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We have made a reliable reconstruction of 
average June-July temperature departures for 
the period of A.D. 961-1969 using tree-ring 
width variation of Larix sibirica from the north 
Polar Urals of the USSR. This is the first dendro
chronological reconstruction of seasonal tem
perature over the past millennium for the sub
Arctic. It is of considerable interest, not only 
because of its length, but also for the reason 
that it may contain information about trends and 
long-term variation in temperature over large 
areas. The tree-ring chronology (Shiyatov #1-
4a, 1986) was developed from ring-width series 
taken from both living and dead individuals near 
treeline at elevations of 150-380m just south of 
the Kara Sea. The region around the Kara Sea 
is thought to be one that is particularly sensitive 
to long-term trends and variations in tempera
ture over the Arctic and even the Northern 
Hemisphere. This is based on an analysis of 
instrumented values of surface air tempera
tures for the period of 1881-1980 (Kelly et al., 
1982). 

Individual tree-ring series were initially 
crossdated with each other and all rings were 
assigned calendar years based on the known 
collection dates of the living series. Ring-widths 
were measured to the nearest 0.01 mm and 
then each series was treated with the Corridor 
Method of Standardization (Shiyatov and Maz
epa, 1987). Seventy-six of these series were 
combined by simple averaging to form a tree
ring index chronology for the region. 

Changes in the strength of the common 
signal in chronologies such as these are of 
interest. As sample size per year decreases, 
usually near the early part of one, generaliza
tions about the reliability of a reconstruction de
veloped from it during those years may need to 
be tempered. A useful measure for considera
tion of this is the Subsample Signal Strength 
(SSS) (Wigley et al., 1984). This estimates the 
variance agreement that might be obtained with 
reduced numbers of a fuller sample of series. It 
was possible to make an estimate of the SSS 
with a subset of 13 ring-width index series that 
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Table 1. Chronology subsample signal strength. 

N of series Variance agreement First year with this N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.69 

.83 

.89 

.92 

.94 

.96 

.97 

.98 

.98 

.99 

.99 

.99 
1.00 

were included in this chronology during the 
period of 1800-1960. The results presented in 
Table 1 also include the earliest years in the 
chronology where the numbers of series range 
from one to thirteen. This provides an approxi
mate guide to the reliability of the reconstruction 
in those early years. The overall strength of the 
common signal is estimated by two other fig
ures that includes the amount of variance held 
in common (61 percent) and the signal-to noise 
ratio (25.8:1 ). These values are in the upper
most range for chronologies considered to be 
useful as temperature indicators (Fritts, 1976; 
Graybill, 1982, 1985; and Wigley et al., 1984). 

Instrumented temperature series used in 
this study are from a monthly mean value data 
set that is available for the Northern Hemi
sphere on a grid of 5° latitude by 10° longitude 
(Jones et al., 1985). These are expressed as 
departures in degrees celsius from a 1951-
1970 normal period. Values for the period of 
1881-1969 were selected from the grid point 
nearest the tree-ring data, latitude 65°N, longi
tude 70°E. 

The relationship between tree growth and 
monthly mean temperature departures was 
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investigated with simple correlation procedures. 
The strongest relationship occurs during the 
months of June and July, essentially the grow
ing season at this latitude. The correlation for 
the early summer average of values with the 
tree-ring series is +0.78 (p<0.01). High positive 
correlations between ring-width growth and 
summer temperature have commonly been 
found in other studies at similar high latitudes. 
Cooler temperatures apparently limit growth 
processes while warmer temperatures enhance 
them. (Jacoby and Cook, 1981; Britta et al., in 
press). 

Time-series and other statistical charac
teristics of both data series were evaluated for 
the purpose of determining their suitability for 
use in linear regression analysis. Common 
problems that are encountered in climatic and 
tree-ring series are non-normality and autocor
relation. For various statistical reasons, neither 
characteristic is desirable when the series are 
to be used in Ordinary Least Squares regres
sion (Wonnacott and Wonnacott, 1981 ). The 
tree-ring indices are not normally distributed 
and show moderate but significant persistence. 
They were prewhitened after an ARMA(l,I) model 
was found to be the best fit (Box and Jenkins, 
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1976). The resultant white noise residuals are 
normally distributed. The temperature series 
exhibits slight but significant autocorrelation 
and is normally distributed. This series was, 
however, not prewhitened due to the limited 
amount of persistence involved and to uncer
tainty about the representativeness of this 89 
year data set as a realization of the longer term 
autocorrelation structure. 

Several calibration-verification trials using 
simple linear regression were made to deter
mine how adequately the white noise residuals 
of the tree-ring indices could predict the tem
perature departures. The first set of two analy
ses successively used one half of the data over 

the period of 1882-1969 for calibration and the 
other half for verification. A set of three trials 
successively used two-thirds of the data for cali
bration and the remaining one-third for verifica
tion. A set of four trials was conducted in a 
similar fashion. Results of these trials were 
acceptable in terms of the evaluation of stan
dard goodness-of-fit criteria, and in terms of the 
characteristics of the regresion residuals. The 
results of several associated tests commonly 
used in dendroclimatic research that are pre
sented in Table 2 also suggested that the tree
ring white noise residual series was a reliable 
estimator of the temperature series (Fritts, 1976). 
Given the high quality of these results and a 
desire to consider the fullest possible range of 

Table 2. Calibration and verification test summary. (Symbols explained below) 

Calibration i;ieriod Verification 12!i!riod 
r2 

a 
r2 s p w RE 

1926-1969 .42a 1882-1925 .75a a a a a .60 
1882-1925 .75a 1926-1969 .42a a a a a .18 

1912-1969 .58a 1883-1911 .56a a a a a .61 

1883-1911, 
1941-1969 .54a 1912-1940 .66a a a a a .67 

1883-1940 .62a 1941-1969 .51a a a a a .52 

1904-1969 .59a 1882-1903 .54a a a a .64 

1882-1903, 
1926-1969 .48a 1904-1925 .86a a a a .77 

1882-1925, 
1948-1969 .65a 1926-1947 .45a a a a a .15 

1882-1947 .66a 1948-1969 .36a a a .40 

FINAL CALIBRATION 1881-1969 r' = .60 

r.2 = r' adjusted for degrees of freedom, alpha= .01 
r' = variance explained, alpha = .01 
s = first difference sign test, alpha = .01 
P = product means test, alpha = .01 
t = Student t-test, alpha = .10 
W = Wilcoxon matched pairs signed ranks test, alpha - .10 
RE = reduction of error test 
a = null hypothesis not rejected 
r = null hypothesis rejected 
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covariation in developing the final calibration 
equation used for reconstruction, data for the 
full 89 years of common period were analyzed. 
Sixty percent of the variance in the two series is 
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in common, the covariance is significant at the 
0.001 level and the regression residuals do not 
show abnormal outliers or significant autocorre
lation. A reconstruction of average June-July 
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Figure 1. Reconstructed mean June-July temperature departures, North Polar Urals, A.O. 961-1969 
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Figure 2. Twenty year averages of reconstructed mean June-July temperature departures, North Polar Urals, A.O. 
961-1969. 

temperature departures was then developed 
for the period of A.D. 961-1969. 

Reconstructed early summer temperature 
deviations over the past millennium are illus
trated in Figure 1. Twenty year non-overlapping 
averages of those values are shown in Figure 2 
to aid in recognition of predominant kinds of 
trends. One of the more striking patterns is the 
rise in values from near 1100 to the highs of the 
1200's-1300's, followed on the long term by an 
overall decline in values, but with some in
crease since the lows of the 1600's. This larger 
pattern as well as several of the major peaks in 
values (near 1200, 1300, the mid-1500's and 
near 1700) are reminiscent of Lamb's (1966) 
reconstructed temperature record for central 
England. Additionally, certain major features of 
our reconstruction such as the low values of the 
1600's, and those of the 1800's that are fol
lowed by a sharp increase in 20th century 
values are seen in many other high latitude and 
altitude tree-ring chronologies. Space limita
tions here preclude further discussion of this. 

Now, most of the constituent tree-ring 

series forming the chronology range in age from 
about 220-400 years, although a few are of 
shorter length. Given this, and the fact that 
standardization can remove trends that are at 
the same or greater length than the series in 
question, the ability of this reconstruction to 
mirror longer term trends may be questioned. 
There are, however, important field observa
tions that bear on this issue. Dead series in this 
chronology are from elevations of 100-120m 
above the highest currently living trees. All of 
the former that were living in the early mid-
1600's had dramatic growth decline at that time 
and their demise occurred then or shortly there
after. This is also the time period when the 
majority of the oldest living trees found at the 
current elevational treeline germinated, although 
some found here date to the mid-1500's. There
fore, it is possible that the longer term trends in 
temperature departures are at least reasonably 
estimated. The two different elevational group
ings of trees provided continuous monitors of 
temperature variation at their respective loca
tions and sequentially their records may have 
captured those trends. 
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Further evaluation of the results obtained 
here may be possible as the development and 
analysis of other long tree-ring chronologies in 
the sub-Arctic proceeds (Bartholin, 1984). Quan
titative information derived from a spatial field of 
long tree-ring chronologies should prove useful 
for evaluating models of long-term climatic 
variation on regional and hemispheric scales, 
or even for testing hypotheses about the global 
nature of phenomena such as the Little Ice Age 
(Grove, 1988). 
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