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1. INTRODUCTION 

 

Investigating climate change the resolution of the analysis, whether it is 

a reconstruction or a prediction, is always a core issue, because alteration of 

climate factors affects many short-term processes like more often occurring 

heat-waves (Della-Marta et al. 2007), agricultural disasters related to extreme 

events or the increasing number of insects or rodents that may cause serious 

victualling problems. To measure the effects of historical and pre-historical 

climatic events on annual time-scale is not easy because most of the 

paleoenvironmental database do not able to store year-to-year information. 

There are only a few databases that can provide input data for a high 

resolution research in sufficient quality and quantity. Tree-rings, as it is 

widely known, are important records of former environmental and climatic 

conditions, as well as central elements of paleoclimatological reconstructions 

thanks to their annual resolution. 

In my dissertation I aimed to answer the following four questions with 

complex dendroclimatological analyses of Hungarian Scots pine (Pinus 

sylvestris) stands: (1) which climate parameters affect tree-ring width 

variation, (2) how the influence of changing climatic conditions has evolved 

over the last 100 years and has modified the climate-growth relationship, (3) 

did special tree-ring characters (related to extreme events principally) appear 

in the Hungarian Scots pine stands, and if so (4) how their frequency has 

changed over the last 100 years? 

In spite of the fact that Scots pine is one of the most widespread species 

in Hungary and covers larger area than beech (Fagus sylvatica), its role in the 

forest and tree-ring research is highly under represented. Although it is not 

native, it plays an essential role in Hungarian forest composition, moreover, 
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thanks to its high adaptation ability, plantation of Scots pine is possible on 

poor sites where other species cannot find sufficient amount of nutrient. 

Adaptation, however, not necessarily means undisturbed growing. 

Investigation of the growth response of the Hungarian pine populations is 

important because according to international studies (Reich-Oleksyn 2008; 

Bauwe et al 2015), growth dynamics of Scots pine may alter significantly in 

the future in Central Europe, moreover, the current state of climate change 

has already caused negative changes in one of the Hungarian Scots pine 

stands (Gulyás et al. 2014). 

In my dissertation I studied four sample areas with different locations 

and growing environments to answer the above presented questions, to 

contribute in the enlargement of the Hungarian dendroclimatological 

database and to widen the existing knowledge on the tree-ring growth of 

Scots pines.

 

2. DATA AND METHODS 

  

Sampling, sample preparation and data processing were according to the 

classical methodology of dendrochronology (Stokes-Smiley 1968). 

Measurement of tree-ring widths was applied with on-line and off-line 

technology using image analysis and microscope. Beyond total ring width, 

the width of earlywood and latewood was also measured. Rings formed 

before 1915 were excluded from the database. 

All of the tree-ring series were therefore standardized by fitting a cubic 

smoothing spline with a 50% frequency response at 67% of the length of the 

individual series (Cook and Peters 1981). Autocorrelation was removed from 

each individual index; then all the detrended residual series were averaged 
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into a site chronology using the biweight robust mean (Cook 1985). The 

stability of the common signal preserved in the index series was determined 

by calculating the Expressed Population Signal (EPS), which was applied 

with a 25-year window lagged by 1 year using the widely accepted threshold 

of 0.85 (Wigley et al. 1984). In addition, the mean interseries correlation 

(Rbar) was computed using the same window and lag as the EPS values.  

To evaluate the connection between climate data and tree-ring indices, 

Pearson correlation coefficients were calculated from May of the previous 

year (MAY) to October of the current year (Oct) of tree-ring formation. Not 

only were individual months analyzed, but all seasonal and annual data as 

well. For the investigation of the effect of changing climatic conditions on 

tree-ring growth during the study period, 25-year moving window 

correlations of meteorological and tree-ring width data were computed.  

Identification of special tree-ring characters was according to visual 

assessment using microscope. A year was considered as a year with special 

tree-ring character if it appeared in both samples of a given tree and occurred 

in at least 3 trees in the same year. Using the formula of Osborne et al. (1997) 

stabilized frequency was computed. The relationship between stabilized 

frequency and climate data was calculated using Spearman’s rank order 

correlation from May of the previous year to October of the current year of 

tree-ring formation.  

To characterize and examine climate conditions and their effects on the 

climate-growth relationship during the study period I divided the last 100 

years into four 25 year-long periods and calculated mean and anomaly values 

of climate data using CRU TS 3.23 0.5°x0.5° (Harris-Jones 2015). Not only 

were precipitation and temperature individually examined, but aridity indces 

were also calculated to highlight the influence of drought conditions on tree 
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ring-width variability. Computation was made for every month of the current 

year of tree-ring formation, for all seasons and for annual data. 

 

3. SAMPLE AREAS 

 

I selected the sample areas along the criteria to be able to cover the study 

period with samples from living trees only. In spite that in Hungary Scots 

pine covers a relatively large area, it is difficult to find stands with older than 

100-years-old individuals. It was also important to select sample sites with 

different growing environment to ensure a larger database on the growing 

properties of Scots pine populations in Hungary. 

Scots pine stands of four sample areas were studied: 

 Bakonyalja. The Fenyőfő Pine Forest is situated in the northern part of 

Western Hungary on the northern slopes of the Bakony Mtns. This 

forest, which is the oldest pine stand in Hungary, is growing on 

secondarily evolved dune sand and weakly humic sandy soil formed on 

a calcareous sand bedrock (Szmorad-Tímár 2005). The forest is mixed, 

with oak (Quercus cerris, Quercus robur, Quercus petraea), silver birch 

(Betula pendula) and ash (Fraxinus ornus), but the canopy is dominated 

by a pine population of uneven age. The climate of the area is 

moderately warm; the annual mean temperature is 10.4°C. The warmest 

month is July (20.6 °C), the coldest is January (-1.1°C). The sum of 

annual precipitation is around 650 mm with a maximum in July (75 mm) 

(Harris-Jones 2015). In total 74 trees were cored in Bakonyalja. 

 Őrség. The second site is situated in the western part of the country, near 

to the Austrian and Slovenian borders. The pedological conditions at 

this site are better; the dominant soil is brown forest soil formed on 



3. SAMPLE AREAS 

 

 

5 

Quaternary sediments. Precipitation income of the area is high, around 

800mm. The wettest month is July (96 mm), the driest is February (34 

mm). The mean annual temperature of the Őrség site is 10.2°C, its 

warmest month is July (20.2°C) (Harris-Jones 2015). 34 individuals 

were sampled in this site. 

 Mecsek. The southernmost sample site is situated nearby Kővágószőlős, 

in the southern part of Mecsek Mtns. Its climate is moderately warm-

moderately wet (Dövényi 2010), the annual mean temperature is 10°C, 

the warmest month is July, the coldest is January. The total precipitation 

of the area is around 650 mm, similarly to the Bakonyalja site. In line 

with its mountainous habit, the site is covered by forest soil. The pine 

population is mixed with oak and beech (Borhidi 2003). Seven Scots 

pine samples were investigated from the Mecsek site. 

 Nyírség. The site Nyírség is situated in the eastern part of the country 

between Vámospércs and Nyírmártonfa. The climate of the area is 

moderately warm and dry (Dövényi 2010), the annual mean temperature 

is 10°C. The total precipitation is lower compared to the other sample 

sites, 570 mm, with a maximum in July. The area is mainly covered by 

sandy soil (Dövényi 2010). From the Nyírség site 10 discs were 

analyzed.

 

4. SUMMARY OF THE RESULTS 

 

1. In total 103 individuals were cored and investigated from four sample 

areas. The climate-growth relationship observed in the tree-ring indices 

can be described with a positive dominance of summer precipitation and 

a negative maximum correspondence with summer temperature. Our 
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results indicate the amount of July precipitation is the most important 

limiting factor in tree-ring growth over the entire study period. 

Temperature, with its negative effect on tree-ring formation, dominates 

in summer. It has a particularly important role in tree-ring width 

variation, in particular due to its influence on the usable amount of 

precipitation. In addition to summer, a significant relationship between 

temperature and tree-ring widths can be found in February and March, 

but in case positive. 

2. As a result of the increasing temperature, the positive effect of the 

thermal conditions of late winter-early spring period to tree-ring growth 

has totally disappeared by the end of the last century. 

3. In spite of warming climatic trends, a decline is observed in summer in 

the correspondence between temperature and tree-ring width variability, 

which means that the increasing temperature caused decreasing 

connection between thermal conditions and tree-ring development.  

4. While the amount of precipitation shows decreasing trend in every 

sample area, its effect on the climate-growth relationship of Scots pines 

is lower than it was expected. In general, a decline in the correspondence 

of July precipitation and tree-growth can be observed but in the entire 

summer period the connection between tree-ring width variability and 

precipitation is strong and stable.  

5. According to the results of moving window correlation it can be stated 

that the correspondence calculated for long time-scale is not a result of 

a stable signal which makes the reported clime-growth relationship 

uncertain. Because of this, the reconsideration of the knowledge on the 

climate-growth system of Scots pine should be recommended in the 

light of climate change in Hungary.  
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6. In contrast to foreign researches (Campelo et al. 2006; de Luis et al. 

2011; De Micco et al. 2013, 2016) I was not able to connect 

unequivocally the occurrence of intra-annual density fluctuations to 

summer temperature neither in the site Bakonyalja nor in the site Őrség, 

even though both areas experienced a massive warming in the last 100 

years.    

7. The number and frequency of narrow rings have increased by leaps and 

bounds in the last 25 years, fitting to the more often occurring drought 

events. According to my result the amount of summer precipitation is 

the main stress factor of the development of narrow rings, but in many 

cases the amount of previous summer’s precipitation is also crucial.  

8. According to the results of the dissertation and based on the experiences 

of international studies (Bauwe et al. 2015), a reduced growth of Scots 

pine tree-rings is predictable in the future if the current climate trends 

will continue.  

 



PUBLISHED ARTICLES IN THE SUBJECT OF THE DISSERTATION 

 

 

8 

PUBLISHED ARTICLES IN THE SUBJECT OF THE 

DISSERTATION 

 

MISI D, NÁFRÁDI K (2017) Growth response of Scots pine to changing 

climatic conditions of the last 100 years: a case study from Western 

Hungary. Trees – Struct Funct (in press) doi: 10.1007/s00468-016-

1517-z 

MISI D, NÁFRÁDI K (2016) Possibility of identification of negative 

extreme climatic events using Pinus sylvestris tree-rings in 

Transdanubia, Hungary. Dendrobiology 75: 45-54. doi: 

10.12657/denbio.075.005 

MISI D, NÁFRÁDI K (2016) Late winter - early spring thermal conditions 

and their long-term effect on tree-ring growth in Transdanubia, 

Hungary. Baltic For 22/2: 203-211. 

MISI D (2015) Az évgyűrűk, mint éghajlati adattárak. Természet Világa 

146/12: 557-559 

  



BIBLIOGRAPHY 

 

 

9 

BIBLIOGRAPHY 

 

BAUWE A, JURASINSKI G, SCHARNWEBER T, SCHRÖDER C, 

LENNARTZ B (2015) Impact of climate change on tree-ring growth of 

Scots pine, common beech and pedunculate oak in northeastern 

Germany. iForest 9: 1-11. doi: 10.3832/ifor1421-008 

BORHIDI A (2003) Magyarország növénytársulásai. Akadémiai Kiadó, 

Budapest, 579 p. 

CAMPELO F, NABAIS C, FREITAS H, GUTIÉRREZ E (2006) Climatic 

significance of tree-ring width and intra-annual density fluctuations in 

Pinus pinea from a dry Mediterranean area in Portugal. Ann For Sci 64: 

229-238. doi: 10.1051/forest:2006107 

COOK ER (1985) A Time Series Analysis Approach to Tree-ring 

Standardization. PhD értekezés, The University of Arizona, Tucson, 

171 p. 

COOK ER, PETERS K (1981) The smoothing spline: a new approach to 

standardizing forest interior tree-ring width series for dendroclimatic 

studies. Tree-Ring Bulletin 41: 45–53. 

DÁVID J (2008) Őrség erdőfejlesztési terve. MgSzH Központ Erdészeti 

Igazgatóság. Balatonfüred, 147 p. 

DE LUIS M, NOVAK K, RAVENTÓS J, GRIČAR J, PRISLAN P, ČUFAR 

K (2011) Climate factors promoting intra-annual density fluctuations in 

Aleppo pine (Pinus halepensis) from semiarid sites. Dendrochronologia 

29: 163-169. doi: 10.1016/j.dendro.2011.01.005 

DE MICCO V, BATTIPAGLIA G, CHERUBINI P, ARONNE G (2013) 

Comparing methods to analyse anatomical features of tree rings with 



BIBLIOGRAPHY 

 

 

10 

and without intra-annual density fluctuations (IADFs). 

Dendrochronologia 32: 1-6. doi: 10.1016/j.dendro.2013.06.001 

DE MICCO V, CAMPELO F, DE LUIS M, BRÄUNING A, GRABNER M, 

BATTIPAGLIA G, CHERUBINI P (2016) Intra-annual density 

fluctuations in tree rings: how, when, where, and why? AIWA Journal 

37/2: 232-259. doi: 10.1163/22941932-20160132 

DELLA-MARTA PM, LUTERBACHER J, VON WEISSENFLUH H, 

XOPLAKI E, BRUNET M, WANNER H (2007) Summer heatwaves 

over western Europe 1880–2003, their relationship to large-scale 

forcings and predictability. Clim Dynam 29: 251– 275 

doi:10.1007/s00382-007-0233-1 

DÖVÉNYI Z (Ed.) (2010) Magyarország kistájainak katasztere. MTA 

Földrajztudományi Kutatóintézet. Budapest, 876 p. 

GULYÁS K, BIDLÓ A, HORVÁTH A (2014) Causes of the Forest Die-off 

in a Pinus Forest (Pinus sylvestris) in Fenyőfő. In: POLGÁR A, BAZSÓ 

T, NAGY G, GÁLOS B (Eds.) Local and regional challenges of climate 

change adaptation and green technologies. Proceedings. Sopron, 

Hungary, 60-67 p. 

HARRIS I, JONES PD (2015) CRU TS3.23: Climatic Research Unit (CRU) 

Time-Series (TS) Version 3.23 of High Resolution Gridded Data of 

Month-by-month Variation in Climate (Jan. 1901- Dec. 2014). Centre 

for Environmental Data Analysis, 09 November 2015. 

doi:10.5285/4c7fdfa6-f176-4c58-acee-683d5e9d2ed5. 

OSBORN T, BRIFFA K, JONES PD (1997) Adjusting variance for sample-

size in tree-ring chronologies and other regional-mean timeseries. 

Dendrochronologia 15: 89-99. 



BIBLIOGRAPHY 

 

 

11 

REICH PB, OLEKSYN J (2008) Climate warming will reduce growth and 

survival of Scots pine except in the far north. Ecol Lett 11: 588-597. 

doi: 10.1111/j.1461-0248.2008.01172.x 

STOKES MA, SMILEY TL (1968) An introduction to tree-ring dating. The 

University of Chicago Press, Chicago, 73 p. 

SZMORAD F, TÍMÁR G (1995) Növénytársulástani és – ökológiai 

tanulmányok. Tilia 1: 1-226. 

WIGLEY TML, BRIFFA KR, JONES PD (1984) On the average value of 

correlated time series, with applications in dendroclimatology and 

hydrometeorology. J Clim App Meteorol 23: 201-213. doi: 

10.1175/1520-0450(1984)023<0201:OTAVOC>2.0.CO;2 

  


