Western intensification



Ocean topics

A Balance of three forces

A Wind driven circulation

I Upwelling (colder on eastern sides)
Links to EI Nino

I Western intensification
Warmer and faster on the western sides

A Deep ocean circulatiothermohaling
(Next class)



Subtropical gyres
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the western boundary currents are warm
the eastern boundary currents are cold



Latitude

sea surface height (Feb ‘95)
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Latitude

clicker question:
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clockwise flows occur at: a), b), c), d), or e)



Final answer
clicker question:

Westerlies , , * water seems
Wind-driven gyre to be moving
/ in from all

around

Ekman |transport /|* What must
happen?

P97 a) convergence

/ \ b) makes a pile
Ekman | transport c) divergence

d) makes a hole
e) both a) & b)

Wind-driven gi're/



geostrophic flow

A .60°N
North top of pile
AMmerica B Ot p Europe
W E
Coriolis effect B 15°N
> - S
. Equator

Pressure {}
gradient

e sl

Pycnocline

initial movement is down the pressure gradient (i.e. down hill)
but turns until pressure gradient force and Coriolis balance,
the balanced flow follows lines of equal pressure
in a circular pattern



Average sea level elevation seen from space

Ekman transport all ows water |
This forces geostrophic currents on the large scale

These are the anticyclonic ocean gyres



Final answer
clicker question:
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Upwelling
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Upwelling explains many aspects of why ocean
temperature varies from east to west



|dealized Vertical Section at Equator
(Normal Year)

Strong easterly
West trade WH’ias East

(Indonesia/Australia) Ocean surface_ (Chile/Peru)

Warm surface

layer Strong

Upwelling

T Cold subsurface
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Normal Conditions

Ekman transport to th
RIGHT in NH

Ekman transport to th
" 4 LEFT in NH

Moist air “—_

~rises  Rainfall

Therefore, must have
equatorial upwelling of
cold water.

© 2001 Brooks/Cole - Thomson Learning



Equatorial Upwelling Normal Year
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(see next lecture)




La Nina El Niho

December - February La Nifia Conditions December - February El Nifio Conditions

Strong easterlies Weak easterlies
Strong eastern upwelling (cold SSTs) Weak eastern upwelling (warm SSTs)
Heavy rainfall in western warm pool Eastward shift in rainfall

» both states recur every 2-7 yr
» usually develop April-June

» reach max Dec-Feb

» last ~9-12 months (or more)

coupled with widespread changes in
atmospheric circulation
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Walker Circulation (tropical E-W linkages)

December Fetruary @ NiINa (“nOrmaI”)
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Walker Circulation (tropical E-W linkages)

(a) December Fetruary @ Nina (“nOrmaI”)
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Walker Circulation (tropical E-W linkages)

(a) December Fetruary  |l@ Nina (“normal”)

i B T
2l PERU
EQ
30 § | — 7
<, low surface
90 W 0 90 pressure i 9
el Nino area of convection

(b) December February moves east

j;_ 29

':.: -
S ST
\\\\‘, YRS

N

low surface

weak pressure

monsoon



El Nino precipitation anomalies (vs. “normal”)
(La Nina pattern approx opposite)
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notice anomaly pattern alternates E-W in association with
changes in the Walker Circulation
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drought, rainforest burning Wet
(Amazon, Indonesia), and Dry

monsoon weakening, California
storms are major impacts



1999 La Nina

0 60F 120E 180 120W 60W 0

flooding in South America, Indonesia, SE Asia and et
Africa, drying of central Pacific islands and Dr
American SW : “extreme tropical weather” y



25 MAR 97 El NIno Sea Leve
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Rossby Waves

A There are many types of waves in the ocean.

A Familiar swell waves (i.e. surf) rely on gravity as a
restoring force.
I Water above usual height, gravity pulls it back down.
I Water below normal height, buoyancy pulls it back up.

A Can we have waves with other forces?

A Yes- other waves rely on the Coriolis Force as a restoring
force.

A In the open ocean these waves are called Planetary Waves
or Rossby Waves.

To understand this, we need to look at the spin of the
ocean water (or air!) and the spin of the earth.



Vorticity (Aspil no)

Vorticity Maximum: Along the trough axis to
left of the strongest flow. Both shear and

ridge |
axis curvature terms are positive.
LOW
(cyclone) ;
1
(sub polar gyre)

. 22
ﬂmty ]
/ Minimum Z3

4

Zg
Vorticity Zs
Maximum
HIGH Z7

(anticyclone)
(subtropical gyre)

Vorticity Minimum: Along the ridge axis to right
of the strongest flow. Both shear and curvature trough
terms are negative. axis

Look at maps http://grads.iges.o



Vorticity on a spherical planet
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North Pole

n Large positive vorticity

Equator

=7  Zero vorticity

>
o) Small negative vorticity
(2535
@ Large negative vorticity 3
Soutr; Pole
BOX FIGURE 5-1 R 5
Planetary vorticity, increasing from zero at the equator to a maximum at the poles. (After Open University,

Ocean Circulation, New York: Pegamon Press, 1989.)

Counterclockwise

<@ Small positive vorticity J

Total vorticity iIs conserved.

Because earth is a sphere, \
Spin more as you get closer
the pole.

At the equator, there is no
spin around the local vertica

Water (and air) likes to have
the same vorticity (spin) as
the plant.

If non-spinning water is
shoved northward, it must
spin the opposite way from
the planet to stay balanced.

Spin of planet plus spin of water is constalft 91Ves us Rossby waves



Rossby Waves (2)

Rossby waves have some very special properties:

(1) Long wavelength Rossby waves propagated|y
westwards

(2) Shortwavelength Rossby waves propagate \&owly
eastward

(This is because the earth only spins in one direction)

(3) At a western ocean boundary (continental east coast)
RWsreflect asshort RWsawhich means thagnergy
accumulatesalong the western boundary.

Thisleadstose al | ed nNnwestern |1 nten
formation of a western boundary current.



Western Boundary Reflection

Long Rossby Wave (Fast)

Western Boundary

(e.g., US/Canada)
(edoin3 ““6'9)
Arepunog uiaise3

Short Rossby wave (slow)
Big, fast Rossby wavemove lots of every from east to west.
Small, slow Rossby wavasove less energy from west to east.

As such, energy builds up. This accelerates the flow on the west
side where energy is dumps, and slows the flow on the eastern <
where energy is removed.



Eastern Boundary Reflection

Shorter Kelvin wave (Very slow)

Gr——
Long Rossby Wave (Fast)

Western Boundary
(e.g., US/Canada)
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Now long westward moving Rossby wawesove lots of
energy from the east, whinort Rossby wavesdeposit only a
little. With less energythe flow is weaker



Rossby Waves 3

A The dynamics of the ocean circulation along
the eastern and western continental margins
Is fundamentally different because of
Rossby wave dynamics.



Westward Long RW Propagation



