Discussion 5: Ocean Mixed Layer
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The State of Oceans

O Temperature
warm on the upper ocean, cold in the deeper ocean.
Q Salinity
variations caused by determined by evaporation,
precipitation, sea-ice formation and melt, and river runoff.

QU Density

small in the upper ocean, large in the deeper ocean.
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Potential Temperature

Q Potential temperature is
very close to temperature in
the ocean.

O The average temperature
of the world ocean is about
3.6°C.
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. E<P Inlty Sea-ice formation and melting
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I r I 1|---|_.| Q Salinity is the mass of

dissolved sdltsina

1 kilogram of seawater.
| Q Unit: %o (part per

thousand; per mil).

: QO The average salinity of
the world ocean is 34.7%o.

Q Four major factorsthat
i F affect salinity: evaporation,
L] precipitation, inflow of
river water, and sea-ice
; 1 - formation and melting.
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(from Global Physical Climatology)




L ow density due to absor ption
of solar energy near the surface.

Density

O Seawater is almost

incompressible, so the

density of seawater is

- - always very closeto
1 1000 kg/m3.

\
\ . s = Q Potential density is
'I . the density that
\ 1 seawater with a

particular sainity and

1 fig==
. | 1A temperature would
: 1 ¥ . have at zero water
\ ’ -4 . pressure (or a surface
1 i / ar pressure).
; : "~ O Potentia density =
- [} = density — 1000 kg/md.

(from Global Physical Climatology) - By vu

Mixed Layer Processes

QO The depth of the mixed layer
is determined by (1) the rate of

2 S TRTIET. buoyancy generation and (2) the
i 5 __ ratekinetic energy supply.
J i e s 0 The atmosphere can affect the

mixed layer through three
processes. heating, wind forcing,
and freshening (P-E).

QO The global -average depth of
the mixed layer is about 70 m.

QO The heat capacity of the mixed
layer is about 30 times the heat
(from Global Physical Climatology) capacity of the atmosphere.
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Seasonal Variation of Mixed Layer

Tempezature {°C) U Summer: warm and thin.
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(from Global Physical Climatology)
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Ekman Layer
(frictional force + Coriolis Force)
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Ekman Spiral — A Result of Coriolis Force

= = = —
T -
S
—
1-\-\_"-\-.._
P M e
o o iy BT 0
T D
[
= e
i S o el
g
(P e M S o
il Fa —i-

ESS11
(Figure from The Earth System) - Prof. Jin-Yi Yu

How Deep isthe Ekman Layer?

QD O (v/f)L2

¥
| y = vertical diffusivity of momentum
i f = Coriolis parameter = 2Qsin@
r
(from Climate System Modeling) - e i vu

Ekman Transport
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(Figure from The Earth System)

Ekman Transport - Convergence/Divergence

(Figure from The Earth System)

Surfacewind + Coriolis Force
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Ekman Transport
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Conver gence/diver gence
(in the center of the gyre)
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Geostrophic Currents
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