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Final Report Summary 

The Indian monsoon affects the livelihood of over 60% of the world’s population. The monsoon is a consequence of the seasonal temperature contrast between the Indian Ocean and the Asian continent. It strongly impacts agricultural, transportation, health and tourism concerns for the region. Natural and human-forced variations in the monsoon are increasingly important societal concerns. In addition to being of regional importance to more than 3 billion people, variations in the Asian monsoon have been called upon to explain phenomena ranging from millennial-scale changes in the tropical hydrological cycle and emissions of greenhouse gases to million-year scale changes in the chemistry of Earth’s oceans. It is therefore perplexing to acknowledge that we do not yet have a detailed understanding of relatively recent (Holocene) monsoon paleohydrology. 

What were the primary questions you were trying to address with this research? (Or, if more appropriate, was there a hypothesis or theory that you were trying to prove or disprove?)

We were presented with the unique opportunity to study the monsoon history in Indian peninsula using new sediment cores collected from around India through Indian energy initiatives. Although the Indian monsoon has been studied for almost 200 years, paleoclimate reconstructions in the Indian peninsula are yet to be achieved at a time resolution meaningful for modern concerns. In this context, our main question for this research was a fundamental one: How did the monsoon vary from decades to millennia in India over the last 10,000 years? We wanted to explore what material components in the sediments deposited offshore India are appropriate to use for reconstructing the climatic conditions on the Indian subcontinent and for the oceanic conditions around it.
This project directly addresses the Ocean and Climate Change Institute theme: “How do changes in the hydrological cycle affect climate on decadal to millennial time scales?” 

By definition, the Indian monsoon is a large hydrological system affecting and being affected by the global hydrological cycle. Without the monsoon rains the Indian subcontinent, located at the same latitude as the Sahara, would be a desert. Due to a lack of suitable sediment cores until now, the Indian monsoon has been reconstructed as a wind system instead. Precipitation reconstructions were limited to locations remote from India or were too short or lacking detail. Our goal was to assess proxies that will allow us to reconstruct the precipitation regime in India as well as their potential effects on the ecosystem and human population of the subcontinent.
What have you discovered or learned that you didn't know before you started this work? 

In the course of this work we learned that previous reconstructions for the monsoon cannot be directly assumed to be valid for India. If previously it was presumed that the monsoon gradually decreased in intensity over the last 10,000 years, our work suggests that central India and the surrounding Bay of Bengal experienced strong and steady monsoons until ca. 4,000 years ago followed by a rather abrupt deterioration of precipitation regime expressed as strong droughts and a collapse of the humidity-loving vegetation on the continent.
What is the significance of your findings for others working in this field of inquiry and for the broader scientific community? 

Our new findings constitute a promising new avenue for research that may lead to a significant change of perspective on how monsoons have manifested themselves in India and on what are the relationships between the monsoon and other global or regional climate systems. For example, instead of a linear relationship to the decreasing insolation in the Northern Hemisphere as previously thought, our monsoon reconstruction is similar in structure to the evolution of the El Nino over the last 10,000 years with an abrupt change in regime (more El Nino events and weaker monsoons) over the last 3 millennia. This emerging new picture is similar to the historical strong correlation between the two systems over the last 200 years for which direct measurements are available.
What is the significance of this research for society? 

Few countries in the world have depended so strongly on the vagaries of climate in general, and on availability of water in particular, like India. Our research provides tantalizing hints that both the collapse of the Indus ancient civilization as well as the emergence of the classical Indian civilization that followed were probably linked to the society adaptability to drought conditions. Our new records will provide a new understanding on the spatial and temporal variability of the monsoon that will be used in predicting its evolution in the future. 
What were the most unusual or unexpected results and opportunities in this investigation? 

Because no studies of similar detail have been previously undertaken, all results from our study were unexpected.

What were the greatest challenges and difficulties? 

Nothing out of the ordinary.

When and where was this investigation conducted? (For instance, did you conduct new field research, or was this a new analysis of existing data?) 

The investigation was conducted on cores acquired before the project. All measurements on these cores were preformed in WHOI labs.
What were the key tools or instruments you used to conduct this research?

The key instruments and labs used in this study were located in the Geology department (Giosan lab: XRF scanner), NOSAMS (radiocarbon dating and VG Prism mass spectrometer for stable isotope measurements on foraminifera) and Marine Chemistry and Geochemistry department (Eglinton lab: GC–IR Finnigan DeltaPlus mass spectrometer for stable isotope measurements on plant waxes).
Is this research part of a larger project or program? 

JP student Camilo Ponton will expand on this work in his PhD thesis. The data collected during this project will be used for an NSF proposal in the near future to further explore the variability of the monsoon in India on a latitudinal core transect in the Bay of Bengal. PI Giosan will integrate the findings into a couple of papers dedicated to the evolution of river deltas and transport of sediments from continent to the ocean on the Indian peninsula as well as a paper on possible causes for the collapse of the Indus civilization. 
What are your next steps?

Please see above.

Have you published findings or web pages related to this research? Please provide a citation, reprint, and web link (when available).

A paper led by Camilo Ponton is in preparation for submission to a high profile journal and he will present the results at the 2010 AGU Fall Meeting in San Francisco. 
Please provide photographs, illustrations, tables/charts, and web links that can help illustrate your research.

This investigation is still underway. Until first results are published (Ponton-led paper) we do not plan any dissemination of the results for not compromising publication in a high profile journal. 

