Thoughts on the Parameterization of Physical Processes

(by way of an example)
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Example: Modelling the Temperature Profile of a Lake
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Example: Modelling the Temperature Profile of a Lake
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Problem: We need to parameterize turbulence.

Approach 1: First Order Turbulence Closure

e assumes turbulent eddy motion transports heat
analogously to molecular diffusion

* requires eddy size to be small

 does not parameterize turbulence itself — just the
Impact of turbulence on temperature profile



Heat Equation in a Fluid
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K. = constant T Ekman Theory

K. = K.(2) — constant shape

K. = K. (z,t) e most general



Henderson — Sellers (1985)
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Problem: We need to parameterize turbulence.

Approach 2: Integrated Turbulent Kinetic Energy (TKE)

« assumes uniform well mixed layer at surface

» does parameterize turbulence itself as well as the
impact of turbulence on temperature profile
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wind and buoyancy forcing

F :i(wf +ciud)

q
Ry z=0 |-| 2 surface
27 hdE, N
mixed layer Lo2a
AT {'/ E, dh \\‘, thermocline
\ 2 dt -
metalimnion M -
\
h dE Governing Equations
v | g T i
2 dt
E. dh
Sl e
2 dt




o z=0 ¢ surface dissipation

<
=
s = 1

i N 3/2
h dE \ —_
mixed layer L o /,':> Fd N 2 Ce ES

S~ -

- =~

AT {'/ E;dh thermocline
\ 2 dt -
metalimnion Y -
\
h dE, - - Governing Equations

DA i

S flimer e

2 dt




ok = [ et surface
! l/,/’ DdES \ b
mixed layer \oo2d e turbulent transport
"""" el 3/2
[Fi-3oE
AT {'/ E, dh \\‘, thermocline
) 2 dt /!
metalimnion ) T -
\
h dE, Governing Equations
457 — Fq o
2 dt

E.dh

T o
2 dt i A




L Zd -2 surface
/T nde N
mixed layer Voo —>
\\\ —————— ”// Fd
|:I
shear|production ﬂ;
LA Z:h‘:>/ E;dh thermocline
\oo2.dt
metalimnion S~ . _ -7
1 , dh
: FS — —CSAU E
h dE, Governing Equations
s BE
T A B




z=0 ik
T ohdE, N
\ 2 dt ) =>
b . B3
I
ik Edh \
e T T l:>
Imnion S~ - 7k
h dE
A e
2 dt
E. dh
R Tl i
2 dt

surface

cold water entrainment

thermocline

i dh
AT 20
G e

Governing Equations



I Zel -2 surface
2 hdE, N
mixed layer Voo S —>
\\\ —————— . 4 Fd
[
iy PR .. leakage
o it — E dnh \‘. LA thermocline
F 3 2 dt /I F
metalimnion i S~ - P 1
U 3/2
h dE, Governing Equations

2 dt

E—@—FJFF F,

2 dt

|:L




- ﬂ wind and buoyancy forcing
S d N 2R
S G TKE |:> dissipation
Thix fRERS W Gk
ﬂ turbulent transport

T = L =
: \\\ dt /,I -
metalimnion Shear productlon\\__‘ﬂ[__/’ cold water entrainment
eakage

- well know sources/sinks of turbulent kinetic energy
govern depth of mixed layer



L239 Surface Temperature

') x I i
: N iy
I W \M\\M\\ u\ \‘
| \4 ’ Aik;
“\* I W”“W\
gl R
ol by
5 i IH‘W
- T JuIyB—JuIy 18
15 — . ' |
10 . |
1 200
July 8

[ NN SRR TN AN AN e =5 E AR i
> Eé% | | | ( | | | | ‘ | | | | \ | | | |

t 17




1

[

z (m)
ook WO

=

=

Tgr: July 8 — .Julyr 18

- Ivvmd driven deepening .
= E
= restratification |3
150 1oz 1o == = :

i
il

c

12.0 11,0 1.0 13.0 1«40 1353.0 T£.0 1.0 180 1Tw™.0 =220 =Z1.0 0 FZ2.0 0 ZZ.0 0 24,0



23

000000

000000

OOOOOO

wind — driven deepening

sfc

TKE Forcing

/
H\HH‘HHH\H‘HHHH\‘\HHHH

wind alhd buoyancy forcing

e %(Wf +ciul)

!

wind stress

z=0

\
\
\
MR
_N
TKE
2 e S g V
;9 TKe
\ dt

AP A

Julion Day

\\ dissipation

shear production -[]--*"
leakage l

" mixed layer

/

b z=h
/' cold water entrainment
metalimnion




v

sfc

wind — driven deepening

Initial Conditions

23 Of \ \ \ \

20:00 July 8

/
H\HH‘HHH\H‘HHHH\‘\HHHH
=

22

21

20 | I I I I | I I I I | I I 1 1 1 1 1 1 Tl
190.0 1920.5 191.0 198 .5 192.0

000000

=
?
T

000000

RN
)@ﬁ m
"“ \"‘A\“ 77/\ T T T T T
a 12 14 16 18 20 22
T (°C)
ESH FEN
A A

Julion Doy




23

oooooo

oooooo

oooooo

wind — driven deepening

192.0

\
\
08:00 July 9 8
M
—— \
f TKE i
| WiN
TKE forcing J
“’M/M““\WMA
S FEN

Thermoc

A/ WM

Julion Doy

or \ \ \

08:00 July 9

1

12 14 16 18

T (°C)

20

22

24



wind —,riven deepening

ot , 13:30 July 10

23

of \ \ \ \“

13:30 July 10

/
H\HH‘HHH\H‘HHHH\‘HHHH\
=
I
|

22 — f

C \\ F

- N s ]
21 — — E

- gN —~3L E
20 I ! ‘ ‘ ‘ ‘ ! ‘ ‘ ‘ ‘ ! ‘ ‘ ‘ ‘ ‘ ‘ ‘ Tl E [ “

190.0 190.5 191.0 ] 3 192.0 ~ [

oooooo = : g N |

3 E ab “ ]

F TKE E : |

= E /

= ] s
oooooo = M/ = 5L .
OOOOO o, ‘ M —

77\\\\\\\\\\\\\\\\\:
12 14 16 18 20 22 24

T (°C)

e/ 1

Julion Doy




CLASS Lake Module

mixed |

z=0

ayer

ﬂ wind and buoyancy forcing

- —

Sh T
dt /

metalimnion shearproduction\\__‘ﬂ[__x” cold water entrainment
eakag

e



Henderson — Sellers (1985)
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restratification
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Conclusions

 Where possible, begin from fundamental law (e.g. conservation
of energy, mass, etc.).

» Clearly state (and understand) the assumptions you need to simplify
the problem (e.g. turbulent eddies small for eddy diffusivity concept).

o It's better to parameterize processes that cause an effect than it is to
parameterize the effect itself (e.g. rather than parameterize a temperature
profile, it’s better to parameterize processes that move heat)



LAKE1D — Turbulence Model
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