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MFRSR instrument
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(Gaussian statistics of
aerosol optical thickness
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Two-point statistics,
scale Invariance

7(x) is a stochastic AOT field, 7(k) - 1ts Fourier transform

Power Spectrum:
E(k) = % (k) Poc k™

Structure functions:

S, (r)=|t(x+r)—7(x)[" oD

B=C2)+1=~2H2+1 Hy=C{(q)/q



Scale-Invariance
—a powerful
unifying concept

Scale-invariance (scaling):

» statist. invariance under change in scale r

» power-law in r over large range of scales
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Example for atmospheric wind
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Simulated examples of
scale-invariant AOT
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AOT from MFRSR network

Power spectrum

September 2000
143 records
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Power spectrum

averaged over time

3
LOG,,(f, Hz)

| T -8 R
. L ~
. L .
SN .
L t \
ey — 10+
B L
@ L
- g_12_
. S L
.y L
L I
E15 _ .14
26 days
p= 1.39
L PR R R SRR A AR R SRS SR S S
-4 2 -1 -5

3
LOG,(f, Hz)

September 2, 2000
17 sites
B= 1.58

T -8 T

September 25, 2000
15 sites

3
LOG 4(f, Hz)

I SBL

3
LOG,(f, Hz)




AOT from MFRSR network

Structure functions (2nd order)

September 2000
191 records
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AOT from MFRSR network

Structure functions
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Questions to ask:

» What the small-scale spectral exponents are driven
by? Or what fluctuations of the AOT (in time and
space) depend on?




Time dependence of scaling
exponents

— _— _ polynomial fit

small-scale
exponents
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Correlation between daily values
of B and aerosol scaling heights

after 3-day
smoothing

B=0.17Lee + 1.2 ] I P=0.26Lc + 1.1
correlation 58.0% . correlation 90.0%
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Variability in1993-2003

Monthly mean scaling exponents 2H,+1 for SGP CF (870 nm)

: Mt Pinatube aerosol -
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Spatial structure functions

At =7(r)—7(n)],
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MODIS SF: SGP

September 14, 2000, 508 pixels, 128,778 pairs
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MODIS SF: NE USA

September 14, 2000; 9,292 pixels, 43,165,986 pairs
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W¥MODIS SF: Sahara dust plume

June 4, 2001; 12,295 pixels, 75.5 million pairs
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structure function (arbitrary scale)

A

- MFRSR scale

AOT Scaling Regimes
(preliminary results)

MODIS scale
«

turbulence

mesodcale
variability
and
stationary
regime

P - - -

* microscale (0.5--15 km) where fluctuations
are governed by 3D turbulence;

* transition towards large-scale 2D turbulence
(15--100 km);

» mesoscale variability (scales up to 100--600
km and synoptic scales (after 600--1000 km)
where AOT fields become stationary and loose
correlation.
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AOT correlation with aerosol size
(preliminary results)

A multivariate structure function S, and a
1 ] scale-dependent correlation coef. C, of two
fields u(x) and v(x) (x is time, or space):

S (1) = [u(x + 1) —u(x)][v(x +7r) = v(x)]
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1 Scales up to 6 hours (~ 100 km):
T 2 e s s  positive correlation - AOT variation 1s
o dominated by hygroscopic growth.

INCREMENT CORRELATION COEFFICIENT

Statistical distribution of the correlation

coef. C, values obtained by analysis of Larger .scales: |
294 clear sky daily MFRSR records from correlation starts to change sign - AOT

Sept. 2000. variation 1s influenced by fine mode
aerosol concentrations.
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Conclusions

« Scale invariance is a fundamental property of
atmospheric aerosol datasets.

 Variabllity in a large scale range is characterized by
1 or 2 parameters complementary to Gaussian

statistics.

* AOT scaling reflects mixed layer meteorology and
aerosol processes (transport, hygroscopic growth)
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