Teaching Weather and Climate Oceans and Climate

Wind-Driven Gyre Circulations
and Boundary Currents

Surface Balance of Forces

+ Wind stress accelerates
surface water

+ Friction couples surface
to underlying water

* Friction always acts
exactly opposite current
motion

- Coriolis acceleration is
always perpendicular to
current motion

RESULT: Surface current directed
about 45° (right/left) of wind in (NH/SH)

Ekman Flow

+ Combined effects of Coriolis and friction on “stack” of thin layers

* Each layer moves more slowly and further right(left) than layer
above ("spiral hodograph")

+ Mass-weighted mean motion is 90° cum sole of wind
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Ekman Pumping

+ Ekman flow in NH is
90° to the right of
the wind stress

+ Cyclonic wind forces
divergence in water,
and upwelling

+ Anticyclonic wind
forces convergence
and downwelling

Idealized Geostrophic Gyre

- Conver-
gence of
Ekman
flow
raises
sea
surface

* Rotating

l\dome"
results

Asymmetric Gyre

- Real world
doesn't look
like
Sverdrup
flow

+ Boundary
currents are
not
symmetric

+ Why?
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Teaching Weather and Climate

Stommel’'s Gyre Explained (part 2)

+ Vorticity balance of
asymmefric gyre

+ Western boundary:
- Fast current!
- Friction ++
- Latitude -
- Balanced!
+ Eastern boundary:
- Slow current
- Friction +
- Latitude +
- Balanced

+ Overall balanced

Oceans and Climate

Is there a Gulf Stream?

Trajectories of derelict (drifting) ships (19 century)

Sea-Surface Temperature from Space

+ Note baroclinic
eddies and "rings"”

in Gulf Stream
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Eastern Boundary Currents (NH)

PGF G)

® rer

+ Sloping sea-surface in upwelling regions produces
equatorward geostrophic current

+ Strongly baroclinic conditions eliminate and even
reverse pressure gradient at depth (countercurrent)

Coastal Upwelling Effect on SST

- Deviation from
zonal mean SST

+ Cold coastal
water due to
upwelling and
cold geostrophic
currents

+ Interaction with
desert climate
on land

Tropical Oceans
and El Nino
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Teaching Weather and Climate

Tropical Winds and Currents

* Atmospheric

convergence
produces
ocean
divergence

- Vertical

motions
associated
with
divergent
currents
control SST

Oceans and Climate

PGF

s
not coupled 1 ind

turbulent coupling to winds

Equatorial Cross-Section

+ Because f ~ 0, wind stress pushes water west

* Recall thermocline displacement is ~ 100 x surface because
restoring force is “reduced gravity”

El Nifo

+ Normal

conditions:
Huge
accumulation
of deep warm
water in W.
Pacific

+ El Nino:

Relaxation of
Trade Wind
forcing allows
warm water
to flow
eastward
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El Nino Conditions December 1987
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Normal (non-El Nifio) Conditions

= Surface water flow from east toward west

= Deep thermocline and warm water in western Pacific
(associated deep convection & rainfall)

= Shallow thermocline and cool SST’s in east Pacific

El Nifio Conditions

* Surface water flow toward east
« Warm SSTs, convection & rainfall shift to central Pacific

* Warmer SST’s in eastern Pacific
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Oscillating Atmospheric Mass

®
Darwin )
Tahiti

El Nifio Southern Oscillation (ENSO)

- Southern Osciallation Index (SOT) is the
difference in normalized surface pressure
(how many std deviations from the mean)
between Darwin, Australia and Tahiti

+ Positive SOI anomaly: “El Nifio"
* Negative SOT anomaly: “La Nifia"

Thermohaline Circulation

Read article by W. Broecker
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Thermohaline Circulation

Atlantic Water Masses

+ Deep water formation in North Atlantic
+ Bottom water formation in Antarctic

+ Ekman convergence in subtropical gyres
forces water down against buoyancy

Bottom Water Flow

Deep water
formed
off
Greenland
and
Norway
flows
south to
fill
Atlantic
Basin
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Formation of Antarctic Bottom Water

Continuous formation of ice along coast and in “leads” or
“polynyas” forms extremely dense water

Thermohaline Heat Pump

- Upper limb inflow to North Atlantic ~ 10° C
- Lower limb outflow ~ 3°C
+ dQ=cdT ~ 3 x 107 J of heat released by

each m3 of water during conversion from
upper limb to lower limb water mass

+ 20 Sv = 20 x 10 m3 s of water makes this
transition, releasing 6 x 1014 J s (= 0.6 Pw)
of heat to the atmosphere

+ This is 35% of solar heating of North
Atlantic north of 40° N latitudel!

Simulated Thermohaline Collapse
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