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The tropical warm p00| in the Indian of Indian Ocean, and eastward surface currents in the equa-

T torial Indian Ocean lead to SST increasing towards the
Ocean and its influence on ENSO over east, a SST gradient in contrast with the other world cteans

the past 137,000 yrsp Combined Indo-Pacific Warm Pool (IPWP) is an essential
component of global ocean and atmospheric circulation,
R. Saraswat*, R. Nigam?, S. WeldeaB* and and slight change in intensity and geographic extent of

IPWP results in global climatic chan§e3hough SST
over the Indian Ocean in general shows large-scale seasonal
variability, SST variation in the eastern equatorial Indian
Ocean (EIO) remain within + 0.5°C. Based on the sur-
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Y part of a single water massTransport of significant

The tropical sea surface temperature (SST) is one of amount of mass, heat and freshwater into the eastern In-

the important factors that regulates the amount and dian Ocean from the WEP, through the Indonesian
duration of rainfall in the tropical region, the world’s ~ archipelago has been suggested to control SST variation
most densely populated region. The tropical oceanic in the eastern Indian Ocefat’. However, Loschnigg and
warm pool today extends across the Pacific and Indian Webstet' concluded that the factors regulating SST in
oceans. The geographic extent of warm pool showsthe Pacific and Indian oceans are altogether different, with

annual variability, leading to changing east-west gra- |ocal thermodynamic balance and large-sasiieospheric
dients in tI’Oplcal SST that contribute to EI-Nino Southern circulations p|ay|ng the major rolein Contro”ing SSTsin

Oscillation (ENSO) and other related processes of the (e pacific, with the northern Indian Ocean SSTs being

troplcal CII’CU|§.’[IOI’]. From the magnesium-—calcium ana- regulated by strong oceanic advection across the equator
lysis of planktic foraminifera, we reconstructed SST in .
and by changes in heat storage of the upper ocean. Thus,

the Indian Ocean over the past 137,000 years, providing o ot
a new reconstruction of the changing extent of the warm the effect of the Pacific Ocean SST variation over SST of

pool, the east-west gradients and their influence on the EIO gnd glso in interannual variabilli.ty in monsoon
ENSO through time. Comparison of our results with strength is being debat€d™ Though Sajiet al.*® and
those from the Pacific Ocean, shows that throughout Websteret al® noted the possible influence of internal
the larger part of the last ~137 kaBp, equatorial Indian  dynamics (Indian Ocean dipole) in regulating SST and
Ocean (EIO) was the warmest part of the tropics. How- rainfall in the EIO region, Shinodet al.*® showed good
ever, the eastern Pacific Ocean (EEP) was warmer correlation between surface temperaturéatam in the In-
than both the western Pacific Ocean (WEP) and EIO for gian Ocean region and the EI-Nino Southern Oscillation
a bngf_ period during penulnmate glacial-interglacial (ENSO). Lately, it has also been suggested that the rela-
transition. The SST difference between EIO and EEP tionship between the Indian monsoon and the ENSO is not
as well as between WEP and EEP shows strong pos't'veconvincind7

correlation over the entire period of ~137 kasp, sug- . L
gesting that during the large part of the past glacial Therefore, understanding the link, if any, between SST

period, more intense and frequent EI-Nino-like condi- variation in.th.e Indian and the Pacific oceans, will help'in
tions persisted and influenced the tropical Indian and better prediction of future monsoon changes in the Indian
Pacific oceans. subcontinent. Though possible existence of the ENSO
and the link between the ENSO and climatic variations in
Keywords: EI-Nino, tropical region, sea surface tempethe Atlantic region during the geologic past have been re-
rature, warm pool. constructed®*® limited attempts have been made to infer
such a link between the EIO SST variation and the ERISO
TobpAy, the tropical western Pacific contains the warmedtecognizing the importance of the Indian Ocean as part
water, and is an important reservoir of heat on the planef.the tropical warm pool, we reconstructed the EIO SST
The modern sea surface temperature (SST) in regions of tae the last ~137 kap and compared it with the Pacific
tropical Indian Ocean also remains consistently higBcean SST variatiéh
throughout the year, thus making it a part of the world In order to reconstruct past SSTs from the EIO, Mg/Ca
oceanic warm poo] a feature responsible for active con-analysis was carried out on the top 270 cm of a core (SK
vectior?®. Upwelling along the African coast bringing up157/4) collected from the eastern flank of the Comorin
cooler water, absence of upwelling along the eastern margjidge (Figure 1; 020N, 7800E, water depth 3500 m). Mg/
Ca analysis was performed on surface-dwelling planktic
foraminifer speciesGlobigerinoides ruberwhite) that
*For correspondence. (e-mail: rs.niog@gmail.com) has been demonstrated to reliably record SST. The chrono-
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logy for the upper part of the core is based oreterator

Present. The difference between minimum and maximum

mass spectroscopy (AMS) and conventional radiocarb@ST during the last ~137 ke is highest in EEP (~7°F),
dates carried out at Leibnitz Laboratory, Kiel, Germanyyhereas it is comparable in the WEP and EIO (=G.7
and Birbal Sahni Institute for Pat#mtany, India, respec- and ~3.8C respectively; Figure 2). The glacial—interglacial
tively. The chronology was extended down to ~137 kyr b$ST contrast during the last glacial-interglacial triaors
tuning the5'®0 ratio of G. ruber, measured at Alfred is slightly lower in the EIO (~2°C) compared to the
Wegener Institute for Polar and Marine Research, Breme3ST contrast over the same period in both WEP (2.8
haven, Germany, to the low-latitude isotopic stack aind EEP (~2.8C). Down-core plot of SST difference bet-

Bassinotet al 22

lished elsewheré.

. The detailed methodology has been pub~veen WEP and EIO shows that during the larger part of

the last ~137 kap, EIO was either equally warm or

The core-top SST reconstructed from Mg/Ca analysigarmer than WEP (Figure 3), in contrast to the warmer
(~28.1°C) matches reasonably well with the modern annusVEP (~0.50C) at preserit The SST difference between
average SST (~286) at the core locatidnThe down-core  WEP and EIO increased significantly (~ —CYJ just after
variation of Mg/Ca SST shows that the EIO was 2€.1 the penultimate interglacial. The SSTs in WEP and EIO
cooler during the Last Glacial Maximum compared to therere comparable during the period from ~106 till ~5&ka
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Core location with winter and summer monsoon surface

the beginning of isotopic stage 3. Throughout the isotopic
stage 3, the WEP was cooler than the central EIO and
remained so till the last glacial-interglacial transition.
WEP was comparatively warmer during the beginning of the
present as well as penultimate interglacial periods. The pattern
of increase in WEP SST shows similar trend during both
present and penultimate glacial-interglacial transition with
WEP becoming warmer than EIO during the beginning of
glacial-interglacial transition.

Interestingly, the timing and pattern of difference in SST
between WEP and EEP, and between EIO and EEP, show
strong positive correlation{= 0.78) significant at 99.9%
level of significance, during the last ~137d@(Figure 4).

NEP-EIO 85T [°C)

sea-water circulation (solid and dotted curved arrows respectively). : -1 v 1 2

WICC, West Indian Coastal Current; EICC, East India Coastal Current;
SC, Somali Current; SMC, Summer Monsoon Current, and WMC,

Winter Monsoon Current.
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Figure 3. SST difference between western equatorial Pacific Ocean

Figure 2. Mg/Ca-based SST variation from the central equatoria{ WEP) and central equatorial Indian Ocean (EIO). Dotted line shows
Indian Ocean (SK 157/4) and eastern and western Pacific Ocean (¥&0 SST difference between WEP and central EIO. Numbers and
163-19 and ODP 806 B respectivéfypver the last ~137 kap. alternate shaded zones mark isotopic stages.
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EIC-EEP S8T (°C) convective heating, shifts eastward in the Pacific Odean
a8 i 8 4.9 .9 The eastward movement of western limb of the Walker Cell
- results in decreased convective heating in the western Pa-
cific leading to the relatively cooler SST in WEP and in-
creased SST in EEP, and lighter than average winds over
the Indian Ocea. Comparatively weakened winds over
the Indian Ocean will result in reduced transport of cooler
water towards the Bay of Bengal through weakened
southwest monsoon curréhtthus further increasing SST
in the central EIO. Numerous studies have reported reduced
southwest monsoon strength during the last glacial pe-
riod®®=2°. At the same time, the SST gradient in the EIO
will decrease as the eastern EIO will no longer be as warm
as under non EI-Nino (or La-Nina) condition due to lighter-
than-average winds that occur over the Indian Ocean dur-
ing EI-Nind®*. The overall warming of the Indian Ocean
during the EI-Nino events, with positive values in the
western EIO and negative anomalies in the eastern EIO,
has previously been noted by Tiwatial*° on the basis
of SST records of the Indian Ocean during the last 40 years.
Nicholsort* and Chamberst al.*? also observed warming
in the Indian Ocean during the EI-Nino events. Under such
condition, SST difference between WEP and central EIO
will be more negative as seen in Figure 2, whereas SST
Figure 4. SST difference between central EIO and eastern equatorigifference between WEP and EEP will decrease as ob-
Pacific Ocean (EEP) as well as between WEP and EEP. Except durisgrved in Figure 3. However SST difference between the
remained cooler than he EIG and WEp. The down-core variaton GENtTal EIO and EEP will depend on the response of EEP
SST difference between EIO and EEP as well as between WEP difti the eastward shifting of the core of the WPWP. Con-
EEP shows strong positive correlation (0.78). sidering the comparatively large distance between the

WEP and EEP, the amplitude of EEP warming is expected

to be comparatively less, leading to increased SST difference
However, the amplitude of SST difference between ElQetween EIO and EEP (Figure 4).
and EEP shows large variation, especially during the periodgased on Mg/Ca analysis of planktic foraminifera, we
prior to penultimate glacial-interglacial transition. Thegnclude that for the large part of the past ~137,00@8Rrs
SST difference between EIO and EEP as well as betweg{t |ndian Ocean was equally warm or warmer than the
WEP and EEP remains positive (varying from “€30  equatorial Pacific Ocean. However, for a brief period dur-
~4.5°C), throughout the core, except during penultimatgg penultimate glacial-interglacial transition, EEP was
glacial-interglacial transition. During penultimate glathe warmest of the tropical region. SST contrast between
cial-interglacial transition, the difference decreases {0 and the Pacific Ocean was highest during the glacial—
—0.6°C for WEP—EEP and —1°€ for the EIO-EEP. This jnterglacial transitions. We further propose that during
negative SST difference between WEP and EEP as well{$ |arge part of the past glacial period, more intense and
between EIO and EEP during penultimate glacial-interglacigbquent EI-Nino-like conditions persisted and influenced
transition period indicates that the EEP was warmer th&sTs of both the Indian and Pacific oceans. However,
both the WEP and EIO during penultimate glacial-intefsST reconstruction from both eastern and western EIO
glacial trangion. From ~107 kap onwards till the termi- ;|| help in further understanding the factors regulating SST

nation of isotopic stage 4, the difference in SST betwefriation in the Indian Ocean and possible link between
EIO and EEP as well as between WEP and EEP was similg&sT variation in the Pacific and Indian oceans.

During the isotopic stages 3 and 2, the SST difference bet-

ween EIO and EEP was comparatively higher than the

SST diﬁerer_]ce _between_ WEP and EEP. Howe_ver afteq Vinayachandran, P. N. and Shetye, S. R., The warm pool in the
the last glacial—-interglacial transition, the SST difference Indian OceanProc. Indian Acad. SciEarth Planet. Sc), 1991,
between EIO and EEP as well as between WEP and EEP 100, 165-175.

again became comparable. 2. Gadgil, S., Joseph, P. V. and Joshi, N. V., Ocean—-atmosphere coupl-

. . . . ; . ing over monsoon regionblature, 1984,312, 141-143.
Possible |mpI|cat|0n of increased SST in the centra Graham, N. E. and Barnet, T. P., Sea surface temperature, surface

ElO can be amore intense EI-Nino since during EI-NinO, wind divergence and convection over tropical oceadmience
the western limb of the Walker Cell, the zone of active 1987,238 657-659.
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