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Abstract. 

The Indian Monsoon is the primary source of water for approximately one-fourth of the 

world’s population.  There are two distinct monsoon seasons in India. The first is the southwest 

monsoon (SWM) and the rainfall associated with it is known as the Indian Summer Monsoon 

Rainfall (ISMR), and it brings rainfall to the majority of the Indian subcontinent between June 

and September (Simpson 1921; Gadgil 2003). The second is the northeast monsoon (NEM), 

which primarily influences peninsular India and Sri Lanka between October and December 

(Bamford 1922; Gadgil 2003). We propose to develop two monsoon-sensitive tree ring records 

that seek to reconstruct each of these two monsoons. Two sites from the Western Ghats in 

southwestern India and another from along the Eastern 

Ghats in southeastern India will be used to reconstruct 

the SWM and NEM, respectively. The locations of the 

proposed sites can be found in Figure 1. These 

reconstructions will enable us to examine the natural 

variability of both monsoons, and to explore their 

relationships to two key forcing effects – the El Niño-

Southern Oscillation (ENSO- Ihara & Kushnir 2007), 

and the North Atlantic Oscillation (NAO- Chang et al. 

2001). Baguinon et al. (2010) revealed multiple Indian 

species with annual ring formation, and Borgaonkar et 

al. (2010) showed that teak from the study region may 

exceed 700 years in age. We therefore propose that we 

can examine precipitation trends on centennial 

timescales, and that information may be used to 

project future variations in monsoonal rainfall due to 

natural and anthropogenic climate forcings.  

The Indian state of Kerala receives most of its rain from the SWM whereas the region 

along the Eastern Ghats in Andhra Pradesh receives a majority of its rainfall from the NEM. The 

selected sites are along mountain ranges hence, both receive high rainfall due to orographic 

lifting. Figure 2
1
 depicts the surface level winds during both monsoon seasons. The figure 

demonstrates that the sites are on different sides of the two mountain ranges, and that each site 

receives a majority of its rainfall from only one of the two monsoon seasons. Because the 

moisture sources for the two monsoons are different (Arabian Sea for SWM and Bay of Bengal 

for NWM), an oxygen (δ
18

O) isotopic analysis can be used to compare the samples from Kerala 

and Andhra Pradesh. The oxygen isotope theory states that trees deposit isotopes during the 

transfer of source water to cellulose in the cambium (McCarroll & Loader 2004). Gupta et al. 
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 Figure 2 form http://wps.prenhall.com/wps/media/objects/442/453483/FG12_07Monsoon.JPG 

Figure 1 Proposed Sites (courtesy Google Maps) 
Western Ghats: Nellikuth (11.104589N, 76.178763S) 
(Kerala)               Thekkedy (9.625461N,77.158985S) 
Eastern Ghats: Nallamala (15.601875N, 78.760071S) 
(Andhra Pradesh) 

http://wps.prenhall.com/wps/media/objects/442/453483/FG12_07Monsoon.JPG
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Figure 2 Surface winds associated with monsoon 
season (Left: SWM, Right: NEM) 

Left-Summer monsoon, Right- Winter Monsoon 

Western 
Ghat site 

Eastern 
Ghat site 

(2005) have shown that the isotope compositions of the Bay of Bengal (the moisture source for 

NEM) and the Arabian Sea (source for SWM) are 

different. They observed that regions receiving 

precipitation from the Bay of Bengal are depleted in 

heavy isotopes (δ
18

O, δD)
2
 as compared to regions that 

receive precipitation from the Arabian Sea. Therefore, by 

taking  isotopic fractionation effects like evaporative 

enrichment into consideration, the analysis of oxygen 

isotopes might be used to develop temperature and 

relative humidity reconstructions (Waterhouse et al. 

2002).  

 

 
Proposed Research.  

The Lamont TRL has a long-standing collaboration with scientists at the Centre for 

Ecological Sciences, Indian Institute of Science (CES-IISc) in Bangalore, and the Indian Institute 

of Tropical Meteorology (IITM) in Pune. Mukund Palat Rao, a Columbia University graduate 

student, will conduct the fieldwork in India during June-July 2013, under the direction of Dr. 

Suresh from CES-IISc, and Dr. Borgaonkar of IITM. Rao has interned with the TRL over the 

past year and has undertaken fieldwork with TRL scientists. PIs Buckley and Davi will directly 

supervise Rao upon his return to CU. If the New Core Lab renovations are completed, all stable 

isotope analyses will be done at LDEO or the samples will otherwise be prepared at LDEO and 

sent to U. Maryland or to U. Arizona labs for processing. 

We propose to sample trees along the Eastern and Western Ghats of Southern India, and 

to utilize teak (Tectona grandis L.F.) cores taken and crossdated by Indian colleagues Suresh and 

Borgaonkar from Mudamalai and Kerala, respectively. Borgaonkar et al. (2010) used teak to 

develop a 523 year old tree-ring chronology to study the ENSO-related monsoon drought signals 

in three sites: Thekkedy, Narangathara and Nellikuth along the Western Ghats in Kerala. Our 

study will first update the Thekkedy and Nellikuth collections with short cores to extend their 

time series to the present day (it currently only extends to 2003). We will also attempt to develop 

a crossdated tree-ring record from the Eastern Ghat Mountains at the Nallamala Forest of Andhra 

Pradesh, and if accomplished, we will use this record for comparison of the relationship between 

the SWM and NEM, and between both monsoons with ENSO over the past few centuries. We 

intend to study several previously unused species (e.g., Indian Almond - Terminalia catappa, 

Indian mahogany - Toona ciliata, and Rain Trees - Albizia saman), that are commonly found in 

the region and have been reported to have rings (Baguinon et al. 2010), in order to explore their 

potential for climate reconstruction. We will obtain multiple cores from all trees using a 5.15 mm 

diameter increment borer, with the objective of collecting 50 to 60 trees at each site. Having a 

high number of samples will greatly improve the likelihood for cross-dating tropical trees, and if 

achieved, any resulting crossdated tree-ring time series will be used to develop the monsoon 

reconstructions.  

An El Niño (La Niña) warm (cold) phase of ENSO begins in the northern hemisphere 

summer and peaks between November and January in the tropical Pacific (Cane 1983; Trenberth 

1997). Warm (cold) SSTs in the eastern tropical Pacific coincides with an El Niño (La Niña) 

event which is negatively (positively) correlated with the SWM (Walker 1924; Rasmusson & 
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 δ=(Rx/Rs-1)*1000. Rx/Rs  denotes ratio of heavy to light isotope (

18
O/

16
O or D/H) 




