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3. The restless world ocean
(observing the oceanic circulation)
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Forcing Mechanisms

Ocean Response

e Winds and Friction
e Heat Transfer

e Evaporation

* Precipitation

* River runoff

e Glacier formation/melting

Astronomical forcing

Ocean bottom changes

Bulge of water
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(a) GRAVITATIONAL FORCE
Bulge of water
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(b) CENTRIFUGAL FORCE
Two resultant bulges of water

N\
)
/
7
7

e e

(c) GRAVITATIONAL AND CENTRIFUGAL FORCE

a.0cean Currents
b.Wind waves

c.Large scale waves
d.Tides

e.Internal waves
f.Upwelling/downwelling
g. Tsunamis

h.Turbulence and mixing
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Global sea surface heat flux

(QneD)

Net surface heat exchange
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Global River Runoff

(R)

Major River Basins of the Worl d : Major rivers, classified by by their mean annual runcfi.

Basins sel ected, derived and adjusted by Global Runcff Data Centre (GROC), Koblenz 2007, based on HYDRO1K by USGS;
Mean river discharge ca culated with Water GAP 2.1, Universities of Frankfurt and Kassel 2007;

Riversand lakes by GROC & WHYMAP 2007.

GROC, Keblenz, Germany, 2007,

NS %

Global sea surface evaporation-precipitation

(E-P)

Evap minus precipit Annual mean
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Ocean Currents




Ocean Currents
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chan Surface Current Speed

OCEAN CIRCULATION
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OCEAN CIRCULATION
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The Gulf Stream System
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Looking behind the

“mean” circulation
patterns:

Circulation is
dominated by spatial
and temporal
variability at
various scales
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OCEAN CIRCULATION

Indian Ocean

Current Speed [cm/s]
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OCEAN CIRCULATION

Surface temperature range that results in the monsoon

Sea surface temperature variations are much
smaller than land surface temperature

variations. (Mainly the seasonal cycle) Kump et al. (2004)

Tibetan
plateau:

range of
60°C

Ocean:

range of 3 to
5°C
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OCEAN CIRCULATION

Pacific Ocean
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The Pacific
Equatorial System

January




OCEAN CIRCULATION
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OCEAN CIRCULATION
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OCEAN CIRCULATION

SYSTEM

ATITUDE

H xopro Teproyn perétng

IDLATITUDE

SYSTEM

1.0

o
o
SSH [m]

-0.2

-0.8

-1.0

17



H meproyn perétng

Hog eEnyettar n dopn TS KukAogopiog (ne tTo oo
YOPUKTIPLOTIKA 6TOVS TPELS MKEAVOVS); AvTd O,
neretn0ovv ota Ke@aioro TS Avvapikig ®ooikig
QKegavoypoelog.




The high latitudes
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Antarctic Circumpolar
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The Antarctic

~1 mm/s ~40 cm/s ~ - ~1000 km

Antarctic Daily Sea Ice Extent (millions of km?)
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The Antarctic

" katabatics
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Bennetts, L. G., Shakespeare, C. J., Vreugdenhil, C. A., Foppert, A., Gayen, B., Meyer, A., et al. (2024). Closing the loops on Southern Ocean dynamics: From
the circumpolar current to ice shelves and from bottom mixing to surface waves. Reviews of Geophysics, https://doi.org/10.1029/2022RG000781



The low latitudes
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Depth (m)

EQUATORIAL CURRENT
SYSTEM

Surface
winds
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currents
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EQUATORIAL CURRENT
SYSTEM
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currents
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El Nino, La Nina and
the Southern

Oscillation
ENSO
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December - February Normal Conditions

El Nino, La Nina and
the Southern

Oscillation
ENSO

Positive SST Anomaly
travels eastward

Slackening/reversal of
the Trade Winds
Negative SST Anomaly

December - February El Nifio Conditions
December - February La Nifa Conditions
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Pressure difference
between Darwin
(Australia) and Tahiti



El Nino and the
Southern Oscillation
ENSO

‘ dry, sinking air
|:| warmer than average

' |:| cooler than average

Difference from average temperature (°F)
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ENSO Nowcast-Forecast

Basin—wide EQ. Upper—Ocean Heat Anoms. (deg C)

Average SST Anomalies
28 SEP 2025 - 25 OCT 2025
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Model Predictions of ENSO from Oct 2025
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" Coastal
Kelvin

ENSO: The delayed
oscillator model
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West

T East
Pacific Pacific
V
ENSO: The H m
recharge oscillator | | hWhE _________________
model
Jin (1997 L
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Geostrophic transport I

Jﬂ'_

a SST, -0
El Nino Discharged
’ EQ EQ
g %
Recharged | & La Nina
[\ 8
Jin (1997)

Simulation of the “recharge-discharge oscillator in Matlab



