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I. SPATIAL COHERENCE & PROBABILISTIC
BAYESIAN UPDATING

GEOMORPHIC CHANGE DETECTION

USACE Workshop
Kansas City
May 30- June 1, 2012

WORKSHOP PLAN – DAY 1… (AFTERNOON)

F. Traditional Approaches to 
Change Detection

G. Intro to GCD Software

H. Thresholding Alternatives

I. Alt. Approaches (Spatial 
Coherence + Bayesian)

J. Spatially Variable Error

K. Multi-Method Surveys

L. Recap & Preview of Day 2

13:30 to 14:30

14:30 to 15:00

15:00 to 15:30
15:30 to 15:45 Break

15:45 to 16:15

16:15 to 16:30

16:30 to 16:45

16:45 to 17:00ish

A Plan.. Not a Contract
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PROBLEM WITH THRESHOLDING… THE SMALL STUFF

       22 zzz
newold DEMDEM  

© Wheaton 2008

THE PROBLEM: 
Discards between:
•70% & 95% of areal budget 
•45% & 65% of volumetric budget

Much of which is probably meaningful change

THIS IS FROM THE BACKGROUND READING

• Two methodological 
advances
1. Fuzzy Inference 

Systems
2. Spatial Coherence 

Filter & Bayesian 
Updating
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DETAIL PLAN – I.

A. Coherence Filter & Bayes Theorem
B. Run Spatial Coherence Filter & Do 

Bayesian Updating

I. Alternative Approaches to Geomorphic 
Change Detection

SPATIAL COHERENCE OF CHANGE?

• Is change map a checkerboard of 
blue and red or do changes exhibit 
coherent spatial patterns?

• PREMISE:
– Change is more believable if it is 

spatially consistent with its neighbors
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SPATIAL COHERENCE FILTER

• Normally, if a cell is below 
minLoD it is discarded

• Let normal minLoD = -5 cm
• If everything around me is 

also erosional, there is a 
higher likelihood that the 
small change is real

• By contrast, if everything 
around me is depositional, 
then lower probability that 
change is real

UPDATE USING BAYES THEOREM

• P(Ej|A) is updated 
(posterior probability)
• P(Ej) is initial 
probability (a priori 
probability)
• P(A|Ej) is conditional 
probability using 
spatial coherence filter 
(new information)
•Subscript i denotes 
inverse probability

p E j A  p A EJ  p E j 
p A EJ  p E j  p A Ei  p Ei 
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EXAMPLE: WHAT IS P(Ej|A)?

LET:
• P(Ej) = 0.68
• P(A|Ej) = 0.85
• In other words, 
additional information 
from spatial coherence 
index increased 
probability that change 
is real….

p E j A  0.85  0.68

0.85  0.68  0.15  0.32   0.92

p E j A  p A EJ  p E j 
p A EJ  p E j  p A Ei  p Ei 

INFLUENCE OF SPATIAL COHERENCE FILTER

• Effectively a better 
spatial discriminator
• For ECD, recovers 
some low magnitude 
changes 
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USEFULL BUT… BE CAREFUL

• We get an updated map of 
probability that change is real

• Be careful with systematic 
errors…

• Could be used with other 
conditional probabilities…

DETAIL PLAN – I.

A. Coherence Filter & Bayes Theorem

B. Run Spatial Coherence Filter & Do 
Bayesian Updating

I. Alternative Approaches to Geomorphic 
Change Detection
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RUNNING BAYESIAN UPDATING IN GCD

• Use Bayesian Updating


