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Spatial Dependency

 Tobler’s (1970) First Law of Geography:

“Everything is related to everything else, but 
near things are more related than distant things”

 Individuals located closer to each other are 
likely to share similarity in

– Physical environment

– Social environment

 Implications on travel modeling



Recent Policy Focus

 Auto Multimodal Active Travel

 Congestion, air quality, climate change, 
obesity/health 

 Built environment design

 Seeking win-win solutions: 

– Reduced auto use

– Increased walking/biking



Built Environment Impacts

 Net effect of these BE measures on both 
motorized and non-motorized travel ?

Which BE strategies are most beneficial 
to the society ?
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Existing Literature

 Most studies do not provide needed 
insight into the trade-offs between 
motorized and non-motorized travel

 Empirical evidence on the impacts of BE 
remains very mixed

 Little sensitivity analysis of how benefit 
estimates vary by modeling methods



Modeling Framework

 Extends from Guo et al (2007), which 
was frequency-based 

 Dependent variables:

– daily vehicle miles traveled (VMT), and 

– miles walked/biked (MWB)
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Seemingly 
Unrelated Regression
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Seemingly 
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Spatial Seemingly 
Unrelated Regression
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Inter-person correlation due to spatial dependence



Spatial Seemingly 
Unrelated Regression
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Model Estimation

Iterative procedure to optimize the following 
log-likelihood function:
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Data for Analysis

 2001 National Household Travel Survey

 Population Census 

 Weather – precipitation & 
temperature (NCDC) 

 Land use data

 Employment data

 Bicycle, pedestrian 
facilities

 Roadway network



Exogenous Variables

 Trip-Maker Characteristics 

 Trip Day Characteristics: temperature, snowfall, 
weekend, weekday trips

 Built Environment Characteristics
Regional level: 
retail, recreation, and employment accessibility 
measures

Neighborhood level: 
0.25 and 1 mile network buffers 
around sampled households. Include:

 Socio-demographic distribution

 Land use mix

 Multimodal transportation facilities



Sample Characteristics

 50% of 4974 persons in the final sample 



Sample Characteristics



Estimation Results



Estimation Results



Model Goodness-of-Fit

 Inter-equation correlation (-0.08) is 
statistically significant

 Spatial autocorrelation is statistically 
significant

 SSUR has a higher overall r-square 
(0.1507 vs. 0.1261)



Scenario Analysis

What if all roadways in Dane County were 
fitted with sidewalks at least on one side?

1220 mi of 4509 mi did not have sidewalk on 
either side of the road 



Scenario Analysis

 Construction Cost 

– Cost for concrete curbs is approximately $15 
per linear foot and $11 per ft2 for walkways 

– FHWA and ITE recommended minimum 
width of 5 ft is estimated at $70 per linear 
foot 

– Total cost estimated at $450.83M 



Scenario Analysis



Sensitivity to Model Structure

SSUR SUR

Parameter on 
sidewalk for MWB

0.0554 0.0483

Parameter on 
sidewalk for VMT

-0.6447 -3.288

BCR 2.04 1.77



Conclusions

 SSUR model is statistically superior to the 
SUR mode – at least in this empirical 
context – but more difficult to estimate

 Estimate of return on investment can 
differ significantly when different model 
structures are used

 Need to account for the possibility of 
inter-modal correlation and spatial 
dependency

 Other applications of the SSUR in travel 
modeling…


