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Abstract

Results of autocorrelation, spectral and harmonic analysis of time series of tree rings and different
external factors (average monthly temperatures, precipitation, solar activity) and relations between
them are presented in the article. Taking into account rather weak correlation between climatic factors
and tree growth (width of tree rings), possibilities to transform tree ring series and to exclude
autocorrelation process, in order to increase correlation with climatic factors, was investigated. On the
basis of obtained results, modification of multidimensional response models was made. Investigation
of combined models (climatic factors and autocorrelation function included) has shown, that their
predictive capacity is essentially better than predictive capacity of pure response models.
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INTRODUCTION

For the quantitative assessment of anthropogenical changes of biological indicators
and parameters, the problem of norm (normal growth in the case of tree ring analysis) is
very important. Taking into account quasiperiodical fluctuations of biological and
environmental parameters, detection of anthropogenical signal is a rather sophisticated
problem. Particular difficulties arise in the case of low level chronicle environmental pollution
of regional scale. Methods and indicators should have a high priority to allow the use of
retrospective information for a sufficiently long period. Erroneous conclusions may be

obtained with accurate, but short term date.

Radial tree increment (width of annual tree rings) is one of the most perspective
indicators for the environmental impact assessment. Despite its not very high sensitivity, the
method provides important long-term series information and is very useful for forest

monitoring needs (Juknys, 1994).

Assessment of anthropogenic changes of investigated indicators on the background
of its natural quasi-periodical fluctuations is one of the main problems of environmental
science. Methods based on the quantitative analysis of tree ring-series of injured stands and
dependence of the intensity of growth (width of annual rings) from different exogenous
factors, are most promising (Cook, 1987; Eckstein,1989). The value of these methods
depends on the level of our knowledge in the scope of causes of natural tree ring - series

fluctuations.

Climatic conditions (temperature and precipitation) and solar activity usually are
considered as a main exogenous factors, resulting fluctuations of the width of annual tree
rings (Bitvinskas, 1974; Fritts, 1976; Shiyatov ,1987). Different methods of quantitative
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analysis of time series and relations between them, as well as possibilities to improve
resolving capacity of response models and retrospective prediction of normal tree growth are

analyzed in this article.

MATERIALS AND METHODS

Tree ring series from twelve Scots pine semimature stands, time series of average
monthly temperatures and monthly precipitation as well as time series of solar activity were
analyzed.

Primary investigation of tree ring series including possible cyclic components was
made on the basis of autocorrelation analysis. For quantitative assessment of cyclic
components, are typical for different processes, spectral density analysis (Bendat, Piersol,
1980) technique was used. Taking into account, that spectral analysis provides only rough
assessment of main cyclic components, harmonic analysis (Anderson, 1974) is used for
more detail their description and presentation.

Two-dimensional spectral analysis technique (functions of coherency) was used to
make more deep analysis and to check relations between two time series in different

frequency diapasons (Bendat, Piersol, 1980).

Correlation between tree ring series and external factors (temperature, precipitation,
solar activity), as a basis for response models, was analyzed.

Taking into account rather weak correlation between climatic factors and tree growth
(increment), possibilities to transform tree-ring series and to exclude autocorrelation process
in order to increase correlation with climatic factors, was investigated. On the basis of
obtained positive results, modification response models was made in order to increase their
predictive capacity.

Climatic response models are rather common technique to predict “normal” growth
(increment) of damaged stands (Cook, 1987; Juknys,1994).

Two types of such models were investigated and compared:
. only climatic factors included into response function model;

. climatic factors and autocorrelation functions included into response function

model.
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RESULTS

Examples of tree ring indices, average monthly temperatures and solar activity time
series are presented in figure 1. Already from the first view, rather different patterns of

fluctuations for those different indicators can be recognized.

Mostly regular fluctuations with well known 11 years cycle are characteristic for solar
activity and mostly complicated pattern of fluctuations is characteristic for biological indicator
- tree ring width.

Quantitative analysis, of those three types of fluctuations and relations between them
is presented further.

Examples of autocorrelation functions of those indicators are presented in Figure 2.
For tree ring series strong correlation with past year radial increment (r=0,5-0,8) is
characteristic and the correlation function has pattern of damped oscillations with increase of
lag. Statistically significant correlation usually can be noticed only with increment of 2-3
former years, and sometimes negative correlation with increment of former 6-7 years. In 10
years lag autocorrelation usually approximates zero values.

Completely different pattern of autocorrelation function is typical for climatic
indicators - average monthly temperatures and monthly precipitation.

As it seen from figure 2, correlation of current year March temperatures with that of
former years is very weak and usually statistically insignificant (p=0,95). Really there is no
autocorelation in time series of climatic indicators.

Autocorrelation function for solar activity has very strongly expressed sinusoid
pattern. As it can be seen from figure 2, 11 years cyclic component can be detected
already from autocorrelation function of solar activity.

For quantitative assessment of quasiperiodical components, spectral analysis of
investigated time series was performed. As it can be seen from figure 3, for tree ring series
middle-term: 9-15 and 20-25 years cyclic components usually are most powerful and usually
takes about two thirds of general dispersion. Similar results were obtained by other authors
(Kairiukstis, Dubinskaite,1987; Shiyatow,1987; Stravinskiene, Vencloviene, 19988).

Cyclic components for time-series of climatic factors usually are rather weak and
short term (2-7) years cycles are prevailing (Fig.3). As it seen from figure3, function of
spectral density for solar activity has one very strong 11 years length cycle.

More detail description and presentation of cyclic components was made on the
basis of harmonic analysis. For investigated tree ring-series 2-5 statistically significant cyclic
components usually were separated. As it seen from figure 4., three main 12, 16 and 29

years length cycles were detected during harmonic analysis of presented tree ring-serie.

239



140 140
120 " 120
°\:; 100 /—\ VA /\A _A/ \ /J\ JVV‘ n/ 100
£ e RN |
T 0 \ V \f i 80
60 ' 60
40
1900 1920 1940 1960 Year
TREE RING INDICES
8 8
4 d - 4
(cif 0 Al\ AI\ \/-\AAV \'AA /\/\A Av‘ A A /\ /J 0
S A I N VAR T TV (A
: 4 . — Ly
e L) ;
!
A2 12
1900 1920 1940 1960  Year
AVERAGE MARCH TEMPERATURES
250 250
200 200
§ 150 /\\ I/\\ 150
E 100 A A "‘\ 100
A NN NP FATATAWAY
=
NVAVEA VAV, :
; -50
1900 1920 1940 1960  Year
SOLAR ACTIVITY

Figure 1. Time series of different environmental indicators

Resultant of those tree cycles is shoved below. As it seen, it represents quite well main
fluctuations of tree ring indices.
For average March temperature one rather weak 8 years length cycle, and for solar

activity - well known very strong 11 years length cycle was separated.
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Figure 2. Autocorrelation function

Analysis of impact of different natural external factors shows, that the temperatures
of late winter (February), early spring (March, April), and temperatures of late summer
(August) most strongly affect the growth of Scots pine in Lithuania. For some cases the

temperatures of autumn months of the past years (September, October) have an essential

impact on the tree increment.
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Figure 3. Functions of spectral density

The impact of precipitation is less essential than the impact of temperatures in our
latitudes. The closest relations were found between annual tree increment and precipitation

of late winter (February) and summer (June and July). As it seen from figure 5, impact of

climatic conditions of late winter and early spring in most cases are statistically significant for
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both, temperatures and precipitation.
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Figure 4. Main cyclic components of different environmental indicators

243

250
200
150



Scots pine stand. Nr. 11

0.8
0.6 T
0.4 Fe T
02 ] h ] ] 1
! L | ¢ ® ! PPS ) T il4 L ] L ] )i
0 L J
1 = Py 9 [ ] ® 40 p
0.2
0.4 -
ASONDJFMAMUJJAS ASONDJFMAMUJJAS s
Past year Current year Past year Current year Solar
TEMPERATURE PRECIPITATIONS ACTIVITY
Scots pine stand. Nr. 15
0.6
0.4 Ty ]
- ®
4 L J 1 ®
0.2 . i : |- i
5 * 4 ! *d 1 1 ] ® FOREE X ) ! Te !
L L J & Ps <t
0.2
0.4
0.6
ASONDJFMAMUJJAS ASONDJFMAMUJJAS s
Past year Current year Past year Current year Solar
TEMPERATURE PRECIPITATIONS ACTIVITY
Scots pine stand. Nr. 16
0.6
0.4 -
- L J T
0.2 — 1
® ® 9 !
- 4 ® b ! r i < 4 o
0 & LY ® e ® L ¥ ik {
® O - ® ® -
0.2 ll -
-0.4 5 i S
ASONDJFMAMUJJAS ASONDJFMAMUJJAS S
Past year Current year Past year Current year Solar
TEMPERATURE PRECIPITATIONS ACTIVITY

Figure 5. Correlation of tree increment indices with climatic indicators and solar activity

Impact of solar activity to the tree growth, according to different investigators is
rather different in different regions. For middle latitudes no more significant relations

between solar activity and tree rings width usually are not detected, and sometimes even
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correlation sign for the same tree ring series may be changed. Main idea is, that solar
activity influence tree growth only indirectly, through other external factors (Shiyatow, 1987).
According to our investigations, correlation between solar activity and tree ring width usually
do not exceed 0,2 (Fig.5) and sometimes have even negative values.

Functions of coherency between tree ring indices and climatic indicators (temperature
of March) and between tree ring indices and solar activity are shown in figure 6. It can be
seen, that closest relations between tree ring increment and climatic indicators take place in
high frequency (4-6 years) diapason. Next to peaks usually are detected in middle frequency
(9-12 and 22-28 years) diapasons. Coherency between tree ring indices and solar activity is
much weaker and no obvious extremes were not detected (Fig.6).

Taking into account rather weak correlation between climatic factors and tree growth,
some modifications of multidimensional climatic response models are necessary. Main
differences between patterns of tree ring and climatic indicators time-series should be
considered for this purpose. As it was shown in figure 2, rather strong influence of growth of
former years and consequently rather strong autocorrelation is typical for tree ring series.
Autocorelation of climatic factors is almost absent. The idea is, that in order to increase
correlation between tree ring width and climatic indicators (temperature,
precipitation), autocorrelation process (influence of increment of former years) should be
excluded from tree ring series.

Our investigation has shown, that after exclusion of autocorrelation process from tree
ring-series, relations between tree ring indices and climatic indicators became rather
essentially closer (Fig.7.). For example, correlation of tree ring indices with average March
temperatures for Scots pine stands No. 11, 15 and 16 before the exclusion of autocorrelation
were 0,421; 0,249; 0,236 and after exclusion of autocorrelation - 0,459; 0,407; 0,410
consequently.

Possibilities to improve predictive capacity of multidimensional response models, was
investigated further. Traditional climate response models and modified response models,
which include climatic factors and autocorrelation function, were compared for this purpose.

In order to compare predictive capacity of those two types of models, the end of
investigated tree ring-series was cut and retrospective prediction was made on the basis
of developed models (Fig.8.). Two exercises were made by cutting 10 and 20 last years.

For twelve Scots pine stands, were investigated, folowing results were obtained:

- standard error for ten years prediction period was between 7,5-12,7% for first type of
models and 6,5-9,4% for second type of models (autocorrelation function included

additionally);
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standard error for twenty years prediction period was between 11,1-16,0% for first type

of models and 7,8-13,8% for second type of models.
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Figure 6. Functions of coherency

As it can be seen, rather essential decrease of standard errors and rather essential
increase of resolving capacity consequently, was achieved by including autocorrelation
function to the response model. Better prediction of normal tree growth and more
accurate assessment of anthropogenical changes of tree increment can be made an the

basis of such kind of models.

CONCLUSIONS

1.Temporal fluctuations of tree ring series and time series of external factors (climatic
parameters, solar activity) have different pattern. Most complicated pattern of temporal

fluctuations is characteristic for biolgical indicator - tree increment and most regular

fluctuations are typical for solar activity.
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Figure 8. Actual and estimated Scots pine tree ring indices (Scots pine stand Nr. 11) above-only
climatic factors included into response function model. Below climatic factors and autocorrelation
function included into response function model

2. For tree ring series rather strong correlation with past year radial increment (
r=0,5-0,8) is characteristic and the correlation function has pattern of damped oscillations
with increase of lag. Autocorrelation of time series of climatic indicators is wery weak and
usually statistically insignificant (P=0.95).

3. Results of spectral analysis showed, that for tree ring series middle term 9-15 and
20-25 years quasiperiodical coponents are most powerfull and usually tékes about two thirds

of general dispersion.Cyclic components of climatic factors are rather weak and short term
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(2-7 years) quasiperiods are prevailing. Solar acrivity has one powerful and well known
approximately 11 years lenght period.

4. Analysis of impact of different external factors to tree growth has showen, that the
temperatures of late winter (February), early spring (March, April), and temperatures of late
summer (Augdst) most strongly affect the growth of Scots pine in Lithuania. For some cases
the temperatures of autumn months of the past years (September, October) have an
essential impact on the tree increment. The impact of precipitation is less essential than the
impact of temperatures in our latitudes. The closest relations were found between annual
tree increment and precipitation of late winter (February) and summer (June and July).
Relations of tree growth with solar activity is rather weak in our latitudes and, as a rule,
statistically insignificant.

5. Taking into account rather weak correlation between climatic factors and tree
growth, main differences between time series of tree rings and climatic factors should be
considered and modification of response models is necessary in order to increase their
predictive capacity.

6. After exclusion of autocorrelation process from tree ring series, relations between
tree ring series and climatic factors become rather essentially closer.

7. General conclusion can be made, that predictive capacity of combined models
(climatic factors and autocorrelation function included) is essentially better than predictive

capacity of pure response function, when only climatic factors are included.

References

—_

. Anderson T. 1971, Time series analysis John Wiley and Sons, p. 600.

2. Bendat J. S. and Piersol A.G. 1980. Engineering Applications of Correlation and Spectral Analysis,
John Wiley and Sons, p. 312.

3. Cook E. R. 1987. The use of climatic responde models of rings in the analysis and prediction of
forest decline. Methods of dendrochronology I. Procedings of the Task Force Meeting on 2-6 June,
19886, Krakow, Poland, IIASA, PA SSRI, Warsawa, 1987, pp. 269-276.

4. Eckstein D. 1989. Qualitative assesment of past environmental changes. Methods of

dendrochronology. Applications in the environmental sciences. Kluwer Academic Publishers.

Dordrecht, pp. 220-223.

Bitvinskas T. 1974. Dendroklimaticeskie issliedovania. Gidrometeoizdat, 220 p. (in Russian).

Fritts H.C. 1976. Tree-ring and Climate. Academic Press, New York, p. 567.

Juknys R. 1994. Dendrochronological data applications at forest monitoring system. Climate and

Atmospheric Deposition Studies in Forests, Conference Papers 19:245-254 IGSO PAS, Warszawa,

pp. 245-254.

8. Kairiukstis L. and Dubinskaite J. 1987. Modeling fluctuations of dendrochronological indices to
predict eco-climatic backround variability. Methods of dendrochronology I. Procedings of the Task
Force Meeting on 2-6 June, 1986, Krakow, Poland, IIASA, PA SSRI, Warsawa, 1987, pp. 143-162.

9. Shijatov S. G. 1987. A dendrochronological approach to forescasting. Methods of
dendrochronology 1. Procedings of the Task Force Meeting on 2-6 June, 1986, Krakow, Poland,
IIASA, PA SSRI, Warsawa, 1987, pp. 137-141.

10.Stravinskiene V. and Vencloviene J. 1998. Analysis of ecoclimatic fluctuations dynamics in

masterchronologies and the retrospective search of environmental pollution effects on radial

increment of trees. Ekologija, No 1, pp. 84-92 (in Lithuanian).

No o

249



