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OVERVIEW

Spherical Harmonic Representation
Linear Estimation and Aliasing Effects
Measures of Sampling Error

Sampling by Point-Gauge Networks

Sampling by Polar-Orbiting Satellites



SPHERICAL HARMONIC REPRESENTATION

e [aplace Series Expansion: for an anomaly field T'(n,t),
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¢ = degree
m = zonal wavenumber

e Applications:
— Spectral methods in some GCMSs' numerical schemes
— Data archiving and data compression

— Estimation and change detection



ESTIMATION OF S. H. COEFFICIENTS

e Spherical Harmonic Coefficients:

Tim(8) = [ T(n,6) Y, (n) d2(n)

e Point-Gauge Observations: simultaneous measurements

T'(n;) (G=1,---,J)

e [inear Estimation: weighted average of observations



ALIASING EFFECTS

e Aliasing Effects: weighted sum of the aliases of T;,,
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e Aliasing Coefficients: depend only on the sampling design
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GAUSS-LEGENDRE VERSUS UNIFORM

e niorm et or : J=

Longitude = ( =1,--+, )
Latitude = ( 1) ( =1,---,
Weights w; = 4 ( ) (constant)

e Gauss-Legen re et or :

roots of the Legendre polynomial (sin )
Gaussian weights

Wy



STRUCTURE OF ALIASING COEFFICIENTS

e General Case: unif. longitude, symm. latitude, even

F(¢,m, ¢, m) = if ¢/ =¢

orm' =m
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e Gauss-Legen re Case: with

(¢, m, ¥ m) = if L¢ 3

Fréd,mel,m)=1 if m ¥ (unbiased)



MEASURES OF SAMPLING ERROR

ean-S uare Error: a statistical index of error
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elative SE: MSE as a fraction of the size of Ty,
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(dimensionless)



COMPOSITION OF SAMPLING ERROR

e Aliase Po er: (assuming homogeneity)
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e Aactori ation Propert :
L,m, 0 m") = T,m,0m')y gy 2

s uared aliasing function (SAF)
depends only on the sampling design
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power of the aliases Ty,
depends only on the field's statistics



COMPOSITION OF MSE (CONT'D)

e SE Spectrum: distribution of the aliased power
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e nterpretation: the fraction of MSE that can be attributed
to the ¢ 1 spherical harmonic components of degree ¢



A SIMPLE CLIMATE MODEL

e Energ alance o el E

5 °T(n) T(n)= (n)

(n) zero-mean white noise, Var (n) = 2
0 spatial scale parameter

e Statistical Parameters:
2
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elati e MS for stimating

elati e MS of 98 Station Net orks




SAMPLING SATELLITE

e Satellite Observations: geo-asynchronous satellites

T(n(t),t) t — sampling interval

e Sampling Properties:

— non-complete (short-time) coverage in space

— non-simultaneous (global) sampling in time



ESTIMATION USING SATELLITE DATA

e Linear Estimation:

Tom = T(n(t),t) Y, (n(t)) w(t)dt

e Estiman s:

— instantaneous coe Ty (to) to
























