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Empirical OrthogonalEmpirical Orthogonal
Functions Model (EOF)Functions Model (EOF)

Alternative technique for modeling space-
time stochastic processes

• No spatial stationary conditions

• Common analysis tool in atmospheric
sciences:
• Fit orthogonal functions
• Reduction /essential features of the process



Under regularity conditions a random
process

converge absolutely in mean square in
a compact set
          (Mercer’s Theorem, (Adler,1981))
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EOF BackgroundEOF Background

            is defined as
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Comments in EOFComments in EOF

Finite set of network sites results in
poor space/time coverage

• Numerical instability when calculating
components

• Reduction in statistical confidence of
estimates and possible misleading
interpretation of the results



Design-based EOFDesign-based EOF

Design-unbiased estimate of

Estimates are generated as solutions:
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Design-based EOFDesign-based EOF

Final estimate:

Interpolation non-observed site s0:
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Similarity CoefficientsSimilarity Coefficients

0
0

0
1

( , )( , )
( , )

k
k n

i
i

rw
r

=

=

∑
s ss s

s s

Example of similarity coefficient
constructed based on auxiliary
variables y:
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Fuzzy Similarity CoefficientsFuzzy Similarity Coefficients

Fuzzy membership function
example

µ is selected based on the auxiliary
variables (discrete, continuous)
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Illustration BackgroundIllustration Background

Total acid dry deposition estimations
from the Clean Air Status and Trends
Network (CASTnet) (1987 - 1998).

Dry deposition estimations are based on
measured air pollutant concentrations and
modeled dry deposition velocities estimated
from meteorology, land use, and site
characteristic data.



CASTnet site locationsCASTnet site locations



MSE validation statisticsMSE validation statistics
Castnet dry deposition dataCastnet dry deposition data

(1987-1998)(1987-1998)

0.9420.2080.15960.1594
Eastern
data

1.2720.4050.30420.3043Whole
data

Kriging
EOF

Fuzzy 4
EOF

classic 4
EOF

classic 5



Current ResearchCurrent Research

Further model evaluation/comparison
using simulations and different datasets

Combining information from two
different sources

• Adjusting model to consider data from
different sources

• Evaluation using simulation and real data



Combining dataCombining data

Assume information from two
sources:
• Site level:

• Region level

block average:
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Combining dataCombining data
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Future ResearchFuture Research

Evaluation of monitoring networks
• Are additional sites providing new

information?

• Evaluate other sampling designs
(e.g. number and location of sites)

Incorporation of seasonal variability


