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Packages and Data

You’ll need the following spatial packages to recreate the analyses in this 
deck:
• spdep, spatialreg
• rgdal, sf, sp
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Leukemia Incidence

• Areal data: New York congressional district 8 (includes Syracuse).
• Responses:

• Leukemia counts (Cases)
• Leukemia incidence rate, Log-transformed (Z)

• Predictors:
• Pct age 65 or more (PCTAGE65P)
• TCE (pollution) exposure (PEXPOSURE)
• Pct homeownership (PCTOWNHOME)

• Example inspired by Bivand et al. 2008 Chapter 9

Spring 2022 ECO 697DR 3



New York Congressional District 8



New York Congressional District 8



We’ll Focus on Syracuse

We need to:
• Subset to Syracuse
• Create neighborhood object
• Create neighborhood weights

ny_8 is a SPolygonsDF
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Overplot the neighborhood network

Plot the Census Tracts and Neighborhoods
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Plot the tract borders



Plot the Census Tracts and Neighborhoods
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Examine Autocorrelation in the Variables

• Count of leukemia cases in the census tracts:
• Data are not integers!
• “… because some cases could not be placed, they were added proportionally to 

other block groups, leading to non-integer counts.”

For Areal data, the function expects:
1. A vector of numbers
2. A neighbor weight object
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Cases Per Tract
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Cases Choropleth
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Percent Age 65+

• Let’s check for 
autocorrelation in the 
percentage of residents 
aged 65 or more:
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Percent Age 65+: Moran Test

Spring 2022 ECO 697DR 13



Population

• Let’s check for 
autocorrelation in the 
tract population:
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Percent Age 65+: Moran Test
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Home Ownership

• Do you think there’s 
autocorrelation?

• What do you notice 
about the city center?
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Fit an Aspatial Model

Fit a model using two of the predictors:
• Percent age 65+
• Percent home ownership

• Examine model summary



Model Summary
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Autocorrelation in the Residuals?
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Spatial Model: Spatial Filter

• Eigenvector filtering: add eigenvector as a model predictor
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Spatial Filter Model Summary

We can interpret 
this just like a 
regular linear 
model summary.  
Note the 
eigenvector 
predictor 
coefficient.
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Autocorrelation in the Residuals?
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Spatial Model: SAR

• Simultaneous Autoregressive Regression: model the variance/covariance 
matrix
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SAR Model Summary

Model summary 
has a lot of info, 
we’ll concentrate 
on the sign and 
significance of 
the coefficients…
… but notice the 
lambda value.
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Generalized Least Squares: Autoregressive Models

𝑦𝑦 = 𝛼𝛼 + 𝑥𝑥𝑥𝑥 + 𝑢𝑢
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Autocorrelation in the Residuals?
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Spatial Model: Lag

• Lag model adds an ‘autocovariate’ term: a function of the response and a 
weight matrix.
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Spatial Lag Model Summary

Model summary has 
a lot of info, we’ll 
concentrate on the 
sign and significance 
of the coefficients….
… but notice the rho 
term

Spring 2022 ECO 697DR 28



Spatial Lag Models: Autocovariate

𝑦𝑦𝑖𝑖 = 𝜌𝜌𝜌𝜌𝜌𝜌 + 𝛼𝛼 + 𝑥𝑥𝑖𝑖𝑥𝑥 + 𝑒𝑒𝑖𝑖
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Autocorrelation in the Residuals?
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Recap

What did we learn?
• Age 65+ was positive and highly significant in all models.

• Coefficients were similar, ranging from 3.8 – 4.2 

• Spatial autocorrelation was present in the 65+ variable 
• Spatial autocorrelation was present in the aspatial model’s residuals
• All three spatially-aware models eliminated the autocorrelation.

Which model would you choose?
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Model Comparison
• You could use RMSE or AIC
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Next Week

Plan for next week:
• Mini-lecture on weighted regressions
• In-class consultations about final project proposals

• It’s advising season, and I won’t be able to schedule outside-of-class meetings.

• Work on labs and main projects in class
• Take a poll for topics to cover in the last few weeks of class!
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