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Introduction
Tree-ring data from forests close to the altitudinal growth limit are subject to dendroclimatological
research, since the growth of such trees is usually limited by temperature. Following Douglass’
statement, ‘stressed is best’, it makes these specimens to valuable archives for paleoclimate
research. In recent years an increasing number of climate reconstructions from tree-ring
chronologies of high- elevation sites in the Himalayan region and on the Tibetan Plateau have
been established (e.g. Zhu et al. 2013, Liu et al. 2012, Griessinger et al. 2011). Of all parameters
which can be extracted from wood, total ring width (RW) and maximum latewood density (MXD)
are the ones most commonly used to reconstruct the climatic variability of the past (Hughes 2002).
It was also mentioned that both parameters seem to carry, at least in the extratropical northern
hemisphere, a common variable for climatic variables (Kirdyanov et al. 2007). This suggestion is
based on the high similarity between inter-annual variations of RW and MXD. In our study
conducted on the Tibetan Plateau, this has also been found true. However, we found that the
approach applied by Kirdyanov et al. (2007) can be adjusted to better fit the data from southeast
Tibet. Here we present a modification of this approach using the statistics program R.
Material and methods
Site and species
RW and MXD data originate from samples of Sikkim larch (Larix griffithii) collected in 2004 near
Bomi situated on the southeastern Tibetan Plateau (Bräuning 2006). These trees are pioneers
growing on lateral and terminal moraines of recent glacier advances. From a total of 33 cores, 24
were analysed, with tree ages ranging from 40 to 220 years.
Climate
The regional climate is strongly influenced by the Asian summer monsoon. However, in contrast to
the unimodal precipitation maximum from July to August, which is typical for summer monsoon
climate, the local precipitation pattern is bi-modal, characterized by an early onset of premonsoonal rainfall and a second precipitation peak during an autumn rainy period. This has been
described as typical for parts of the Longitudinal Range-Gorge Region in western China (He et al.
2007). The climate station at Bomi, operated since 1961, records an annual mean precipitation of
836mm and annual mean temperatures of 8.3°C.
Data treatment
Ring widths were measured using a LINTAB II measuring system with a resolution of 0.01 mm and
then the tree ring series were crossdated using standard dendrochronological practices (Stokes &
Smiley 1968). For densitometric measurements, samples were glued on wooden carriers and then
processed with a Lignostation densitometry system (Rinntech, Germany; Rinn 2006). Relative
density variations were measured along smoothed wood surfaces using a high-frequency dielectric
scanner with a spatial resolution of ca. 30 μm (Schinker et al. 2003). The density series were
crossdated with the ring width series using the program TSAP (Rinn 2003).
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Biological growth trends in the RW and MXD raw time series were removed with a cubic smoothing
spline with a 50% frequency response cut-off equal to 2/3 of the series length. The tree ring series
were then standardized to dimensionless indices using the statistics program R (www.r-project.org)
of the dplR library. While building the MXD chronology, it became apparent that the younger trees
carry a different signal than the old ones (Fig. 1); therefore two MXD chronologies were developed,
one for old trees (222-year chronology, N = 7) and one for young trees (59-year chronology, N =
9).

Figure 1: Correlation between RW and MXD versus the lengths of individual tree-ring series;dashed lines
frame short and long series.

Long RW and MXD chronologies correlate significantly with each other (0.60, p<0.001; Fig. 2); for
six of the seven long series, the correlations between RW and MXD varied from 0.58 to 0.63
(p<0.001). Those cores were used for further analysis.
As the strong relationship between both parameters in the long series is apparent, even in the raw
data, the approach introduced by Kirdyanov et al. (2007) was chosen as a starting point for further
exploration of the correlations.

Figure 2: Long RW (grey) and MXD (black) index chronologies. The striking differences prior to 1830 are
probably due to the reduced sample depth (EPS for whole period: 0.796, > 1830: 0.875).
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According to Kirdyanow et al. (2007), the signal contained in RW and MXD can be separated
using:
MXD = MXDMin x (MXDAS – MXDMin) x (1 – exp-axTRW)
The parameter MXDAS is the MXD of tree rings wider than 1 mm. MXDMin, represents the
theoretical minimum of MXD for RW approaching zero. In the original paper, these parameters
were determined using a least-squares method. In our case, three modeling approaches were
tested: a second-order polynomial function, a generalized additive model (GAM) and one with
gamma distribution (see Fig. 3). A linear relationship was rejected due to Ramsey’s RESET
(37,28>qf(0.99,1,219).
In order to account for the autocorrelation, the GAM was modified taking the time parameter into
account in the way:
gam2 <- gam(MXD ~ s(RW) + s(year))

Results
The relationship between RW and MXD appears linear whereas RW stays below 0.7 mm, for wider
rings the incremental increase of MXD is reduced. For rings wider than 2 mm (only 36 rings in
total) an asymptote seems to be reached. This is consistent with findings by Kirdyanov et al.
(2007), although borders in the latter are at a much lower level.
Comparing the models without removal of autocorrelation, the gamma prediction model (R2 = 0.58)
explains less variance than the 2nd order polynomial (R2 = 0.65) or GAM (R2 = 0.65. It also
introduces the highest values of autocorrelation. Since both the other methods produce similar
results (Fig. 3a), the authors would suggest applying Occam’s razor and preferring the simpler
model.
In removing the autocorrelation, the modified GAM reveals good results (Fig. 3b), while even
increasing the amount of explained variance (R2) to>0.7 for all samples.
a)

b)

Figure 3: a) Output for all three methods modeling the relationship between RW and MXD for one core. b)
Autocorrelation function of the modified GAM approach for the same core. Dashed lines represent
significance levels.
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Discussion
Although the study is based on a limited number of samples, the models applied show similar
results in each case. Therefore we recommend trying a GAM including the time parameter when
the similarities between RW and MXD are ovious and require analysis. As the methods applied are
compatible the approach by Kirdyanov et al. (2007), we also assume that it can be applied at lower
latitudes. The residuals gained from the GAM approach furthermore seem to yield cyclicity, which
points towards climatic influence. However, the aptitude for modeling density and the validity of the
modeled parameter (MXD’) for temperature reconstruction has not been proven in this study. the
definitive value of this approach still requires completion of the method and thus should be
regarded with caution.
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