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Spatial Dependency TUsALAg

e Tobler’'s (1970) First Law of Geography:

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

e Individuals located closer to each other are
likely to share similarity in
— Physical environment
— Social environment

e Implications on travel modeling



Recent Policy Focus TUSALAR

e Auto = Multimodal = Active Travel

e Congestion, air quality, climate change,
obesity/health

e Built environment design

e Seeking win-win solutions:
- Reduced auto use
— Increased walking/biking
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Built Environment Impacts TUSALAB

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

e Which BE strategies are most beneficial
to the society ?

BUILT ENVIRONMENT

CHANGE
Non- 4/N,
Motorized Increase Same Decrease

Motorized
Travel Decrease Same Increase Decrease Same Increase Decrease Same Increase
*



Existing Literature TUSALAR

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

e Empirical evidence on the impacts of BE
remains very mixed

e Little sensitivity analysis of how benefit
estimates vary by modeling methods



Modeling Framework rUsALAR

Amount of Driving
Built Env. < and
Amount of Biking/Walking

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

e Dependent variables:

— daily vehicle miles traveled (VMT), and
- miles walked/biked (MWB)



TUSALAB

Independent Regression



TUSALAB

Independent Regression

VMT : vy, =XB,+¢g
MWB: vy,=X3, +¢,
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Seemingly

VMT : vy, =XB,+¢g
MWB: vy, =X, +¢,
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Seemingly
Unrelated Regression

TUSALAB
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Spatial Seemlngly
Unrelated Regression rusas

VMT : vy, =XB,+&, &g=AWe+u
MWB y2 — XZBZ T 821 &y = XZWZSZ + o

| O |
Inter-person correlation due to spatial dependence

Rewrite &1 = ¢« - W jl/"l =B, 4
( /12W2 =B, ﬂz
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Spatial Seemingly (%%
Unrelated Regression rusas

Y=XB+¢
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Model Estimation

Iterative procedure to optimize the following
log-likelihood function:

L:—%Inp\—% ¢-XB ¢ -XB



Data for Analysis

e 2001 National Household Travel Survey
e Population Census

e \Weather — precipitation &
temperature (NCDC)

e Land use data

e Employment data e

e Bicycle, pedestrian S W -
facilities TR

* Roadway network L7 o fiif‘.f#.;.;_;"; ]




Exogenous Variables rUSALAB

e Trip-Maker Characteristics

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

e Built Environment Characteristics

Regional level:
retail, recreation, and employment accessibility

Measures

Neighborhood level:
0.25 and 1 mile network buffers
around sampled households. Include:
e Socio-demographic distribution
e Land use mix
e Multimodal transportation facilities




TUSALAB

Sample Characteristics

e 50% of 4974 persons in the final sample

Average Vehicle Miles

Average Miles Walke d/Biked

sample %o (MYWWE) per person Traveled (VMT) per person
Entire Sample 100 0512(1.90) 18269 (22.24)
Age
17 to 30 years 16.5 0.761 (2.39 12 6244 (22.39
31 to 45 years 421 0.484 17195, 17 239 (2289
46 to 60 years T 0.499 (1 82 20109 721.05)
Above 6 years 138 0.32371.03 17312 (22.16)
Gender
Il ale 42 6 0.564 (1 .90 18 409 (22.18)
Female T4 0.473 1 89 12166 (22.28)
Household Income per Annum
Lo (less than $35K) 9.5 0.655 (195 13.10419.63)
Medium  (=$25K to $50K) 25 0.501 (1.7 17111 (20,15,
High (=5 50K to $75ED 237 0.201 (185 19 666 (22.23)
Very High (more than §7 5K 358 05122113 20031 (2469
Ethnicity
White 9 0.528 (1 .95 15761 (22.49
Aftican A merican 1.8 0.245 (0837 12.733019.53)
A gian 2.2 0.63371.81% 10103 (14.72)




Sample Characteristics

TUSALAB

Retail Accessihility

Cuartile 1 25 0.344 (1 .59 A3 B3 (2535
Cuartile 2 25 0.325 (1.31% 19325 (2177
Cuartile 3 23 0.426 (1 .56 16 997 (21.20%
Cuartile 4 25 0952275 12 864 (17.97)
Population Density - 1mi buffer

Cuartile 1 25 0.351 (1 .49 21754 (2232
Cuartile 2 25 0.375 (1.47) 19 932 (22.36)
Cuartile 3 23 0.433 (167 17390 (23,45
Chaartile 4 3 0593 (267 13951 (19.90%
Population Density — %% mi buffer

Cuartile 1 25 0.364 (1 .42 22113 (2235
Quartile 2 25 0.443 (175 18 598 (23,64,
Cuartile 3 25 0.433 (193 17.093 (19,89,
Luartile 4 3 0.764 (234 152168 (22.37)
Road length with hike lane - 1mi

huffer

Cuartile 1 23 0.405 (163 20413 (2452
Caartile 2 23 0.436 (1.7 12106 (2282
Cuartile 3 25 0.214(1.78) 17 966 (20,70
Cuartile 4 25 0.6%6 (239 16.230 (20,19
Road length with hike lane — %4 mi

huffer

Caartile 1 23 0.427 (1 66 19675 (21,68
Quartile 2 25 0.411 (1.53) 12314 (21.35)
Cuartile 3 25 0.397 (1.57) 19902 (26.11%
|Duartile 4 25 0.800 (2 607 14 8589 (19.17)




Estimation Results —

SUR MODEL SPATIAL SUR MODEL

MWB VT MWB VMT
Explanatory Variables Coeff.  z-stat | Coeff. z-stat | Coeff. z-stat | Codf. z-stat
Person/Household/ Trip Day Characteristics
Person 1z emploved 0.1663 2.976%%* |144811 9.383***| 00610 0894 | 16.9346 7.0Q4%**
Person 1s voung (17 to 30 vears old) (2255 2.929%*+* - - 0.1271  1.36741
Person 1s Caucasian 02729 2761%** - - 02582 2.172%*
Perzon holds a dnving license - - 11.6439 12.446%* 4 10.5879  8.136%**
Person has a degree (Bachelor's or higher) - - 23258 3.570%** 20657 @ 2.281**
Number of bicy cles owned by household 0.1480  8.309%*+* - - 0.1452 | 6.524%**
Houszehold has no car 03548  1.803* - - 00439 0.186
Family mcome per vear (in $10,000) - - 0.2856  2.266%* 01229 -0.661
Number of cell phones in household - - 0.8638 2.806%** 1.5234 | 3.480%*+
Housing tvpe 1 ather an apartment or a donmtory 0.1704  1.983%* | 22206 2495%* 001968 L800* | 21285  1.378
Lowest temperature on travel day 0.0073 4.8(5%** - - (L0066  3.600%**
Travel day 12 on a weekend . - -6.8482 | -2.343%% 13,1087 .3307#%*




Estimation Results —

SUR MODEL SPATIAL SUR MODEL

MWB VT MWB VM
Explanatory Variables Coeff.  z-stat | Coeff. z-stat | Coeff. z-stat | Codf. z-stat
Built Environment Characteristics
Regional factors
Rural settmg | [ 28] 1333 foil 721
Retail accessibihty < 00399  3.341%%*% |-0.5785 -3A438%**( 0.0437 2.693%**| 0.0145  -0.033

mnteracted with mdividual’s work status B - -1 2072 -5.624%+* -1. 7220 M

Neighborhood socio-demographic composition

%0 high income households in neighborhood — 1 mile buffer|-0.9233 -3.846%** [ 07934 3 341%%*|-0.8448 -2 767***| 15.0405 3.782%**

Household density (per acre) — s mile bufter - - 0.2823 2.833%** 02084  1.167

Neighborhood lan d use characteristics

Land use mix— | mle buffer (L5786 -3466%F* [.6.0547 -2.8T4F*¥(03574  -1684% |-10.0319 ~3207%**
mteracted with vehicles per person m houszehold - - 17199 4.334%%* 45087  2.880%x*
mteracted with travel dav bemg on a weekend - - §.1199  1.786* 17.1592 | 2.816%**

Neighborhood transport ation network characteristics | __——
Length ofroadway with no sidewalk — | mule buffer <£&J&—}ZEE' S VAT 1 W DA Dlva e
Length of roadway with bike lane — s mle buffer < 02140 2265%* - - 0.1003

Number of mtersections (per acre) — 4 mile butfer ~NE03  2261%* - -
esquared o1 01808 0.0429 0236

systemr-squane 0.1261 0.1507 —

(.6447




Model Goodness-of-Fit USALAB

e Inter-equation correlation (-0.08) is
statistically significant

e Spatial autocorrelation is statistically
significant

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



Scenario Analysis e

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

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

ty sidew: ty, 2001

SIDEWALK

tttttttttttt
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Scenario Analysis TUSALAB

e 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



TUSALAB

Scenario Analysis

Deternune desired infrastiucture change
(1220 nu of additional sidewalk = 1.77 nu increase per person)

'

Identity corresponding model coefficients to determine change in person
mules walked/bikes (MWB) and vehicle mules traveled (VIMT)
(MWB: +0.0554 x 1.77 =+0.098 mu/psn)

(VMT: -0.6447 x1.77 =-1.141 mi/psn)

i’/,/\b

Calculate total physical activity Calculate total awr quality benefit
benetit due to MWB mcrease due to VMT decrease
{($ 86.02 M) {($ 8.22 M)

e

Compute total health benefit accrued from improved PA and air quality
$ 94.24 M

Compute benefit-cost ratio, 10 year life cycle, 320 discount rate
(Total benefit: $919.08 M, Total cost: § 450.83 M)
(Benefit-Cost Ratio: 2.04)
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Sensitivity to Model Structure rusaus

SSUR SUR
Parameter on 0.0554 0.0483
sidewalk for MWB
Parameter on -0.6447 -3.288
sidewalk for VMT
BCR 2.04 1.77
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Conclusions USALAR

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

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

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

e Other applications of the SSUR in travel
modeling...



