Stable Water Isotopologues in the Indian

Summer Monsoon Rainfall

A thesis submitted in partial fulfillment of

the requirements for the degree of

Doctor of Philosophy

by
Midhun M

(Roll No. 11330015)

Under the guidance of

Prof. R. Ramesh

Geosciences Division

Physical Research Laboratory, Ahmedabad, India.

DISCIPLINE OF PHYSICS

INDIAN INSTITUTE OF TECHNOLOGY GANDHINAGAR

2015



Declaration

I declare that this written submission represents my ideas in my own words
and where others’ ideas or words have been included, I have adequately cited and
referenced the original sources. I also declare that I have adhered to all principles
of academic honesty and integrity and have not misrepresented or fabricated or
falsified any idea/data/fact/source in my submission. I understand that any
violation of the above can cause disciplinary action by the Institute and can also
evoke penal action from the sources which have thus not been properly cited or

from whom proper permission has not been taken when needed.

Midhun M

(Roll No: 11330015)

Date: November 27, 2015



CERTIFICATE

It is certified that the work contained in the thesis titled “Stable Water
Isotopologues in the Indian Summer Monsoon Rainfall” by Midhun M
(IITGn Roll No: 11330015 ), has been carried out under my supervision and that
this work has not been submitted elsewhere for a degree.

Date:

Prof. R. Ramesh
(Supervisor)
Outstanding Scientist

Physical Research Laboratory
Ahmedabad, India.



Acknowledgements

First and foremost I express my gratitude to my thesis supervisor Prof. R.Ramesh
for his invaluable guidance throughout the course of this work. I am thankful to
Dr. M.G. Yadava, Dr. Sanjeev Kumar, Prof. J.S. Ray and Prof. Sunil Singh
for their most supporting words and the scientific suggestions and discussions. [
thank Dr. Amit Kesarker of NARL and Dr. Kei Yoshimura of Atmosphere and
Ocean Research Institute (AORI), The University of Tokyo, for introducing me
in to the field of numerical climate modeling. I thank R.A. Jani for discussions

and introducing me to the mass spectrometer analyses in the stable isotope lab.

I thank Prof. G. Bala (CAOS, I1Sc), Prof. Terry Quinn (Jackson School of
Geosciences, The University of Texas at Austin) and one anonymous reviewer

for their valuable comments on this thesis.

I thank Prof. G S Bhat (11Sc, Banglore), Dr. Debasis Sengupta (IISc Ban-
glore) and Dr. M. Ravichandran (INCOIS, Hyderabad) for allowing me to par-
ticipate in cruises and for providing the meteorological data. I thank Dr. Ramya,
Masood, Samresh (ISER Bhopal), Dr. Ashutosh (Delhi University), Sandeep (IIT
Delhi), Prof. Rajiv Sinha (IIT Kanpur), and Prof. S. Shalivahan (ISM Dhanbad)
for their help in collecting rain samples. I also thank ISRO-GBP for the financial

support.

I thank all my teachers in PRL, Prof. M.M Sarin, Dr. A.K. Singal, Dr.
Dibyendu Chakrabarty, Prof.S. Ramachandran, Dr. Kuljeet Marhas, Dr. Vinay
K Ray, Dr. Varun Sheel and Dr. Jitesh Bhatt for their nice lectures during the
course work period. I am thankful to Dr. R.D. Deshpande for his encoraging
comments on this work. The generous support from Dr. Bhushit, Dr. Shyam
Lal, S. Venkataramani, T.A. Rajesh, D.K Rao, Virendra, Dr. Neeraj Rastogi
and Dr. Navin Juyal is greatly appreciated. The help from computer center and
library staff especially Samuel Johnson, Jigar, Tejas and Dr.Nistha is greatly

acknowledged.



vi

Together with Bhavya, Shraddha, Rupa, Niharika, Trina and Akash, I had a
very nice time in the stable isotope lab. The discussion with Amzad, Naveen and
Arvind were really supportive. I also thank N.B Vaghela Bhai for his all support
and help in lab. I am tankful to Thermo engineer Manoj Tank for his timely help
in the lab. I thank my friends Prajeesh A.G (IITM, Pune) and Rajeev S.K (IIT
Delhi) for their help during this work.

I also acknowledge Pauline, Parulben, Sasi Kumar, Tejas, Sivadasan, Nandini,
Priti, Richa, Sentil Babu, Manan Shah, Lakhan Bhai, Bankim Bhai, G.P Patel,
Ranganathan, Jayashree, Prabha Ben, Nilesh Bhai, Ubale, Jayati Patel and Jaldhi

for their help at various stages.

I also thank to all my dear batch mates, Gangi, Aathi, Girish, Gaurav, Mono-
jith, Gulab, Yashpal, Dilip Nandi, Arko, Damodar, Naveen Negi, Avdesh, Tan-
moy, Priyanka, Anjali, Upendra, Dinesh, Wageesh, Rajeev, Gorav Sharma and
Nigam for creating a wonderful time in the hostel and at PRL. I sincerely thank
Manu, Anirban, Ikshu, Abhaya, Arun, Girish, Tanmoy, Guruprasad, Ashim,
Lalit, Deepak, Dipti, Ali, Jabir, Nijil, Vishnudath and many others for making a
memorable atmosphere in the hostel and the PRL. I deeply express my thanks to
all my dear seniors Chinmay, Susanta, Prasant,Vineeth, Srinivas, Sunil, Arun
Awasthi Fazlul, Shashi, and friends Balaji, Ejaz, Sneha, Upasana, Subha Anand,

Komal, Rajlazmi, Nisha and many others.

1 will gratefully remember the moments with Blesson, Ranjith, Bivin Geo George
and Linto. I thank Chithrabhanu, Swapna for sharing a wonderful time in my
life. The moments shared with Anju, Apurv, Neetha, Sreeja, Nita, Aswathi and

little angels Gargi, Allen and Aaron were really sweet and memorable.

Last but not least, I thank my amma, achan, Smruthy, Lekshmy and her par-

ents for their love and support.

Midhun M



Abstract

Stable oxygen isotope ratios (6'0) of tree cellulose and speleothem carbonate
are useful proxies for past monsoon rain in many tropical regions, as in such
region a decrease in rain §'®0 accompanies an increase in rainfall on a monthly
time scale. This amount effect varies spatially; therefore a local calibration, with
actual measurements of rain amount and its §'80 is required. Such observations,
however, are quite limited in space and time. This thesis is aimed to improve the
understanding of factors that control the 680 of Indian monsoon rainfall. For the
present study water vapor samples were collected from the marine atmosphere
over the Bay of Bengal (BoB) and rainfall sampled from Central and Northern
India. The multiple simulations from isotope enabled General Circulation Models
(GCM) are also used to understand the variability of the 6*®*O of the Indian

Summer Monsoon (ISM) rainfall on daily to interannual time scales.

Measurements of stable isotopic compositions (§*0 and §D) of water vapor
collected from the BoB helps characterize both ISM vapor and North East Mon-
soon (NEM) vapor. This study shows that vapor §'®0 is higher during ISM
compared to NEM with higher d-excess during NEM. This seasonal difference is
possibly due to the seasonality in sea surface conditions, change in circulation
pattern and changes in the type of rain forming systems (monsoon depression
during ISM vs. tropical cyclones during NEM). The stable isotopic composition
of water vapor estimated using Craig and Gordon model with the closure as-
sumption (i.e., evaporation from the BoB is the only source of vapor) matches
well with the measured values during non rainy days of ISM, whereas, it shows a
large deviation from the model estimate during NEM season. The deviation from
model estimate is negatively correlated with the rainfall along parcel trajectory
(upstream rainfall) during both the seasons. The convective downdraft associated

with tropical cyclones during NEM also plays major role in the lowering of vapor

§180.
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During ISM 2013, rain water samples were collected on a daily basis from six
different cities (Ahmedabad, Bhopal, New Delhi, Kanpur, Varanasi and Dhan-
bad) spread over central and northern India and stable isotopic analyses were
carried out. A weak amount effect (negative correlation between local rain and
its §180) is observed at five out of the six stations, which explains ~7-22 % of
intraseasonal variation of 880 of rain. The nudged simulations from an isotope-
enabled General Circulation Model (IsoGSM) is compared with the observations.
Though the model has some limitation in simulating the accurate spatio-temporal
pattern of rainfall, the model simulated rain §'*0 is in good agreement with the
observations. This study suggests strong control of moisture transport pathways
on daily rain §'80 at Ahmedabad, Bhopal and New Delhi. At New Delhi this

effect is observed on intraseasonal to interannual timescales.

Many isotope enabled General Circulation Models (GCM) are used to aid the
interpretation of rainfall-'80 based proxies; nevertheless, all such simulations
taken together remained to be evaluated against observations over the Indian
Summer Monsoon (ISM) region. This study also examine ten such GCM sim-
ulations archived by the Stable Water Isotope INtercomparison Group, phase 2
(SWING2). The spatial patterns of simulated ISM rainfall and its §'80 are in
good agreement with the limited observations available. Simulations nudged with
observed wind fields show better skill in reproducing the observed spatio-temporal
pattern of rainfall and its §'80. A large discrepancy is observed in the magnitude
of the simulated amount effect over the Indian subcontinent between the mod-
els and observations, probably because models simulate the spatial distribution
of monsoon precipitation differently. Nudged simulations show that interannual
variability of rainfall §'80 at proxy sites are controlled by either regional (rather
than local) rainfall or upstream rain out. Interannual variability of rainfall 6'*0
over the East Asian region is well correlated with El Nifio Southern Oscillation

(ENSO), while it is only weakly correlated over the Indian sub-continent.

Key points:
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e An important data set of stable isotopic composition of water vapor from
Bay of Bengal during ISM and NEM were generated and studied for the

first time.

e The role of moisture pathways on ISM rainfall 80 variability over central

and northern India is addressed using observations and model simulation.

e The present day ISM simulations from ten isotope-enabled GCMs were val-
idated and used to examine the factors that control interannual variability

of ISM rainfall §20.

Keywords: [Indian Summer Monsoon, Stable water isotopologues, Amount

effect, isotope enabled General Circulation Models, Paleomonsoon
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