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Part 1:
Understanding the Toolkitg

Motivation

 Transportation needs exceed available funding, nationwide.  

 Engineers & planners need tools to quickly assess scenario 
impacts, prioritize potential projects, & compete for limited 
funds.

 TxDOT-funded research has developed a Toolkit to:
 Anticipate long-term project impacts,

 Evaluate & compare multiple scenarios in term of multiple 
performance measures

 Enable optimal allocation of limited resources.

 Be an easy-to-use, quick-response tool

Just What is this Toolkit?

The Project Evaluation Toolkit (PET)…
 Is a quick-response, computationally efficient tool that 

approximates full-scale planning model results, while 
providing a comprehensive picture of project impacts.

 Impacts include traveler welfare, emissions, crash counts 
(by type), travel time reliability, & toll revenues.

T l t j t t i l di d it To evaluate many project types, including road capacity 
expansion & road pricing (by mode and/or time of day), as 
well as many operations strategies (e.g., ATIS, shoulder use, 
ramp metering, speed harmonization & incident mgmt).

 Allows for sensitivity analysis (of all impacts, including B/C 
ratios & NPVs) using Monte Carlo simulation & optimal
multi-project budgeting.
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How does it work?

The Toolkit…
 Takes an abstracted network & link counts (the only 

absolutely necessary inputs) + region’s mode & time-of-day 
(TOD) traffic shares (& other parameters);

 Estimates a trip table between all nodes using a maximum 
entropy-based optimization method;

 Applies elastic-demand functions on all OD pairs, 
incremental logit functions across modes & TODs, multi-
class, user-equilibrium traffic assignment method to quickly 
equilibrate the new & old networks; &

 Estimates welfare changes at the O-D level – & crashes, 
emissions & reliability at the link level; then generates 
summary measures (NPV, B/C ratio etc).

 Software Modules

 Excel spreadsheet:  For data 
storage, manipulation, & visualization

 C++ programs: Travel demand 
estimation (estimating trip tables &

Toolkit Software Design

estimation (estimating trip tables & 
network flow patterns across modes, 
times of day & routes)

 VBA macros: Data & parameter 
communication between Excel & C++ 
programs
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Calculate Traveler Welfare
& Export Traffic Volumes
to Excel Component

An Elastic 
Travel Demand 

Model (TDM)

Data Flow Diagram
Individual

Scenario Sheets

Base Cond.

Int. Base Cond.

Scenarios

Volume Outputs,
TW & Reliability

Veh Crashes

Project 
OUTPUTS

Fuel, Tolls 
& VMT

Traveler 
Welfare 

Summary

Reliability
Summary

PROGRAM OUTPUTS

Impact Summaries
by Category

Network 
Files

USER INPUTS

Traffic 
Volume Files

Travel Demand 
Model

Note: Network Info & Global Parameters directly influence all Scenarios (including Base Conditions),
across all Impact Categories.  Data link flows are not shown here (to each Individual Scenario) to enhance diagram clarity.

Int. Scenarios

Base Cond.

Scenarios

Veh. Emissions

Link, Base Cond.

Link, Scenarios

OUTPUTS
Summary

& VMT 
Summary

Emissions
Summary

Crash
Summary

Parameter 
Files

Trip Growth 
Files

Project
Estimates

C++ 
Module

 Maximize Entropy of path-based O-D flow rates, subject to link flow 
rates equaling observed traffic counts.

O-D Trip Matrix Estimation (Base Scenario)

 where is the flow rate from origin i to destination j during 
TOD period t for the base case (b) scenario,

 is the path p flow rate connecting OD pair ij,

 is a link-path indicator (0 or 1) if link a is part of path p, and

 is the measured link flow on link a during TOD period t.

Convergence Criteria:
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 This ME problem is solved by using a modified version of the 
Frank-Wolfe algorithm with column generation:

 Step 0: Find a feasible initial O-D matrix (xij,t).

 Step 1: Find an auxiliary matrix (yij,d) by solving:

O-D Trip Matrix Estimation (2)

j,

 Step 2: Find optimal step size for θ  (0,1).

 Step 3: Update solution:

 Step 4: Test for convergence (& return to Step 1 till converged).



Travel Demand Pattern Estimation

Incremental Logit Model

 where           is the base probability for each mode m, 
traveler class k (with differing VOTTs, etc.) & OD pair ij.

 m is mode-choice scale parameter.

 is the change in generalized costs between the base 
case & alternative scenario.

 A very similar equation used model TOD shifting.

Sensitivity Analysis

 21 parameters allowed to vary

 65 values assessed (B/Cs & NPVs, crash counts, emissions 
totals, key-link volumes, toll revenues, etc.).

 Average  1 SD values summarized (& analyst has access to 
all runs’ predictions).

 Toolkit assumes lognormal distribution of parameters Toolkit assumes lognormal distribution of parameters.

 Up to 100 trials may be conducted during sensitivity testing.

Value of Time Free Flow Speed Avg. Veh Occupancy
Veh. Operating Costs Reliability Par. Base User Class %'s
Value of Reliability Crash Rate Base Mode Split %'s
Value of Crashes Emissions Rate Trip Growth Rate
Value of Emissions Mode Scale Par. Demand Elasticity
Link Capacity TOD Scale Par. Initial Project Costs
Capacity Par. Temperature Add. Maint. & Op. Costs

Budget Allocation

 Toolkit provides framework for maximizing traveler benefits 
from a selection of available projects.

 Constraints may include:
 Budget constraints

 Regional constraints - optional (ex: each region assigned min. $)

 Project type constraints - optional (ex: non-motorized, capacity, safety)oject type co st a ts opt o a (e o oto ed, capac ty, sa ety)

Reliability

Traveler Welfare

Multi-Criteria Decision Evaluation
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Toll Revenues
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Project Costs

Crashes
(Non-Market Costs)

Analyst can move measures
to and from economic analysis.
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How are performance 
measures and Impactsp

calculated?

Travel Demand Growth
 Assumed exponential (though analyst can specify linear).

 All nodes serve as potential origins & destinations.

 Analyst can vary expected growth for each individual node 
(e.g., high growth in developing areas & low growth in built-out neighborhoods).

Impact Assessment Over Time

 Impacts are assessed for 
every scenario, in the Initial 
Year (of project) & (final) 
Design Life Year.

 Impacts are exponentially 30

40

50

60

Annual # Crashes

Impacts are exponentially 
interpolated for Interim Years 
by answering the question,

 “At what rate do impacts 
need to grow in order to reach 
the final year value?”

0

10
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30
Base Case

Traveler Welfare Estimation
 User Surplus: Amount of money that travelers are willing to pay for new 

travel context (relative to base case context), approximated by Rule of Half
(applied to each O-D pair, for each TOD, User Class & Mode).

 RoH is applied on the O-D level.

 Calculated based on a combination 
$

Old travel cost

New travel cost

Old travel 
demand

New travel 
demand

Demand curve

of travel time ($/hr) & operating 
costs ($/mi).

 Multiple values of time (across 
user classes) & different operating 
costs (light vs. heavy vehicles).

Travel Time Reliability

 Measured as estimates of travel time variance on each 
link (due to congestion).

 Estimated from freeway 
traffic data based on V/C 
ratios.

Functional Form:

ratios.

Crash Estimates
Traffic Volumes
from Travel 

Demand Model

Predict Link Level 
Crash Count & 

Severity (via RSDW)

Roadway 
Attributes

Crash Statistics
Source: Roadway Safety Design Workbook (RSDW)

 Crashes predicted at the 
individual link & intersection 
levels.

Economic Costs 
per Crash

Predict Total 
Crashes & Change 
in Crash Costs

(TxDOT)
Default Costs

 Fatal: $1,130 k

 Incapacitating: $65 k

 Non-Incapacitating: $21 k

 Possible Injury: $11.9 k

 PDO: $7.5 k

Source: NHTSA’s Economic Costs of MV Crashes (2002)
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Emissions Estimates

 13 Species: HC, CO, NOx, 
CO2, SO2, NH3, PM10, 
PM2.5, & 5 MSATs

Traffic Volumes from
Travel Demand Model

Predict 
Emissions Totals

(via MOBILE6.2‐based 
l k bl )

Scenarios’ Annual Emission 

Roadway 
Characteristics

T t &

Estimate
Vehicle Speeds

lookup tables)

Predict Individual 
Emission Species 

Impacts
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Temperature & 
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Emissions vs. Speed & Cost

 Bowl-shaped emissions rates (gm/mi vs. mph)
 CO minimized at 35 mph & NOx minimized at 15 mph

 Most Toxics (BUTA, FORM, ACET & ACRO) minimized at 55 mph

 Downward sloping emissions:
 HC & BENZ – high emissions at low speeds

Cost Estimates Per Ton

Pollutant Urban Rural

CO $145 $70

VOCs $5,900 $3,900

NOx $7,800 $5,200

SO2 $18,000 $12,000

PM2.5 $6,900 $3,450

PM10 $6,900 $3,4500
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Fuel Efficiency

 General fuel efficiency relation to speed:

 Toolkit adjusts trend to account for fleet mix (heavy & light 
vehicles) and average fuel efficiencies.

Fuel Use & Tolling Revenues

 Fuel use is based on vehicle speeds & average fleet 
fuel efficiency by year (including heavy trucks).

 Toll revenues help determine project financing 
feasibility.

 Reported for analyst use (but not included as individual 
components in B/C, NPV & other summary measures).
 Fuel use reflected in operating costs & emissions.

 Tolling costs reflected in traveler welfare.

ATIS, Speed Harmonization & 
Incident Management 

 These strategies are assumed to influence nonrecurring 
events & therefore the model assumes that these strategies 
will not significantly impact travel patterns.

 Therefore, analysts do not re-run the demand model to y
evaluate these strategies.

 Frequency of events estimated based on # crashes per year, 
on the impacted links, as predicted by the Toolkit.

 Assessed impacts are in the form of changes in emissions, 
travel times & crashes, depending on the strategy.

Advance Traveler Information 
Systems (ATIS)
 Includes Variable Message Signs, Hwy Advisory Radio, 

Internet-based ATIS, In-vehicle route guidance, etc.

 Travel time savings estimate =

# of crashes per year  # of major incidents per crash

 % of incidents during congested times g g

 # of travelers on road exposed to ATIS strategy 

 % of those travelers who change route & save time 

 Avg. time savings per traveler who changes route.

 Final $ Benefit = Avg. VOTT * Total Travel Time Savings
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Speed Harmonization

 Assumes implementation during heavy traffic periods only, & 
no substantial average speed change.

 Benefits estimated using a 10 to 30% crash reduction factor 
on impacted links during times when SH is active.

 For example, if…
 100 crashes expected on the target links under normal conditions, &

 60% of crashes expected to occur during peak times when SH active…

 Then, SH will result in approx. 6 to 18 fewer crashes:
 60 * (1 – 0.10) = 6

 60 * (1 – 0.30) = 18 

Incident Management

 Estimates impacts based on incident duration reduction.

 Applicable where a lane-blocking incident will cause travel 
demand to exceed capacity.
 This will cause a queue to build & extra delay to be incurred by travelers.

 # Lane-blocking incidents estimated based on predicted # 
Crashes during peak times.

 In addition to travel time savings, emissions changes are 
also estimated by estimating vehicle speeds & using 
emissions lookup tables.

Part 2:
Case Study ApplicationsCase Study Applications

 194-Link Network

 Trips grow 1.0%/yr over 20 yrs

 4 Scenarios:
 Base-Case (No Build)

 Freeway Upgrade

Austin Case Study: 
US 290 Upgrade

 Freeway Upgrade

 Tollway Upgrade ($1)

 Tollway w/ Variable Mode Pricing
 (SOV $1, HOV $0.50, Transit free, Truck $3)

 Toolkit estimates each 
scenario’s impacts & lists 
results for comparisons.

Project Costs & Capacity Benefits

Project          Added Section

Scenario Cost        Maint. Costs           Capacity___

Base Case (No Build) $0 $0 3080 veh/hr

Freeway Upgrade $71.8 M $430 k/yr 7640 veh/hr

Tollway Upgrade $80.5 M $1,200 k/yr            7640 veh/hr

Tollway w/ var. Pricing $80.5 M $1,200 k/yr 7640 veh/hr

Results: Impacts over Time – Relative to Base 
Case: Traveler Welfare
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Results: Reliability Savings
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Results: Fatal & Injury Crashes
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Results: Net Benefits by Category

 Main impacts come from Traveler Welfare & Reliability.

 Safety values are small
in comparison.

 Note: Safety changes

Base Case: 
No Build

Grade Sep. 
Freeway 

Grade Sep. 
Tollway 

Tolling by 
Veh. Class 

Initial Year
Monetary Benefits $0 M $31 M $0.9 M $12 M 
Traveler Welfare $0 $23.7 -$0.1 $5.0 
Reliability $0 $7.0 $0.4 $6.3 
Crashes $0 $0 7 $0 6 $0 7 Note: Safety changes

represent Market or
Economic Costs only

(not pain & suffering
or value of life).

Base Case: 
No Build

Grade Sep. 
Freeway 

Grade Sep. 
Tollway 

Tolling by 
Veh. Class  

Design Life Year
Monetary Benefits $0 M $130 M $85 M $98 M 
Traveler Welfare $0 $77 $22 $49 
Reliability $0 $52 $62 $47 
Crashes $0 $1.4 $1.5 $1.3 

Crashes $0 $0.7 $0.6 $0.7

Results: Summary Measures
 Preferred Alternative: Freeway Upgrade

 However both the Tollway Upgrade or the Tolling by Vehicle 
class alternative scenarios deliver substantial traveler benefits 
while providing funds to finance the project.

Base Case: 
No Build

Freeway 
Upgrade

Tollway
Upgrade

Tolling by 
Veh. Class

Economic Summary Measures of Project Alternatives

Total Initial Costs $0 $71.8 M $80.5 M $80.5 M 
Change in Maint. & Operations Costs $0 $0.43 M $1.18 M $1.18 M
Interim Project Cost $30 M $0 $0 $0 
Interim Project Year 2020 N/A N/A N/A

Net Present Value $0 $734 M $223 M $378 M 
Internal Rate of Return N/A 90% 17% 30%
Benefit / Cost Ratio N/A 14:1 4:1 6:1
Payback Period N/A 2.3 years 10.9 years 6.1 years 

Project Financing ($M) No Build
290 Freeway 

Upgrade
290 Tollway

Upgrade
290 Tolling by 
Vehicle Class

NPV of New Tolling Revenues $0 $1.6 $216 $209
NPV of Initial and Future Project Costs $0 $56 $73 $73
Project Financing Perspective NPV $0 -$56 $144 $136
Project Financing Perspective IRR N/A N/A 24.1% 22.8%
Project Financing Perspective PP N/A > 20 years 6.1 6.5
NPV of Project Impacts $0 $790 $295 $450
Agency Perspective NPV -$18 $736 $440 $587

Project Financing Evaluation

Agency Perspective NPV -$18 $736 $440 $587

 290 FW upgrade: No new tolling rate changes, so no 
significant changes in collected tolls.

 Thus, tolling revenues will never cover project costs.

 290 Tolled FW & Tolling by Veh. Class: NPV of tolling 
revenues greatly exceed project costs.

 Can use revenues to finance the project.

 290 Tolled FW: Slightly greater tolling revenues.

 290 Tolling by Veh. Class: Much better benefits while still 
providing excellent project financing.
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Sensitivity Testing: B/C Ratios

 600 Iterations Conducted on the Freeway Upgrade & Tollway Upgrade 
(by veh. Class).

 55% of all B/C ratio outcomes were between -20 and +30.

 Median B/C Values:
 Freeway: 10.3

 Tollway: 4.0

 Link capacity & link 0.3
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 I-35 Corridor, 8 lane freeway

 218k to 250k AADT

 5 mile segment

 Base-Case (No Build)

Austin Case Study: 
I-35 Demand Management

 Convert to 6-Lane Freeway

 Pricing by Mode
 (SOV: $0.50 / mi, Truck: $1.50 / mi)

 Pricing by Time of Day
 ($0.50 / mi: AM Peak, Mid Day & PM Peak)

Unintended Consequences?
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I‐35 Lane Reduction

I‐35 Vehicle Pricing

 VMT falls on I-35, but Increases system-wide.
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Base Lane Reduction Tolling by Class Tolling by TOD
I‐35 VMT (k), Init. Yr. 1211 1204 919 1054
% Change vs. Base ‐ 0.6% 24.2% 13.0%
I‐35 VMT (k), Des. Yr. 1492 1441 1211 1354
% Change vs. Base ‐ 3.4% 18.8% 9.2%

VMT Reduction on I-35

Crashes and Emissions Increase
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 Caused by increased VMT, but also by traffic to arterials 
which have greater emissions (due to more stop-and-go 
traffic) & crashes (due to more vehicle conflicts).

What Happened?

 Instead of foregoing trips or switching to 
better times of day or modes, travelers took 
longer, alternate routes to reach their 
destinations.

Break:
Coffee & SnacksCoffee & Snacks
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Part 3:
Using the ToolkitUsing the Toolkit

Toolkit Components

 Main Toolkit File (Excel, sketch_toolkit.xlsm)
 Holds transportation network, parameters, & project costs.

 Calls Trip Table Estimator & TDM to estimate traffic flows & TW.

 Facilitates sensitivity testing processes.

 Estimates reliability, crashes, emissions, fuel use & summary 
measuresmeasures.

 Develops summary measures & presents results.

 Operational Toolkit File (Excel, op_sketch_toolkit.xlsm)
 Used for Speed Harmonization, Incident Management & ATIS.

 Similar to Main Toolkit file, but does not use a TDM.

 Utilizes Main Toolkit File network, AADTs & formulas to estimate 
results.

Toolkit Components (2)

 Trip Table Estimator (application, tdm_matrix.exe)
 Estimates a base Trip Table based on the existing network & 

traffic volumes.

 Network Flow Estimator (application, tdm_flow.exe)
 Estimates traffic flows by user class, mode & time of day.

 Estimates traveler welfare.

 Toolkit Upload File (Excel, Upload_toolkit_file.xls)
 Source file for user inputs to be automatically uploaded to Main 

Toolkit File.

 Contains reference cells for network & new parameter value 
source documentation.

Toolkit Components (3)

 Budget Allocation Module (Excel budget_allocation_module.xlsx)

 Used to assess best allocation of funds among multiple potential 
project candidates.

 Sensitivity Testing I/O Folders (STInputs & STOutputs)
 Folders for storing sensitivity testing files & results.

Toolkit Component Interaction

Main Toolkit 
File

Trip Table 
EstimatorOperational 

Toolkit File

Toolkit Upload 
File

Network Flow 
Estimator

Sensitivity 
Testing Inputs

Sensitivity 
Testing Outputs

Upload Network Information & Parameters

Toolkit Component Interaction (2)

Main Toolkit 
File

Trip Table 
EstimatorOperational 

Toolkit File

Toolkit Upload 
File

Network Flow 
Estimator

Sensitivity 
Testing Inputs

Sensitivity 
Testing Outputs

Run a project in the Main Toolkit File (e.g. capacity expansion)
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Toolkit Component Interaction (3)

Main Toolkit 
File

Trip Table 
EstimatorOperational 

Toolkit File

Toolkit Upload 
File

Network Flow 
Estimator

Sensitivity 
Testing Inputs

Sensitivity 
Testing Outputs

Run a project with Sensitivity Testing

Toolkit Component Interaction  (4)

Main Toolkit 
File

Trip Table 
EstimatorOperational 

Toolkit File

Toolkit Upload 
File

Network Flow 
Estimator

Sensitivity 
Testing Inputs

Sensitivity 
Testing Outputs

Run an operational project (Inc. Mgt, Spd Hrm, ATIS)

Toolkit Color Coding

 White Labels & Equations

 Green Parameters

 Blue User Inputs

 Yellow Key Results

 Pink Travel Demand Model Outputs

Toolkit Navigation
 There are over 70 worksheets in the Main Toolkit File

 The Navigation Panel allows for easy Toolkit navigation

 A button is located in the upper-left corner of 
every Toolkit sheet

The Toolkit Upload File

 Purpose
 Ease of data entry

 Document network & parameter sources

 User Input Categories
 Required Link Information Required Link Information

 Optional Link Information

 Tolling Information

 Time of Day Information

 Parameter Information

 Travel Growth Rates

The Toolkit Upload File (2)

 Enter Data in the Toolkit Upload File

 Then Import it back

into the Main Toolkit File
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Developing Projects in the Main Toolkit File

 Project Types:
 Capacity Expansion (incl. new links)

 Roadway Pricing

 Reversible Lanes

 Managed Lanes

 Shoulder Lane Use

 Traffic Safety Enhancement

 Ramp Metering

 Speed Limit Changes (via. FFS)

Project Development in the Main Toolkit File 
Step 1: Verifying Parameters

 General Project Information
 Initial year, project life, base growth rate, discount rate

 Capacity & Reliability Parameters
 Free flow speeds, BPR alpha & beta, heavy veh. psg. car equiv. (PCE)

Step 1: Verifying Parameters

 Operating Costs, User Groups & Modes
 Values of time & reliability, avg. veh. occ., pop. distributions

 Safety Parameters
 Crash valuation, severity distributions Crash valuation, severity distributions

 Temperature, Emissions & Fuel Use
 Summer & winter temperatures, fuel use-speed relationship

 Sensitivity Testing
 Varying parameters & # of iterations

 User Classes – each assumed a base % of population with unique 
VOTTs and VORs

 Heavy truck driver

 Work-related travel

 Commuter

 Traveler - non-work-related

Vehicle Modes & User Classes

Value of Time and Reliability ($/hr)

Total # User Types Used: 4

User Type VOT VOR % of Pop.

1* $50.00  $50.00  5%

2 $30.00  $30.00  10%

3 $10.00  $10.00  20%

4 $5.00  $5.00  65%

5 $0.00  $0.00  0%

Average $10.75  $10.75  ‐

 Vehicle Modes – each User Class assigned a base probability of 
selecting a given mode

 Heavy Truck

 SOV

 HOV (2)

 HOV (3)

 Bus

Base Mode Split Probabilities and Mode Characteristics

User Type SOV HOV 2 HOV 3+ Transit Heavy Truck

1* 0 0 0 0 1

2 0.359 0.333 0.296 0.012 0

3 0.359 0.333 0.296 0.012 0

4 0.359 0.333 0.296 0.012 0

5 0.359 0.333 0.296 0.012 0
Operating Cost 

($ per mi)
$0.20 $0.20 $0.20 $0.50 $0.50

Step 2: Setting Time of Day Traffic Distribution

 Up to 6 References may be used

 Distributions usually based on ATR stations

 Each Network Link will refer to one of the distributions

Analyst sets % AADT period start times & elasticity Analyst sets % AADT, period start times & elasticity

Step 3: Developing the Base Network

 Create a Network Map
 Determine links & label nodes

 Remember, links are directional

 Ensure No Parallel Links
 Can model frontage roads using 

on & off ramps

 All links must have Capacity & 
AADT of at least 0.1.

Sample Network Map: Waco, TX
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Step 3: Developing the Base Network (2)

 For each link, the analyst must enter:
 From Node, To Node, Length, Class (Freeway, Arterial, Collector, 

Ramp), Area Type (Urban, Suburban, Rural), # Lanes, Land Use 
& Median (arterial only), Capacity, TOD Reference

 For each link, the analyst may enter: For each link, the analyst may enter:
 Free Flow Speed, Crash Mod. Factor (CMF), Var. Capacity,            

# Entr. & Exit Ramps (FW), and Time of Day-Specific Capacity

*** NOTE: Easiest to enter using the Toolkit Upload File ***

Step 4: Setting Tolling Rates

 Set Tolling Rates to Current Prices, by link, Time of Day, 
and Vehicle Class (Mode)

Step 5: Adding Intersections, Example

L
am

ar

2222 1
2

W
o

o
d

ro
w

Step 5: Adding Intersections, Example (2)

 Identify Entering Links

 Determine Area Type & Control

2222140

93

138138

94

La
m

ar

12
137137 139

95 96

Step 5: Adding Intersections, Example (3)

 No Link #’s for Woodrow, so 
estimate AADTs

 Be sure to use the Entering
Traffic Volume

2222138

W
oo

dr
ow

24
10

138
12

137

16
85

 

137

Project Development in the Main Toolkit File

Now that the Base Case Scenario has 
been developed, it is time to developbeen developed, it is time to develop 
Alternative Scenarios 
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Step 6: Modify the Alternative Scenario Network

 Go to using the Navigation Panel

 Copy the Base Network

 Then modify capacity, free flow speed, link type or any 
other highway link characteristic, as desired.

Step 6: Modify the Alternative Scenario Network (2)

 Important note:
 If adding a link or a node in an alternative scenario, 

be sure to also add it in the base case scenario.

 Analyst may use capacity & AADT of 1 for the new 
li k i h b ilink in the base case scenario.

Step 7: Modify Alternative Scenario Intersections

 Go to using the Navigation Panel.

 Copy the Base Case Intersections.

 Then modify control type, crash modification factors or 
other link characteristics, as desired.

 If adding an intersection, ensure that the intersection 
physically does not exist in the base case scenario.

 If removing an intersection, ensure that the 
intersection is physically being removed (e.g. via 
grade separation or street closure).

Step 8: Modify Alternative Scenario Tolling Rates

 Go to using the Navigation Panel.

 Copy the Base Toll Settings.

 Then modify tolling rates, by time of day & vehicle 
class, as desired.

Step 9: Develop Project Cost Estimates

 Go to using the Navigation Panel.

 Enter Initial costs for each scenario.

 If only a single value is needed, you can use Fixed 
Costs only.

Step 9: Develop Project Cost Estimates (2)

 Enter Additional Annual Maintenance costs & 
Salvage Value.

 If a Maintenance & Rehabilitation project is required, 
enter the year and M&R project cost.
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Step 10: Estimate Projected Travel Growth

 If certain areas are predicted to grow faster than other 
areas, navigate to

 All traffic will assume growth at the base rate, unless 
otherwise specified by the analyst.

 Traffic Growth estimated at average of production & Traffic Growth estimated at average of production & 
attraction rates.

Step 10: Estimate Projected Travel Growth (2)

 In this example, traffic originating at Node 1 and 
traveling to Node 2 will be:
 2.5% higher than the base rate in the initial year.

 35.65% higher than the base rate in the design year.

Step 11: Running the Travel Demand Model

 Now that the alternative Scenarios have been 
developed, navigate to and review the 
Input Summary Checklist:

 If everything is OK, and parameters look properly set, 
you can begin the Travel Demand Modeling process.

Step 11: Running the Travel Demand Model (2)

 Check and set the Travel Demand Modeling Settings:

 Analysis Year: Do you want to run 
the TDM for the Initial Year (IY), 
Design Year (DY) or both (All)?

 Scenario: Do you want to run the 
TDM for one alternative scenario   
(1, 2, or 3), the Base Case scenario 
(Base) or all scenarios (All)?

 TDM Process: Do you want the 
TDM to run one process at a time or 
all processes without stopping?

Step 11: Running the Travel Demand Model (3)

 Press to begin.

 The Status Bar & Sensitivity Testing Bar (if 
conducting S.T.) will inform you of your progress.

 For a 194 link network, initial & design years for base 
case scenario + 3 alternative scenarios, this may take 
~1 hour.

Travel Demand Modeling Process

Main Toolkit File

Network Files

Param Files

Trip Growth 
Files

Traffic Volume 

Prepare Input Data

Estimate Trip Matrix

Read TDM Results

Trip Table 
Estimator

Network Flow 
Estimator

Param. Files
Files

Base Trip 
Tables

Output Traffic 
Volumes

Output 
Summaries

Estimate Trip Matrix

Estimate Network Flows

If conducting Sensitivity Testing, N input files will be generated, the 
TDM will run N times and results will be read and recorded N times.
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Break:
Coffee & SnacksCoffee & Snacks

Project Development in the Main Toolkit File 
Step 12: Interpreting Results

 6 types of Toolkit Output results:

 Toolkit Output Summary

 Summary Charts

 Traffic Link Comparisons Traffic Link Comparisons

 Impact Category Summaries

 Individual Scenario Sheets

 Sensitivity Testing Results

Step 12: Interpreting Results 
Output Summary

 Reports scenario cost information (taken from 
user entry)

Step 12: Interpreting Results 
Output Summary (2)

 Reports monetary benefits & summary measures

Step 12: Interpreting Results 
Output Summary (3)

 Contains project financing measures, comparing 
scenario cost information against projected revenues.

Step 12: Interpreting Results
Output Summary (4)

 Reports changes in crashes & emissions, measures that 
the analyst may choose to not monetize, or fully monetize 
(e.g. value of life).
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Step 12: Interpreting Results
Output Summary (5)

 Reports travel behavior changes, for time of day and 
mode splits.

Step 12: Interpreting Results
Summary Charts

 19 Automatically generated charts for…
 Traveler Welfare

 Reliability Costs

 Crash Costs

 # of Fatal and Injury Crashes

Emissions Q antities Emissions Quantities

 Tolling Revenues

 VMT

 Fuel Use

 Charts generated for total values

& change vs. base case scenario.

Step 12: Interpreting Results
Traffic Link Comparisons

 May be used to quickly compare traffic volumes & speeds on 
certain links across scenarios.

 Reports AADT, Avg. Speed, PM Peak Speed & Changes vs. 
Base Case Scenario.

 Enter Link #’s here to see different link comparisons.

Step 12: Interpreting Results
Impact Category Summaries

 Reports estimated costs in each year for a given 
impact category, including…

 Traveler Welfare

 Reliability

C h Crashes

 Emission

 Fuel Use, Tolls & VMT 

Step 12: Interpreting Results
Individual Scenario Sheets

 Each sheet estimates impacts for a given scenario & year

 Volume Outputs

 Foundation of all other results

 Receives link-volume TDM results & TW estimates

 Estimates fuel use, speeds & reliability

 Link Crashes

 Intersection Crashes

 Emission

 CAUTION: Please refrain from reporting these results! The 
Toolkit is intended to be much more accurate at the aggregate 
level than at the link-specific level.

Step 12: Interpreting Results
Individual Scenario Sheets (2)
 Volume Outputs

 Emissions Outputs
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Step 12: Interpreting Results
Sensitivity Testing Results
 Results provided for 65 key measures

 Also provides individual trial outcomes for further analysis (for 
example, histograms)

B/C Ratio

7 outcomes 7-15
1 outcome 24
1 outcome 702
1 outcome -5.7

Analyst can accept the probable 
range, or explore what caused 
the outliers. 

Developing Projects in the Operational 
Toolkit File

 Project Types:

 Advance Traveler Information Systems
 Impacts: Travel time savings

 Incident Management Incident Management
 Impacts : Travel time savings & emissions

 Speed Harmonization
 Impacts : Crash reduction

Developing Projects in the Operational Toolkit File
Step 1: Code the Network in the Main Toolkit File

 In order for the Operational Toolkit File to run properly, the 
targeted links must be coded in the Main Toolkit.

 Users must input link information for the base case scenario, 
including traffic volumes, # of lanes, etc.

 Record the link numbers, then close the Main Toolkit File.

Step 2: Verify the Summary Input Information

 What is the project 
design life?

 What are the projected 
traffic & incident growth 
rates?

 When will the strategy When will the strategy 
be active?

 What is the average 
duration of lane blocking 
incidents?

 How much traffic is 
present during peak 
times?

Step 3: Modify strategy-specific parameters

 ATIS
 % Travelers informed by ATIS

 % Informed travelers 
changing route

 Average travel time savings 
for travelers changing route

 Incident Management
 Average incident duration with 

incident management

 Speed Harmonization
 Crash Reduction Factor

Step 4: Modify link-specific characteristics

 If individual links are assumed to have different characteristics 
than the default, they may be modified by the analyst.

 ATIS:

 IM:

 SH:
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Step 5: Develop the Engineer’s Estimate

 Cost information layout is identical to the Engineer’s Estimate 
in the Main Toolkit File.

Step 6: Import Data from the Main Toolkit File

 Ensure that the Full Toolkit Worksheet Name in the 
Summary Input Information sheet is correct.

 Press the “Import <Operational Strategy> Data” Button.

 The Operational Toolkit File will open the Main Toolkit File, 
import traffic volumes and estimate crashes & incidents.

Step 7: Review Results

 Project Summary Sheet is similar to that in the Main Toolkit 
File.

How are different
Project Types modeled?Project Types modeled?

Capacity Addition
 Change Link Class if converting from arterial to freeway. Add Link Capacity & # Lanes as applicable. Can also model reversible lanes by varying capacity by 

time of day.
 First, define all links in the (abstracted) network.

 Tolls can be set vary by time of day & by vehicle class for 
each highway network link.

 Adjust Base Toll Settings as applicable.

Road Pricing
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Ramp Metering & Shoulder Lane Use

 Ramp Metering:

 Reduce on-ramp link capacity (to protect main-lane flow).

 Reflects extra time required to access freeway.

 Shoulder Lane Use:

 Increase Freeway Capacity during peak periods using 
variable capacity feature of Toolkit.

Experiences with Shoulder Lane Use Use

Strategy Location Capacity Increase Observed
11.5' lanes & 10' shoulders Hessen, 

Germany
Increase of 1150 vph in each 
direction

Four 11.5' lanes & 6.5' 
shoulders converted to one 
10' lane & four 10.5' lanes.

Paris, France
660 vph in one direction & 
1070 vph in the other.

11.5' lanes w/10.5' shoulders Netherlands
Up to 50% capacity increase 
(similar to regular lane add).

Future Work
 Recognize fixed node-specific costs

 Analysts to specify parking costs, access times & headways.

 Testing & Verification
 Test more scenarios to ensure results make intuitive sense.

 Compare Toolkit results to full-scale, demand model results.p ,

 Texas Implementation
 Code additional networks for Texas cities & regions.

 Conduct toolkit training for on-site planning staff.

 Enable MPO-model predictions as inputs to NPV calculations.

Future Work (2)
 Develop a transit module

 Fixed routes and stops, variable service frequency, bus capacity 
and comfort, and more realistic cost structures.

 Mixed assignment of highway-transit traffic assignment.

 Desired Other Work
 Rely on MOVES emissions rates.

 Implement HSM & historical crash rates for crash prediction.

 Non-motorized travel.

Conclusions
 With shrinking budgets and expanding needs, we must invest

our transportation funds wisely.

 The PET allows one to anticipate & compare a variety of 
operational & capacity expansion strategies’ outcomes.

 PET evaluates project impacts in the form of travel time 
savings, operating costs, reliability, crashes & emissions.sa gs, ope a g cos s, e ab y, c as es & e ss o s

 PET quickly identifies project alternatives with greatest 
potential to positively impact transport systems.

 For capacity-expansion projects, emissions & crash benefits 
appear dwarfed by traveler welfare & travel-time reliability 
impacts.

Thank you for your time!

Questions & Suggestions?

http://www.caee.utexas.edu/prof/kockelman/


