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In climatic reconstructions on the basis of ring-width information the
choice of a suitable standardization method is of great importance in order
to distinguish and remove non-climatic effects caused by biological growth
trends, forest stand changes, and various disturbances. Standardized tree-

ring chronology has a stationary mean (100%) and a more or less homo-

geneous variance through time (Fritts, 1976). It permits using statistical
methods in the analysis of time series and comparing the research results.

The most popular method of ring-width standardization is based on

fitting the mean curve, either graphically or mathematically, to the ring
width which is taken as a standard. Standardized values, or growth
indices are relative deviations from this standard. Such approach is used
at the Laboratory of Tree-Ring Research, University of Arizona (programs
INDEX and ARSTAN). The program INDEX is based on fitting a negative
exponential, a straight line or a polynomial curve (Graybill, 1982).
With the aid of the program ARSTAN a double elimination of non-climatic
trends is produced: first a growth function is calculated by fitting an

exponential curve or straight line, indexing, and then the remaining trends
are excluded by a relatively rigid cubic smoothing spline (Cook, 1985;
Holmes et al., 1986). Shiyatov (1972; Illusitoß, 1986) proposed another
method for the calculation of growth indices which is based on the use of

the maximum and minimum possible growth curves. These curves form
a strip or a “corridor”. The growth index is calculated by dividing the

distance between the minimum curve and the ring width by the width of
the corridor of the same year. The width of the corridor is taken as 100

or 200% each year.
In connection with Soviet-American investigations in dendrochrono-

logy on the project 02.03-21 the necessity of a comparative analysis of
these standardization methods has become evident. Such study was carried

out by the authors during Shiyatov’s visit to the Laboratory of Tree-Ring
Research in 1987. For this purpose we used the ring-width data of Siberian
larch (Larix sibirica IL.db.) growing at the upper timberline in various

provinces of the Ural Mountains, but on the same type of soil (abundant
running water). The mean chronologies (Table 1) basically reflect the
thermal conditions of the summer months (Шиятов, 1986).
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Three mean chronologies were developed for each of the four single
sites: the INDEX chronology (the version of the program INDEX made

by Lofgren in 1985), the ARSTAN chronology (the version of the full

ARSTAN analysis made by Cook and Holmes in 1986), and the CORRI-
DOR chronology (calculations made by Shiyatov (Table 2)). In the pro-

gram ARSTAN the spline stiffness was taken as 100% of the series length.
The maximum and minimum possible curves were drawn by hand on the

plots of ring widths using a template and ruler.

One can see (Table 2) that the chronologies developed by the corridor

method have higher mean sensitivity and standard deviation than the

chronologies developed by the programs INDEX and ARSTAN. The

greatest differences are in the 529 series, its signal-to-noise ratio is of

the lowest value. This is associated with the fact that the corridor

“stretches” the extreme values of growth indices, especially in chrono-

logies with relatively weak climatic signal. First order autocorrelation
values are practically equal in the chronologies developed by the corridor

method and the program INDEX, somewhat lower in ARSTAN chrono-

logies due to the elimination of the influence of the previous year growth
on the current year growth (ARMA modeling). Correlation coefficients

are very high (from 0.917 to 0.981) among the obtained chronologies. This

; ; Longi- ;Series . > | Latitude Altitude, Trees Chronolog
code l Provmcc‚l North I Ё]:з‹і | meters l sampledl time spany

S01 Polar 66°50" 65°30’ 150—300 21 1541 —1968

Urals

S08 Subrolar 64°40’° 59°50” 550—700 20 1691—1969

Urals

$1 North 59°35’ . 59°10’ 800—950 25 1590— 1969

Urals .

S29 South 54°30/ 58°50 1000—1100 11 1770—1972

Urals

Table 1

Characteristics of the mean tree-ring chronologies

Series Standardiza- | Mean sen- Standard Autocorrela- | Signal-to-
code tion method sitivity deviation tion order 1 | noise ratio

C 0.41 0.42 0.43 —

501 I 0.40 0.42 0.46 —

A 0.40 0.42 0.47 22.8

C 0.39 0.43 0.45 —

508 [ 0.35 0.40 - 0.45 —

А 0.36 0.39 0.39 27.3

C 0.35 0.38 0.47 —

S11 I 0.33 0.37 0.48 —

A 0.35 0.36 0.39 29.2

C 0.31 0.37 0.52 —

S29 I 0.24 0.29 0.50 —

A 0.24 0.28 0.45 8.9

Table 2

Statistics of the mean chronologies developed by the various standardization methods

(C-CORRIDOR, /-INDEX, A-ARSTAN)
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is an evidence of the high degree of similarity among the chronologies.
Spectral and cross-spectral analyses confirm the great similarity of the

chronologies developed by various standardization methods (Fig.). How-

ever, the chronologies developed by the program INDEX and especially
by the corridor method have more pronounced low-frequency variations
than the ARSTAN chronologies.

Thus, the mean tree-ring chronologies developed by the corridor

method, the programs INDEX and ARSTAN bear much resemblance to
one another and can be compared without restandardization. But if it is

necessary to reveal the low-frequency fluctuations of growth indices, the
corridor method and the program INDEX are preferable. The effect of
such non-climatic factors as phytocoenotic, various non-synchronous dis-
turbances, the effect of previous year growth on the current year growth,
is excluded best in the chronologies developed by the program ARSTAN.
It is essential that the chronologies developed by the corridor method have
the highest sensitivity and dispersion,

Subpolar Urals chronology SOB. Comparison of variance, period: 1691—1968 with 100 lags



96

REFERENCES

Cook, E. R. 1985. A Time-series Analysis Approach to Tree-ring Standardization.
Ph. D. Dissert., University of Arizona, Tucson.

Fritts, H. C. 1976. Tree Rings and Climate. Academic Press, London.
Graybill, D. A. 1982. Chronology development and analysis. In: M. K. Hughes, P. M. Kelly,

J. R. Pilcher, V. C. LaMarche (eds.). Climate From Tree Rings. 21—30.

Cambridge Univ. Press.

Holmes, R. L., Adams, R. K., Fritts, H. C. 1986. Tree-ring Chronologies of Western North
America: California, Eastern Oregon and Northern Great Basin with Procedures
Used in the Chronology Development Work Including Users Manuals for Com-

puter Programs COFECHA and ARSTAN. Univ. of Arizona, Tucson.

Shiyatov, S. G. 1972. Dendrochronological study of Picea obovata in the Lower Taz

River. In: Dendroclimatology and Radiocarbon. 76—81. Kaunas.
Шиятов С. Г. 1986. Дендрохронология верхней границы леса на Урале. Наука.` Москва.

Presented by J. Martin, D.Sc., Received
Member of the Estonian Academy of Sciences September 19, 1990


	b10721010-1991-1-2 no. 2 01.04.1991
	Chapter
	ECOLOGY
	TEODOR LIPPMAA — AN OUTSTANDING ESTONIAN ECOLOGIST
	Table Phytochromatical spectra of plant communities in tundra and forest tundra

	HEAVY METALS IN SNOW AND SOME INDICATOR PLANTS IN ESTONIA
	Fig. 1. Zn (ppm) in Estonian snow cover.
	Fig. 2. Cd (ppm) in Estonian snow cover.
	Fig. 3. Pb (ppm) in Estonian snow cover.
	Fig. 4. Cu (ppm) in Estonian snow cover.
	Fig. 5. The location of the 12 observation points in Estonia. 1 — Vilsandi Island, 2 — Harku near Tallinn, 3 — Viitna, 4 — Kurtna, 5 — Einby, 6 — Järvakandi, 7 — Lohusuu, 8 — Pärnu, 9 — Tipu, 10 — Pöltsamaa, 11 — Tartu, 12 — Lutepää. .
	Table 1 Heavymetal contents (ppm dwt) in indicator plants on Vilsandi Island, West Estonia
	Table 2 Heavymetal contents (ppm dwt) in indicator plants in North and South Estonia

	A STUDY OF THE CONTENTS AND CONVERTIBILITY OF POLYCYCLIC AROMATIC HYDROCARBONS AND SULFUR IN LICHEN HYPOGYMNIA PHYSODES AND ITS SUBSTRATE
	Untitled
	Fig. 2. Relationships between PAH concentrations in the lichen Hypogymnia physodes. The pairs of PAH where correlation coefficients are higher than 0.71 are connected by lines. Abbreviations see Table 1. Fig. 1. Relationships between PAH concentrations in pine bark. The pairs of PAH where correlation coefficients are higher than 0.71 are connected by lines. Abbreviations see Table 1.
	Table 1 The PAH (ug/kg) and sulfur (%) contents in H. physodes and pine bark
	Table 2 Coefficients of correlation between the PAH and sulfur contents of H. physodes and pine bark

	LONG-RANGE TRANSPORT OF AIRBORNE POLLUTANTS AND THEIR WET DEPOSITION TO THE BALTIC SEA AND WEST-ESTONIAN ISLANDS IN 1985—1989
	Fiä' 2. Connection between anions and cations concentrations (c) in a certain station and their average concentration (¢) above the Baltic Sea; August-September 1985. (The stations in Fig. 3.)
	Fig. 3. Sulphur and nitrogen daily deposition in stations on the Baltic Sea; August j September 1985.
	Fig. 4. Mean monthly sulphate deposition with atmospheric precipitation; numbers indicate total sulphate depositions with atmospheric precipitation in 1987 and 1988. (Ilmanlaadun..., 1987 b; BiomieTenb..., 1987; Ilmanlaadun..., 1988 a; 1988 b; 1989 a; 1989b; Обзор..., 1988; Bulletin..., 1988; 0630 p..., 1989; Lövblad, Sjoberg, 1988; Analytical..., 1988).
	Fig. 5. Sulphate deposition with atmospheric precipitation in 1986. (OnpenxeneHne 1987; Ilmanlaadun..., 1986; 1987 a; 1987b; Бюллетень..., 1987).
	Fig. 6. N—NO; and N——NHI depositions with atmospheric precipitation in 1986; numbers indicate total nitrogen depositions. (Определение..., 1987, Ilmanlaadun..., 1987 a; 1987 b; Бюл_летень...‚ 1987; Analytical..., 1988).
	Untitled
	Fig. 7. N—NO; and N—NH;* deposition with atmospheric precipitation in 1987, numbers indicate total nitrogen deposition. (Ilmanlaadun..., 1987 b; Бюллетень..., 1987; Ilmanlaadun ..., 1988 a; 1988 b; 0630 p..., 1988; Bulletin..., 1988; Analytical..., 1988). Fig. 8. N—NO; and N—NH: deposition with atmospheric precipitation in 1988; numbers indicate total nitrogen deposition. (Ilmanlaadun..., 1988 b; 1989 a; 1989 b; 0630 p..., 1989; Lovblad, Sjoberg, 1988).
	Fig. 1. Precipitation collection stations
	Table 1 Concentrations of anions and cations in the atmospheric precipitation above the Baltic Sea (December 1989)
	Table 2 Wet precipitation pH on the island of Vilsandi in June 1985 (according to analyses by scientists from the Institute of Chemical and Biological Physics, Analytical..., 1988)

	QUANTITATIVE CHANGES OF WATER COMPOSITION IN LAKE PEIPSI-PIHKVA IN 1985—1989
	Untitled
	Untitled
	Fig. 3. Regional variation of water composition in different years.
	Fig. 4. Regional variation of the mean values (In) of water composition im 1985—1989
	Untitled
	Fig. 5. Regional distribution of the mean values of TP (mg P/m%), TN (mg N/m>), N:P, and Chl a (mg/m3) in 1985—1989. Fig. 6. Regional distribution of the mean values of SD (т), С (те ОЛ), Со! (°), апа рН т 1985—1989.
	Fig. 1. L. Peipsi-Pihkva: L. Pihkva (regions 1 and 2), L. Lämmijärv (region 3), and L. Peipsi (regions 4 to 7). Sampling stations are denoted by dots. Fig. 2. Variation of the mean values (In) of water composition from 1985 to 1989. Table 1 Geometrical mean values of water composition of L. Peipsi-Pihkva from May to September 1985—1989
	ameter ПЗ -n3 |

	SHORT COMMUNICATIONS
	STANDARDIZATION METHODS OF TREE:RING CHRONOLOGIES
	Subpolar Urals chronology SOB. Comparison of variance, period: 1691—1968 with 100 lags
	Table 1 Characteristics of the mean tree-ring chronologies
	Table 2 Statistics of the mean chronologies developed by the various standardization methods (C-CORRIDOR, /-INDEX, A-ARSTAN)

	TOLERANCE TO LOW PHOSPHORUS IN AN ANTHOCYANINLESS TOMATO VARIETY (LYCOPERSICON ESCULENTUM)
	Fig. 2. Photosynthesis rates vs. P concentration.
	Fig. 1. Comparison of fresh and dry weights.

	EVENTS
	THE BALTIC SEA PROJECT
	CONTENTS


	Illustrations
	Fig. 1. Zn (ppm) in Estonian snow cover.
	Fig. 2. Cd (ppm) in Estonian snow cover.
	Fig. 3. Pb (ppm) in Estonian snow cover.
	Fig. 4. Cu (ppm) in Estonian snow cover.
	Fig. 5. The location of the 12 observation points in Estonia. 1 — Vilsandi Island, 2 — Harku near Tallinn, 3 — Viitna, 4 — Kurtna, 5 — Einby, 6 — Järvakandi, 7 — Lohusuu, 8 — Pärnu, 9 — Tipu, 10 — Pöltsamaa, 11 — Tartu, 12 — Lutepää. .
	Untitled
	Fig. 2. Relationships between PAH concentrations in the lichen Hypogymnia physodes. The pairs of PAH where correlation coefficients are higher than 0.71 are connected by lines. Abbreviations see Table 1. Fig. 1. Relationships between PAH concentrations in pine bark. The pairs of PAH where correlation coefficients are higher than 0.71 are connected by lines. Abbreviations see Table 1.
	Fiä' 2. Connection between anions and cations concentrations (c) in a certain station and their average concentration (¢) above the Baltic Sea; August-September 1985. (The stations in Fig. 3.)
	Fig. 3. Sulphur and nitrogen daily deposition in stations on the Baltic Sea; August j September 1985.
	Fig. 4. Mean monthly sulphate deposition with atmospheric precipitation; numbers indicate total sulphate depositions with atmospheric precipitation in 1987 and 1988. (Ilmanlaadun..., 1987 b; BiomieTenb..., 1987; Ilmanlaadun..., 1988 a; 1988 b; 1989 a; 1989b; Обзор..., 1988; Bulletin..., 1988; 0630 p..., 1989; Lövblad, Sjoberg, 1988; Analytical..., 1988).
	Fig. 5. Sulphate deposition with atmospheric precipitation in 1986. (OnpenxeneHne 1987; Ilmanlaadun..., 1986; 1987 a; 1987b; Бюллетень..., 1987).
	Fig. 6. N—NO; and N——NHI depositions with atmospheric precipitation in 1986; numbers indicate total nitrogen depositions. (Определение..., 1987, Ilmanlaadun..., 1987 a; 1987 b; Бюл_летень...‚ 1987; Analytical..., 1988).
	Untitled
	Fig. 7. N—NO; and N—NH;* deposition with atmospheric precipitation in 1987, numbers indicate total nitrogen deposition. (Ilmanlaadun..., 1987 b; Бюллетень..., 1987; Ilmanlaadun ..., 1988 a; 1988 b; 0630 p..., 1988; Bulletin..., 1988; Analytical..., 1988). Fig. 8. N—NO; and N—NH: deposition with atmospheric precipitation in 1988; numbers indicate total nitrogen deposition. (Ilmanlaadun..., 1988 b; 1989 a; 1989 b; 0630 p..., 1989; Lovblad, Sjoberg, 1988).
	Untitled
	Untitled
	Fig. 3. Regional variation of water composition in different years.
	Fig. 4. Regional variation of the mean values (In) of water composition im 1985—1989
	Untitled
	Fig. 5. Regional distribution of the mean values of TP (mg P/m%), TN (mg N/m>), N:P, and Chl a (mg/m3) in 1985—1989. Fig. 6. Regional distribution of the mean values of SD (т), С (те ОЛ), Со! (°), апа рН т 1985—1989.
	Subpolar Urals chronology SOB. Comparison of variance, period: 1691—1968 with 100 lags
	Fig. 2. Photosynthesis rates vs. P concentration.
	Fig. 1. Comparison of fresh and dry weights.

	Tables
	Table Phytochromatical spectra of plant communities in tundra and forest tundra
	Table 1 Heavymetal contents (ppm dwt) in indicator plants on Vilsandi Island, West Estonia
	Table 2 Heavymetal contents (ppm dwt) in indicator plants in North and South Estonia
	Table 1 The PAH (ug/kg) and sulfur (%) contents in H. physodes and pine bark
	Table 2 Coefficients of correlation between the PAH and sulfur contents of H. physodes and pine bark
	Fig. 1. Precipitation collection stations
	Table 1 Concentrations of anions and cations in the atmospheric precipitation above the Baltic Sea (December 1989)
	Table 2 Wet precipitation pH on the island of Vilsandi in June 1985 (according to analyses by scientists from the Institute of Chemical and Biological Physics, Analytical..., 1988)
	Fig. 1. L. Peipsi-Pihkva: L. Pihkva (regions 1 and 2), L. Lämmijärv (region 3), and L. Peipsi (regions 4 to 7). Sampling stations are denoted by dots. Fig. 2. Variation of the mean values (In) of water composition from 1985 to 1989. Table 1 Geometrical mean values of water composition of L. Peipsi-Pihkva from May to September 1985—1989
	ameter ПЗ -n3 |
	Table 1 Characteristics of the mean tree-ring chronologies
	Table 2 Statistics of the mean chronologies developed by the various standardization methods (C-CORRIDOR, /-INDEX, A-ARSTAN)




