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ABSTRACT

Tree-ring anlaysis of Cedrus deodara from three different sites of western Himalaya has been carried out. The chronologies
include 47 cores (26 trees) from Manali, 33 cores (18 trees) from Kufri (Shimla) and 25 cores (13 trees) from Kanasar forest
sites. Moderately high values of common variance exhibited by all three chronologies indicate the great potential of the species
for dendroclimatic studies.

Response function and correlation analyses using the above tree-ring-width data and Shimla climate show a significant
negative relationship with summer temperature and positive relationship with summer precipitation. Based on these results,
calibration equations have been developed for different periods, and appropriately verified using independent data, to
reconstruct the pre-monsoon (March—April-May) temperature at Shimla. The reconstruction has extended the temperature
record of the region back to the eighteenth century.
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INTRODUCTION

The Himalayan region is of prime importance in the context of global climate change because of its influence on
the Asian summer monsoon circulation, which affects the climates of the most populated countries of the world.
The climatology of the Himalaya so far has been based largely on instrumental records, which go back to about 100
years. In views of this, palacoclimatic studies, specifically during the Holocene period, are important for
understanding the role of the Himalaya in global climate change on century and longer time-scales. In this context,
the rich conifer forests of the Himalaya offer excellent dendroclimatic tools to reliably reconstruct the past climatic
variations, even going back to about 1000 years. Several studies (Pant, 1979, 1983; Pant and Borgaonkar, 1984;
Ramesh et al, 1985, 1986; Bhattacharyya et al. 1988; Bhattacharyya and Yadav, 1989) have conclusively
established the dendroclimatic potential of Himalayan conifers such as Abies, Pinus, Picea, and Cedrus. These
species show distinct annual growth and exhibit great age. Hughes and Davies (1987) used a wide network of Abies
I pindrow and Picea smithiana of Kashmir in order to understand the association between variations in tree-growth
parameters (ring width and density) and regional climate. Hughes (1992) later reported a reconstruction of the
summer climate of Srinagar since the late eighteenth century using ring-density and ring-width chronologies of
|| Abies pindrow from Kashmir, Bhattacharyya and Yadav (1990) reported dendroclimatic analysis of Cedrus
deodara at a few sites in Joshimath, Uttar Pradesh. They also noted the great age of the species and the significant
| response to summer climate of the region. Borgaonkar et al. (1994) presented the dendroclimatic reconstruction of
| summer precipitation at Srinagar back to the late eighteenth century using multiple species tree-ring network.
1 However, various other species and sites in the extensive Himalayan forests are still open for dendroclimatic
! Studies, and can provide large-scale scenarios for Himalayan climate during the recent past.

| Inthis paper, we present the analysis of Cedrus deodara samples from three different sites. This is the first time
) that Cedrus deodara ring-width chronologies from well-diversified sites of western Himalaya have been studied in
| order to evaluate a tree-growth—climate relationship and its applicability to dendroclimatic reconstruction.
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THE SAMPLING SITES

Tree-ring samples at three sites, namely Kanasar (Uttar Pradesh), Kufti, and Manali (Himachal Pradesh), have been
considered for the present study (Figure 1), Cedrus deodara is the main species dominating the forest stands over
the region. Few stands of Pinus (Pinus wallichiana) are also found to exist along with the Cedrus forest at the
Kanasar site. The Kufti site is at a relatively higher elevation (2500 m above mean sea-level) than the other two
(Kanasar at 2200 m and Manali at 2000 m). Many trees are found to be old ( > 250 years) from the Kanasar and
Manali forests, whereas those from the Kufri region are relatively young. The nearest observatory station having
continuous long-period climatic data and located at a similar altitude with related environmental conditions is
Shimla (altitude: 2200 m a.m.s.1.) in Himachal Pradesh (Figure 1). The Shimla station is located at about 180 km
from Kanasar, 20 km from Kufri and 250 km from Manali. However, by virtue of topography, the aerial distances
of the sites from the meteorological station are much less ( < 50 per cent of the actual distance). Monthly mean
temperature and precipitation data for the period 18761982 at Shimla have been used in the analysis.

DATA PROCESSING

Ring-width data

The tree-ring samples considered include 25 cores (13 trees) from Kanasar, 33 cores (18 trees) from Kufri and 47
cores (26 trees) from Manali. Samples were subjected to the skeleton plot method (Stokes and Smiley, 1968) in
order to examine the nature of cross-matching required for precise dating of the samples. Ring-widths have been
measured to an accuracy of 102 mm using an incremental measurement machine through a stereomicroscope.
The measuring machine has a linear encoder, interfaced with a personal computer system to record the
measurements. Possible dating or measurement errors have been checked by the computer program COFECHA
(Holmes et al., 1986) and necessary corrections have been made by repeating the measurements and by detailed
examination of the problem sections of the samples.

Ring-width series indicate the resultant annual growth patterns of the trees, representing the aggregate effect of
many environmental factors, including climate, biological ageing, local endogenous disturbances due to
competition amongst the trees and exogeneous disturbances caused by fire, pests, disease, pollution, logging, etc.
Appropriate detrending methods (Fritts, 1976; Cook et al., 1990), such as negative exponential, cubic spline
smoothing, linear regression, polynomial curve fitting, etc., have to be applied to the ring-width series, depending
upon the nature of the series, in order to minimize the non-climatic signals. The ring-width series thus filtered are
called ring-width ‘index’ series and are expected to contain a large variance owing to climatic influences.

Most of the samples from the Kufri site show a prominent juvenile effect, therefore, two-step detrending |
(Holmes et al., 1986; Cook et al., 1990) has been used, namely, negative exponential followed by cubic spline
smoothing. The series from the other two sites, Kanasar and Manali, have been detrended using cubic spline
smoothing. The response function of the smoothing spline has 50 per cent variance reduction at wavelengths equal
to 70 per cent of the data period, the reduction gradually decreasing to zero at shorter wavelengths and gradually
increasing to 100 per cent at longer wavelengths. The detrending options adopted in the analysis give the optimum
value of signal-to-noise ratio and allows the retention of even low-frequency signals, if any, that are common to the
samples. Ring-width index series have been obtained by dividing the raw ring-width series by the smoothed series
and the site chronologies have been prepared by averaging all the index series from a particular site. Thus, ring-
width chronologies have been prepared for three different sites, namely Kanasar (KANCD), Kufri (KUFCD), and
Manali (MNLCD). The labels in parentheses provide chronology identification for the site and species. Graphical
representation of these chronologies and their various statistics are presented in Figure 2 and Table | respectively.
The Manali and Kanasar chronologies are longer than the Kufti chronology. Average interannual variation, defined
by the mean sensitivity, is generally high in all the chronologies, which may be presumed to be associated with the
influence of common environmental parameters, predominantly the climate. However, the series at Kanasar and
Manali also show significant persistence. In the analysis of variance the common signals (percentage Y) of the
chronologies are comparatively large, which indicate a good potential of the species for dendroclimatic studies.








































