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Introduction
High altitude ecosystems and alpine tree-lines are important indicators of environmental changes
since they are highly sensitive to environmental conditions. Therefore, the dendrochronological
investigation of samples collected at high-altitude from timber or tree-line species may produce
long term proxy data which, once combined with long term instrumental climate records, can
provide excellent information on global climate variability (Carrer & Urbinati 2006).
Here we present the results of a study on the growth climate response of two high-elevation
species growing along the Himalayan mountain range: the Himalayan fir (Abies spectabilis (D.
Don) Spach) and the Himalayan birch (Betula utilis D. Don). We sampled more than 50 trees and
compared the results with those previously obtained from two other tree-line and climate-sensitive
species, studied at 30 sites in the Alps: the European larch (Larix decidua Mill.; Carrer & Urbinati
2006) and the Swiss stone pine (Pinus cembra L.; Carrer et al. 2007).
Abies spectabilis is a large conifer, a high-elevation fir spread all over the Himalayan range. It is
growing in the sub-alpine forests, characterized by low branching and dense foliage and it is
usually associated with Betula utilis (Yadav et al. 2004). Concerning dendrochronology, A.
spectabilis is currently the most intense studied among the Himalayan species and the longest
chronology, available at the ITRDB, is 600 years long (Cook & Krusic 2003).
Betula utilis is a typical tree-line species of the Himalayas and Karakorum. At the Nepali sites, we
have found it in mixed stands with Abies spectabilis and Rhododendron ss. pp.
Tree rings of B. utilis have only been studied little yet. The only work available so far is the
research of Bhattacharyya et al. 2006.
This one could be considered a preliminary study on the dendroclimatic response of two species
living at the highest tree-line on Earth, the Eastern-Himalayan one. Still very little is known about
the growth climate response of the species living in the Himalayan range, but we could suppose
various similarities in the growing patterns due to the comparable ecological features of the
Himalayan and the Alpine tree-lines. Both these ecotonal environments, in facts, should be
considered driven by equal limiting factors (Körner 1999). One of the first clues of these similarities
are the comparable mean temperatures recorded all over the year for the two alpine ecosystems
we compared (Figs. 4 & 5). Studies on the Alpine species we have chosen for our confrontation
(Carrer & Urbinati 2006, Carrer et al. 2007) have underlined, for example, the high correlation
between the temperatures of June and July and the growing pattern detected in tree-rings of Larix
decidua and Pinus cembra. Therefore, we could expect that similar temperatures recorded in high
Himalayas could lead to similar growth climate responses also for those Himalayan species and
sites which have the same ecological value of the Alpine ones. By contrast, big dissimilarities exist
among the precipitation trends of the two mountain chains, since in the Nepali sites there is the
75% of the annual rainfall concentrated between May and September, while over the Alps the
spring and the autumn months are those with the highest levels of precipitations (Figs. 4 & 5).
So, taking advantage of the well studied climate growth behaviour of the Alpine species, we tried to
single-out any possible common or uncommon response of the less studied Himalayan species we
have decided to sample and compare, in order to start investigating a little more the
dendrochronological features of the trees living at the highest tree-line on Earth.
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Set by single points, the aims of this study are:
- to investigate if the Himalayan tree-line species are as sensitive to the climatic conditions as the
Alpine ones;
- to search for correspondences in the growing patterns, correlated to the ecological similarities of
the Himalayan and Alpine tree-lines;
- to search for differences in the growing patterns, correlated especially to the dissimilarities among
the climatic regimes;
- to improve the knowledge of the climate growth response of two Himalayan tree-line species.
Methods
The samples have been collected in April 2008, during the scientific expedition of the University of
Padua, organized within the project “Impact of climate change in vegetation distribution on
Sagarmatha National Park”.
The survey has been conducted in the Khumbu Valley (North-Eastern Nepal), right along the
trekking route to the Mount Everest South face Base Camp. Two were the sites chosen for the
research, located at very high elevation (from 3800m asl to 4100m asl, along the tree-line), at the
highest altitudes reached by the subalpine forest on Earth. The trees we have sampled grow in
forest stands close to the villages of Pangboche and Dole, at 27° 70’ Lat. N, 86° 70’ Long. E. The
sites are approximately 5km apart from each other, as the crow flies, at the left riverbank side of
the Imja Khola Valley (facing North-West; here named as “Ama Dablam”) and at the right riverbank
side of the Dudh Kosi Valley (facing North-East; named as “Dole”; Fig.1).

Figure 1: Location of the sampling sites (within the ovals) in the Khumbu Valley. (Adapted from Stevens
2003).

Following standard techniques (Phipps 1985), we collected at both sampling sites 2 cores of each
tree, coring approximately at 1.3m above ground level, on the cross-slope sides of the trunks,
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when possible. When sampling the 20 trees per site and species, we paid attention, looking not
only at the dimensions of the trees themselves, but also at their external morphology, in order to
select the oldest individuals. The tree-ring samples were then mounted onto grooved boards,
sanded (according to Stokes & Smiley 1968), and measured with 1/100mm accuracy, using the
C.A.T.R.A.S. device (Aniol 1983). Crossdating and measurement accuracies were checked and
confirmed using the COFECHA software (Grissino-Meyer 2001, Holmes 1983). Several descriptive
statistics, commonly adopted in dendrochronology, were used to compare the two sites
chronologies. The details of the tree-ring growth chronologies obtained from the respective sites
are shown in Table 1.
Table 1: Descriptive statistics of the chronologies, presented by species and site. CL: Chronology length;
MM: mean measurement; SD: standard deviation; AC-1: first order serial autocorrelation; MS: mean
sensitivity
Time-span

CL

# of cores

# of trees

MM (mm)

SD

AC-1

MS

ABSB Ama Dablam

1796-2007

211

26

16

0.94

0.41

0.85

0.18

BUUT Ama Dablam

1782-2007

226

23

14

1.05

0.61

0.79

0.27

ABSB Dole

1836-2007

172

24

16

1.3

0.50

0.80

0.18

BUUT Dole

1607-2007

401

23

12

0.86

0.51

0.75

0.28

To remove the biological growth trend as well as other low-frequency variations, the ring-width
measurement series were standardized using the ARSTAN software (Cook 1985, Cook et al.
1990). In the present study we performed three different detrending methods, that is, the 50, 150,
300-yr smoothing splines (Cook E. R. & Peters K 1981).
One of the main problems for dendroclimatological studies in the High Himalayas is the availability
of reliable and suitable instrumental data, since meteorological stations with long and
homogeneous records (then appropriated for our kind of survey) are usually located far from the
tree-ring sites and, comparatively, at lower elevation (Yadav et al. 2004). Hence, in order to have
the longest data frame, possibly over 1 century, without too many missing data, we correlated the
tree-ring series with climate data obtained from the CRU TS3 0.5° grids. This dataset ranges from
1901 to 2006 and is available at http://climexp.knmi.nl/getstations.cgi, both for the total monthly
amount of precipitations and the monthly mean of temperatures.
On the contrary, the availability of appropriate instrumental meteorological data was not a problem
at the European sites, neither for those where the Larix decidua climate-growth correlations were
studied, located mainly in North-Eastern Italy (Fig. 2), nor for those of the Swiss stone pine, which
is distributed widely in the Alps (Fig. 3). To asses climate–growth relationships (Fritts 1976) we
used standard correlation function (CF) analysis. The statistical significance and stability of the
CFs was evaluated with a bootstrap procedure with 1000 replications, throughout the computer
program Symstat. CFs were computed using the ring width indexes as dependent variables and 24
independent variables (12 1-month time series each of temperature and precipitation) sequenced
according to a “biological year” frequently adopted for Alpine species studies (Ettl & Peterson
1995, Carrer & Urbinati 2004), ranging from October of the year before growth (indicated as
PYOCT “PREVIOUS YEAR OCTOBER”, in figures 8 and 9) to September of the year of growth
(indicated as SEPT, in figures 8 and 9). Standardized correlation coefficients were obtained by
dividing the mean correlations by their standard deviations after the bootstrap replications. They
express the significance of monthly parameters and when the values are above I2I should be
considered significant at P<0.05.
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Figure 2: Location of the Alpine Larix decidua study sites (from Carrer & Urbinati 2006).

Figure 3: Location of the Alpine Pinus Cembra study sites (from Carrer et al. 2007).
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Figure 4: Monthly means of temperature and precipitation for the Alpine sites (adapted from Carrer et al.
2007).

Figure 5: Monthly means of temperature and precipitation for the Himalayan sites.

Results and discussion
The Himalayan data were compared with those of the two high elevation conifers of the Alpine
range. The European larch chronology we considered comprises over 400 series, while the Pinus
cembra data are derived from more than 900 cores collected all over the Alps. Table 2 shows the
descriptive statistics for all the compared chronologies. Since the lower sampling depth of the
Himalayan chronologies would have effects on their descriptive statistics, making any comparison
among the Alpine and the Himalayan data not very reliable, here the Himalayan series are
presented just species by species and not also site by site.
Table 2: Descriptive statistics of the Alpine and Himalayan chronologies, presented by species and site. MM:
mean measurement in mm; SD: standard deviation; AC-1: autocorrelation-order 1; MS: mean sensitivity;
eps: expressed population signal.
Time-span

# of series

MM

SD

MS

AC-1

Rbar

eps

Alps PICE

961-2003

934

0.95

0.426

0.197

0.796

0.178

0.944

Alps LADE

1515-2008

447

0.768

0.386

0.354

0.616

0.561

0.986

Khumbu BUUT

1607-2007

46

1.038

0.595

0.273

0.768

0.234

0.907

Khumbu ABSB

1796-2007

50

1.225

0.485

0.177

0.802

0.117

0.776

94

Tenca & Carrer (TRACE Vol. 8)

Among the Himalayan chronologies, the high sensitivity and dendrochronological potential of the
birch data is marked by the values of mean sensitivity (MS) and expressed population signal (EPS)
obtained for this species. Birch’s MS is comparable with the values got in Europe for larch: one of
the most sensitive alpine species for studies in dendroclimatology. EPS, even though the number
of the series is definitely lower than those analyzed for the european species, is anyway similar to
the values of the larch and the stone pine chronologies and, overall, higher than 0.85, considered
as a reasonable threshold (Wigley et al 1984). Moreover, looking at the only dataset available in
literature for B. utilis (Bhattacharyya et al. 2006), both MS and EPS obtained from the analysis of
the cores we collected in the Khumbu Valley agree with those presented by the Indian researchers
for the samples collected in subalpine forests in Western Himalaya. The analysis of the A.
spectabilis descriptive statistics gives evidence of a lower dendrochronological potential of this
dataset. This lower “quality” is probably due to the high number of disturbances (fires, firewood and
timber logging) that could have affected the oldest individuals of spruces throughout the centuries.
These are kinds of low-frequency variations difficult to remove throughout the techniques used in
dendrochronology. The higher sensitivity of the birch chronologies is also displayed graphically by
the figure below, where the four Himalayan chronologies are presented site by site (Figs. 6 & 7).

Figure 6: The Abies spectabilis standardized chronologies.

Figure 7: The Betula utilis standardized chronologies. Please note the higher variability of the birch data
indicating higher sensitivity.

Reasonably, B.utilis shows also a clearer response to climate in comparison with A. spectabilis.
Spruce almost never reaches significant values in the CF profiles we obtained, as shown in the
summary graphs for precipitation and temperature we present here (Figs. 8 & 9). These outputs
derives from the analysis of the 300-yr detrended chronologies, those which led us to the best
results when comparing the response to climate for all the Himalayan and Alpine species we dealt
with. Comparing the Himalayan and the Alpine scenarios, the CF profiles of figures 8 & 9 show that
a possible common influence of climate on the growth of the four high-altitude species should be
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attributable to temperature of the growing season months, especially July and August, while it is
not possible to individuate any common trend due to a similar response to precipitation.

Figure 8: Correlation functions of the Alpine and the Himalayan species with precipitation. Values above l2l
are significant at P<0.05. Letter P in front of the months’ name stays for “Precipitation”.

Figure 9: Correlation functions of the Alpine and the Himalayan species with temperature. Values above l2l
are significant at P<0.05. Letter T in front of the months’ name stays for “Temperature”.

The better quality of the dendrochronological data we handled for the Alps and the higher
availability of long and homogeneous meteorological records in Europe are most likely responsible
for getting more evident and robust signals of climate-growth relationships in the Alps than in the
Himalayas.
The great difference existing between the Alpine precipitation regime and the Himalayan one,
driven by the monsoon, could be a first explanation of the impossibility to find any pattern of a
common response to the annual rainfall in the two high-altitude ecosystems.
Nevertheless tree-ring growth of all the species we considered appeared to be correlated with the
growing season temperatures. Therefore, the growing patterns of trees in natural environments
such as the European Alps subalpine forest and the Himalayan one (so far away from each other
and affected by completely different precipitation regime, but so close from an ecological point of
view) seem to be similarly driven by a common climatic factor, that is temperature.
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Once again could be confirmed that temperature has to be considered as a limiting and a very
important parameter influencing radial growth in high-altitude forests, even at a global scale level
when comparing similar ecosystems.
Conclusions
This preliminary examination documented that Himalayan high-altitude trees, and among them
birch especially, give evidence of their sensitivity to the climatic conditions, as their Alpine
counterpart. However, differences in the growing patterns, due to the corresponding dissimilarities
among the climate modes influencing the alpine and the Himalayan areas, have been singled out.
Particularly, it was not possible to find any common pattern between Alpine and Himalayan species
in the response to the rainfall, most probably due to the great difference existing between the
Alpine precipitation regime and the Himalayan one, driven by the monsoon.
A common growing pattern for the high altitude ecosystem of Alps and Himalayas is more evident
within the response of the tree-line species to temperature of the growing season.
Unfortunately, the lower quantity and quality of the dendrochronological surveys realized at the
high Himalayan altitudes, because of all the disadvantages and the difficulties researches could
still find there and the lack of long and reliable meteorological records for the Himalayan sites,
represent a big issue to get an ecological interpretation of the dendrochronological datasets as
good as that one obtained for the European region. Further works could focus on B. utilis tree-rings
datasets, since this species looks to be really sensitive to climate conditions and suitable in making
profitable scientific comparisons with ecologically similar and better known environments, such as
the Alps.
References
Aniol, R.W. (1983): Tree-ring analysis using CATRAS. Dendrochronologia 1: 45-53.
Bhattacharyya, A., Santosh, K.S., Vandana, C. (2006): Would tree ring data of Betula utilis be
potential for the analysis of Himalayan glacial fluctuations? Current Sscience 91/6: 754-761.
Carrer, M., Urbinati, C.(2004): Age-dependent tree-ring growth responses to climate in Larix
decidua and Pinus cembra. Ecology 85: 730–740.
Carrer, M., Urbinati, C. (2006): Long-term change in the sensitivity of tree-ring growth to climate
forcing in Larix decidua. New Phytologist 170: 861-872.
Carrer, M., Nola, P., Eduard, J.L., Motta, R., Urbinati, C. (2007): Regional variability of climategrowth relationships in Pinus cembra high elevation forest in the Alps. Journal of Ecology 95:
1072-1083.
Cook, E.R., Peters, K. (1981): The smoothing spline: a new approach to standardising forest
interior tree ring width series for dendroclimatic studies. Tree-ring Bulletin 41: 45-53.
Cook, E.R. (1985): A time series analysis approach to tree ring standardization. PhD thesis, The
University of Arizona.
Cook, E.R., Briffa, K.R., Shiyatov, S., Mazepa, V. (1990): Tree-ring standardization and growthtrend estimation. In: Cook, E.R. & Kairiukstis, L.A.: Methods of Dendrochronology: Applications
In the Environmental Sciences. Kluwer, Dordrecht, pp 104-123.
Cook, E.R., Krusic, P.J., Jones, P.D. (2003): Dendroclimatic signals in long tree-ring chronologies
from the Himalayas of Nepal. Int. J. of Climatology 23: 707–732.
Ettl, G.J., Peterson, D.L. (1995): Extreme climate and variation in tree growth: individualistic
response in subalpine fir (Abies lasiocarpa). Global Change Biology 1: 231–241.
Fritts, H.C. (1976): Tree ring and climate. London, UK: Academic Press.
Holmes, R.L. (1983): Computer assisted quality control in tree ring dating and measuring. Tree
Ring Bulletin 43: 69-78.
Körner, C. (1999): Alpine plant life: functional plant ecology of high mountains ecosystems.
Springer-Verlag Berlin, Heidelberg, New York pp. 338.

Tenca & Carrer (TRACE Vol. 8)

97

Phipps, R.L. (1985): Collecting, preparing, cross-dating and measuring tree increment cores. US
Geological Survey Water Resource Investigations Report 85: 4148.
Stevens, S. (2003): Tourism and deforestation in the Mt Everest region of Nepal. The Geographival
Journal 169: 255-277.
Stokes, M.A., Smiley, T.L. (1968): Introduction to tree-ring dating. Chicago, IL, USA: University of
Chicago Press.
Yadav, R.R., Singh, J., Dubey, B., Chaturvedy, R. (2004): Varying strength of relationship between
temperature and growth of high-level fir at marginal ecosystem in western Himalaya, India.
Current Science 86/8.
Wigley, T., Briffa, K. R., Jones, P. D. (1984): On the average value of correlated time series, with
applications in dendroclimatology and hydrometeorology. Journal of Climate and Applied
Meteorology 23: 201–213.

