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DTA Overview




What iIs DTA?

#» DTAIs NOT mesoscopic
» Best defined as Dynamic vs Static Assignment

#» Key characteristics of DTA:
» Qrigin-Destination travel demands are inputs

» Route choice is sensitive to dynamic congestion
conditions

» Modeled travel times are time-dependent
= Typically 5 or 15 minute resolution

» Network Is truly capacity constrained
= Both for links and for turns

» EXcess demand creates queuing
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What iIs DTA?

» Well suited for evaluating operational strategies
that are likely to induce a temporal or spatial
pattern shift of traffic among different roadway
facilities at a corridor and network-wide level

» Allows for more realistic estimation of travel
behavior and congestion conditions from various
demand and/or supply changes and interactions

» Suitable for analyses involving heavy levels of
congestion, incidents, construction zones, ATDM
strategies, ICM strategies, ITS, managed lanes,
congestion pricing, etc.
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What iIs DTA?

» May be incorporated into macroscopic,
mesoscopic and/or microscopic simulation
models

» Often involves a combination of model types
representing Multi-Resolution Modeling (MRM)

» With updated information regarding congestion,
network conditions, or other information received
during the analysis period, simulated vehicles
may consider:

» choosing alternative routes
» changing start times for a trip
» changing modes for a trip
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DTA Modeling Considerations

Time Frames

Long-Range Plan

Interim

Model Type

Near Term '}

Real Time

Facility
Corridor
Subregion

Region

Model Size
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DTA vs STA: Modeling

Congestion

» Simple Bottleneck:

Link A

Lanes: 3
Capacity: 6000 veh/hr

» Demands:

c#.

Period

6:30-
6:45-
7:00-
7:15-
7:30-
7:45-
8:00-
8:15-
8:30-
8:45-
9:00-
9:15-
Period Average

6:45
7:00
7:15
7:30
7:45
8:00
8:15
8:30
8:45
9:00
9:15
9:30

Flow Rate (v/hr)

3000
3500
4000
4700
5200
5500
5500
5200
4700
4000
3500
3000
4317

Lanes: 3 Lanes: 2

Capacity: 6000 veh/hr

6000

5000

4000

3000

2000

1000

Capacity: 4000 veh/hr

—

6:30- 6:45- 7:00- 7:15- 7:30- 7:45- 8:00- 8:15- 8:30- 8:45- 9:00- 9:15-

6:45 7:00 7:15 7:30 7:45 8:00 8:15 8:30 8:45 9:00 9:15 9:30 “
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STA: Modeling Congestion

30 — 50 mph
15 — 30 mph

o
Average Flow Rate: 4317 veh/hr I

6:00 - 6:15
6:15 - 6:30
6:30 - 6:45
6:45 - 7:00
7:00 -7:15
7:15-7:30
7:30 - 7:45
7:45 - 8:00
8:00-8:15
8:15-8:30
8:30 - 8:45
8:45 - 9:00

Lanes: 3

Volume: 4317 veh/hr
Capacity: 6000 veh/hr
VIC: 0.72

Lanes: 3

Volume: 4317 veh/hr
Capacity: 6000 veh/hr
VI/C 0.72

Lanes: 2

Volume: 4317 veh/hr
Capacity: 4000 veh/hr
V/C: 1.08
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DTA: Modeling Congestion

15 — 30 mph

6:00 - 6:15
6:15-6:30

6:30 — 6:45
6:45—-7:00

7:00-7:15
7:15-7:30
7:30 - 7:45

7:45 - 8:00

8:00-8:15
8:15-8:30
8:30 - 8:45
8:45 - 9:00

cf.
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STA Identifies Travel Patterns Inherently
Consistent with Average Congestion

# Since congestion is represented over the

period with an average value, traveler behavior

IS not sensitive to congestion dynamics
A

STA Representation

STA Traveler Expectation ‘
>

6:00 AM 7:00 AM 8:00 AM 9:00 AM
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DTA ldentifies Travel Patterns Inherently
Consistent with Congestion Dynamics

» DTAIs atechnique that allows the analyst to:

» Model long-term traveler adaptation to experienced (learned)
congestion dynamics, AND

» Accurately model within-day and with-in period congestion
dynamics

A_

DTA Representation

et
.
)

QQQQQ
' \

Recurrent
Congestion

Traveler Expectation

&
--------

ﬁp AM 7:00 AM 8:00 AM 9:00 AM Time
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Time Dependent Travel Times

2 Instantaneous vs Experience Travel Times

Link traved #me
whan entesing the
Ink at each minwie
3

# Instantaneous: %
» STA methOdS rm-elmm-uepmatmm-:n: :

O—O0—0——0

[=[u]a]o]~]

o s o o

# Experienced
» DTA model methods:

[~[«]a[=]e]

O

(b} Experienced travel time calculation

Figure 2.4: Experienced travel-time versus instantaneous travel-time determination

:t’ Source: DTA Primer, TRB ﬁ
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When to Use DTA?




DTA on the Analysis Spectrum:

Detailed Arariveel Qogrziions P

Analysis
Sensitivity
Sketch Deterministic
Planning Tools
Order
of
Magnitude Defi
Preliminary Alternatives Oze:"aetional
Screening Analysis Strategies/Design
Role in Planning Process
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Criteria for Selecting a DTA
Analysis Framework

Analysis Context:

Plamming, Design, or Operations

I'/ 3 \|

Geographic Travel Management Traveler Performance
Scope Mode Strategy Response Measures
What is your Which facility Which trawel Which Which traveler What What
study area? types do you modes do you management Tesponses performance operational
want to want to strategies should should be ImMeasures are characteristics
include? include? be analyzed? analyzed? needed? aTe Necessary’
# Isolated # Isclated » SOV # Freeway Mgmt + Foute + LOS + Tool Capital
Location Intersection & HOV - Arxterial Dhversion & Speed Cost
# Segment # Foundabout (2,3, 3+) Intersections - Pre-Trp # Travel Time + Effort (Cost/
# Corridor/ # Arterial # Bus # Arterial Mamit - En-Fouts + Volume Traming)
Small Network || ||, Highway » Rail # Incident Mgmt || | # Mode Shift # Travel Distance|| | # Faseof Use
* Region # Fresway # Truck + Emergency # D # Ridership F ¥°P"-‘l_leif.-"“"‘!'u'
+ HOV Lane » Motarcycle Mgmt Time Choice . ?;Aﬁ,:, ’ H::Edwme
- - Work & v/
# HOV Bypass + Bicycle * 1\ ork Zone * E]iel;l;ae‘hm . - Require -
Lane # Pedestrian # Spec Event . Dens g » Data
# Induced/ # VMT,/PMT .
¥ Ramp # ATTS Foregone + VHT/PHT Requirements
# Awdliary Lane # ATIS Demand » Delay # Computer Run
+ Feversible # Electroric . Len Tme
Lane Payment * Elleue st # Post-Processing
# Truck Lans # FRX : ;.:\:-;?1;&5; # Documentation
# Bus Lane & CWO Duration # User Support
# Toll Plaza # AVCSS # TT Reliability + Fey Paramsters
# Light Fail Line # Weather Mzmt & Emissions/ User Definable
& TDM \F‘_““‘%l Consump ¢ Default Values
# Ioise .
Integration
+ Moda Split b fmegraton
Benefit/Cont + Animation/
* i Fresentation

P
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Good Candidates for DTA Analysis

Bottleneck removal studies

Active Transportation and Demand Management (ATDM)
strategies

Integrated Corridor Management (ICM) strategies
Intelligent Transportation Systems (ITS) strategies
Operational strategies

Demand management strategies

Additional capacity in existing oversaturated conditions

vV V V V V V VvV

Downtown traffic management and street configurations
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16 Ltrans’




Good Candidates for DTA Analysis

Incident management response scenarios
Evacuation or Emergency Management Modeling
Special events

Work zone impacts and construction diversion — short
term

Work zone impacts and construction diversion — long term
Managed lanes
Dynamic tolling or congestion pricing projects

vV vV V V ¥V V VYV

Linking ongoing traditional demand and microscopic
modeling
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DTA Flavors

» Link Based Capacity
» Can be less computationally intensive (somewhat)
» Can be more regionally focused

» Lane Base Capacity
» Can model special lanes
» Can better model accidents and lane blockages
» Can better model weave, merges, diverges
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DTA In a MRM Framework




Multi-Resolution Modeling
Framework

Multi-level Analysis Tools Provide
Comprehensive Insight

Regional patterns and mode
shift; Transit analysis capability

Traveler information, HOT
lanes, congestion pricing and
regional diversion patterns

0% £ 3 .‘- l. ,".

S MR Traffic control strategies such
l v as ramp metering and artenial
m traffic signal control
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MRM Frameworks

Isolated Medels Partial Multireselution Models Full Multiresolution Medels
Tnp tables from Regional Models Interactions between
. feeding either Meso or Micro Regional Demands to Meso
and Meso to Micro

Regional
Demand Model

Meso-DTA

(o o 4
CAMBRIDGE SYSTEMATICS
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MRM Framework Example:
NYCDOT Manhattan Traffic Model

BPM Network 4.1 BPM Base Year 4.8 BPM No-Build
o Macro Assignment Macro Assignment
o
Q
< . 4.2 Base Year
= ODME
d
v
4.3 Base Year 4.4 Base Year DUE
Network Upper Tier |
4.7 No-Build —! £ | = N
Network | &/ N 4.10 No-Build N
) 4.5 Base Year DUE | ratis DUE PATHS
o Lower Tier 1/ 4.12 Build
» 4.11 Build | 2UE
[1N] !
= | 4.6 Calibration and
NO V
4.13 Base Year Micro 4.20 No-Build Micro 4.25 Build Micro
Subarea Extraction Subarea Extraction Subarea Extraction
. 4.15 Base Year 4.21 No-Build 4.26 Build
ODs ODs ODs
_p) 414 Base Year 4.16 Base Year DUEJ
H Network Upper Tier |
H %
4.17 Base Year DTA
i Lower Tier r
H 4.19 No-Build 4.22 No-Build DUE
H Network v Upper Tier
o { J 4.18 C and % @ 5
\ \& ~
& NO | \% >
Q 4.23 No-Build DTA
= Lower Tier
4.24 Build 4.27 Build DUE
Network Upper Tier ¢
D Base year 4.28 Build DTA
Lower Tier
: No-Build Condition
D Build Condition .29 B‘\“r::’lys"l’:"‘”"
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DTA Technical Discussions




An Average Day Rarely Occurs:
Demand

=« Variations in traffic conditions
(recurring congestion)

» Day of week .

BO00 — m 16-50 Percentile
»
SeaSOna| (-84 Percentile
RO00 4 mmn[)TA Representation
o | + Traveler Expectation

1 2 3 4 5 6 7 868 9 1011121314151 1718192021 2 23 M4
Hour of the Day
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An Average Day Rarely Occurs:
Accidents

# Non-recurring Congestion

» Accidents & Incidents -394 ICM Corridor
Incident Severity vs. Demand
= Severity AM Peak Period%nlyﬁam-sam
= Clearance Time E .
= Blockages . 2% . 9%
» Special events %m
§ 100 . ’ ;
» Weather i 2% °
= . e :
% 60 —
40 |
A TP
20 # 3
|

6000 6500 7000 ?EDD 8000 8500 9000 9500 10000 10500 11000
Hourly Demand

D Minimal Impact to Traffic D Moderate Impact to Traffic D Severe Impact to Traffic

Source: ICM Analysis, Modeling, and Simulation Guide, Traffic Analysis Toolbox Vol XllI
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DTA Equilibrium

» Wardrop’s User-Equilibrium:

» In a model network with many possible routes for each O-D
pair, all used routes have equal and lowest travel time
(generalized cost). No user may lower their travel time
(generalized costs) by unilaterally changing to a different
route

# Time Dependent Dynamic User Equilibrium (DUE)

» In a network with many O-D Zones and in a specific time
period, for each O-D pair and departure time increment, all
used routes have equal and lowest experienced travel time
(generalized costs) and no user may lower their experienced
travel time (generalized cost) through unilateral action

CAMBRIDGE SYSTEMATICS i
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Static User Equilibrium (UE)
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Figure 2.2  Static Traffic Assignment Algorithmic Structure

Update link cost based on
updated Link Flowy Using
BPR Function

Update Link Flow

Find Shortest Path and
Auxiliary Flow

-

Stopping Criterion

If for all usad paths, the
travel times are squal,
then stop

N
pr_ v

N ——

Source:  DTA Primer, with permission from UA.

If flow stops changing
then stop
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Dynamic User Equilibrium (DUE)

Figure 2.3 Dynamic Traffic Assignment Solution Algorithm Framework

Simulation 1o astimate Find Time-Dapendant
time-varying link trave! * Shortest Path and
time Auxiliary Flow

' " '8

Update Vehicle Path
Assignment

¥

Stopping Criterion

m | |
If for all used paths, the ] _
trave| times are equal, If flow stops changing

then stop %\:XE/ LT

Source:  DTA Primer, with permission from UA.
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Equilibrium DTA Algorithm
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Figure 2.4 General DTA Algorithmic Procedure®

Simulation
|

Analysis Period

Assignment

Metwork Loading

Arrays storing time-vanying travel time, intersection delay, etc.

Path Set Update (including latest Time-Dependent Shortest Path)

Path Adjustment

Arrays storing vehicles and assigned (selected) paths

Source:  DTA Primer, with permission from UA.
@ Chiu, Bottom et al. 2011.

ct.

Ltrans’
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DUE Convergence Criteria

» Relative Gap (usually)

» Calculated in a similar manner to SUE
_ EEEEEI(EI:EKE f:rtffr) — Ye Lierdiug

loer e oet 010
Where
T = setof all departure time intervals
t = departure time interval, t €T
I = setof all origin-destination trip pairs
i = origin-destination trip pair, 1 € ]
K; = setof all used routes for origin-destination pair i
k = used route for origin-destination pair i, k € K;
+ = flow from used route k at departure time interval ¢

= experienced travel time on used route k at departure time interval ¢

Tk
E di = total flow from origin-destination pair i at departure time interval ¢
(4
Lltrans’
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DUE Convergence Example

[ @ 05:00:00 V] @ 06:15:00 V] @ 06:30:00 [¥]@ 06:45:00 [V]@ 07:00:00 [¥]@ 07:15:00
[ ® 07:30:00 [¥]® 07:45:00 [¥] o 08:00:00 08:15:00 0&:30:00 0a:45:00

09:00:00 09:15:00 09:30:00 [¥] @ 09:45:00 [V]® 10:00:00

40

RGap (%0)

CAMBRIDGE SYSTEMATICS i
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DUE Convergence Complexities

» Dynamic DUE Convergence in Theory

» Computational needs

«» Earlier slices impacts convergence of later




Equilibrium vs Non-Equilibrium
DTA

» Equilibrium Appropriate
» Recurring, long-term conditions

» Drivers have chance to learn network-wide traffic
patterns

» Dally commute, long term work zones

» Good wide-spread dissemination of real time travel
Information

# Non-equilibrium Approach
» Short term or uncommon conditions

» Lane or road closures, special events, short term work
zones

» Poor distribution of travel time information
» Habitual drivers insensitive to congestion

CAMBRIDGE SYSTEMATICS i
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Traditional One-Shot Simulation
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Figure 2.5 Static Assignment in a One-shot Simulation

Simulation time

Mewly gen. vehicles

t 1 !

To newly To newly
generated generated
vehicles vehicles
Pre-defined SP Pre-defined SP

Source: DTA Primer, with permission from UA.

:ts

Ltrans’

To newly
generated
vehicles

Pre-defined SP
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Non-equilibrium DTA Simulation

Figure 2.6 Dynamic Assignment (with Feedback) in a One-shot Simulation

Mewly gen. vehicles

Simulation time

-

Source: DTA Primer, with permission from UA.

:ts
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To newly To newly To newly
generated or enroule generated or enrou apnerated or enroufe
vehicles vehicles vehicles
Y Y L
Updated Updated Updated
traffic Updated SP traffic Updated SP traffic Updated SP
condition condition condition
Instantaneous J N Instantanecus J N Instantansous J
> SP SP sP
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DTA Modeling with a Mixture of Equilibrium
and Non-Equilibrium Methods

» Both methods can be used in a single model

» Apply a mixture of each —
» DUE: Learned habitual path drivers

» One-shot: Responsive to En-route travel time updates,
ATIS feedback, DMS information, ATDM strategies, etc.
for congestion or incidents

# Depending on platform:
» 80 % DUE path based — don’t deviate from habitual

paths
» 20 % initial DUE, updates periodically with SRC in a
one-shot
ct. CAMBRIDGE SYSTEMATICS i
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Mixture of DUE and One-shot

Simulation

Routes available

for real-time simulations

Macro
Assignment

—

Static User Equlilibrium

Meso / Micro N
DUE

Dynamic User Equilibrium

ct.
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Traffic Route
Choice Path Set

OD Routes

—

External Routes

Rath Meso / Micro
Assigment ——— One-Shot

Stochastic Route Choice
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Calibration Complexities

2 Variables:

» Route Choice

» O-D Patterns

» Behavior Parameters

» Operation Performance

2 Runtimes & Resources
2 Gridlock

CAMBRIDGE SYSTEMATICS i
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