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MODIS
Moderate-Resolution Imaging
Spectroraditometer
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SAR
1thetic Aperture Radar

Active Sensor

RADARSAT
SeaSat

ALOS-PALSAR
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BEAM
T Toolbox for (/

Composite
Enhancement
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Remote sensing for fisheries

Sea surface temperature (SST)  Chlorophyll concentration

almafmad] or2tnds

Ocean color (SeaWiFs, MODIS Aqua, MODIS Terra, MERIS)

1
2
Remote sensing for fisheries Oceanographic phenomena
Sea Level and Anomalies
Rem * upwelling
B —coastal upwelling
— equatorial upwelling
-i0  eddies
M : * Divergence/convergence
e e Whe. LN * El-Nino Southern Oscillation (ENSO)
Mg aerm R + Indian Ocean Dipole (I0D)
- Sefa level (altimeter) — TO_PEX, JASON
* Wind (scatterometer- QuikSCAT, ASCAT) Wind is the dominant forcing for surface ocean
3 4
. Coastal upwellin
Upwelling P ) g
(Northern hemisphere)
« Mass transport is at Winds blow along the coast. Water from below upwells to replace
rlght angle to the Ekman transpart away from coast surface water
wind — 4
« to the right in
Northern Hemisphere
« to the leftin
Southern Hemisphere
+ Ekman transport
5 6
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Indian Ocean coastal upwelling
April 2004

olog el
ey

http://disc.sci.gsfc_nasa.gov/oceancolor fadd tional/science-focus/lacus/tutarials

Indian Ocean coastal upwelling
May 2004

hitpffdisc.sei gsfe. nasa gov/oceancolar fadditi ience-focus/locusftutarials

Indian Ocean coastal upwelling
June 2004

Indian Ocean coastal upwelling
July 2004

http:f/disc.sel gste.nasa.govje olorfadditional /s<i focus/locus/tutarials

http://disc.sci gsfe.nasa gow) olorfadditional//sci focus/locus ftutorials

10

Indian Ocean coastal upwelling
August 2004

Indian Ocean coastal upwelling
September 2004

http://disc.sci. gefe.nasa, gov/ dorfadditional/sci focus/locus/tutorials

11

http://disc.sci gsfe.nasa.govjoceancolor/additional /s focus/locus tutorials

12

21




Southwest monsoon

Monsoons

Northeast monsoon

South China Sea coastal upwelling
QuikSCAT surface wind and AVHRR SST

14 5 _
«
:\ < ___ 5 5k 5
:‘KJ-/‘%;\\\\\(‘; “foe tosr veE v KG T T T T _|.zt-{_ ET-
" ; e )(mclt al 12003}
13 14
South China Sea coastal upwelling
QuikSCAT surface wind and AVHRR SST
2854 a7 50 - 3
i

- R

104 I

* -';,.. Chicrophyll a Concenhration (rmg/mi)

'3 ffr( 3 ARL. 3 '_I?l; 1356 " "
Xie et al (2003) hitpi/fearthobservatory.nasa.gov/

15 16

Trade winds blow from east to west

By |"“h. i '
coastal upwelling

17

Trade winds blow from east to west

Lress vactlor

) b °JII
gl tude Equatorial upwelling

18
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Equatorial Upwelling

vz
Surface water
mation

Surtace winis
and stress

Uprwulling

©The COMET Program

Convergence/Divergence

Divergence of surface
currents lead to upwelling

Convergence of surface
currents lead to
downwelling

20

21

Convergence/Divergence

Divergence leads to
upwelling

Convergence leads to
d velling

22

Tropical cyclone caused
intense upwelling

=
i

-
i

24
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El-Nino Southern Oscillation
(ENSO)

Reference

* MetEd (http://www.meted.ucar.edu)
The El Nino-Southern Oscillation (ENSO) Cycle
by V.E. Kousky, NOAA

25

Tropical Pacific Ocean SST

Jan 1897 Sea Surface Temperature Evolution [*C}

M]ﬁPIEF.CP:
Western Pacific Eastern Pacific
Warm Pool Cold Tongue

26

Trade winds blow from east to west

gnnua vaeto

sfress

27

El Nino — ENSO warm phase

Dec 1997 Sea Surface Temperature Evolution ("C)

100w
I

Fo

BOW

ts 180/ 0w 140w
20 Jy 2 = 7'4 zls F
Eastward extension of the
Western Pacific Warm Pool

120w
I

m 2

w1 29
NOMMNCERTRD

28

La Nina — ENSO cold phase

Dec 1998 Sea Surface Temperature Evolution (°C)

L

L] 1% 20 il 2 n 24 5 2 14 28 20
NOAANCERCRC
Westward extension of the

Eastern Pacific Cold Tongue

29

La Nina Conditions

El Nifto Conditions
988 Jan-Mar 1989

Jan-Mar 1

120E 1S0E 180 150W 120W SOW B0W 120E 1S0E 180 150W 120W 00W 80W
18 1920 21 22 23 24 2% 26 27 28 29 30

181920212223 24 2526 27 26 29 00
Nina

El Nino Ocean Temperature Departures (*C}

o

120E 1S0E 180 150W 120W BOW BOW

3 2 A 4505 0

F 3
NOAANCERICPC
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La Nina Conditions
Jan-Mar 1989

Jan-Mar 1998 Precipitation Distribution (mm)
Total Dep

— . o]

El Nina
o

1206 150E 180 150W 120W BOW BOW

10e 00

400 GO0 3OO
Jan-Mar 1989 Precipitation
1]

120E 150E 180 130W 120W BOW SOW

4 4 2 4 0505 1 2 4
MORANCERITRC

100 00 400 Ll Lo

32

Southern Oscillation (SO)

Mean sea level pressure oscillation between central and western
Pacific in the southern hemisphere

The

El Nifio
Jan-Mar 1998

i

T20E 150 180 150W 120W SOW BOW

4 2

4 08 08 1 32 4 3 a3 4% 08 1 7 4

HOAMNCEFICPC

33

Southern Oscillation Index (SOI)
Tahiti - Darwin

: Jmonth funFang Mman
E 1
[}
-
2
1 - =
0TS 1660 1685 18960 1905 2000
X “K
™ ‘[_"h
I &
180 150W 2w oW
MOAANCERICES

34

SOl implies Pacific trade winds strength

-
: BRI
i Positive SOI
stronger trade winds
Negative SOI
weaker trade winds

35

ENSO is a coupled ocean-atmosphere
process

Atmospheric Circulation

3

T Raintall

Ocean - El Nino/La Nina
Atmosphere - Southern Oscillation

36
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Walker circulation = Southem aclllation [ndex

=
Eq4, A . Al
. ’ ¥ e’ﬁ"—r‘-ﬁj&"‘“ / Y l“.“ Fi 'l_.-&
Atmosphere drives ocean s ' ¥ ' L
Wind anomaly -> horizontal current, upwelling -> SST anomaly 5 -2
2
]
2 ENSO
Strong Trade Winds H =
: NINOD 3.4 Sea Surface lndlces
. - g 1 Temperalure Anomalies
aa  — i {5"N-B'S, 120"W-170'W) L
Ocean drives atmosphere 2, A J A A ‘
: £
SST anomaly -> surface pressure anomaly -> wind anomaly £ oA i W . V.21Vl R |
E WY / . WY NT T
SR | LAl
'KZUXJD‘HDIW‘WlW-_‘w_‘I?UTBUiSO'(QUl,Jl?uHIIIWIOUD! -z-u\-‘gvl:u.\-|‘u|\~‘--|n~,
Darwin, Austrafia Exat West it Lima, Par 1900 1962 1964 1006 1900 1990 1992 1994 1996 1998 2000 2002
Year MecPhaden (2004]
ey
. . . i
Nino 1+2 !
Nino SST indices - AgrAin,
L L 8L o v 2o
a3
30N i
) Nino 3 i [ h A A
20N i"\q'\"lf T Il'lr "vw, ~ J'J‘J'
10N : _ 4 - £ wm.‘.w = =
EQ .
Nino 3.4 Ay oy \ J\\_A&J
105
205
305 i
120e 150E 180 1500 1200 90w Mt
o W m e i
[e—

O8]

3 40

onevomonsicennss OC@aNic Nino Index (ONI)

Multivariate ENSO Index (MEI)

% 6 variables
2 = sea-level pressure [P)
= zonal (U) ) components of the surface wind
80 1955 1980 1988 1870 1975 1680 1988 1960 1908 2000 * meridional (V) components of the surface wind
—— Suincareih * sea surface temperature (S)
R o] St * surface alr temperature (A)

:‘ - : et Pl * total cloudiness fraction of the sky (C) R
3-month running mean of R e © —
NOAA ERSSTv2 S5T anomalies S e | e (s 5 s3{ MULTIVARIATE ENSO INDEX

4 i r | oiowe | avem A0 v OF nemm. 8 3

in the Nino 3.4 region (5N-55, [l e e [ et £ N

120-170W), based on the R L e 3 llﬁ.

1971-2000 base period. [y e | o | sued | . n mrn'

A - ok ] ARG Pl 1 -
[ { wiwe | worws [ soves | < !
W'ﬂ‘ﬁ—ia_ = = b~ & * HiAL/EARL Physical foianee Division - Universily of Calorado i Raulder/CTRES /CDE
—m—-m— e 1850 1655 1960 1065 1670 1675 1080 1085 1990 1985 2000 2005 2010
41 42
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Grieet Phiase Sabauuriuce Sermparwiary, Jus 17T

Upper Ocean Temperature

Pt s Suskasstice Tepersis, Sa1 195

G s Busaartoce Tempersius, fus 1T
Tt 4 Setaurscs mmpersuns

Upper Ocean Temperature

Lo e Datwve e sy, it 100
24 Sutmarace Tenpiemes

MR W (W WA DR LN T

L L L, L, . N L OO I . O, . A, S .
1980 1982 1984 1986 1968 1990 1992 1994 1990 1998 2000 2002

# Wil et
Neutral El Nino onset Peak El Nino Peak El Nino La Nina onset Peak La Nina
43 44
ST Anomalies (%G1 -8 Hovmoller diagram of
o SST anomalies
Warm Water Volume e - Hovmoller diagram
is used to highlight
1084 + 3
Warm Water Volume (> 20°C; 5°N-5"S) ‘r)l:i:rrgzlz\;olutmn
. r 1 1984-85
POt vt DO o CLEl - s ongitude
oo L 1088
= =_1 I 1987 | B%aT «El Nino developed
E' s V\J/{\ fx/fl\ N\ ,(\/\ .ﬁm A pﬂﬂ el during norther
Bl | | - == hemisphere summer
2. \J | - P sasss  * EI Nino lasted to
& La Hinn the next spring
% - ! NEORL SpPiTL
= rapid transition from
= 120E 140E  1BOE 150 1BOW MOW 120W 10OW  BOW

El Nino to La Nina

Year 3 2 4 v 123 amcercee
MecPhaden {2004) 46
Relationship Amang S5T, Wind and Precipitation
SST(°C) 850 mb U {mis} Precip (mmid) Sea Surface and Depth Dep from Hormal
; SST'C) Depth (m)
= 1002 e
. ‘ﬁ ‘: T n ‘ P ‘
- .
1541 = 2=- & i i E )
Rl TR o =2 a8 1983, Lo 2
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1987 h - e ; o -
—— » -
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— -ﬁ o . 10m | Ser—— . e
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: 1206 V55E 180 1SOW 17OW 000 V208 T30C 1RO 15O 130 9OW
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2 -108%048 ¢t 2 454224808
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— —

4433698
NOAANCEPCPC
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02040 0 10 20 W0
NOAANCEPCIC
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Transition from EI Nifio to La Nifia

El Nifia
Thermocline deeper Thermocline shoals in
than average western and central eq.
across eq. Pacific Pacific and deepens

Neutral Neutral
Thermocline Thermocline shallower
in western and central than average
oq. throughout eq. Pacific

La Nifta -

45

Case study:
El Nino 2002-2003

50

Subsurfoce Temperaturs
25 Auguet-21 Sept
=

Asomalies (deq O}
(mmber 3007

24 Meverrber—21 Decanmbar 2002

HEFUGoERYE
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Five—day Zonal Wind, SST, OLR and Ten—day Zonal Currents Alung the Equator
(#) Zunal Current

(a) Zomal Wind (1] SST fe) oLl

o0y

40T L0 1e0W L0GW IA0TE 100" L40°W J00'W 140 100° 1A0°W 10G'W I40°E 1007 [40°W L00°W

I ———————

+ ¢ far HEoE OHX oW et 100 M mrt

MecPhaden [2004)
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Five-day Tonal Wind. 857, 20°C Depth Anamalies snd Ten-iday Tonsl Current Ancmalies Aleng the Equatsr

i (0] BT Bt il

i = =

(40K 180" J40°W [O0°W I40'E 100" (40°W (00"W 140°KE 180" J40°W [O0°W I40°E 100" (40°W 100°W

- 0 % m -+ % & % - 0 ma 48 00 0 me

McPhaden (2004)
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Case study: El Nino 2009-2010

Average SST Anomalies
8 DEC 2009 - 2 JAN 2010

-3 -2 -1 =05 a 05 1 2 3
Figure | Average sea surface tempersture (S5T) anomalies (°C) for the four-week penod 6 December
2009 — 2 Jarmary 2010, Anomalies are computed with respect to the 1971-2000 base period
weekdy means (Moe etal 2003 7 Cheote. 16, 1601-14613)

Nino 3.4 SST anomaly

Cagues s

Va8 L8 Aug8 ©20: Cud3 Fetil Aufl Jnil Sugll 0D Dectl ebd

ine L phe
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upper ocean heat content anomalies

EQ. Upper-Ocean Heat Anams. (deq C) for 180-100W
1

15

-15
AN SEF OCT KOV DEC AN FER WAR PR Wl N J
i bt

Fipure 3. Ares-averaged upper-ocean hest content anomabes (°C) o the squatensal Pacific ($°N-598,
L8P-100°W). Heat content anomabies sre computed a5 departures fromthe 1982-2004 base
penad peatad mezns
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EQ. Subsurfase Temperatura Ansemataes [deg C)
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Nino 3.4 SST anomaly

Degres ©

182332124 B6 67 BS99 A0S 50 93 64 $S36 87 58 93 001 IC02 0408 06 A7 BS0E 1011 12
Yeur
i i ol _the_om any'sur e nino A php
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MULTIVARIATE ENSO INDEX

Standerdized Departure

19560

1956 1960 1966 1970 1970 1680 1966 1900

1696

2000 2006 20010

61

LR Anomalies
28 JaN 2010 to 22 FEB 2010

El Nino 2009-2010

QLR anomalies
04 MAR 2010 to 29 MAR 2010

OLR anomaly

Blue —increased rainfall
Red - reduced rainfall

OLH Anomokes
03 AFR 2010 W0 28 AP 2010
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351 hasmatas ]
8 AP 201D

SST during transition phase

5T snomates ()
30 au 3010

85T snamedes (L)
Han W0

OLR anomalies
02 JL 2010 s 27 Ju 2010

La Nina 2010-2011
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WARM EFISONE RELATIONSHIPS  THCEMBER - FERRUARY
S — e - .

Impact of
El Nino

NDAA/NCERfCRC

65

COLDEPISODE RELATIONSHIPS DECEMBER - FEBRUARY

Impact of
La Nina

NOAANCE RCPC
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Strong El Nino 1982-1983

Precipitation During Strong El Nino Events, Jan-Mar 1383

Strong El Nino 1997-1998

Procipitation During Strong El Nifo Events, Jan-Mar 1998
T . . - =

Moderate El Nino 1986-1987

Precipitation During Moderate El Nino Events, Jan-Mar 1387

Moderate El Nino 1991-1992

Precipitation During Moderate EI Niffio Events, Jan-Mar 1992

La Nina 1988-1989

Precipitation During La Nifia's Events, Jan-Mar 1849

! t

La Nina 1998-1999

Precipitation During La Nifa's Events, Jan-Mar 1959
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Walker circulations

{a) Non-El Nino

N —
U upweling Wlmé‘_ﬂr

Walker circulations

(b) El Nino

 Upweting P

AFRICA  indanOcean  INDONESIA Pacilic Ocean . sk R OGET | NOORESE — Soumi
Wabster (2005) Wabstsr {2008)
73 74
Indian Ocean Dipole (10D)
Negative Dipole Mode Positive Dipole Mode
rwyatine Drgrime Mainde Pt g Mo
e ’ —
75 76
Indian Ocean SST
[l
25
120
B 15
10
e we 5
World ocean atlas
77
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Indian Ocean monsoon winds

L g7k § J '
WEOIVOE OISR 800 150 1307w SOW  BOW 30w

ongl tude

v
ICF AOE

Indian Ocean Dipole event in fall 1997

a 5°N-5°S SST anomaly [C)
3 -

Webster et al, (1998)
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Indian Ocean Dipole (IOD)

Wakster ot al. (1999

81

Indian Ocean Dipole (IOD)

Zunal wind anoma[y Nov 1997 (m s

E%e

w
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Waekster et al. (1999}
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Cross-section
a7 Equnize

A

Cross-saction
af Equater

wrancen
ATV [NCIONE STA

Webstar at al. (1993)

82

Crass-section
an Equatar

Crons-saction
ot Equater

emarcen
TN INCONESIA

e AFRICA

Wabstar at al. (1999)

a4
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Cross-aecten
"nys

Cross-section
81 Equater

Webster at al. (1999) Saji et al. (1999)
a5 86
Indian Ocean Dipole Mode Index (DMI . .
P . ( ) Indian Ocean Dipole Mode Index (DMI)
SST anomalies
Positive OMI = Warmer 55T than normal in WITO, calder 55T than normal in SETIO
Imw‘ﬁu:::nexu.uufewdauw_,d'du_m-"snr,imjﬂmi.plv
a7 a3
Influence in Bore Summary
* Two important modes of climate variability
affecting SE Asia, i.e. ENSO and 10D
* Both are coupled ocean atmosphere
processes.
* Changes in SST cause wind variation
* Wind variations cause ocean response in
terms of convergence/divergence, which in
turn, cause SST changes
Behera, JAMSTEC
a9 80
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http://disc.sci.gsfc.nasa.gov/giovanni

Ocean Color Radiometry Online
Visualization and Analysis

SST and Chlorophyll concentration
off Vietham coast from Giovanni
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91 gz
SW Monsoon
http://www.oscar.noaa.gov/index.html
oscar
Near-realtime global ocean surface currents
derived from satellite altimeter and
scatterometer data
83
Currents from oscar NE Monsoon
Monthly Mean Ocean Surfoce Currenis (meter/sec)
Contered oo July 15 2011
Mean 0.8 meter/see (2614 m/e = 1 Juwl) 3
g5
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Currents from oscar

Monthly Mean Ocean Surface Currents (mster/sech
Conternd on Januasy 16 2011

Mean i Bimtarfons (081G e = 1 Snal
- -
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