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WR - 39 Y UF H AT 3ueF, a¥ 1980-2009 H 3@ F HEF T A dfFeeg AR adT 3ne
YA A &Y ASHAINA HAlAgeT as W FhRIcHS SSUTRicatid fge AgMEMR fgyd (PTIOD) &1 aeasit
& R qdl |Hg g YA (SST) T faEerfaal & g8ia 6T Sita a3l §1 $86 37egga & aRe 7 gael
PTIOD #I HeaAt HFA@T &1 71§ S 9Rd & Al AeaAdrelleT AlAgs as & Y Sea@eld &7 4
9¢r g5 & TS| IS, A, ST A EQESIO (SpreRd qdf sl e #emR) # iwd g wae
dAAT (SST) A fawerfadl & war =em & f& 3, AS, ST (AMY), # HfAefd (3v01) EQESIO 3R
HNHAS TIOD N TeAl Aferetiy AR TEOT 3y Goer & MeARNA Al a9 B w7 el g3
(@afta) ggfca & @y #@9fdd o @ifeah feawer @ affaas 3R ad sy geer & AMISST
fadarfoat 3k at & #ex waAT: 0.59 3R 0.76 & WeHIY FEIUNH H Ual Tol §| FARRICHE AMJ
SSTA & @AY PTIOD ast & gRI=l gasl 1 fagerfadr = gfaor af¥aslr gemer & @Er (SWBOB) &r 3R
GATET-STEr & gF i 39des FHET URT 1 dfed fhar § S/ wRoT 39 819 & fawerd SST efidere &
ﬁﬂﬁfafrﬁlWWWH@@(AMJ)*WSWBOBﬁ@WﬁWmW?
ftwds @ gEau & @ # 39 &7 # ifoeld agd dg dvAe o 3R 58 gER afarr gdizead
Famel T @WEY (BOB) &1 3T Hagem afafaftal & WEe & Y FASR 35HT Jaurar & 1| 586
QIY-AY Al G4, % # &7 F SWBOB &9 & FH Hagell NI & QY $A7 IJEar ared Faged
ST, SeTS, T HR RAAFST (JAS) & affieerg 3R T8 e geRr 3uEst F A & HA a g8

50 87 # 3og St daier f[Afevor (OLR) &fior e Tk 31fAERor 3R 3" 560 & Ay deg
gT| g AT ANl F 93 APRIcHAS OLR Huhieh I§ SAdich 9T auT drel gt # Jolellcds &9 & & AT
| e gisHse # AGNR-AIgASE diYe JIHA & HRUT SWBOB &9 H TYoiar fagerfaar =i St
AR WG A IO fawaniaal & @ W a¥ 1994 (fSar awt aren av) # Jors-3eed & R
frTad FFRTAE FEar fuerfa o S| SWBOB # faEed ofid (3507) SST & FAFRIHS (FHRIcHS)
T g e 8, Ha sk (316) Al H HRa & Fud qdf a¢ a% [BEar war g1 ardg
qawa;aﬂw(?ﬁa)aﬁ@rmmqa?ﬁa?rSWBOBﬁmwﬁqa?ﬁwagﬁqmm%mW
35T ifd & wlr (3fQ) M B FSAT Soie wew oa FeAT e A gRafdar & fEedwor wwa @
SWBOB & & & a¥ 1994 & gshcdd a¥ # #E & aN 20-40 w/m’ H IS A FHRIcHS LHF fawafa
g TS| PTIOD asf S 2007 & &R EQ. ESIO & FSUT AM JSSTA, et T Haftig uftas waa
WW%WRWBOBWW%WQmﬁmmgmme
HaglT 7Y F1 g d5 o oy o1 & odff e § wcafs awt g9

ABSTRACT. The main objective of the present work is to investigate the influence of eastern Sea surface
temperature (SST) anomalies during the Positive Tropical Indian Ocean dipole (PTIOD) events on regional summer
monsoon rainfall especially over Tamilnadu and Coastal Andhra Pradesh (A. P.) for the period of 1980-2009. There were
7 strong PTIOD events recorded during the period of study which are accompanied by significant increase in the seasonal
summer monsoon rainfall over India. Averaged SST anomalies (SSTA) over the EQ.ESIO (Equatorial Eastern South
Indian Ocean) during AMJ (April, May, June) shows that colder (warmer) EQ.ESIO during AMJ and positive TIOD
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events were associated with the decreasing (increasing) tendency of summer monsoon rainfall over Tamilnadu and
coastal A.P. The statistical analysis shows the correlation coefficient of 0.59 and 0.79 between AMJSST anomalies and
the rainfall over Tamilnadu and Coastal A. P. respectively. Wind anomalies during PTIOD years with negative
AMISSTA, transports the cold upwelled oceanic current off Sumatra-Java towards the South West Bay of Bengal
(SWBOB) and caused anomalous SST cooling in the region. Thus, the low level southerly wind reaching over the
SWBOB during AMJ enforced the colder oceanic surface temperature of the region during the month of maximum solar
insolation and thereby weak thermal gradient was observed with the shifting of the convective activity towards the south-
east/northern Bay of Bengal (BOB). Moreover, less moisture advection with less convective activity in SWBOB region
during pre-monsoon season may be the caused of the below-normal rainfall over Tamilnadu and coastal A. P. sub-
divisions during June, July, August and September (JJAS).

Higher outgoing longwave radiation (OLR) in this region was associated with the weak low level convergence and
cloud formation. The wet years have large negative OLR Indices whereas dry years have relatively higher values. Due to
ocean-atmosphere thermal coupling in the lower troposphere, thickness anomalies developed over the SWBOB region
with the same sign as the underlying SST anomalies. The lowest negative thickness anomaly during July-August has been
found in 1994 (dry year). Anomalous cold (warm) SST leads to negative (positive) thickness anomalies over the
SWBOB, extending over the lower eastern coast of India in dry (wet) cases. Thermal winds associated with the
weakening (intensifying) of thermal gradient have greater impact on seasonal winds over the SWBOB leading to decrease
(increase) in the latent heat loss. On analyzing the variations in the heat budget component latent heat flux (LHF),
positive LHF anomaly in the range of 20-40 w/m® was found during May in the driest year of 1994 over the domain of
the SWBOB. Warm AMJSSTA over the EQ. ESIO during PTIOD years, like 2007, low level enhanced westerly wind
reached over the central BOB due to thermal contrast caused strong convection in the region and resulting huge band of

convective cloud formation leads to high rainfall over the Eastern Ghats of India.

Key words — Sea surface temperature, Tropical Indian Ocean dipole, Solar insolation, Thermal wind.

1. Introduction

The Indian summer monsoon (ISM) is one of the
main components of the large-scale Asian summer
monsoon system. It is regulated by the thermal contrast
between land and ocean and large availability of moisture
from the Indian Ocean. Summer monsoon rainfall over
India is influenced by the Sea surface temperatures (SST).
Due to major landmasses surrounding the Indian Ocean, it
is one of the most important components of the earth
climate system, having profound impact on the ecosystem,
agriculture and economic performance of the several
tropical countries. In the ocean-atmosphere dynamics, the
basic idea behind the process of air-sea interaction is; the
wind drives the sea and latter changes the balance of
energy by releasing or absorbing the enormous amount of
heat. The sea surface temperature anomalies (SSTA)
generally alter the latent heat and sensible heat fluxes
from ocean to atmosphere and hence affecting the
atmospheric circulations.

Several authors have attempted to correlate the
SSTA of different sectors of the Indian Ocean with the
Indian summer monsoon rainfall (ISMR) on both shorter
and longer time scales. In order to understand the summer
monsoon in detail, it is necessary to consider the
mechanisms of the formation of pre-monsoonal SST
anomalies. The importance of the SST anomalies in
modulating the regional climate was recognized recently
by several scientists working in this area. There are
several mechanisms working on Sea surface by which
Indian Ocean variability modulates the regional rainfall.
Shukla and Misra (1977), Weare (1979), Joseph and Pillai

(1984) and Rao and Goswami (1988) mainly in their
observational studies have focused on the relationship
between the tropical Indian Ocean (TIO) SST and ISM.
On the other hand, Yamazaki (1988), Chandrasekar and
Kitoh (1998) and Meehl and Arblaster (2002) have shown
the impact of Indian Ocean on ISMR in their modeling
studies. The annual cycle of SST over the Indian Ocean is
crucial for a realistic simulation of the Indian summer
monsoon (Shukla and Fennessy, 1994). The influence of
the equatorial SSTA on the ISMR has been extensively
studied by Navarra et al., (1999), Lau and Nath (2000),
Kinter et al., (2002) and they have found in their studies
that the Indian summer monsoon and El Nifio-Southern
Oscillation (ENSO) are negatively correlated.

Saji et al., (1999) and Webster et al., (1999)
investigated the Tropical Indian Ocean dipole (TIOD) as
an important mode of variability over the Indian Ocean
and suggested the teleconnection between the equatorial
Indian Ocean SST variability and the ISMR. SSTA over
the equatorial Indian Ocean causes the emergence of
Tropical Indian ocean dipole which results in widespread
changes in regional climate of nearby landmasses. Behera
et al., (1999) have pointed out that the anomalous
moisture transport from the southeastern tropical Indian
Ocean (SETIO) during TIOD events is conducive for
enhanced monsoon precipitation over the Bay of Bengal
(BOB) and the Indo-Gangetic plains. Later, Ashok et al.,
(2001) and Li et al., (2003) argued that the positive TIOD
events enhance the ISMR. In particular, Ashok et al.,
(2001) argued that the TIOD influenced the meridional
circulation cell over the Indian sector in summer. Li et al.,
(2003) found that a strong ISM seems to be able to damp
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the original TIOD event. Loschnigg et al., (2003) and
Meehl et al., (2003) have also suggested a relationship
between positive Indian Ocean dipole mode (IODM)
events and dry conditions over the Indian subcontinent.
Later, Ashok et al., (2004) from his model experiments
have confirmed that the positive (negative) Indian Ocean
dipole events may reduce the influence of an El Nifio (La
Nifa) event on the Indian monsoon. Gadgil et al., (2004)
have reported that the inter-annual variability of ISMR is
significantly related to the equatorial Indian Ocean
oscillation (EQUINOO), which is the atmospheric
component of TIOD and it is represented as a normalized
index of the near-equatorial surface zonal wind anomaly.
Non uniform warming trends in the Indian Ocean have
been described by IThara et al., (2008). Abram (2008) has
also noted some variability in the tropical Indian Ocean.
Sea surface temperature anomalies in the Ocean coupled
with the wvariability in the atmosphere can help in
understanding the links between Indian Ocean sea surface
temperature (IOSST) and regional climate. The ocean-
atmosphere coupled interactions in the Indian Ocean
together with the Tropical Indian Ocean dipole
phenomenon have established the importance of Indian
Ocean (IO) dynamics on the regional climate variability
(Saji et al., 1999; Webster et al., 1999; Behera et al.,
1999; Murtugudde et al., 2000; Gualdi et al., 2003;
Kripalani et al., 2005). The development of TIOD events
as the SST anomalies in the region of EQ.ESIO
(Equatorial eastern south Indian Ocean) and EQ.WSIO
(Equatorial western south Indian Ocean) in opposite
character evolve through boreal summer and attain peak
amplitude in autumn. Ashok et al., (2001, 2004) further
noted that the positive TIOD events can counteract the
effects of El Nifio and hence alter the ISMR variability.
The summer monsoon of 1997 is a good example that
illustrates this point. During this period, the Indian
subcontinent  experienced above-normal  monsoon
precipitation despite the evolution of a very intense
El-Nifio in the Pacific. Slingo and Annamalai (2000)
showed that the strong suppression of convection over
EQ.ESIO and the Maritime Continent during 1997 played
a key role in altering the local monsoon Hadley circulation
in a manner so as to favour above normal precipitation
over India.

We are mainly concerned to study the regional
impact of eastern equatorial Indian Ocean due to
formation of TIOD. Positive TIOD and its connectivity
with the Indian rainfall have been examined by Behera
et al., (1999), Gadgil et al., (2004) and Ummenhofer
et al., (2009), but its impact over India on regional basis is
yet untouched. One of the objectives of this work is to
investigate the influence of the TIOSST anomalies during
positive TIOD events on the rainfall of Tamilnadu and
Costal A. P.

2. Data and methodology

1° x 1° monthly gridded SSTA obtained from Smith
and Reynolds, so called National Oceanic and
Administrative Agency/National Climatic Data Centre
(NOAA/NCDC) and extended restructured sea surface
temperature (ERSST) v2. SST anomaly is averaged of
April, May and June months (AMJ). The climatology is
defined as the mean SST during the period of 1979-2008
to address the state of the Indian ocean SST. Methods for
the reconstructions of the ERSST by Smith and Reynolds
are used by separating low and high frequency variability
and reconstructing the high frequency variability by the
projection method. The OLR, LHF and Wind anomaly
datasets from NCEP/NCAR (National Center for
Environment Prediction/National Center for Atmospheric
Research, USA) reanalysis dataset has been used in the
present study. Time series of seasonal rainfall for the
regions considered has been taken from the IITM dataset
generated from the station rainfall data of the India
Meteorological Department (IMD). The domains
examined in this study are approximately 10° S - Equator,
90° E-110° E (EQ.ESIO) for SST anomalies, 5° N-13° N,
79° E-89° E (SWBOB) for OLR, LHF, SST and wind
anomalies. The main domain of TIOD developed over the
Indian Ocean has been shown in Fig. 1 [as two blocks-
west (10° S-10° N) and east (10° S-0)].

Daily thickness data (six hourly) at 850 hPa between
500-1000 hPa levels have been taken from the
NCEP/NCAR reanalysis and averaged to get the monthly
and seasonal series. Normalized thickness anomalies have
been computed for the months of July and August during
the period of 1979-2008. Measured thickness indicates the
vertical depth of a layer in the atmosphere bounded by
two constant-pressure surfaces and related to the average
temperature in the column. Higher the average
temperature of the layer, the thicker it is, which in turn
describes the instability of the atmosphere.

3. Results and discussion

The analysis shows 7 strong positive TIOD events
(1982, 1991, 1994, 1997, 2006, 2007 and 2008) during
1980-2009, out of which 6 events (except 1982) were
accompanied by the significant increase in ISMR over
India. To investigate the actual effect of the evolution of
positive TIOD, SSTA during April, May and June (AMJ)
has been considered. When the SSTA during AMJ were
averaged over the EQ.ESIO, it was observed that negative
averaged AMJSSTA have shown adverse impact on the
rainfall over Tamilnadu and coastal Andhra Pradesh
during JJAS season. The other point of discussion is the
pattern of OLR and SST anomalies associated with the
eastern coastal sub-divisional rainfall conditions.
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Fig. 1. Location of two blocks over the equatorial Indian Ocean
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Fig. 2. Normalized rainfall (blue line), sea surface temperature (red line) and outgoing longwave
radiation (green line) anomalies over the Coastal A.P. from 1979-2008

Normalized south west Bay of Bengal outgoing longwave
radiation (SWBOBOLR), equatorial eastern south Indian
Ocean sea surface temperature (EQ.ESIOSST) and
Coastal A.P. rainfall indices were calculated relative to the
climatology (1979-2008) and has been shown in Fig. 2.
Here, it is observed that the OLR indices are relatively
higher/lower to the SST and rainfall indices in the
cold/'warm AMIJSST conditions during positive TIODs
(we call PTIOD latter). This is the verification of the fact
that the higher values of OLR are indicative of no
cloud/thin band of clouds over the region. In the year
2007, which has warm AMISST and above normal
rainfall, OLR and rainfall curves were out of phase with
low OLR and excess rainfall. The year 2008 was cold year
and has shown opposite relationship between OLR and
rainfall (Fig. 2). In addition to 1982, 1994 and 2008, cases
of 1984 and 1985 are the non-TIOD years having strong

negative SSTA (cooler) EQ.ESIO and SD < -1. Both the
years have shown the same characteristics of positive
OLR and negative rainfall.

The correlation coefficients (CCs) between
AMIJSSTA and rainfall over Tamilnadu and Coastal
Andhra Pradesh were found to be 0.59 and 0.76
(significant at 0.1% level) respectively. The colder
(warmer) of EQ.ESIO during AMJ in PTIOD years caused
decrease (increase) in tendency of rainfall over Tamilnadu
and coastal A.P. PTIOD year of 1994 is an interesting
example which shows above normal rainfall over the
North Central India, Peninsular India and also west coast
of India, but scanty rainfall over Tamilnadu and coastal
A. P. Due to anomalous east-west circulation cell along
the equatorial region during PTIOD event, Gujarat
and Kutch & Saurastra received 57.4% and 46.0% excess
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Fig. 3. Positive and negative rainfall conditions over the west coast, coastal A.P. and Tamilnadu in 1994

rainfall respectively while the Coastal A.P. and Tamilnadu
received - 25.5% and - 37.6% less rainfall from the
climatological average (1980-2009) (Fig. 3). It is
interesting to note the tendency of rainfall over the two
regions during the strong and warm ENSO (we call ENSO
later) years with PTIOD in 1982 and 1997. In 1982,
Tamilnadu and Coastal A.P. received 39% and 26% below
normal rainfall respectively while in 1997, there was
normal rainfall. Our concern is AMIJISST anomaly in
PTIOD years which changes the atmospheric linkage to
the nearby ocean and ultimately seasonal rainfall activity
over the concerned regions. EQ.ESIO has negative
AMIJSSTA in 1982, while it has positive in 1997.
Similarly, the years 2007 and 2008 having La Nina event
in Pacific Ocean with PTIOD have shown opposite nature
in rainfall activities. These regions have received excess
rainfall in 2007, while below normal rainfall in 2008. It
clearly indicates that the rainfall variations in the two
concerned regions are not mainly affected by the ENSO
event, but warming/cooling during AMJ months over the
EQ.ESIO is the major factor for climate variability in
these regions. Wind anomaly during cold AMISSTA
(1994), transports the cold upwelled oceanic current off
Sumatra-Java towards the SWBOB and caused anomalous
SST cooling in the region. Thus, low level southerly wind
reaching SWBOB during AMJ enforced the colder
oceanic surface temperature of the region during the
months of maximum solar insolation and thereby less
thermal gradient observed with shifting of the convective
activity towards the south-east/northern BOB. Thus, less
moisture advection with less convective activity over

SWBOB region during pre-monsoon season is the reasons
behind the below-normal rainfall over Tamilnadu and
coastal A.P. during JJAS. In contrast, warm AMJSSTA
(2007) caused enhance low level westerly reaching over
the central BOB due to thermal contrast and thereby
strong convection in the region resulting huge band of
convective cloud formation and hence enhancement in
rainfall over the Eastern Ghat of India. This is similar to
the high rainfall over the Western Ghats in response to
increased evaporation by the warm SST anomalies over
the western Indian Ocean and moisture transport toward
the west coast of India (Shukla, 1975).

As far as south Peninsular India is concerned, it is
found that the PTIOD event affects its rainfall even Indian
monsoon interacts with the ENSO. Due to orographic
structure, the south Peninsular India received high rainfall
because of cooling of wind due to ascent. During ENSO
years, south Peninsular India received below normal
rainfall (negative departure), but PTIOD+ENSO years
have excess rainfall (positive departure) in the range of
40% to 50% (Fig. 4). The cases 1982, 1991, 1994, 1997
and 2006 were PTIOD+ENSO years and have received
above normal rainfall of the order of 15%, 47%, 56%,
40% and 44% respectively. The positive effect of PTIOD
event on ISMR overrides the negative effect of ENSO
event.

It is understandable fact that the PTIOD have
enhancement its effect on the monsoon current due
to anomalous east - west thermal contrast and high rainfall
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Fig. 4. Rainfall departure over all India and peninsular India (Tropical Indian Ocean Dipole

counteracting the effect of warm ENSO)

TABLE 1

Rainfall departure over all India and south peninsular India during
different ENSO and ENSO +TI1OD cases over the Indian Ocean

Rainfall departure (in %) Events in Ocean

Years All India South peninsular Pacific + Indian
region

1982 -12 +15 ENSO +TIOD
1987 -17 +02 Only ENSO
1991 -02 +47 ENSO + TIOD
1994 +14 +56 ENSO + TIOD
1997 +03 +40 ENSO + TIOD
2002 -20 -11 Only ENSO
2006 +04 +44 ENSO + TIOD
2009 -23 -09 Only ENSO

over the west coast. During ENSO non-TIOD years like
1987, 2002 and 2009, India received 17%, 20% and 23%
below normal rainfall respectively while mixed years
received normal to above normal rainfall except in 1982.
During 1997 (strong ENSO event of the century), the
ISMR was normal. Thus, PTIOD tends to minimize the
affect of ENSO and it produced more effectively positive
impact on the rainfall over India as well as over the south
Peninsula than that of negative impact of ENSO over the
Pacific Ocean (Table 1) and it supports the study of Ashok
et al. (2004).

Indian monsoon has its own identity with strong
precipitation received during early June over the western
part of India and during July-August over large parts of
India. Generally, large precipitation tends to occur due to
large availability of moisture from the Indian Ocean in
conjunction with the strong low level convergence. It is
important to recognize that the off-equatorial easterly
anomalies over the EQ.ESIO during JJAS extend upto
nearly 15° S over the northern flanks of Australian High
(AH). The positive tropical dipole with the anomalous
easterly wind due to SLP anomaly enhances the SW
monsoon current and moisture supply to the Indian
subcontinent. With the intensification of the monsoonal
wind, surface water cools down and the thermal contrast
in the Indian Ocean helps to induced winds. A wind in
turn enhances the evaporation which intensifies the
temperature gradient. Emergence of PTIOD produces
anomalous east west winds which enhance the cross
equatorial flow in the summer monsoon season. Swapna
and Krishnan (2008) have shown that the transient EUCs
(Equatorial under current) tend to be relatively stronger
when TIOD events co-occur with intensified summer
monsoons.

In fact, a majority of positive dipole events were
associated with the above-normal summer monsoon
precipitation over the west coast and central north India
and intensified the monsoon circulation due to the
favourable SSTA pattern in the Northern Hemisphere. But
forced colder SSTA over the SWBOB during pre-
monsoon season creates unfavourable condition for
monsoon current moving ahead in this region. Here, we
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Fig. 5. Sea surface temperature anomaly over the EQ.ESIO during May

TABLE 2

Excess and deficient rain years during TIOD years over
all India and coastal Andhra Pradesh

Deficient monsoon Years
(Normal rainfall)

Surplus monsoon Years
(Normal rainfall)

All India CAP

All India CAP

1994 (+1.94) 1991(+0.86) 1982 (-1.17) 1982 (-0.83)
1997 (+0.54) 1997(+0.48) 1991 (-0.54) 1994 (-1.07)
2006(+0.52) 2006(+0.07) 2008 (-0.11)

2007 (+1.34) 2007(+1.85)

2008 (+0.73)

have focused on its negative impact over the east coast of
India particularly over the Coastal A.P. and Tamilnadu
(Table 2). Table 2, clearly shows that the years 1994 and
2007 were two extreme monsoon years among all PTIODs
cases. The SST over negative end of dipole modulates the
other meteorological parameters persisting over the
SWBOB regions. We have also studied the OLR and LHF
anomalies, atmospheric thickness and surface wind for
these two cases of extreme years in detail. Over BOB,
convection is sustained due to strong low level
convergence with large availability of moisture from
Indian Ocean. The nature of Surface temperature of
EQ.ESIO has been conveyed to nearby SWBOB and it
influences the rainfall activities over the landmasses

(Fig. 5). Fig. 5 shows the same SSTA condition (colder)
during the month of May in 1982, 1994 and 2008 over
both the regions; namely EQ.ESIO and SWBOB and its
impact on rainfall over Tamilnadu and Coastal Andhra
Pradesh was seen to be deficient. The analysis of OLR
anomalies over the southwest Bay of Bengal (SWBOB;
5° N-13° N, 79° E-89° E) have shown that all PTIOD
years with negative AMJSST have either positive or very
low negative OLR anomalies during summer monsoon
season, indicating less convective activities and weak low
level convergence over the region. The OLR conditions
during different years have been already shown in Fig. 2.
It is found that the wet years have large negative OLR
values whereas dry years have relatively higher values.
Negative (positive) OLR indicates enhanced (reduced)
weather activities over the region.

Due to ocean-atmosphere thermal coupling in the
lower troposphere, thickness anomalies develop over the
SWBOB region with the same sign as the underlying SST
anomalies (Table 3). The lowest negative thickness
anomaly during July-August months has been found in
1994 (dry year). Anomalous cold (warm) SST leads to
negative (positive) thickness anomalies over the SWBOB,
extending over the lower eastern coast of India in the dry
(wet) cases. All the negative (positive) AMIJSST
anomalies over the EQ.ESIO have conveyed almost the
same pattern as in the 1000 and 500 thickness anomalies
during July (not shown). A reduction (increase) in the
meridional SST gradient drives a corresponding response
in the atmospheric thickness gradients and result an
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Figs. 6(a&b). Wind anomaly at 850 hPa during (a) 2007 and (b) 1994

TABLE 3

Sea surface temperature anomalies (SSTA) during AMJ over
the SWBOB /EQ.ESIO and thickness anomalies at 850 hPa
during July/August over the SWBOB

SSTA (AMJ) Thickness Anomalies
TIOD Years

SWBOB /EQ.ESIO July /August
1982 -0.03/-0.19 -0.30/-0.38
1991 +0.44/+0.18 +0.88/0.00
1994 -0.18/-0.33 -0.71/-1.52
1997 +0.24/+0.24 +1.46/+1.43
2006 +0.07/+0.26 +1.15/+0.29
2007 +0.04/+0.24 +0.88/+0.73
2008 -0.19/-0.31 -0.07/-0.38

anomalous dry (wet) conditions over Tamilnadu and
Coastal A.P. When the seasonal thickness is analyzed
during JJA, the analysis showed that the year 1994 (dry
year) has lowest thickness while 2007 (wet year) has the
highest thickness and difference in thickness between two
years is significantly found to be 12.47 m.

Rainfall activities depend on moisture availability in
addition to the atmospheric instability. Wind speed/
direction decide the moisture advection in the region.
Figs. 6(a-b) show the anomalous east-west equatorial
wind current during PTIOD which helps to enhance the
south-west cross equatorial flow emerging from the
Mascerene High (MH). Since TIOD mode is a seasonal
locked activity and its emergence starts during April or

May, it has been also observed that that the strong PTIOD
years are associated with the normal Indian monsoon over
Kerala indicating its direct relationship with the monsoon
current. Fig. 6(b) shows a weak monsoon circulation in
1994 over entire east coast of India and weak low level
convergence over the concerned region can be also seen.
But in 2007, strong convective activities (with strong SST
gradient) favour the monsoonal circulation over the
regions [Fig. 6(a)]. Thermal winds associated with the
weakening (intensifying) of the thermal gradient have
large impact on the seasonal winds over the SWBOB
leading to decrease (increase) in latent heat loss.

On analyzing the variation of the heat budget
component LHF, positive LHF anomaly in the range of
20-40 w/m® was observed in the month of May during the
driest year of 1994 over the region of SWBOB. Similar
pattern of less latent heat loss and less evaporation is also
found during August with positive LHF anomaly of the
order of 10-20 w/m”. But in the wet year of 2007, both the
months May and August have shown significant negative
LHF anomalies means enhanced evaporation with
increased latent heat loss.

4,  Conclusion

Based on above study, strong association between
SST anomaly over the eastern end of tropical dipole and
Indian monsoon rainfall over Eastern Coast has been
found. It is established fact that PTIOD events caused
excess rainfall over India during summer monsoon season,
but in this paper, it has been attempted to explain the
possible cause of large deficit/excess rainfall over
Tamilnadu and Coastal Andhra Pradesh and its
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teleconnection with the colder /warmer EQ.ESIO regions.
The seasonal rainfall over the Tamilnadu and Coastal
Andhra Pradesh is below normal during the negative
AMIJSSTA and the positive TIOD years. In the emerging
stage of dipole, cooling of EQ.ESIO weakens the
southeasterly trade winds reaching towards southwest Bay
of Bengal and decreases the strength of this monsoonal
branch. Shifting of convective activity towards the
east/north over the BOB has been observed. Significant
changes were also observed in the meridional wind, OLR,
SST over different parts of the eastern equatorial Indian
Ocean. The positive anomaly of OLR over the SWBOB
indicates the less convection over this region. Weak
northerly winds in the region are observed due to colder
SSTA between EQ.ESIO and SWBOB and weak thermal
contrast may be the reason of less northward transport of
moisture. Thermal winds associated with the weakening
(intensifying) of thermal gradient have greater impact on
seasonal winds over the SWBOB leading to decrease
(increase) in latent heat loss. Also a reduction (increase) in
the meridional SST gradient drives a corresponding
response in the atmospheric thickness gradients and
results anomalous dry (wet) conditions over Tamilnadu
and Coastal A. P.

PTIOD has its own physical identity in the Indian
Ocean and it is not associated with ENSO. Moreover,
PTIOD co-occurred with the ENSO overrides in terms of
impact on Indian monsoon rainfall. All the ENSO without
PTIOD years caused adverse impact on Indian rainfall, but
all ENSO years co-occurred with PTIOD produce normal
to above normal rainfall. Best example is the year 1997
over the south Peninsular India when rainfall was normal.
South peninsula has extensive orographic structure, but it
received low rainfall in every ENSO years. However, it
received 40% to 50% excess rainfall when ENSO co-
occurred with the PTIOD. The AMJSST anomalies over
the EQ.ESIO during PTIOD years change the atmospheric
linkage nearby the ocean and ultimately rainfall activity.
In 1982 (an ENSO + PTIOD year), Tamilnadu and
Coastal A.P. received 37.6% and 25.5% below normal
rainfall respectively while in 1997, another ENSO +
PTIOD year, received almost normal rainfall. EQ.ESIO
has negative AMJSSTA in 1982, while it has positive in
1997. Thus, emergence of positive TIOD over Indian
Ocean pushed up the tendency of Indian summer
monsoon, but significant variations during May in the
anomalies of low level winds, OLR and SST over the
equatorial east southern Indian Ocean and southwest Bay
of Bengal provide some indication of the behaviour of
rainfall activity over Tamilnadu and Coastal Andhra
Pradesh during June to September.

However, it is important to explore the SST
condition over the EQ.ESIO region using climate model

and identify the physical mechanisms for above
relationships. We plan to study the sensitivity of SST over
different sectors of the Indian Ocean to Indian summer
Monsoon Rainfall.
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