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My background and research

@ born in United Kingdom

@ PhD at National Oceanography Cenftre,
Southampton, UK

@ Postdoc at LDEQ, Columbia University, NY

@ Postdoc at Scripps Institution of
Oceanography, UCSD, CA

@ Assistant to Full Professor at RSMAS



My background and research

@ Western boundary current structure, variability,
and transport

@ Circulation of the western Indian Ocean, including
Somali Current and Agulhas Current systems

@ Ocean observations: velocity, femperature, salinity,
sound speed

@ Global thermohaline / overturning circulation

@ The role of the ocean, in particular the Agulhas
System, in climate and climate change
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Some important concepts about the
Ocean and Oceanography

@ Oceanography is a relatively young science. Pretty much
everything that was known about the physical oceans could
be written in one book back in 1942 (The Oceans: Sverdrup,
Johnson, and Fleming)

@ The theory of the wind-driven ocean (Sverdrup, Stommel,
Munk) came about in 1950.



The wind stress and the
rotation of the planet
produce an ocean
current to the right of
the wind in the northern
hemisphere

This creates a gyre with
a narrow, fast western
boundary current




Some important concepts about the
Ocean and Oceanography

@ Oceanography is a relatively young science. Everything that
was known about the physical oceans could be written in
one book back in 1942 (The Ocean: Sverdrup, Johnson, and
Fleming)

@ The theory of the wind-driven ocean (Sverdrup, Stommel|,
Munk) came about in 1950.

@ The theory of the deep circulation (Stommel) came about in
1958 and is still being refined today.



The global abyssal circulation largely results from deep
convection and sinking of surface waters in the North
Atlantic and in the Weddell Sea (black circles) and
upwelling of deep waters through the thermocline

(aided by topography) elsewhere in the worlds oceans
(Stommel 1958).




Some important concepts about the
Ocean and Oceanography

@ Oceanography is a young science. Everything that was
known about the physical oceans could be written in one

book back in 1942 (The Ocean: Sverdrup, Johnson, and
Fleming)

@ The theory of the wind-driven ocean (Sverdrup, Stommel,
Munk) came about in 1950.

@ The theory of the deep circulation (Stommel) came about in
1958, but is still being refined today.

@ Full-depth profiles of ocean density (giving water mass and
flow characteristics) were made possible with the invention
of the CTD (Brown, Hamon) in 1955.



Conductivity-Temperature-Depth (CTD)




Some important concepts about the
Ocean and Oceanography

@ Oceanography is a young science. Everything that was
known about the physical oceans could be written in one

book back in 1942 (The Ocean: Sverdrup, Johnson, and
Fleming)

@ The theory of the wind-driven ocean (Sverdrup, Stommel,
Munk) came about in 1950.

@ The theory of the deep circulation (Stommel) came about in
1958, but is still being refined today.

@ Full-depth profiles of ocean water properties (giving density
and geostrophic flow) were made possible with the invention
of the CTD (Brown, Hamon) in 1955.

@ The first numerical ocean model (Bryan, Cox) was in 1969.



Many of today's ocean and climate models can be traced
back to Bryan and Coxs model

GFDL Model
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Some important concepts about the
Ocean and Oceanography II

@ Measurements with global coverage began when SeaSat was
launched in 1978 to monitor SST, waves, sea ice, wind speed
and direction. But measurements restricted to the surface.



SEASAT

In 1978, NASA's Jet
Propulsion Laboratory built
an experimental satellite
called SEASAT to test a
variety of oceanographic
sensors including imaging
radar, altimeters,
radiometers, and
scatteromefters.




Some important concepts about the
Ocean and Oceanography II

@ Measurements with global coverage began when SeaSat was
launched in 1978 to monitor SST, waves, sea ice, wind speed
and direction. But measurements restricted to the surface.

@ Direct measurements of ocean velocity from moving ships were
made possible in 1980 (Joyce, Pinkel), through the invention of
an acoustic current meter. Full depth profiles after 1990.






Some important concepts about the
Ocean and Oceanography II

@ Measurements with global coverage began when SeaSat was
launched in 1978 to monitor SST, waves, sea ice, wind speed
and direction. But measurements restricted to the surface.

@ Direct measurements of ocean velocity from moving ships were
made possible in 1980 (Joyce, Pinkel) through the invention of
the ADCP and only to full depth after 1990 (L-ADCP).

@ In 1992 a pop-up float was developed that could be satellite-
tracked (ALACE - Davis, Webb), leading to the profiling float.
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Some important concepts about the
Ocean and Oceanography II

@ Measurements with global coverage began when SeaSat was
launched in 1978 to monitor SST, waves, sea ice, wind speed
and direction. But measurements restricted to the surface.

@ Direct measurements of ocean velocity from moving ships were
made possible in 1980 (Joyce, Pinkel) through the invention of
the ADCP and only to full depth after 1990 (L-ADCP).

@ In 1992 a pop-up float was developed that could be satellite-
tracked (ALACE - Davis, Webb), leading to the profiling float.

@ 1992- launch of TOPEX-Poseidon which can measure sea

surface height, geostrophic currents, waves, and tides, is sfill
revolutionising our understanding of ocean dynamics and sea
level rise.



QONOEPHFRF

.
i oa
-

ALTITUDE
SATRLU T

| DEREFERENGE
GEE

Y -
a0 o P

- .:'k ~\?

o."l’.‘Q.".‘.‘.. ;,

*

120°E 160°E 160°W 120°W E0°W

;‘-V“'. .1 (:h L "(j V.,'
f !}Lv"‘mf.‘ﬁ:‘v-’" “:J;ﬁ'\‘ 'ff 3 ]

O ﬁxhn'lﬁhb}"\s

Regional MSL trends (mm/year)
0

3 : 5 A » Iz . \. =
it Lty M
- 3 ¢J .P" AN
> . ? 3
N \ ,.
o . - > .~
f : > :
<

1700 1800 1900 2000 2100
Year



Some important concepts about the
Ocean and Oceanography II

@ Measurements with global coverage began when SeaSat was
launched in 1978 to monitor SST, waves, sea ice, wind speed
and direction. But measurements restricted to the surface.

@ Direct measurements of ocean velocity from moving ships were
made possible in 1980 (Joyce, Pinkel) through the invention of
the ADCP and only to full depth after 1990 (L-ADCP).

@ In 1992 a pop-up float was developed that could be satellite-
tracked (ALACE - Davis, Webb), leading to the profiling float.

@ 1992- launch of TOPEX-Poseidon which can measure ocean
surface currents, waves, and tides, is still revolutionising our
understanding of ocean dynamics. Can also infer thermocline
depth and heat content.

@ Global drifter and ARGO arrays reached density circa 2004
(Niiler, Roemmich): A new era of global ocean observation.



http://www.aoml.noaa.qov/phod/dac/index.ph
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http://www.argo.ucsd.edu/index.html
http://www.argo.ucsd.edu/index.html

A few more important concepts
about the Ocean and Oceanography

® The ocean is not well Known.

@ We can now describe the time-average circulation of the ocean
fairly well, but have only begun to describe its variability.

@ The equations describing a turbulent ocean subject to chaotically
variable winds and uneven solar forcing on a rotating planet are
complex and unsolvable (without simplifying assumptions).
Observations are essential for understanding the ocean.

@ Lack of observations and sampling errors are insurmountable in
oceanography and can lead fo misleading concepts.

@ Oceanographers are relying more and more on large data sets
from satellites, floats, and moorings and less and less on
observations collected from ships.



The ocean is an integral
part of the climate system



Many climate modes are driven by coupled
Ocean-atmosphere feedbacks

. El Nino-Southern
Oscillation (ENSO)

. North Atlantic Oscillation
(NAO)

. Pacific Decadal Oscillation
(24p]0)

. Indian Ocean Dipole (I0D)

. SubAnnular Mode (SAM)

El Nino / La Nina

999999

e

T,



Volume £2 El Nino rules woerld grain markets

2 NiaG 4% 12 wpact or world weather 4 [he
hogpes: factow e flucncing wed'd groeps= 1

L T Cold p; £) Nino get8
.‘ i f - R p ' : “iRter the \)\‘A_ln(‘,
S0me Bes o 42

-5t On Jy

Nenber 11
Nevorber 2001 }

ELaprp VM AN

Id's weather

)

COMARr
Moo —
—t

- N0 ‘ j ’
vive ¥ .

Meteorologist sees \

weather woes ahesad

henefits in wor

"
A

=
e
L
-
)
2z
)
-
R
—
U
£
-.l't
=
>
Q.
p
=
a2
o
~—
e
e

2 die as storms
pummel coasts

I NNyoderon s ax
PR T ey
Suuy e suwss vtees Al R s e




Atlantic Multi-
decadal Oscillation
\e)

Driven by variability of the
Atlantic Meridional
Overturning Circulation?
Linked to sea ice?

Atlantic Climate Pacemaker for
Millennia Past, Decades Hence?
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The ocean helps to
regulate global
warming, through
uptake of

anthropogenic heat
and CO2

- but will it
continue to do so?
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/ Climbing temperatures.
Melting glaciers. Rising seas.
All over the earth we're feeling the
heat. Why isnt Washington?
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