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Abstract: Tropical Pacific Ocean is an important to studyiéntifying the influence on Global circulation!. [gifio /La
Nina even occurs over the tropical Pacific Oceaith temperatures oscillations. With respect to éase in temperatures,
the intensity of El Nifio can be divided into strongpderate and weak. As per the intensity, the 2680 is a moderate El
Nifio, but is peculiar due to delay in formation.this article, TAO/TRITON data is used for analysetween November
2008 and December 2009 to check the variationlsarstirface and sub-surface temperatures duringnaiméfestation of El
Nifio. Actually ElI Nifio manifest during December,tkiuring 2009 El Nifio it manifested in January. fehés a clear
evidence in surface and sub-surface temperaturgbegsare increasing from January 2009, which cgniams the
manifestation of El Nifio.
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11 d . phenomenon known as the Southern Oscillation, first
- Introduction defined by Sir Gilbert Walker in the early 20th tay. As
sea surface temperatures (SST) warm east of tleelidat

the pattern of deep convection and precipitati@o ahifts
eastward [1]. This reinforces the reduction in ¢ragind
intensity, because westerly winds flow into the \amtive
center from the west. Pressure continues to falhéneast
and rise in the west as the region of convectiahramfall
migrates eastward. The system becomes locked in a
positive feedback loop, with warming surface terapaes
leading to weakened trade winds and vice versas Thi
r positive feedback is eventually broken when theaote
waves that elevated the thermocline in the wedaific

at the onset of the event bounce off the land nsasse
bordering the western Pacific and reflect back towtae
east. As the reflected waves propagate eastwardy ale
equator, they elevate the thermocline and initeueface

El Nifio is a warming of the tropical Pacific thatcors
roughly every 2 to 7 years and lasts for 12-18 hmnt
sometimes continuous. El Nifio is dynamically linkedhe
Southern Oscillation, a see-saw in surface atmagphe
pressure between the Australian—East Asian regidntlae
eastern tropical Pacific. During El Nifio, the tragdeds
weaken along the equator as atmospheric presseg in
the western Pacific and falls in the eastern Racifi
Weakened trade winds allow warm surface water, athym
confined to the western Pacific, to migrate eastwa
Wind-driven upwelling, a process that brings colatev to
the surface along the equator and along the westts®f
North and South America, is also greatly reducedising
sea surface temperatures to rise. El Nifio is censito be
the second biggest climate-related influence on dum

activities, after the natural flow of the seasoAthough Cc0°ling. Cooler surface waters in the eastern Racif
the phenomenon is at least thousands of yearsitsid, Ncrease the east-west atmospheric pressure graahen

impacts on global climate have only recently beefl® Strength of the trade winds, which in turn faices
recognized. surface cooling through intensified upwelling. Theean

The term El Nifio has now become synonymous witfeturns to near normal conditions, or it may ovecghinto

these extensive ocean warming because of theirdmma @ c0ld La Nina state. While EI Nifio involves atirirate
global climate. El Nifio is coupled to an atmospheri €OUPling of the atmosphere and the ocean, the wdsf
respond to each other on very different time sca&éslifio
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effects are felt worldwide through atmospheric andanic interactions that maintain well-developed trades tlie
teleconnections, with significant impacts on sgciand eastern equatorial Pacific contribute to the cotreéion of
natural systems [2]. The atmosphere is a thousemelst largest SSTs in the central Pacific. TAO/TRITONalate
less dense than the ocean, and therefore respémdsta routinely used in ocean state estimation, operationean
immediately to forcing from the ocean surface. Doean analyses, operational atmospheric analyses anclysés)

is massive by comparison, so its dynamical respaase and ENSO forecasting. For further details pleaser réne
atmospheric forcing is relatively sluggish. Thereasing TAO/TRITON website.

recognition that there are two different flavourstypes of TAO/TRITON surface and sub-surface temperature data
El Nifio events [e.g., 3, 4, 5, 6, 7, 8, 9,10] offdhe used to study how the surface and subsurface tetoper
research community a new way to consider interdnnusaries during the period November 2008 to Decerdbés.
SST variability in the tropical Pacific and to rieth how The data used for this study is to identify how theface
the type of El Nifio and its impacts may change has t and subsurface temperatures are having in relatitmthe
climate changes. El Nifio has its largest anomalougelayed EI Nifio. Variations of SST and subsurface
warming in the central equatorial Pacific in costrto the temperatures are plotted using different plottingd a
more traditional type of El Nifio, which has itsdast presented. The results are given below.

warming in the eastern equatorial Pacific. sci¢sitisave

noted a new type of El Nifio that has been occumiith 3 Resylts

greater frequency. Known variously as "central-fadil

Nifio," "warm-pool El Nifio," "dateline El Nifio" orEl  3.1. Variation of Sea Surface Temperature

Nifio Modoki", the maximum ocean warming from sudh E

Nifios is found in the central-equatorial, rathertteastern _ Figure 1 showi SST v?riation_over tropical Pacific
Pacific. Moreover, since the start of the 21st egptmost  Oc€an (between 5° S and 5° N) during November 20@8

of the EI Nifio events have been of the Centralfieatyipe, December 2009. Variations in SST clearly indicatafgut

including the 2002/03, 2004/05, and 2009/10 evefite N upwelling feature in eastern side and warm jwdhe
2009-10 El Nifio manifested during January and/eStern side of tropical Pacific Ocean. Novembe080

commenced in May 2009. The Pacific Ocean returoed £XPlains there is a warm with 30° C observed in the
neutral by late April 2010, but continued to coapidly southern Pacific Ocean. Eastern Pacific is showéng

during autumn. Satellite observations suggest that UPWelling process, especially in the southern bigiéower
intensity of El Nifio events in the central equabRacific o1 Of 22° C. The temperature ranging betweerC28°

has almost doubled in the past three decades, thith 30° C in the western Pacific indicating it is a mapool.
strongest warming occurring in  2009-10 [1’1]_ ToThe SST increased in the western Pacific duringeDexer
understanding the processes going on EI Nifio, itiquéar 2009. The 30° C areal extent enhanced and upwelling

2009 El Nifio. November 2008- December 2009 data h&$0Cess in the eastern Pacific decreased in Decentien
been taken to check the variations in surface angPmpared with November. Higher temperatures can be

sub-surface temperatures. Normally El Nifio can pabserved in the western Pacific during January 2009
observed during December, but in 2009 is a mildNEo however the 30.5° C can be observed in the southern

but manifested in January- February. An attemptteen latitudes of western Pacific. The temperatures le t

done to understand the variations over surface arxPuthern part of eastern Pacific increases to 244tC

sub-surface temperatures varies during 2009 El Nifio indicating that, the upwelling process reduced dhel
tropical Pacific temperatures are increasing. ABRE,

there is a area of 24° C can be observed. The 30° C
2. Data and M ethodology temperature water is present both sides of equaiue.
. » L . upwelling feature observed in December 2008 reduced
Tropical Pacific Ocean is important for study doeits ¢, ther in February 2009 and the temperatures &uere.
influence on Global circulation. For this studyfautused ggt pattern showing that there is a moment of otirie
the TAO/TRITON buoy data. TRITON moorings included¢qm east to west at the equator. The same featuebe
surface and subsurface temperature in the uppemb@é prolonged to March 2009. During April 2009, the
part of its standard measurement suite. TAO/TRITION temperatures are further increased along the equBie
well known that high-frequency zonal wind fluctwats  omherature of 30° C can be observed southern giart
can significantly affect the evolution of ENSO eterEl \ estem pacific; however there is an increase df 3he
Nifio's of the 21st century have been charactert®e&ST . ctern Pacific also to 27.5° C. May 2009 expltiesSST

anomalies along the equator that are largest near iy yhe western Pacific increased further and saatpart of
International Date Line. Nonetheless, TAO/TRITON@a gagtern pacific is experiencing temperature of 27The
provide a key constraint on initial conditions feasonal ggT gver eastern Pacific decreased by 0.5 © dulimg
model forecasts at many centers around the waulth 8s 5409 There is an area of 30° C temperature obsénviae
the National Centers for El Nifio. This class of Nifio ¢4 thern part of Pacific. Over southern part ofteras

has different climate impacts than those with lafge pcific showing lower temperatures, indicating uling
anomalies in the eastern Pacific. Ocean-atmosphere



52

Latitude

Latitude

Latitude

Latitude

L atitude

Latitude

Latitude

M. V. Subrahmanyam: Surface and Subsurface Temperature Variations g 2009 El Nifio Manifestation over

Central and Tropical Pacific Ocean

5 Bt . 4 .
N, 7 AN
; ; N / |/ //,_//- A\
wE ¥ re & /8 g\
2 L2 sy BT e N
1 g\ VTN EVE R
In
o o/ \ AU EAD LT[ c”f’y"@
-1 81 9 \R I\ \-\:v‘\[g’ /\H\ M‘Dv \“ \ /\
-2 -2 l\m\\ WAL (L ( \j\
-3 3 | **\\\ \ \\ 1\ |\
/ \ \ \ \ \\ \"

* . \\\\\ \\\\.\\\
135 145 155 165 175 185 195 205 215 225 235 245 255 265 135 145 155 165 175 185 195 205 215 225 235 245 255 265
Longitude Longitude

5 — . o . 5
N 1~ / \
4 V| »/’// [ ~\ b s
| / [ SRRV Ve
3 RE&N ®eN o &/ % \ 3+
BN S AL g L N A
2w | [NV OS]y JIA\ 2
I N 1 e AR I
AR NN
NIV Ok Bl
) WL \g“\'«\ Al e (s [ 31
2 AR A LIt A 2
3 |\ x\\\ AN \\ T 3
4 I\ NALVLLVL T 4 \ )
Geanos |\ VNN N | KFenoﬂ Ly N \ f
135 145 155 165 175 185 195 205 215 225 235 245 255 265 135 145 155 165 175 185 195 206 215 225 235 245 285 265
Longitude Longitude
P — . 5 — N
= — \ T 1 T 1
T T TV
Ho ome w9 o Nt 3 oR N 8 N 1N
2 "v’;";z TR E N fl e BTERT R al \/
™ o N\
LS LG T B TE T T 6
0 \ﬂ\m H, o V] 4 Ee g\ || | R
p \ LAV AU 3 VAL LAY %
) \\ \ l\ﬂ /# Ll Lyl s A\l
R A \Q VR PR U e e R LA NV
-3 N \ A\ \ \ - ) .3 [ o\ . “;
4 N AN SN W [ LN D
Maros NN\ \ A aproo | | LN AN a \
35 145 135 165 175 185 195 205 295 225 235 245 255 265 135 145 135 165 175 185 195 205 245 238 235 245 255 265
Longitude Longitude
! . 5t ) n A L
[ \ Y \ O\ | I
[\ 4 \ f [ A~
A ) e
- 1 > I |
s | un 2 o B e In
YAV I s "K\ Iy
‘G b Ji 20 \ \ ( “-‘ [ /
| | / " . NG “\ ‘\'&’./ ///
{ \ [ \ h /
I3 4\ NN
[ (I N
| N L P L
| / 4 Voo ‘ | \ |
oy . p [ gHun09 | () | L |
140 160 180 200 260 135 145 155 165 175 185 195 205 215 225 235 245 255 265
Longitude Longitude
5 5
. - 5
of \ \ ‘ /’ 4/
/
3 \ % ) Y, 3
AT U B g ?
N 1 o8 S 1
o ( \ 30
1 || g ~
| B 8 - ‘
: \ 1 a0 ‘
3 \ ‘ I Sl b Il
o || 4 v | \ \‘ \ \ ‘\
y a0 A R L 1
135 145 155 165 175 185 195 205 215 225 235 245 255 265 135 145 155 165 175 185 195 205 215 225 235 245 255 265
Longitude Longitude
PR g . T
4“4 / \ [T d ] |/
s 8w S N
2V NoToRy 0 4/ | |
| /
1 || I 1% || | |
| 12 ol | |
0| | ‘ / g9 / \
1 / N -L‘. | / ‘
\ N [
21\ [ 5 -2 4 ‘ ‘ /|
3 = 8/ '\ \ f ‘ T ‘\I‘ ‘ m
-4 \ ‘ | 4 ANl I
_Js_e'guyt\/ |‘| \‘ ‘H"\ LQLLM | “\l"‘“\ \”\
140 160 180 200 220 240 260 135 145 155 165 175 135 195 205 215 225 235 245 255 265
Longitude Longitude
51 . ‘ | .
4o SOV
Ny ) wesg -
o 2 o el T e
$1 | N/ —~ ‘\‘ [ P
2o | ~N N ‘ [ /% /
3 | cNVU T
T g A /] /)
- | / e 1\ 1 | [ |e
24 :i n\\‘[\‘/r@,/
3 5 \\\‘\HM/
2. 1 WL
'. s | LU
P TR zao zza 20 zeo 135 145 155 165 175 185 195 205 215 225 235 245 255 265
Longitude Longitude

Figure 1. Variation of Sea Surface Temperature over tropiBalific
Ocean (5°S-5°N) during November 2008 through Deeer2®09.

southern part of eastern Pacific. The upwellingcpss
increased in the southern east Pacific. The upweelli
process increased in eastern Pacific during Aug0em,
evidenced by lower temperature of 22° C. Howevestere
Pacific signifying higher SSTs. The SST increase8a°® C
between 150° E and 175° E longitudes and the artanht

is from 5° S to 10° N during September 2009. During
September, the SST increasing in the western Bagifi in
the eastern pacific upwelling process is happeniing. 30°
C temperature water is confined to 160° E - 185&&can
observe the water is moving towards south in Ogt@669.
The upwelling processes increased in the eastecifiPa
and the temperature in western pacific increased
November 2009. The upwelling process also decrebged
indicating increase of SST in eastern Pacific. Byri
December 2009, the upwelling process further rediuce
the southern part of east Pacific. And in the wespacific
the temperature of 29° C can be observed, howedC3
can be observed at the central Pacific in the sooth
latitudes. Over all, over Nino 3.4 region or cehfacific
region indicating increment in SST from January20d0is
indicating that the El Nino has manifested duriaguhry.

in

3.2. Variation of Subsurface Temperature in Tropica
Pacific Ocean

TAO/TRITON buoy’s sub-surface data has been used fo
this study during November 08 to December 09. As pe
latitudinal cross sections, the results are as\dl

3.2.1. Variation of Subsurface Temperatures alorgt
Equatorial Cross-Section

Figure 2 reveals the variation of sub-surface
temperatures along equatorial cross section during
November 2008 and December 2009. The temperature
variations are observed from the surface to 250eptHd
On November 2008, Temperature varies between 28%C
8° C. Over the western Pacific Ocean 29° C can be
observed, which is near to Indonesian coast antkreas
Pacific Ocean temperature observed is 20° C. AP 1R5
25° C temperature extended up to 140m depptbwever
same temperature can be seen at the surface aE220
temperature contours are close over the easteificRaith
20° C at the surface, showing that there is an limnge
taking place with an evidence of close contour® Trtixed
layer is deeper in the western Pacific, howevetl®an
the eastern Pacific. The same feature can be daberv
during December 2008. The area of surface temperaitu
the western Pacific increased, however in the gaste
Pacific showing 22° C. There is a increase in taatpee
both in eastern and western Pacific. The upwellegjure
in the eastern Pacific reduced, however the clogatours
continues.

When consider the January 2009, the surface tetupera
increased in the western pacific as well as indhstern
Pacific. The extent of 29° C extended further apeper

process is going to start. During July 2009, theT SSalso. In the eastern Pacific, the contours aréhéurtloser
decrease in the northern part of western Pacifivels as

as in December 2008 with the surface temperature
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increased to 23° C. It explains the upwelling psscés
further subsidized. During February 2009, the séeature
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Figure 2. Variation of sub-surface temperatures along equatotross

section during November 2008 an

Dec.09)

d December 2009.

can be observed with the areal extent decreaseestern
Pacific and increased surface temperature in tisteen
Pacific. One interesting feature can be observeleisareal
extent of 25° C is growing and shifting to eastdde. This
is representing an increase of surface temperatee the
tropical Pacific. In the western Pacific the extand the
depth of 29° C temperature reduced further duriraydt
2009. In the eastern Pacific the temperature retitwe2°
C and the contour spacing enlarged. The temperafitre
sub-surface temperature also raised in the westadaific.
Again areal extent and the depth of 29° C temperatu
increased and also the temperature at the eassaificP
enhanced to 24° C in April 2009. The depth of 28° C
increased in the western Pacific. The contour syaover
the eastern pacific further enlarged, however
temperature is growing over the equatorial Pacifaean.
During May 2009, the temperature in the westernifieac
raised to 30° C and also in the eastern Pacifio #ie
temperature increased to 25° C. However the 2ifted
to eastern Pacific. Even though the surface tenpem
increased, the sub-surface temperatures are cdrifin50
m depth. During June 2009, the 30° C is absenthén t
western Pacific, however the 29° C areal extentdepth
enlarged. The 25° C again shifted back to the akRtacific
Ocean. The 29° C is confined to the same areaheatel
depth during July 2009 as of June. In the eastanifi the
temperature is decreased to 24° C. The 25° C tatoper
shifted towards central Pacific and the depth of £5
declined in the western Pacific. The eastern Racifi
temperature further decreased to 22° C in Augu§920
However, in the western

Pacific temperature remains to 29° C. The 30° C
temperature again observed in the western Padcifilmgl
September 2009 and the temperature in the easssificP
also increased to 23° C. During October 2009, weste
Pacific temperature is confined to 29° C and thealar
extent enlarged. During November 2009, extreme evest
Pacific temperature increases to 30° C and theneafe29°
C further increased to central Pacific. Again ie #astern
Pacific, the temperature increased to 23° C. The G0
temperature conspicuously present during Decemd@®.2
The extent and deepening of 29° C temperature aserk
further. In the eastern Pacific temperature alsoeiased to
25° C. In the central Pacific the depth of 29° Gasrted up
to 100 m. Overall study indicates during Novemb@o&
December 2009, the temperature in the western iPasif
showing greater than 29° C. However in the eaftenific,
the upwelling feature found in during November 2G0®I
is decreased in further months, also incrementuifiase
temperature and the contour interval reduced git&mber
2009. These features are also illustrating thaketiean El
Nifio feature observed in the sub-surface temperataver
central Pacific.

the
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Figure 3. Variation of sub-surface temperatures along 5°rbss section
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during November 2008 and December 2009.

3.2.2. Variation of Subsurface Temperatures along’é
Cross-Section

Figure 3 demonstrates the variation of sub-surface

temperatures along 5° N cross section during Noeemb

2008 and December 2009. Along the 5° N transect of

Pacific showing higher surface temperatures. Sarfac
temperature over western Pacific is 29° C, howavehe
eastern Pacific having 27° C in November 2008. déyth
of 25° C is around 150m over the western Pacifant@urs
are very close around 100 m depth at western Bacifi
however 15° C can be found at 170 m. The temperatir
29° C present between western Pacific and cenaaifi®

During December 2009, 29° C extent decreased and

confined to western Pacific. Eastern pacific exgared
temperature of 25° C and extended up to centraifi€ac

The sub-surface contours are showing a slope of

temperature from eastern to western Pacific.

January 2009 explains increase in temperaturesi¢rea
Pacific, the temperature observed is 26° C. Intdregbveen
contours are closer in the eastern Pacific antiénstestern
Pacific the interval of contours are closer beloB0 Im.
Contour interval is very closer over the eastermifiéa
during February 2009, however 26° C extending femst
to central Pacific. The depth of the 15° C contoan be
observed at 75 m. In the western Pacific 29° Qitined
to 155° E - 164° E and the areal extent is small the
depth is around 80 m. The 15° C contour is canbserved
at 180 m. During March 20089 illustrating largerarextent
with 26° C from central Pacific to eastern Pacifibe 29°

C waters are confined to 155° E and up to 100 m in

February. Again we can observe the areal exter298fC
waters over western Pacific is increased and egrtbhal 75
m depth during April 2009. Over eastern Pacific the
temperature increased to 27° C and the contouwvalteare

narrow and up to 70m. During May 2009, over western

Pacific 29° C extended up to 180° E. The surfatenexof
27° C is confined over central to eastern PacBigtface
temperatures are increased to 28° C, which is hititan
April. In June 2009, 28° C is extended from westeaific
to eastern Pacific. The contour intervals are clasehe
eastern Pacific and the depth of 15° C is arour@l rhdn
the eastern Pacific and 180 m in the western Radithe
warm waters of 28° C temperature is carried frorstem
Pacific to eastern Pacific. During July 2009, highe
temperature of 29° C is observed at the west offiPac
however
central to eastern Pacific. The contour intervatiaser at
eastern pacific and the depth of 15° C can be betow

110 m depth, however 200 m in the western Pacific.

Temperature in the eastern Pacific decreases toQ27°
however in the western Pacific the temperature nesnat

29° C during August 2009. The same feature can be

observed during September 2009. During October 2009

areal extent and the depth of 29° C increased than

September in the western Pacific Ocean and temyeraf
30° C surface water can be observed between 1&4HdE
174° E. The temperature in the eastern pacific iradato

temperature of 28° C can be found between
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Longituse Longltude

the temperature of 27° C. Temperature is incredseithg

November 2009. The 30° C temperature can be fautitei (& a = R & = & = ]
western Pacific, however 27° C in the eastern Radihe ) e s
contour interval is closer in the central Pacifice@n ata g™ — ﬂ;\:‘ L v
depth of 130 m. The 15° C depth in the easternfiedsi  ° = —_—r 2 % o) P s
around 100 m, however in the western Pacific ipdaed m;:j‘:*::a o EEENE =
to 180 m. The depth of 27° C is extended up torh40 the e T G
central Pacific. The extent and the depth of 299v@r {48 45 175 0 e g a0 3 d e gus aas 7o s wve 20 216 238 230 aue ms awe
western Pacific is higher during December 2009. JofeC & & P P S
water can be found up to 50 m depth over 180° &4° E, s ey T = ;«:, %
however temperature at the eastern Pacific is 27° C g™ ) = g"’“' S e
. Tyt T . o P g
3.2.3. Variation of Subsurface Temperatures alony$ I o o ¢ < ) i 4 5
Cross-Section e 2 = .

Variation of sub-surface temperatures along 5° &sr ™ e T e e
section during November 2008 and December 2009 a ¢ = ™™= ™™ ﬂ S ey G " ”
illustrated in the figure 4 and results are asofe#f. Surface w Fp bz ? T ==
temperature over western Pacific is showing 30° C , u | P e,
however 25° C in the eastern Pacific during Nove’mbei*m . §m B b
2008. The 30° C temperature can be observed asdded L ] i S
up to 50 m depth over western Pacific. The 30° &bisent = A " | "= ”
and the western Pacific temperature is experie/®@9dC mi et e— B P
during December 2008 and the areal extent alsocestly & W= % = R M AR A g s i i e A o A e
The eastern Pacific is showing the temperature48f as % » » 11;;; ; = S B3 ;w =3
revealed in November. January 2009 shows 29° . I =
temperatures at western Pacific, however in theesas § z f‘“ 2 o} [ ;‘“" o
Pacific the temperature experienced the same temper "~ % 2« e .
of 23° C. The intrusion of 14° C can be observe?68f E. = .. % ol B o
The contour interval is very closer over the eas®acific e e Coratude e
below 50 m. During February 2009 the contour iraésv S SR o I S i i e T
are very closer below 40 m over the eastern Padifie 0 & 5o ﬁ:‘-‘; s 3 R 3 Raa
depth of the 15° C contour can be observed at 2&0the F et =

100 - 100 2

. . ipe s 8 » L
western Pacific and in the eastern Pacific is 90he 29° § “ .« sz ) N

150 ) e 15013, — 25 T

C temperature is confined between 155° E and 19%AdcE Pk i = r .
the areal extent is small and the depth is arow@ m. = %o T
March 2009 showing close contours in the eastenifiPa " " i ol el = so0e
below 40 m depth. The 30° C waters can be obsextvttk PLLALELLLELE BV UEELELELELEE
surface between 163° E and 182° E. The 28° C waters w R R wEagl &8 o8 5 snad |
western Pacific extended to the depth of 150 mthkn N 1;“45 Z
eastern Pacific the contours are closely associatéfd  § ) £25s :j B B S v
surface temperature of 22° C and below 40 m. pEE=— == Tt
During April 2009, in the eastern Pacific the temgere oy S Z s = . EX
increased to 24° C and the contour intervals aosecl st0—— “ swttl g = e
below 40 m. There is a slope of contour from easwést J66 405 10 S w6 06 318 26 26 M6 e M6 166 405 016 1S YOS 06 I1E 36 336 8 368 206
Pacific with increasing temperatures. The 30° C s Soamza g % A A
temperature water can be observed as in March. Ov % » 7
western Pacific 30° C can be observed between B 25t §'”' * S ) § g s
195° E in May 2009. The higher temperatures arenebed ™ %=~ > < | ™ Ta, 5w
up to eastern Pacific. The 24° C temperature wWatesent = % %~ e R
at the surface of eastern Pacific. Surface tempesitare — o e " e,

raised ,and hlgher than APT"' The contour intervate Figure 4. Variation of sub-surface temperatures along 5° @srsection
closer in the eastern Pacific and the depth of @55  qyring November 2008 and December 2009.

around 100 m. There is a intrusion of 13° C obskrve

around 245° E. Western Pacific experienced 30° Quire The temperature of 23° C is observed at easterifid?ac
2009. The warm waters are extended from western fHhe contours are closer at eastern pacific andigmh of
eastern Pacific. During July 2009, higher tempeeatof  15° C can be seen below 80m depth. However theamnt
30° C is observed over west of Pacific Ocean. after 150m are closer in the western Pacific. Teatpee in
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the eastern Pacific increases to 25° C, howevethén e
western Pacific the temperature remains at 30° @hgiu o o ms - /
august 2009. During September 2009, higher temyrest

in the western pacific with 29° C and in the easteacific
the temperature increased to 26° C. The 29° C ean
observed n the western Pacific extended up to 120 r
During October 2009, the temperatures at the seirfac o

increased than September all over the Pacific Qc€ha m

temperature in the eastern pacific increased taC27*here s e

is a intrusion of 14° C towards shallow depths 28°2E. Months (Nov. 08 - Dec. 09)
During November 2009, the temperatures are inctease & 1 2 3 4 S 6 7 8 91011121314
The 30° C temperature can be found in the westacifi®, : < e
however 27° C in the eastern Pacific. The contaues
closer in the eastern Pacific Ocean up to the dep8® m.
The 15° C depth in the eastern pacific is aroundnB5
however in the western pacific is deepened to 260 e
extent and the depth of 30° C over the westernfipasi
higher during December 2009. The temperature of 30°
can be found between 155° E and 168° E and extamgled
50 m depth. The temperature at the eastern paisfic
decrease to 26° C. The higher temperature intrusonbe
observed from western Pacific up to 230° E. Thettdep
15° C deepen up to 250 m in the western Pacific.

E T F i -

Temprraiurs
,
|
|
b

E K
-3 -
,

B Buirtiew

Depth (m)

3.3. Variation of Surface and Subsurface Temperadgr
over Nino 3.4 Region

Variation of temperatures from surface to 250m dept
over Nino 3.4 region for different months (from Nowuber
2008 through December 2009) are explained in terdi 5.
During November and December 2008, the surfacEgure 5. aVariation of Sea Surface Temperature over Ninor8gion
temperatures are below 28° C. However the tempestu duri_ng November 2008 through December 2009, b) damemperature
are increased from January 2009. It is indicatingtt Profiles upto250m depth.
warming of Nino 3.4 region from January 2009 arid E . .

Nifio manifested. Warming of Nino 3.4 region can be. DISCUSSION

observed from January to December 2009. The depth o . . . :
warm waters (>28° C) increasing from January tc By observing the variations in SST during November

December 2009. The depth of warm water during2008to December 2009, there is an increase indeatyre

December 2009 is 75m. Temperature of 27° C A&t the central Pacific, which is leading for thenifestation
presented at the surface extended to sub-surfama fr of El Nifio. The recent El Nifio event in 2009, whith

January through December. The depth of 27° C isn70 classified as warm pool El Nifio, holds a uniqueugiahin

during November 2008, however the 90 m Olurin('ghat it marks the strongest warming signal in teatal

December 2009. The warming of Nino 3.4 region lsan “Pacific but rapidly decays to strong La Nifia [12it the
observed not only at the surface but also in sufase. surface.and supsurface temperatures are warm ergioat
The SST increased over Nino 3.4 region from Janaog, the period during .2009 over central Pacific. Theorg
which is enlightened in the figure 6. The SST dased eastward-propagating of cold anomaly at the subearf
during November and December 2008, however the S(Ievel is found to be a key factor that resultedthie fast

increasing from January through December 2009 N ps)ga_lrse t{r?nSItloP (IJfPthe_f_ZOOQ _ttevent Its reco&d—br:ﬁhlgh
3.4 region. From the figures 5 and 6, we can erplag El I the central Facilic excites a strong Rosesyonse.

Nifio manifested during January 2009, which is yléfa The strong subsurface anomaly then propagates aastw

manifestation of El Nifio. The SST is 26.4° C can b@nd results in an unusually fast phase transitfcthe»2009

observed during January 2009 and then increasi2g i@ warm pool El Nifio event. Lee an_d McPhaQen [2010]
by November 2009. This clearly indicates that thatal suggested that the strongest warming occurring 0892

pacific ocean is warming significantly from JanuZ909 over central Pacific in the past three decadesmiviay of

and the situation arises for manifestation of Eid\i SST n the C(_entral Pacific region during El Nmoa;&e.has
been increasing. Therefore, the well-documentednivay

trend of the warm pool in the central Pacific regis
primarily a result of more intense El Nifio eventsher
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than a general rise of background SST. From thedig2,3

and 4, we can observe that there is a intrusisub$urface References

waters to central Pacific up to February and theae t
surface and subsurface temperatures are increasghigh
create the central Pacific warm pool. The sameufeais
observed not only over equatorial region (figuréo@) also
over 5° both sides (figure 3 and 4). Yeh et al.1[PChave
also suggested based on a coupled model studyotieat [2]
cannot preclude the possibility of natural varigpilin
causing the more frequent central Pacific El Nifigseyved

(1]

in recent decades. McPhaden et al [2011], mentidhatd [3)
the frequency of central Pacific El Nifio increasiwhich
was proposed by Yeh et al. [2009]. The El Nifiodeatcan
be observed not only from the variation of SST, &lsb [4]

can be observed in the sub-surface temperaturelgsrof
The figure 5 indicates that the warming of ceniatific is
extending up to sub-surface depths also during 2068
and McPhaden [2010] explained about the warming J?]
central Pacific using 5-day averaged 20° C isotherm
variations, the same feature can be observed eitértive
monthly averaged temperature profile study. Soethera

: o . 6]
strong warming of central Pacific leading for the
manifestation of El Nifio 2009.

5. Conclusion [7]

This study indicates that there is warm water (>€9°
present in the western Pacific throughout the sqelyod.
In the eastern Pacific upwelling feature can beepld
during November and December in 2008. But at thgs]
tropical Pacific Ocean the upwelling process isyonl
confined to the eastern part. The temperaturedereased
but the upwelling process do not extended to ckRaaific.
El Nifio phenomena will happens when there is n&g]
upwelling process happens in the eastern PacificeRtly
some scientists found that, Warming of central fRaci
warming contributing for the for formation of the Eifio
phenomenon which manifest El Nifio. The same featfire
central pacific warming is found during 2009 anteéds to
El Niflo, but it is mild El Nifio as per its intensiand [11]
especially delayed El Nifio. The same feature can be
observed with the surface temperatures data asawellith
sub-surface temperature profile data. Higher teatpes
contours are extended to lower depths in the deRaeific
indicating that the waters are warmer as it hapjrettse El
Nifio. During November and December 2008 SST
decreased over Nino 3.4 region, however SST inetkas[13]
from January 2009 through December 2009. The same
feature observed with the sub-surface temperatalss.
Further studies has to be done to check the masmiies
feature using different oceanographic and atmasphe [14]
parameters to get a clear idea..

(10]

(12]
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