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Abstract

Stable isotopes of water provide a tool for studying the hydrological cycle and
reconstructing past climate from proxies such as tree rings, speleothems, ice cores
etc. It is important to understand the responses of the stable isotopic composition
of rain and water vapour to various climate conditions for accurate paleoclimate
reconstruction. In India, due to lack of sufficient observations, such studies were
limited. The hydrological processes determining the isotopic composition of rain
and water vapour and their importance in paleomonsoon reconstruction are stud-

ied here.

High resolution (spatial and temporal) rain and water vapour isotopic observa-
tions were done from the Kerala, south western peninsular India. The new results
obtained from this work are as under: though the rainfall showed a large spatial
heterogeneity in the study area, its isotopic composition remained coherent dur-
ing the Indian summer monsoon period. The amount of rain had a very weak
role in determining the isotopic composition of rain. Stronger *0 and D deple-
tion of rain is associated with large scale organised convection occurring in the
south eastern Arabian Sea, near the Kerala coast. The intense moisture recycling
occurring in the large scale convective area is responsible for the higher 80 and
D depletion of rain. Water vapour and rain are in isotopic equilibrium during
Indian summer monsoon season and deviate more from equilibrium mainly dur-
ing such large scale organised convective events. The fraction of stratiform rain

from large scale convective area shows a significant negative correlation with the



580 of vapour and rain; this signifies the role of stratiform clouds in moisture

recycling during such events.

Varying seasonal rainfall amounts in peninsular India and Sri Lanka lead to
a large spatial variation in the slopes of the rainfall amount -6'®0 relations.
The stronger 80 depletion of north east monsoon rainfall is likely caused by
increased cyclonic activity over the Bay of Bengal, in addition to *O depletion of
its surface waters by river discharge. This leads to significant negative correlations
between monthly rainfall and its 68O chiefly in regions where the north east
monsoon contributes more than, or at least as much rain as the Indian summer
monsoon. Interannual variations in the amount effect due to varying interannual
contributions of Indian summer monsoon and north east monsoon rainfall is also
noted. Thus, a careful choice of sites for 0 based monsoon proxies can be
made so as to minimise noise in the paleomonsoon signal that could arise at sites
with inverse amount effects. Using proxies capable of providing annual resolution
(e.g., fast growing trees) past annual monsoon rainfall can be reconstructed at
sites where the ratio of Indian summer monsoon season to north east monsoon
rain continues to remain less than or comparable to unity, using the local amount

effect.

Key words: Indian Summer monsoon, Ozygen and Hydrogen isotopes, large

scale organised convection, amount effect.
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Abbreviations

Q Isotopic fractionation factor between product and source

5180 Oxygen isotopic composition of water relative to VSMOW standard
oD Deuterium isotopic composition of water relative to VSMOW standard
€ Isotopic enrichment factor i.e, (o — 1) x 103

%00 per mil (parts per thousand)

AS Arabian Sea

BoB Bay of Bengal

CRU Climate Research Unit

EKM Ernakulam

ENSO El Nino Southern Oscillation

GDAS Global Data Assimilation System

GDP Gross domestic product

GISP Greenland Ice Sheet Precipitation

GMWL Global Meteoric Water Line

GNIP Global Network of Isotopes in Precipitation

GPCP Global Precipitation Climatology Project

HYSPLIT Hybrid Single-Particle Lagrangian Integrated Trajectory

[AEA International Atomic Energy Agency
IDK Idukki
IRMS Isotope Ratio Mass Spectrometer

ISM Indian Summer Monsoon
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IST
ITCZ
JJAS
KKD
LLJ
LMWL
MCZ
MERRA
NARM
NBR
NOAA
NCEP
NEM
OLR
OND
PKD
PND
PRL
QBO
SL
SLAP
SST
TCR
TRMM
TVM
VSMOW
WICO

WYD

Indian Standard Time

Inter Tropical Convergence Zone
June, July, August, September
Kozhikode

Low Level Jet

Local Meteoric Water Line

Maximum Cloud Zone

Modern Era Retrospective-Analysis for Research and Application

Narmada water standard

Nilambur

National Oceanic and Atmospheric Administration

National Centers for Environmental Prediction

North East Monsoon

Outgoing Longwave Radiation

October, November, December

Palakkadu

Ponmudi

Physical Research Laboratory

Quasi Biennial Oscillation

Subcloud Layer

Southern Light Antarctic Precipitation

Sea Surface Temperature

Thrissur

Tropical Rainfall Measuring Mission

Thiruvananthapuram

Vienna Standard Mean Ocean Water (IAEA water standard)
Interlaboratory comparison exercise for 6°H and §'*0 analysis
of water samples
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