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ABSTRACT

Purpose-of this paper is to establish teleconnections betwesn the convegtion changes of the South
China Ses (3CS) and the rainfall anamalies over Indis particularly over northesst and sast coast
of India. Ithas besn observed in the present study that negativs (positive) AMI (April. May, June)
Sea Surface Temperature (557) anomalies over east end of the positive Tropical Indian Ocean
dipole events induced an enhanced cyclenic (anti-cyclonic) circulation over the SCS and this not
only cools (warms) S5T, but also decreases (increasss) Outgeing Longwave Radiation (OLR)
anomalias in the 3CS This producsd significant impact over Indian summer monsoon rainfall
(1SMR) particularly over the narthesst and 221 coast The corrslation of OLR betwesn two regions.
Equaterial Eastern South Indian Ccean (EQ.ESIC) and 3CS are oppasite during this event. The
anomalous surisce divergence in the eastarn tropizal Indian Ocsan iz liable to scceleratethe desp
convaction over SCS Theobserved results are verifisd with the RegCM3 model in its sansitivity
sxperiment The enforced perturbation in 557 aver the SCS by +0.5°C throughout the summear
monsaon s23son is generated and the-simulated summer monsoon circulation at 850 hfa and
ISMR are analyzed. The simulated vertical Water Vapour Mixing Satio (WVMR) centeraed at 65'C
and T7 5: E longitudes in the warm 3CS ars also studisd to examine the moisture availability over
the Indian subcontinent and adjeining ssas.
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Introduction

The SCS iz connected to the Pacific Ocean
{PQjin the east through the Luzen Strait and to the
indizn Geean (D) in the westthrough the Malacca
Stralt. Due o its geographical location. 5CS ks
!arge]y influgnced by the anomalous events
occurring in the PO and IC Although the E-Nine
Southetn Oscillation (ENSO) s a2 PO event with
35T anomalies occurning in the agustorial eastem
and central pacific, it aff=cts the global ocean (Warnag
and Ding. 2006) While ENSO peaks during the
boreal winter, but its influence on other ocean
basins normally peaks 1-2 seasons later (Alexander
and Scott. 2002) Kietmatal 1999 and Wang et al
2002 sungestthat the Influence of ENST on other
tropical eceans iz transmitted through the
atmospherlc bridges of atmespheric circulation
changes They show that the Walker and Hadley

cieculations can serve as an almosphede bridge

through the variations in surface wind_ air
temparature, humidity and cloud cover thatin tum
inflyence surface heat fluxes and ocean
circulations gver othar aczan basins and hence
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change SS8T. Thus syvery ENSO event is
assoclated with 2 changz in ths SCSZ SET
anomafizs and it axperiences significant interannisal
variability in summer that is carrzlated with eastemn
Pacific S5T at a half-year lag (Ose et al 1957
\Wang =t al 2000b) In spite of a strang ENSO
impact art the SCS (Wang et al 2002. Xie st al
2003, Gu and Lindstrom, 2004 and Liv etal 2004)
the large scals circulation and S3T is dominantly
influenced by the seasonal raversal of the monsoon
winds. Thempson and Tkalich, 2012 emphasis in
his study the interannual variabiiity of SST overthe
southern SCS during the ENSQ and Indian Cicean
Dipels (10D} events. The climatolegically impact
of2asl pols during pesitive troplcal 10D was found
over southwest BOB which resulled deficient raindall
over East Coast particularly over Tamilnadu and
CoastalAndhra Pradesh (Choudhary st al., 2014)
Dus to the geographical lecation of Vistnam in the
narthwest of SCS the upwelling over the
Vietnamese coast tekes placs in summer during
the southweest monsoon Wyrtki, 1961 and Huang
etal 1594 painted out the s=asonal upwelling and



showed that thers Is a moare than 1°C drop In S5T
off Vietnam In summer Forced by observed winds.
several models wers also able to produce the
summer upwelling and 537 cooling off the
Vietnamase coast {Pehimann, 1887 Shaw and
Chao. 1984). Our aim In this study is to discover
the emsrgenca of summer dasp convaction ovar
SCS due to the importam events fike ENSO and
Troplcal Indian Ocean Dipole (TIOD). The impact
of deep convection over SCS on monsoon
variabifity Is discussed in details. A high resolution
Ragional Climate Modal (RegCM3) configurad for
the 5C5 15 used for the-sansitivity expariment to
sxamine the perfermance of the madalin simulating
the maonsaon circylations, moisture contant in tarm=
of verical WVM&:and precipitation

2. Data, Methodology and Model
Description

Monthly 15%1° gridded SST anomalies obiained
from Smith and Reynolds. so callad National
Oceanic and Administratlive Agency/Mational
Climatic Data Centre (NOAANCDC) and Extended
Restructured Sea Surface Temperature (EREST)
vZ The OLR and wind anomaly datassts from
NCEP/NCAR (Mational Center for Environmant
Prediction/National Center for Atmospheric
Hesearch. USA) reanalysis datasst has been used
in the prezent study Time s2dies of seasonal rainfall
for the regiens under consideration has been taken
fram the Indian Institutz of Tropical Meteorology
(ITM)) datas=t generated from the station rainfall
data of the indis Metsarolagical Depariment IMD)
The domains examined in this study are 1078-
Equator, 80°E-110°E (EQ ESIO) for S5TA and
OLR, 5IN-13°N, T®E-89°E (SWBOB) for OLR
S5T and wind anomalies. The strong positive 55T
dipole years were considerad those years having
dipale index (TIGDI) =1 5D when averaged from
April to September during the study period (1930-
2008). The TIODI s defined as the difference of
S5 T anomaliss betvean two ends ot dipols Le_ 10°5-
10°N. 50°E-T0°E and 10°8-0. S0°E-110°E

inthe present study . & warm 55T expariment
is canductad by increasing temperature 0.5°C of
SCS gvar the oceanic region (5°N - 25°N and 98°E
- 112°E) in the modsl doemain and the simuiated
wind figlds at 850 hPa and 200 hPa, vetical WWMR
and rainfall are compared with CTL experiment of
the model The control runs are integrated from 2prll
1 to October 1 forthe years 2005 2006, 2007, 2008
and 2008 in all experments, the central longiude
and central latitude is centared at 80 “Eand 16 'N

Tha mbodel domain covers the area appmmmatefy
48 °E to 1127E and 40 "N 1o 10 “S with a horizontal
grid distance of 50 km The grid is defned on a
Mormal Marcater (MORMER). The lataral boundary
canditions are updated and fed every & hour inte
the model and the time siep of the integration has
baszn kep! at 75 second The sxpeariments ars
canducted for Grell cumulus parametarization
schemes with Arakawa—Schubert as the closure

schems

3. Results and Discussion

Interannual variabllity of the SCS is fargely
influencad by ENSO and TIOD evenis During the
period of 1980-1997. MAM S5T anomalies over
SCS are negative 17 timas out of 18, but during
1958-2009_anomalies are positive 10 times oul of
12 [Fig.1). The increasing trend of SCS SS8T in
recent years has created grea! concarm among
sciantists 1o examine the Indian monsoon varizhility
particularly in the cases of enhancad dezp
convection in and arcund SCS. During warm ENSO
years. SCS SST anomaly is colder induced by the
atmospheric linkage to the cold end of the wastern
Pacific Ocean. During boreal winter, the nartheast
monsoon is prevalled over SCS and the El-Ning

eandition inthe PO causes to weaken the norfheast

monsoon resufting warm S57T gver SCS. The
divergence of wind at the western PO towards SCS
accurred due to the oceanic tharmal gradient and
the dzep convaction increasad ovar northem 3¢S
during tha malured stage of tha El-Ning evant. The
anomalous cooling over east pole during pre-
manseon season during positive tropical 10D which
coincided with warm ENSO svent creates the

eyclanic circuiation aover SCS al low ievel and

accelerates the local convection

] ANTIMALIES wCS

h'r'-"-.'-'ll

Fig 1 Trendin sea suiface femperaturs over SCS.
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Corresparnding to El-Nino varm events, 3CS
SST anomalies are found coldet during summet
mansoeon season excepl in 2002 which alse shows
sharp dedlineafter June (Fig 2), The fine graphs of
SCS 557 anomalies are bunched around the
horizantal x-axis These lines have two peaks in
June and Decembar during JJAS and GND
manths It ks seen that afier getiing first peak in Juns,
it has slope downwards il September and then
raised to issecond peak In Becemberin aimost 2l
warm ENS0 yzars. This shows the enhianced desp
convection over SCS during summer monsoon
sgasen The Juns peak may be due to the
anomalous sheriwave radiation in the northem
hemisphera wherzas Dacember peak shows
weaker nertheast monsoon over SCS due lo the
El-Nino warm events OLR anomalies during wam
ENSO0 evenis are appreciably negative in AMJ
months (Fig.3) This low OLR persisis in the
SUMIMEr Maonsoon season also. Reduced OLR in
tha region followed the enhanced deep canveaction
which in turns caused heavy regional rainfafl Warm
SCS in the preceding menths of the summer

monsgon created suitable tharmal gradient and the

increased zonal winds from BOB and csusad to
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Fig 2 Patieins of annual S5TA over SCE during
warm ENSO years In the study period
(1580-2009)
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Fig 3 Same asin Fig 2 excaptfor OLRA

snhance canvection in the northam and wastem
SCS (Figure 4) Flgurs 4 shows a waak monsoon

‘circulation in July of 1984 over entire east coast of

India and weak low leveal convergence over the
cancemed ragien can also be seen The cyclenic
sguthwes! monsoon circulation from wasl and
anticyclonic flow from east produces increasad
upwelling over northem SCS The anomalous
meridional wind from EQ ESIC also enhanced the
convection avar SCS In the years of posifive
tropical dipole events like 1982, 1954 and 2008

Fig 4 Wind anomaly at 850 hPa during July, 1994

‘The mandional wind arriving in SCS from
EQ ESIO influgnees the SST pattern aver SCS
particularly its westem periphery Thess TICDs
which inducs negative 35TA overthe eastem end
of Ihe dipole throughout the ysarfrom ifs evolution
to the maturity northern as well as westem 5C8
geis deep convection enhanced (Fig.5) Fig3
shows the high convection over nerthem and

Fig:5 Trend of OLR over EQ.ESID, SWEOE and
SCSin 1994
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waslam SCS while low convection over SWBGH
in_response te the anomalous cooling over
EQ.ESIO during positive TIOD event of 1394, This
supar cooling condition (Negative 35T anomalias:
threughout seven manths) influences SWBGE
(SCS) by induclng suppressad {(enhanced)
convection in the summar mensoon seasan Thus
anomalous convergances of winds over SCS was
lizble to creata negative 3STA during JJAS manths
(Table 1) The observed rainfall ovar esst coas!
subdivisions (Tamilnadu and Coastal Andhra
Pradech] and northeast suhdivisions (Assam &
meghalaya and Nagalang, Manipur. Mizoram: &
Tripura) was deficient during these dipale years
(1982. 1994 and 2008) (fablz 2} Nagaland,
Manipur, Mizoram & Tripura subdivisien has
negaﬂv& rainfall ansmalfies of -16 2% and -17.2%
in the years 1994 (warm ENSO) and 2068 (cold
ENSO) respectively Low rainfall Iz also cbserved
during these ENSO years which produced deep
canvaction over-SCS. Remarkably, 1997 a warm
ENSO year received 18.3% more rainfall over
Nagatand, Manipur, Mizoram & Tripura subdivision
and normal rainfall over Tamilnadu and Coastal

Andhra Pradash (CAP) Less convection over SCS
and high convection aver SWBOB in 1987 were
found. Similar rainfall pattem was also observed
over Assam & Meghalaya subdivision

3.1 Sensitivity experiments over SC8

Focus.of this study = to analyze the varabilities
in seasonal menseon circulatiens at 850 hPa
vertical WVMR (cantered at 65°E and 77.5°E) and
piecipitation in warm S5T run over SC5 te increase
53T by 05°C and te correlate the obsarved
anomalies (ralnfall and OLR) over BOE and east
coast of India. The enforcad warming of SCS
causesincreased deep convection over the region
with enhanced cyclonic circutation. This in tum
aphanced the moisture flux from the BOB to SCS.
it caused suppressed SW cyclonie circulation aver
B0B resufting deficient rainfall over east coast
region and noriheast India Moreover, warm SCS
is associatad with arrival of monsoon circulations
more northerly in ABS and thus recaivad slightly
increased rainfall over Central North East India
ICMEN and West Central India WCI). Fi[;:ure G{a-
b} shows the composite mean wind fields and the

TABLE 1
Sea Surface Temperature Anomalies of (SSTA) EQ.ESIC influencing the nature of S5TA over
SCS during positive TIOD years:

Polasities of S5T in EQ.ESIO region

Polarities of SST in SCS region

Years AMJ months JAS months AMJ months JAS months
1982 negative napative negative negalive

1981 positiva negative nagative negative
1694 negative negative negative negative
1987 positive negalive positive positive:
2006 pasitiva nagative: positive posilive
2007 positive negative positive positive
2008 negative. negafive nagative negailve

TABLE 2
Patierns of observed rainfall over Tamilnadu, CAP and Northeast subdivisions
during positive TIOD years
Years Tamilnadu CAP Assam&Meghalaya Nagaland, Manipur,
' Mizoram &Tripura

1982 Deficiant Disficient Deficient Deficient
1994 Beficien Deficiznt Deficient Beficient
2008 Deficiant Dieficiant Beficient Deficiant
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difference In s=eazonal wind Relds gt 850 KPa.

between warm SS5T and CTL experiments
respectively. Figure 6 also shows the
southwesterly cyclonic wind fistds which are the
normal seasenal menseen drculations at $50 hPa
over BOB became weaker in warm 2CS 35T
experimant The difference of wind fields and
direction of wind vectors show that the wind speed
iz weaker in warm 35T in comparisen to the CTL
expenment aver the CAF and Tamilnadu reglons

The monsoon circulations over central ABS,

northwest India, Gujarat subdivisiors and
peninsularindia are alsp waaker

a
Cump mean I‘Iﬂﬂ!ilfl Ml‘. LIS - 1”}

(o)

-——
R

Figh Simulated co Sﬂg maan Ee}d ghﬁ‘%&ﬁ 3
E?&TI‘IIEI]!QVET wind al 3, [
difference wind at ég hPa (SST-CTL)

The composite analysis of the model resulis
shows thal the increased SST over the SCS
induees cyclonic circufation at 350 hPa laval
Negative OLR anomalies with enhanced deep
canvection ever SES during El-Nino and pesifive
TIOD years (nagative AMJ S5TA ovar EQESID)
are in accordance with the resuits of warm run of
the model The new findings Indicate an scaan
atmasphars interaction over the SCS whers
underlying SST aromalies tend to farm a favourable
condition for conveclive activity and sustain
enhanced regional precipitation during [SM. This
verifies the: results presented by the NCEP/CPC
Gioba! Monsaon Team. Cverall the Asian monsoon
rainfall was:-above nommal in summer 2008 which
is also the characterisiic year of PTICD having
negative AMJ S5TA gver EQ ESIQ. According 10
the NCER/CPC tzam, above normal rainfall
accurred aver the tropical 1O (except EQ ESIO),
southern China, northem SCS and much of East
Asiz and below normal rainfall occurred over central
southemn India. It Is also noticed that stronger
southwesterly monsooen circulation persisis over
southern China:and northern SCS. Also the onset
of summer monsgan was sarliar than normal over
SCE and India with distinctive feature of the strong

zonal dipele of precipitation over trapical [0 with

abovz (below) normal precipitation over the west
{east).

Fig.7(a, ¢) shows composite seasonal mean
vartical WVMR at different atmpspheric prassure
levals centared between 625 — 67 5° E longitude
and 75-80° E longitude  Figure 7(b. d) shows the
difference in seasonal mean verical WVMR at
differant atmospheric prazssure levels batwean
vwarm S5T and CTL expariments raspeciively The
maisture content avallable in the ABS along with
closs equatorial flow shows insignificant change
excepl marginal increase (by +5%) over central
ABS and slight decrease (by -5%) over southwest
ABS atthe atmospheric level above 600 hPa (Figure
Th). This moisture fiux change is wall matchad with
simulated wind fields. As-faras moisturs avallable
over Indian region is concemed  thers is no major

«change Is obssrved except near the Himalayan

region around 35°N (increase in moisturs content
by 5%-10%) at lower atmospheric javal (Figure 7d)
Figurs B{a-b) shows the composiie mean rainfall
and the diffarence in s=asona! rainfall batwaen
warm SST and CTL experiments respectivaly

Major parts of ABS and BOB pbserved negative
rainiall except aver the regions bounded by south
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of 9°N and wast of 87°E including the oceanic
regions surrounding Gujarat. The zone of lowest
rainfall is nortiveast BOE in the domain of 12°N-
20°N. BT'E-S5°E This might be dus to the weaker
cyclonic mensaon circulalion over majer paris of
BOB. As far as rainfall over Indian subcontinent is
cencemed, 3l rainfall zones except central India
(CNEI and W) receved deficient rainfall in this
warm S57 run. The response ofrainfall gver CNEI

(a)
vertical svinr 82 5- 075K JAS{SCH)

L]
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=
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(b)

Diff. wymr 82 5-07.5B NAS(SCS-COTL)

Fiam TiE =N S e e

I TN Sk e lem AN s me e

T e

and WC] is positive and itis 9% and 13 1% excass
rainfall respactively In the warm SST in comparison
to the CTL experimants (Fig.9). Thus, the posifive
response of warm SST over SCS on the lGMAR Is
not observad The lowest rainfall (-10 2% is
obsanved ovarNortheast Indla (NE!) (Figure 8) The
madel results have shown good agreameant with the
obssmwvad rainfall ovar Tamilngdu, CAP and NEI
regions

wprtival wvmre ‘rl HDE JAS(BCH)
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P I & ¥

i

=]

1IEE B X AN TTEELE B R

Fig 7 Simulated seasonal vertical WVMR (g) centered al 65°E longilude, t_t!)_ differance WVMR (557-
£TL), (c) centered at 77 5°E longitude and (d] difference WVMR (S5T-LTL)
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Fig B {a) Simulatad compesite mean rainfall and
(b) difference (SST-CTL) raindall
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Fig& Differance in pracipltation (jn %) batween
S57 and control experiment gver various
rainfall zoness.

3.2 Monthly analysis of wind fields, moisture
contents and precipitation during the
MonNsoon season

Fig 10(a-d} shows the manthly variations efthe
wind fields at 853 hPa from Jun=to Septemberin
sensitivity experimant Tha mensoon circulation in

AEBSisweaker and the directiona appraach of the

‘cress equatonal flow is mare nertherly in the month

of onset of monscon (Fig. 10a). This is due to
strangar cyclonic circutation around 25°N latitude
and a 65°E longitude. This is the reazon behind the
positive ralnfall anomaly over central India The
changes in wind speed show the weaker winds
sver CAF and Tamiinadu wherzas stronger in
southern BOB. The water vapeurs present in the
monsaon circulations are changed only al upper
atmaspherie levels. The increase is cbserved by
5% to 10% in somparison 1o CTL run jn June at
higher latitudes only (Fig.11a) Obviously the
increase in moisture flux in the southern Arablan
Seals less. Thearrval of molsture along with cross
squatorial flow Is decreased as monsoon
progresses and dedrease In meisture contant is
significant in July ang August [Fig 11(b. ¢]]. The
manthly changes in verical WYMR in warm SC3S
experiment Is in accordance with changes in the
wind fizlds. Patterns of monihly change of vartical
WVYMR aver Indian reglon are wall simulatad by the
madel and are comparable to the obsarved moisturs
content when the increasad canvection induced
over the SCS during posftive dipele conditions,
There is significant reduction in maoisture percentags
over Indian region in betwsen 5N and 20°N
(comprising CAP and Tamilnadu) in the month of
June (Fig-12a). This reduction is continued almost
in every months of summer manseon.

Fig 13{a-d) shows the monthly rainfall simulated
by the RegCM in warm SST run over SCS. The

sifmulated ralnfall overifie entire east coast of Indiz
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has semarkably decreased in this experiment
Except for the central Indla. the rainfall over
northwest and peninsular India showed negative
departure. The simulation of Wind figlds and vertical
WVMR 35 discussed earfier also supports the
rainfall anomalies Monthly vanations of rainfall
varify the fact that the vanabiliity m wind speed and
maisture flux during July and August influence the
ISMR targely
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Fig 13 Simulsted maan monthly composite rainfall

4. Summary and Conclusions

On analyzing the results of observed and
sensitivity sxperiment over 3C3. we arived on the
fallowing conclusions in this study follows:

1)  -Anomsalous cooling fram March to Saptembar
over eastemn end of the Wopical dipole

11

2)

enhanced the convectlon over SCE. The

"EQ ESIO and SCS have good negative

cormelation in OLR

Interannual 55T and OLR anomalies in the
SCSare largely influenced by ENSOandthe
TIOD driven by atmosphearic and oceanic
changes.



3}  Desp convection in SC3 is responsible for the
rainfall variabllity along East Coas! and
Northeast of India. The negative (positive)
rainfall -anomalizs -are: observad in the cases
of enhanced {suppressed) convaction ovar

8C5

4)  The increased convection over 3CS in ifs
model domsin In the sensitivity exgerimant
ptojected the weaksr monsoon circulations
and convergence ef maolsture (less vertical

WVMR] inte the ABS and BOB and hence:

deficient rainfall ever major parts of Indian
subcontinent Tha vertical WVMR shows
Iarge reduction in moisture perceniage (in the
range of 5% to 20%) in betwesn 5°N to 20N
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