The Global Tropical Moored
Buoy Array
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Global Tropical Moored Buoy Array

8 Apr 2008

...

. Solid = Operat'ia"tg Open = Pla.'rm:ed PIRATA
60°E 120°E 180° 120°W 60°W 0°E

® Standard Mooring MFlux Reference Site BFlux and COp B CO; and Bio—Optics
TAO Project Office, NOAA/PMEL

A contribution to GOOS, GCOS, and GEOSS




Next Generation ATLAS Mooring

Anchor (4,600 Ibs)




Initial Global Ocean Observing System for Climate
Status against the GCOS Implementation Plan and JCOMM targets

., continuous satellite measure- 3
1 ments of sea surface tempera-
ture, height, winds, and colour

Reference : " Global reference
time series ;%?‘L; mooring network

58 sites . V_ 29 moerings planned

GCOS (i

299, Global tropical moored

__ buoy network

\
N EI 119 mearings planned

Total in situ networks 60% May 2008

87% Surface measurements from
volunteer ships (VOSclim)

{ 200 ships in pilot project

Global drifting surface
100% buny array

-

* ) 5" resolution array: 1250 floats

Fz% Tide gauge network (GCOS
subset of GLOSS core network)

gl 170 real-time reporting gauges

o \'“.'.ﬁ

XBT sub-surface temperature
section network

— 21 INES Qocupied

\ﬂ% Profiling float network
(Argo)

3“ resalution array: 3000 floats

39, Repeat hydrography and
carbon inventory
EEE

Full ccean survey in 10 years




Pacific Ocean
TAO/TRITON




Normal Conditions
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El Nifio Conditions if;%f?
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TAO/TRITON Array
0° &= — g

20°S
sATLAS o©TRITON sSubsurface ADCP
120°E 160°E 160°W 120°W 80°W
* Implemented 1985-94 as part of TOGA
= Presently a U.S./Japan collaboration

* Transition to operations at NDBC underway




$20M per day
in losses

Snoqualmie Pass
Washington State

January 2008
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NINO34 = 0.5°C for 5 months= El Niiio
NINO34 = -0.5°C for 5 months= La Nina




1 Monthly TAO/TRITON Temperatures (°C)
TAO /TRITON SST (°C) and Winds (m s~1) 2°% to 2°N Average
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http://lwww.pmel.noaa.gov/tao/
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NINO 3.4 Average Based on 12 El Nifos
from 1957-2005
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Statistical Models:
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Compiled by the International Research Institute for Climate and Society (IRI)
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“El Nifio conditions
are likely to continue
through May 2007.”

NOAA
7 Dec 2006

“Based on the latest
observations and
forecasts, the
probability of
maintaining El Nifio
conditions through the
Dec-Feb 2006-07
season is ~95%.”

IRI
20 Dec 2006




= Large scale, low frequency determini ,"‘_ hys
(Ocean-atmosphere coupling, oc \a{u quate
waves, etc.) 'y ”
\

= High frequency (days-to-weeks) “stochastic” fo1
(wind bursts, Madden-Julian Oscillation, étc.)

v' A source of irregularity
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=e e cPhaden M. g volution of the 200 t' g
L et fi Taseasonal to Interannt .4!
N i e Dynamics. Adv. Geosci., 14, 219-230. % R



Warm Water Volume (5°N-5°S, 120°E—80°W)
and NINO 3.4 SST Anomaly
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Upper ocean heat content is the
source of predictability for ENSO
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Warm Water Volume (WWYV): An Index for

Upper Ocean Heat Content
Meinen & McPhaden, 2000




Warm Water Volume (5°N-5°S, 120°E—80°W)
and NINO 3.4 SST Anomaly
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Upper ocean heat content provides a necessary (but not
sufficient) precondition for ENSO cycle variations




2°Q tn 2° rage
Aug-Oct ‘06: Strong westerly wind bursts and th (m)
downwelling Kelvin waves amplify warming. -
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Five Day TAO/TRITON Anomalies 2°S to 2°N Average
(a) Zonal Wind (m s~ 1) (b) SST (°C) (c) 20°C Depth (m)
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Late 2006-early 2007 Sudden transition from warm to cold linked to | |
strengthening trade winds and rapzd thermocline shoaling.
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10°N -
Eq. 1

10°S

10°N
Eq. |

10°S ]|

10°N
Eq. 4

10°S -

Kelvin & Rossby Waves

Key Concepts for Understanding the Ocean’s
Role in ENSO
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An eastward propagating,
non-dispersive, planetary
scale wave concentrated in
the upper ocean and
trapped near the equator.

Sea level response
mirrored in thermo-
cline depth (“‘two layer
ocean”’)



Delayed Oscillator

(Schopf & Suarez, 1988; Battisti & Hirst, 1989)

North

shallow
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shallow

South

Winds weaken = Downwelling Kelvin wave to the east, upwelling Rossby wave to
the west.

Upwelling Rossby wave reflects at western boundary as upwelling Kelvin wave.

Upwelling Kelvin wave cools the eastern Pacific cold tongue, shutting down El Nino
and triggering La Nina.



TAO/TRITON 5-Day Averages
Ending on July 1 2006
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Cloudiness & Rainfall

(Outgoing Longwave Radiation, 5°N 5°S)
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Tropopause
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Sea Level Pressure

| Challenges:

1) Forecast models do not

- accurately simulate or account
for the Madden-Julian
Oscillation or other forms of

| high frequency forcing;

2) Genesis and dynamics of
-1 Madden-Julian Oscillation are
not well understood.




TAO/TRITON SST (°C) and Winds (m s~ 1)
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atmospheric and
oceanic indicators were mixed

dynamical and statistical SST forecasts
indicate ENSO-neutral conditions...will continue

http://www.cpc.ncep.noaa.gov/




Atlantic Ocean
PIRA




THE PI RATA PROGRAM

History, Accomplishments, and Future Directions*

&y Bentiano Bounies, Rick Lusesin, MicHas |.
McPrapesy, Fasrice Hernanpez, Pauno Mosre,
Eoro Campeos, Lisan Yu, Sexce PLanmos,
Anmono Busaaccsi, Antoro D, Moura,
Jucques Sesdary, s Jarace TROTTE

Focus: Tropical
Atlantic Climate
Variability,
including climatic
conditions in
“hurricane alley”

Pilot Research

Partners:

v'Brazil (Navy & Space Agency) & France (Inst.
for Research & Development, Meteo-France)
provide logistic support & most shiptime (228
sea days during 2003-07)

v'USA (NOAA) provides most equipment &
data processing

Prediction and Research

AMBRICAN METEOROLOGICAL SOCIETY ALGUST 008 BINS |1




Chiang & Vimont, 2004, J. Climate

Mechanisms of Tropical Atlantic Variability

Wind-
Evaporation-
SST Feedback

Warm SST and weakened
ow sea-level northeast

pressu tradewind
Qnd anomaly equator

AN

1) No. Atl. SSTs , sronginons
high sea-le! tradewind
2) Impact pressure

hurricanes

Courtesy, P.




PIRATA Array

O ATLAS
B Subsurface ADCP
OFLUX Sites
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2006 Atlantic Hurricane Season

Morth Atlantic
Central Pacific i Abovesormal Season
Below Norma) Season o, 13-16 Named Storms

2-3 Tropical Sybems East Pacific " 8-10 Hurricanes

(includes Depressions) Below Normal Seasdn
12-16 Named Storms
6-8 Hurricanes
1-3 Major Hurricanes
ACE: 45%-85%

MNOAA's seasonal hurricane outlooks, with the shaded areas indicating the main regions

where tropical depressions, tropical storms, and hurricanes usually form. The outlooks

indicate a 80% chance of an above-normal Atlantic hurricane season, and an 80% chance

of a below-normal East Pacific hurricane season. Also, t|"1en'.|I indicate a below-normal

hurricane season for the Central Pacific.
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2006 Atlantic Hurricane Season

NOAA's 2006 Hurricane Season Outlooks Issued

May 22nd

North Atlantic w7
"'\ AbaveNormal Season

K 13-16 Named Storms
% 8-10 Hurricanes
4-6 Major Hurricine
ACE: 135%-205%

Central Pacific
Below Norma) Season
2-3 Tropical Syttems

East Pacifi
{includes Depressions) Be AN PAEe

low Normal Seasoi
12-16 Named Storms
6-8 Hurricanes
1-3 Major Hurricanes
. ACE: 45%-85%

NOAA's seasonal hurricane outlooks, with the shaded areas indicating the main regions
where tropical depressions, tropical storms, and hurricanes usually form. The outlocks
indicate a 809% chance of an above-normal Atlantic hurricane season, and an 80% chance
of a below-normal East Pacific hurricane season. Also, they indicate a below
hurricane season for the Central Pacific.
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NATIONAL HURRICANE CENTER oY ., By
ATLANTIC + CARIBBEAN + GULF OF MEXICO * HURRICANE TRACK CHART| BTN T
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Summary:

10 named stormes,
5 hurricanes (2
major): a below-
average season

s Hurricane (H)
Tropical Storm (T)
Tropical Dep.

4+ Edtratropical
Wave/Low

® Position at 0000 UTC

021 Position/date at 1200 UTC

[5] Tropical Cyclone Number

Tomben ComarmarCome
e 120 33 40 North

NUMBER TYPE

1

TYPE
T
T
T
T
T DEBBY
H
H
H
H
H

2006
NAME
ALBERTO
UNNAMED
BERVL
CHRIS

ERNESTO
FLORENCE
GORDON
HELENE
ISAAC

DATE

10Jun-14 Jun,

17 Jul-18 Jul.
18 Jul-21 Jul.
1Aug.-4 Aug.

21 Aug.~26 Aug.

24 Aug.~1Sep.
35ep.-12 5ep.

10Sep.-20 Sep.
125ep.-24 Sep.

27Sep.-2 Oct.

%0° 85° 80° 75° 70° 65° 60° 55° 50°

35

25

50°
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2006 Atlantic Hurricane Season

2
NOAA's 2006 Hurricane Season Outlooks Issued May 22nd

\ North Atlantic

Central Pacific

entral Pacific “\
Below Norma) Season
2-3 Tropical S;hl:ms

"l
AbaveNormal Season
Y= 13-16 Named Storms
%ﬂ, 8-10 Hurricanes
4-6 Major Hurricane:
ACE: 135%-205%.

East Pacific

(includes Depressions) Below N

Normal Season
12-16 Named Storms
6-8 Hurricanes
1-3 Major Hurricanes
ACE: 45%-85%

NOAA's seasonal hurricane outlooks, with the shaded areas indicating the main regions
where tropical depressions, tropical storms, and hurricanes usually form. The outlocks
indicate a 809% chance of an above-normal Atlantic hurricane season, and an 80% chance
of a below-normal East Pacific hurricane season. F\ISU.[hey indicate a below-norma
hurricane season for the Central Pacific.

“..the 2006 Atlantic hurricane
season activity was lower than
expected due to the rapid
development of El Nino.”

“El Nino’s rapid development and
intensification [was due] to a
series of large subsurface ocean
waves that affected ocean
temperatures during the summer
months.”

NOAA press release
30 Nov 2006



North Atlantic SSTs in 2006

“Increased atmospheric loading of
JJA Differences, 2006-2005 | g3haran dust over the North
SON - - ——y 7 - . . .
1.2 || Atlantic during the 2006 hurricane
20N 1 ' 08 || season...initiated rapid cooling and
0.6 .
10N 05, suppressed tropical storm and
-0.6 | hurricane activity...”
Q- ~9:4
< Wind & SST :?.9 Lau & Kim: How Nature
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Heat flux (W m2)

Sum, Stor. (W m™2)
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—— LHF (15) Mixed Layer Heat
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North Atlantic SSTs in 2006

“...most of the anomalous
cooling occurred prior to
the period of enhanced
dustiness and was driven
primarily by wind-induced
latent heat loss...dust-
induced changes in short
wave radiation did not play
a major direct role in the
cooling that led up to the
2006 Atlantic hurricane
season.”

Foltz, G.R., and M.J. McPhaden,
2008: Impact of Saharan dust
on tropical North Atlantic SST.
J. Climate, in press.



'» Indian Ocean
RAMA




RAMA

Research Moored Array for African—Asian—Australian = Plan developed by
Monsoon Analysis and Prediction (RAMA) the Indian Ocean
o Surface Mooring = Flux Reference Site ® ADCP = Deep Ocean Panel in 2004.
3OQN ] L | ) ) N | L ) N | L N N | N N L | N Ly
I I = Basin scale, upper
20°N - N ocean (~500 m) focus.
o : : : = Samples key
10°N - n b ] regions: Arabian
0° o o °o o Sea, Bay of Bengal,
: 0 . - ° . Eq. Waveguide,
10°S ] o = o o o m i Thermocline ridge
; P . a o _ (5°-10°S), subtropical
20°S - i subduc.tlon, Java
] i : upwelling.
ost+——'r—-"—""v———— = Design supported
40°E 60°E 80°E 100°E 120°E by numerical model
observing system
studies.

RAMA, 2008: Bull. Am. Meteorol. Soc., accepted.



RAMA

Research Moored Array for African—Asian—Australian RAMA
Monsoon Analysis and Prediction (RAMA)
o Surface Mooring = Flux Reference Site = ADCP @ Deep Ocean
SOON - . ] X X \ ] \ . A ] A A A L \ A \ I , _
20°N - -
10°N 1 _ . -
0° - e =
10° - o -
. _ . . [ RAMA: Ancient
20°S - - king of India and
] " [ hero of the epic
30°S — T T T T “Ramayana’”.
40°E 60°E 80°E 100°E 120°E

McPhaden et al, 2008: RAMA. Bull. Am. Met. Soc., accepted.



The Monsoon
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Half the world’s population depends on monsoon rainfall for agriculture



Indian Ocean Climate Science Drivers

Posie Dol Hode - = Seasonal monsoon variability

= Cyclones and synoptic scale events

= Intraseasonal (30-60 day period)
Madden Julian Oscillation (= ENSO,
west coast US weather, hurricanes)

= Interannual variations: the Indian

Ocean Dipole

Negative Dipole Mode

= Decadal variability

» Warming trends since the 1970s

= Ocean circulation (Indonesian
Throughflow, shallow and deep

' - overturning circulation, monsoon
Indian Ocean Dipole currents, etc.)

* Biogeochemical studies



Research Moored Array for African—Asian—Australian
Monsoon Analysis and Prediction (RAMA)

eSurface Mooring ®Flux Reference Site € ADCP % Deep Ocean
L L ) N | )

30°N . A B L. N

Japan (2000)
] India (2000)
20°N - USA/India (2004)
] USA/Indonesia (2006)
1 USA/France (2007)
10°N ] China/Indonesia (2007)
] USA/South Africa (2008)

0° -

10°S -

20°S -

[m]

Solid=existing, open=planned

30°S - I | ' | ' ' ' I 4 ' ' I 4
40°E 60°E 80°E 100°E 120°E
47% of sites occupied by end of 2008 (22 of 46; 15 involve PMEL)




November 2006 Anomalies
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TRITON Temperature anomaly (1.5°S, 90°E)
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(b) SSH anom. [em]

2007

Thermocline temperature
anomalies mediated by
wind forced upwelling
Kelvin waves.
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TR e > o

» Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec Jan Feb

2006

OE SOE 60E 70E 80E 90E 100E E SO0E 60E 70E S0E 90E 100E

P e S S w1 R TS Horii et al, 2008, GRL
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RAMA Plans 2008

RAMA Cruises in 2008

15N

1578+

® PMEL ATLAS
m PMEL ADCP
NIO ADCP / Deep CM
® JAMSTEC TRITON
= JAMSTEC ADCP
m PRC ADCP

S

,)’XJ Marmagoa
Chennai

o DART Sagar Kanya

Sagar Nidhi

-

Marion Dufresne

Baruna Jaya |

7 cruises, 6 ships, 5 countries
~100 sea days

Open symbols indicate new sites
Solid tracks indicate PMEL participation
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Conehead buoy
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Tropica tmosphere Ocean pro
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To select mooring sites, click orange boxes to select lines of sites, click and hold on your mouse to draw a
box around sites, or click single sites. Red indicates which sites are selected. Solid squares show where
all selected variables are available. Half filled squares show where some are available. Empty squares
show where none are avallable. This page may take a few moments to load on slower networks and
computers.
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Summary

-

» Global Tropical Moored Buoy Array development
spans three decades and is the final stages of
implementation

» Multi-national partnerships leverage NOAA
resource commitments in all three basins

= Data are widely distributed and used extenswely
for climate research and forecasting

= Examples of recent progress: ENSO dynamlcs, :
tror |c | Atlantic climz



The Future

= Complete TAO Transition (2005-20137?)

= Demonstrate scientific value of recent PIRATA
extensions (~2012)

* Implement RAMA to complete the global tropical
moored buoy array (~2013)

» Introduce new technologies to improve efficiency &

effectiveness *}iz
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