjenosti črnega bora. Tu uporabljena drseča korelacija potrjuje 

v obdobju 1960-1980 nižje korelacije med padavinskim indeksom in širino branik 

(Levanič in sod., 2012).  

 

V literaturi je zaslediti več možnih razlogov za slabši odziv širin branik na klimo. 

Raziskava vpliva kislega dežja in onesnaženosti zraka z emisijami nitratov iz industrijskih 

območij na debelinski prirastek jelke (Abies alba Mill.) in smreke v Nemčiji je pokazala 

jasno zmanjšan odziv debelinskega prirastka na temperaturo iz omenjenega obdobja. Kot 

razlog za to je podana posledica pozitivnega vpliva nitratov na debelinski prirastek in s tem 

zmanjšanega vpliva klime (Wilson in Elling, 2004).  
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Po drugi strani Seim s sodelavci (2012) v raziskavi za območje Albanije opozarja na 

možnost slabše kvalitete merjenih klimatskih podatkov oziroma na njihovo nezanesljivost. 

Vendar pa je podrobnejša analiza klimatskih podatkov z zahodnega dela Balkanskega 

polotoka pokazala, da je obdobje opaženega slabšega klimatskega signala v širinah branik 

črnega bora (Poljanšek in sod., 2013) predvsem posledica desetletnih sprememb, tako v 

vrednostih sončnega obsevanja kot v izmerjenih temperaturah nad severovzhodnim delom 

Sredozemlja (Xoplaki in sod., 2003; Mariotti in Dell’Aquila, 2012). Črni bor je imel okoli 

leta 1960 za kratek čas šibkejši odziv na klimo, ki je posledica večje oblačnosti, večjega 

števila ciklonov ter večje količine padavin (Xoplaki in sod., 2006) in s tem manjše 

ekstremnosti, za rast omejujočih dejavnikov. Kot kaže, so drevesa v tem času debelinsko 

priraščala v skladu z rastiščnim indeksom in ne toliko z omejujočim dejavnikom klime. 

Kljub temu šeste hipoteze, da se signal ne spreminja, statistično ne moremo zavrniti, ker 

stabilnost klimatskega signala v širinah branik dreves s severovzhodnega roba in 

osrednjega dela areala nikoli ni padla pod mejo statistične značilnosti. Stabilnost odziva 

debelinske rasti črnega bora na klimatske dejavnike bi v prihodnje lahko primerjali še z 

odzivi drugih drevesnih vrst, z merjenjem odziva višinskih prirastkov ali pa z merjenjem 

drugih parametrov branik, kot so gostota in širina ranega ter kasnega lesa ali pa izotopska 

sestava. 

 

3.1.5 Rekonstrukcija klimatskega dejavnika  

Na območju osrednjega dela areala črnega bora na Balkanskem polotoku smo potrdili 

odziv širin branik na število ur sončnega obsevanja (Poljanšek in sod., 2013), na 

severovzhodnem robu razširjenosti pa na širino branik značilni vpliv sušnega indeksa 

(Levanič in sod., 2012). Kronologiji za omenjeni območji presegata dolžino izmerjenih 

klimatskih dejavnikov, kar skupaj z značilnim linearnim modelom omogoča 

rekonstrukcijo. Prekratka kronologija širin branik črnega bora z njegove severozahodne 

lokacije, submediteranskega dela Slovenije, rekonstrukcije ne omogoča. Sestoji črnega 

bora tega območja so nastali konec 19. stoletja s pogozditvijo, zato starejših borov od 200 

let na tej lokaciji ni. Veliko starejša drevesa in drevesa avtohtonega porekla so bila 

vzorčena na območju zahodnega dela Balkanskega polotoka - na območju BiH (Poljanšek 

in sod., 2013) ter v celinskem delu polotoka - v jugozahodnem delu Romunije (Levanič in 

sod., 2012). V BiH je bilo do leta 1660 izračunano preteklo trajanje poletnega sončnega 
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obsevanja, na območju Romunije pa padavinski indeks do leta 1688. Z izdelanima 

rekonstrukcijama številom ur sončnega obsevanje zahodnega oziroma padavinskega 

indeksa celinskega dela Balkanskega polotoka je potrjena peta hipoteza, da regionalna 

kronologija omogoča rekonstrukcijo na širino branik najbolj vplivnega vremenskega 

dejavnika. Izdelana 435-letna kronologija črnega bora za osrednji del areala na zahodnem 

delu Balkanskega polotoka ni tako dolga, kot je 677-letna izdelana kronologija za 

najsevernejši del naravnega areala črnega bora (Wimmer in Grabner, 1998). Razloge za to 

bi lahko iskali v manjši ekstremnosti rastišč zahodnega dela Balkanskega polotoka, kjer je 

črni bor kljub bolj sušnim rastiščem zaradi orografskih padavin dobro preskrbljen z vodo. 

Razvite kronologije širin branik črnega bora se lahko z vzorčenjem starih lesenih objektov, 

ob upoštevanju zadostne globine vzorca ter vrednosti EPS količnika, še podaljšajo (Hughes 

in sod., 2001).  

 

Z rekonstrukcijo klimatskega dejavnika in identifikacijo preteklih značilnih let se lahko 

preveri obstoj skupnih značilnih let med zahodnim in celinskim delom Balkanskega 

polotoka. Ob upoštevanju EPS koeficienta 0,80 kot mejno vrednost smo v celinskem delu 

Balkanskega polotoka rekonstruirali sušni indeks ter prepoznali značilna poletja vse do leta 

1688. Prepoznana najbolj sušna poletja so bila 1725, 1748, 1782, 1784 in 1830, najmanj pa 

1729, 1770 in 1884 (Levanič in sod., 2012). Medtem so bila, za zahodni del Balkanskega 

polotoka, odkrita poletja z največjim številom ur sončnega obsevanja v letu 1695, 1742, 

1908, 1931 in 1945 ter z najmanjšim leta 1712, 1810, 1815, 1843, 1899 in 1966 (Poljanšek 

in sod., 2013). Največ skupnih značilnih poletij je bilo v letih s slabšimi razmerami za 

debelinsko rast, t.j. malo padavin v celinskem delu ter veliko število ur sončnega obsevanja 

v zahodnem delu Balkanskega polotoka (1725, 1782, 1784 in 1830). Od značilnih let, 

ugodnih za rast, je skupno le leto 1729. Posebej poudarjamo dejstvo, da so vsa za rast 

najbolj ugodna značilna leta na območju zahodnega dela Balkanskega polotoka povezana z 

vulkanskimi izbruhi (Poljanšek in sod., 2013). Velika količina vulkanskega prahu, 

izbruhanega v stratosfero, povzroči močan albedo oziroma odboj sončnega sevanja, kar 

pomeni za drevesa manj obsevanja in s tem manjši sušni stres (Breitenmoser in sod., 

2012). Poletja z značilno nizkim trajanjem sončnega obsevanja so bila tako pojasnjena z 

izbruhi vulkanov iz širšega območja Indonezije (vulkana Awu in Tambora), Filipinov 

(Taal) in vulkanov iz Italije (Vezuv in Etna).  
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Da osrednji del areala črnega bora leži na robnem območju vplivov klime z jugovzhodnega 

dela Sredozemlja in kontinentalne iz centralnega dela Evrope, je potrjeno s skupnimi 

značilnimi leti med našo rekonstrukcijo in drugimi objavljenimi iz obrobnih regij 

(Poljanšek in sod., 2013). Ugotovitve o vplivu klime iz sosednjih regij so skladne s 

predhodnimi temperaturnimi rekonstrukcijami za območje vzhodnega dela Balkanskega 

polotoka (Trouet in sod., 2012). V obeh raziskavah so bila manj sončna oziroma hladnejša 

poletja skupna z značilnimi poletji iz regij severno-severozahodno od Balkanskega 

polotoka, medtem ko so bila bolj sončna oziroma vroča poletja skupna z značilnimi poletji 

jugovzhodnega oziroma vzhodnega Sredozemlja in celinskega dela Balkanskega polotoka 

(Trouet in sod., 2012; Poljanšek in sod., 2013).  
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3.2 SKLEPI 

Prej dendrokronološko neraziskano območje zahodnega dela Balkanskega polotoka ima 

zdaj sistematično razvito mrežo lokalnih kronologij širin branik črnega bora. Kronologije 

so bile izdelane na podlagi merjenja vzorčenih debelinskih prirastkov dreves črnega bora, 

rastočih v osrednjem delu in dodatno z dveh robnih lokacij areala na Balkanskem polotoku. 

Iz medsebojno ujemajočih se lokalnih kronologij osrednjega dela areala je bila za območje 

zahodnega dela Balkanskega polotoka izračunana prva regionalna kronologija širin branik 

črnega bora. Ta kronologija se ujema z regionalnimi kronologijami sosednjih območij, kar 

dokazuje obstoj skupnega klimatskega vpliva na širšem območju Balkanskega polotoka.  

 

Na severozahodnem robu razširjenosti črnega bora na Balkanskem polotoku smo poleg 

širin branik izmerili tudi njihovo gostoto. Na širino branik dreves črnega bora z 

ekstremnega rastišča submediteranskega dela Slovenije najbolj vplivajo temperature zraka 

celotnega poletja (najbolj pa meseca avgusta) in padavine poznega poletja, medtem ko na 

maksimalno gostoto kasnega lesa v braniki vplivajo temperature meseca avgusta in 

padavine meseca februarja. Februarske padavine bi lahko povezali z debelino snežne 

odeje, ki v začetku rastne sezone, v običajno sušnem mesecu marcu, zagotavlja dovolj 

talne vlage za začetek rasti. Vpliv klime na gostoto ranega lesa in širino branik je podobno 

močan, največji vpliv na minimalno gostoto ranega lesa pa imajo temperature in padavine 

obdobja maj-junij. Nižje vrednosti korelacijskih koeficientov med širino branik in 

klimatskima dejavnikoma temperaturo in padavinami so bile izračunane v osrednjem delu 

razširjenosti črnega bora na Balkanskem polotoku. Variabilnost širin branik dreves črnega 

bora z območja Dinarskega gorstva je bila najbolje pojasnjena s trajanjem sončnega 

obsevanja. Njegova variabilnost je v posredni povezavi z variabilnostjo temperature in 

padavin, hkrati pa ima v času rastne sezone neposreden vpliv na proces fotosinteze.  

 

Glede na načelo, da dejavniki, ki so na širino branik delovali v preteklosti, delujejo tudi v 

sedanjosti, bi moral biti vpliv sončnega obsevanja na širino branik stalen. Vendar je 

posredna preverba stabilnosti klimatskega signala v širinah branik dreves iz celinskega in 

zahodnega dela Balkanskega polotoka pokazala rahlo oslabljen signal v krajšem obdobju 

druge polovice 20. stoletja. Klimatski signal je stabilen od začetka dostopnih vremenskih 

podatkov do poznih 60 let, kasneje pa je bolj šibek.  
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Kot razlog za ta pojav podajamo spremembe v vzorcih ciklonov, katerih smer poteka čez 

centralni del Jadranskega morja in ki so bili po letu 1970 močnejši in številčnejši. Tako so 

vplivali na povečan padavinski režim nad zahodnim delom Balkanskega polotoka in 

posledično zmanjšali sušni stres dreves v poletnem času ter oslabeli odziv širin branik 

črnega bora na klimo. Sklepamo lahko, da branike enakomernih širin, nastale v tem 

omejenem časovnem obdobju, izkazujejo debelinsko rast, ki je skladna z lokalnim 

rastiščnim indeksom in starostjo dreves. Kljub vsemu je klimatski signal vedno statistično 

značilen, zato se lahko uporabi v procesu rekonstrukcije.  

 

Rekonstruirana sta bila dva klimatska dejavnika; za severovzhodni rob razširjenosti črnega 

bora oziroma za celinski del Balkanskega polotoka je bil rekonstruiran padavinski indeks, 

za osrednji del razširjenosti pa so bile izračunane pretekle vrednosti sončnega obsevanja. 

Rekonstrukciji veljata za območje zahodnega in osrednjega dela Balkanskega polotoka. Z 

izračunano regionalno kronologijo širin branik črnega bora za območje zahodnega dela 

Balkanskega polotoka je bilo rekonstruirano sončno obsevanje vse do leta 1660. Ob tem so 

bila tudi identificirana značilna poletja tega območja. Z njihovo primerjavo z objavljenimi 

raziskavami na drugih drevesnih vrstah iz sosednjih regij smo odkrili več skupnih, 

izjemnih klimatskih dogodkov. Identificirana značilna poletja z velikim številom ur 

sončnega obsevanja centralno-zahodnega dela Balkanskega polotoka so bila povezana s 

sistemom oscilacij v jugovzhodnem/vzhodnem delu Sredozemlja, poletja z značilnim 

krajšim trajanjem sončnega obsevanja pa s poletji iz območij severno od centralnega dela 

Balkanskega polotoka. Poletja z izjemno nizkim trajanjem sončnega obsevanja so bila 

skladna z izbranimi vulkanskimi izbruhi iz Italije, Indonezije ter Filipinov.  

 

Z identificiranimi skupnimi značilnimi leti, ujemanjem regionalne kronologije širin branik 

dreves črnega bora iz osrednjega območja areala z lokalno kronologijo iz severovzhodnega 

roba območja razširjenosti na Balkanskem polotoku ter s prostorsko analizo klimatskega 

signala v sistemu KNMI Explorer je potrjeno, da novo izdelana dendrokronološka mreža 

širin branik črnega bora pokriva skupno območje zahodnega in celinskega dela 

Balkanskega polotoka. 
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4 POVZETEK 

4.1 POVZETEK 

Dendrokronologija je veda, ki preučuje časovna zaporedja vrednosti različnih parametrov 

branik in njihovo odvisnost od več različnih dejavnikov okolja ter pridobljena znanja 

uporablja v različnih procesih. Poleg klime vplivajo na širino branik še drugi, za raziskavo 

moteči dejavniki (Cook, 1985), zato se v procesu standardizacije njihov vpliv v najboljši 

možni meri odstrani z izbiro prave regresijske krivulje (Fritts, 1976). Pri tem se izračunata 

standardna kronologija in kronologija ostankov. Za nadaljnje delo je bila izbrana 

standardna kronologija, saj vsebuje več variabilnosti kot kronologija ostankov in se zato 

bolje prilagaja variabilnosti klime. Značilni klimatski signal lahko pričakujemo v širinah 

branik dreves, rastočih na ekstremnih rastiščih (Fritts, 1976). Za vsako vzorčeno lokacijo 

se izdela ena lokalna kronologija, več medsebojno ujemajočih se lokalnih kronologij pa 

sestavlja dendrokronološko mrežo.  

 

Kronologija z značilnim klimatskim signalom, katere dolžina sega v obdobje pred 

instrumentalnimi meritvami, omogoča rekonstrukcijo klimatskih dejavnikov. Pred 

rekonstrukcijo izbranega klimatskega dejavnika se preverijo še značilnost linearnega 

modela (Fritts, 1976; Cook in sod., 1999) ter stabilnost klimatskega signala v času. 

Medtem ko so dendroklimatološke raziskave že dobro razširjene po južnem delu 

Balkanskega polotoka (npr. Sarris in sod., 2007; Panayotov in sod., 2009; Levanič in 

Toromani E., 2010), pa tovrstnih raziskav na območju zahodnega dela Balkanskega 

polotoka še ni (slika 3). Črni bor (Pinus nigra Arnold) je primeren za raziskave vpliva 

klime na debelinsko rast dreves z zahodnega dela Balkanskega polotoka, saj je to območje 

njegov osrednji del areala na Balkanskem polotoku (slika 2). Hkrati dosega 800 let starosti 

(Wimmer in Grabner, 1998), raste na ekstremnih rastiščih (slika 1) in je odziven na 

variabilnost klime (npr. Leal in sod., 2008).  

 

Odziv rasti črnega bora na klimo zahodnega dela Balkanskega polotoka še ni raziskan, 

prav tako ni znana pretekla variabilnost klime tega območja. Zato so bili v tej doktorski 

disertaciji postavljeni naslednji cilji: 1) Z izdelavo lokalnih kronologij širin branik črnega 

bora z različnih rastišč, nadmorskih višin in matičnih podlag vzpostaviti dendrokronološko 

mrežo zahodnega dela Balkanskega polotoka ter sestaviti regionalno kronologijo črnega 
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bora za Bosno in Hercegovino (BiH). 2) Preveriti, ali se nova regionalna kronologija 

črnega bora zahodnega dela Balkanskega polotoka ujema z regionalnimi kronologijami 

sosednjih območij. 3) Preveriti, ali je klimatski signal v maksimalni gostoti kasnega lesa 

bolj izrazit kot v širini branik, ter 4) preučiti, kateri klimatski dejavnik najbolj vpliva na 

širino in kateri na gostoto branik. 5) Z izračunano regionalno kronologijo črnega bora 

želimo v obdobje pred instrumentalnimi meritvami rekonstruirati na širino branik 

najvplivnejši klimatski dejavnik ter 6) preveriti, ali se odziv črnega bora na klimo skozi čas 

spreminja. 

 

Drevesa črnega bora so bila vzorčena na sedmih lokacijah osrednjega dela areala na 

Balkanskem polotoku ter z dveh robnih lokacij (slika 4). Izbrane lokacije osrednjega dela 

areala ležijo na območju Dinarskega gorstva v državi BiH, robna lokacija s 

severovzhodnega dela areala leži v jugozahodnem delu Romunije, točka vzorčenja s 

severozahodnega roba razširjenosti črnega bora na Balkanskem polotoku pa v 

submediteranskem delu Slovenije. Izbrana drevesa z lokacij osrednjega dela in 

severovzhodnega roba areala na Balkanskem polotoku so rastla posamično, v 

severozahodni točki roba areala pa v sestoju. Z izborom ekstremnih rastiščih s strmim 

naklonom, plitvimi tlemi in različno geološko podlago (apnenec, dolomit in serpentinit) je 

bila zajeta raznovrstnost ekstremnih rastišč. S prirastnim svedrom so bili iz starih in 

nepoškodovanih dreves odvzeti izvrtki. Na podlagi merjenja branik so bile izdelane lokalne 

kronologije širin branik za vsako lokacijo posebej, v primeru lokacije iz submediteranske 

Slovenije pa smo merili tudi gostoto ranega in kasnega lesa. Preverba medsebojnega 

ujemanja lokalnih kronologij širin branik iz osrednjega dela areala na Balkanskem 

polotoku je razkrila slabše ujemanje le med kronologijama Šator in Krivaja (Poljanšek in 

sod., 2012a). S preverbo skladnosti med kronologijami po statističnih kazalnikih tBP in 

GLK % (Eckstein in Bauch, 1969; Baille in Pilcher, 1973) večjega neujemanja med 

izdelanimi lokalnimi kronologijami nismo odkrili, zato so bile vse vključene v 

dendrokronološko mrežo zahodnega dela Balkanskega polotoka. S preprostim izračunom 

povprečja, kjer ima vsaka lokalna kronologija osrednjega območja enako težo, smo iz 

sedmih lokalnih kronologij izračunali eno regionalno kronologijo črnega bora zahodnega 

dela Balkanskega polotoka. Z medsebojnim ujemanjem lokalnih kronologij in izdelavo 

regionalne je potrjena prva hipoteza. 
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Različne drevesne vrste se odzivajo na različne klimatske parametre (García-Suárez in 

sod., 2009), zato je bila za potrditev njene pravilne izdelave regionalna kronologija črnega 

bora primerjana le z drugimi regionalnimi kronologijami črnega bora. Regionalne 

kronologije so bile pridobljene iz mednarodne internetne baze (NOAA, 2012). Regionalna 

kronologija zahodnega dela Balkanskega polotoka se najbolje ujema s kronologijami iz 

regij južneje od centralnega dela areala črnega bora (območje držav Črne gore, Albanije in 

Grčije) ter dobro s kronologijami s severnega (Avstrije) ter severovzhodnega roba areala 

črnega bora (Romunije) (Poljanšek in sod., 2012a). Ujemanje regionalne kronologije s 

sosednjimi je potrdilo drugo hipotezo.  

 

Vpliv klimatskih dejavnikov na širino branik je bil preverjen v osrednjem delu areala 

črnega bora na Balkanskem polotoku in na njegovem severovzhodnem robu (Levanič in 

sod., 2012; Poljanšek in sod., 2013), vpliv klime na gostoto branik pa le v severozahodnem 

robu areala (Poljanšek in Levanič, 2012a). Na širino branik črnega bora s severovzhodnega 

roba razširjenosti najbolj vpliva padavinski indeks obdobja junij-avgust, iz osrednjega dela 

areala pa sušni stres, izražen kot trajanje sončnega obsevanja mesecev junij-julij. 

Primerjava klimatskih signalov v širini in gostoti branik dreves s severozahodne lokacije je 

pokazala, da na gostoto ranega lesa najbolj vplivajo temperature in padavine obdobja maj-

junij, na širino branik pa povprečna poletna temperatura. Pri tem je bil izračunan močnejši 

klimatski signal v gostoti ranega lesa kot v širini branik, vendar s statistično neznačilno 

razliko. Hkrati je bilo potrjeno, da je signal v gostoti kasnega lesa značilno šibkejši kot v 

širini branik (Poljanšek in Levanič, 2012a). Tretja hipoteza trdi, da je klimatski signal v 

maksimalni gostoti kasnega lesa bolj izrazit kot v širini branik, zato je zavrnjena.  

 

Na širino branik dreves črnega bora s severozahodnega roba areala ne vplivajo le 

temperature in padavine zgodnjega, temveč celotnega poletja, zato je del četrte hipoteze o 

vplivu zgodnje poletne klime na širino branik zavrnjen. Drugi del četrte hipoteze pravi, da 

na maksimalno gostoto kasnega lesa v braniki vplivajo pozno poletne temperature in 

padavine, vendar smo z rezultati odkrili, da nanjo vplivajo februarske padavine, medtem 

ko je vpliv poletnih temperatur komaj značilen oz. viden le v avgustovskih temperaturah 

(Poljanšek in Levanič, 2012a). Del hipoteze o vplivu pozno poletnih temperatur na gostoto 

kasnega lesa je potrjen, del o vplivu pozno poletnih padavin pa zavrnjen.  
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Del četrte hipoteze o vplivu klime na širino branik je bil preverjen tudi v osrednjem delu 

areala in na njegovem severovzhodnem robu. Na slednji lokaciji je bil odkrit jasen vpliv 

julijskih padavin (Levanič in sod., 2012), in ker je julij sredi poletja, je četrta hipoteza 

zavrnjena. Četrta hipoteza je zavrnjena tudi na območju osrednjega dela areala, saj je za to 

območje preverjeni klimatski signal potrdil negativno (pozitivno) korelacijo med širino 

branik in temperaturami (padavinami) celotnega poletja (maj-avgust) in ne samo zgodnjega 

dela (Poljanšek in sod., 2012b). 

 

Dolžina tistega dela kronologije s severozahodnega roba razširjenosti črnega bora na 

Balkanskem polotoku, ki je po kriteriju kazalnika EPS primerna za rekonstrukcijo, ni 

daljša, kot je dolžina razpoložljivih klimatskih podatkov, zato s te lokacije rekonstrukcija 

ni mogoča. Lokalna kronologija iz severovzhodnega in regionalna iz osrednjega dela areala 

pa omogočata rekonstrukciji, s čimer potrjujeta peto hipotezo. Vzporedno z izračunom 

preteklih vrednosti klime se lahko preveri še območje vplivnosti klimatskega dejavnika. 

Prostorska korelacija med kronologijo in izbranim klimatskim dejavnikom definira 

območje, za katero veljata izračunani rekonstrukciji. Kronologiji skupaj pokrivata območje 

zahodnega in osrednjega dela Balkanskega polotoka, kar je tudi skladno z rezultatom 

preverbe ujemanja s sosednjimi regionalnimi kronologijami.  

 

Za rekonstrukcijo preteklih vrednosti je bila uporabljena statistično značilna korelacija med 

kronologijo in sušnim indeksom celinskega dela oziroma številom ur sončnega obsevanja v 

severnem delu Balkanskega polotoka. Linearni model je bil izračunan iz linearne regresije 

med standardno kronologijo in merjenima klimatskima dejavnikoma. V celinskem delu 

Balkanskega polotoka je linearni model z lokalno kronologijo rekonstruiral variabilnost 

preteklega padavinskega indeksa do leta 1688, medtem ko so bile ure sončnega obsevanja 

v zahodnem delu Balkanskega polotoka izračunane do leta 1660. Značilna leta, ki so se od 

drugih razlikovala po izredno dobrih ali izredno slabih razmerah za debelinsko rast, so bila 

identificirana z dvema različnima metodama - metodo centilov (Levanič in sod., 2012) in 

metodo standardnega odklona od povprečne vrednosti (Poljanšek in sod., 2013). 

Identificirana značilna leta so bila primerjana z drugimi objavljenimi nenavadnimi dogodki 

iz sosednjih regij; sušami, poplavami, hladnimi poletji in celo vulkanskimi izbruhi Etne in 

Vezuva ter vulkanov otočja Indonezije in Filipinov.  
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Primerjava z objavljenimi značilnimi leti iz drugih regionalnih kronologij je odkrila, da 

osrednji del areala črnega bora, ki leži na območju BiH, tvori robno območje dveh 

klimatskih vplivov. Prepoznana, za rast ugodna poletja se ujemajo z značilnimi leti z 

območja severno od BiH, medtem ko se za rast neugodna poletja ujemajo s tistimi iz 

južnega oziroma jugovzhodnega dela Sredozemlja (Poljanšek in sod., 2013). Pri tem so 

bila potrjena tudi skupna značilna leta med območjema osrednjega in severovzhodnega 

dela areala (Levanič in sod., 2012; Poljanšek in sod., 2013). 

 

Stabilnost klimatskega signala v času je bila preverjena z izvedbo drseče korelacije in s 

pregledom skladnosti med izmerjenimi in izračunanimi vrednostmi. V obeh klimatskih 

signalih, padavinskega indeksa in sončnega obsevanja, je opaženo obdobje slabšega odziva 

na klimo. Za območje severovzhodnega robu je test stabilnosti s 30-letno drsečo korelacijo 

odkril šibkejši padavinski signal v obdobju 1950-1970, vendar je signal kljub temu ves čas 

značilen (Levanič in sod., 2012). V osrednjem delu areala črnega bora je pri preskusu 

linearnega modela za rekonstrukcijo opazen šibkejši signal sončnega obsevanja. V letih 

okoli konca 1960-ih je skladnost gibanja med širino branik in količino ur sončnega 

obsevanja nekoliko zabrisana. Kot možen razlog za obe slabši stabilnosti signala na 

območju zahodnega in celinskega dela Balkanskega polotoka je podana razlaga o bolj 

pogostih ciklonih nad območjem Jadranskega morja iz omenjene periode. Poletja so bila 

zato bolj oblačna, hladnejša in predvsem bolj deževna kot v dolgoletnem povprečju. 

Zadnja, šesta hipoteza o stalnosti odziva črnega bora na klimo je tako delno potrjena; 

obstaja obdobje slabšega odziva na klimo, a ker je odziv stalno statistično značilen, 

hipoteze ne moremo zavrniti. 
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4.2 SUMMARY 

Dendrochronology investigates the time series of tree-ring proxies and the influence of 

environmental factors on the radial tree-growth and uses this knowledge in different fields. 

Beside climate, there are many other factors, which are influencing tree-ring widths (Cook, 

1985), and as they represent disruption in our investigation they are removed from the 

measured time series in the process of standardization (Fritts, 1976). As a result, standard 

and residual chronologies are calculated. Standard chronology was chosen for further 

calculations as it contains more low-frequency signal than residual and it better fits to the 

climate variability. Significant climate signal can be expected in the tree-ring widths of the 

trees, growing on extreme sites (Fritts, 1976). For each of the sampled site, one local 

chronology is developed. More well-matched site chronologies form dendrochronological 

network. Chronology with significant climate signal and the length, longer than measured 

climate data, enables reconstruction of the climate factors into the past. Before 

reconstructing climate factor, significance of the linear model (Fritts, 1976; Cook et al., 

1999) and the time stability of climate signal are investigated. While there are many 

investigations available for the southern part of Balkan Peninsula (e.g. Sarris et al., 2007; 

Panayotov et al., 2009; Levanič & Toromani E., 2010), investigations from the western 

part of the Balkan Peninsula are still absent. Black pine (Pinus nigra Arnold) is suitable for 

dendroclimatological investigation of the western part of the Balkan Peninsula, as this area 

represents the central part of its distribution in the Balkans (Figure 2), reaches ages of 800 

years (Wimmer & Grabner, 1998), grows on extreme sites (Figure 1) and is responsive to 

climate variability (e.g. Leal et al., 2008). 

 

Influence of climate on radial tree growth of black pine in the western part of Balkan 

Peninsula is unknown, the same as the past variability of the climate from this area. For 

this reason, goals from this doctoral dissertation were set to: 1) To develop 

dendrochronological network for the western part of Balkan Peninsula with calculation of 

local black pine tree-ring width chronologies from different sites, elevations, bedrocks, and 

to calculate the regional black pine chronology for Bosnia and Herzegovina. 2) To 

compare newly developed regional black pine chronology for the western Balkans to other 

regional black pine chronologies from the neighbouring countries. 3) To check if climate 

signal embedded in the maximum latewood density is stronger than signal from tree-ring 
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width. 4) To investigate, which climate factor most strongly influences tree-ring density 

and widths. 5) With calculated regional black pine chronology, we would like to 

reconstruct the most growth-limiting climate factor into the period of pre-instrumental 

climate data. 6) To check the time-stability of black pine response to climate. 

 

In order to develop dendrochronological tree-ring widths network, trees from seven sites 

were sampled in central part of distribution on the Balkan Peninsula and on one site each in 

its north-eastern and north-western edges (Figure 4). Chosen sites in the central part of 

distribution are found in Bosnia and Herzegovina (BiH) and are distributed over the 

Dinaric Mountains. Extreme sites had steep slopes, shallow soil and different bedrock 

(limestone, dolomite, serpentine). This way, the diversity of extreme sites was captured. 

With increment borer, two increments from the opposite sides of the trunk were taken from 

old and healthy trees. In BiH, one local chronology was developed for each chosen site and 

compared to other local chronologies. The lowest matching coefficients were discovered 

between the sites Šator and Krivaja, but they were kept in investigation, since both match 

significantly with other chronologies. No other problems were found with tBP and GLK% 

coefficients (Eckstein and Bauch, 1969; Baille and Pilcher, 1973); for this reason, all local 

chronologies were chosen for development of the dendrochronological network from the 

western part of the Balkan Peninsula. In this way, the first hypothesis was confirmed. In 

order to compare our new results to the regional chronologies from neighbouring regions, 

BiH regional chronology was calculated with simple mean calculation, where each local 

chronology had the same weight.  

 

Different tree species response to different climate factors (García-Suárez et al., 2009), and 

for this reason, BiH regional tree-ring width chronology was compared only to other black 

pine regional chronologies, published in international tree-ring data bank (NOAA, 2012), 

or available in the archives of the Slovenian Forestry Institute. The best match to BiH 

chronology was found with regional chronologies from southern (Montenegro, Albania, 

and Greece), eastern (Romania) and northern (Austria) regions (Poljanšek et al., 2012a). 

These results confirmed the second hypothesis; newly developed regional black pine 

chronology for the western part of Balkan Peninsula matches to other regional black pine 

chronologies from the neighbouring countries.  
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In the central part of the black pine distribution, as well as on the north-eastern and north-

western margins, the influence of climate factors on tree-ring width was investigated 

(Levanič et al., 2012; Poljanšek et al., 2013). On the north-western margin, tree-ring 

density was also measured (Poljanšek and Levanič, 2012). With correlation analysis and 

linear model, climate signal in tree-ring widths and in early/latewood density was 

confirmed. The highest influence on the tree-ring widths of black pine on its north-eastern 

margin had drought stress, measured through standardized precipitation index of the June-

August period, while in central part of its distribution, in the area of BiH, the highest 

correlation between climate and tree-ring width was calculated with moisture stress, as 

linked to June-July sunshine hours. Precipitation index and moisture stress are both under 

the direct influence of precipitation, temperatures and sunshine hours. Drought and/or 

moisture stress can be used as the function of temperatures, precipitation and sunshine 

hours, therefore we used precipitation index and sunshine hours as a proxy for growth 

limiting factor. Comparison of the climate signal in the tree-ring widths and in the tree-ring 

density from the north-western margin showed that average May-June precipitation and 

temperatures have the strongest influence on the earlywood density, and average summer 

temperatures on tree-ring widths. It is confirmed that climate signal in earlywood density is 

stronger than in tree-ring widths, but not significantly. Also, the signal in latewood density 

is significantly weaker than the signal in tree-ring widths (Poljanšek & Levanič, 2012). 

This does not support the third hypothesis, which claims that climate signal, embedded in 

the maximum latewood density, is stronger than the signal from tree-ring widths.  

 

Early summer temperatures and precipitation do not have the strongest influence on the 

whole tree-ring width from north-western part, but the temperatures and precipitation from 

the whole June-August summer season certainly do. Part of the fourth hypothesis is thus 

rejected. Second part of the fourth hypothesis asserted that late summer climate has an 

impact on latewood density. We discovered that this statement was incorrect in the 

relationship between latewood density and precipitation, as the greatest impact is exerted 

by February precipitation. But it was confirmed in part of late summer temperatures 

influencing the latewood density, as the August temperature exerts the greatest impact on 

latewood density. Climate influence on tree ring widths was also investigated in the central 

part and on the north-eastern margin. On this margin, clear influence of July precipitation 
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is seen (Levanič et al., 2012) and since month July represents the middle of the summer, 

the fourth hypothesis is rejected. It is also rejected for the western part of the Balkan 

Peninsula, as for this particular area climate signal showed negative (positive) correlation 

between tree-ring widths and temperatures (precipitation) of the whole summer period 

(May-August) and not only of its early part (Poljanšek et al., 2012b). 

 

The length of chronology from the north-western margin, with EPS values appropriate for 

reconstruction, is shorter than available climate dataset, so there is no climate 

reconstruction for this area. Statistically significant correlation between local chronology 

and standardized precipitation index in north-eastern margin, and between regional 

chronology and sunshine hours in central part of distribution, enable reconstructions of the 

past variability of the climate factors. This confirms the fifth hypothesis. Parallel to 

reconstruction, spatial correlation analysis of climate signals can be tested. Together, 

precipitation index and sunshine hours signal cover the area of western and continental part 

of the Balkan Peninsula. This result is also confirmed with matching neighbouring 

chronologies. For the reconstruction of past climate variability, statistically significant 

correlation between chronology and precipitation index of the continental part of the 

Balkan Peninsula, and summer sunshine hours from the northern part of Balkan Peninsula, 

was used. For the western part of Balkan Peninsula, z-scored values of chronology and 

measured climate data were used. On the north-eastern margin we reconstructed 

standardized precipitation index till 1688, while in the central area of distribution, sunshine 

hours were reconstructed till 1660.  

 

Extreme years with unusually good or bad growth conditions for radial increments were 

identified using two different methods; percentiles (Levanič et al., 2012) and standard 

deviation (Poljanšek et al., 2013). The identified extreme years were compared to other 

published extreme events; droughts, floods, cool summers, and volcanic eruptions of Etna 

and Vesuvius, as well as volcanoes from Indonesia and Philippines. Central part of 

distribution of the black pine, which is located in the BiH area, represents the margin of 

two influences. In comparison to the extreme years from other regional chronologies, we 

discovered that identified summers with good growth conditions coincide with cool 

summers from the north, while less good growth seasons were associated with dry years 
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from the southern or south-eastern Mediterranean. Common years between the western and 

continental parts of the Balkan Peninsula were also noted (Poljanšek et al., 2013). Stability 

of the climate signal was tested using running correlation and with comparison between the 

measured and with linear model calculated values. In both climate signals, the period of 

less strong climate influence was noticed. On the north-eastern margin, this was tested 

using the 30-year running correlation (Levanič et al., 2012). The climate signal is stable 

and significant through time, but weaker in the 1950-1970 period. In the central part of 

distribution, weaker sunshine signal was discovered only in the process of testing the linear 

model, as there was lower consistency between tree-ring widths and sunshine hours at the 

end of the 1960s. In literature overview, many possible explanations were found, but we 

connected the weaker climate signal in the western part of Balkans Peninsula to cyclone 

divergence, as from this specific period summers were wetter and cloudier than usual. 

Climate signal was in certain period weaker than usual, but always significant, therefore 

the last, sixth hypothesis, simply cannot be rejected.   
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Metoda preučevanja sledi iglic terminalnega poganjka

Simon POLJANŠEK1 , Primož OVEN2 , Risto JALKANEN3 , Tom LEVANIČ4 

Izvleček
Metoda preučevanja sledi iglic terminalnega poganjka, ali krajše metoda sledi iglic (ang.: needle trace method), retrospektivno beleži 
starost iglice v trenutku, ko odpade, ter preučuje vpliv okoljskih in biotskih dejavnikov na številne izpeljane podatke, ki temeljijo 
na ugotovljeni življenjski dobi iglice. Z izvedbo metode pridobimo podatke o dolžini višinskih prirastkov ter številu sledi iglic v 
posameznih branikah vseh višinskih prirastkov. Z izračunanimi kazalniki je mogoče oceniti fizično stanje krošnje preučevanega drevesa.
Metoda je bila razvita na Finskem na rdečem boru (Pinus sylvestris L.), kmalu pa uporabljena tudi na drugih iglavcih. Uporablja se na 
področju dendrokronologije, gozdne ekologije, patologije in entomologije. V članku avtorji predstavljajo osnovno morfologijo sledi 
iglic, osnovno idejo metode in njeno uporabnost v okoljskih študijah ter izpeljane kazalnike, kot so relativno število sledi iglic ter 
zadrževanje, izguba, odmet, starost, dolgoživost, gostota, letni prirast števila in zaloga iglic.

Ključne besede: iglavec, rdeči bor, listni aparat, kazalnik, okolje, onesnaževanje, defoliacija

Needle trace method

Abstract
Needle trace method retrospectively records the needle age at the time of its fall-off and studies the influence of the environmental
and biotic factors on needle proxies. Data on height increments and number of needle traces in tree-rings of individual growth shoot 
are collected. With needle proxies, the tree crown’s physical condition is evaluated. The method was developed in Finland on Scots 
Pine (Pinus sylvestris L.) and soon used on many other conifers. Its application is in dendrochronology, forest ecology, pathology and 
entomology. In this paper, the structure of needle trace is described, background of the method, its usage and the needle proxies: relative 
number of needle traces, needle retention, needle loss, needle shed, needle age, needle longevity, needle density, needle production and 
needle pool.

Key words: conifer, Scots Pine, crown, needle proxy, environment, pollution, defoliation
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1 Uvod
1 Introduction

Vsako pomlad zraste na obstoječih poganjkih 
borov (Pinus spp.), jelk (Abies spp.), smrek (Picea spp.) 
in drugih vednozelenih iglavcih nov poganjek z novim 
polnim setom iglic, jeseni pa povprečno en set najstarejših 
iglic odpade. Povprečno število hkrati obstoječih setov 
iglic na drevesu je vrstno značilno, odklon od povprečja 
pa je posledica odziva drevesa na okoljske dejavnike. 
Eden izmed kazalnikov stanja gozdov je osutost drevesnih 
krošenj. Delež manjkajočih asimilacijskih organov se 
najpogosteje ocenjuje okularno, kar je sicer slabost izbrane 
inventurne metode. Za natančnejše merjenje osutosti je bila 
na Finskem na rdečem boru (Pinus sylvestris L.) razvita 

metoda preučevanja sledi iglic terminalnega poganjka 
(JALKANEN / AALTO / KURKELA 1994a) (ang. needle 
trace method = NTM), kar lahko poslovenimo kot metoda 
sledi iglic. NTM omogoča pridobitev podatkov o življenjski 
dobi iglic pod terminalnim poganjkom. Dolgoživost iglic 
vzdolž debla in vej sta značilno povezani (JALKANEN et 
al. 2000), zato dobljeni izsledki s terminalnega (vrhnjega) 
poganjka veljajo za vso krošnjo. NTM je bila v Sloveniji 
uporabljena že dvakrat; prvič pri raziskavi vpliva redčenja 
na rast rdečega bora (JALKANEN / LEVANIČ 2001) in 
drugič pri primerjavi rasti navadne smreke (Picea abies 
L.) z dveh rastišč (LEVANIČ et al. 2006). Kljub temu 
NTM v slovenskih prispevkih še ni bila podrobno opisana. 
Namen tega prispevka je razložiti nastanek, morfologijo 
in dimenzije sledi iglic, opisati izvedbo metode, definirati
osnovne in izpeljane kazalnike metode ter predstaviti njeno 
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uporabo v raziskavah rasti in odzivnosti drevesnih vrst na 
okoljske dejavnike.

1.1 Morfologija in dimenzije sledi iglic
1.1 Morphology and dimensions of needle traces

Za predstavnike Abies, Cedrus, Larix, Picea, Pinus, 
Pseudotsuga in Tsuga so značilni listi igličaste oblike. 
V nasprotju z luskastimi listi, ki so na primer značilni 
za araukarijevke (Araucariaceae), se pri iglastih listih 
pojavljata samo eden ali dva nerazvejena vaskularna 
pramena (MAUSETH 1988). Pramen prevodnih tkiv 
mnogih iglavcev vsebuje vaskularni kambij, ki proizvaja 
sekundarni floem, in le malo ali nič sekundarnega ksilema
(MAUSETH 1988). Pramen prevodnih tkiv, ki poteka 
skozi ksilemske branike in povezuje notranjost iglice s 
prevodnim sistemom poganjka, predstavlja sled iglice 
(GIBSON 2010). Podobno sled v braniki imajo kratki 
poganjki borov (ang. short shoot). To so iglični ovoji, v 
katerih so iglice združene v skupine po 2 (npr. P. sylvestris, 
P. nigra), 3 (P. ponderosa, P. radiata), 4 (P. quadrifolia) 
ali 5 iglic (P. cembra, P. longaeva). Ti poganjki dodatno 
vključujejo še stržen, ki ga obdaja ksilem. Z izrazom 
sled iglic tako označujemo tudi sledi kratkih poganjkov, 
ki so vidne v lesu borov (Slika 1). Premer sledi iglic se 

razlikuje med drevesnimi vrstami in med iglicami z 
različnih poganjkov istega osebka, ne pa med sledmi iglic 
z istega poganjka. Njihov premer je v sorazmerju z dolžino 
in težo suhe iglice, povezave z drugimi morfološkimi 
značilnostmi iglic (širina, debelina in morfologija) pa niso 
statistično značilne, zato preučevanje morfologije iglic prek 
njihovih sledi ni možno (PENSA / AALTO / JALKANEN 
2004). V povprečju znaša premer sledi iglice pri rdečem 
boru 233±30 μm, navadni tisi (Taxus baccata) 141±19 μm, 
duglaziji (Pseudotsuga menziesii) 121±30 μm, navadni 
smreki (Picea abies) 80±18 μm ter sibirski jelki (Abies 
sibirica) 85±21 μm. 

    Pramen prevodnih tkiv se razteza od stržena 
poganjka skozi branike in skorjo poganjka do baze iglice. 
Ob odmrtju iglice celice abscizijskega tkiva prekinejo 
pretok snovi med iglico in deblom, zato se pecelj iglice 
oziroma steblo kratkega poganjka prelomi. Na tem mestu 
kambij ne proizvaja več parenhimskih celic, temveč začne 
proizvajati lesna vlakna poganjka. Zaradi tega sega sled 
iglice od stržena do mesta v braniki tistega leta, v katerem 
je bila iglica odvržena (Slika 2).

 

2 Opis metode
2 Method description

Za izvedbo metode je treba posekati drevo, zato jo 
uvrščamo med destruktivne raziskovalne metode. NTM 
se opravlja na vzhodni strani debla oziroma terminalnega 
poganjka, zato to smer na deblih posekanih dreves označimo 
z zarezo (Slika 3A). Vzhodna stran najbolje ponazarja 
variabilnost zadrževanja iglic (JALKANEN / AALTO / 
KURKELA 2000), zato štetje opravimo le na tem delu, 
število iglic celotnega oboda pa dobimo z izračunom. Po 
poseku drevesa najprej izmerimo višinske letne prirastke, 
sledi razrez stebla na letne višinske prirastke (Slika 3A). 
Iz sredine vsakega višinskega prirastka odrežemo kolut, 
na spodnji del zapišemo njegovo zaporedno številko in 
preštejemo branike. Število branik na teh kolutih se mora 
ujemati z zaporedno številko višinskega prirastka. Tudi 
skupno število višinskih prirastkov se mora ujemati s 
številom branik na kolutu s prsne višine. Dolžine kolutov 

Slika 1: Mikrografija tangencialnega prereza sledi iglice
pri rdečem boru (Pinus sylvestris) in makroskopska slika 
sledi iglice na prečnem prerezu dve leti starega poganjka; 
A označuje iglico in iglični ovoj, B sled iglice od skorje do 
stržena ter C stržen.
Figure 1: Micrograph of tangential section of needle trace 
in Scots Pine (Pinus sylvestris) and macroscopy of needle 
trace in cross-section of two years old shoot; A marks 
needle with needle fascicle, B needle trace from bark to 
pith, and C pith.

Slika 2: Razvoj od 1- do 5-letnega poganjka s sledmi iglic 
v radialnem prerezu; povzeto po: Jalkanen et al. (2000)
Figure 2: Development over five growing seasons of short
shoots in radial vision; after: Jalkanen et al. (2000)
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upoštevamo pri kasnejših izračunih. Sledi iglic pričakujemo 
samo v prvih nekaj branikah od stržena navzven, zato 
lahko odstranimo branike, v katerih zagotovo ni sledi iglic. 
Sledi iglic so lahko s prostim očesom slabo vidne, zato jih 
iščemo s previdnim in postopnim rezanjem tangencialne 
ravnine branike oziroma vzorca, v radialni smeri od skorje 
proti strženu (Slika 3B). Sledi iglic štejemo v kasnem lesu 
vsake branike na površini vzorca, ki jo določata dolžina 
vzorca in ostri kot (npr. 50, 60 ali 70 stopinj) trikotnika, 
ki ga skiciramo na prečnem prerezu vzorca (Slika 3B). 

 

 Seštevek sledi iglic za posamezen poganjek (višinski 
prirastek) in posamezno braniko (leto) zapišemo v vnaprej 
pripravljeno tabelo (Slika 4), ki vsebuje tudi podatke o 
kotu trikotnika, letnem višinskem prirastku ter dolžini 
vzorca. Število proizvedenih iglic na vzorcu po celotnem 
obsegu izračunamo z upoštevanjem števila sledi iglic v 
najstarejši (prvi) braniki ter deležu obsega vzorca, vzetega 
v analizo. Ob upoštevanju kota trikotnika, dolžin vzorčenih 
poganjkov, višin letnih prirastkov ter naštetih sledi iglic 
dobimo z računskimi postopki različne kazalnike sledi iglic.

Slika 3: (A) Razrez debla na letne višinske prirastke, zareza označuje na vzhod obrnjeno stran debla (B) Del debla, 
označen z zarezo, izžagamo in ga uporabimo za nadaljnjo analizo. Sledi iglic se štejejo na tangencialni ravnini branike 
oz. vzorca; povzeto po Aalto in Jalkanen (1998).
Figure 3: (A) Cutting a stem into annual sections (bolts), cut points east. (B) Parts of disks with marked east side are 
additionally cut, inventory of needle traces using an arc surface is done on tangential side; after Aalto and Jalkanen 
(1998).

Slika 4: Primer preglednice s podatki o preštetih sledeh iglic v posameznih branikah in višinskih prirastkih, upoštevanem kotu 
trikotnika ter dolžini vzorca. Krepke številke označujejo podatke, pridobljene na terenu.
Figure 4: Example of table with data of counted needle traces in tree-rings and height increments, according to angle and length of 
the sample. Bold numbers characterize values, acquired in the field.

Število sledi iglic v posamezni braniki 
Število sledi 

iglic na vzorcu Zap. št. 

prirastka

Leto 

rasti

Višinski 

prirastek 

[cm] 

Dolžina 

vzorca 

[mm] 

Kot

1/360
… 11 10 9 8 7 6 5 4 3 2 1

1 2011 25 95 360 112 112

2 2010 14 74 360 85 85 85

3 2009 19 99 360 76 78 78 78

4 2008 17 83 360 62 65 68 68 68

5 2007 20 95 70 11 13 14 14 14 72

6 2006 23 95 70 8 10 12 12 12 61

7 2005 22 86 70 11 11 13 13 65

8 2004 19 92 70 3 8 8 10 10 50

9 2003 21 90 70 5 9 9 9 12 61

…

…

53 1959 32 85 70 1 6 8 12 12 12 61

54 1958 25 87 70 8 8 9 11 11 56

55 1957 26 91 70 5 9 12 12 13 66

56 1956 26 80 70 2 7 8 11 11 11 56

57 1955 31 95 70 1 5 5 9 13 14 72

58 1954 28 92 70 8 8 12 12 12 61

59 1953 23 105 70 7 9 11 11 13 66

60 1952 24 98 70 1 5 5 8 12 12 61
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2.1 Izpeljani kazalniki
2.1 Calculated dendrochronological proxies

Na osnovi pridobljenih podatkov izračunamo 
kazalnike (JALKANEN / AALTO / KURKELA 2000; 
JALKANEN / LEVANIČ 2001), ki so pojasnjeni in 
prikazani v nadaljevanju (Slika 6). Predstavljeni kazalniki 
so: 

• Relativno število sledi iglic (ang. relative number of 
needle traces),

• zadrževanje iglic (ang. annual needle retention), 
• izguba iglic (ang. annual needle loss),
• odmet (ang. needle shed), 
• starost iglic (ang. current age),
• dolgoživost iglic (ang. longevity, needle age), 
• gostota iglic (ang. needle density), 
• letni prirast iglic (ang. annual needle production) in
• zaloga iglic (ang. needle pool, tudi total number of 

needles).

Relativno število sledi iglic (pr) je osnova vseh 
izračunov. Absolutno število sledi iglic v posamezni 
braniki izbranega poganjka primerjamo s številom iglic 
v prvi braniki. Relativno število sledi (1) izračunamo:

 

 , 

           1 

pri čemer je pr relativno število iglic (p) v izbrani 
braniki (r) letnega višinskega prirastka, xr število sledi iglic  
(x) v braniki (r) in  x1 število sledi iglic v braniki prvega 
leta.

Zadrževanje iglic (ANR) ponazarja seštevek 
relativnih števil sledi iglic v izbrani braniki (2). Ta kazalnik 
nam pove skupen delež setov iglic, hkrati obstoječih na 
steblu v izbranem letu. Zadrževanje iglic ugotovimo:

 ,                                       2

kjer ANR pomeni število starostnih razredov iglic 
izbranega leta, pb delež obstoječih iglic na poganjku b v 
preučevanem letu, pb+1 delež obstoječih iglic v isti braniki, 
vendar na leto starejšem poganjku, itd. (b) je numerično 
zaporedje poganjkov, začenši od najmlajšega. Na sliki (Slika 
5) je triletni poganjek z 2,66 razreda iglic v izbranem letu; 
prva dva razreda (letošnji in lanski poganjek) sta popolna, 
pri zadnjem razredu (predlanski poganjek) pa manjka 1/3 
iglic, torej število starostnih razredov ni 3, temveč je ta 
ocena zmanjšana za 1/3 zadnjega razreda, skupaj torej 2 
celoti in 2/3, oziroma 2,66 starostnega razreda v danem 
letu.

Izguba (ANLt) seta iglic se izračuna kot razlika med 
dvema zaporednima starostnima razredoma (3). Število

starostnih razredov prihodnjega leta  (ANRt+1) odštejemo od 
števila starostnih razredov v letu, ki ga preučujemo (ANRt). 
Konstanta +1 pomeni povečanje števila obstoječih setov za 
en poln set iglic.

            3

Odmet (NSt) je kazalec relativne izgube iglic v letu 
t, izražen je kot razmerje med številom setov iglic dveh 
zaporednih let (NSt , NSt+1) (4). Vsako leto priraste nov 
set iglic, pričakovano pa je, da en set iglic odpade zaradi 
starosti. Ko je indeks 1, je zadrževanje v ravnovesju z 
odmetom, večja vrednost pomeni večji osip kot pridobitev 
novih iglic. V primeru (Slika 5B) vidimo, da v zadnjem 
setu ni odpadla ena iglica, zato odmet ni popoln, vrednost 
je tako manjša kot 1, torej 0,66 seta. 

           4

Starost iglic ponazarja povprečno starost hkrati 
obstoječih iglic na tistih poganjkih, ki imajo v izbranem 
letu obstoječe iglice. Gre za tehtano aritmetično sredino, ki 
upošteva število iglic na različno starih poganjkih.

Dolgoživost (NA) je izračunana za poganjek, to je 
povprečna starost iglic na izbranem poganjku. Ob tem se 
leto, ko so iglice preživele v brstu poganjka, ne šteje. Za 
izračun povprečne starosti iglic je nujno oceniti dolžino 
časovne periode med odprtjem brsta (začetek rastne sezone) 
in rumenenjem najstarejših iglic (v jeseni). Povprečno 
starost iglic izračunamo (5):

           5

NA ponazarja povprečno starost iglic, ki so zrasle 
v izbranem letu, pr delež iglic  p v braniki r in t število 
mesecev od začetka rasti brsta do rumenenja iglic (navadno 
4 meseci). Dolgoživosti tistih iglic, ki so še pritrjene na 
poganjek, ni mogoče izračunati, zato izračun ne poda 
rezultatov za najmlajše poganjke, torej za vrh drevesa.

Gostota iglic (ND) - čeprav je gostota izraz množine 
česa na določeni površini, se tu uporablja kot oznaka števila 
sledi iglic (x) na dolžinski centimeter poganjka v prvem 
letu starosti. Pri izračunu sta pomembna dolžina vzorca 
(lb) in kot trikotnika (α), ki označuje površino, na kateri 
štejemo sledi iglic (Slika 3C). Gostoto iglic izračunamo 
(6):

            6

Letni prirast iglic je število vseh iglic na novem 
poganjku izbranega leta. Prirast dobimo z množenjem 
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gostote iglic in dolžine višinskega prirastka v izbranem 
letu. V primeru A (Slika 5A) znaša letni prirast letošnjega 
in lanskega poganjka tri iglice. 

Zaloga iglic (ANN) je seštevek vseh hkrati obstoječih 
iglic na steblu v izbranem letu. Seštevek zapišemo (7):

            7

ANN ponazarja celotno število iglic v izbranem letu, 
NNb število iglic na poganjku b, NNb+1 število iglic na 
leto starejšem poganjku (b+1), itd. Oznaka b predstavlja 
zaporedno številko vrhnjega poganjka, začetno številko 
ima najvišji poganjek. Na primeru (Slika 5C) je torej 
zaloga iglic 6; 3 iglice na poganjku v prvem letu starosti, 
2 iglici na dve leti starem poganjku ter 1 iglica na tri leta 
starem poganjku. 

 

3 Uporaba metode
3 Method usage 

Fiziologija dreves in odziv kazalnikov na okolje
Tree’s physiology and response of needle proxies to 

environment

Rast dreves je v veliki meri odvisna od listnega 
aparata. Mlade iglice rdečega bora nimajo vpliva na 
višinsko rast poganjka, lahko pa pozitivno vplivajo na 
radialno rast v zadnjih dveh tretjinah rastne sezone. Iglice, 
starejše od 3 let, porabijo več energije za respiracijo, kot 

jo proizvedejo s fotosintezo, zato se na poganjkih ohranijo 
le v primeru ovirane asimilacije mlajših iglic, npr. zaradi 
okužbe (DRENKHAN / KURKELA / HANSO 2006). 

Podobno velja za mladike navadne smreke, ki se jim 
rast, če odstranimo 70 % najmlajših iglic, zmanjša le za 
30 % (BAUER et al. 2000). Mlajša drevesa rdečega bora 
imajo več kratkih poganjkov (igličnih ovojev) na steblu 
kot starejša, vendar je zadrževanje iglic, starih 3 in 4 leta, 
večje pri starejših drevesih. Razloge za to lahko iščemo 
v prevajanju vode, ki je pri rdečih borih najmočnejše 
pri drevesih starosti 15-20 let, pri starejših pa vodni 
potencial upade (PENSA / JALKANEN / SELLIN 2001). 
Na zadrževanje iglic vplivata poleg starosti dreves tudi 
nadmorska višina rastišč (POUTTU / DOBBERTIN 2000) 
ter zemljepisna širina. Zadrževalna sposobnost rdečega 
bora na severu Finske (68 °S) je 6 setov, na jugu (60 
°S) pa le 3,4 seta (JALKANEN / AALTO / KURKELA 
1995a), medtem ko iz Rusije (62 °S) poročajo o 4,6 seta 
in povprečni starosti iglice 3,7 leta (FEDORKOV 2002). 
Razlika je tudi v dolgoživosti iglic, ta je za dve leti daljša 
pri borih na Finskem (4 leta) kot v Estoniji (2 leti) (PENSA 
/ JALKANEN 2005). Primerjava zadrževanja setov iglic 
med vrstama rdečega in rumenega bora (P. ponderosa) je 
bila opravljena na sušnem rastišču v Nemčiji (INSINNA et 
al. 2007). Vrsti sta se na okolje odzivali podobno s kazalniki 
letnega prirastka iglic (206/215), izgube (202/196) ter 
gostote iglic (6,8/7,8), razlike med rdečim in rumenim 
borom (v tem zaporedju) so bile značilne v starosti iglic 
(2,1/3,5), zadrževanju (2,6/3,7) in zalogi iglic (634/877). 
Pri uporabi metode na japonskem črnem (Pinus thunbergii 
Parl.) in japonskem rdečem boru (Pinus densiflora Sieb. 
et Zucc.) so našteli število obstoječih setov na vrhnjem 
poganjku 3,7 in 2,2 ter gostote iglic 9,4 in 7,4 v tem zaporedju 

Slika 5: Letni prirastki poganjkov, obstoječe iglice in mesta odpadlih iglic (povzeto po AALTO / JALKANEN 1998). 
Za razlago kazalnikov glej besedilo.
Figure 5: Annual growth of long shoots, attached needles and empty spaces of fallen needles (after AALTO / JALKANEN 
1998). For explanation of the needle proxies, see text.
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Slika 6: Kronološki prikaz kazalnikov iglic izbrane smreke (P. abies)
Figure 6: Chronological introduction of needle proxies of a selected Spruce (P. abies)
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(KONÔPKA / TSUKAHARA / JALKANEN 2000). 

Na smreki so bile prve raziskave opravljene v Nemčiji 
in zatem na Češkem (SANDER / ECKSTEIN 2001). 
Pri tem sta avtorja Sander in Eckstein odkrila, da znaša 
povprečna letna produkcija iglic na terminalnem poganjku 
navadne smreke 355 iglic, gostota 13 iglic na dolžinski 
centimeter poganjka ter da je na poganjku vedno 6,5 seta 
iglic. Na vzorčeni češki lokaciji so spremljali tudi stanje 
zračne onesnaženosti, a značilen vpliv na listni aparat ni 
bil potrjen. Iz Slovenije izhajajo rezultati prve raziskave 
rasti smreke v neonesnaženem okolju (LEVANIČ et al. 
2006). Izmerjena smreka je imela zadrževalno sposobnost 
6,5 seta, povprečno starost iglic 6 let (4,3 -11), letno 
produkcijo 441 iglic ter 18 iglic/cm višinskega prirastka. 
V raziskavah rdečega bora so opazili tudi povezavo med 
letno produkcijo iglic in proizvodnjo peloda rdečega bora. 
Kazalnik produkcije iglic pojasni do 51 % variacije letne 
proizvodnje peloda. Na osnovi kalibracije med produkcijo 
iglic, peloda ter julijske povprečne temperature prejšnjega 
leta je omogočena rekonstrukcija preteklih letnih 
proizvodenj peloda (JALKANEN et al. 2008). Zabeleženih 
in preučenih je tudi več odzivov kazalnikov iglic na 
različne stopnje osvetljenosti in razpoložljivosti hranil 
(NIINEMETS / KULL 1995; SANDER / ECKSTEIN 2001). 
Rodovitnost tal vpliva na dolžino iglic, krajše so na rdečih 
borih, rastočih na nerodovitnih tleh (PENSA / SELLIN 
2002). Počasna rast dreves in majhna koncentracija hranil 
v iglicah ne povzročata nujno večjega zadrževanja iglic in 
s tem daljšega zadrževanja hranil (PENSA / JALKANEN 
/ LIBLIK 2007b). Ena izmed prilagoditev rastlin na sušne 
razmere je zmanjšanje listne površine, tj. števila iglic in 
s tem transpiracijske površine, dodatno obstaja povezava 
med premerom sledi iglic rdečega bora in gostoto listnih 
rež, ki vpliva na transpiracijo (PENSA / AALTO / 
JALKANEN 2004). Rdeči in rumeni bor imata podoben 
odziv nekaterih kazalnikov listnega aparata (izguba, 
skupno število, zadrževanje) na jesenske padavine, razlike 
pa so pri odzivu na poletne padavine, ki imajo večji vpliv na 
druge kazalnike rdečega bora (INSINNA / JALKANEN / 
GÖTZ 2007). Na dolžino iglic in na debelinsko rast črnega 
bora negativno vpliva poletna suša (LEBOURGEOIS et al. 
1998). V primerjavi s padavinami ima temperatura manjši 
vpliv na iglične kazalnike raziskanih vrst. Negativen 
vpliv na zadrževanje iglic rdečega bora na jugu Finske 
ima dolžina rastne sezone, izražena kot termalna vsota 
(mejna vrednost +5 oC), zadrževanje iglic pa se kaže kot 
periodično z dolžino cikla 6-12 let (JALKANEN / AALTO 
/ KURKELA 1995b). Spremenljiva dolgoživost iglic 
rdečega bora pomaga kompenzirati manjšo produkcijo 
iglic. Glede na spremembo v klimi, od leta 1990 dalje, 
so se povečali produkcija iglic ter višinski in debelinski 
prirastek (PENSA / SEPP / JALKANEN 2006). Kazalniki 
iglic pa ne pokažejo vedno odziva na okolje. Tako niso 
pokazali razlik v vrednostih kazalnikov iglic med sestojema 
rdečega bora iz onesnaženega in neonesnaženega območja, 
se pa je s povečanim prirastkom rdeči bor odzval na zračno 
onesnaževanje v Estoniji (termoelektrarna in kemične 

tovarne) (PENSA / LIBLIK / JALKANEN 2004). 

Kombinacije z drugimi metodami
Combination with other methods

Povezovanje NTM in dendrokronologije lahko 
pomaga pri razumevanju sprememb v priraščanju dreves, 
ki jih lahko napačno ali celo ne zmoremo pojasniti z 
uporabo samo ene metode. NTM je bila prvič uspešno 
uporabljena za potrditev zabeleženih okužb rdečega 
bora s švedskim osipom borovih iglic (Lopbodermella 
sulcigena (Rostr.) v. Hohn.) (JALKANEN / AALTO / 
KURKELA 1994b). Analiza rezultatov NTM je prav tako 
izključila vpliv vremenskih dejavnikov na upad prirastka 
rdečega bora v centralni Finski v letih 1960-1985 in 
potrdila napad rjave borove grizlice (Neodiprion sertifer 
G.) v letih 1961 in 1981-82 (FERRETTI et al. 2002). 
Podobno lahko retrospektivno z NTM in s primerjavo 
debelinskih prirastkov spremljamo posledice objedanja 
gosenic borovega pedica (Bupalus piniaria L.). Največji 
vpliv na rast dreves rdečega bora na Škotskem je imela 
gostota pedicev v tekočem in predhodnem letu. Radialni 
in volumenski prirastek sta se v obdobju 2-3 let po vrhu 
številčnosti pedicev zmanjšala za največ 50 %. V tem času 
je bila rast močno pozitivno povezana z zadrževanjem iglic 
(ARMOUR / STRAW / DAY 2003). V primeru preučevanja 
defoliacije so NTM uporabili tudi na sitki (WILLIAMS / 
STRAW / DAY 2003), kjer so ugotovili, da se za 33-38 
% zmanjšano zadrževanje iglic ujema z 10-letno periodo 
izbruha napadov grizlice Gilpinia hercyniae, pri čemer 
so najhuje napadene najmlajše iglice. Defoliacija v času 
prenamnožitve je povzročila upad v višinskem, radialnem 
in volumskem prirastku za 24–49 %, 30–59 % in 32–56 % 
(v tem zaporedju).

4 Zaključek
4 Conclusion

Metoda sledi iglic (NTM) preučuje starosti iglic, 
zapisane v branikah posameznih višinskih prirastkov 
vrhnjega poganjka. Od prvih raziskav rdečega bora 
(KURKELA / JALKANEN 1990) se je uspešno zastavljena 
metoda hitro razvila in bila uporabljena tudi na drugih 
vrstah (SANDER / ECKSTEIN 1994; KONÔPKA / 
TSUKAHARA / JALKANEN 2000; INSINNA et al. 2007). 
NTM se praviloma opravlja na vzhodni strani drevesa, a se 
navkljub temu načelu v literaturi pojavi tudi izvedba metode 
na severni strani (PENSA / AALTO / JALKANEN 2004). 
Rezultate NTM so v Švici primerjali z rezultati okularnih 
ocen osutosti gozdnih inventur in ugotovili, da se ocene 
metod ujemajo v dveh tretjinah letnih podatkov (POUTTU 
/ DOBBERTIN 2000). Uporabnost metode potrjuje tudi 
analiza sestoja sitke v Walesu, kjer je metoda prepoznala 
umetno povzročeno 75-odstotno defoliacijo vrhnjega 
poganjka (WILLIAMS / STRAW / DAY 2003). Čeprav so 
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rezultati merjene osutosti NTM in okularnih ocen popisov 
skladni, se naj NTM zaradi destruktivnega pristopa, težav pri 
iskanju letnih višinskih prirastkov drevesa ter beleženjem 
izpadlih branik ne bi uporabljala kot nadomestilo gozdnih 
inventur (POUTTU / DOBBERTIN 2000). Poleg tega je 
uporaba metode na drugih družinah iglavcev (poleg borov) 
omejena z vidljivostjo sledi iglic. Manjša ko je sled iglic v 
lesu, bolj je oteženo štetje sledi in obratno. Sled igličnega 
ovoja pri borih je velika, pri smreki pa je iglica krajša 
in vedno sama pritrjena na poganjek. Podoben primer 
so sibirska jelka, tisa in duglazija (PENSA / AALTO / 
JALKANEN 2004). Kot za pomoč pri lažjem iskanju sledi 
iglic je bil razvit način sledenja sledi iglic s peskanjem 
(ang: sandblasting) branik v smeri od strženi proti skorji 
(SANDER / ECKSTEIN 1994). Ta sistem je bolj zahteven 
in zaradi tega manj uporabljen. Pri zelo tankih branikah sta 
natančno strganje branik in štetje sledi zahtevna, težavo pa 
povzročajo tudi nejasno vidni letni višinski prirastki. Venci 
smreke so lahko nejasno izraženi, med dvema vencema se 
lahko pojavljajo tudi posamezne, dimenzijsko močne veje, 
podobne tistim v vencih. Te motijo pri določevanju vejnih 
vencev na odraslih drevesih in s tem pri meritvah višinskih 
prirastkov. Metoda je časovno potratna, vendar preprosta 
in ne zahteva specifičnih ter dragih orodij. Vzorčimo in
preučujemo lahko tudi odmrla ali subfosilna drevesa, če je 
le njihova sredica trdna. Tako so npr. ugotovili raznolikost 
gostot iglic skozi čas in drugih kazalnikov za 4.000 let v 
preteklost (JALKANEN 1998). Prve raziskave z NTM so 
bile usmerjene k preučevanju lastnosti krošenj in starosti 
iglic, kmalu pa so pomagale pri preučevanju vpliva okužb 
gliv (JALKANEN / AALTO / KURKELA 1994a; BAUER 
et al. 2000), preteklih napadov žuželk (ARMOUR / 
STRAW / DAY 2003; WILLIAMS / STRAW / DAY 
2003) in gojitvenih ukrepov (JALKANEN / LEVANIČ 
2001). Najnovejše raziskave prihajajo s področij vplivanja 
stanja okolja (PENSA / LIBLIK / JALKANEN 2004), v 
prihodnosti pa lahko pričakujemo predvsem raziskave 
odvisnosti listnega aparata od klime in s klimo povezanih 
sprememb (PENSA / SEPP / JALKANEN 2006). 

5 Summary

Every year, evergreen conifers add one needle set 
and every year on average one needle set falls down. The 
number of needle sets is influenced with environmental
conditions and, to some degree, varies through years. Loss 
of needles can be estimated with visual forestry inventory 
methods, but such techniques are not reliable. To solve 
this problem, needle trace method (NTM) was invented. 
It is based on the examination of length and location of 
the needle traces embedded in stem wood (Figure 1). The 
age of every needle, at the time of its fall off, is discovered 
through counting the tree-rings in which the individual 
needle trace is seen (Figure 2). The exact age of each needle 
or short shoot (in pines, two or more needles grouped in 

one fascicle) can be estimated. The method enables us to 
retrospectively detect influence of a factor, which had the
greatest influence on the tree foliar system. Originally,
it was introduced on Scots Pine (Pinus sylvestris L.) in 
Finland in the late 1980’s (KURKELA / JALKANEN 
1990) and since then it’s been applied on many other 
species (KONÔPKA / TSUKAHARA / JALKANEN 
2000; PENSA / AALTO / JALKANEN 2004; INSINNA et 
al. 2007). The method has already been used in Slovenia 
in research of thinning influence on Scots Pine at Smlednik
(JALKANEN / LEVANIČ 2001) and of growth parameters 
in Norway Spruce (Picea abies L.) on Pokljuka (LEVANIČ 
et al. 2006), but has never been explained in details. 

Each needle or short shoot is in the first year of long
shoot growth attached to the pith of the long shoot (stem). 
With radial growth of long shoot, the needle moves away 
from the pith (GIBSON 2010). In between, there is a radial 
increment from current year and the bark. To keep the 
connection with the vascular system of the stem, meristem 
tissue has to produce cells of conductive tissue. These cells 
create needle trace, which extends from needle through 
the annual increment(s) to the pith. After needle loss, 
radial increment eventually overgrows conductive tissue 
or needle trace (Figure 2). There is a connection between 
width of needle trace and needle length (PENSA / AALTO 
/ JALKANEN 2004).

In order to obtain NTM data, the sampled tree has 
to be felled. The method is used on eastern side, so a 
longitudinal cut is made to mark the position. This side 
shows the highest amount of variability of needle traces. 
The stem is cut into sections equalling annual shoots, but 
omitting the branch whorls (Figure 3A). The innermost 
tree rings, examined ring by ring using an arc surface and 
a fixed angle, reveal the location and number of the needle
traces (Figure 3B). Once the needle trace data have been 
obtained (Figure 4), chronologies of needle proxies can be 
produced (AALTO / JALKANEN 1998) for a single-tree 
or a stand (normally 5 to 10 trees) as follows: Relative 
number of needle traces compares numbers of needle 
traces in the following annual rings to the needle traces 
in the first ring, all from the same growth shoot. Needle 
retention describes how many needle sets are present on 
the main stem in a given year, needle loss how many sets 
are shed per year and needle shed relative number of lost 
needle sets. Needle age is able to produce chronology for 
mean age of needle classes. Separately, the NTM calculates 
the average age of fallen needles at any shoot; longevity. 
The number of needles in different annual shoots in a given 
year is called needle pool and the needle production is 
normal annual needle production that reveals the number 
of needles produced in the leader shoot. The number of 
needles per centimetre on the long shoot gives needle 
density. Additionally, data on height and radial increment 
are obtained. 

Results of the needle proxies can be used in order 
to investigate response of trees to the climate conditions 
(INSINNA / JALKANEN / GÖTZ 2007; PENSA / 
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JALKANEN / LIBLIK 2007a), silvicultural influence
(JALKANEN / LEVANIČ 2001) or environmental 
conditions, such as fungi attacks (JALKANEN / AALTO 
/ KURKELA 1994a) and insects epidemics (FERRETTI 
et al. 2002; WILLIAMS / STRAW / DAY 2003). NTM 
has gradually extended our understanding to the whole-
tree needle history of various conifer species. Future work 
may well concentrate more on using NTM in climate 
change and forest health studies (JALKANEN / AALTO / 
KURKELA 2000). 
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