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Model Overview



Key Features
• Modeling of highway and non highway modes
• Junction (Intersection) modeling
• Transit multipath process
• Household models
• Distribution performed by Income quartile
• Path file option
• Scenario Management tools
• Truck and commercial vehicle model
• GPS factoring
• Time of Day modeling
• Labor Force Productivity



Key Features
• Modeling of highway and non highway modes

– Production models include all trips generated by households regardless of mode
– Various models (mode choice, auto occupancy, nonmotorized) explicitly remove 

person trips to arrive at vehicle trips for highway netowrk assignment
– While some of these models are quite simplistic, they serve as placeholders 

which could be replaced by more sophisticated models in the future if necessary
• Junction (Intersection) modeling

– Assignment model explicitly models impact of intersection delay
– This requires use of a different impedance value (running time vs total time) and 

capacity measure (saturation flow rate vs capacity)
– Model uses HCM type isolated intersection computations
– While not providing true network level operational analysis, it does provide a 

more detailed analytical treatment that can be used to produce a variety of 
additional MOE’s from the model

– Also provides for a better transition to detailed operational level modeling when 
necessary

• Transit multipath process
– One of the first implementations of a transit multipath process
– Provides much better transit line assignments in areas served by multiple routes



Key Features
• Household models

– Creation of detailed household distributions from zonal totals areawide 
chracteristics from Census data

– Allows application of disaggregate trip production generation
– Shifting of areawide demograhic patterns in the future is thus automatically 

reflected in overall trip generation rates
• Distribution performed by Income quartile

– While in general this can be applied to all trip purposes to reflect differences in 
trip length distribution it is mainly applied to work trips

– This allows high income workers to be connected to high income employment 
centers and vise versa

• Path file option
– Path files for any or all periods can be saved with each model run
– This is an optional model run toggle because these files are very large
– Saving the path file allows “on the fly” select link and select zone analysis to be 

performed on the assignment without the need to rerun the assignment
• Scenario Management tools

– These tools automatically handle file naming/archiving chores needed when 
rerunning the model for multiple scenarios or analysis years



Key Features
• Truck and commercial vehicle model

– More detailed treatment of truck trips than previous models and validation of the 
results to truck counts provides more reliable truck traffic information

• GPS factoring
– Under-reporting in the HH survey was measured through the GPS under-

reporting survey
– This is explicitly modeled prior to assignment rather than a priori factoring of the 

HH survey This provides a useful adjustment toggle during model validation and 
maintains the integrity of the survey data during the disaggregate demand model 
steps

• Time of Day modeling
– Daily demand data is split into time periods of relatively equal demand rates
– This is needed for the more detailed junction based assignment methods

• Labor Force Productivity
– Changing productivity rates causes changes in trip rates per employee over time
– All models are balanced to productions which usually removes this effect since 

employment is typically on seen on the attraction side
– The truck model, however, have employment on the truck side
– To keep truck trips from declining unrealistically, the labor force productivity 

factor should be specified for forecast runs



Model Modules



Model Modules – Household Model

• Develop three dimensional distribution of households for 
trip generation
– Income Quartile* x Wealth Variable x Household Size 

Variable
• Wealth variable = number of household vehicles
• Size variable = household size, number of workers 

per household, number of children per household
• Four components

– Group Quarters adjustment
– Household size distribution
– Worker and child size distribution
– Vehicle and income size distribution
*Note: Income Quartile is maintained for distribution and mode choice models



Model Module – Network Skimming

• Create network skim of shortest travel time & toll
• Used in the following model steps

– Trip distribution
– Mode choice
– Auto occupancy
– GPS adjustment
– External and truck model (uses unique skims)

• Various impedance values are skimmed 
including travel time, distance, terminal time, 
screen line penalties and conversion of toll cost 
to time



Model Module – Trip Generation
• Creates the productions and attractions for 

internal trip purposes (HBW, NHBW, HBO, 
HBSH, HBSC and NHBO)

• Trip productions are disaggregated by income 
quartile from household model

• One trip attraction model is applied per purpose 
with the exception of HBW which has a unique 
attraction equation for each quartile as well (for 
other purposes attractions are simply allocated 
equally to the quartiles)

• Income quartile productions and attractions are 
maintained for mode choice and trip distribution



Model Module – Trip Distribution

• Creates the person trip tables in production –
attraction format
– HB trips = trips all start at production (home) end
– NH trips = trips start at origin end

• Different gravity models applied to each income 
quartile based on differences in observed 
average trip lengths from household survey data 
(though in practice the quartiles are usually 
aggregated)



Model Module – Mode Choice

• Calculates the probability of person trips 
using the available modes:
– Auto: SOV, HOV-2, HOV-3+
– Transit: Local and Premium with drive or walk 

access
• Probabilities are applied to person trips to 

create vehicle person trip tables
• Transit assignment is handled as a 

separate “off model” utility



Model Module – Auto Occupancy

• Converts person vehicle trips to vehicle trips by 
applying auto occupancy curves that are based 
on trip purpose and travel time

• Curves were calibrated from household travel 
survey data
– Auto Driver vs. Auto Passenger
– Transit not included in curves since trips are not 

included at this point
– All “Serve Passenger” trips counted as HBO which 

accounts for the high occupancy rate of HBSC



Model Module – External Model
• Models the two components of external travel

– Internal – External
– External – External

• External travel is disaggregated into three purposes
– Work
– Non work
– Truck

• Internal – External models are part traditional, part non 
traditional

• External – External model uses surveyed trip table 
factored (Fratar) to traffic counts



Model Module – Truck Model

• Truck model separates truck activity into 
three components
– Truck (medium and heavy trucks are 

generated separately but then combined for 
all other steps)

– Commercial (light duty vehicles used for 
commercial purposes)

• Truck model only considers internal truck 
movements



Model Module – Time of Day Model

• Vehicle trip tables are disaggregated into 
four periods
– Overnight (18:00-6:00)
– AM Peak (6:00-9:00)
– Midday (9:00-14:00)
– PM Peak (14:00-18:00)

• Period trip tables are used for assignment



Model Module – GPS Correction

• Vehicle trips tables are factored based on 
results of GPS Travel Survey

• Household travel survey interviews were 
found to significantly under report trips 
made
– By purpose 
– By travel time

• Factored trip tables are used in 
assignment



Model Module – Highway 
Assignment

• Four period assignments are run and then 
results are aggregated together to create 
daily traffic volumes

• Truck and passenger cars are assigned 
simultaneously to the network

• Junction based intersection delay is used 
to more accurately model traffic signals 
and impact on network



Scenario Manager



Network Skimming



Purpose

• Develop shortest path skims that are used 
in the following model components
– Trip Distribution
– Mode Choice
– Auto Occupancy
– External Model
– GPS Adjustment Model
– Truck Model (Note: truck model skims are 

created within the truck model itself)



Network Skimming
• Methodology

– Skimming Performed on Shortest Path Travel Time 
• (Distance/Speed)*60 + TLTM

– Distance = Link Distance
– Speed = OFFPSPD (Total Time Speed, NOT Run Time Speed)
– TLTM (Toll Time) = (CARTOLL/CTOLLCPMIN)*DIST

» CARTOLL = Auto Toll in Cents Per Mile (from network)
» CTOLLCPMIN = Conversion of Cost to Time (from parms)

• Includes Turn Penalty Set 1
– Skimming for Truck Model Also Includes Distance

• (Distance/Speed)*60 + TLTM + Distance
– TLTM (Toll Time) = (TRKTOLL/TTOLLCPMIN)*DIST

» TRKTOLL = Truck Toll in Cents Per Mile (from network)
» TTOLLCPMIN = Conversion of Cost to Time (from parms)

• Includes Turn Penalty Set 1



External Model



Application



Purpose

• Models External Travel
– External – Internal: Trips that have one end outside 

study area and one end in study area
– External – External: Trips that have both ends of the 

trip outside the region, but pass through region
• External Travel Disaggregated (IE and EE)

– Work
– Non Work
– Truck



Internal – External Model
• Model Structure, Trip Generation

– Traditional: Regression to estimate attractions in each zone
– Non-Traditional: Uses IE accessibility-modified variables as 

independent variables
• Model Structure, Trip Distribution

– Traditional: Gravity Model
– Non-Traditional: Composite Impedance of travel time and bias angle 

(the angel between the direction of travel at the cordon and the direction 
to the destination zone)

• Model Steps
– Calculate accessibility to each zone
– Calculate average squared distance to the 3 nearest external zones
– Calculate initial IE attractions
– Apply Gravity Model to IE trip purposes to create P-A format trips
– Create “true” P-A format trip tables for use in time of day and II 

reduction models



High / Low External Stations
• External Stations are categorized as either High or Low 

Type
• Designation is used for:

– Unique friction factor curves for low vs. high type stations
– Unique angular bias constants for low vs. high type stations

• High type stations are freeways or similar facilities with 
long trip length frequency distributions impacting large 
parts of the study area

• Low type stations serve more localized traffic with trips 
clustered closely to the cordon line



Distance Factor
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IE Accessibilities

• Where
– ACjp = accessibility of zone j for purpose p
– Pihighp = Number of IE trips of purpose p produced at cordon 

station I (high type)
– Fihighip = Friction factor resulting from travel impedance between 

zone j and cordon station I (high type) for purpose p
– Pilowp = Number of IE trips of purpose p produced at cordon 

station I (high type)
– Filowip = Friction factor resulting from travel impedance between 

zone j and cordon station I (high type) for purpose p

∑∑ +=
LOW LOWLOWHIGH HIGHHIGH i jpipii jpipijp FPFPAC



Angle Adjustment
• Angle is calculated between 

the external station entry road 
and each internal zone

• Travel time is then multiplied 
by exponential of the bias 
angle times a calibration 
coefficient

I = T * exp (C * θ)
where
I = Impedance
T = Time
C = Calibration coefficient
θ = Bias angle

θ

θ



External – External Model
• External – External travel is the trips that cross the study 

area, but do not stop internally
• Model based on surveyed External – External travel 

patterns from cordon surveys
• Surveyed trips are factored to traffic counts using a 

Fratar Method
• Traffic count totals are entered into model as an input file 

by trip purpose
• Note that the EE Fratar file and the IE Productions file 

are completely analogous and are generally created 
together in a spreadsheet by parsing the cordon count



Truck Model



Application



Purpose
• Model generates two types of truck movements

– Truck: all vehicles including tractor trailers with more than 2 
axles

– Commercial: light duty commercial trips (passenger cars used 
for non-personal transportation, light duty trucks and service 
vehicles)

• Models were calibrated based on applying a “borrowed”
model and then adjusting based on local traffic count 
data
– Commercial counts were synthesized based on a set of 

commercial traffic counts taken across the state which 
established proportions by facility type

• Both models estimate only I/I truck movements
– IE and EE truck movements are modeled as part of External 

Model



Commercial vs. Truck

• Model structure is 
similar
– Network Skims
– Trip Generation

• Attraction calculation
• P’s set equal to A’s

– Trip Distribution
• Gravity Model



Network Skims

• Travel time for each ij 
pair is calculated and 
used in the gravity 
model for both 
commercial and truck

• See network 
skimming discussion 
for more details on 
truck impedance 
skimming



Trip Attractions
• Trip attractions are calculated using regression models
• Special generator adjustments are made for zones that 

have unique trip making characteristics based on 
analysis of Matrix Estimation (ME) runs

• Due to the huge variances that exist in truck generator, 
application of special generators is extremely important 
to the truck model

• Truck is broken down into two categories with unique 
coefficients
– Heavy
– Medium

• Productions are set equal to final attractions



Field Truck_Heavy (Heavy) Commercial Truck Heavy (Medium)

NAICS11 0.174 0.512 0.289

NAICS21 0.174 0.512 0.289

NAICS22 0.104 0.512 0.242

NAICS23 0.174 0.512 0.289

NAICS31 0.104 0.512 0.242

NAICS32 0.104 0.512 0.242

NAICS33 0.104 0.512 0.242

NAICS42 0.104 0.512 0.242

NAICS44 0.065 0.564 0.253

NAICS45 0.065 0.564 0.253

NAICS48 0.104 0.512 0.242

NAICS49 0.104 0.512 0.242

NAICS51 0.009 0.512 0.068

NAICS52 0.009 0.512 0.068

NAICS53 0.009 0.512 0.068

NAICS54 0.009 0.512 0.068

NAICS55 0.009 0.512 0.068

NAICS56 0.009 0.512 0.068

NAICS61 0.009 0.512 0.068

NAICS62 0.009 0.512 0.068

NAICS71 0.009 0.512 0.068

NAICS72 0.009 0.512 0.068

NAICS81 0.009 0.512 0.068

NAICS92 0.009 0.512 0.068

NAICS99 0.009 0.512 0.068

TOT_HH 0.038 0.165 0.099



Attraction Adjustment Factors
• Once the attractions are calculated, and 

adjusted for special generators, area type 
adjustment factors are applied

• Factors are unique by Truck and Commercial 
and by area type

Area Type Commercial Adjustment Truck Adjustment

CBD 0.6 0.40

URBAN 0.5 1.20

SUBURBAN 1.00 0.90

RURAL 1.00 1.20



Trip Attractions

Regression Model

Area Type Adjustments

Special Generator Adjustments



Trip Distribution

• Uses a traditional gravity model 
formulation from the borrowed model

• Commercial and Medium Truck share one 
friction factor curve and Heavy Truck uses 
a unique curve

• Post distribution, the medium, heavy and 
external trucks are aggregated together for 
purposes of Time of Day



Truck Friction Factors

Truck Friction Factors
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Time of Day Model



Application



Purpose
• Time of Day Model converts PA format trips to OD 

format by time period
• Time Periods used

– AM: 6am to 9am
– Mid-day: 9am to 2pm
– PM: 2pm to 6pm
– Overnight: 6pm to 6am

• Vehicle trips 
– Internal trip purposes from Auto Occupancy and Truck Model
– IE and EE trips

• II Reduction for IE Trips
– This module has the secondary purpose of reducing II trips 

based on the IE trips in the zone



Internal Trip Reduction for IE
• Production rates in Cross Class Model include IE trips 

from HH Survey
• In the IE Model, IE car trips were roughly stratified into 

home and nonhome generated trips (based on the 
population and employment levels of the zone)

• Zonal Internal Home Based Productions are thus 
reduced by the number of home generated IE trips in the 
zone

• Note the implication: IE trips generated due to 
employment are simply stacked onto the internal 
attractions with no automatic reduction.  A special 
generator can be used to implement an attraction side 
reduction if it is necessary



Departure Time

REPORTED DEPARTURE TIME
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Traffic Assignment



Application
Important Distinction

Junction (model validated using this)
Traditional Equilibrium (can be turned 
on via interface)



Purpose
• Final step in the modeling process – assign 

vehicle trips to the highway network
• Four separate assignments are used

– AM Period, Mid Day, PM Period, Overnight
• The assigned trip tables include the following 

components
– Personal Auto: Internal, External – Internal, External –

External
– Commercial: Internal, External – Internal, External –

External
– Truck: Internal, External – Internal, External - Internal



Methodology
• Car trips and truck trips are assigned simultaneously

– Car: Personal Auto + Commercial
– Truck: Truck

• Distinction is made to allow for the special treatment of 
trucks in the volume delay curve
– Trucks have a unique PCE (passenger car equivalencies) based 

on terrain
• Flat = 2.0
• Rolling = 3.0
• Mountainous = 5.0

• A unique cost function is applied for cars and trucks



Cost Function
CARCOST = T0 + (CARTOLL / CTOLLCPMIN)*DIST + DIST*DIST_F
TRKCOST = T0 + (TRKTOLL / TTOLLCPMIN)*DIST + DIST*DIST_FTRK

Where
CARCOST = Car composite cost function
TRKCOST = Truck composite cost function
T0 = Off Peak Travel Time (Dist/OFFPRSPD)*60
OFFPRSPD = Off peak running speed (intersection stop delay removed)
CARTOLL = Toll per mile (Auto) in cents
TRKTOLL = Toll per mile (Truck) in cents
CTOLLCPMIN = Conversion of toll cost to time (Auto)
TTOLLCPMIN = Conversion of toll cost to time (Truck)
DIST = Link distance
DIST_F = Distance factor (Auto)
DIST_FTRK = Distance factor (Truck)



Methodology
• Assignment procedure

– Trips are assigned simultaneously to the network using unique cost 
functions (auto vs. truck)

– Congested travel time is calculated for each link using standard volume 
delay curve

• Trucks are converted to PCE that is terrain dependent
– Each iteration is averaged together and the results are compared

against the convergence criteria (GAP=0.005) or until 20 iterations
• Convergence criteria defines the cut off point based on relative difference in 

system cost between last iteration and the one previous
– If convergence criteria is not met, link impedances are updated based 

on the new volume flows and assignment proceeds to next iteration
– If convergence criteria is met, program moves to the next assignment 

period until all four periods have been assigned
– Final step is the assignment volumes for all periods are summed 

together for validation comparisons



Volume Delay Functions
BPR Curves for Each Link Group
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Junction Modeling
• Junction based assignment is used in the 

validated model
• The main difference from traditional assignment 

is that intersection turning delays are volume 
dependent

• The delays are calculated using HCM delay 
formulas

• In practice, these delays are simply implemented 
as iteration specific turn penalties

• While conceptually simple, this has many 
implications…



Junction Modeling Implications

• Inputs
Run time speed used instead of total time speed (i.e. intersection delay is removed)
Saturation flow rate used instead of capacity
Input turn penalties (except prohibitors) are not used
More detailed input data such as intersection control type and turn lanes are needed
No interrupted flow BPR curves (linkgroups greater than 10) are used

• Assignment Methodology
Equilibrium assignment is not used because equilibrium is undefined when the 
impedance function is volume dependent

• Outputs
Intersection delay and level of service measures are available
Assignment works better in areas with traffic control devices



Junction Modeling



Highway Assignment - Outputs
• Period link volumes
• Period turn volumes (must turn on in script)
• Period intersection volumes and LOS measures
• Period path file
• Daily traffic volumes (auto and truck)
• Validation Reports

– VMT by FUNCLASS and ATYPE (Total and Truck)
– RMSE by Volume Group (Total and Truck)
– Screenline results (Total)



Daily Traffic Volumes



Intersection Outputs (Period 
Specific)


