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From Orlanski (1975) A Rational Subdivision of Scales

for Atmospheric Processes
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Building a General Circulation Model (GCM)




From Orlanski (1975) A Rational Subdivision of Scales
for Atmospheric Processes
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From Orlanski (1975) A Rational Subdivision of Scales
for Atmospheric Processes
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From Orlanski (1975) A Rational Subdivision of Scales

for Atmospheric Processes
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Consider
ot 3:1:,,;

= 0. (1)

If
U; =ﬁi+u§, and 6 =éi+9’,
then

06  dub _  Oup

= , 2
ot ox; oz; (2)

Closure requires

uéel = f(aa 'Ei) (3)
or what in the jargon in our field is called a
parameterization.



What are the Atoms!?

(representing small scale processes in large scale simulations of the climate system)



Parameterizing Surface Exchange:

u
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surface

uw'=-u’="fuvzwrhdT,..) perhapsu,=oz(du/dz)

o, /

/ which can be written as
(du/dz)(z/u) =D
where @ is universal. Alternatively, if other
| parameters come into play, one might
o-erc| CONjecture that
(du/dz)(z/u,) = ©(C).
where { measures that other parameter.

®,= (1-157)
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A Three Step Process

|.Insight
2.Dimensional Analysis

3.Empiricism



Stratocumulus Topped Boundary Layer
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Parameterize:

with

Wh = —E(8+ - s) + Fh+ —_ P}_

Wo = -V (s — s0)

w'q'y, = —E(q+ — q)
w'qds = -V (g — qo)

FE = oz—Fh+ — Fo.
S4 — S8
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DYCOMS-II (July 8001): observing platforms

> GOES, AVHRR, TRMM, QuickScat
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aerosol inlets (CVI, LTI, SDI)

adapted from Stevens et al., BAMS, 84 (2003)
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64 columns 64 columns 8 columns
64 wide 8 wide 8 wide

(Following Grabowski, Khairoutdinov and Randall)



From Orlanski (1975) A Rational Subdivision of Scales
for Atmospheric Processes
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JJA Local time of Precipitation Frequency Maximum
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(a) Original CSRM
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(b) Coarser grid size
computing time: 1/n2

L

(c) Less-dense network with same grid size
computing time: (2n-1)/ n2

Following Arakawa (graphic courtesy of D. Randall, Colorado State)




Summary

|. The system is heterogeneous with myriad scales.
2. The intractability of the equations (turbulence) demands empiricism.

3. Some progress can be made by assuming local homogeneity and
interpolating among idealizations.

4. The empirical step is non-trivial.

5. New, truly multiscale approaches which exploit massive computational
capacity are promising, and only just beginning to be exploited.

Special thanks to David A. Randall for sharing his work on “super-parameterization” with me.



