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Long-term climatic variations in central Asia and the

deVries solar cycle
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It is commonly believed that the ~200-
year deVries cycle is one of the most
intense solar cycles (Vasil'ev et al., 1999,
Wagner et al., 2001). This is evidenced,
for instance, by the occurrence of pro-
nounced solar activity minima (Maunder,
Sporer, Wolf) in approx. 200-year inter-
vals during the last millennium. The tem-
poral coincidence between the Maunder
(AD 1645-1715), Sporer (AD 1416-1534),
and Wolf periods (AD 1280-1350) and the
expansion of Alpine glaciers indicates a
climatic response to these solar minima
(Eddy, 1976). A similar conclusion was re-
cently inferred from an analysis of glacier
expansion in Alaska (Wiles et al., 2004).

Here, we aim to reveal the deVries
cycle in Central Asia by analyzing tree-
ring growth data of Juniperus turkestan-
ica trees from upper timberline sites in
the Tien Shan Mountains, and comparing
the obtained paleoclimatic record with
the ~200-year wavelength solar varia-
tions during the last millennium.

To assess long-term climatic fluctua-
tions during the last millennium, tree-
ring width variations of Juniperus turke-
stanica (AR) growing above 2800-2900
m asl were considered. Trees at these
locations in the Tien Shan Mountains can
reach ages of 2000 years. Analyses of the
climatic signal of Juniper tree-ring width
data reveals a clear June-July tempera-
ture signal, and no significant influence
by precipitation variations (Mukhamed-
shin and Sarbaev, 1988). Similar con-
clusions on the dominant influence of
summer temperatures on ring-width
formation of Juniperus turkestanica were
made by Maksimov and Grebenyuk
(1972) and Esper et al. (2003). Accord-
ingly, the analysis of long-term Juniper
ring-width variations, and a comparison
with solar activity variations (A14C in our
case) allow us to investigate potential re-
lationships between long-term changes
in solar activity and summer tempera-
tures in Central Asia.

To reliably separate out ~200-year
fluctuations in AR for Juniperus turkestan-
ica, we analyzed long-term ring-width
records developed for different locations
in the Tien Shan Mountains by inde-
pendent research teams: Maksimov and
Grebenyuk (1972), Mukhamedshin and
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Figure 1: Map showing the locations of the tree-ring sampling sites in the Tien Shan Mountains. The green circle
marks the site collected by Maksimov and Grebenyuk (1972), the violet bold line the site collected by Mukhamedshin
and Sarbaev (1988), and the red rectangle the site used in Esper et al. (2003b).

Sarbaev (1988), and Esper et al. (2003a).
All chronologies reached back to at least
800 years; hence, records are much lon-
ger than the periodicity of interest of
about 200 years.

-The chronology of Maksimov and Grebe-
nyuk covers the time interval from AD
1170 to 1970. Samples were collected
in Tajikistan on the northern slope of
the Zeravshan range, at an altitude of
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Figure 2: From top to bottom: variations in 10-year averages of A™C (Stuiver et al, 1998); tree-ring widths records
(AR) by Maksimov and Grebenyuk (1972); Mukhamedshin and Sarbaev (1988) (averaged over 10-year intervals);
Regional Curve Standardization (RCS) chronology (index) by Esper et al. (2003a).
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Table 1: Correlation coefficients (R) and the phase shifts
At (years) between the records presented in Fig. 2

Corr.Coef(R)| At (years)
A "C-Maksimov 0.82 40
A “C-Mukhamedshin 0.57 0
A “C-Esper_RCS 0.52 0
Maksimov - Mukhamedshin 0.74 -60
Maksimov - Esper_RCS 0.75 -20

3500 m, about 1.5 km from the Matcha
glacier (39.5°N, 70.7°E).

- The chronology of Mukhamedshin and
Sarbaev (1988) covers the interval
from AD 750 to 1972. It is based on
data from trees older than 650 (up to
1250) years. Samples were collected
in southern Kirghizia on the northern
slope of the Alay range, at elevations
above 2900 m (39.9°N, 72.5°E). Both the
Maksimov and Grebenyuk (1972), and
Mukhamedshin and Sarbaev (1988) re-
cords were developed using tree discs
rather than core samples.

- The third dataset used in this analysis
is the Regional Curve Standardization
(RCS) detrended chronology by Esper
et al. (2003b), integrating Juniper core
samples from several high-elevation
sites (>2900 m asl) in the Alay range,
southern Kirghizia (39°50-40°12'N,
71°30-72°37'E). This record spans
the past millennium. All tree sites are
shown in Figure 1.

To analyze long-term solar activity varia-
tions, concentrations of cosmogenic ra-
diocarbon (A™C) derived from tree-ring
data (Stuiver et al., 1998) were used. For
the last millennium, the A™C data were
averaged over 10-year intervals.

The A™C record and the three AR
chronologies are shown in Figure 2. These
data were subjected to band-pass filter-
ing in the range of periods 180-230 years
and wavelet transformation (Morlet ba-
sis) in the range of periods 100-300 years.
Band-pass filtered results are shown in
Figure 3.

The band-pass filtered tree-ring chro-
nologies of Juniperus turkestanica, that in
essence represent variations in summer
temperatures in Western Central Asia,
and of the A™C curve all indicate pro-
nounced ~200-year oscillations (Fig. 3). It
is also evident that a decrease in the pe-
riod of quasi-200-year variations during
the last millennium is observed in both
the A™C and dendrochronological data.
The dynamic spectra of changes in solar
activity and climatic processes estimated
from millennium-long tree-ring records
in Central Asia are similar, pointing to po-
tential interrelations.

Figure 3 also shows that the band-
pass filtered (tree ring and A™C) records
are quite synchronous. However, there is
a phase shift between them (see Table).

This shift could potentially be due to the
reservoir effect in A'C deposition in tree
rings (Dergachev, 1977). Alternatively, lo-
cal climatic conditions (proximity to gla-
ciers, etc.) might affect the phase relation
between the curves.

If we take the phase shift into ac-
count, the curves shown in Figure 3 in-
dicate high correlation coefficients in
the 180-230 year period range (see the
Table). For the A™C curve and chronol-
ogy of Maksimov and Grebenyuk, this
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Figure 3: Results of 180-230 year band-pass filtering the data shown in Figure 2; (from top to bottom) variations
in 10-year averages of A'C (Stuiver et al,, 1998); variations in tree-ring width (AR) chronology of Maksimov and

Grebenyuk (1972), and Mukhamedshin and Sarbaev (1988); RCS chronology (index) by Esper et al. (2003a).

coefficient reaches 0.82. High correlation
coefficients are another indicator (in ad-
dition to the dynamic spectra) suggest-
ing interrelation between solar activity
and climatic processes.

Conclusions

Our analysis of long-term dendrochro-
nological data from Western Central Asia
Juniperus turkestanica tree-ring data, de-
veloped by three independent research
teams, demonstrates the presence of
~200-year climatic variations over the
past millennium. These variations show
a high correlation (up to R= 0.82) with
a similar periodicity (deVries period) in
solar activity inferred from radiocarbon
data (A™C).
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