Source: Levanic T, Gricar J, Hafner P, Krajnc R, Jagodic S, Gärtner H, Heinrich I, Helle G (eds.) (2010): TRACE - Tree Rings in
Archaeology, Climatology and Ecology, Vol. 8: Proceedings of the DENDROSYMPOSIUM 2009, April 16th – 19th 2009,
Otočec, Slovenia. GFZ Potsdam, Scientific Technical Report STR 10/05, Potsdam, p. 83 - 88.

Climate reaction of old stands Pinus sylvestris L. in Gołąbki Forest
Inspectorate (Poland)
Pospieszyńska, A.1, Koprowski, M.2, Zielski, A.3 & R. Przybylak 1
1

Department of Climatology, Institute of Geography; Nicolaus Copernicus University, Gagarina 9, 87-100 Toruń, Poland
2
Laboratory of Dendrochronology, Institute of Ecology and Environment Protection, Nicolaus Copernicus University,
Gagarina 9, 87-100 Toruń, Poland
3
Faculty of Geology, Geophysics and Environmental Protection, University of Science and Technology, al. Mickiewicza
30, 30-059 Kraków, Poland
E-Mail: olciap@doktorant.umk.pl

Introduction
A stand of Pinus sylvestris L. in Gołąbki Forest Inspectorate (GFI) is one of the oldest natural
conifer stands in Northern Poland. Because of forest management, natural forests in Poland are
dominated by Scots pine. Old stands have very non-specific reaction on changing weather
conditions, because of loss of the climatic signal during the ageing process. Sometimes the same
factors caused different reaction within trees population (as in the GFI), Moreover strong influence
of human management (deforestation, agriculture, increasing air pollution) causes greater
sensitivity of trees, especially old ones for environmental stresses.
Study area and its climate
GFI is situated in the middle part of Great Poland Lowland on Gnieźnieński Lake District (Fig. 1).
This is postglacial region with mean height about 95-100 m above sea level. The landscape is
dominated by arable land.

Figure 1: Site location and meteorological station in Bydgoszcz.
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The study area is characterized with moderate transitory climate. Typical for this type of climate is
great variability of weather and climate conditions. GFI is located at a rather warm site. Mean
annual air temperature during the 1951–1980 period was 7.8ºC. Maximum values in annual course
of air temperatures are reached in July (17.9°C) (Fig. 2). Minimum values occur during January (2.5ºC). These climatic conditions, result in a vegetative season of approximately 220 days (since
the end of the March to the beginning of the November).

Figure 2: Air temperature (°C) - upper panel, and precipitation (mm) - lower panel, from the meteorological
station in Bydgoszcz (1951-1980).

Site conditions at GFI are also characterized by a very low amount of precipitation. For the 1951–
1980 period there were less than 550 mm per year. Most of the annual precipitation (~335 mm)
falls during warm half of year (April- September) coinciding with the vegetation season. For the
study area water shortages are typical. Precipitation at GFI is highly variable annually and also
during the warm season; from year to year this variability can even reach 100–400 mm.
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Figure 3: Mean annual air temperature (1861-2000) – upper panel, and annual totals of precipitation (18612000) – lower panel, from the meteorological station in Bydgoszcz.

Data from meteorological station in Bydgoszcz were used for dendroclimatological analyses. Yearto-year air temperature variation over the 1861-2000 period shows a positive, statistically
significant trend (Fig. 3). For precipitation there is also a long-term positive trend, but it is not
statistically significant.
Material and methods
The research site is located in “Długi Bród Nature Reserve” in the Gołąbki Forest Inspectorate. A
total of 17 samples were taken from 10 trees by means of a Pressler borer. Tree-ring widths were
measured using CooRecorder computer programs and next, in order to assess the cross-matching
between the samples, CDendro (www.cybis.se) and Cofecha programs (Holmes 1986, GrissinoMayer 2001) were applied. The samples were not visually crossdated. Chronology was
constructed with only 4 samples. The age trend was removed due to standardization.
In the next step, the chronology was transformed using the CRONOL program (Dendrochronology
Program Library DPL, routine CRN; Holmes 1994). Application of the autoregressive procedure
(modelling) to the detrended tree-ring series produced a residual version of the chronologies.
In order to find climate/growth dependence, the climatic data were correlated with pine residual
chronology (GOLCRES).
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Scots Pine chronology in GFI
The age of the oldest tree in GFI is about 240 years. However the standard chronology contains
213 years. The mean sensitivity for residual chronology reached 0.272 (Tab. 1). This value is
typical for trees in old stands or in stands threatened with anthropogenic-pressure. A long-term
increase in the mean sensitivity is found, and is likely caused by a combination of pollution in
industrial period and the age of the trees (Zielski 1997).
Table 1: Statistics of raw data, standard and residual chronology for Scots pine in the Gołąbki Forest
Inspectorate.
Chronology
GOLC08A
GOLC08B
GOLC09A
GOLC09B
GOLOB
GOLE
GOLL
GOLCSTA
GOLCRES

Number of
tree-rings
213
213
190
173
213
213
213
213
212

Mean
[mm]
1.305
1.209
1.332
1.454
1.325
0.832
0.509
-

Median
1.070
0.870
1.145
1.290
1.094
0.673
0.395
0.937
0.962

Mean
sensitivity
0.313
0.352
0.238
0.263
0.292
0.333
0.465
0.214
0.272

Standard
deviation
0.885
0.977
0.806
0.801
0.867
0.546
0.400
0.397
0.262

1-order
autocorrelation
0.800
0.800
0.720
0.830
0.788
0.718
0.690
0.700
-0.100

GOLC08A, GOLC08B, GOLC09A, GOLC09B - samples sequences
GOLOB, GOLE, GOLL - ring widths, earlywood and latewood chronologies
GOLCSTA, GOLCRES - standard and residual chronologies

Climate ― tree-growth reaction
Scots pine in GFI is sensitive to thermal conditions at the end of winter and the beginning of spring
(corr. coeff. 0.24 and 0.26 – February and March respectively). For precipitation, statistically
significant correlation coefficients of 0.16 and 0.24 were obtained for May and July, respectively
(Fig. 4). This is typical climatic response for this species in Polish Lowland (Zielski 1997,
Wilczyński 1999, Feliksik et al. 2000, Wójcik et al. 2000, Błaszkowski 2002, Cedro 2004).

Figure 4: Results of correlation in 1861-2000 between weather conditions and GOLCRES chronology for
temperature (lines) and precipitation (bars). Correlation coefficients significant at the 95% confidence level
are indicated by the filled symbols.

Even though these correlations are significant they are still low, because of the amount of
individual chronologies used to conduct the residual chronology.
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Figure 5: Residual chronology (black line) and precipitation (grey line) for GFI in period 1861-2000.

For pine in GFI the strongest influence on radial growth have precipitation. This influence is both,
negative or positive depended on local environmental factors (Fig. 5). Most likely the main cause is
hunting of ground water level. Tree growth was stimulated by high precipitation in periods 19611965 and 1975-1979. In periods 1888-1891 and 1932-1938 high precipitation suppressed tree
growth. However the trees in GFI during last twenty years of 20th century produced narrow rings
without any significant relation to amount of precipitation, which must be explained by ageing
process.

Figure 6: Scots pine pointer years in Gołąbki Forest Inspectorate.

Between 1861-2000 tree-growth 24% of tree growth variation can be explained by climate. This
relation is very variable and depends on analyzed period. For the 1940–1979 period, this relation
has the highest value – 65%. In this short period, we found 11 pointer years. This is half of the 22
pointer years observed during the 1789-2000 period (Fig. 6).
Conclusions
After the period with very high correlations with climate (1940-1979), came after period with loss of
climate signal in tree-ring sequence (two last decades of 20th century), caused by ageing process.
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Factors limiting tree-ring growth in GFI are: air temperature at the end of winter and beginning of
spring, and summer precipitation. After the period with very high correlations with climate (19401979), came after period with loss of climate signal in tree-ring sequence (two last decades of 20th
century), caused by ageing process. The strongest correlations between climate and tree-ring
growth occurred during periods with high temperature and precipitation variability. For most cases
of pointer years, the cause was precipitation (local environmental factors). The strongest
correlations occurred between climate and tree-ring growth during periods with high temperature
and precipitation variability.
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