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Why does updraft strength depend on resolution?

The simple and intuitive version: a scale analysis
Express the incompressibility equation in finite-difference form in
Cartesian coordinates:

Acu Ay Ayw
+ +
Ax Ay Az

Replace Ay u and Ay v with a typical cell-to-cell velocity difference,
AU and solve for Aw:

=0

X

Can we express AU as a function of Ax 777
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Yes: it is a structure function of a fractal field
BERKELEY LA
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Structure functions:
Structure function, Sy(Ax)-The average ‘gradient’ of a field as a
function of 'gradient’ distance:

Su(Ax) = |U(x) — U(x + Ax)| = |AU|

Why structure functions???
For fractal fields, structure functions are a power-law of distance:

Su(Ax) oc AxH
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Wind is a fractal field

MOZAIC  8/94-12/67 Troposphere

<(Bu)%> (mPls?)

from Cho and Lindborg (2001, JGR)

SH(Ax) = JU(x) — U(x — Ax)]?
x Ax23

Su(Ax) ~ (55)1/2 o Ax/3

So for wind, Sy(Ax) Ax1/3

AU
E = CAXiz/3
S AU
w = 7? Az —
X
Aw x Ax2%/3
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@ It is based on a scale analysis: not rigorous

@ It assumes equality of the u and v components of the field

@ And what if the structure function exponent depends on
location in the atmosphere?
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Structure function exponent for water vapor field, from AIRS data. Pressel and Collins (2012, J. Clim.)
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If we do the following:
@ Relate the structure functions to the widths of the
distribution: Sy(AU) — oy ~ AxPx, S, (AV) — oy ~ Ayt
@ Assume the wind field is statistically isotropic (P,, = Py,
Su(Ax) = S,(Ay), H= Hy = H,, and Ax = Ay)
@ Assume P, is a bivariate normal distribution
@ Algebra and calculus
We can analytically map P,, — P,, and we find that P,, (w) is a
univariate normal distribution with a resolution-dependent width:

Ow X AxH1

which is analogous to the previous result using scale analysis.
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Zonal velocity structure function exponents
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H ranges from ~ 0.4 to 0.9
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w power law exponents
BERK s

Structure function exponents (H)

w Versus res. exponents
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@ The width of the w PDF increases strongly with decreasing
resolution

@ One of the physics parameterizations should account for
this. ..

e Boundary layer?
e Convection?
e A new type of mesoscale eddy flux parameterization?
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