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Research Goals

= Investigate the consideration of Connected and Automated Vehicles i
(CAVs) in Travel Demand Models (TDMs) supported with case study |
analysis. Ny

= Develop guidelines that NCDOT and MPOs can use to inform the.
modification and application of TDMs to include CAVs.




Approach

Case Study Evaluation

Findings &
Recommendations

Q&A

Agenda




Multi-Tiered
Approach




Model Design Changes

e

Approach: Tier 2




Initial Processing A Trip Generation

C O n C e pt u a I o N o Apply a factor to all CAV households to

increase trip productions by trip purpose
F r a m e W O r' k Increase capacity for Increase capacity for
signalized arterials controlled access facilities
Segment CAV and HV households based on the
strata required by the destination and mode choice

S models, i.e. income, vehicle sufficiency, etc.
Apply a cross-classification

model to stratify households
by auto ownership

Zero vehicle CAV HV
households households households

% Mode Choice

Apply the mode choice model based on market
segmentation that includes whether the trip
maker is from a CAV or HV household

- - - . Non-household Auto Transit
=¥ Trip Distribution

Apply separate trip distribution models
for CAV and HV work trips only
HOV2

CAV - increase the HV — apply the existing
average trip length average trip length




Conceptual ] Time of Day
Framework Mocli/tine o day faste o ahix eorie

Through trips External/Internal and

Internal/External Trips

M Zero Occupant Vehicle Trips (ZOV)

ZOV for car sharing
among households

is captured in the
trip generation step
with an increase in
trip rates.

Prior to highway trip assignment, modify
trip tables to account for ZOV Trips

For parking avoidance with models
that include a parking model, apply
a distance based probability for
drivers sending the vehicle back
home. Otherwise, factor trip tables
from trip distribution to account for
this behavior.

pCAV ZOV trips

Factor sCAV
trip table
output from
mode choice.

sCAV ZOV trips




Model Adjustments Medium High
Model Step o High (95%)
: Sub-category (0%
Model Design
Higher capacity
Initial Processing Controlled access

a n d S C e n a rl 0 Add CAV ownership |JApplycross-classification model MPR=70% MPR=95%
Development

More EE during night

SAV empty miles Apply growth factor to SAV trip table
Auto pay - SAV Discount fare coefficient m
Mode Choice SAVtransit access Discount coefficient for drive access

Decreased VOT Discount VOT coefficient (except K12)
Discount travel time for work 31%or11%* 14% or 40%*

Trip Distribution [Longer trip distance |piscount travel time for
. . 27% 44%
social/recreational
A " Add CAV return Assume MPR% of airport trips will use 70% 95%
rpor
ol home parkingtrips JCAVandthose will go backhome to park ? ?
9

* Trip purpose specific

Time of Day

ZOV Trips



Case Study Evaluation




Performance Measures

System Level

Average trip length by purpose

Vehicle miles traveled (total and
congested)

Delay

Project Level

Demand
Capacity
Demand-to-capacity ratio
Daily delay
Daily delay per mile
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Case Study Evaluation - System
Level Metrics




Change in Avg. Trip Length by Purpose

2 /

Work Work Work K12 trips Shop, Long Short Medical
Tour Tour w/ Tour w/ dine, duration duration trips
interim stop at others discretior discretion
stop K12 ary trips  ary trips

Base Medium-High High

CAVs lead to a longer average trip length (mi) for all trip purposes.

The biggest impact is for interim stops on a work tour and long duration discretionary
trips, reflecting the influence of the changes in the asserted coefficients.

K-12 trips are least impacted by CAVs.



Change in Peak Hour VMT

Medium-High

= CAVs increase VMT with greater increases for the high scenario.
= QOverall VMT increases, but congested VMT decreases.

= This is a direct reflection of the capacity benefits resulting from CAVs.
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Change in Daily Delay by Facility Type

Freeway MLHighway MajorArterial Arterial

Medium-High m High

= Delay decreases for all facility types, with the largest reductions in delay for freeways
and multilane highways.

= This is a direct reflection of the capacity benefits resulting from CAVs.
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Case Study Evaluation — Project
Level Metrics

Assumption: Level 5 automation




1-40 Widening

. : No Build MH
Build No CAV Build MH CAV CAV
Capacity 12,329 18,124 12,083 .
Project 1
Demand (peak \
hour) 8,473 10,165 9,891 v
D/C 0.69 0.56 0.82

Cost of delay per mile with project but no CAVs
Cost of delay per mile with project and CAVs

Savings
Cost of delay per mile with CAVs but no project
Loss

= CAVs offer benefits in both the build and no build scenario.

» The benefits of CAVs are like those seen when we build the project. Depending on the target
D/C ratio, this could suggest delaying the project, but the presence of CAVs do not overcome
the need for the project at MH adoption levels.
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Case Study Evaluation
Sensitivity Testing




1-40 Widening
Range of Uncertainty as Measured by Delay

Land Use Patterns

Increased development in
downtown and urban core areas

Increased development in
suburban and rural areas

Trip Rate
ore recreational trips,
more work trips
more re onal trips,
1% more work trips
Capacity

Cl1 30-35% less capacity

20-24% less capacity

Scenarios B

= The effect on system-level delay to changes in land use patterns and trip making is
very small.

= The capacity variable shows a higher degree of risk with a 40% higher measure of
systems delay for the cautious capacity values.



1-40 Widening
Range of Uncertainty as Measured by Peak VMT

Land Use Patterns

Increased development in
downtown and urban core areas

Increased development in
suburban and rural areas

Trip Rate

Bl 12% more recreational trips,

4% more work trips

14% more recreational trips,
1% more work trips

Capacity
Cl1 30-35% less capacity

-3% 20-24% less capacity

Scenarios

» The effect on system level peak period VMT to changes in all variables is very
small, suggesting lower levels of risk in the asserted values of these variables
through the lens of systems level VMT.



1-40 Widening
Range of Uncertainty as Measured by Congested VMT

Land Use Patterns
Increased development in
downtown and urban core areas

Increased development in
suburban and rural areas

Trip Rate

12% more recreational trips,
4% more work trips

Bl

14% more recreational trips,
1% more work trips

Capacity

Ci 30-35% less capacity

-10% 20-24% less capacity

Scenarios

» Peak period congested VMT shows a similar pattern as the daily delay.
» Land use patterns and trip making having a small impact on congested VMT.

» The degree of risk for the capacity variable is much higher.
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Findings and Recommendations




FiIndings




Recommendations

Immediately incorporate the Incorporate model design changes for Implement a regular practice of risk and
consideration of CAVs in traffic forecasts CAVs in future model development uncertainty analysis.
and long-range transportation plans. efforts.
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