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SUMMARY

A large number of tree species, especially of conifers growing in the 
Himalaya and a few broad-leaved taxa in the peninsular region, have been 
dendrochronologically analyzed in India. This paper is a review provid-
ing information as regards the present status and future prospects of 
tree-ring research in India. Many trees are recorded to have datable tree 
rings but only some of them have been used for climate reconstruction 
and other aspects, e.g., glacial fluctuation or palaeo-seismic dating. In 
future not only ring width which is widely used so far, but also other 
tree-ring parameters need to be analyzed for a better understanding of 
the regional climate and its linkage with other climatic phenomena in a 
global perspective.

Key words: India, conifers, broad-leaved trees, tree ring, climate.

INTRODUCTION

Studies on tree rings in India have been recorded since long back (Gamble 1902), but their 
applications are restricted mainly to forestry aspects, such as the evaluation of growth rates, 
wood productivity and quality, or rotation cycles. The use of tree rings for the reconstruc-
tion of various aspects of climate and other environmental issues started much later. 
The climate of India is unique due to the influence of seasonal wind patterns (i.e., the 
northeast and southwest monsoon) and associated changes of precipitation and tem-
perature. The economy of the country is mostly dependent on vagaries of the monsoon, 
but the instrumental record of the monsoon is not long enough to make reliable models 
for climatic predictions. Thus it is necessary to understand the long-term aspects of 
the Indian climate. In this context, tree-ring based climate reconstructions can have a 
pivotal role in providing high-resolution records that cover the last several centuries 
depending on the availability of samples from older trees. Analysis of the relationships 
between tree rings and climate was initiated with the pioneer work of Chowdhury (1939,  
1940a, b). Subsequently a preliminary report on simple correlation between climate and tree-
ring sequences was made for the Western Himalaya based on tree-ring data of a short time 
span (Pant 1979), but systematic tree-ring research based on accurate dating of long sequences 
of growth rings had only been started since the end of the 1980s. Since then, considerable 
amounts of research work on tree-ring analyses related to climate have been made for both the 
Himalayan and peninsular region of the Indian subcontinent. Three research institutions, viz., 
the Birbal Sahni Institute of Palaeobotany, Lucknow/Uttar Pradesh, the Indian Insti- 
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tute of Tropical Meteorology, Pune/Maharashtra, and the Physical Research Labora-
tory, Ahmadabad/Gujrat are currently the main centers in India for pursuing various 
aspects of tree-ring studies.
 This paper is a review of tree-ring studies pursued on various aspects, especially 
of the reconstruction of past climate from diverse geographical sites of India covering 
both the Himalaya and the peninsular region (Fig. 1).

HIMALAYA

Except pioneer work on climatic reconstruction by Hughes and Davies (1987), most of the 
early tree-ring studies in the western part of the Himalaya were involved in the selection 
of sampling sites and the evaluation of tree species suitable for dendroclimatic analysis. 
Bhattacharyya et al. (1988) evaluated the potential of six conifers, viz., Abies pindrow, 
Cedrus deodara, Picea smithiana, Pinus gerardiana, P. roxburghii and P. wallichiana in 

Figure 1. Geographical sites for tree-ring studies in India covering both the Himalaya and the 
peninsular region.
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the Jammu and Kashmir region. They demonstrated that two conifers, Cedrus deodara 
and Pinus gerardiana, growing at lower elevations in the dry inner valley of the Pir Panjal 
Range, south of Kashmir, exhibited high age (up to 500 years) and the tree-ring chronolo-
gies were suggestive of a drought response. Climatic reconstructions of spring and summer 
mean temperature and precipitation based on well-replicated samples of Abies pindrow and 
Picea smithiana were conducted in the Kashmir valley (Hughes & Davies 1987). Later, 
Hughes (1992) did detailed reconstructions of mean temperature for spring (April-May), 
late summer (August-September) and the growing season (April-September) precipitation 
since AD 1780 based on ring-width and density chronologies of Abies pindrow at Srina-
gar, Jammu and Kashmir. In this reconstruction markedly cold springs and late summers 
and wet growing seasons were noticed, but there was no evidence of any long-term trend. 
Bhattacharyya and Yadav (1989b) reported that Cedrus deodara growing in Joshimath, 
Uttaranchal attains great age and its growth is inversely related to pre-monsoon temperature 
and positively related to precipitation during both summer and winter. Subsequently, there 
were a considerable number of studies on the reconstruction of the pre-monsoon tem-
perature based on tree-ring data of Cedrus deodara either individually (Borgaonkar et al. 
1996; Yadav et al. 1999; Yadav & Singh 2002a) or in combination with Pinus wallichiana 
and Picea smithiana (Yadav et al. 1997). It is salient that none of these studies produced 
century-scale negative temperature anomalies which could be due to a regional impact of 
the Little Ice Age. On the contrary, in these records of reconstructed temperatures warm 
springs during the 17th century are striking. Thus, the impact of the Little Ice Age was not 
a major event that reduced the growth of conifers in this region. Moreover, evidence of a 
recent global warming, which could be associated with anthropogenic activities, was not 
depicted. A recent tree-ring study on Cedrus deodara growing at five moisture-stressed 
sites in river basins of the western Himalaya revealed that extreme cool/wet climate 
conditions are acting more basin-specific whereas extreme hot/dry climate conditions are 
operating more on a larger scale (Yadav 2007).
 Though most of the climatic reconstructions were restricted to temperature, a few studies 
examined the hydrological conditions. Reconstruction of precipitation in the non-monsoon 
months (previous October to current May) back to AD 1171 revealed that the wettest and 
the driest non-monsoon months occurred in the 14th and the 13th century, respectively. 
Both wet and dry spring years were noted during the Little Ice Age (Yadav & Park 2000; 
Singh & Yadav 2005; Singh et al. 2006). Most of the tree-ring analyses for this part of 
the Himalaya were based mainly on Cedrus deodara, except a few of other tree species. 
Studies of Taxus baccata in the Gharwal Himalaya showed that the tree-ring sequences 
among different trees cross-dated well and were sensitive to the pre-monsoon temperature 
(March-June) (Yadav & Singh 2002b). Another tree species, Abies spectabilis, was studied 
at four distantly located tree-line sites in the Uttarkashi district by Yadav et al. (2004); they 
demonstrated a strong correlation among the site chronologies and strong responses of tree 
growth to changes of temperature. Correlations of May and mean April-May temperatures 
with the tree-ring chronologies indicated a weakened relationship towards the later part of 
the 20th century, which was believed to be a result of regional anthropogenic activities.
 Besides ring width, other tree-ring parameters, e.g., isotopic ratio and wood density have 
a promising potential for dendroclimatology in this region. Isotopic analysis of the tree-ring 
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cellulose extracted from Abies pindrow growing in Gulmarg, Kashmir, revealed that δD 
was most sensitive to precipitation and mean maximum temperature, whereas δ13C was 
sensitive to temperature and δ18O to the amount of clouds and humidity (Ramesh et al. 
1985). In an exploratory analysis of Cedrus deodara at two sites in the western Himalaya, 
Pant et al. (2000) suggested that density parameters, viz., earlywood, latewood, minimum, 
maximum, and mean densities, as well as total ring width may be useful for dendroclimatic 
studies. In another study, minimum earlywood density and total ring width of Himalayan 
conifers were found to be significant parameters for analyzing tree growth-climate relation-
ships. Pre-monsoon (March-May) temperature exhibited a significant positive relationship 
with earlywood density, but was negatively correlated with total ring width. Pre-monsoon 
precipitation, however, was negatively correlated with earlywood density but positively 
correlated with ring width. In contrary, latewood density did not show any coherent rela-
tionship with climate (Borgaonkar et al. 2001).
 Besides temperature or precipitation, other aspects of environmental issues were also 
dealt with in some tree-ring studies. Ring widths in both Cedrus deodara and Pinus 
gerardiana were narrow mostly during years of deficient rainfall and also in years of an 
El-Niño event, which suggested that these two taxa have excellent potential to reconstruct 
long records of droughts (Bhattacharyya & Yadav 1992). Tree-ring data of some conifers 
were found useful in studying glacial behavior in this region. Pinus wallichiana growing 
in the sub-alpine region of the Kinnaur (Bhattacharyya & Yadav 1996) and Abies pindrow 
confined to the snout of the Dokriani Bamak Glacier (Bhattacharyya et al. 2001) exhib-
ited low growth rates during years with a positive glacial mass balance and with glacial 
advances reported during the recent past in the Himalayan and Trans-Himalayan region. 
Recently, Bhattacharyya et al. (2006) analyzed tree rings of birch (Betula utilis) grow-
ing along moraines around Bhojbasa, close to the snout of the Gangotri glacier. They 
reported that the increased tree growth in recent years might coincide with the rapid 
retreat of the Gangotri glacier. It was noted that growth of this tree species correlated 
negatively with temperature in January, March and April, and positively with precipita-
tion in March, April and June as well as temperature in February. They hypothesized 
that the fast retreat of this glacier might be the cumulative effect by several climatic 
parameters that enhanced tree growth, i.e., increased precipitation in March, April and 
June, increased winter temperature and low snowfall.
 The applicability of tree-ring data in palaeo-seismic dating has also been explored. 
Tree-ring data of Pinus wallichiana in Agora, Uttarkashi, have been studied to evaluate 
the effect of the 1991-earthquake on tree growth. Since this earthquake happened dur-
ing the non-growing season its effect in the form of narrow rings was recorded only in 
1992 in most of the trees studied. Most of these trees were tilted and exhibited eccentric 
growth, i.e. narrow rings on the upper side of the stem opposite to the lean in comparison 
to the wider contemporary rings on the lean side. The growth eccentricity was found to 
be common in many trees of that region and could be related to the 1991-earthquake 
event (Yadav & Bhattacharyya 1994).
 In comparison to the western Himalaya, tree-ring studies in the eastern part of the 
Himalaya are limited in number. Chaudhary et al. (1999) evaluated the dendroclimatic 
potentiality of seven conifer species, viz., Abies densa, Juniperus indica, Larix griffithi- 
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ana, Pinus roxburghii, P. wallichiana, Taxus baccata and Tsuga dumosa, growing at  
diverse ecological sites. All these taxa were found datable and site chronologies of all these 
taxa have been prepared. Larix griffithiana, a sub-alpine deciduous conifer growing in 
Sange, Arunachal Pradesh, has been recorded suitable for May-temperature reconstruction 
using ring-width data. However, the chronology is not long enough to reconstruct climate 
beyond the existing meteorological records (Chaudhary & Bhattacharyya 2000). Pinus 
kesiya, growing on and around the Shillong plateau in the northeast part of India, has also 
been analyzed to evaluate its suitability for tree-ring analysis. Five well-replicated, 80 
to 142 years long site chronologies were developed and correlated with climate records 
of Shillong; but there is no common response of the growth of Pinus kesiya to climate 
(Chaudhary & Bhattacharyya 2002).
 The only climate reconstruction in the eastern Himalaya was made from tree-ring 
series of Abies densa growing at two sites, T-Gompa, Arunachal Pradesh and Yumthang, 
Sikkim. This reconstruction (July-September temperature) extended back up to AD 1757 
and exhibited multi-year fluctuations interrupted by cool and warm periods. The warmest 
and coolest 10-year periods within the entire time span occurred in 1978–1987 (+0.25 
°C) and 1801–1810 (-0.31 °C), respectively (Bhattacharyya & Chaudhary 2003).
 Tree-ring data of this region have been reported to be linked with sea-surface tem-
perature which could be used for tele-connection among different climate phenomena. 
Buckley et al. (2005) compared Pinus merkusii ring-width chronologies from Mishmi 
Hills, Arunachal Pradesh along with Thai and Bhutan pine chronologies with the global 
surface temperatures for the past 150 years, shifting the correlations through three seasonal 
averages: two seasons preceding the monsoon (Dec–Feb and Mar–May), and the mon-
soon season itself (Jun–Sep). They showed a strong correlation of Pinus merkusii with 
tropical Indian and Pacific Ocean bands in seasons preceding the summer monsoon.
 The eastern part of the Himalaya is tectonically more sensitive in comparison to  
the western part of the Himalaya and tree-ring data might be useful in palaeo-seismic 
dating. The feasibility of such studies has been analyzed by Bhattacharyya et al. (2008). 
In Abies densa, growing at two distantly located sites in the north-east Himalaya, 
Yumthang in Sikkim and T-Gompa in Arunachal Pradesh, the annual growth rings were 
narrow either in the same year of high intensity earthquakes or in the subsequent year 
when an earthquake occurred in this region during the non-growing season.
 Recently, a comparative analysis of tree-ring data of both northeast and northwest 
Himalayan trees was conducted to evaluate the suitability of sites for tree-ring studies 
and climate reconstruction and to understand the changes in climate in a regional as 
well as global perspective (Shah 2007). The tree-ring data included 48 ring-width chro-
nologies (22 from north-east Himalaya and 26 from western Himalaya). The technique 
of principal component analysis (PCA) was used separately in both regions to aver-
age the chronologies into large-scale patterns and to enhance the variance common to 
all chronologies. Though several climatic variables were limiting the growth of both 
conifers and broad-leaved taxa, the reconstruction of climate was only possible for 
the July-October temperature during AD 1689–1990 and October-April precipitation 
during AD 1860–1999 in the north-east Himalaya. In the western Himalaya, March-
May temperature and October-May precipitation were reconstructed for the period 
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AD 1568–1988. Tree-ring data from the north-east Himalaya, in general, were less 
sensitive to climate variation in comparison to the western Himalayan sites and trees. 
The most salient feature of this analysis was towards understanding climatic variability 
during the Little Ice Age and towards linking monsoon with sea-surface temperature 
and sea-level pressure in a global perspective.
 Comparisons of tree-ring data from the Indian Himalayas with those of the Tibetan 
Himalayas are beyond this review, but see several papers in this issue (Guo et al. 2009; 
Shao et al. 2009; Tian et al. 2009; Zhang et al. 2009).

PENINSULAR  INDIA

Many tropical trees are known to produce growth rings since long back (Gamble 1902; 
Chowdhury 1939, 1940a, b) but their application in dendrochronology has not been much 
explored due to the problem of cross-dating and difficulties to obtain samples. Bhattacharyya 
and Yadav (1989a) discussed the cross-dating problems associated with tropical and sub-
tropical tree species in the Indian subcontinent and identified several dendroclimatically 
potential taxa. Two taxa, teak (Tectona grandis) and toon (Cedrela toona) were found 
suitable. Studies on teak at several sites have been conducted to assess its dendroclimatic 
potential. Pant and Borgaonkar (1983) showed that post-monsoon precipitation of the 
prior growth season plays an important role in teak growth in the moist deciduous forest 
of Thane.
 Bhattacharyya et al. (1992) studied tree-ring features of four tropical taxa, viz., 
Tectona grandis, Cedrela toona, Michelia champaca and M. nilagirica, and found that 
Tectona grandis has good potential for dendroclimatic analysis especially to reconstruct 
past vagaries of monsoon and drought events, and Cedrela toona is promising for flood 
reconstruction. The other two taxa are not suitable for dendroclimatic analysis.
 Teak growing in the dry deciduous forest of Korzi, Andhra Pradesh, has been found 
suitable for the reconstruction of monsoon variability (Yadav & Bhattacharyya 1996a). 
Wood (1996) analyzed teak in the Malapathar National Research Forest of the upper 
Narmada river basin in Central India and concluded that there is a great need for synoptic-
climatological analyses of the monsoon circulation in order to better understand the teak 
growth/climate relationship.
 In general, the teak chronologies are short and do not extent beyond 150 years due to  
rapid depletion of old trees for its high demand timber used for furniture and other house-
hold items. There is an attempt to extend tree-ring records of teak in this region from 
old specimens stored in museums. A disc from a very old teak tree kept in the Wood 
Museum, Institute of Wood Science and Technology, Bangalore, Karnataka has been 
dated by comparing its ring-width pattern with another dated teak chronology prepared 
earlier from Andhra Pradesh. This long teak chronology has been dated to cover the period  
AD 1153–1953 (Bhattacharyya & Yadav 1999) and the growth recorded in this chronol-
ogy is synchronized with the drought years of 1871, 1873, 1876, 1891, 1899, 1905, 1918, 
1936 and 1937 which are reported from north Karnataka (Parthasarathy et al. 1987). 
Beside the ring width there is also an attempt on isotopic analysis of tree rings of teak.  
A positive correlation between the variations of the stable isotope ratio of hydrogen (δD) 
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for the period AD 1820–1980 with the corresponding monsoon rainfall demonstrate its 
feasibility for reconstructing monsoon rainfall (Ramesh et al. 1989).
 Shah et al. (2007) made an attempt to explore the dendroclimatic potential of teak 
for the reconstruction of climate in Hoshangabad, Central India. The growth of this 
tree species has been found to be limited by low monsoon precipitation. Based on ring-
width data of teak, they reconstructed mean monsoon precipitation of June-September 
back to AD 1835. The reconstructed climate records show several alternating periods of 
high and low monsoon episodes. Many of these low monsoon years have been shown 
to coincide with most of the known principal drought years in India. Beside the ring 
width, the size of vessels in dated tree-ring sequences of teak has also been found suit-
able for climatic analysis. Bhattacharyya et al. (2007) studied earlywood vessels of teak 
through image analysis of dated tree rings at Perambikulam, Kerala, and found that 
rainfall during October and November (northeast monsoon) of the previous year and 
April of the current year is the most important climatic variable limiting the earlywood 
vessel area. Based on the mean vessel area of earlywood, the northeast monsoon of 
this region was reconstructed for the period AD 1743 to 1986.

TREE-RING  STUDY  OF  FOSSIL WOOD

Tree rings recorded in petrified fossil wood have been analyzed to assess wood productivity 
in relation to environmental aspects. Study on growth ring features of Araucarioxylon and 
Podocarpoxylon (Coniferae) found at various Tertiary localities indicates that a continued 
increase in aridity during this period leads to extinction of Araucaria from the Indian 
sub-continent and that Podocarpus became endangered in the southern and north-east 
part of India (Yadav & Bhattacharyya 1996b).

CONCLUSIONS

The review of tree-ring studies in India reveals that there are considerable numbers of 
tree species in the Himalaya and even some in the peninsular region that are suitable 
for different aspects of tree-ring research. Some of these taxa have already proved suit-
able for climate reconstruction, particularly the reconstruction of seasonal variation of 
temperature and precipitation. These studies also reveal that tree-ring data of conifers in 
the Himalayan region are a suitable proxy mostly for the reconstruction of pre-monsoon 
temperature and precipitation. Data on the reconstruction of monsoon are restricted to 
sites in the central part of India. It is felt necessary to explore more trees growing in 
diverse geographical regions to understand the regional climate of India. A major part 
of India is covered by tropical forests and there might be several taxa attaining great 
age and their tree growth seems to be limited by vagaries of the monsoon. But except 
teak and toon, which have been used so far in the tentative reconstruction of monsoon 
precipitation, other tree species have not been explored yet. A network of climatically 
sensitive tree-ring chronologies from trees growing in contrasting climatic zones of 
the north-western and north-eastern part of the Himalaya and peninsular India would 
be of great significance in preparing long-term, high-resolution climate reconstructions 
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and in understanding the detailed climatic dynamics of the Indian subcontinent in a 
global perspective and its impact during the Medieval Warm Period, Little Ice Age 
and recent global warming. Most of the tree-ring analyses in India are based on ring 
width, whilst other tree-ring parameters are ignored. Only recently emphasis has been 
put on other tree-ring parameters such as density, isotopes, cell size, and vessel area 
for understanding past climatic change as well as for other aspects of environmental, 
ecological and geomorphological studies. Due to rapid depletion of forests to meet the 
increasing demand of land for agriculture and urbanization old trees become endan-
gered. In order to develop millennium long tree-ring records, extensive efforts need 
to be made in the collection of tree-ring samples in new geographical areas and in the 
selection of old trees. The need of getting a large number of samples from older trees 
could be substantiated by collecting samples from stumps which are often left in forest 
sites after logging, old timbers used in the construction of houses, and fossil wood.
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