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Heat Flux Components
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Temporal Dependence of Surface Heating

Incoming Heat from Sun

-

e mm -
- Ssa
- ~

- ~
- ~e
- ~
-
.

Outgoing Heat from Ocean

~
Il

Seasonal Heat Flux
(Arbitraty Units)

Fig 3.6 Knauss

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR

x W Incoming Heat from Sun
==
T c /
5>
@ + [Outgoing Heatfrom Ocean
T ©

-
> B
%e Lo PEPPCE R L LT Cooma
o < SoooYacoo PR

-

Fig 3.6 Knauss

o 6AM NOON 6PM 12PM




Variation in the Depth of the Seasonal
Thermocline
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The Key Feature to Understanding Much About the Spatial and
Temporal Distribution of Primary Production in the Ocean Can
be Understood in Terms of Finding Places and Times When
Both High Light and High Nutrients are Brought Together...
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Changing Mixed-Layer Depth in
Temperate Oceans
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The critical depth ==
concept forms the ~ ~~ 40 Photosynthetic Gain
foundation of our é
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* During winter: the mixed layer is deeper than the
critical depth and respiration exceeds photosynthesis

* During summer: the mixed layer is above the critical
depth and photosynthesis exceeds respiration
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Spring Bloom Time Series

Seasonal Pattern of Water Column Stratification,
Near-Surface Nutrient Replenishment and
Spring Phytoplankton Blooms
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Temporal Variability in Global
Chlorophyll

1.
2.

There are two approaches to characterizing mixed
layer dynamics:

Kraus-Turner-Niiler (Bulk Mixed Layer Model)
Mellor-Yamada- (Vertically Resolved Turbulent Transport Model)




Change in Mixed Layer Temperature Due to Surface Heat Flux
Without a Change in Depth

T(t + At) - T(t) = 0 At T= Temperature
phC,, t= time
Q = surface heat flux

¢, = specific heat of water

ﬂ = Q ?:'217.3' kg%lK—l
ot phC » p = density of seawater

h = mixed layer depth

Change in Mixed Layer Temperature Due to Entrainment

New temperature after mixed layer
deepening is just the weighted
average of two masses of water...

_ Th+(T-AT)Ah

T(t + Ar)
h+Ah
hlT T(t+At)
T(t+At)-T = “ATAR
h+Ah
Tyl

o h dt
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Change in Internal Energy (Heat Content) Due to Heat Flux
from Top and Entrainment from Bottom

ﬂ = 0 E— Change in ML temperature (heat

dt  phC, energy) due to surface heat flux
JT 1 oh Change in ML temperature (heat
= AT — content) due to entrainment of cold
ot h ot deep water

Change in ML temperature (heat
o x =27 energy) due to surface heat flux and

dt  phC, h dt entrainment
AT Q AT oh _
E = E - 7 Wentrain E = Wentrain = Entrainment Velocity

Change in Potential Energy of a Water Column Due to Entrainment

PE h
= [ pgzdz
Area
Simple Example...
h Ps
P+ P2) 2h

h 2h h? 2 B2 3p; +
PE = pygfzdz+p1g [zdz+=prg— + p1gl —+—|= gh? M before
0 ! 2 2 2 2

+p,) 2h + 2h)?
PE=(p127p2)gfzdz=wg%=gh2(pl +07) after
0




Change in Potential Energy (Water Column Center of Mass)
By Entrainment

Simple Example (continued)...

(3p1 + p2)

APE = gh®(py + pa) - gh® ==

or...
APE = ghz(@) >0

Entrainment produces a positive change in the potential energy
corresponding to a rise in the center of mass of the water
column

A similar argument can be made regarding the change in potential
energy due to heat flux addition. Heating the Mixed Layer lowers
the center of mass and reduced the Potential Energy

h P, h | p,-Ap

heating
EEmm——

The Main Point: Mixing Increases the Potential Energy of the Water
Column and Heating Lowers the Potential Energy of the Water Column
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Mechanical Energy Input

Work = Force x distance so the Rate of Work = Force x (dx/dt) or...
Rate of Work = Force x U

dw
?=T'UML=pu>g'UML=m0pu>§

This expression gives the rate of work done by the wind to drive
mixing and thereby change the potential energy of the water column.

h .
PE = [ pgzdz = %pth Potential Energy (PE)
0

dPE 1 hz@
da 2 dt Rate of change in potential energy is equal
to rate of work supplied by wind mixing and
heating by surface flux
dPE 1 d
—= —gh2 b _ mopug
d 2 dt
—dPE = 1 n? @)(ﬂ) = mopug
d 2 dT )\ dt
dT 1 QO AT
=7~ Wentrain
dt hpC, h
1 dp
1 - 1 O AT 3 pdl ¢
Egh (-op) ZpT - TWentrain = Mo PU
p
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| ) 1 O AT 3
S8h (~ap) ZE - TWentrain) = M, Ol
1 0 B 3 T
——oghl —— = ATW . 1r0in | = mous Note: this sign is correct,
2 rCp but I had to change it from

positive to negative -
somewhere above there is a
sign error. T'll give extra

1 3 0 credit (bragging rights) to
ZaghAT = “ooh—=—_ gg'ng rig
GHNA Wentrain = Molts =6 2pC » anyone who finds the sign
error.

The Main Point: Change in potential energy resulting from
entrainment results from an increase caused by wind mixing and
a decrease caused by heat flux

During Mixed Layer Deepening the entrainment velocity is

given by...

w2
entrain O{ghAT

0
2pC,

(moug —-agh

During Mixed layer Shoaling it is assumed that heating and wind mixing
are in balance so that...

agh
mouf _ %8 0=0
PCp
2C ,pm uz’ h = Monin-Obukhov = mixed layer depth during
plP""o
h=—"—""— the warming period given as a function of heat
gaQ input and wind mixing
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