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ABSTRACT • The goal of this work was to study the temporal stability of the climate/growth relationship of 15 
pedunculate oak trees in Wrocław, SW Poland. Furthermore, pointer years were defi ned and the span of their 
meteorological conditions was assessed. The tree-ring widths were measured with an accuracy of 0.01 mm using 
LINTABTM 6 and the TSAP-Win software. The site chronology covered 128 years from 1887 to 2014. The tree rings 
were on average 3.56 mm wide and ranged from 2.10 to 5.43 mm. Their variation was signifi cantly infl uenced 
by temperature and precipitation. Tree-ring widths from 1965 to 2014 were most infl uenced (positively) by June 
precipitation in the year previous to the formation of the rings. From 1915 to 1964, the tree-ring widths were most 
strongly and negatively infl uenced by November precipitation recorded in the previous year. Ten pointer years 
were identifi ed, three of which were positive and seven negative. Both in the group of positive pointer years (1917, 
1966 and 1982) as well negative years (1923, 1951, 1953, 1960, 1981, 1989 and 2009), we were unable to de-
termine variation patterns of temperature and precipitation. Research on the TRW series of pedunculate oaks on 
fl ood protection embankments should be continued to better understand the effect of climate conditions on annual 
tree growth. 
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SAŽETAK • Cilj rada bio je proučiti vremensku stabilnost odnosa klime i rasta 15 stabala hrasta lužnjaka u 
Wrocławu, u jugozapadnoj Poljskoj. Nadalje, određene su pokazne godine i procijenjen raspon meteoroloških 
uvjeta među njima. Širine godova mjerene su s točnošću od 0,01 mm primjenom softvera LINTABTM 6 i TSAP-Win. 
Kronologija staništa obuhvatila je 128 godina, od 1887. do 2014. Godovi stabala imali su prosječnu širinu 3,56 
mm, a ona se kretala u rasponu od 2,10 do 5,43 mm. Na varijacije širine godova znatno su utjecale tempera-
ture i količine oborina tijekom promatranog razdoblja. Na širinu godova od 1965. do 2014. najviše su utjecale 
(pozitivno) oborine u lipnju u godini koja je prethodila formiranju goda. Od 1915. do 1964. na širine godova 
najviše su utjecale, i to negativno, oborine zabilježene u mjesecu studenome prethodne godine. Utvrđeno je deset 
pokaznih godina, tri pozitivne i sedam negativnih. U skupini pozitivnih godina (1917., 1966. i 1982.), kao i nega-
tivnih (1923., 1951., 1953., 1960., 1981., 1989. i 2009.), nije bilo moguće odrediti model promjene temperature 
i količine oborina. Radi boljeg razumijevanja učinka klimatskih uvjeta na godišnji rast stabala, potrebno je nas-
taviti istraživanje o nizovima širine godova stabala hrasta lužnjaka koja rastu na nasipima uz rijeku.

Ključne riječi: dendrokronologija, hrast lužnjak, pokazna godina, temperatura, količina oborina, urbana područja

1  INTRODUCTION
1.  UVOD

Pedunculate oak (Quercus robur L.) is a long-
lived tree species of the Fagaceae family. It grows in 
forests throughout most of Europe except in northern 
areas and in areas situated around the Mediterranean 
and in Asia Minor (Eaton et al., 2016; Helama et al., 
2016). It prospers best in moderately moist, fertile 
loamy soil or sandy-loamy soil (Jagodziński et al., 
2016), and even tolerates periodic fl ooding (Rasheed-
Depardieu et al., 2015, Stojanović et al., 2015). Studies 
in Poland point to a spontaneous expansion of native 
oaks (Q. pedunculate and Q. sessile) to poor habitats 
previously dominated by artifi cially planted Scots pine 
(Gniot, 2007). The volume increment of oak stands in 
mixed coniferous/deciduous forests exceeds the aver-
age value in single-species stands by about 30 % 
(Bielak et al., 2015). Young oak trees tolerate lateral 
shading (Seneta and Dolatowski, 2012; Annighöfer et 
al., 2015) and prefer full sun in later growth phases. A 
delay has been shown in the increase of height in shad-
ed oaks growing in the bottom layer of pine stands in 
the early stages of development – usually for about 20-
30 years, after which a marked rise in the growth rate 
occurs (Paluch, 2013). Pedunculate oak is sensitive to 
the late spring ground frost, which in some parts of Po-
land may occur as late as after the 25th of May (Kalbar-
czyk, 2010b; Seneta and Dolatowski, 2012). For prop-
er growth and development, pedunculate oak requires 
higher temperatures than sessile oak. 

Pedunculate oaks planted in cities are most com-
monly placed in estates and parks, but less frequently 
along roads because of their slow growth and diffi cul-
ties with transplantation (Ziemiańska and Suchocka, 
2013). In parks, the health of this tree species is mainly 
impacted by three factors: distance from the city cen-
ter, proximity to thoroughfares, and emissions from the 
combustion of fossil fuels (Krzyżaniak et al., 2013; 
Krutul et al., 2014). The correct primary and secondary 
growth of oak trees in an urban space is also infl uenced 
by underground technical installations, typology of 
residential architecture, salinity associated with road 
maintenance in winter (Čermák et al., 2013; Ziemiańska 
and Suchocka, 2013), as well as the altered course of 
meteorological conditions under the infl uence of the 

“urban heat island” in relation to non-anthropogenic 
ecosystems (Szymanowski and Kryza, 2012; Majews-
ki et al., 2014; Kalbarczyk et al., 2016). 

In this paper, we assessed the variability in tree-
ring widths (TRWs) in oak trees, exemplifi ed by pe-
dunculate oaks growing on the embankments of the 
Oder River in an urban setting in Wrocław, and also 
determined the dependence of the ring widths on air 
temperature and precipitation. Moreover, we identifi ed 
pointer years in which most oaks developed rings 
clearly deviating from those from adjacent years.

2  MATERIAL AND METHODS
2.  MATERIJAL I METODE

The studied trees grew on the fl ood-protection 
embankment of the Oder River along Osobowicka 
street within the north-western part of the city (latitude 
51o08’53”N, longitude 16o58’57”E, altitude 112 m 
a.s.l.), on the outskirts of Wrocław’s Osobowice neigh-
borhood (Figure 1). The levee on which the oaks grew 
was created in 1859. In addition to its protective func-
tion, it was also used as a strolling area. Up until 1903, 
several rows of oaks had been planted on the levee, but 
after a fl ood event in 1903, the height of the bank was 
raised. It is still used as part of the fl ood-protection sys-

Figure 1 Location of the study site (●) in south-west Poland
Slika 1. Lokacija mjesta istraživanja (●) u jugozapadnoj 
Poljskoj
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from 10 to 20 trees and should be harvested in dupli-
cate. The representativeness of the tested series was 
measured using the expressed population signal (EPS), 
a measure of the similarity between a given tree-ring 
chronology and a hypothetical chronology that has 
been infi nitely replicated from the individual radii in-
cluded for a specifi c common time interval (Wigley et 
al., 1984).

The site chronology (raw data, indexed, and re-
sidual chronology) was characterized, among others, 
by coeffi cients of linear trend correlation (rt) and fi rst 
order autocorrelation (ra). 

The effects of temperature and precipitation on 
the TRWs were calculated by correlation analysis, in 
which the dependent variable TRW was expressed in 
residual form, i.e. converted by procedures adopted in 
dendrochronology (Schweingruber, 1989; Ważny, 
1990; Cedro, 2007; Stojanović et al., 2015). The analy-
sis was conducted for a 15-month period – from June 
of the previous year to September of the selected year 
through three time periods (1887-2014, 1915-1964, 
and 1965-2014).

The 2015 tree-ring (the year of stem disc collec-
tion) was not included in the site chronology, because 
at the time of the fi eld work the cambium activity had 
not fi nished. For the weather/TRW association, we 
used monthly air temperatures (temp, °C) and the 
monthly sum of precipitation (prec, mm). These values 
came from the recently reconstructed 217-year series 
of homogeneous meteorological data describing the 
weather conditions in urban Wrocław (Bryś and Bryś, 
2010). 

The span of the meteorological conditions (tem-
perature, precipitation) in individual months was de-
scribed using means from the period 1915-2014, as 
well as temperature and precipitation deviations in the 
periods 1915-1964 and 1965-2015 relative to the peri-
od 1915-2014, as well as by means of linear trend cor-
relation coeffi cients.

In this study, the term ‘pointer years’ refers to the 
years during which an unidirectional change in TRW 
occurred in 100 % of the studied tree-ring sequences 
(Zielski and Krąpiec, 2004; Danek et al., 2007). Posi-
tive pointer years (wide rings) and negative pointer 
years (narrow rings) were described by average raw 
data and residual chronology values, as well as average 
raw data TRW calculated in relation to the previous 
year. In addition, each designated pointer year de-
scribed the temperature and precipitation during the 
four seasons: autumn (September to November – 9p-
11p, where p represents the year preceding the forma-
tion of tree-rings), winter (from December to February 
– 12p-2), spring (from March to May – 3-5) and sum-
mer (from June to August – 6-8). Air temperature was 
evaluated by two statistical parameters – mean (x̄) and 
standard deviation (SD), designated for the 1915-2014 
period, and the mean in the designated pointer year (δ). 
A given season was considered normal (average), when 
the air temperature in a given pointer year met the fol-
lowing conditions x̄ - 1.0 SD ≤ δ ≤ x̄ + 1.0 SD; warm x̄ 
+ 1.0 SD < δ ≤ x̄ + 1.5 SD; hot δ > x̄ + 1.5 SD; cool x̄ - 1.5 

tem. Wrocław is located in the middle of the Silesian 
Lowland, with the warmest climate in Poland (Szy-
manowski and Kryza, 2012; Kalbarczyk, 2010a). The 
stem discs were collected in the summer of 2015 fol-
lowing a planned felling action for the modernization 
of the Wrocław Floodway System, implemented by the 
Regional Water Management Authorities. 

Fifteen solitary trees at least 100 years old, de-
noted WO1 to WO15, were selected according to the 
ECO strategy described by Zielski and Krąpiec (2004), 
which partially limits the infl uence of non-meteorolog-
ical factors on TRWs (Bronisz et al., 2012). After dry-
ing and planing, the stem discs were used to measure 
ring widths along two paths, each from bark to pith, by 
means of LINTABTM 6 and TSAP-Win software, to an 
accuracy of 0.01 mm, as was done for example by So-
har et al. (2014), Génova et al. (2015), Jansons et al. 
(2015), and Kalbarczyk and Ziemiańska (2016). The 
two tree-ring paths were cross-dated and averaged so 
that one tree-ring series was available for each of the 
15 study trees (WO1 to WO15). One sequence out of 
15 (WO12) did not meet the similarity criteria and was 
excluded from further analysis to avoid additional vari-
ance due to individual growth patterns. 

Synchronization of TRWs against the mean for 
all the sequences was performed by means of COFE-
CHA software (Holmes, 1983; Krąpiec and 
Szychowska-Krąpiec, 2004). The similarity between 
the individual sequences was measured by the t value 
– TVBT (Baillie and Pichler, 1973), TVH (Hollstein, 
1980), and GLK convergence coeffi cient (Eckstein and 
Bauch, 1969). Sequences were considered similar 
when t > 3.5 and GLK > 65 % (Rybníček et al., 2010; 
Kraler et al., 2012; Sohar et al., 2012). 

The quality of individual sequences was also 
measured by the cross-dating indicator (CDI), which 
included the results of both the t-test and the GLK 
(Kraler et al., 2012; Rinn, 2012). All indicators de-
scribing the quality of individual sequences were cal-
culated using the TSAP-Win software, and confi rmed 
the correctness of dating and their similarity. Mean 
TVBP and TVH for the sequences of the pedunculate 
oaks was 9.7 and 9.6, respectively, while the mean 
GLK and CDI was 75 % and 72.9 %, respectively.

The tree-ring sequences were described by basic 
statistical parameters: average TRW (x̄), standard de-
viation (SD), minimums (min) and maximums (max), 
and their frequency, determined on the basis of raw 
data, and transformed, i.e. narrower and wider growths, 
calculated with respect to the year preceding the for-
mation of rings. The frequency was examined in adopt-
ed one-millimeter intervals and across three long time 
periods: 1887-2014, 1915-1964 and 1965-2014. 

From the 14 dendrochronological sequences, we 
developed site chronology of pedunculate oak, denoted 
with the WO signature. Experience shows that chro-
nologies composed of tree-ring series from at least 10 
trees are suffi ciently replicated to be used in dendrocli-
matological research (Matisons et al., 2013). Accord-
ing to professors Zielski and Krąpiec (2004), and also 
Mäkinen and Vanninen (1999), a sample should range 
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SD ≤ δ < x̄ - 1.0 SD; and cold δ < x̄ - 1.50 SD. A season 
was considered normal in terms of precipitation when, 
in a given pointer year, precipitation was 76 % to 125 
% of long-term mean; dry – from 50 % to 75 %; very 
dry < 50 %; humid from 126 % to 150 %; and very 
humid > 150 % of the long-term precipitation mean.

3  RESULTS 
3.  REZULTATI
3.1  Individual tree-ring width series
3.1.  Pojedinačni nizovi širina godova

The average number of years of all the analyzed 
individual sequences (Nsy) of pedunculate oak was 
116 years and ranged from 101 years (1914-2014) in 

the case of trees marked with signatures WO2, WO7, 
and WO12, to 128 years in the case of the tree WO6 
that grew from 1887-2014 (Figure 2). Six of the fi fteen 
considered sequences were over 120 years. One se-
quence designated by the WO12 code, due to a low 
similarity to others (t < 3.5, GLK < 65 %), was ex-
cluded from further analysis. 

The highest average TRW was designated for 
trees WO8 (x̅ = 4.83 mm, Nsy = 109 years) and WO2 
(x̅ = 4.79 mm, Nsy = 101 years) (Figure 3). These trees 
(WO8 and WO2) also had the widest tree-rings, 11.30 
mm and 11.71 mm, respectively. The lowest average 
TRW was measured for trees WO6 (x̅ = 2.19 mm, Nsy 
= 128 years), and WO9 (x̅ = 2.82 mm, Nsy = 116 years). 

Figure 2 Dating of individual tree-ring sequences of pedunculate oaks from 1887-2014
Slika 2. Pojedinačne sekvence širine godova hrasta lužnjaka od 1887. do 2014. godine

Figure 3 Statistical characteristics of individual sequences describing the variations of tree-ring width of pedunculate oak 
from 1887-2014. Symbols as in Table 1
Slika 3. Statistička obilježja pojedinačnih sekvenci koje opisuju varijacije širine godova stabala hrasta lužnjaka od 1887. do 
2014. godine (značenje oznaka dano je uz tablicu 1.)
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The minimum sizes of TRWs in the individual trees 
ranged from 0.34 mm in WO6 (Nsy = 128 years) to 
1.53 mm in WO8 (Nsy = 109 years). The standard de-
viation in assessing the variability of TRWs in the ana-
lyzed individual sequences ranged from 1.01 mm in 
WO9 (Nsy = 116 years) to 1.95 mm in WO2 (Nsy = 
101 years) and WO4 (Nsy = 123 years). 

In the period 1887-2014, the most common pe-
dunculate oak TRW was 2 to 3 mm (27.3 % of all 
measured rings), followed by 3 to 4 mm (23.4 %) and 
1 to 2 mm (19 %). Only 2.4 % of all measured TRWs 
were greater than 7 mm (Figure 4a).

The frequency distribution of individual TRW se-
quences differed between the two half century periods 
1915-1964 and 1965-2014 from the period 1887-2014. 
TRWs from 3 to 4 mm and > 7mm were most common 
in the earlier 1915-1964 period (26 %), and 2-3 mm 
TRWs in the later 1965-2014 period (about 34 %). 

Frequency analysis, showing TRWs in relation to 
the preceding year, indicated that most often (in ap-
prox. 30 % of cases) the year-to-year difference did not 
exceed 1 mm (Figure 4b). The negative difference in 
TRW was about 10 % more frequent in the second 50-
year period (1965-2014). A year-to-year difference for 
the remaining TRW intervals, i.e. 1-2, 2-3, 3-4, 4-5 and 
5-6 (both positive and negative), was observed more 
frequently in the earlier 50-year period (1915-1964). 

3.2 Site chronology
3.2. Kronologija staništa

The course of the considered dendrochronologi-
cal curves of individual pedunculate oak sequences, 
along with the determined site chronology, is shown in 
Figure 5. In the period 1915-2014, which covers all the 
study samples, the average raw data TRW of peduncu-
late oak site chronology was 3.56 mm. In the earlier 
part of that period (1915-1964), the average was high-
er, at 3.96 mm (Table 1 and Figure 5). The standard 
deviation (SD) of TRW from 1915-2014 was 0.87 mm, 
wherein SD in the earlier half of that period was higher 
at 0.90 mm and was 0.26 mm more than in the later 
half of that period. TRW in the site chronology ranged 
from 0.20 to 5.43 mm. A higher difference between 
maximum and minimum TRW (3.02 mm) was found in 
the earlier half of that period (1915-1964). 

The researched 100-year period of pedunculate 
oak chronology is characterized by a negative trend (rt 
= -0.44, α < 0.01), which shows the presence of an age 
related trend. The smaller year-to-year TRWs were sta-
tistically proven (rt = -0.24, α < 0.1) in the later half of 
the analyzed long-term period (1965-2014). The Io au-
tocorrelation coeffi cient was clearly visible during the 
1915-2014 period (ra = 0.38, α < 0.01), and slightly 
lower from 1915-1964 (ra = 0.22, α < 0.1). After the 
transformation of raw data TRW data into residual, we 

Figure 4 Frequency (%) of TRWs in individual sequences of pedunculate oaks in one-millimeter intervals. a) actual ring size, 
b) size of the rings in relation to the previous year.
Slika 4. Frekvencija (%) širina godova u pojedinim sekvencama hrasta lužnjaka u intervalima od jednog milimetra: a) stvarna 
širina goda, b) širina goda s obzirom na prethodnu godinu

a)

b)



Kalbarczyk, Ziemiańska, Machowska-Molik: Dendroclimatological Analysis of Radial...  ....

154  DRVNA INDUSTRIJA  69 (2) 149-161 (2018)

managed to eliminate both the age-related trend and 
the impact of the growth from the preceding year in the 
3 considered long-term periods.

3.3  Temperature and precipitation, and site 
chronology relations

3.3.  Temperatura i oborine te odnosi među 
kronologijama staništa

Correlation analysis was carried out for the three 
periods of research (1915-2014, 1915-1964, 1965-
2014) between TRW and air temperature (temp), and 

precipitation (prec) and indicated that each of the ex-
amined meteorological elements interacted with differ-
ent strengths and directions – positive or negative (Fig-
ure 6ab). The strongest positive impact of temp on 
TRW, in all studied periods, was evident in December 
of the year preceding the tree-ring formation. In the 
fi rst half of the full long-term period study, i.e. from 
1915-2014, the air temperature of the year preceding 
the formation of the tree-ring – from July to October, as 
well as the observed year – from January to March and 

Table 1 Statistical indicators describing chronology in various long-term periods
Tablica 1. Statistički pokazatelji koji opisuju kronologiju u različitim dugoročnim razdobljima

Indicator
Pokazatelj

Period
Razdoblje

Chronology / Kronologija
Raw-data

Neobrađeni podatci
Indexed

Indeksirani podatci
Residual
Ostatak

x̄±SD
(mm)

1 3.56±0.87 0.99±0.21 0.73±0.25
2 3.96±0.90 1.02±0.23 0.74±0.29
3 3.16±0.64 0.97±0.19 0.72±0.21

min
(mm)

1 2.10 0.59 0.09
2 2.41 0.59 0.09
3 2.10 0.63 0.24

max
(mm)

1 5.43 1.48 1.43
2 5.43 1.48 1.43
3 4.45 1.46 1.22

rt
1 -0.441 -0.01ns -0.01ns

2 0.01ns 0.22ns -0.16ns

3 -0.243 0.07ns 0.02ns

ra
1 0.381 0.212 -0.05ns

2 0.223 0.243 0.07ns

3 0.19ns 0.10ns -0.12ns

Explanation: x̄ – average / prosječna vrijednost, SD – standard deviation / standardna devijacija, min – lowest value / najniža 
vrijednost, max – highest value / najviša vrijednost, rt – linear trend correlation coeffi cient / koefi cijent korelacije linearnog 
trenda, ra – Io autocorrelation coeffi cient, long-term period / koefi cijent autokorelacije, dugoročno razdoblje: 1 – 1915 – 2014, 
2 – 1915 – 1964, 3 – 1965 – 2014, 1α ≤ 0.01, 2α ≤ 0.05, 3α ≤ 0.1, ns – not statistically signifi cant at least at α ≤ 0.1 / nije stati-
stički značajno pri α ≤ 0,1

Figure 5 Dendrochronological curves of individual sequences of pedunculate oak comprising the WO site chronology ( ) 
from 1887-2014 against the background of the size of the research sample (number of trees) in subsequent years in the 
considered long-term period 1915-2014
Slika 5. Dendrokronološke krivulje pojedinih sekvenci hrasta lužnjaka koje obuhvaćaju kronologiju WO mjesta ( ) od 
1887. do 2014. u odnosu prema veličini istraživačkog uzorka (broj stabala) u kasnijim godinama razmatranoga dugoročnog 
razdoblja od 1915. do 2014. 
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in June, and from August to September, contributed to 
a reduction of TRW in the pedunculate oaks. 

In the second half of the studied long-term pe-
riod from 1965-2014, the effect on TRW was slightly 
different. TRW was favorably infl uenced by air tem-
perature in the previous year from August to October 
as well as in the observed year in June, and different-
ly, negatively, in the current year – from April to May. 
In all three studied long-term periods, TRW correlat-
ed positively with precipitation in the previous year 
from June to August and October, and the current year 
in January, April and July, while negatively with pre-
cipitation in the previous year in November, as well 
as in the current year in February, March, May and 
June. The strongest positive impact of precipitation 
on TRW was evident for June precipitation in the year 
preceding the formation of the tree-rings (r varied 
from 0.29 in 1915-1964 to 0.41 in 1965-2014) and in 
January (r = 0.35, α ≤ 0.01) and in September (r = 
0.31, α ≤ 0.01) in the current year, but only from 
1965-2014. TRW was signifi cantly negatively infl u-
enced by precipitation in November in the preceding 
year, especially from 1915-1964 (r = -0.32, α ≤ 0.01) 
and in June in the current year (r = -0.28, α ≤ 0.01), 
but only from 1965-2014. 

3.4  Variability of meteorological conditions 
3.4.  Varijabilnost meteoroloških uvjeta 

In the period 1915-2014, the air temperatures 
ranged, on average, from -1.4 °C in January to 19.3 °C 
in July (Figure 7a). The average annual air temperature 
in the earlier 50-year period (1915-1964) was 8.9 °C, 
0.3 °C less than for the whole long-term period (1915-
2014). This was determined by lower air temperatures 
recorded in winter, especially in January (0.4 °C lower 
in comparison to the 1915-2014 period) and in Febru-
ary (0.7 °C lower in comparison to the 1915-2014 pe-

riod), and early spring, i.e. in March (0.5 °C lower in 
comparison to the 1915-2014 period). On the other 
hand, in the second half of the long-term period, the 
average air temperature was higher than the norm 
(1915-2014) in nearly all months of the year.

The largest temperature deviations, ranging from 
0.2 °C to 0.7 °C, in the 1965-2014 period compared to 
the 1915-2014 period were evident from January to 
March, and in August and December. A positive indica-
tor trend in the two 50-year periods calculated in rela-
tion to the 1915-2014 long-term period confi rms the 
correlation analysis of the signifi cance of the linear 
trend of monthly temperature values (Table 2).

A signifi cant positive air temperature trend was 
evident in several months from 1915-2014. The value 
of the correlation coeffi cient for signifi cant relation-
ships between air temperature and TRW ranged from 
0.17 for air temperature in June and November in the 
year preceding the forming of the tree-rings, to 0.32 in 
August of the current year. At the same time, the sig-
nifi cant increase in air temperature from April to Au-
gust throughout the long-term period was primarily 
determined by above-average temperature values in 
the later half of the long-term period (1965-2014). The 
average annual amount of precipitation during the 
whole research period was 578 mm (Figure 7b). Pre-
cipitation in the two analyzed 50–year periods differed 
by only 6 mm. A slightly higher precipitation was re-
corded in the later 50 year period (1965-2014, gener-
ally from May to July). The biggest differences in total 
precipitation between the earlier and later halves of the 
considered period (1915-2014) were reported in July 
(almost 10 mm), being wetter in the later half. In con-
trast to air temperature, precipitation was marked by a 
mostly negative trend, e.g. in January from 1915-1964 
(r = -0.47, α ≤ 0.01) and in April from 1915-2014 (r = 
-0.23, α ≤ 0.05).

 a) b)
Figure 6 Effect of air temperature (a) and precipitation (b), from June of the year preceding the formation of rings (temp6p, 
prec6p) till September of the current year (temp9, prec9), on the size of annual tree-rings of pedunculate oak in various 
long-term periods (p – year preceding the formation of annual growth, temp – air temperature, prec – precipitation, 1, 2… … 
12 – consecutive month of the year, marker with no fi ll – relationship signifi cant at α ≤ 0.1) 
Slika 6. Utjecaj temperature zraka (a) i oborina (b) od lipnja godine prije nastanka goda (temp6p, prec6p) do rujna tekuće 
godine (temp9, pre-9) na širinu goda hrasta lužnjaka u tekućoj godini za različita dugoročna razdoblja (p – godina koja 
prethodi formiranju godišnjeg rasta, temp – temperatura zraka, prec – oborine, 1, 2 …12 – uzastopni mjesec u godini, prazne 
oznake – korelacija je značajna pri α ≤ 0,1)
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Figure 7 Air temperature (a) and precipitation variation (b) as well as their monthly deviations in 1915-1964 (□) and 
1965-2014 (■) in relation to the 1915-2014 period. Explanation as in Figure 6.
Slika 7. Promjene temperature zraka (a) i količine oborina (b) te njihova mjesečna odstupanja u razdoblju 1915. – 1964. (□) i 
1965. – 2014. (■) u odnosu prema razdoblju 1915. – 2014. 

a)

b)

Table 2 Temperature and precipitation linear trend in consecutive analyzed months
Tablica 2. Linearni trend temperature i oborina u uzastopnim analiziranim mjesecima

Month
Mjesec

1915-2014 1915-1964 1965-2015
temp

oC
prec
mm

temp
oC

prec
mm

temp
oC

prec
mm

previous year
prethodna godina

6 0.173 0.243

7 0.401

8 0.301 0.571

9
10 -0.232 -0.243

11 0.173 0.253 -0.282

12

current year
tekuća godina

1 -0.263 -0.471

2
3 0.243

4 0.193 -0.232 0.591

5 0.381

6 0.273

7 0.183 0.273 0.461

8 0.321 0.521

9
Explanation: temp – air temperature / temperature zraka; prec – precipitation / količina oborina; 1α ≤ 0.01; 2α ≤ 0.05; 3α ≤ 0.1; 
1, 2… … 12 – months of the year / mjeseci u godini
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3.5. Pointer years
3.5. Pokazne godine

We distinguished 10 pointer years in the 100 year 
long-term period, identifi ed by pedunculate oak TRW. 
Seven were negative and three positive (Figure 8). The 
3 positive pointer years were 1917, 1966 and 1982, and 
the 7 negative years were 1923, 1951, 1953, 1960, 
1981, 1989 and 2009. The greatest annual growth oc-
curred in 1917 at 5.39 mm, and the smallest in 1981 at 
2.12 mm (Table 3, Table 4).

In positive pointer years, TRW in residual form 
ranged from 0.92 to 1.16mm, and average raw-data 
TRW in relation to the previous year ranged from 1.17 
mm in 1982 to 1.56 mm in 1917. In the year in which 
the widest tree-ring of the pedunculate oak developed, 
air temperatures were normal in the period from Sep-

Figure 8 Distribution of identi fi ed positive and negative pointer years of pedunculate oak in the 1915-2014 long-term period 
and the size of the research sample (number of trees) in the respective years of the considered long-term period (▬)
Slika 8. Raspodjela identifi ciranih pozitivnih i negativnih pokaznih godina hrasta lužnjaka u dugoročnom razdoblju 1915. – 
2014. i veličine istraživačkih uzoraka (broj stabala) u pojedinim godinama razmatranoga dugoročnog razdoblja (▬)

Table 3 Characteristics of pointer years of pedunculate oak and assessment of temperature and precipitation in further 
seasons
Tablica 3. Obilježja pokaznih godina hrasta lužnjaka i procjena temperature i količine oborina u sljedećim godišnjim dobima 

Pointer 
years

Pokazne 
godine

Type of pointer 
year

Obilježje pokazne 
godine

Chronology value
Kronološka vrijednost

mm

Measured average 
tree-ring width relative 

to the previous year
Prosječna vrijednost 

izmjerenih širina godova u 
odnosu prema prethodnoj 

godini

Conditions / Uvjeti

thermal 
temperatura
(temp, oC)

precipitation
količina oborina

(prec, mm)raw-data
neobrađeni 

podatci

residual
ostatak

A W Sp S   A W Sp S
1917 positive 5.39 1.16 1.56
1923 negative 2.46 0.42 -0.76
1951 negative 2.96 0.19 -1.79
1953 negative 2.80 0.53 -1.04
1960 negative 3.01 0.21 -2.38
1966 positive 4.06 1.04 1.39
1981 negative 2.12 0.40 -1.36
1982 positive 3.29 0.92 1.17
1989 negative 2.67 0.34 -1.32
2009 negative 2.24 0.24 -1.62

Explanation: A - autumn (season from September to November, taking place in the year previous to the formation of tree-rings), W - winter 
(season from December of the year preceding the formation of tree-rings to February of the current year), Sp - spring (season from March till 
May), S - summer (season from June till August)
Objašnjenje: A – jesen (sezona od rujna do studenoga; odnosi se na godinu koja je prethodila formiranju stabla), W – zima (sezona od pros-
inca godine koja prethodi formiranju stabla do veljače tekuće godine), Sp – proljeće (sezona od ožujka do svibnja), S – ljeto (sezona od lipnja 
do kolovoza)

Table 4 Explanation of marks in Table 3
Tablica 4. Objašnjenje oznaka u tablici 3.

Condi-
tions
Uvjeti

Thermal
Temperatura zraka

(temp, oC)

Precipitation
Količina oborina

(prec, mm)
season / godišnje doba

hot / vruće very dry / vrlo suho
warm / toplo dry / suho
normal / normalno normal / normalno
cool / hladno humid / vlažno
cold / vrlo hladno very humid / vrlo vlažno

tember of the year preceding the formation of the rings 
to February of the current year, i.e. autumn and winter. 
The following season, spring (March-May) was cold, 
and the summer (June-August) was warm. Precipita-
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tion in 1917 also varied signifi cantly: autumn and sum-
mer – dry, spring – wet, and winter – average (normal). 
Two subsequent positive pointer years were also char-
acterized by an individual pattern of temperature and 
precipitation. In 1966, autumn was cold and dry, winter 
– average (normal) and humid, and spring and summer 
did not deviate from the norm in terms of both these 
categories. There was another distribution of tempera-
ture and precipitation in 1982, where the autumn was 
average and humid, winter and spring average in terms 
of variations of temperature and precipitation, and 
summer warm and dry. In the group of negative pointer 
years, we were also unable to determine typical weath-
er patterns, this time favorable to the formation of nar-
row TRW. For example, in 1923 and 1953, in which the 
average TRWs were only 2.46 mm and 2.80 mm, au-
tumn was cold and damp, and spring and summer – av-
erage or cool and dry. By contrast, 1981 and 2009 were 
dry in autumn and cool in the summer, but with normal 
temperatures in autumn, winter and summer.

4  DISCUSSION
4.  RASPRAVA 

Slightly different statistical characteristics com-
pared to the results obtained in Wrocław for the con-
structed TRW chronology of pedunculate oak were ob-
tained by Rybníček et al. (2016) in Liteň Obora (about 
10 km from Prague), as well as Čufar et al. (2014) in 
Croatia. Indicators calculated for both Czech and Croa-
tian chronologies differed from those for Wrocław, e.g. x̄ 
and SD were on average 1.55 and 0.16 mm lower, while 
the Io autocorrelation coeffi cient was higher, on average 
by 0.29. The larger TRWs of pedunculate oak in 
Wrocław were most likely the result of the trees growing 
in urban conditions and not in semi-natural plant groups. 
In this way, the studied trees lacked neighboring tree in-
teractions and also had greater access to solar radiation. 
The site from which the samples were taken, i.e. the 
Oder fl ood protection embankments, is not without sig-
nifi cance. Even with long-lasting droughts, the root sys-
tems of the studied trees could always draw from ground 
water resources (in principle without limit). Besides 
that, Wrocław has milder winters than other Polish re-
gions (Lorenc, 2005).

The signifi cant positive relationship between 
TRW and temperature in the December of the previous 
year proven in this study, partially confi rms the re-
search carried out in northern Poland by Pritzkow et al. 
(2016), where they proved a positive correlation be-
tween the indicator describing the average surface area 
of vessel in the early wood of pedunculate oak and the 
minimum air temperature in the period 1951-2010 be-
tween the 29th of November and the 20th of January. 
According to Pritzkow et al. (2016), during the low 
temperatures in winter, damage may be caused to the 
tree root system, which often leads to the emergence of 
smaller vessels in the early wood and thus narrower 
TRW. Negative winter air temperatures adversely af-
fect the cambium area and often cause variations in the 
development of spring wood (Khasanov, 2013). The 

percentage of winter damage to the tree-rings depends 
on the age of the tree, and decreases from approx. 76 % 
in young specimens (> 41 years during harsh winters) 
to approx. less than 4 % in older trees (> 81 years). Ac-
cording to Tulik (2014), the formation of narrow TRW 
and small diameter vessels in the early wood increases 
the susceptibility to degradation. The reduced diameter 
of the vessels negatively affects the hydraulic conduc-
tivity of oak tree trunks, resulting in deteriorated water 
transport. Matisons et al. (2013) obtained other results 
based on TRW, calculated only for the pointer years in 
Latvia and temperature and precipitation. In western 
Latvia, the strongest positive impact on TRW was from 
temperature in March and June, which is different than 
in Wrocław, where TRW was signifi cantly positively 
infl uenced by temperature in July. On the other hand, 
in eastern Latvia, temp in December of the preceding 
year had a strong negative infl uence, similar to our 
study. In southeastern Estonia, from 1945-2008, pe-
dunculate oak TRW depended signifi cantly and favora-
bly on temp in July (Sohar et al., 2014), i.e. the same as 
in the Wrocław chronology from 1965-2014. Research 
aimed to establish a relationship between annual pe-
dunculate oak tree growth and temperature, precipita-
tion and other agrometeorological elements was also 
carried out by (among others): Helama et al. (2016) 
and González-González et al. (2015), who, in their 
analyses, considered both early as well as late wood 
separately. Such research was also carried out by Bron-
isz et al. (2012), Čufar et al. (2014), Cedro and Nowa-
ka (2015), Rybníček et al. (2016) and Tulik and Bijak 
(2016). According to Cedro and Nowak (2015) TRW 
variability in north-western Poland can be explained 
by temperature and precipitation variability even in ap-
prox. 54 % of cases. According to Hughes (2002), the 
weather/TRW relations are stronger, the closer the 
studied trees grow to the natural range of the species. 

In determining the pointer years, various values of 
unidirectional changes in tree-ring sequences are ac-
cepted, usually from 70 % to 90 % (Bronisz et al., 2012; 
Okoński et al., 2014). Due to the small sample in this 
study, pointer years were determined in the case of uni-
directional change occurrences in tree-rings in 100 % of 
the studied sequences. Sohar et al. (2014) determined 38 
pointer years throughout Estonia from 1769-2008, in-
cluding 19 positive and 19 negative, which means that 
wide or narrow tree-rings of pedunculate oak formed 
every 6-7 years. In the Wrocław chronology, pointer 
years were noted every 10 years, and only three of them 
(1923, 1966, and 1981) coincided with the pointer years 
designated by Sohar et al. (2014). Certainly, the desig-
nated pointer years based on the Wrocław chronology 
corresponded to the local edaphic-climate conditions. 
Cedro and Nowak (2015) designated as many as 40 
pointer years (13 positive and 27 negative) in a 111 year 
period, and among them only one, 1989, was consistent 
with our observations. In contrast, Stopa-Boryczka et al. 
(2007) determined a similar number of pointer years to 
our research. For example, pointer years occurred every 
11 years in their Gdańsk chronology (1800-1982), and 
every 8 years for Toruń (1781-1984). According to 
Stopa-Boryczka et al. (2007), pointer years for oaks 
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were 1923 (negative year), 1960 (negative), 1981 (nega-
tive) and 1982 (positive). The same pointer years were 
observed in Wrocław chronology in the period 1914-
2014. The pointer years determined in this paper were 
also noted by other researchers examining Quercus, e.g: 
two pointer years – 1966 and 1982 by Stajić et al. (2015), 
one positive year – 1982 by Bronisz et al. (2012), four 
positive years – 1923, 1953, 1960, and 1989 by Kędziora 
et al. (2012). The pointer years were also analyzed by 
(among others): Cedro (2007) in north-western Poland, 
Bronisz et al. (2012) in central Poland, and Lebourgeois 
et al. (2004) in northern France. Those researchers, sim-
ilar to this paper, noted the following pointer years: 
1917, 1981, and 1989. Also Romanian and Wrocław 
studies partly confi rmed the formation of narrow tree-
ring widths in the years 1953 and 1981 (Nechita 2013). 

5  CONCLUSIONS
5.  ZAKLJUČAK

In our study, in the period 1887-2014, tree-ring 
widths (TRWs) of pedunculate oak growing on the em-
bankment of the Oder River in Wrocław, south western 
Poland, were generally (ca 51 %) 2 to 4 mm wide. 
Tree-rings wider than > 7 mm grew very seldom, com-
prising only 2.4 % of all measured rings. The widest 
ring was 11.71 mm and the narrowest only 0.46 mm. 

The created site chronology covered 128 years 
from 1887 to 2014. The average tree-ring width in 1915-
2014 was 3.56 mm; ranging from 2.41 mm to 5.44 mm 
in the early half of the study period (1915-1964), and 
from 2.10 mm to 4.45 mm in the later half (1965-2014). 
Higher variability, described by TRW standard devia-
tion, was observed in the earlier half (1915-1964).

TRW was signifi cantly positively infl uenced by 
air temperature in December of the previous year and 
in July of the current year, but only in the later half of 
the analyzed period. In the same period (1965-2014), 
precipitation in June of the previous year and in Janu-
ary and September of the current year also had a posi-
tive effect on TRW, while precipitation in July of the 
current year had a negative effect on TRW.

Ten pointer years were determined, in which nar-
row or wide tree-rings developed. Both in the group of 
positive pointer years (1917, 1966 and 1982) as well 
negative years (1923, 1951, 1953, 1960, 1981, 1989 
and 2009), we were unable to determine similar varia-
tion patterns of temperature and precipitation.

Research on the TRW series of pedunculate oaks 
on fl ood protection embankments should be continued. 
By analyzing numerous sites in the Oder valley, it will 
be possible to better understand the dendrometry of the 
created chronology and determine the effect of climate 
conditions on TRW. 
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