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The Game Plan

• The what and why of regression 
- Terminology

• Why are people dying young in South Dakota?
- Building a properly specified OLS model

• The 6 things you gotta check!

- Exploring regional variation using GWR
- “What if?” scenarios: using GWR for prediction

• Exploratory regression demo: tools for finding a properly 
specified OLS model

• Resources for learning more

2



• Model, examine, and explore spatial relationships

• Better understand the factors behind observed spatial patterns

• Predict outcomes based on that understanding

Ordinary Least Square 
(OLS) 

What can you do with Regression analysis? 
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What’s the big deal?

• Pattern analysis (without regression):
- Are there places where people persistently die young?
- Where are test scores consistently high?
- Where are 911 emergency call hot spots?
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What’s the big deal?

• Pattern analysis (without regression):
- Are there places where people persistently die young?
- Where are test scores consistently high?
- Where are 911 emergency call hot spots?

• Regression analysis:
- Why are people persistently dying young?
- What factors contribute to consistently high test scores?
- Which variables effectively predict 911 emergency call volumes?
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Regression analysis terms and concepts

• Dependent variable (Y): What you are trying to model or predict (e.g., 
residential burglary).

• Explanatory variables (X): Variables you believe cause or explain the 
dependent variable (e.g., income, vandalism, number of households).

• Coefficients (β): Values, computed by the regression tool, reflecting the 
relationship between explanatory variables and the dependent variable.

• Residuals (ε): The portion of the dependent variable that isn’t explained 
by the model; the model under- and over-predictions.

6



OLS Regression
Why are people dying young 

in South Dakota?
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Why are people dying
young in South Dakota?  

Do economic factors 
explain this spatial pattern?

Poverty rates explain 66% of the variation in the average age of death 
dependent variable:  Adjusted R-Squared [2]:    0.659

However, significant spatial autocorrelation among model residuals 
indicates important explanatory variables are missing from the model.

OLS analysis
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Build a multivariate regression model

• Explore variable relationships using the scatterplot matrix

• Consult theory and field experts

• Look for spatial variables

• Run OLS (this is iterative)
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Our best OLS model

• Average Age of Death as a function of:
- Poverty Rates

- Vehicle Accidents

- Lung Cancer

- Suicide

- Diabetes

• This model tells 86% of the story… and the over and under 
predictions aren’t clustered! 

But are we done?
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Check OLS results
1 Coefficients have the expected sign.

22 No redundancy among explanatory variables.

33 Coefficients are statistically significant.

44 Residuals are normally distributed.

55 Strong Adjusted R-Square value.

d.

6 Residuals are not spatially autocorrelated.
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Coefficient signs

• Coefficients should have the expected signs.
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Coefficient significance
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• Look for statistically significant explanatory variables.

Koenker(BP) Statistic [5]: 38.994033  Prob(>chi-squared)  (5) degrees of freedom: 0.000626 *

*  Statistically significant at the 0.05 level* S

K k

Probability
0.000000 *
0.000000 *
0.000000 *
0.000172 *
0.017044 *
0.000134 *  

Robust_Prob
0.000000 *
0.000000 *
0.000011 *
0.000732 *
0.025148 *
0.000692 * 



Multicollinearity

• Find a set of explanatory variables that have low VIF values.

• In a strong model, each explanatory variable gets at a 
different facet of the dependent variable.

[1] Large VIF (> 7.5, for example) indicates explanatory variable redundancy.

VIF
--------------
2.351229
1.556498
1.051207
1.400358
3.232363
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Model performance

• Compare models by looking for the lowest AIC value.
- As long as the dependent variable remains fixed, the AIC value 

for different OLS/GWR models are comparable

• Look for a model with a high Adjusted R-Squared value.

[2] Measure of model fit/performance.

Akaike’s Information Criterion (AIC) [2]:   524.9762
Adjusted R-Squared [2]:                              0.864823
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Model bias

• When the Jarque-Bera test is statistically significant:
- The model is biased

- Results are not reliable

- Often indicates that a key variable is missing from the model

Jaque-Bera Statistic [6]:  4.207198   Prob(>chi-sq),  (2) degrees of freedom:         0.122017

[6] Significant p-value indicates residuals deviate from a normal distribution. 

16

pp alue ivav



Statistically significant clustering of 
under and over predictions.

Random spatial pattern of under
and over predictions.

Spatial Autocorrelation
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Online help is … helpful!
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The 6 checks:
Coefficients have the expected sign.
No redundancy among explanatory variables.
Residuals are normally distributed.
Residuals are not spatially autocorrelated.
Coefficients are statistically significant.
Strong Adjusted R-Squared value.



Now are we done?

• A statistically significant Koenker OLS diagnostic is often 
evidence that Geographically Weighted Regresion (GWR) 
will improve model results

• GWR allows you to explore geographic variation which can 
help you tailor effective remediation efforts.
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Global vs. local regression models
• OLS

- Global regression model
- One equation, calibrated using data from all features
- Relationships are fixed
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Global vs. local regression models
• OLS

- Global regression model
- One equation, calibrated using data from all features
- Relationships are fixed

• GWR
- Local regression model
- One equation for every feature, calibrated using data from 

nearby features
- Relationships are allowed to vary across the study area
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For each explanatory variable,
GWR creates a coefficient 

surface showing you where 
relationships are strongest.



GWR
Exploring regional 

variation
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Resources for learning more…

http://esriurl.com/spatialstats

- Always up-to-date with the latest:
- Tutorials
- Quick video resources
- Virtual campus free web seminars 
- Instructor-Led Training
- Forum posts, ArcUser articles, and other resources
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LRosenshein@ESRI.com

QUESTIONS?
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