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Influence of temperatures and precipitation on radial
increment of Orlické hory Mts. spruce stands
at altitudes over 800 m a.s.l.
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ABSTRACT: Research on the influence of temperatures and precipitation on radial increment was carried out in spruce
stands over ninety years old in the surroundings of Anensky vrch in the Orlické hory Mts. at altitudes over 800 m above
sea level. To model diameter increment in dependence on climatic conditions, the standard tree-ring and correlation
analysis together with the analysis of negative pointer years were used. The diameter increment has a statistically signifi-
cant correlation with temperatures in July of each year in question. The growth of spruce is also affected to a statistically
significant degree by precipitation in July of the previous year and by precipitation in February and March of the year in
question. The standard tree-ring chronology shows an obvious decrease in radial increments starting at the beginning
of the 1970s and ending at the end of the 1980s. The lowest increments were recorded for 1974, 1980, 1984 and 1986.
These years with low increments were also confirmed by the analysis of negative pointer years. In the following period
there is an increase in increments, with slight decreases in 1996 and 2000, which, however, according to the analysis
of negative pointer years do not demonstrate any significant reduction of increments. Another decrease was recorded
starting in 2003 and this lasted until the studied period, i.e. 2007. The current condition of spruce stands is certainly
the result of more stressors but it appears that with the current air pollution load the climatic conditions are the factor
determining the resulting effect of the synergic influence of the stressors on the stands.
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Climatic conditions are the most important natu-
ral factors affecting the tree growth. These natural
factors are permanently stored in the structure of
the created biomass and so trees monitor the state
of the environment in the structure of their rings
(FriTTS 1976). Therefore, it is possible to use the
method of the dendrochronological analysis for
modelling the climatic environment influence with
success. The cornerstone of dendrochronological
applications is the knowledge that trees growing in
the same area, it means in the same conditions, have
the same reaction expressed by the volume of cre-

ated wood. Therefore, there is a similarity of changes
in tree-ring width within a stand, especially as far
as minimum and maximum values are concerned
(SCHWEINGRUBER 1996). These features then allow
us to date favourable and unfavourable periods not
only in recent years but also in distant past.

The most significant climatic factors that can
even cause damage to wood are mainly extreme
fluctuations of temperatures, insufficient precipita-
tion, snow, wind and frost (SCHWEINGRUBER 1996).
Temperatures are the main factor limiting the wood
growth in the mountains (LARCHER 1988). The di-
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rect effect of the temperature on the growth is most
frequent at the beginning of the vegetation season
when low temperatures can result in postponing
the start of cambial activity (FRiTTS 1976). The ra-
dial growth can be influenced by temperatures both
above average and below average. High temperatures
in the year before the tree-ring is created together
with high radiation can increase the evaporation in-
tensively and the following decrease in soil moisture
in the top ground layer then reduces the creation of
nutrients and also water availability during the fol-
lowing spring, especially if the precipitation of this
period is below average. Similarly, also extremely low
temperatures, especially in connection with drought,
can negatively influence the increments, most sig-
nificantly at the highest mountain altitudes (CERMAK
2007). Mountain stands can be considerably damaged
mainly during winter and at the beginning of spring
as a result of ‘physiological drought’ This damage is
caused by long-term freezing of the soil surrounding
the tree root system (TRANQULLINT 1979). Above-
average temperatures during the vegetation season
usually affect the radial growth positively. However,
if they are too high, they can induce a decrease in the
carbon balance and the consequence is a decrease in
increments (CERMAK 2007).

Water directly affects the activity of the cambium
even though in some periods the cambium is more
sensitive to the lack of water than in others. The main
source of water in the system is atmospheric rainfall
which affects the water balance in dependence on
its amount, intensity and time distribution during
the vegetation period (HORACEK 1994). Precipita-
tion is the main factor limiting the wood growth at
lower altitudes (LARCHER 1988). Tree radial growth
can be influenced both by precipitation in the pre-
vious year and by precipitation in that particular
year. Precipitation in spring of the previous year
and precipitation in winter, spring and summer of
that particular year are of the highest importance.
The positive correlation between precipitation and
growth, i.e. an increase in growth with the volume
of precipitation, is supported with evidence mainly
for lower and medium altitudes; the relation cannot
often be supported with evidence for the highest
altitudes. The negative correlation between the
tree-ring width and precipitation, i.e. a decrease in
increments consequent to above-average precipita-
tion mainly during July and August, was only found
in areas with exceedingly high precipitation, for ex-
ample on the German side of the Krusné hory Mts.
(CERMAK 2007).

The aim of the paper is therefore to examine the
effect of the most important climatic factors (tem-
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perature and precipitation) on the radial increment
of selected spruce stands in the Orlické hory Mts.

MATERIAL AND METHODS

Research was carried out in a production forest in
spruce stands over ninety years old in the surround-
ings of Anensky vrch (hill) in the Orlické hory Mts. at
altitudes over 800 above sea level. Four stands were
chosen (Table 1). The first, ninety years old stand
(50°13'41"N, 16°28'30"E), was at the altitude of 830 m
above sea level. The second, a hundred and twenty
years old stand (50°13'49"N, 16°29'47"E), was at the
altitude of 870 m a.s.l. The third, a hundred years old
stand (50°14'07"N, 16°29'11"E), was at the altitude of
910 m a.s.l. The last stand (50°13'43"N, 16°29'17"E)
was a hundred and forty years old and was also at
the altitude of 910 m a.s.l. Twenty-two samples were
taken in each stand.

Sample extraction, preparation and measurement

Samples were taken and processed in correspond-
ence with the standard dendrochronological method-
ology (Cooxk, Kair1ukstis 1990). The samples were
taken using the Pressler borer. Bore holes were done
at 1.3 m above the ground, one sample taken from
each tree. The samples were fixed into wooden slats
and their surface was ground off. The wood samples
were then measured using a specialized measuring
table equipped with an adjustable screw device and an
impulse-meter recording the interval of table top shift-
ing and in this way also the tree ring width. Measuring
and synchronizing of tree-ring sequences were carried
out using the PAST 32 application. The annual wood
increments were measured to the nearest 0.01 mm.

After measuring a comparison (cross-dating) of
individual measured curves was made. Cross-dating
is seeking the synchronous positions of two tree-ring
series. Both series are compared at all possible mu-
tual positions. The aim is to identify the tree rings
in each sample created in the same year. If there is a
synchronous position, it is demonstrated by a suffi-
ciently high similarity in the area where they overlap
(VINAR et al. 2005). The excellently correlating curves
were used to create the average tree-ring curve. The
curve sets off the common extremes related to cli-
matic changes and reduces all the other oscillations
caused by other factors. The degree of similarity
between the tree-ring curves was evaluated using the
correlation coefficient and the parallelism coefficient
(Gleichldufigkeit). These calculations facilitate the
optical comparison of both curves, which is crucial
for the final dating (RYBNiCEK et al. 2007).
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Removal of the age trend of tree-ring curves

Individual tree-ring series were exported from PAST
32 to the ARSTAN application (GRISSINO-MAYER et
al. 1992), where they were detrended, autocorrelation
was removed and the regional standard tree-ring chro-
nology and the regional residual tree-ring chronology
were created. The removal of the age trend was carried
out using a two-step detrending method (HOLMES et
al. 1986). First, a negative exponential function or a
linear regression curve, which best express the change
in the growth trend with age, were used (FrRITTS 1963;
FrITTS et al. 1969). Other potentially non-climatically
conditioned fluctuations of values of diameter incre-
ments, brought about by e.g. competition or forester’s
interference, were balanced using the cubic spline
function (Coox, PETERs 1981). The chosen length of
the spline function was 67% of the detrended tree-ring
curve length (Cook, KAIRIUKSTIS 1990).

From the tree-ring series detrended in this way
the regional index residual tree-ring chronology was
created in the ARSTAN application. The chronol-
ogy has low values of autocorrelation. The standard
regional tree-ring chronology was also established.
The range of the created regional tree-ring chro-
nologies is from 1888 to 2007.

Creation of the climatic time series
for the Orlické hory Mts.

For the purposes of our research the climatic time
series of temperatures and precipitation for the Orlické
hory Mts. was created as the space average out of two
available meteo stations. The first of them is a station
in Rokytnice v Orlickych hordch (50°10'N, 16°28'E),
which is about 5 km far from the studied stands and
it is at the altitude of 580 m a.s.l. The second station is
in Destné v Orlickych horach (50°18'N, 16°21'E) at the
altitude of 649 m a.s.l. The resulting continual tem-
perature series comprises the years 1956 up to 2005
and the precipitation series 1961 up to 2005.

Table 1. Description of stands

Modelling of climatic influences

To model the diameter increments in dependence
on the climatic characteristics the DendroClim ap-
plication was used (BioNDI, WAIKUL 2004). Before
the modelling itself it was necessary to convert the
output data from ARSTAN to the input format of
DendroClim. To convert the data the YUX applica-
tion (web.utk.edu/~grissino/) was used.

The regional index residual tree-ring chronology and
the climatic time series of average monthly tempera-
tures and precipitation for the Orlické hory Mts. were
used to calculate the correlations of values of diameter
increments with climatic factors. They were always
calculated from May of the previous year till August
of the year in question, i.e. the period of 16 months. It
is the period that should have the highest influence on
the radial increments in that particular year.

Analysis of negative pointer years

The statistical comparison of time series of diameter
increments and the time series of climatic factors will
enable us to find out what the average influence of the
studied climatic parameters on the increments is in
the long term. The influences that occur with a low
frequency and that also have a fundamental effect on
the tree growth do not have to be demonstrated in the
correlation analysis to a statistically significant degree
(KIENAST et al. 1987). To establish these effects the
analysis of negative pointer years was used. The negative
pointer year is defined as an extremely narrow tree ring
with the growth reduction exceeding —40% in compari-
son with the average tree-ring width in the four previous
years; a strong increment reduction was found atleast in
20% of the trees from the area (KRourovA 2002).

RESULTS

When comparing the average tree-ring curves of
the individual stands, the statistical indicators show

. Species
Stand Mark GPS Altitude Forest type ‘Slope‘ Age composition Stocking Mean-tree
number (ma.s.l.) orientation %) volume
(9

50°13'41"N spruce 90

1 59A9 16°28'30"E 830 6K1 S 96 beech 10 8 1.21
50°13'49"N spruce 70

2 42F12 16°29'47"E 870 6S1 NE 126 beech 30 7 1.32
50°14'07"N spruce 98

3 41B10 1629'11"E 910 7K1 E 105 beech 2. 8 0.68
50°13'43"N spruce 65

4 60C14 16°29'17"E 910 7K5 SE 141 beech 35 8 1.10
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Fig. 1. Synchronization of average tree-

ring curves of individual stands
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Table 2. Synchronization of average tree-ring curves of individual stands

T-test

Synchronization of curves

Compared curves

(according to Baillie & Pilcher) (according to Hollstein) (%)
Stand 1 x stand 2 11.66 9.36 77
Stand 1 x stand 3 12.63 11.06 82
Stand 1 x stand 4 7.85 10.02 83

high values. When the curves overlap by sixty rings
at least, the critical value of Student’s ¢-distribution
with 0.1% level of significance is 3.46 (SMELKO,
WoLr 1977). The values of our t-tests are much
higher than 3.46, which shows high reliability of the
synchronization (Table 2). The correctness of the
synchronization is also proved by the agreement of
the average tree-ring curves in most of the extreme
values (Fig. 1). Thanks to these results, only one aver-
age tree-ring curve representing the radial increment
of all four stands together could be created.

Correlation of the diameter increments with the av-
erage monthly temperatures and precipitation shows
only positive statistically significant values. The diam-
eter increments correlate to a statistically significant
degree with the temperatures in July of the year in
question (Fig. 2). Spruce growth is also influenced to
a statistically significant degree by the precipitation in
July of the previous year and by precipitation in Febru-
ary and March of the year in question (Fig. 3).

The standard regional tree-ring chronology shows
a decrease in the radial increments starting at the
beginning of the 1970s and ending at the end of the
1980s (Fig. 4). The lowest increments were recorded
for 1974, 1980, 1984 and 1986. These years with low
increments were also confirmed by the analysis of
negative pointer years (Table 3). In the following
period there is an increase in increments, with slight
interruptions in 1996 and 2000. Another decrease
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was recorded starting in 2003 and this lasted until
the studied period, i.e. 2007.

DISCUSSION AND CONCLUSIONS

The aim of the correlation analysis was to find out
what climatic factors affect spruce growth in the

Table 3. Negative pointer years (highlighted in bold)

1956 1973 1990
1957 1974 1991
1958 1975 1992
1959 1976 1993
1960 1977 1994
1961 1978 1995
1962 1979 1996
1963 1980 1997
1964 1981 1998
1965 1982 1999
1966 1983 2000
1967 1984 2001
1968 1985 2002
1969 1986 2003
1970 1987 2004
1971 1988 2005
1972 1989 2006
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Fig. 2. The values of correlation coefficients of the regional residual index tree-ring chronology with the average monthly
temperatures from May of the previous year (P) to August of the year in question in the period of 1956—2005. Values highlighted

in black are statistically significant (a = 0.05)
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Fig. 3. The values of correlation coefficients of the regional residual index tree-ring chronology with the average monthly
precipitation from May of the previous year (P) to August of the year in question in the period of 1961-2005. Values highlighted

in black are statistically significant (a = 0.05)

selected area of the Orlické hory Mts. To calculate
the correlations of diameter increment values with
climatic factors the regional residual index tree-ring
chronology and the climatic time series of average
monthly temperatures and precipitation for the area
of the Orlické hory Mts. were used. The length of
the tree-ring chronology is 119 years (1888—2007),
the temperature series comprises the years 1956 up
to 2005 and the precipitation series 1961 up to 2005.
The correlations of diameter increment values with
average monthly temperatures and precipitation were
always calculated from May of the previous year till
August of the year in question.

The results show that the diameter increments
demonstrate only positive statistically significant
correlations. The diameter increments correlate to a
statistically significant degree with the temperatures
in July of the year in question and with the precipita-
tion in July of the previous year, i.e. the months when
a considerable part of annual increments is created.
July has long been the warmest month of the year; it
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means that temperatures do not limit the growth of
spruce if its water supply is not disrupted. If spruce
water distribution is reduced, the stress is usually
manifested a year later. Positive correlations of spruce
growth with summer precipitation and temperatures
were also found at lower altitudes of the French Alps
(DESPLANQUE et al. 1999) or the Polish Beskids (FE-
LIKSIK et al. 1994). Similar results showing the posi-
tive effect of July temperatures on spruce growth were
also seen in subalpine spruce forests of the Western
Carpathians (BEDNARZ et al. 1997), in northern
expositions of the Elbe valley in the Krkonose Mts.
(SANDER et al. 1995) and in the Polish Tatras (FELIK-
sIK 1972). The positive influence of precipitation in
July of the previous year was also found at lower alti-
tudes of the Krusné hory Mts. (KrRourova 2002). The
growth of spruce is also influenced to a statistically
significant degree by the precipitation in February
and March of the year in question. This dependence
was found in the Polish part of the Beskids (FELIKSIK
1993). The positive correlation of the increments with
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Fig. 4. Regional standard chronology
from the Orlické hory Mts.
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February and March precipitation can be explained
by snowfalls. The snow cover protects the ground
from being frozen through and thus the root sys-
tem cannot be damaged as a cause of physiological
drought at the beginning of spring.

The regional standard tree-ring chronology shows
a decrease in the radial increments starting at the
beginning of the 1970s and ending at the end of
the 1980s. The lowest increments were recorded
for 1974, 1980, 1984 and 1986. These years with
low increments were also confirmed by the analysis
of negative pointer years. The main cause of this
significant decrease is most probably the heavy air
pollution load, mainly SO, pollutants in the 1970s
(Z1p, CERMAK 2008). This period was also critical
for spruce forests in the Krusné hory Mts. and later
for spruce forests in the Jizerské hory Mts. and the
Krkonose Mts. (KrRourPovA 2002). In the following
period there is an increase in increments, with slight
interruptions in 1996 and 2000, which, however, ac-
cording to the analysis of negative pointer years do
not demonstrate any significant reduction of incre-
ments. In this period winters were mild without any
significant temperature extremes, high temperatures
in the vegetation period and also lower air pollu-
tion (KrRouprovA 2002). The damaged spruce stands
manifested their ability to regenerate by an increase
in increments starting at the beginning of the 1990s.
Another decrease was recorded starting in 2003 and
this lasted until the studied period, i.e. 2007. The year
2003 was characterized by a dry and warm vegetation
period. Similar results were recorded in the Silesian
Beskids (Slezské Beskydy) (SRAMEK et al. 2008).

The current condition of spruce stands is certainly
the result of more stressors but it appears that with
the current air pollution load the climatic conditions
are the factor determining the resulting effect of the
synergic influence of the stressors on the stands.
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Vliv teplot a srazek na radidlni prirtast smrkovych porosti Orlickych hor

v nadmorskych vyskach nad 800 m

ABSTRAKT: Vyzkum vlivu teplot a srdzek na radidlni prirast probihal na smrkovych porostech s vékem nad devadesat
let v okoli Anenského vrchu v Orlickych horach v nadmofskych vyskach nad 800 m. Pro modelovéni tloustkového pri-
rastu v zavislosti na klimatickych charakteristikdch byla pouzita standardni letokruhova a korela¢nf analyza doplnéna
analyzou vyznamnych negativnich let. Tloustkovy prirtst statisticky vyznamné kladné koreluje s teplotami v mésici
cervenci aktudlniho roku. Rist smrku je také statisticky vyznamné ovlivnén srdzkami v cervenci predchoziho roku
a srazkami v Gnoru a bfeznu aktudlniho roku. Ze standardni letokruhové chronologie je patrny pokles radidlniho
nany v letech 1974, 1980, 1984 a v roce 1986. Tyto roky s nizkym prirGistem byly potvrzeny i analyzou negativnich
vyznamnych let. V ndsledujicim obdobi je patrné zvyseni pfiristu s mirnym poklesem pouze v roce 1996 a 2000, které
ovsem podle analyzy negativnich vyznamnych let nevykazuji Zzadnou vyznamnou redukci prirtistu. Dalsi pokles je
zaznamenan v roce 2003 a trva az do konce sledovaného obdobi, tedy do roku 2007. Soucasny stav smrkovych porosttt
je zcela jisté vysledkem plisobeni vice stresord, ovéem ukazuje se, Ze pfi soucasné imisni zatézi jsou klimatické faktory
Cinitelem, ktery rozhoduje o vysledném efektu synergického pusobeni téchto stresort na porosty.

Klicova slova: Orlické hory; letokruhova analyza; smrk; klima; radidlni prirast

Corresponding author:

Ing. MicHAL RYBNICEK, Ph.D., Mendelova zemédélska a lesnicka univerzita, Lesnicka a drevarskd fakulta,
Lesnicka 37, 613 00 Brno, Ceska republika
tel.: + 420 545 134 547, fax: + 420 545 134 549, e-mail: michalryb@post.cz

J. FOR. SCI,, 55, 2009 (6): 257-263 263



