
  

Block Referenced
Spatial Models

Acknowledgement: Many slides based on / borrowed from Sudipto
Banerjee



  

Block referenced data

● Data has an location, an attribute and an AREA
● Areas are usually contiguous
● Data often conceived of as being area integrals

of some underlying continuous surface

● Goals
– Estimate surface z(s) or new blocks

– Account for non-independence of adjacent blocks
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(block analog to distance matrix)



  



  



  



  

Conditional Autoregressive (CAR) Model

yi= i
process model

 1
wi+

∑
j≠i
wij  y j− j

spatial autocorrelation

 i
error

● If raster, equivalent to Markov Random Field
● Analogous to AR(1) or our general model for

spatial point data

Z s= s∣
trend

w s∣
spatial error

 s
residual error



  

Conditional Autoregressive (CAR) Model

yi=  i
process model

 1
wi+

∑
j≠i
wij  y j− j

spatial autocorrelation

 i
error

y~N ∣ I− W −12 I 

Y t=∑
i=1

p

iY t−it Y~N  , 2

1−2 RAnalogous to
time-series



  

Computation of CAR models

● “GeoBUGS” extension of WinBUGS



  

Spatial Misalignment Problem

● “Change of support” problem
● Often need to compare / compute / infer spatial

data of different types

– Point – Point (Kriging)

– Point – Block

– Block – Point

– Block – Block

● DON'T just interpolate/regrid
– Misrepresents sample size & uncertainty

Observe Infer



  

Point to Block

● Collect point data, want to infer the integral of
the surface (e.g. county level biomass)

● Traditional approach: sample mean, var
– Ignores autocorrelation, covariates, etc.

● Recommended Alternative:
– Bayesian Kriging -> project to a fine grid

– From each grid, numerically integrate



  

Block to Point



  

● “Areal
Allocation”

● Hierarchical
Modeling
(e.g. CAR)



  

Covariate misalignment



  



  

Next Steps

If you are interested in spatial modeling I recommend:
“Hierarchical Modeling and Analysis for Spatial Data” 2003 by
Sudipto Banerjee, Alan E. Gelfand, Bradley. P. Carlin

Cressie & Wikle 2011 “Statistics for Spatio-Temporal Data”

Wikle, Zammit-Mangion, & Cressie. 2019. Spatio-Temporal
Statistics with R, Chapman and Hall/CRC. 
http://spacetimewithr.org/  (free pdf)

http://spacetimewithr.org/
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