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I. Executive Summary and Introduction

The Baltimore Metropolitan Council (BMC) had been charged by the Baltimore Regional
Transportation Board (BRTB), the designated Metropolitan Planning Organization for the
Baltimore Region, to develop a computerized transportation model which can simulate person
transportation demand and vehicle flows on the regional highway and transit system. The region
consists of Baltimore City and the counties of Anne Arundel, Baltimore, Carroll, Harford, and
Howard, all in the State of Maryland. Also included in the model, although in less detail, are the
Maryland counties of Prince George’s, Montgomery, and Frederick as well as the District of
Columbia. See Exhibit I-1 for a map of the Baltimore region and the model area.

This report documents the model development completed in summer 2003 to simulate
person travel and ultimately traffic conditions for the year 2000. It supercedes the 1996 model
completed in September 2001. Several enhancements to the model have been made as a result of
continuous research and application of enhanced modeling techniques, many of which have been
suggested to BMC staff:

o New Base Year of 2000
o 2000 Demographic Data
o 2000 Transportation Analysis Zone (TAZ) Structure

. Transportation Networks in GIS
o Improvements to Model Code Using TP+ Software
o New Truck and Commercial Vehicle Models

o Equilibrium Assignment Methodology

o Network Speed and Capacity Updates

o Drive Access to Transit Trips in Assignment
o BWI Special Generator Update

o Addition of Home-Based Other (HBO), Home-Based School (HBSch), and
Work-Based Other (WBO) to Distribution Feedback Loop

o Barrier Penalty Revisions
o Mode Choice for I-X/X-I trips
These are discussed in more detail in the next few pages.

A transportation model requires significant data inputs. Chapter III of this report
describes, in general terms, the transportation analysis zone (TAZ) structure and input data used
by the model.

A more detailed description of the model can be found in Chapter IV, along with details
of the changes made for this model run.



The 2000 model base year results are documented in Chapter V. A list of acronyms used
in this report and their definitions can be found in Appendix 1.

Exhibit I-1
The Baltimore Region and Model Region

Philadelphia
Pennsylvania

Wilmington

| New Jersey

West Virginia

District Of Columbia

Delaware

Virginia

BMC Modeling Region Legend:
[ maryland Counties Not Included
Baltimore Region: 6 Jur. and 2.5 Million Pop.
[ Portion of Washington Region Included: 4 Jur. & 2.3 Million Pop.

Several enhancements have been made to the 2000 model [henceforth referred to as
TROO; TR for the new truck model and 00 for the model year (2000)].

e New Base Year of 2000

A new base year of 2000 was chosen because it is a Census year. Previously, 1996
had been the base year. The 2000 year will remain the base year for the next model
update when additional data from the 2000 Census and 2001 Household Travel
Survey will be available.

e 2000 Demographic Data

The demographic data used by the model (Round 6) was updated to reflect the 2000
Census. The demographic data projections based on the 2000 Census (Round 5-D and
Round 6) showed that there was significantly more population in Baltimore City and
other denser areas than had been expected in the previous round of demographic



forecasts (Round 5-C). The 1996 model used Round 5-C demographic data based on
projections from the 1990 Census.

2000 Transportation Analysis Zone (TAZ) Structure

BMC staff developed a new TAZ structure based on 2000 Census geography with
1,151 TAZs in the Baltimore region and 1,463 TAZs in the modeled region. (The
1998 TAZ structure used in the previous model had 1,014 TAZs in the Baltimore
region and 1,326 in the modeled region.) Both structures include 270 Washington
region TAZs and 42 external stations.

Transportation Networks in GIS

The software used to run the model, TP+, has a built-in network editing environment
known as VIPER. For the past 3 years, BMC modeling staff have worked to transfer
the transportation network system from the VIPER environment into a customized
program using Geographic Information System (GIS) technology. All highway
network editing has been performed using MapInfo GIS since the spring of 2001. The
spatial components of transit network editing (park and ride lots and rail stations)
have been performed in MapInfo since the spring of 2003. The text component of the
transit network editing system, which is still the bulk of the transit network, continues
to be performed in VIPER or a text editor due to the difficulty in transferring it to
GIS. The customized program in Maplnfo is called the Master Network system.
Using the Master Network has improved network accuracy by improving network
checking, attribute calculation, and spatial representation.

Improvements to Model Code

The model code contains all the commands necessary to run the BMC travel demand
model in TP+. For this model update, version 3.0 of the TP+ software was used along
with version 3.0.6 of the TRNBUILD transit module. The 1996 model used version
2.0.3 of TP+. The differences between TP+ version 3.0 and version 2.0.3 were small.

Many changes were made to make the model code more efficient. First, additional
parameterization was added to the model code. Parameterization is a process that
replaces variables set within the model code, also called the job stream, with variables
set at the beginning of the run. These parameters can then be easily changed and,
therefore, errors minimized by making all of them visible in one place. While several
parameters had been in place for the prior validation, additional parameterization was
performed for this effort.

Additionally, steps were taken to reduce the amount of time required for the model to
run. The new 2000 TAZ structure has many unused zone numbers, which have been
reserved for future use of the Metropolitan Washington Council of Government’s
(MWCOG) complete TAZ structure, for additional TAZs for local subarea analysis,
and additional external stations. However, these unused zone numbers still require
processing, which slows down the model run. As a result, two simple lines of code
were inserted into each module to skip unused TAZ numbers (other than the transit
pathbuilding modules that do not support this). At the beginning of processing,



further calculations are skipped for those TAZs that are not used, and this has
decreased processing time tremendously.

Lastly, upon recommendation of a BRTB subcommittee reviewing a critique of the
Baltimore Region Travel Demand Model, bucket rounding was removed from the
model process. Bucket rounding was used to provide conversion to whole numbers of
trip tables while avoiding distortions caused by rounding errors that can occur when
the more than 2 million active zonal interchanges are converted into integers.
Fractional trips are now carried throughout the model chain and then rounded to the
nearest whole trip after trip assignment. While the concept of fractional trips is
difficult to comprehend, examination of interim model results reveals that their use
provides a higher degree of precision in the modeling process.

New Truck and Commercial Vehicle Model

In year 2002-2003, BMC retained a transportation consultant to develop a new set of
truck and commercial vehicle models with three trip purposes: commercial vehicles,
medium trucks, and heavy trucks. Commercial vehicles are 2-axle, 4-tire vehicles
used for business purposes. Medium trucks are 2-axle, 6-tire trucks, and heavy trucks
are vehicles with 3 or more axles. The models were developed using an innovative
technique called adaptable assignment, which develops a model from classified count
data.

Equilibrium Assignment Methodology

The previous version of the model used the incremental capacity restraint traffic
assignment methodology, first assigning through trips, then 10 increments of 10%
each of the remaining trips. The equilibrium assignment technique, used by many
large MPOs, assigns traffic to the network by minimizing travel times for all trips.
The equilibrium methodology was tested and incorporated into the 2000 model .

Network Speed and Capacity Updates

Free flow speeds were updated using off-peak data collected in the field by the BMC
during the period from 1998 to 2002. Using a Geographic Information System
interface, each vehicle’s time and position were plotted adjacent to model links
representing the highway system that had been traversed. This yielded a data set with
hundreds of data points from which new values of speed were statistically compared
and extracted. Increases or decreases based on the revised data ranged from 1 to 5
miles per hour, depending on the type of roadway and density of the area. The road
capacities used by the model were updated to reflect the 2000 Highway Capacity
Manual (HCM), which is the most recent version. The 1996 model used capacities
based on the 1994 HCM.

Drive Access to Transit Trips in Assignment

Previously, drive access to transit trips (i.e., trips from home to a park-and-ride lot)
were not assigned to the highway network. A methodology was developed to
determine which transit stations these trips utilized, and then assigns these trips from
the production zone (origin or destination zone for non-home-based trips).

BWI Special Generator Update



BWI Airport, located in Anne Arundel County, is a special trip generator because of
its unique purpose. A special trip table has been used to reflect additional vehicle trips
generated by the airport beyond those explained by the model. The BWI trip table
used for the 1996 model was developed using BMC’s 1995 BWI Airport Parking
Survey data. With the changes to TAZ structure, the old BWI trip table was no longer
suitable. Therefore, major updates to the BWI trip table were made using the new
data sets from BMC’s 1999 and 2001 BWI Airport Parking Surveys and Metropolitan
Washington Council of Government’s 1998 Airport Passenger Survey.

Addition of Home-Based Other (HBO), Home-Based School (HBSch), and Work-
Based Other (WBO) to Distribution Feedback Loop

The process of redistributing a trip purpose after the first assignment onto the
transportation network that uses travel times from that assignment is called
congestion feedback. In the 1996 Validation, only Home-Based Work (HBW) trips
used congestion feedback. In response to a consultant recommendation, BMC staff
conducted research to ascertain whether or not additional trip purposes should also
use congested feedback. The results indicated that HBO, HBSch, and WBO trips
should also be included in the congested feedback process.

Revised Barrier Penalties

Barrier penalties add time for travel between selected jurisdictions or areas to
simulate the higher perceived travel costs associated with crossing geographical or
political boundaries. Modifications were made in the Home-Based Work barrier
penalties to increase travel between selected jurisdictions.

Mode Choice for [-X/X-I trips

The mode choice model, developed in 2001, assumed that all internal to external
(I-X) and external to internal (X-I) trips were single occupant autos; all the I-X and
X-I person trips were converted to the same number of auto trips. This was in conflict
with another part of the model which assumed a specific auto occupancy rate that
would mean fewer vehicle trips than person trips. After mode choice, the [-X and X-I
trips would be converted to vehicle trips by a FRATAR process meant to hold trips at
external stations to a specific value. The change to the model was to factor the I-X
and X-I trips to vehicle trips at the mode choice stage, but still run the FRATAR
process to ensure that all externally-oriented trips be as close as possible to the fixed
value at the external stations. The factors are defined in the model description found
in the next chapter.



II. Model Inputs

Introduction

There are numerous inputs that are needed for the model. They are listed below:
Transportation Analysis Zone (TAZ) Structure

Socioeconomic Data by TAZ

Identification of Truck Activity Zones
Number of Households by Size and Vehicle Availability
Regional Planning District (RPD)
Population

Labor Force

Total Employment

Retail Employment

Non-Retail Employment

School Employment

Industrial Employment

Office Employment

Other Non-Retail Employment

Number of Households

Persons in Group Quarters

Land Use Classification (TAZ Density Code)
Total Acreage

Median Household Income

Trip Shares by Income

Parking Cost

Auto Operating Cost per Mile

Share of Households by Vehicles Available
School Transit Shares

e Transit Market Bias

Highway Network and Related Data

Node and Coordinate Data

Link Data

Terminal Times

Intrazonal Times

Traffic Counts

Free Flow Highway Speeds

Level of Service “E” Highway Capacities
External Station Traffic Count Volumes



Transit Network

e Node and Coordinate Data

Transit Links And Access Links

Walk Access Shares And Walk Time

Transit Access Shares For Home-Based School Trips
Park And Ride Access

Downtown Sidewalk Network

Transit Fares

Trip Tables

Time Of Day Factors

External To External (X-X) Station Traffic

BWTI Airport Special Generator

Delta Calibration Tables For Heavy And Medium Trucks And Commercial Vehicles

Some of these items deserve further clarification or explanation and are described in the
following sections.

Much of the model was developed from and calibrated to the benchmark Household
Travel Survey conducted in 1993 using a stratified random sample of 2,700 households. This
sample was weighted to match 1990 Census data. The Census provided accurate data not only on
population, but also on household characteristics such as number of persons and vehicle
ownership. The survey sample was stratified by these criteria, and was expanded to match the
population. Since the Census figures were the most reliable resource, they were used in the
weighting process so that each household in the sample would have a weight to factor it to match
the total number of households in its stratum.

Highway and Transit Networks

Prior to running the model, highway and transit networks are developed. The highway
network consists of links representing road facilities. Its database structure consists of
identification fields (A Node and B Node numbers, representing the two end points) and link-
specific information of such as the number of lanes, capacity class, speed class, functional type,
roadway type, and other data. Transit station and access nodes are also included in the highway
network, as are drive access links connecting the highway network to transit park and ride lots.

The transit network consists of rail facilities, rail and bus lines, stations and park and ride
lots, and a downtown sidewalk network. The downtown sidewalk network allows for improved
access to transit lines in an area with a high concentration of TAZs and transit lines.

Transportation Analysis Zone Structure

Underlying the modeling process is the Transportation Analysis Zone (TAZ) structure.
The entire modeled region is divided into small geographic areas (generally corresponding to US
Census block groups), and the model operates on this level of detail. A district level zone
structure, called Regional Planning Districts (RPDs), is an aggregation of TAZs.

For the Washington region of the model, a less well-defined zone structure is employed.
Along the border with the Baltimore region, zone-level data developed by the Metropolitan



Washington Council of Governments (MWCOG) is used. Away from the border, aggregations of
zones at the District level, similar to the BMC’s RPDs, are utilized (referred to as Transportation
Analysis Districts by MWCOG). Table II-1 shows the zone numbering conventions for the
modeled region. TAZs and RPDs for the Baltimore Region jurisdictions are shown in Exhibits
II-1A through II-1I. The small numbering denotes TAZ numbers and the large numbering in
boldface denotes RPD numbers.

Table 11-1
TAZ Structure by Jurisdiction
Number of TAZ

Jurisdiction TAZs Numbering
Baltimore City 217 1 to217
Anne Arundel Co. 208 218 to 425
Baltimore Co. 342 426 to 767
Carroll Co. 95 768 to 862
Harford Co. 140 863 to 1,002
Howard Co. 149 | 1,003 to 1,151
Baltimore Region 1151 1 to 1,151
District of Columbia 35| 1,900to 1,934
Montgomery Co. 88 | 2,219 to 2,306
Prince George’s Co. 126 | 2,527 to 2,652
Frederick Co. 21| 2,908 to 2,928
Washington Region 270 | 1,900 to 2,928
External Stations 42 | 2,932 to 2,973
Modeling Area Total 1,463 1to 2,973

Note that the Washington region zone numbers are not continuous between jurisdiction.
This is done in case there is a future need to break the TAZs down to the level of detail used by
the Metropolitan Washington Council of Governments.



Exhibit II-1A

Baltimore City Transportation Analysis Zones
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Exhibit II-1B
Anne Arundel County Transportation Analysis Zones

Northern Anne Arundel County
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Exhibit II-1C
Northern Anne Arundel County Transportation Analysis Zones
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Exhibit II-1D
Baltimore County Transportation Analysis Zones
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Exhibit II-1E
Southeastern Baltimore County Transportation Analysis Zones
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Exhibit II-1F
Southwestern Baltimore County Transportation Analysis Zones
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Exhibit II-1G

Carroll County Transportation Analysis Zones
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Exhibit II-1H

Harford County Transportation Analysis Zones
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Exhibit II-11
Howard County Transportation Analysis Zones

1004 — G505 FPD's
117 0
T o1z TAL's
1002 1006
602 013 1019 4020 02
007 102 1
wos 601
1010 1015 See Inset 1
1046
1008 017 603
1009
1018
Inset 3: Savage 1052
L 1058 | See Inset 2
_ 1116
1900 606 1117
1054 T2z
1099 114 1‘1241126
1125
604 1101 605
A 127
1055
1129
1051
Seelnset 3
1050 Pt \{_": o]
132
Inset 2: Columbia 607
i ] 1037
\;\035 103‘11%33 102 = 1038
602
1045 1036 036
013 1024 1030
o 52 1031 Inset 1: Ellicott City
1 - in&7
1060 1064
1070 ; (g 1088 . 117
] 090 [
1067 606
e w o 1080 1039 1091
1060
"2 | 4148
< q
1123
1046
1048 4&
“ 2
o B=lti more Metrop olitan Cou il
147 1145 )
1049 Chate Prepared . sanwary 2004
13 Taa 128 (OTE: Transporation Analyss Zae 5o rot always
1140 st oo pledely within Feqional Planning Diskiots

18



Regions outside the modeling area are represented by 42 external stations, which
correspond to major roadways crossing the modeled region boundary. They are listed in Table II-
2 and shown graphically in Exhibit II-2.

Table 11-2
List of External Stations

TAZ External Station Name
2932[MD 2 at Calvert/Anne Arundel Co. Line
2933|MD 4 at Calvert/Anne Arundel Co. Line
2934MD 381 at Charles/Prince George’s Co. Line
2935MD 5/US 301 at Charles/Prince George’s Co. Line
2936/MD 210 at Charles/Prince George’s Co. Line
2937[1-495/1-95 at Virginia/Maryland Line
2938[1-395/US 1 at Virginia/DC line
2939|Arlington Memorial Bridge at Virginia/DC line
2940[1-66 at Virginia/DC line
2941|Key Bridge at Virginia/DC line
2942|Chain Bridge at Virginia/DC line
2943|1-495 at Virginia/Maryland line
2944|US 15 at Virginia/Maryland line
2945MD 478/MD 79 at Virginia/Maryland line
2946[US 340 at Frederick/Washington Co. line
2947|US 40 Alt. at Frederick/Washington Co. line
2948|US 40 at Frederick/Washington Co. line
2949[1-70 at Frederick/Washington Co. line
2950[MD 17/MD 77 at Frederick/Washington Co. line
2951|MD 550 at Frederick/Washington Co. line
2952MD 140 at Maryland/Pennsylvania line
2953|US 15/ US 15 Bus. at Maryland/Pennsylvania line
2954|Harney Road at Maryland/Pennsylvania line
2955MD 194 at Maryland/Pennsylvania line
2956(MD 97 at Maryland/Pennsylvania line
2957|01d Hanover Road at Maryland/Pennsylvania line
2958MD 30 at Maryland/Pennsylvania line
2959MD 86 at Maryland/Pennsylvania line
2960Middletown Road at Maryland/Pennsylvania line
2961MD 45 at Maryland/Pennsylvania line
2962|1-83 at Maryland/Pennsylvania line
2963MD 23 at Maryland/Pennsylvania line
2964|MD 24 at Maryland/Pennsylvania line
2965MD 624 at Maryland/Pennsylvania line
2966|MD 165 at Maryland/Pennsylvania line
2967|01d Pylesville Road at Maryland/Pennsylvania line
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TAZ External Station Name

2968|Prospect Road at Maryland/Pennsylvania line

2969MD 623 at Maryland/Pennsylvania line

2970[US 1 at Cecil/Harford Co. line

2971|1-95 at Cecil/Harford Co. line

2972|US 40 at Cecil/Harford Co. line

2973|US 50/US 301 Bay Bridge

20




Exhibit I1-2

External Stations
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Functional Types and Roadway Types

Functional types are based on the federal-aid functional classifications and are used for
tabulating data and establishing link input speeds. Road types are used for calculating capacity.
While the two terms are related, they are not exactly equivalent. The functional and road type

classifications are shown in Tables I1-3 and I1-4, respectively.

Table 1I-3
Functional Type Classification System

FT Classification

1 | Interstate

2 | Freeway

3 | Primary Arterial

4 | Minor Arterial

5 | Collector

6 | Interstate High Speed Ramp

7 | Interstate Medium Speed Ramp

8 | Interstate Low Speed Ramp

9 | Freeway Medium Speed Ramp

10 | Freeway Low Speed Ramp

11 | Centroid Connector

12 | Special Older Freeway

13 | Transit Drive Access Connector

14 | Business Routes

Table I11-4
Road Type Classification System

~
-

Classification

O 0 1O\ L B~ W —

Class I Freeway: 6+ Lanes and some new 4-Lane

Class II Freeway: 4-Lane and primarily older

Primary Multilane Highway

Primary 2-Lane Highway

Minor 2-Lane Highway

Primary Multilane Arterial — Divided

Primary 2-Lane Arterial — Divided

Primary Multilane Arterial — Undivided with Center turn lane
Primary 2-Lane Arterial — Undivided with Center turn lane
Primary Multilane Arterial — Undivided without Center turn lane
Primary 2-Lane Arterial — Undivided without Center turn lane
Minor Multilane Arterial
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RT Classification

13 [Minor 2-Lane Arterial

14 |Collector Road

15 |Local Road

16 |[Ramp Type 1: High Speed Continuous Ramp

17 |Ramp Type 2: High Speed Merge Ramp

18 |Ramp Type 3: Low Speed Merge Ramp

19  [Ramp Type 4: Stop Ramp

20 |Centroid Connector/Transit Drive Access Connector
21 |[Class III Freeways

Ramps have been classified into five categories as shown in Table II-3 above. The first
three categories only apply to interstates and the last two only to freeways. Three additional
functional types, 12, 13, and 14, are used. Functional type 12 was created for the Baltimore-
Washington Parkway and 1-895 to better account for the unique truck, speed, and capacity
restrictions on those expressways. Functional type 13 is for access links to rail stations and park
and ride lots. Functional type 14, called business routes, was created for roads which are
primarily used by business/local traffic because of the existence of bypasses or alternate routes.
The six road segments classified as functional type 14 are shown in Table II-5.

Table II-5
Road Segments Classified as Functional Type 14 (Business/Local)
Roadway Segment
MD 97 Downtown Westminster
Business MD 140 Downtown Westminster
Bloomsbury Avenue MD 144 to MD 166 (Rolling Rd)
MD 108 MD 94 to Sundown Rd
Business MD 194 Downtown Woodsboro
Business MD 550 Downtown Woodsboro

Land Use Density Classifications

The density of land use has great influence on transportation. The 1993 Household Travel
Survey demonstrated that motorized trip generation rates vary by land use density. Land use
patterns also have an effect on highway link attributes such as capacity and speed. In highly
developed areas, one can find a greater number of traffic signals and curb cuts, which reduce
capacity and speed from the values found in rural areas.

The travel demand model uses a GIS process to assess land use density. It is applied both
to TAZs (for trip generation purposes) and to highway links (to determine speed and capacity).
This process measures the number of households per acre in the vicinity of a TAZ or link, and
categorizes it into one of the four categories shown in Table I1-6. To determine TAZ density, the
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number of households in all TAZs which fall within a mile radius of the centroid of the TAZ in
question is divided by the total land area within the circle. The link density code calculation
process is conducted at a more microscopic scale than the TAZ calculation to attempt to capture
different land use patterns within a TAZ. Using the 1990 Census Block Household shares within
each TAZ (2000 Census Block data was not yet available at the time of this model update), 2000
Round 6 Household data for each TAZ was apportioned to the different 1990 Census Block
centroids within the TAZ. The link density was then calculated by including the household totals
of all block centroids located within a one-mile radius of the link midpoint. When each process is
complete, transportation network links are assigned values for both attributes, although only the
link density code is used for link level model analysis. In the 2000 network, the link and TAZ
density code only vary for 8.5% of all links. Exhibit II-3 shows a thematic map of the model
region’s TAZs colored by TAZ density code.

Table 1I-6
Land Use Density Classifications

Land Use Classification Households per Acre
City Center >8
Urban 4t0<8
Suburban lto<4
Rural <1

Parking Costs

A parking cost model was developed from an analysis of the 1993 Household Travel
Survey. The survey asked respondents who reported that they made a trip by automobile if they
paid for parking at the destination end of a trip. If the respondent reported a parking cost, follow
up questions were asked on how much was paid and whether the cost was hourly, weekly,
monthly, or yearly. The 1993 Household Travel Survey data were then broken into two sets, one
containing home-based work and the other containing all home-based non-work trips reporting a
parking cost. All costs were converted to an hourly rate. Additional records (those reporting not
paying for parking) were added to each database that contained a destination to a TAZ that had at
least one respondent reporting a parking cost. The geographic coordinates of each destination
TAZ centroid were added to all the records in the two databases. Using this information, an
analysis was performed on each regional TAZ, accumulating all the parking and non-parking
cost records within a one-quarter mile radius of each TAZ. Using all the records within a one-
quarter mile radius of a TAZ, a calculation was performed resulting in the weighted average
parking charge considering both the respondents who reported paying and those not paying a
parking cost. This analysis was performed for each regional TAZ.
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Exhibit I1-3
Land Use Density by Transportation Analysis Zone
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A regression model was developed by looking at the total employment within a one-
quarter mile radius and comparing it to the weighted average parking cost in that same radius.
The model only considered TAZs which had a parking cost greater than zero within the one-
quarter mile radius. Once an equation was developed, it was then applied to TAZs that had a
known parking charge developed from local knowledge, parking garage inventories, the 1993
Household Travel Survey or was located within Baltimore City. The equations are as follows:

Py =0.0772In(E 25)-0.554
Py = 1.391673Py+0.115957

where Py = Work Parking Cost per Hour
E »5 = Employment within % mile radius
Py =Non-work Parking Cost per Hour

The regression model was also applied to future horizon years updating hourly parking
costs based on future year total employment. However, it was assumed that parking charges
would only exist at locations that presently charge for parking. Existing and emerging suburban
activity centers are not considered to have a parking cost in future horizon years if they do not
have one in the base year.

Unconstrained Highway Speeds

BMC uses a highway speed lookup table that was designed to be sensitive to changing
conditions. The unconstrained highway speeds, which are used to determine initial link travel
time, are determined by the functional type and the land use density of the link. Thus, as a
roadway’s classification or surrounding density changes over time, the speed on that roadway
will also be adjusted to account for the new conditions.

BMC staff have collected morning peak and midday highway system speed data on a
regular basis since 1991. Speed data were collected via the “floating car” technique. Travel time
recorders traveling in a probe car on a predetermined route were instructed to pass one car for
every car that passed the probe car. Additional runs were made in subsequent years, and GPS
technology was added for more accurate measurements. These data from the midday period only
were segmented into links and referenced with the appropriate nodes of the highway network.
Using link density (City Center, Urban, Suburban, Rural) and functional type (freeway, principal
arterial, minor arterial, collector) a 16 cell table was developed summarizing the observed
highway speeds. Table II-7 shows the highway input speeds based on the observed data.
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Table I1-7
Highway Speed Look-Up Table

Functional Type Rural [Suburban| Urban C(ejrlltt);r
., |Posted Speed 65 MPH 68 68 64 60
Eé Posted Speed 60 MPH 65 64 61 55
2 [Posted Speed 55 MPH 62 62 59 50
- Posted Speed <55 MPH 55 55 55 46"
o [Posted Speed 65 MPH 67 67 64 46|
S |Posted Speed 60 MPH 63 63 61 46|
= |Posted Speed 55 MPH 62 62 57 46
Posted Speed <55 MPH 51 51 42 27
Principal Arterial 45 38 28 26
Minor Arterial 40 31 27 24
Collector 38 25 22 17
High Speed Ramp 50 50 50 45
Interstate Merge 30 30 30 30
Interstate Stop 20 20 20 20
Ramp Merge 25 25 25 25
Ramp Stop 15 15 15 15
Centroid Connector 30 25 20 15
Business Routes 25 25 25 25

Highway Capacities

The 2000 Highway Capacity Manual' (HCM) was utilized to update highway capacities
(at Level of Service “E”). The lookup table used to assign capacities to highway network links
was revised to account for the expanded roadway type classification system that was developed
as part of the 2000 model update. It should be noted that these roadway types are different from
the functional types outlined above. As with the speed look-up table, the same land use density
classifications were used (City Center, Urban, Suburban, Rural). Table II-8 lists the general
capacity per hour per lane from the lookup table.

' Highway Capacity Manual 2000, Washington, DC: Transportation Research Board, 2000.
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Table 11-8

Capacity Lookup Table
(Level of Service “E” Capacity per Lane)
Density Code
Rural | Suburban | Urban | CBD
1 2 3 4

Class I Freeway: 6+ lanes and New 4-lanes 2,400 2,350 2,300 | 2,200
Class Il Freeway: Older 4-lane 2,200 2,150 2,100 | 2,000
Class Il Freeways: Special Older Facilities: 1-895 and MD 295 1,800 1,750 1,700 | 1,600
Primary Multilane Highway 2,100 2,000 1,900 | 1,900
Primary 2-Lane Highway 1,600 1,500 1,400 | 1,400
Minor 2-Lane Highway 1,400 1,300 1,200 | 1,200
Primary Multilane Arterial — Divided 1,650 1,650 1,500 | 1,400
Primary 2-Lane Arterial — Divided 1,450 1,450 1,300 | 1,200
Primary Multilane Arterial - Undivided with Center turn Lane 1,550 1,550 1,400 | 1,300
Primary 2-Lane Arterial - Undivided with Center turn Lane 1,350 1,350 1,200 | 1,100
Primary Multi-Lane Arterial - Undivided without Center turn Lane 1,450 1,450 1,300 | 1,200
Primary 2-Lane Arterial - Undivided without Center turn Lane 1,250 1,250 1,100 | 1,000
Minor Multilane Arterial 1,300 1,300 1,200 | 1,100
Minor 2-Lane Arterial 1,100 1,100 1,000 900
Collector Road 1,100 1,000 900 800
Local Road 800 800 750 700
Ramp Type 1: High Speed Continuous Ramp 2,200 2,100 2,000 [ 2,000
Ramp Type 2: High Speed Merge Ramp 2,050 2,000 1,950 | 1,900
Ramp Type 3: Low Speed Merge Ramp 1,900 1,850 1,800 | 1,750
Ramp Type 4: Stop Ramp 1,800 1,700 1,650 | 1,600
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Screenlines

The term “screenline” as used by BMC staff refers to an imaginary line that intersects
one or more roads which is used to evaluate traffic flows in an area. Most screenlines used by
BMC staff are technically called “cutlines” or “cordon lines.” Technically, screenlines only refer
to cutlines or cordon lines that bisect or enclose the entire modeled region. An example of a
screenline used by BMC staff is shown in Exhibit II-4. In this example, Screenline 23 runs east-
west and covers the three roads in the model network that cross it: Falls Road, I-83, and York
Road. This screenline is used to evaluate traffic flows along the 1-83 Corridor in northern
Baltimore County. It should be noted that although all major roads are included in the model
network, some minor roads (shown crossing Screenline 23 in light gray) are not. Where
practical, counts from these minor roads are included in the screenline total in order to account
for this traffic flow, although the model may represent it at a different point on the screenline.

Exhibit 11-4
Example of a Screenline

Screenline 23 |

- —
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Traffic crossing each point of a screenline is compared with the best available traffic
count for that location. Traffic counts used in this model update are either 2000 counts or counts
from nearby years, e.g., 1997-2003, that have been growth factored up/down as appropriate to be
consistent with the 2000 count set. It is necessary to use traffic counts from years other than the
base year of 2000 since less than half of the 600 screenline count locations are counted every
year. Screenline results compare model simulation across a screenline to the average daily traffic
(ADT) counts at the same locations. Results are evaluated on an aggregate level for all screenline
locations so that the model simulation is within an acceptable error tolerance of the count data
based on the Federal Highway Administration’s (FHWA) standards for modeling practice.

There are 52 screenlines numbered from 1 to 54 (Screenlines 9 and 36 are not used) and
are grouped into 4 categories: Baltimore City, Circumferential, Corridor, and Local Area Cordon
screenlines as shown in Table II-9.

Table I1-9
Screenline Categories
Screenline | Number of
Category Subcategories Numbers | Screenlines
Downtown 1-5 5
. . Radial 6-8 3
Balt Cit
atmore M City Cordon 10-13 4
Total 1-8, 10-13 12
Beltway 14-18 5
Outer 19-24, 31 7
Circumferential
Circumferential Baltimore Region 32-35,37-41 |9
Cordon
Washington Region [51-53 3
Total 14-24, 31-35, (24
37-41, 51-53
Corridor None 29, 42-50, 54 (11
Local Area Cordon (None 25-28, 30 5

Baltimore City screenlines are numbered 1 to 13 and lie within or along the city limits of
Baltimore. Circumferential screenlines are numbered 14 to 24, 31 to 41, and 51 to 53. These
screenlines help form cordon boundaries that emanate outward from Baltimore City. Corridor
screenlines are numbered 29, 42 to 50, and 54. These screenlines lie along corridors that run
from Baltimore City to outlying areas. Lastly, Local Area Cordon screenlines are numbered 25 to
28 and 30 and comprise entire cordons around particular areas, e.g., Bel Air, Columbia, etc.
There are a total of 12 Baltimore City, 24 Circumferential, 11 Corridor, and 5 Local Area
Cordon screenlines.

The names of the 52 screenlines and the jurisdictions they cover are listed in Table II-10.
Exhibits II-5A through II-5D show maps for the screenlines in each of the four categories.
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Table I1-10
Regional Screenlines

Screenline Name Jurisdiction Category
Screenline 1 - North CBD City Baltimore City
Screenline 2 - East CBD City Baltimore City
Screenline 3 - South CBD City Baltimore City
Screenline 4 - West CBD City Baltimore City
Screenline 5 - Patterson Park/East Baltimore City Baltimore City
Screenline 6 - North of Liberty Heights Avenue City Baltimore City
Screenline 7 - East of Jones Falls Expressway City/Ba Baltimore City
Screenline § - Harford Road City Baltimore City
Screenline 10 - North Baltimore City Line City/Ba Baltimore City
Screenline 11 - East Baltimore City Line City/Ba Baltimore City
Screenline 12 - South Baltimore City Line City/Ba Baltimore City
Screenline 13 - West Baltimore City Line City/Ba Baltimore City
Screenline 14 - Beltway Screenline (South) AA/City/Ba | Circumferential
Screenline 15 - Beltway Screenline (Southwest) Ba Circumferential
Screenline 16 - Beltway Screenline (Northwest) Ba Circumferential
Screenline 17 - Beltway Screenline (North) Ba Circumferential
Screenline 18 - Beltway Screenline (Northeast) Ba Circumferential
Screenline 19 - South Cordon Line AA Circumferential
Screenline 20 - Southwest Cordon (MD 32) Line AA/Ho Circumferential
Screenline 21 - West Cordon Line Ho/Ca Circumferential
Screenline 22 - Northwest Cordon Line Ba/Ca Circumferential
Screenline 23 - North Cordon Line Ba Circumferential
Screenline 24 - Northeast Cordon Line Ba/Ha Circumferential
Screenline 25 - Towson Cordon Ba Local Area Cordon
Screenline 26 - Westminster Cordon Ca Local Area Cordon
Screenline 27 — Bel Air Cordon Ha Local Area Cordon
Screenline 28 - Columbia Cordon Ho Local Area Cordon
Screenline 29 - East of US 29 Ho Corridor
Screenline 30 - Annapolis Cordon AA Local Area Cordon
Screenline 31 - West of MD 543/Harford Co. Ha Circumferential
Screenline 32 - Anne Arundel Region Boundary AA Circumferential
Screenline 33 - Howard/Anne Arundel Co. Region Boundary Ho Circumferential
Screenline 34 - Howard West Region Boundary Ho Circumferential
Screenline 35 - West Carroll Region Boundary Ca Circumferential
Screenline 37 - North Frederick/Carroll Co. Region Boundary Ca Circumferential
Screenline 38 - North Baltimore Co. Region Boundary Ba Circumferential
Screenline 39 - North Harford Region Boundary Ha Circumferential
Screenline 40 - Northeast Region Boundary Ha Circumferential
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Screenline Name Jurisdiction Category
Screenline 41 - Annapolis Bay Bridge AA Circumferential
Screenline 42 - West of MD 3/I-97Anne Arundel County AA Corridor
Screenline 43 - Howard/Anne Arundel Co. Line AA/Ho Corridor
Screenline 44 - Howard/Carroll Co. Line Ho/Ca Corridor
Screenline 45 - Gwynns Falls West Ba Corridor
Screenline 46 - East of [-83 Ba Corridor
Screenline 47 - South of [-95/Baltimore County Ba Corridor
Screenline 48 - North of US 1/Harford Co. Ha Corridor
Screenline 49 - North of I-95/Harford Co. Ha Corridor
Screenline 50 - Harbor Crossings City/Ba Corridor
Screenline 51 - Expanded Region Boundary North of 1-495 WR Circumferential
Screenline 52 - Between Capital Beltway Crossings WR Circumferential
Screenline 53 - Expanded Region Boundary South of [-95 WR/AA Circumferential
Screenline 54 - N. of MD 140/ Baltimore Co. Ba Corridor

Jurisdiction Code

City-Baltimore City
AA-Anne Arundel County
Ba-Baltimore County
Ca-Carroll County
Ha-Harford County
Ho-Howard County
WR-Washington Region
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Exhibit I1-5A
City Screenlines

Source: Batimaore Metropoltan Council, Movember 2002

City Screenline
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Exhibit II-5B

Circumferential Screenlines

Circumferential Screenline

Source: Battimore Metropoltan Council, Movember 2002
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Exhibit I1-5C
Corridor Screenlines

Corridor Screenline

Source: Battimore Metropolitan Council, Movember 2002
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Exhibit II-5D
Local Area Cordon Screenlines

Local Area Cordon Screenline
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III. Model Description

Introduction

The traditional four-step process of travel demand forecasting (Trip Generation, Trip
Distribution, Mode Choice, and Trip Assignment) is utilized, as described in the following
paragraphs. TP+ software (version 3.0) is used for running the model, except for the transit path-
building module TRNBUILD, which utilizes a debugged version 3.0.6.

The first step in the procedure is trip generation, which utilizes various socioeconomic
data to calculate motorized (automobile and transit) person trips, commercial vehicle, and truck
trips produced and attracted by each zone. A process to generate non-motorized (bicycle and
walk) trips has also been incorporated.

The second step, trip distribution, links the trip attractions and productions between
zones. A gravity model is used which has been calibrated through the use of barrier penalties.
Following distribution, trips for three of the home-based purposes are stratified by income. Two
passes of trip distribution are made. In the first pass, all trip purposes are distributed based on the
free flow network travel times. The second pass occurs after completing the four step process.
This second pass begins with distribution, as Home-Based Work (HBW), Home-Based Other
(HBO), Home-Based School (HBSch), and Work-Based Other (WBO) trips are redistributed
based on a congested network.

The third phase of the modeling chain, mode choice, takes the data on the number of
persons traveling between zones and computes how many are single-occupant automobile
drivers, multiple-occupant automobile users, or transit riders. The process is repeated for HBW,
HBO, HBSch, and WBO trips, with congested highway and transit skims (zone-to-zone travel
times) used as an input. Automobile users are converted to the vehicle trip table.

Trip assignment is the final step in the procedure. The vehicle trip table is assigned to
the regional network to produce a simulation of link volumes, vehicle miles of travel, and
volume-to-capacity ratios. There are two passes: the first one produces an AM peak period (6
AM to 10 AM) assignment used for feedback into the second pass. The second pass produces
assignments for five time periods. Finally, a reasonable simulation of regional travel is achieved.

A simplified flow chart of the travel demand model chain is shown in Exhibit I1I-1. The
remainder of this chapter will describe the methodology used to perform each step of the
modeling process in more detail.
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Exhibit ITI-1

Baltimore Region Travel Demand Model Summary Flow Chart
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Trip Generation

Introduction
Trips are generated for nine trip purposes:

Home-Based Work (HBW)
Home-Based Shop (HBSh)
Home-Based Other (HBO)
Home-Based School (HBSch)
Work-Based Other (WBO)
Other-Based Other (OBO)
Commercial Vehicle (CV)
Medium Truck (MT)

Heavy Truck (HT)

Trip productions for the non-truck purposes are based on the 1993 Household Travel
Survey, using per household rates for each cell of a four dimensional matrix of trip purpose,
number of persons per household, vehicles per household, and area type. These rates can be
found in Appendix 2.

Home-Based Purposes

For the home-based purposes (HBW, HBSh, HBO, HBSch), a total (motorized and non-
motorized) trip rate generates trips productions, and these are put through a logit based choice
model to separate motorized and non-motorized trips. Logit models produce a probability for a
selection among several choices by developing a utility, which is a function of time, cost, and
other factors. The probability of making a certain selection is based on the exponential of the
utility of that selection divided by the sum of the exponentials of all competing utilities”. The
logit process for motorized trips bases the utility on the average number of vehicles per person in
a household and the land use density. Zonal vehicles per person are calculated by summing the
number of vehicles in each zone and dividing by the number of persons. Since the socio-
economic data contain information on the number of households in various combinations of
number of persons and number of vehicles, it is relatively easy to make this calculation.
However, the following vehicle ownership assumptions are made based on data from the 1993
Household Travel Survey, as listed in Table III-1, when performing these calculations.

2 The logit model used for travel forecasting was developed by Dr. Daniel McFadden at U.C. Berkeley, for
which he won a Nobel Prize. The general term for his work is Consumer Choice Theory.
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Table I1I-1

Vehicle Ownership
Vehicles/
Household Size and Number of Vehicles Household
One person, One or more vehicles 1.170
Two persons, Two or more vehicles 2.174
Three persons, Three or more vehicles 3.290
Four or more persons, Three or more vehicles 3.557

Motorized trips have a utility of zero, while non-motorized trips use the following
coefficients and constants applied to the autos per household to calculate the utilities based on

1
the equation p,,, = ————.
I+e ™
where pun = Non-motorized share
Um = Non-motorized utility

The coefficients and constants which are used in the utility equation are listed in
Table II1-2. Non-motorized trips are calculated and subtracted by total trip productions to yield
motorized trip productions.

Table I11-2
Utility Coefficients and Constants for Non-motorized Model
Coefficient to Constant
Vehicles per
Purpose Person Rural Suburban Urban City Center
HBW 2913 1.7468 1.8176 1.5515 1.0552
HBSh 1.837 3.2452 2.1739 0.6336 -0.0164
HBO 1.725 1.7820 1.1212 0.6896 0.2325
HBSch 2.467 1.8739 0.0775 -0.4909 -1.2184

Motorized trip attractions for these purposes are also based on the 1993 Household

Travel Survey. (Non-motorized attractions are not generated.) Regression equations, shown
below, were developed for HBW, HBSh, HBO, and HBSch:

AHBW: 173ER + O71EN
AHBSh = 221ER + 0361‘[
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Appo=3.6Er +1.19H
Apgsen =5.17Es+ 0.54H

where Apzw = Home-Based Work Attractions
Appsn = Home-Based Shop Attractions
Apso = Home-Based Other Attractions
Apngsen = Home-Based School Attractions
Er=Total Employment
Er = Retail Employment
Ey=Non-Retail Employment
H= Households
Es=School Employment

The number of attractions for each zone are multiplied by the factors shown in Table
III-3 for the appropriate trip purpose and land-use density type.

Table I11-3
Attraction Adjustment Factors

Attraction Adjustment Factor
Land Use Density HBW HBSh HBO HBSch
Rural 0.9946 1.2239 1.1328 1.1650
Suburban 1.0135 1.0177 1.1143 0.8780
Urban 0.8788 0.7363 0.8830 0.6535
City Center 0.8788 0.3459 0.8830 0.3162

It should be noted that HBSch trips (elementary and secondary school) are not included
in the external stations’ productions and attractions, as they are much less likely to cross the
external boundary.

Non-Home-Based Purposes

WBO and OBO, the two non-home-based purposes, receive special treatment. Because
trip productions are assumed to be in the zone in which the tripmaker dwells, these trips are
produced there. However, these trips are likely to have either or both ends in another zone, so
trip productions are not a meaningful indication of these trips’ spatial location. In order to
simulate the actual trip ends, productions (both motorized and total) were calculated based on the
trip rates, but an allocation methodology was then used to turn these trips into origins and
destinations. Attractions are not calculated for these purposes.

The allocation process uses a regression equation to generate synthetic total trip origins
and destinations. The independent variables (number of households, retail employment, and total
employment) are input to estimate the dependent variable of trips for WBO origins (WBOO),
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WBO destinations (WBOD), OBO origins (OBOO), and OBO destinations (OBOD). The
equation takes the form of:

Ty = Ay B + ByEy + C H

ik

where Tj = Synthetic Trips for Purpose i and TAZ j and Density k&
Ay = Coefficient for Non-retail Employment for purpose i and density k&
Eng; = Non-retail Employment for TAZ j
B = Coefficient for Retail Employment for purpose i and density &
Er; = Retail Employment for TAZ j
Cy = Coefficient for Households for purpose i and density &
H; = Households for TAZ j

The coefficients are shown in Table I11-4.

Table I11-4
Coefficients for Non-Home-Based Trip Allocation

Land Use
Density Variable WBOO OBOO WBOD OBOD

Retail Employment 1.1383 3.2436 1.5246 3.5627

g Non-Retail Employment 0.1918 0.0278 0.1387 0.0025
Households 0.1680 0.5411 0.1744 0.5644

= Retail Employment 0.2767 2.1433 0.2571 2.6906

E Non-Retail Employment 0.5683 0.4226 0.5797 0.2773

Z Households 0.0667 0.2724 0.0932 0.3038

_ Retail Employment 0.6386 2.1160 1.0690 2.1261

—g Non-Retail Employment 0.5738 0.0634 0.4639 0.0989
Households 0.0046 0.5662 0.0120 0.5586

5 Retail Employment 5.4340 2.5326 4.8526 3.2628
Loz Non-Retail Employment 0.3296 0.3717 0.2804 0.3059

5 Households -0.4506 0.1766 -0.3195 0.0550

Any negative result is set to zero.
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Nonmotorized origins and destinations are calculated by multiplying the number of total
synthesized trips by the factors shown in Table III-5. The result is then subtracted from the total
synthesized trips to provide a table of motorized synthesized trips.

Table III-5
Factors for Non-Motorized
Non-Home-Based Trip Allocation

Land Use
Density Trip End WBO | OBO
Origins .0370 .0353
Rural
Destinations .0343 .0363
Origins .0892 .0581
Suburban
Destinations 0826 0591
Origins 2872 .1605
Urban
Destinations 2918 .1636
Origins .3808 3074
City Center
Destinations 4167 3176

Finally, both motorized and non-motorized trips are allocated. The proportion of
synthetic trips for each zone, purpose, end, and region (Baltimore or Washington) is multiplied
by the total number of generated trip productions for that purpose; that is, the origins and
destinations are scaled to match productions, with Baltimore and Washington regions controlled
separately. The allocation based on region was done because early tests of this model produced a
disparity in the balance between origins and destinations that was not reflected in the actual
survey data.

Commercial Vehicle and Truck Trip Purposes

Trip generation rates for Commercial Vehicle (CV), Medium Truck (MT), and Heavy
Truck (HT) trip purposes are all based on retail, office, and industrial employment and
households. After calculating the number of trips per zone, factors are then applied to trips
generated in TAZs which have been identified as special generator truck and commercial vehicle
zones. Additionally, sensitivity factors for land use and jurisdiction are applied for each trip
purpose. A complete description of the trip generation process for the commercial vehicle model
can be found in consultant report C02-9: Development of Commercial Vehicle Travel Model’.

3 Development of Commercial Vehicle Travel Model — C02-9. Mitchells, VA: William G. Allen, 2002.
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For the two truck trip purposes, the complete description can be found in consultant report C02-
8: Development of Truck Models.”

Trip generation begins with factoring the employment and household totals, along with
multiplying by an overall factor. The equation takes the form

T, :Vi(WiEJ, +XiER, +YiEo, +ZiHj)

where Tj; = Trips for Purpose i and Zone j

Vi = Overall Factor for Purpose i

W; = Industrial Employment Coefficient for Purpose i
Ej; = Industrial Employment for Zone j

X; = Retail Employment Coefficient for Purpose i

Eg; = Retail Employment for Zone j

Y; = Office Employment Coefficient for Purpose i
E¢; = Office Employment for Zone j

Z; = Households Coefficient for Purpose i

H; = Households for Zone j

The factors can be found in Table I11-6.

Table I11-6
Coefficients for Truck Trip Generation

CV MT HT
Overall Factor 0.800 0.700 0.900
Industrial 0.454 0.178 0.199
Retail 0.501 0.177 0.141
Office 0.454 0.048 0.029
Households 0.146 0.069 0.068

A truck zone factor is then applied for the 118 TAZs that have been identified as truck
activity zones. These zones are areas where truck and commercial vehicle activity is much higher
than standard trip rates would indicate, e.g., port areas, business districts, etc. The zones were
categorized into 12 different categories based on 6 possible types (business district,
warehouse/manufacturing, intermodal/transfer, airport, institutional/other, and delivery)
multiplied by 2 possible sizes (large and small). The zones are listed in Appendix 3. The factors
are shown in Table III-7. It should be noted that the “Small Airport” category does not apply to
any zones.

* Development of Truck Models — C02-8. Mitchells, VA: William G. Allen, 2002.
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Table II1-7
Truck Zone Factors

Truck Zone Type CV MT HT
Business District 1.2 1.3 1.1
Wholesale/Manufacturing 1.0 1.0 1.9

go Intermodal/Transfer 1.0 1.0 3.8
5 | Airport 1.0 1.0 1.0
Institutional/Other 1.0 1.0 2.7
Delivery 3.0 1.3 2.0
Business District 1.0 1.2 1.3
Wholesale/Manufacturing 1.0 1.0 1.8
= | Intermodal/Transfer 1.0 1.0 3.0
& [ Airport 1.0 1.0 1.0
Institutional/Other 1.0 1.0 1.4
Delivery 2.5 1.0 1.6

Density and jurisdictional adjustments are then applied to the commercial vehicle and
truck trips. These factors are shown in Table III-8.

Table IT1-8
Density and Jurisdictional Factors

Density/Jurisdiction CV MT HT
Rural 0.8 1.4 0.8
Suburban 1.0 0.9 0.9
Urban 1.5 0.8 1.0
City Center 0.7 0.8 0.5
Baltimore City 1.0 1.1 1.2
Anne Arundel County 1.5 1.2 1.2
Baltimore County 1.2 1.3 1.2
Carroll County 1.8 1.3 1.1
Harford County 2.1 1.5 1.7
Howard County 1.2 1.2 1.2
District of Columbia 0.5 0.7 0.4
Montgomery County 0.8 1.0 0.7
Prince George's County 1.3 1.2 1.0
Frederick County 0.6 0.6 0.6

After generating truck trips for each zone, an external trip end share model is applied to
calculate how many trips have an external origin or destination. External share is a declining
function of the zone's distance (in miles) to the nearest external station. This particular model is
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an amalgam of the Berks Co, Pennsylvania, purpose-specific models, modified to produce the
correct number of BMC external trips in 2000.

The external trip-end share model takes the form
Dy :A(Q(Bln(DX)))

where py= Externally-oriented trip share
A = Factor
B = Logarithmic coefficient
Dy = Distance in miles to nearest external station

The coefficients for this equation are shown in Table III-9.

Table I11-9
External Share Model Coefficients

Purpose Factor A | Coefficient B
Cv 0.468 -1.2
MT 0.919 -1.2
HT 0.602 -0.5

The resulting share is limited to between 0 and 1 (0 and 100%). The internal trip share is
calculated by subtracting the external share from unity, and the internal share is multiplied by the
trips generated. Attractions are set equal to productions. External trips are output separately. For
the purpose of trip generation, the internal end is treated as a production and the external end as
an attraction. On the internal end of these externally-oriented trips, the trips for each zone are
multiplied by the external share for that zone and then by two, since they represent both
attractions and productions. The external trips are taken from a file of external station truck trips
and the share of them that are non-through (X-X).

External Trips

Productions and attractions for external zones 2932-2973 were developed using traffic
counts from the year 2000 on facilities crossing the region boundary. Externally-oriented
commercial vehicle, truck, BWI, and through trips (X-X) were subtracted from the traffic count
to create total automotive vehicle trips.

The 1996 external person trips for the six remaining purposes were converted to vehicles
trips by dividing by the following factors shown in Table III-10.

These automotive trips from 1996 were used to apportion the remaining 2000 external
automotive trips, and the apportioned 2000 vehicle trips were then converted back to person trips
by multiplying by the same factors.
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Table II1-10
External Occupancy Factors

Occupancy
Purpose Rate
HBW Potomac River Crossings, [-95 to 1-495 1.23
(Woodrow Wilson Bridge to American Legion
Bridge) Inclusive
Other External Stations 1.08
HBSh 1.23
HBO 1.39
HBSch N/A
WBO 1.15
OBO 1.33

Matching Attractions to Productions

The TP+ trip generation routine provides for a routine to get attractions to equal
productions for a given purpose. Ideally, there should be an identical number of productions and
attractions (origins and destinations for the non-home-based trips). Since different procedures are
used for the two different trip ends, a normalizing routine is necessary to get them to match.

For the home-based purposes, there is more confidence given to the production end,
because it is based on household data, which are substantiated by the Census. In contrast,
attractions are based primarily on employment data, which are less reliable. The adjustment
routine factors the trip attractions for each zone by multiplying the total productions by the
proportion of trip attractions for that zone. External attractions are excluded from factoring
because they are derived from actual traffic counts. The motorized attractions for each internal
zone are factored by the difference of total motorized productions less the external motorized
attractions, and this is then divided by the total internal attractions. HBSch trips are separated
into Baltimore and Washington regions, and the attractions for each zone are divided by the ratio
of the respective regional productions to attractions (recall that there are no external HBSch
trips). Non-motorized trips are not factored, since they only have a production component.

WBO and OBO trips have origins and destinations. These are normalized to the total
number of productions. The Baltimore and Washington regions are treated separately. For both
O and D ends, the zonal trip ends are factored by the regional production total divided by the
respective regional O or D total. Motorized and non-motored trips are treated.
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For commercial and truck trips, the internal trips are identical for both ends. External
trips are different. The internal component is scaled to match the external total, since the external
number is based on traffic counts and, thus, more reliable.

A second round of adjustments is made to make sure the attraction or destination end
matches the production or origin end for the motorized non-CV/truck purposes. Twenty-five
iterations of factoring are available, although the process stops once the trip totals are equal. Trip
ends are then output as integers.

Trip Distribution

Introduction

Trip distribution links the generated trips, connecting productions with attractions and
origins with destinations. A gravity model is used, where the relative trip flow between two
zones is proportional to the number of trips produced and attracted and is inversely proportional
to the impedance (measured in travel time) between them.

The impedance is determined by skimming the highway network to obtain zone-to-zone
travel times. Terminal times (i.e., the time required to walk between a specific building and one’s
vehicle) are added, as are intrazonal times (the time to travel within a zone, since the highway
skimming process would yield an intrazonal travel time of zero). Intrazonal times are calculated
by determining the average travel time in minutes from a given zone centroid to its neighboring
centroids, dividing that figure by half, and rounding to the nearest integer. Most TAZs have
intrazonal times of one to five minutes. The required input file “uptree.dat” contains the terminal
and intrazonal times used by the model.

Barrier Penalties

Barrier penalties are also added to the highway skim. These are specific time penalties
added to certain movements to produce a better distribution. Table III-11 shows the jurisdiction-
to-jurisdiction barrier penalties in minutes by trip purpose. Note that in this table, Northern
Virginia Externals refers to external stations 2937-2943, which encompasses the Potomac River
crossings between 1-95 (Woodrow Wilson Bridge) and 1-495 (American Legion Bridge),
inclusive. Washington Region Externals are external stations 2933-2953, which include all the
crossings from MD 4 into Calvert County counter-clockwise through US 15 into Pennsylvania.
The MD 140 and US 15 North Externals are from those two highways from Frederick County
into Pennsylvania.

Some changes were made in HBW penalties to reduce the time penalty from the previous
validation. The older values which have been replaced are shown with strikethrough text.
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Table I1I-11

Barrier Penalties (in Minutes)
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Friction Factors

The friction factors describe the relative attractiveness based on the impedance. The
higher the factor, the more likely it is that trips will travel between two zones. The friction
factors can be found in Appendix 4

The trip distribution process runs through several iterations until the Root-Mean-Squared
Error (RMSE) of desired-to-simulated attractions by TAZ is 25 for all purposes. If such
convergence is not reached after 25 iterations, the process will stop there. For this model update,
all 25 iterations were required for both distribution runs (uncongested and congested).
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Income Stratification

After distribution, an income stratification procedure is employed to divide HBW, HBSh,
and HBO trips into three income categories. Three levels of household income have been
defined. They are, in 1993 dollars, under $10,000 (low), $10,000 to $30,000 (medium), and
$30,000 and above (high).

In the first stage of this process, each zone is assigned a share of the trip productions for
each of the three income levels and each of the three above-mentioned purposes. The median
household income in 1993 dollars for that zone is used. If there is no income given (i.e., a value
of zero, because there are no households in a zone), the jurisdictional default value is used. These
values are shown in Table III-12.

Table I11-12
Default Zonal Incomes

Jurisdiction Default Income

Baltimore City $33,143
Anne Arundel County $62,463
Baltimore County $55,662
Carroll County $57,367
Harford County $57,348
Howard County $74,725
District of Columbia, and Montgomery, Prince George’s and $60,785
Frederick Counties

Once these zonal shares have been established, they are multiplied by the number of trip
productions for each zone to get the income-stratified productions for each of the three trip
purposes. Productions are also summed for sixteen superdistricts, which are made up by
grouping zones with the same first two digits of the Regional Planning District (RPD) number.
The superdistrict productions are used in the next phase of this process, that is, to develop
income stratified trip attractions for each zone.

A factor used in determining trip attractions is accessibility, which is defined as the row
sum of the ratio of productions to off-peak travel time squared. For each zone, the number of
productions from every zone is divided by the square of the travel time (in minutes) and then
summed. This gives the accessibility index.
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An incremental logit model calculates the share of attractions by income classification for

the three purposes. The logit model takes the form p, =

where p /= Attraction Share for Income /
U =Utility for Income /

S;= Share of Superdistrict Productions for Income /

U[
e's,

3
U

Z e’'S,

-1

The utility function is based on the population density (per acre), the accessibility for all
three income levels, and a constant, as shown in the Table I1I-13.

Table I11-13
Coefficients and Constants for Attraction Submodel

Coefficient
Income | Population | Income 1 Income 2 Income 3
Purpose | Level Density | Accessibility | Accessibility | Accessibility | Constant
Low -0.84 -0.0004 -0.0088 -0.0221 -2.11
E Medium -0.84 0.0034 -0.0077 -0.0230 -0.64
High -0.84 -0.0036 -0.0049 -0.0238
- Low -0.19 0.0022 -0.0034 0.0006 -1.47
é) Medium -0.19 0.0013 -0.0003 -0.0012 -0.43
High -0.19 -0.0035 0.0029 -0.0024
Low 0.0004 -0.0017 -0.0035 -0.72
é Medium -0.0001 -0.0008]  -0.00396 -0.01
High -0.0005 -0.0006 -0.0040

These attraction shares are multiplied by the total number of attractions to get the target
zonal attractions for each zone and each of the three purposes and income levels.

Cells in the distributed trip table are multiplied by the production and attraction trip
shares to create two trip tables, one factored to meet production values, the other to attraction
values. Attractions are factored to equal productions, and trips ends are summed to provide target
values for a FRATAR process. The FRATAR routine produces a single trip matrix file with three
income level trip tables for HBW, HBSh, and HBO trip purposes.
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Mode Choice

The mode choice model for this model update is based on data from the 1993 Household
Travel Survey, the 1996 Baltimore Region On-board Transit Survey, and the 1999 Stated
Preference Survey.

This mode choice model calculates mode choice for each of the six personal use
automobile purposes and outputs the following trip tables (four auto modes and six transit
modes).

Single Occupant Vehicle

2-Person Vehicles (HOV-2)

3-Person Vehicles (HOV-3)

4-Person or more Vehicles (HOV-4+)
Walk to Bus

Walk to Rail (Metro, Light Rail)
Walk to MARC

Drive to Bus

Drive to Rail (Metro, Light Rail)
Drive to MARC

Transit skims are run prior to calculating mode choice. Both peak (AM peak period) and
off-peak (midday) skims are made, six for each time period. In developing the skims, a hierarchy
of transit modes is used. MARC commuter rail is the highest level, with Metro and Light Rail
one level below, and bus service the lowest in the hierarchy.

The six transit skims are for the six transit modes listed above. Factors are used to
provide a “perceived” time advantage or disadvantage. For example, walk-to-bus skims give bus
modes a perceived time of 50% of actual time, while time on rail modes is perceived as four
times as long as the actual time. (The skim output is given in actual rather than perceived time.)
If, even with the time factors, a path containing a “higher level” of transit service is created, the
path is not considered to exist for that zone pair. For example, if the walk-to-bus path from A to
B contains a rail link when it is skimmed, then there is considered to be no walk-to-bus path
from A to B in the skim and the time is set to zero. A nested logit model is used for each of the
six trip purposes except HBSch which is factored, as explained below.

The structure of the logit models are shown in Exhibits III-2A through III-2E. The
coefficients and constants are shown in Tables I1I-14A through 14G. The “V” in the cells of the
table indicates variables used for the respective modes. The legend for the acronyms in these
tables is:

e DA = Drive Alone (Single Occupant Vehicle)

e S2 = Shared Ride 2 (2-Person HOV Vehicle)

e S3 = Shared Ride 3 (3-Person HOV Vehicle)

e S4 = Shared Ride 4+ (4+ Person HOV Vehicle)
e WB = Walk to Bus

e WR = Walk to Rail
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WM = Walk to MARC

DB = Drive to Bus
DR = Drive to Rail

DM = Drive to MARC

Exhibit ITI-2A

Person Trips

DA

S2

S3

S4

Transit

HBW Mode Choice Model Structure, Income Levels I and II

WB

WR

WM

DB

DR

DM

Exhibit I1I-2B
HBW Mode Choice Model Structure, Income Level 111

Person Trips

DA

§2

S3

54

Transit

Walk Access

Drive Access

WB

WR

WM DB

DR

DM
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Exhibit I1I-2C
HBSh Mode Choice Model Structure

Person Trips

DA S2 S3 S4 Transit
|
| |
Walk Access Drive Access
| | | |
wB WR WM DB DR DM
Exhibit ITI-2D
HBO Mode Choice Model Structure
Person Trips
\
\ \ \ \ \ \ \ \
DA Shared Ride WB WR WM DB DR DM

!—‘—\

82

S3

s4

Exhibit III-2E

WBO and OBO Mode Choice Model Structure

Person Trips

DA

S2

S3 S4 WB WR WM DB DR DM
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Table III-14A
HBW Mode Choice Model Coefficients, Income Levels I and 11

Auto Transit
HOV | HOV | HOV Walk Drive
Variables Coef. | SOV | 2 3 4 | Bus | Rail [MARC| Bus | Rail |[MARC
Auto in Vehicle Time (IVT) -0.0338] V A\ A\ v
Transit in Vehicle Time (IVT) -0.0125 \% A\ A% \% A\ \%
Out of Vehicle Time (OVT) -0.0443] V A% \% v \% \% v \% \% v
Initial Wait 7.5 Min. -0.0291 \% \% v \% A% v
Initial Wait > 7.5 Min -0.0186| \% \% v \% \% v
Transfer Wait -0.0157 \% \% v \% \% \%
Transfer Dummy -0.2685 \% \% \% \4 \4 \%
Auto Cost -0.14301 V A\ \% v
Transit Cost -0.0529 A\ \% \% \% \% \%
Short Drive -0.2445 A% \'% \% \% \%
Ln Auto Distance (HOV) 0.0991 A% \% \%
Ln Auto Distance Trn. Rail 0.3038 \% \%
Ln Auto Distance Trn. MARC 2.2280 \'% \'%
|Auto/person HOV -2.1822 A\ \% v
|Auto/person Transit -4.7928 v \% A% v \4 \4
|Attraction CBD 0.3393 \% A\ \% \% A\ \% \% \% \%
Employment Density 0.00003 v \% v v \% \4
Share 2 Constant—Income Level I -0.62801 \%
Share 3 Constant—Income Level I -1.18139 \'%
Share 4 Constant—Income Level I -1.34421 \'%
'Walk Bus Constant-Income Level I 2.09559] v
'Walk Rail Constant-Income Level I 3.70332] \'%
'Walk MARC Constant-Income Level I -13.66932 \'%
Drive Bus Constant-Income Level I -2.98707 v
Drive Rail Constant-Income Level I 1.85419 \%
Drive MARC Constant-Income Level I -13.98151 \%
Share 2 Constant—Income Level 11 -1.05989 \%
Share 3 Constant—Income Level II -1.84520 \'%
Share 4 Constant—Income Level II -1.94162 \'%
'Walk Bus Constant—Income Level 11 1.01477, \%
Walk Rail Constant—Income Level 11 1.29430, A\
'Walk MARC Constant—Income Level 11 -9.82307 A%
Drive Bus Constant—Income Level 11 -1.10068 \%
Drive Rail Constant—Income Level 11 -0.55102 A%
Drive MARC Constant—Income Level IT -10.00199 \%
Auto Nest 1.0000
Transit Nest 0.7274
Shared Ride Nest 1.0000;
Walk Access Nest 1.0000]
Drive Access Nest 1.0000]
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Table I11-14B

HBW Mode Choice Model Coefficients, Income Level 111

VARIABLES COEF. AUTO TRANSIT
SOV (HOV 2|HOV 3|HOV 4 WALK DRIVE
BUS | RAIL [MARC| BUS | RAIL |MARC
|Auto in Vehicle Time (IVT) -0.0435] 'V \% v \%
Transit in Vehicle Time (IVT) -0.0113 \% A\ \% A% \4 \%
Out of Vehicle Time (OVT) -0.0423 A\ A% v A% v \% v \4 \4 \4
Initial Wait, 7.5 Min. -0.02244 v v v v v v
Initial Wait > 7.5 Min -0.0143 \4 \% \4 \% \% \4
Transfer Wait -0.0396] v v v v \4 \4
Transfer Dummy -0.2516 A% \% A% \% \4 \%
Auto Cost -0.1844 V \% \% \%
Transit Cost -0.0480] v \4 v \% \4 \%
Short Drive -0.05341 \4
Ln Auto Distance (HOV) 0.0820f \% v
Ln Auto Distance Trn. Rail 0.3269 \% \4
Ln Auto Distance Trn. MARC 0.9865 \4 \4
|Auto/person HOV -1.9243 \% v \%
Auto/person Transit -2.5092 \% v A\ \4
|Attraction CBD 0.8131 \% v \% v \4
Employment Density 0.00004
Share 2 Constant -0.78230) \%
Share 3 Constant -2.00654{ \%
Share 4 Constant -2.55925 \%
Walk Bus Constant -0.64192 A%
Walk Rail Constant -0.33897 \%
Walk MARC Constant 6.16347] \%
Drive Bus Constant -1.19389 \%
Drive Rail Constant -1.14117, A\
Drive MARC Constant -0.11512] \%
|Auto Nest 1.0000]
Transit Nest 0.9823
Shared Ride Nest 1.0000]
Walk Access Nest 0.8367,
Drive Access Nest 0.6804

61




Table I1I-14C
HBSh Mode Choice Model Coefficients

AUTO TRANSIT
HOV [ HOV | HOV WALK DRIVE
VARIABLES COEF. | SOV | 2 3 4 | BUS |RAIL |MARC| BUS [RAIL [MARC

Auto in Vehicle Time (IVT) -0.1310] 'V \4 \4 \4
Transit in Vehicle Time (IVT) -0.0286 \4 \4 \4 \4 \4 \4
Out of Vehicle Time (OVT) -0.2067] 'V \4 \4 \4 \4 \4 \4 \4 \4 \4
Initial Wait 7.5 Min. -0.0715 \4 \4 \4 \4 \4 \
Initial Wait > 7.5 Min -0.0715 \Y \Y \4 \4 \4 \4
Transfer Wait -0.0715 \4 \4 \4 \4 \4 \4
Transfer Dummy
Auto Cost -0.5552) V \4 \4 \4
Transit Cost -0.1213 \4 \4 \4 \4 \4 \4
Short Drive -0.9304] \ \ \4 \4 \4
Ln Auto Distance (HOV) 0.1178 \4 \4 \4
Ln Auto Distance Trn. Rail
Ln Auto Distance Trn. MARC
|Auto/person HOV -1.8400 \4 \4 \4
Auto/person Transit -9.2280 \4 \4 \4 \4 \4 \4
|Attraction CBD
Employment Density
Share 2 Constant—Income Level [ 0.89081 \4
Share 3 Constant—Income Level I 0.53902] A\
Share 4 Constant—Income Level I -0.91837 \4
'Walk Bus Constant—Income Level I 3.44023 \4
'Walk Rail Constant—Income Level | 4.83504] \4
'Walk MARC Constant—Income Level | -12.57800 \4
Drive Bus Constant—Income Level [ 3.07605 \4
Drive Rail Constant—Income Level [ 4.30723 \4
Drive MARC Constant—Income Level | -1.96902 \4
Share 2 Constant—Income Level I1 0.424009| \4
Share 3 Constant—Income Level 11 0.19954 \4
Share 4 Constant—Income Level I1 -1.15643 \4
'Walk Bus Constant—Income Level 11 2.50466) \4
'Walk Rail Constant—Income Level 11 3.15310 \4
'Walk MARC Constant—Income Level 1T -12.73158 \4
Drive Bus Constant-Income Level 1T 2.20313 \4
Drive Rail Constant—Income Level 11 1.58250) \4
Drive MARC Constant—Income Level 1T -1.71223 \4
Share 2 Constant—Income Level I1I 1.10400] \4
Share 3 Constant—Income Level I1T 0.91531 \4
Share 4 Constant—Income Level I1I -0.25772| \
'Walk Bus Constant—Income Level II1 3.37303 \4
'Walk Rail Constant—Income Level 111 3.98728 \4
'Walk MARC Constant—Income Level I1I 26.75708 \4
Drive Bus Constant—Income Level 11T -0.92404 \4
Drive Rail Constant—Income Level I1T 3.13497 \4
Drive MARC Constant—Income Level 111 6.51481 \4
Auto Nest 1.0000]
Transit Nest 0.7859
Shared Ride Nest 1.0000
'Walk Access Nest 0.9510)
Drive Access Nest 0.3754
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Table I11-14D
HBO Mode Choice Model Coefficients, Income Levels I and 11

AUTO TRANSIT
WALK DRIVE
HOV|HOV|HOV MAR
VARIABLES COEF. |[SOV| 2 | 3 | 4 |BUS |RAIL| C |BUS |RAIL| MARC
/Auto in Vehicle Time (IVT) -0.0818] V A\ \% A\
Transit in Vehicle Time (IVT) -0.0226] \% A\ \% A\ v \%
Out of Vehicle Time (OVT) -0.0492] V v \% A% \% A% \% \% \% \%
Initial Wait 7.5 Min. -0.0492 A% A\ A% A\ \% v
Initial Wait > 7.5 Min -0.0492, v A\ v A\ \% v
Transfer Wait -0.0360] \% \% \% \% v \%
Transfer Dummy
Auto Cost -0.3468] V \% \% \%
Transit Cost -0.0956] A\ \'% A\ \'% v \4
Short Drive -1.4106 A\ \% v
Ln Auto Distance (HOV)
Ln Auto Distance Trn. Rail
Ln Auto Distance Trn. MARC
Auto/person HOV -2.0466 \% v \%
/Auto/person Transit -6.9840 A% \% v \% \% v
Attraction CBD 0.5418 \% \% \% \% \% \% \% v \%
Employment Density
Share 2 Constant—Income Level I 1.16519] \'%
Share 3 Constant—Income Level I 0.77172] v
Share 4 Constant—Income Level I 0.37986 \'%
'Walk Bus Constant—Income Level 1 2.82296] \%
'Walk Rail Constant-Income Level I 4.03863] \%
'Walk MARC Constant—Income Level I 1.98973 A\
Drive Bus Constant-Income Level I 1.48078 \'%
Drive Rail Constant-Income Level I 2.85934] \%
Drive MARC Constant-Income Level I -26.58769 \%
Share 2 Constant—Income Level II 1.14198 A%
Share 3 Constant-Income Level II 0.76526] \%
Share 4 Constant—Income Level II 0.67945 \'%
'Walk Bus Constant—Income Level 11 1.77021 v
'Walk Rail Constant-Income Level 11 2.30429 A\
'Walk MARC Constant-Income Level 11 6.63714 \%
Drive Bus Constant-Income Level 11 0.60620) \'%
Drive Rail Constant-Income Level 11 1.90212 \'%
Drive MARC Constant-Income Level 11 -5.56167, v
Auto Nest 1.0000
Transit Nest 1.0000f
Shared Ride Nest 0.6000
'Walk Access Nest 1.0000
Drive Access Nest 1.0000
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Table III-14E

HBO Mode Choice Model Coefficients, Income Level 111

AUTO TRANSIT
Hov | nov | nov WALK DRIVE
VARIABLES COEF. | SOV | 2 3 4 | BUS [RAIL |[MARC| BUS |RAIL [MARC
|Auto in Vehicle Time (IVT) -0.0589] V \'% \'% \'%
Transit in Vehicle Time (IVT) -0.0168 A\ A\ A\ A\ A\ A\
Out of Vehicle Time (OVT) -0.0657) V \% \% \% \% \% \% \4 \4 \4
Initial Wait 7.5 Min. -0.0657 A% v v A% A% v
Initial Wait > 7.5 Min -0.0657 v v v v v v
Transfer Wait -0.0719 A\ \% \% \% \4 \4
Transfer Dummy
Auto Cost -0.2495] VvV \% \% \%
Transit Cost -0.0712 \4 \4 \4 \4 \4 \4
Short Drive -1.8012
Ln Auto Distance (HOV)
Ln Auto Distance Trn. Rail 0.4471 \% \%
Ln Auto Distance Trn. MARC 3.1224 \4 \4
|Auto/person HOV -2.0706| \% \% \%
Auto/person Transit -3.8064 A% A% A% \% \% \%
|Attraction CBD 0.4321 v v v v v v v v v
Employment Density
Share 2 Constant 1.84301 \%
Share 3 Constant 1.43252 \%
Share 4 Constant 1.41882 \%
Walk Bus Constant 1.08992 A%
Walk Rail Constant 1.54784 \%
Walk MARC Constant 1.43906 \%
Drive Bus Constant 1.01092 \%
Drive Rail Constant 1.36334 \4
Drive MARC Constant 8.98407 \4
|Auto Nest 1.0000
Transit Nest 1.0000;
Shared Ride Nest 0.6000
Walk Access Nest 1.0000]
Drive Access Nest 1.0000
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Table I11-14F

WBO Mode Choice Model Coefficients

Auto Transit
HOV | HOV [ HOV Walk Drive
Variables Coefficient | SOV | 2 3 4 Bus | Rail |MARC| Bus | Rail |MARC
|Auto in Vehicle Time (IVT) -0.0659] V v A% A\
Transit in Vehicle Time (IVT) -0.0209] A\ A\ \% v A% \%
Out of Vehicle Time (OVT) -0.0746) V \% \% \% v v \% v v v
Initial Wait 7.5 Min. -0.0764 \% \% \% \% \% \%
Initial Wait > 7.5 Min -0.0490 \% v \% v v v
Transfer Wait -0.0330] \% A\ v A% v \%
Transfer Dummy
|Auto Cost -0.2794 V \% A\ A\
Transit Cost -0.0886 \% A\ v
Short Drive -1.2430 v \%
Ln Auto Distance (HOV)
Ln Auto Distance Trn. Rail
Ln Auto Distance Trn. MARC 2.3150, v \%
Auto/person HOV
|Auto/person Transit
Attraction CBD 0.2540 v \% A\
Employment Density 0.00001
Population Density 0.00005 v
Share 2 Constant -1.25615 v
Share 3 Constant -2.19654 \%
Share 4 Constant -2.45664 A\
Walk Bus Constant -1.67240 \%
'Walk Rail Constant -0.61953 A\
'Walk MARC Constant -3.25130 A%
Drive Bus Constant -2.65276 A%
Drive Rail Constant -1.86325 v
Drive MARC Constant -5.15874 \%
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Table I1I-14G
OBO Mode Choice Model Coefficients

Variables Auto Transit
Coeffici
ent SOV [ HOV | HOV | HOV Walk Drive
2 3 4
Bus | Rail |[MARC| Bus | Rail | MARC

Auto in Vehicle Time (IVT) -0.0446] V \% A\ A\
Transit in Vehicle Time (IVT) -0.0133 A\ \% A\ \% v \4
Out of Vehicle Time (OVT) -0.0992] Vv v \% v v v v v v v
[nitial Wait 7.5 Min. -0.0375) v v v v \% v
[nitial Wait > 7.5 Min -0.0375) A% v A% A% A\ A%
Transfer Wait -0.0375 v v v v v \4
Transfer Dummy
Auto Cost -0.1889] V \% v A\
Transit Cost -0.0565 \4 \4 \4 \4 \4 \4
Short Drive
Ln Auto Distance (HOV)
Ln Auto Distance Trn. Rail
Ln Auto Distance Trn. MARC
Auto/person HOV
|Auto/person Transit
Attraction CBD 0.2676 \% \% \% \% \% \% \% \% \%
Employment Density
Share 2 Constant -0.08071 v
Share 3 Constant -1.08809 A\
Share 4 Constant -1.39209 A\
Walk Bus Constant -1.94914 v
'Walk Rail Constant -1.10450] \%
(Walk MARC Constant 1.01324 A\
Drive Bus Constant -3.36131 v
Drive Rail Constant -2.21855 A%
Drive MARC Constant 0.14616) A%

Market-specific constants are also used (in addition to the mode-specific constants)
depending on the mode, production end and attraction end of the trip (origin and destination ends
for WBO and OBO). The markets are:
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Baltimore City City Center (BCCC),

Baltimore City Other Densities (BCOD),
Non-Baltimore City (NBC), and
District of Columbia City Center (DCCC).

DCCC is an attraction market only. These constants are listed in Table III-15.

Table I11-15
Market Bias Constants

Production | Attraction Auto Walk Access Transit Drive Access Transit
Purpose | gnd End | HOV2 | HOV3 | HOV4+| Bus Rail | MARC | Bus Rail | MARC
HBW BCCC BCCC -0.3670] -1.9030| -1.8800| -0.2430| 1.0323| 16.2675| -1.0646| 1.1564| -2.1534

BCOD -0.8672| -0.1855| -0.6796] 0.8306| 2.1408| 9.8480| -0.5329| 0.9863| 21.9402

NBC -0.3506| -1.7093| -1.6450 0.4825| 3.0917| 4.1985] -0.3139] 0.9258| 0.7272

DCCC -1.3616 -2.9884| -2.8343| -5.2765| -0.3043| 3.8724| 0.2662| -3.7505 2.3903

BCOD BCCC 0.1389] 0.2669| 0.2800| -0.2171| -0.2482| 9.0379 -1.1929| 0.9588| 30.0454
BCOD 0.1392| 0.7840| 0.2591| 0.5200| 0.4881| 9.4963| -0.2714| 0.5771| 24.9444

NBC -0.2651| -0.2388| -0.2370| -0.0868| 0.2631| 4.5805| -1.0140| -0.7087| 0.7514

DCCC -1.0263 -4.0723 -4.7349 -7.4603 -9.0738| 6.5792| 0.2832| -6.3190| 1.2578

NBC BCCC 0.1496] 0.0177) 0.1108] -0.3287| -0.1125| -8.4358 0.0454| 0.3471| -3.7270
BCOD 0.0700] 0.3870] -0.9939| 0.3003| -0.1805( -8.0777| 0.4221( 0.3330] -3.6051

NBC 0.0214| -0.0672| 0.1569| -0.8908| -1.4094| -5.7887 -0.1376 -1.5885 -0.2789

DCCC -0.4882| -11.1577| -10.3298| -0.8428| -9.2600( 1.6319| 3.2076| 2.0323| 4.4487

HBSh BCCC BCCC -1.0845 -0.1811| 0.2254| -1.5496| -0.8926| -2.3607| -4.3417| -2.3606| -0.9746
BCOD -1.119] -0.6022| -0.1904| -2.5043| -2.7275| -3.3267| -4.8848| -3.3377| -1.2472

NBC -0.6118| -1.5607| -1.1422| -0.2109| -1.0802| -28.7461| -4.5858| -4.8859| -4.4804

DCCC -1.0986] -0.69311 0.6931| 0.6931] 0.6931 38.1884| 0.6931f 0.6931 1.2192

BCOD BCCC 0.1361] 0.2488| 1.4390| 0.9882| 1.4944 -1.6782 -3.2623| 2.5929| -0.6975
BCOD -0.2575| 0.3550; 0.7108] -0.2131] -0.7430[ 6.0261| -1.2662[ -1.5898| -0.4999

NBC -0.2840| -0.3918| 0.7158| -0.3836| -0.8669| -11.6891| -2.0465| -2.8254| -4.8097

DCCC -3.4997| -4.5617| -3.2400[ 0.2258| 0.2258| 15.9364| 0.2258[ 0.2258| -1.1814

NBC BCCC 0.2667| -0.3245] 0.8287| 3.0199| 3.6442| -9.4650[ 1.5009| 2.5982| -5.4307
BCOD 0.3878] -0.2339] 0.7794 2.6423 1.4330] -7.5363| 2.2037[ 1.9683| -4.7744

NBC 0.0856] 0.0284| -0.4396| 1.3730| 2.8177| -15.9323[ 0.0038| -1.6040[ -3.7160

DCCC -6.1129| -5.7040| -4.4615( 9.3217| 1.6432 20.9592] 9.2090] 5.8021| 4.751

HBO BCCC BCCC -1.2023| -1.0932| -1.8861| -0.6043| -0.4418| -5.7078| -0.2800| 1.2518| -1.3259
BCOD -0.5467| -0.9532 -1.4326 -0.6108 -1.1399| 16.1800| -1.2820| -1.6715| -1.1578

NBC -1.3949| -1.3016| -8.3748| -1.4327| -1.4779] 0.0596| -1.3413| -2.5077| 1.0019

DCCC -1.0986 -0.6931| -0.6931| 0.0000] 0.0000] 0.8755| 0.0000] 0.0000] 1.3863

BCOD BCCC -0.9954| -0.9179| -1.0452| -0.5735| -0.8088| 14.2909| -0.7134| -0.3607| -0.6181
BCOD -0.0227[ -0.0301| 0.0295| -0.1415| 0.2411| 14.9036| -0.7920| -0.2615| 24.5946

NBC -0.1435 -0.1587| -0.4243| -0.9762| -1.1791| -2.0987| -1.5947| -1.6571| 10.0805

DCCC -3.6008| -3.5884| -3.0777| 3.9716| 3.9716| -0.3196| 3.9716] 3.9716] 15.6827

NBC BCCC -0.6835 -0.7358| -1.4889| 0.5821| 0.4472| -4.4650| -0.6666| -0.6784| -16.3241
BCOD 0.0347| 0.0015| -0.2364| 0.9536] 0.7395| -1.7849| -0.2455| 0.7522| -13.9163

NBC 0.0917| 0.1004] 0.1416] -0.2087| 0.0622| -5.0362[ 0.0552[ -0.6912 16.9197

DCCC -9.0258] -6.2508| -6.2907| 20.7734] 7.4130] 1.5728| 37.8050| 20.4935| 32.253
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Production | Attraction Auto Walk Access Transit Drive Access Transit
Purpose | gng End | HOV2 | HOV3 | HOV4+ | Bus Rail | MARC | Bus Rail | MARC
WBO BCCC BCCC 0.0388] 2.4714] 0.8640| 0.1919] 0.7361| 14.4802[ -0.5100[ 3.7442( 0.1912
BCOD 0.0908| 1.2114| 2.1891| 0.3059] 0.4024( 0.1913] 0.4464( 1.4852] 0.1913
NBC 0.3541| 1.0406] -6.0725| 0.5279| -0.1470| -7.7782[ -1.0509| 0.1506 -5.4756)
DCCC 1.1787] 2.8526| 3.2580| 12.2689| 12.2689 11.2477] 6.2689 12.2689| 12.9299
BCOD BCCC 0.0919] 0.4583| 1.9514] 0.0170] 0.3390| 9.0752 -4.6473| 0.6890[ 9.7244
BCOD 0.6474] 1.4289] -7.5397[ 0.8087| 0.4655] -0.7851 1.0105] 1.2846| -0.7851
NBC -0.2119] -0.5911| -9.9606] 0.0528| -0.4038| -7.1336| -0.0516] -0.9147| -1.6338
DCCC -1.7540] -2.0938| -1.6883 1.0843 1.0843| -3.9062| 1.0843 1.0843] -2.1529
NBC BCCC -0.3559 0.2008| -6.1702| -0.1769| -0.6111| -4.9295| -0.6223| -0.5185| -3.9487
BCOD -0.0807| -0.0738| -6.9941| 0.1227 -0.7274| -1.4984| 0.1056| -0.0764 -0.7273
NBC -0.0563| -0.6448| -0.054| -0.8906| -0.6144| -3.7336| -0.5096| -0.4832| -1.4975
DCCC -4.2433] -2.9041| -2.5905| 149101 4.5128( 2.0811] 9.5437] 13.9101f 6.5033
OBO BCCC BCCC -0.4569 0.2696| -0.0822| 0.6408| -0.1477| 20.4825| -0.3072| 0.4669| -0.3340
BCOD -0.1184| -0.9070] 0.4190| -0.0415] 0.6968| -0.2513] 0.1980| -0.2428| -0.2513
NBC -0.6175 -0.9586| -0.1169| -0.8015| -0.4991| -3.9099| -1.7964| -2.4545] -3.399
DCCC -0.1586 1.1631| 1.3218| 9.7126| 9.7126| 13.9137| 9.5407| 9.7126| 14.7270
BCOD BCCC -0.9289| -0.0396| -0.3933| 0.1342| -0.1421 -0.4183| -0.5849( -2.3642] -0.4183
BCOD 0.0217| 0.3801 -0.0989| 0.4879| 0.3906| 0.1529| 0.3250| -0.1470| 0.1529
NBC -0.0838| -0.1032| -0.2076| 0.0028| -1.2169| -3.1826| -1.1031| -2.3071| -3.5010
DCCC -2.8155 -3.3805| -3.0128| -0.8155| -0.8155| -2.0195| -0.8155| -0.8155| -0.3359
NBC BCCC -0.4814| -0.2839| 0.4557| -0.0439| -0.0710| -2.8110| -2.9102| -0.6281| -3.7272
BCOD -0.1996/ -0.1815 0.1637| -0.7776| -1.1076| -1.9144| -2.8953| 0.3846| -2.8953
NBC 0.0840] 0.0046[ -0.0028| -0.9253( -0.4298| -1.7955| -1.8495] -0.2595| -3.8104
DCCC | -6.3898| -5.1801| -4.8277| 9.2356| 1.3809| -0.6985| 9.2567| 9.3945| 1.8706
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For HBSch trips, the model, while not nested logit, is structured as shown in Exhibit I11-3

Exhibit 111-3
HBSch Mode Choice Model Structure

Person Trips

Transit

DA S2 S3 S4 WB WR WM

To estimate the HBSch mode share, transit use between selected jurisdictions is
calculated based on the results of the Household Travel Survey, as shown in Table III-16.

Table I11-16

HBSch Transit Shares
Assumed
Jurisdictions Transit Use
Baltimore City to Baltimore City 12.3%
Baltimore City to Anne Arundel County 7.1%
Baltimore City to Baltimore County 5.0%
Anne Arundel to Baltimore City 5.4%
Baltimore County to Baltimore City 8.9%

Only the shortest transit path is used, and only walk access is assumed. After transit trips,
if any, are subtracted, the remaining automobile person trips are split up according to the auto
occupancies (derived from the Household Travel Survey) listed in Table II1-17.
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Table III-17

HBSch Transit Shares
HBSch
Occupancy Share
Drive Alone 12.5%
2-Person 37.1%
3-Person 24.6%
4 or More Persons 25.8%

Following the mode choice, a FRATAR routine is used to match external vehicle trip
volumes to actual counts at the external stations, while retaining the internal values as close to
their original magnitude as possible. Two iterations of FRATAR are performed for both
uncongested and congested passes.

Drive access trips are also generated. These are trips that use a vehicle to access a transit
station. For each drive access transit skim, the first transit station boarded is noted. Then, transit
trips from each zone to each station can be accumulated to produce a trip table of drive access
transit trips. Bus and rail stations will be treated like zones for the purpose of adding drive access
trips to the model. This makes the highest “zone” number 3564 after adding drive access transit
trips. (Rail stations are in the range of 3001-3135, and bus nodes are in range 3501-3564.)

Trip Assignment

Vehicle trip tables produced by the mode choice model are balanced and factored to time-
of-day trip tables; there are five of these periods. For the home-based purposes (HBW, HBSh,
HBO, and HBSch), a directional component is assumed as the trips are converted from
production/attraction format to origin/destination format. For example, HBW trips in the AM
peak period tend to be overwhelmingly from home to work rather than from work to home.
Different factors are used for HBW Single Occupancy Vehicle (SOV) and High Occupancy
Vehicle (HOV) trips. The non-home-based trips are already in O/D format and are simply
factored.

Commercial vehicle and truck trips are also factored. Time of day factors are applied, as
are Delta factors. Delta factors are applied for each zonal interchange. They were developed as
part of the new commercial vehicle and truck model as calibration adjustments that are necessary
to match traffic counts with a higher degree of accuracy.

The time of day factors are shown in Table III-18. Note that each column adds to 50%,
representing each direction of travel.
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Table II1-18
Time of Day Factors

HBW HBSh HBO

SOV HOV

Time Period o-b | DO | O—D | D>O | O—D | DO | O—D | D—O

1 3.6986| 2.5121| 3.6986| 2.5121| 0.7001] 0.5599| 1.5072| 1.0128
(12 mid. - 6 AM)

2 38.2779| 1.3195 39.0838| 1.4618| 8.4646| 2.2855| 16.9971| 3.6129
(6 AM - 10 AM)

3 5.1845| 5.0224| 5.1845| 5.0224| 13.1426| 19.4774| 10.3383| 9.4517
(10 AM - 3 PM)

4 3.4768| 29.8350| 3.4768| 29.8350| 11.2869| 24.1731| 14.8307| 19.0293

(3 PM-7 PM)
5 1.8654| 8.8078| 1.8654| 8.8078| 5.8715| 14.0385| 6.8058| 16.4142

(7 PM-12 mid.)

HBSch

Time Period O—D | D—0 | WBO | OBO Ccv MT HT

1 0.0482) 0.0218] 0.7200] 03750  2.25| 325  6.65
(12 mid. - 6 AM)

2 43.6001| 1.3299| 12.0100| 10.2350| 12.55| 13.65] 11.25
(6 AM - 10 AM)

3 3.4726| 15.0774| 18.2200| 18.7500|  14.45 18.00| 16.30)
(10 AM - 3 PM)

4 3.7148| 26.0752| 16.9700| 15.1000| 14.70| 11.45]  9.15

(3 PM-7 PM)
5 1.8540| 4.7960| 2.0800| 5.5400]  6.05|  3.65  6.65

(7 PM-12 mid.)

Drive access transit trips are also factored and balanced. No drive-access trips are
assumed for the first time period (12 mid-6 AM). HBW trips are assumed only for the two peak
periods, because HBW skims are based on peak period travel times and facilities. The other
purposes are distributed throughout the day (other than period one), although they are based on
off-peak period travel times and facilities. Recall that there are no drive-access HBSch trips. The
time of day factors for transit drive access trips are shown in Table III-19.
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Table 111-19
Transit Drive Access Time of Day Factors

. . HWB HBSh HBW WBO OBO
Time Period
P—A A—P P—A A—P P—A A—P O0—D D—O0 O—D | D—O0
2 50 0 20 0 45 0 45 0 30 0
(6 AM - 10 AM)
3 0 0 30 5 5 20 5 10 20 10
(10 AM - 3 PM)
4 0 50 0 25 0 25 0 35 0 30
(3 PM-7 PM)
5 0 0 0 20 0 5 0 5 0 10
(7 PM-12 mid.)

In addition to the nine generated trip purposes and five drive access purposes described

Table I11-20
Special Trip Table Time of Day Factors

Time Period X-X BWI
1 2.50 2.44
(12 mid. - 6:00 AM)
2 12.00 9.93
(6:00 AM - 10:00 AM)
3 13.20 12.85
(10:00 AM - 3:00 PM)
4 14.40 13.76
(3:00 PM - 7:00 PM)
5 7.90 11.02
(7:00 PM - 12 mid.)
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above, the 2000 model incorporates two additional trip tables. A trip table representing personal
use passenger vehicle trips that travel through the region (X-X) and a trip table representing
travel activity associated with Baltimore Washington International (BWI) Airport are generated
externally and included with the other trips before trip assignment. These special trip tables were
factored to the five time periods of the day using the factors shown in Table I11-20. (Note that
these columns also add to 50% to be consistent with the other tables.) The X-X data are based on
the distribution of total traffic in the region, while the BWI data come from hourly traffic counts
on the approach road to BWI Airport. There are also separate tables of CV, MT, and HT through
trips that are added to the respective trip tables before they are balanced and apportioned to the
different time periods.




Once the trip tables have been factored, they are ready to be assigned to the highway
network. An equilibrium process is used. The parameters used, and the threshold for
acceptability, are shown below in parentheses:

e AAD-Average Absolute Difference between iterations (.5)

e RAAD-Relative Average Absolute Difference between iterations (.005)

e RMSE-Route Mean Squared Error in difference between iterations (.1)

e (Gap—Relative difference in system cost (volume * time) between iterations (.005)

Table III-21 shows the number of resulting iteration parameters for the assignment for
each of the time periods.

Table I1I-21
Equilibrium Assignment Parameter Results

Number of
Time Period Iterations AAD | RAAD | RMSE | Gap
1 2 2| 0.003 43| 0.03756
(12 mid. - 6:00 AM)
2 10 441 0.014 160 | 0.00314
(6:00 AM - 10:00 AM)
3 5 571 0.017 278 | 0.00109
(10:00 AM - 3:00 PM)
4 7 78 0.025 276 | 0.00479
(3:00 PM - 7:00 PM)
5 4 16| 0.008 106 | 0.00325
(7:00 PM - 12 mid.)

There are two separate speed curves: one for freeways/expressways and one for other
roads. These formulas determine how highway link speed is affected by the volume of traffic.
The higher the volume/capacity ratio, the longer the time required to traverse the link, and thus
the lower the travel speed. The curves are defined by the following equations:

10
V
Freeways/Expressways: T =T, (1 + 0.2—}

E

4
Other Roads: T =T (1 +0.05 CL]

E

where T = Congested time
To = Free flow time
V= Link volume
Cg = Capacity at Level of Service “E”
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This speed adjustment is not applied to centroid connectors, since they are not real roads
and not subject to the normal constraints on roadways. In order to prevent unrealistically long
travel times on the highway network, capacity restraint delay for other links is limited to a
maximum of 20 times initial link time.

74



IV. Evaluation of Model Chain

Evaluation Procedure

The 2000 travel demand model was developed for the 2000 base year using the most
recent demographic data, Round 6, and Citilabs’ TP+/VIPER software. In 2002 and
2003, BMC staff spent many months assembling the necessary traffic counts and other
data inputs, developing transportation networks, and developing the model setups to run
the 2000 base year model. Exhibit IV-1 depicts a flowchart showing the 2000 model
development process.

The 2000 model update uses evaluation procedures based on Federal Highway
Administration (FHWA) guidelines. *®’ Using these guidelines, BMC staff developed a set of
measures to evaluate model results for the model’s data inputs and each stage of the four-step
travel demand forecasting process. Model results were compared with the 1993 Household
Travel Survey and validated against 2000 traffic counts. For the purposes of this model update,
only data from the Baltimore region are shown, even though four Washington region
jurisdictions are included in the modeling region to improve modeling capabilities. Baltimore
region trips must have at least one trip end within the region. Model results outside the six
Baltimore region jurisdictions are not evaluated in this report.

Evaluation Results

The 2000 model evaluation results are displayed in a table format for the data inputs and
each stage of the four step travel demand forecasting process. It is meant as a quick summary of
the model results and its reasonableness in simulating actual conditions. The data shown in the
following tables are from the prior (MC96)® and the current (TR00) 2000 model updates. Where
possible, observed data are compared to model results, e.g., 1993 Household Travel Survey.

> Model Validation and Reasonableness Checking Manual. Washington, DC: Barton-Aschman Associates,
Cambridge Systematics, Inc., 1997.

® Introduction to Travel Demand Forecasting - Course Number 15254. Washington, DC: National Highway
Institute. 1998.

" Advanced Urban Travel Demand Forecasting - Course Number 15260. Washington, DC: National Highway
Institute. 1999.

8 Baltimore Region Travel Demand Model 1996 Validation — Task Report 02-1, Baltimore, MD; Baltimore
Metropolitan Council, 2001.
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Exhibit IV-1
2000 Base Year Model Development Process

Model Application
4 - . ) - . e )
Model Documentation Model Update Model User Documentation and Training
.
]
- | | | ~ 1 |
2000 TAZ Structure 2000 Transportation 2000 Data Inputs Truck and Other Model
Network Commercial Enhancements
Vehicle Models
\_, /
Traffic Counts ] Classified -[ Eauilibrium Assionment ]
S = Traffic Counts
-
2000 Census '[ Add Network Detail ] Round 6 ) —[ Drive Access to Transit Trins ]
Boundaries gemographlc | | Special
ata . ..
_[ Spatial Improvement in GIS ] \_ L Generators —[ Barrier Penalty Revisions ]
TAZ-UP Process e
~ ) Commercial Vehicle '[ Congested Feedback ]
Capacity and Speed Updates -1 g
J urvey
\ -[ Other Minor Enhancements ]
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Data Inputs to 2000 Model

Table IV-1 shows the data inputs used for the TROO travel demand model. This model uses
the most recent demographic data and other data inputs available at the time of this model update.
The demographic data used Round 6 which was based on 2000 Census results. At the time of this
model update, the Maryland State Highway Administration (SHA) had many more traffic counts
available than it had in previous years. As a result, BMC staff were able to significantly expand their
traffic count database with over 2,000 traffic counts in the 2000 model.

The 2000 model also used a new Transportation Analysis Zone (TAZ) structure compared to
the 1996 model. The number of Baltimore region TAZs was increased from 1,014 to 1,151. The
increased number of TAZs allowed for a smaller average TAZ size which significantly reduced the

number of links per TAZ from 18.8 in the 1996 Model to 16.6 in the 2000 model.
Table IV-1

Evaluation Checklist of Data Inputs to 2000 Model

1996 Model | 2000 Model Guideline/
Measure (MC96) (TR00) Comment
Demographic Data Round 5-C Round 6
Population 2,456,000 2,515,000
Households 933,000 960,000
Average Household Size 2.63 2.62
Traffic Counts Available 510 2,000+
o Links 27,839 30,515
'% ~ Baltimore Region TAZs 1,014 1,151
g % Model Region TAZs 1,326 1,463
§ 7| Baltimore Region Links Per TAZ 18.8 16.6
Toll Penalties 3 3 | On each of 3 harbor
crossings
Truck Special Generator TAZs N/A 118
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Trip Generation Evaluation

Table IV-2 shows a summary of the 2000 model’s trip generation results. The percentage of
intrazonal trips decreased from 7.96 in the MC96 model to 7.63 in the 2000 model because the latter
has 137 more TAZs in the Baltimore region. At the time of this report, the full 2000 Census results
from the Census Transportation Planning Package (CTPP) was unavailable, but preliminary
indications suggest that the 8.558 million person trips estimated by the TRO0O model are very close to
2000 Census results. The percentage of truck and commercial vehicle trips in the model increased
from 7.2% to 11.9% due to the development of new truck models and the addition of the commercial
vehicle trip purpose to the model. The resulting trip rates per household are all within the guidelines

for large urban areas.

Table IV-2
Evaluation Checklist of Trip Generation Results
1996 Model | 2000 Model
Measure (MC96) (TRO0) Guideline/Comment
Average Baltimore Region TAZ Size 2.52 sq miles | 1.94 sq miles
Intrazonal Trips 677,500 707,200
Percent Intrazonal Trips 7.96% 7.63% | Percentage has decreased
due to adding TAZs
Baltimore Region Person Trips 7,837,000 8,558,000 | Motorized production trips
Model Region Person Trips 16,076,000 17,033,000 | Motorized production trips
Baltimore Region Truck and 565,000 1,022,000 | Vehicle Trips
Commercial Vehicle Trips
Baltimore Region Truck and 7.2% 11.9%
Commercial Vehicle Trip Percentage
Baltimore Region Person Trips/TAZ 7,729 7,435 | Less than 10,000
Production/Attraction Ratio 0.96 0.92 | 0.90 to 1.10; Excludes WBO
and OBO Trips since in O-D
Format
LD HBW 1.74 1.75 | 1.7 to 2.3 (Other studies, not
&2 statistical)
i)
z @ HBNW 3.96 398 [3.5t04.8
=]
% E NHB 2.10 213 |1.7t02.9
]
= All trip types 8.40 8.91 | National Average = 8.5
Vehicle Trips Per Household 6.50 6.72 | National Average = 6.9
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Trip Distribution Evaluation

Table IV-3 shows a summary of the 2000 model’s trip distribution results. The two principle
checks for trip distribution model results are average trip length and trip length frequency
distribution by trip purpose. For the six non-truck/commercial vehicle trip purposes, model results
were compared with the results from the 1993 Household Travel Survey. This comparison cannot be
performed for the truck and commercial vehicle purposes because no survey information is
available. In general, the 2000 model’s average trip lengths are very close to those in the 1996
model. The trip length for heavy trucks increased greatly as a result of the development of the new
heavy truck model which much more accurately models truck traffic. Similarly, the medium truck
trip purpose increased considerably because of the new medium truck model development. The six
non-truck/commercial vehicle trip purposes have trip lengths that are generally a little lower than

those observed in the 1993 Household Travel Survey results with the exception of HBSh trips.

Table I'V-3
Evaluation Checklist of Trip Distribution Results

1996 Model | 2000 Model
Measure (MC96) (TR00) Guideline/ Comment
Home-Based Work (HBW) 27.15 26.39 | _. 26.66

~ | Home-Based Shopping (HBSh) 11.69 11.48 % 11.18

£ | Home-Based Other (HBO) 12.07 1224 | & 2| 1354

£ [ Home-Based School (HBSch) 10.25 1022 | = c% 12.15

S | Work-Based Other (WBO) 12.69 1237 | R 15.55

g Other-Based Other (OBO) 12.16 1237 = [12.67

&£ | Commercial Vehicles (CV) N/A 15.74 | N/A - Not in

> Household Travel

2 Survey and 1996 Model
B | Medium Trucks (MT) 16.55 16.91 | N/A - Not in

Y | Heavy Trucks (HT) 21.04 34.78 | Household Travel

B Survey

Eﬂ All Trips 15.41 15.74 | Total is for Non-

s Truck/CV Purposes

> only; No survey data

< available for Truck or

CV

Trip Length Frequency Distribution (see graphs) | (see graphs) | 1993 HH Travel Survey
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The standard measure for comparing the trip length frequency distributions of model to
observed data is the coincidence ratio. The coincidence ratio is a mathematical measure that
calculates the percent of area that coincides between two curves. The closer the coincidence ratio is
to one, the better the match between the two curves. Exhibits V-2 through V-7 compare model to
observed Household Travel Survey trip length frequency data for the six non-truck/commercial
vehicle trip purposes. Exhibit IV-2 shows that the results for Home-Based Work trips are quite good
and better than in the 1996 model. Mean trip lengths for this purpose are shown in Table IV-4.

Exhibit I'V-2
Trip Length Frequency Distribution for Home-Based Work Trips

0.035

0.015 -

0.01

Percent of HBW Person Trips

—— 1993 Survey
—=-2000 Model .85 |
1996 Model .82

0.005

«&..»"Mmmmxma vvvvvvvvvvvvvvvvvvvvvvvvvv \
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100 109 118 127 136 145

Minutes

Table IV-4
HBW Trip Length

Mean Trip Length
Source in Minutes

1993 Survey 26.66
1996 Model 27.15
2000 Model 26.39
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Exhibit IV-3 shows the results for Home-Based Shop trips. The 2000 model coincidence
ratio of 0.81 is a little lower than the 0.85 in the 1996 model, but is still quite good. Mean trip
lengths for this purpose are shown in Table IV-5.

Exhibit IV-3
Trip Length Frequency Distribution for Home-Based Shop Trips

0.13
0.12
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004 | M
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0.03 * i
0.02 1 ﬁ;h —— 1993 Survey
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. Y
| z‘%&”_ . 1996 Model .85
0 | ‘ it s S S ———

1 10 19 28 37 46 55 64 73 82 91 100 109 118 127
Minutes

Table I'V-5
HBSh Trip Length

Mean Trip Length
Source in Minutes

1993 Survey 11.18

1996 Model 11.69

2000 Model 11.48
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Exhibit IV-4 shows the results for Home-Based Other trips. The coincidence ratio of 0.81 is a
little lower than the 0.84 in the 1996 model, but is still quite good. Mean trip lengths for this purpose
are shown in Table [V-6.

Exhibit IV-4
Trip Length Frequency Distribution For Home-Based Other Trips
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Table IV-6
HBO Trip Length
Mean Trip Length
Source in Minutes
1993 Survey 13.54
2000 Model 12.24
1996 Model 12.07

Exhibit IV-5 shows the results for Home-Based School trips. The coincidence ratio of 0.72 is
better than the 0.68 in the 1996 model. Mean trip lengths for this purpose are shown in Table IV-7.
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Exhibit I'V-5
Trip Length Frequency Distribution for Home-Based School Trips
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Table IV-7
HBSch Trip Length

Mean Trip Length
Source in Minutes

1993 Survey 12.15
2000 Model 10.22
1996 Model 10.25

Exhibit IV-6 shows the results for Work-Based Other trips. The coincidence ratio of 0.69 is

slightly worse than the 0.72 in the 1996 model. Mean trip lengths for this purpose are shown in
Table IV-8.
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Exhibit IV-6
Trip Length Frequency Distribution For Work-Based Other Trips
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Table IV-8
WBO Trip Length
Mean Trip Length
Source in Minutes
1993 Survey 15.55
2000 Model 12.37
1996 Model 12.69

Exhibit IV-7 shows the results for Other-Based Other trips. The coincidence ratio is 0.86 in

both the 2000 and 1996 model which is quite good. Mean trip lengths for this purpose are shown in
Table IV-9.
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Percent of OBO Person Trips

Exhibit IV-7
Trip Length Frequency Distribution for Other-Based Other Trips
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Table IV-9
OBO Trip Length

Mean Trip Length

Source

in Minutes

1993 Survey

12.67

1996 Model

12.16

2000 Model

12.37
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Mode Choice Evaluation

Table IV-10 shows a summary of the 2000 model’s mode choice results:

Table IV-10
Evaluation Checklist of Mode Choice Results
1996 2000
Model Model
Measure (MC96) (TROO) Guideline/ Comment
HBW 1.10 110 o 1.11
-
2 HBSh 1.28 1.27 2:’ '0;) ° 1.26
g HBO 1.41 139| 225 % 1.42
S E s B &
Q = ME S
) HBSch 1.84 1.76 g% 7 1.78
Q 2 o0 &
E WBO 113 2] g %g i 121
OBO 131 31| 87 & 132
Total Transit Trips (Linked) 205,600 232,400 | Estimate for MTA and
Local Bus = 216,100
Total Transit Trips (Unlinked=Boardings) 381,900 406,600 | Total for MTA and
Local Bus Boardings ~
330,800
MTA Total Transit Trips (Boardings) 378,300 403,500 | 2001 MTA Boardings
~326,500. Mode
Choice Model
calibrated to 1996
Transit On-Board
Survey and not MTA
Counts
Local Bus Total Transit Trips (Boardings) 3,600 3,100 | Local Bus Total for
Howard, Harford, and
Anne Arundel Counties
~ 4,300
Transit Ridership Percentage (Non-Truck 2.83% 3.08%
Trips)

Auto occupancy closely matches that in the 1996 model and from the 1993 Household Travel
Survey which is very good. For HBW trips, the occupancy rate for 2000 is 1.10 compared to 1.11 for
the survey. HBSh, HBO, HBSch, and OBO are also very close. WBO shows the greatest difference,
but is still reasonably close with 1.12 in the model and 1.21 in the survey.
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The Baltimore Region Travel Demand model reports transit trips as /inked trips which counts
all transit trips as one trip regardless of the number of transfers. Transit providers typically use
boardings or unlinked trips when reporting ridership which counts every time a person uses a transit
vehicle as a separate trip. For example, if a person took a local bus to the light rail, the light rail to
the subway, and the subway to another local bus to make their trip, the linked trip total would be
one, but the unlinked trip total would be four since four different transit vehicles were involved in
the trip. The Baltimore Region Travel Demand Model’s Mode Choice Model is calibrated to the
1996 Transit On-board Survey which showed higher transit numbers than the Maryland Transit
Administration (MTA) has reported. As a result, the model’s mode choice results are consistently
higher than those reported by MTA. The 2000 model results report 232,400 linked transit trips for
the Baltimore Region which is about 7.5% higher than the estimate for MTA and Local Bus service.
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Trip Assignment Evaluation

Table IV-11 shows a summary of the 2000 model’s trip assignment results:

Table I'V-11
Evaluation Checklist of Trip Assignment Results

Vehicle Assignment

1996 Model 2000 Model
Measure (MC96) (TR00) Guideline/Comment

Screenline Summary (see tables) (see tables) | £ 10% error on every cutline

HPMS Comparison to In Millions In Millions + 5% error on overall

Simulated VMT (SHA Model =49.8 Model =52.1 | regional VMT

Total — Local) HPMS =55.6 | HPMS =60.8 | Baltimore City HPMS VMT
1s overestimated

R’ For Baltimore Region 0.87 0.94 R” should be higher than
0.88;
Significant improvement
from 1996 to 2000

Estimated vs. Observed N/A (see graphs) | R*>=0.88 = Good

Traffic Assignment

% RMSE By Federal N/A (see tables) | Guidelines For % RMSE:

Urban Aid (FUA) Group 30-40% = Good

and Area Type <=30% = Excellent

% RMSE For All 43% 30% | Excellent % RMSE in 2000;

Screenline Locations Significant improvement
from 1996 to 2000

% RMSE For Truck HT =394% HT =36% | % RMSE improved greatly

Assignment MT = 138% MT = 32% | from 1996 to 2000

% RMSE For Commercial N/A CV =23% | Excellent % RMSE;

Vehicle Assignment No CV in 1996 Model

% RMSE For Overall 43% 37% | Significant improvement

from 1996 to 2000

As described in Chapter 3, BMC staff use a system of 52 screenlines to validate model
results against traffic counts. Table IV-12 compares 2000 model screenline results with 2000 traffic
counts and 1996 model results and traffic counts. Most screenlines are within an acceptable level of
error of traffic count totals. The 2000 model better matches traffic counts at screenline locations,
particularly in Baltimore City. Screenlines 1, 2, 11, and 13 in the City all showed significant
improvement in the 2000 model relative to the 1996 model. In the suburban areas, screenlines 20,
21, and 25 showed significant improvement in the 2000 model. The total volume to count ratio for

all screenline locations remained about the same in 2000 as in 1996 at 0.95.
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Table IV-12
Screenline Results (ADT and Volumes in Thousands)

Number | 1996 1996 Model 2000 2000 Model
Screenline of Links | ADT | Volume | Ratio | ADT | Volume | Ratio

1 - North CBD 8 135 72| 0.53 111 102 | 0.92
2 - East CBD 16 190 156 | 0.82 208 219 | 1.05
3 - South CBD 9 206 194 | 0.94 223 212 | 0.95
4 - West CBD 18 130 107 | 0.82 141 105 0.74
5 - Patterson Park/East Baltimore 15 139 131 0.94 177 170 | 0.96
6 - North Of Liberty Heights 5 63 67| 1.06 68 73 | 1.08
Avenue

7 - East Of Jones Falls 13 211 202 | 0.96 236 187 | 0.79
Expressway

8 - Harford Road 9 77 82| 1.07 85 78 | 0.92
10 - North Baltimore City Line 20 315 212 | 0.67 338 235 0.69
11 - East Baltimore City Line 16 390 345 | 0.88 386 380 1.01
12 - South Baltimore City Line 20 458 486 | 1.06 503 503 | 1.00
13 — West Baltimore City Line 12 268 172 0.64 237 176 | 0.74
14 - Beltway (South) 13 356 319 0.90 363 347 0.96
15 - Beltway (Southwest) 18 409 487 | 1.19 461 451 0.98
16 - Beltway (Northwest) 12 306 295 0.96 290 307 | 1.06
17 - Beltway (North) 16 387 364 | 0.94 411 394 | 0.96
18 - Beltway (East) 11 421 382 | 0.91 412 407 | 0.99
19 - South Outer Cordon Line 9 205 198 | 0.97 223 201 | 0.90
20 - Southwest Outer Cordon 16 401 477 | 1.19 462 4551 0.99
Line

21 — West Outer Cordon Line 9 99 117 | 1.18 128 122 | 095
22 - Northwest Cordon Line 6 105 98| 0.93 95 102 | 1.08
23 - North Outer Cordon Line 4 64 60| 0.94 67 65| 0.97
24 - Northeast Outer Cordon 9 209 241 | 1.16 225 240 | 1.07
Line

25 - Towson Cordon 19 340 278 | 0.82 368 330 | 0.90
26 - Westminster Cordon 15 146 134 | 0.92 155 149 | 097
27 - Bel Air Cordon 17 147 149 | 1.01 201 190 | 0.94
28 - Columbia Cordon 20 333 343 | 1.03 394 347 0.88
29 - Mid-Howard County 17 332 359 | 1.08 421 372 | 0.88
Screenline

30 - Annapolis Cordon 12 342 307 | 0.90 386 3541 0.92
31 - MD 543-Harford County 8 140 158 1.13 156 170 | 1.09
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Number | 1996 1996 Model 2000 2000 Model
Screenline of Links | ADT | Volume | Ratio | ADT | Volume | Ratio

32 - Anne Arundel Region 5 181 177 | 0.98 195 199 1.02
Boundary

33 - Anne Arundel/Howard 12 361 3971 1.10 427 369 | 0.86
County Region Boundary

34 - Western Howard Region 3 30 35| 1.20 36 28 | 0.77
Boundary

35 — West Carroll Region 10 70 771 1.10 86 771 0.90
Boundary

37 - North Frederick/Carroll 11 46 45 0.99 64 62| 0.97
Region Boundary

38 - North Baltimore County 5 37 41 1.09 50 48 | 0.96
Region Boundary

39 - North Harford Region 8 17 18| 1.05 19 18| 0.96
Boundary

40 - Northeast Region Boundary 3 103 102 | 0.99 112 113 1.00
41 - Annapolis Bay Bridge 1 64 65| 1.02 65 65| 1.00
42 - West of MD 3/1-97 13 202 188 0.93 213 223 | 1.05
43 - Howard/Anne Arundel 13 303 311 | 1.03 357 314 0.88
County Line

44 - Howard/Carroll County Line 5 54 54| 1.01 77 59| 0.76
45 - Gwynns Falls West 9 288 338 | 1.17 278 313 | 1.13
46 - East of [-83/Baltimore 12 179 171 0.95 230 180 | 0.78
County

47 - East of [-95/Baltimore 14 207 216 | 1.04 235 210 | 0.89
County

48 - West of US 1/Harford 12 87 87| 1.00 110 101 | 0.92
County

49 - West of I-95/Harford County 11 140 141 | 1.01 165 146 | 0.88
50 - Harbor Crossings 6 188 194 1.03 208 199 | 0.95
51 - Expanded Region Boundary 8 88 86| 0.98 116 115| 1.00
North Of [-495

52 - Potomac River Between I- 9 880 887 | 1.01 927 9251 1.00
495 Crossings

53 - Expanded Region Boundary 8 138 137 | 0.99 170 165 0.97
South Of [-95

54 - East of MD 140/Baltimore 11 232 250 | 1.08 240 264 | 1.10
County

Total 5817 [ 11,356 | 10,833 | 0.95|12,310 | 11,645 | 0.95

? Link count for all screenlines (581) exceeds the total number of screenline locations (542) because several

counts are used on multiple screenlines.
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Table IV-13 compares 1996 and 2000 modeled vehicle miles of travel (VMT) versus
Highway Performance Measurement System (HPMS) estimated data. HPMS is the standard measure
for estimating vehicle miles of travel (VMT). The HPMS figures exclude local HPMS VMT. Total
modeled VMT grew by 4.6% from 1996 to 2000. The ratio of modeled to HPMS VMT in the City is
low because HPMS in the City is too high. The state has recently expanded its count program into
Baltimore City which will enable the City HPMS figure to be reviewed. Overall modeled VMT is
about 14% lower than HPMS. This can be partially explained by the Baltimore City HPMS figure
being too high and the fact that the model network does not contain every non-local roadway that is
part of the state’s non-local HPMS calculation. As a result, an undeterminable amount of modeled
VMT exists on centroid connectors that would be included in the state’s HPMS calculation. This
difference is most apparent in Baltimore City since centroid connectors often simulate traffic on
minor arterials and collectors not included in the network.

Table IV-13
Highway Network Vehicle Miles of Travel in Thousands'’

1996 2000
1996 1996 Modeled to 2000 2000 Modeled
HPMS | Modeled HPMS HPMS Modeled | to HPMS
Jurisdiction VMT VMT Ratio VMT VMT Ratio
Baltimore City 8,500 6,300 0.74 9,300 6,800 0.73
Anne Arundel County 12,800 11,000 0.86 14,100 11,600 0.82
Baltimore County 19,400 17,900 0.92 20,100 18,100 0.90
Carroll County 2,700 2,400 0.89 3,000 2,700 0.90
Harford County 5,000 4,700 0.94 5,600 5,100 0.91
Howard County 7,200 7,600 1.06 8,800 7,700 0.88
Total 55,600 49,800 0.90 60,800 52,100 0.86

19 Excludes local HPMS VMT.
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Exhibit IV-8 shows a graph of estimated versus observed traffic for all available count
locations in the model network. At the time of this model update, about 2,000 traffic counts were
available for this comparison. The results of the comparison are good. The coefficient of
determination, R% is 0.94 which is well above the guideline of 0.88 and indicates that the goodness
of fit between modeled volumes and observed counts is good. The graph plots values for the
modeled volume (estimate) along the Y axis and the corresponding traffic count (observed) along the
X axis. If all of the modeled counts perfectly matched the counts, R* would be 1.00 and the points on
the graph would match up with the line of slope one (45 degree line) drawn in the graph below.
Points above the 45 degree line are locations where the model oversimulates traffic. Likewise, points
below the 45 degree line are locations where the model undersimulates traffic.

Exhibit IV-8
Estimated vs. Observed Traffic Assignment for All Traffic
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Exhibit IV-9 shows a graph of estimated versus observed traffic for heavy truck traffic.
Truck counts were available at over 1,200 locations for this comparison. The results of the
comparison are very good. The coefficient of determination, R?, is 0.95 which is well above the
guideline of 0.88 and indicates that the goodness of fit between modeled volumes and observed
counts is good.

Exhibit IV-9
Estimated vs. Observed Traffic Assignment for Heavy Truck Traffic
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Exhibit IV-10 shows a graph of estimated versus observed traffic for medium truck traffic.
Truck counts were available at over 1,200 locations for this comparison. The results of the
comparison are very good. The coefficient of determination, R?, is 0.95 which is well above the
guideline of 0.88 and indicates that the goodness of fit between modeled volumes and observed
counts is good.

Exhibit IV-10
Estimated vs. Observed Traffic Assignment for Medium Truck Traffic
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Exhibit IV-11 shows a graph of estimated versus observed traffic for commercial vehicle
traffic. Commercial Vehicle counts were developed from the 2002 Commercial Vehicle Survey that
was conducted as part of the development of the new Commercial Vehicle model."! The results of
the comparison are very good. The coefficient of determination, R?, is 0.95 which is well above the
guideline of 0.88 and indicates that the goodness of fit between modeled volumes and observed
counts is good.

Exhibit IV-11
Estimated vs. Observed Traffic Assignment for
Commercial Vehicle Traffic
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1 Development of Commercial Vehicle Travel Model — C02-9. Mitchells, VA: William G. Allen, 2002.
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Table IV-14 shows the percent root mean squared error (RMSE) by facility and area type for
all screenline count locations for 1996 versus 2000 model results. BMC staff categorize land use
density into four area types: rural, suburban, urban, and city center. Facility type was categorized
into the following four categories: freeway, principal arterial, minor arterial, and collector. These
four facility types and area types are combined to create a matrix with 16 cells. Screenline locations
existed for each of the cells with the exception of Freeways in the City Center. Percent RMSE is a
statistical measure that is used to determine variance by squaring the difference between two sets of
numbers, averaging these squared differences, and then taking the square route of the average. If
there was no error between modeled volumes and traffic counts, the percent RMSE would be zero.
In practice, below 30% RMSE is excellent and below 40% is good in regional modeling. The table
shows that percent RMSE in 2000 is 30% for the model which is very good. The table also shows
that the percent RMSE decreased significantly from the 1996 to 2000 model which indicates that the
traffic assignment in the 2000 model is significantly better than in 1996.

Table IV-14
Percent RMSE by Facility and Area Type for Screenline Locations

Area Type

City Facility Link

. Rural Suburban Urban Center Total Count
Facility

Type 1996 | 2000 | 1996 | 2000 | 1996 | 2000 | 1996 | 2000 | 1996 | 2000 | 1996 | 2000

1. Freeway 21 15 29 15 8 6| N/A| N/A 25 15| 138 | 138

2. Principal

Arterial 63 37 49 28 73 61 45 65 56 42| 180 | 182
3. Minor
Arterial 67 50 55 50 63 45 68 66 61 52| 144 | 148

4. Collector 87 63 97 60 27 36 91 91 88 62 62 74

Area Type
Total 36 25 44 26 56 50 51 69 43 30
Link Count | 232 | 239 | 201 | 209 42 42 49 52 524 | 542
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Table IV-15 shows the percent root mean squared error (RMSE) by facility and area type for
all count locations. This table has the same format as the previous table, but covers almost four times
as many count locations. This table shows that percent RMSE is 36% for all count locations, which
is good.

Table IV-15
Percent RMSE by Facility and Area Type for All Count Locations
Area Type
City Facility | Link

Facility Type Rural | Suburban | Urban | Center | Tt2! | Count
1. Freeway 23 23 27 7 24 567
2. Principal Arterial 32 38 58 63 42 593
3. Minor Arterial 43 47 47 67 47 551
4. Collector 64 67 31 71 67 349
Area Type Total 32 33 56 57 36
Link Count 899 913 146 102 2,060

Table IV-16 compares the percent error between modeled volume and observed counts for
screenline versus all count locations. In general, the percent error is a little less for all count
locations versus screenline locations. Overall percent error is -5.4% for screenline locations and
-4.6% for all count locations which is within the guideline of +7%.

Table IV-16
Percent Error by Facility Type: Screenline Versus All Count Locations
Screenline Total All Count Total
(in thousands) (in thousands)
% %

Facility Type | Model | Observed | Error | Model | Observed | Error | Guideline
Freeway 6,235 6,245 -0.2% | 23,352 23,384 -0.1% <7%
Principal Arterial 3,356 3,562 -5.8% | 7,623 8,457 -9.9% | <10 %
Minor Arterial 1,217 1,526 | -20.3% | 3,068 3,659 | -16.1% | <15 %
Collector 370 487 | -24.1% 973 1,207 | -194% | <25%
Grand Total 11,177 11,820 -5.4% | 35,016 36,707 -4.6% <7%
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Appendix 1
List of Acronyms

Acronym Meaning Definition

BMC Baltimore Metropolitan Council An organization which provides regional planning
services for Baltimore, Maryland and the five
surrounding counties

BRTB Baltimore Regional | The designated Metropolitan Planning Organization

Transportation Board for the Baltimore region

CcvV Commercial Vehicles Two-axle, four-tire vehicles used for commercial
purposes (service, taxis, etc.)

GIS Geographic Information Systems | A computerized mapping and geographic database
system

HBO Home-based Other Trip Purpose | Trips with one end at home and the other at a location
which is not work, shopping, or school

HBSch Home-based School Trip Purpose | Trips with one end at home and the other at an
elementary or secondary school

HBSh Home-based Shop Trip Purpose Trips with one end at home and the other at a place
for purchasing items

HBW Home-based Work Trip Purpose | Trips with one end at home and the other at a person’s
work location

HCM Highway Capacity Manual A publication by the Transportation Research Board
which is used to determine highway capacity

HOV High Occupancy Vehicle A vehicle with passengers in addition to the driver

HOV-2 2-Person Vehicles A vehicle containing two occupants

HOV-3 3-Person Vehicles A vehicle containing three occupants

HOV-4+ | 4-Person or more Vehicles A vehicle containing four or more occupants

HPMS Highway Performance Monitoring | A system of data collection which provides

System information on highway usage and condition

HT Heavy Truck Trip Purpose Trips by trucks with more than two axles

I-1 Internal-to-internal trip Trips with both ends in the model region

I-X Internal-to-external trip Trips with the production or origin end in the model
region and the other outside

IVT In-vehicle Time Travel time spent inside a vehicle

99




Acronym Meaning Definition

MARC Maryland Rail Commuter Commuter rail service provided by the Maryland
Transit Administration

MC96 Mode Choice 1996 Model Designation of the “Mode Choice” validation
performed in 2001 for the year 1996

MT Medium Truck Trip Purpose Trips by two-axle, six-tire trucks

MWCOG | Metropolitan Washington Council | BMC’s equivalent in the Washington Region

of Governments

OBO Other-based Other Trip Purpose Trips with both ends at non-work or non-home
locations

OBOD Other-based Other Destinations The destination end of an OBO trip

OBOO Other-based Other Origins The origin end of an OBO trip

OVT Out-of-vehicle Time Travel time spent outside a vehicle (e.g., walking to
or from transit stops, waiting)

RMSE Root-Mean-Squared Error A means to determine variance by squaring the
difference between two sets of numbers, averaging
these squared differences, and then taking the square
route of the average

RPD Regional Planning District An aggregation of Transportation Analysis Zones

SHA State Highway Administration A modal administration of the Maryland Department
of Transportation responsible for non-toll state
highways

SOV Single Occupant Vehicle A vehicle with the driver only

TAZ Transportation Analysis Zone A geographic region used in the model generally
corresponding to census block groups

VMT Vehicle Miles of Travel The product of the number of vehicles and the
number of miles traveled

TROO 2000 Model Designation of the “Truck Model” validation
performed in 2003 for the year 2000

WBO Work-based Other Trip Purpose Trips with one end at work and the other at a non-
home location

WBOD Work-based Other Destinations The destination end of a WBO trip

WBOO Work-based Other Origins The origin end of a WBO trip
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Acronym Meaning Definition

X-1 External-to-internal trip Trips with the attraction or destination end in the
model region and the other outside

X-X External-to-External Trips Trips that pass through without stopping in the model

region
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Appendix 2
Trip Generation Production Rates

Rural Suburban Urban City Center
Trip | Veh./ Persons/HH Persons/HH Persons/HH Persons/HH
Purpose/ HH | 1 2 3 4+ 1 2 3 4+ 1 2 3 4+ 1 2 3 | 4+
= 0 0.85] 0.85] 0.85] 0.85] 0.86] 0.86] 0.86] 0.86] 0.70, 0.70, 1.83] 1.83] 0.67] 0.67] 0.79] 0.79
% 1 0.95] 0.95] 0.95] 0.95] 1.01) 1.01] 1.92] 1.921 1.05 1.05 2.10] 2.10] 1.16] 1.16| 1.16| 1.16
= 2 2.04| 2.04] 2.04 2.01] 223 223 2.02] 2.10] 2.10 2.82| 2.82| 2.82
e 3+ 3.16] 3.16 3.08 3.08 439 4.39 3.46| 3.46
= 0 0.311 0.31} 0.31} 0.31] 0.30, 0.30] 0.30 0.30] 0.34/ 0.34) 1.03] 1.03] 0.68 0.68 0.68 0.68
% 1 0.65] 0.94] 0.94, 0.94] 0.56| 1.02] 1.13) 1.13] 0.79] 0.79] 0.86] 0.86] 0.78] 0.78 0.78] 0.78
s 2 0.96] 0.96| 0.96 1.05| 1.18] 1.33 0.95] 1.00] 1.16 0.80[ 0.80] 0.80
= 3+ 1.30] 1.30 1.30[ 1.41 2.14 2.14 1.44| 1.44
@) 0 0.79] 0.79] 0.79] 0.79] 1.46| 1.46| 1.46| 1.46] 0.98 0.98 2.58 2.58] 1.95| 1.95 1.95 1.95
% 1 091 2.32| 232 232 147 147 3.18 3.18] 136/ 136 3.39) 3.39] 2.03| 2.03] 2.03] 2.03
?‘% 2 329 3.29] 3.29 327 3.27] 3.27 3.26] 3.26] 3.26 3.57| 3.57] 3.57
= 3+ 4.16| 4.16 4.26| 4.26 6.01] 6.01 3.82| 3.82
§ 0 0.02] 0.13] 0.68] 2.45] 0.06] 0.24) 0.69] 2.38 0.06] 0.26] 0.95 2.16] 0.22] 0.36| 1.11| 2.00
% 1 0.02 0.13] 0.68 245 0.06] 0.24] 0.69 238 0.06] 0.26] 0095 2.16] 0.22| 036 1.11 2.00"
= 2 0.13] 0.68] 2.45 0.24| 0.69] 2.38 0.26] 0.95] 2.16 0.36/ 1.11 2.00"
E 3+ 0.68] 2.45 0.69] 2.38 0.95] 2.16 1.11] 2.00
8 0 0.33] 0.33] 033 033 0.29] 0.29] 029 0.29] 0.47] 047 0.56] 0.56] 0.33] 0.33] 0.33] 0.33
= 1 0.55] 0.55] 0.55] 0.55] 0.56] 0.56] 0.69] 0.69] 0.79] 0.79] 0.79] 0.79] 0.57) 0.57) 0.57| 0.57
= 2 1.22] 1.32] 1.32 0.92] 1.05| 1.05 1.00 1.02] 1.02 1.38] 1.38] 1.38
= 3+ 1.37] 1.48 1.52| 1.52 1.98] 1.98 1.38] 1.38
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Rural Suburban Urban City Center
Trip | Veh./ Persons/HH Persons/HH Persons/HH Persons/HH
Purpose| HH 1 2 3 4+ 1 2 3 4+ 1 2 3 4+ 1 2 3 4+

0 0.33 0.33] 0.33] 033 o0.11} o0.11} 0.11f 0.11} 0.28 0.28 0.32[ 0.32] 0.22] 0.22] 0.22] 0.22
E o 1 0.51] 0.51] 0.51] 051} 0.49] 0.49] 058 0.58] 0.57] 0.57 0.57] 0.57 0.4 04 04 04
% § 2 .12 1.21] 1.21 0.77] 0.89] 0.89 0.93] 0.93] 0.93 0.97] 0.97] 0.97
= 3+ 1.22]  1.31 1.35] 1.35 1.67| 1.67 0.97 0.97
o 0 1.14 1.14] 1.14/ 1.14 1.20] 1.20] 1.20[ 1.20] 0.66] 0.66| 1.04/ 1.04] 093] 0.93] 0.93] 0.93
8 1 1.14) 1.14] 1.14] 1.14 1.21} 1.21} 1.41 141 0.77) 1.09] 1.27) 1.771 1.02] 1.02| 1.34| 1.34
T}% 2 1.98) 1.98 1.98 148 1.74] 2.22 148 1.87] 1.87 1.52| 1.52| 1.52
= 3+ 243 243 281 2.81 241 241 2.86| 2.86
0 1.09] 1.09] 1.09] 1.09] 0.98 098 098 0.98 0.39] 0.39] 0.68f 0.68 0.52] 0.52| 0.52| 0.52
_?é o 1 1.09] 1.09] 1.09| 1.09) 1.09] 1.09 121 1.21 0.7] 0.84[ 1.14] 1.43] 0.76 0.76] 1.07| 1.07
% % 2 1.92 1.92] 1.92 1.4 1.68] 2.06 1.31] 1.63] 1.63 1.35] 1.35| 1.35
= 3+ 2.24| 2.24 2.61| 2.61 2.25| 2.25 2.51] 251
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Appendix 3
Truck Zones

TAZ RPDNO | RPDNAME TRUCK TAZ CODE AND TYPE
63 111 | Waverly 7 | Small Business District
94 117 | West Baltimore 9 | Small Intermodal/Transfer
116 118 | Metro Center 1 | Large Business District
117 118 | Metro Center 1 | Large Business District
118 118 | Metro Center 1 | Large Business District
119 118 | Metro Center 1 | Large Business District
120 118 | Metro Center 1 | Large Business District
121 118 | Metro Center 1 | Large Business District
122 118 | Metro Center 1 | Large Business District
125 118 | Metro Center 1 | Large Business District
126 118 | Metro Center 1 | Large Business District
143 119 | East Baltimore 1 | Large Business District
144 119 | East Baltimore 1 | Large Business District
145 119 | East Baltimore 1 | Large Business District
168 120 | Highlandtown 1 | Large Business District
169 120 | Highlandtown 1 | Large Business District
175 121 | Canton 2 | Large Wholesale/Manufacturing
176 121 | Canton 3 | Large Intermodal/Transfer
185 121 | Canton 3 | Large Intermodal/Transfer
186 121 | Canton 3 | Large Intermodal/Transfer
188 121 | Canton 8 | Small Wholesale/Manufacturing
193 122 | Morrell Park 8 | Small Wholesale/Manufacturing
199 123 | Carroll Park 11 | Small Institutional/Other
204 124 | South Baltimore 3 | Large Intermodal/Transfer
215 126 | Brooklyn 8 | Small Wholesale/Manufacturing
216 126 | Brooklyn 5 | Large Institutional/Other
217 126 | Brooklyn 3 | Large Intermodal/Transfer
236 202 | BWI 4 | Large Airport
271 205 | Jessup/Severn 7 | Small Business District
279 205 | Jessup/Severn 5 | Large Institutional/Other
365 212 | Crownsville 7 | Small Business District
366 212 | Crownsville 7 | Small Business District
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TAZ RPDNO | RPDNAME TRUCK TAZ CODE AND TYPE
370 212 | Crownsville 7 | Small Business District
371 212 | Crownsville 7 | Small Business District
393 214 | Annapolis 7 | Small Business District
440 304 | Sparks 2 | Large Wholesale/Manufacturing
456 306 | Reisterstown/Owings Mills 7 | Small Business District
490 309 | Cockeysville/Timonium 7 | Small Business District
491 309 | Cockeysville/Timonium 7 | Small Business District
492 309 | Cockeysville/Timonium 11 | Small Institutional/Other
493 309 | Cockeysville/Timonium 5 | Large Institutional/Other
502 309 | Cockeysville/Timonium 7 | Small Business District
516 312 | Randallstown 7 | Small Business District
563 315 | Towson/Loch Raven 7 | Small Business District
564 315 | Towson/Loch Raven 7 | Small Business District
571 315 | Towson/Loch Raven 7 | Small Business District
576 315 | Towson/Loch Raven 7 | Small Business District
607 317 | Perry Hall/Whitemarsh 11 | Small Institutional/Other
652 321 | Rossville 7 | Small Business District
654 321 | Rossville 7 | Small Business District
672 323 | Security 7 | Small Business District
696 324 | Catonsville 7 | Small Business District
701 325 | Arbutus/Lansdowne 8 | Small Wholesale/Manufacturing
752 329 | Dundalk/Turners Station 3 | Large Intermodal/Transfer
767 331 | Edgemere 2 | Large Wholesale/Manufacturing
776 401 | Taneytown 8 | Small Wholesale/Manufacturing
789 402 | Manchester 8 | Small Wholesale/Manufacturing
796 403 | Westminster 8 | Small Wholesale/Manufacturing
801 403 | Westminster 7 | Small Business District
809 403 | Westminster 7 | Small Business District
812 403 | Westminster 7 | Small Business District
819 403 | Westminster 8 | Small Wholesale/Manufacturing
820 403 | Westminster 11 | Small Institutional/Other
821 404 | Finksburg 11 | Small Institutional/Other
822 404 | Finksburg 11 | Small Institutional/Other
851 406 | Eldersburg 7 | Small Business District
908 503 | Bel Air/Fallston 7 | Small Business District

106




TAZ RPDNO | RPDNAME TRUCK TAZ CODE AND TYPE
909 503 | Bel Air/Fallston 7 | Small Business District
926 503 | Bel Air/Fallston 5 | Large Institutional/Other
956 504 | Aberdeen/Havre De Grace 8 | Small Wholesale/Manufacturing
959 504 | Aberdeen/Havre De Grace 8 | Small Wholesale/Manufacturing
975 505 | Edgewood/Joppa 2 | Large Wholesale/Manufacturing
1012 602 | West Friendship 11 | Small Institutional/Other
1021 603 | Ellicott City 11 | Small Institutional/Other
1066 605 | Columbia 7 | Small Business District
1094 605 | Columbia 7 | Small Business District
1096 605 | Columbia 7 | Small Business District
1098 605 | Columbia 7 | Small Business District
1127 606 | Elkridge 8 | Small Wholesale/Manufacturing
1128 606 | Elkridge 8 | Small Wholesale/Manufacturing
1145 607 | Laurel 2 | Large Wholesale/Manufacturing
1146 607 | Laurel 3 | Large Intermodal/Transfer
1149 607 | Laurel 8 | Small Wholesale/Manufacturing
1900 700 | Washington, DC 1 | Large Business District
1901 700 | Washington, DC 1 | Large Business District
1902 700 | Washington, DC 1 | Large Business District
1903 700 | Washington, DC 1 | Large Business District
1904 700 | Washington, DC 1 | Large Business District
1905 700 | Washington, DC 1 | Large Business District
1911 700 | Washington, DC 1 | Large Business District
1912 700 | Washington, DC 1 | Large Business District
1919 700 | Washington, DC 12 | Small Delivery
1923 700 | Washington, DC 1 | Large Business District
2222 800 | Montgomery County 7 | Small Business District
2223 800 | Montgomery County 7 | Small Business District
2225 800 | Montgomery County 7 | Small Business District
2228 800 | Montgomery County 7 | Small Business District
2250 800 | Montgomery County 7 | Small Business District
2265 800 | Montgomery County 11 | Small Institutional/Other
2266 800 | Montgomery County 7 | Small Business District
2267 800 | Montgomery County 12 | Small Delivery
2527 900 | Prince George's County 7 | Small Business District
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TAZ RPDNO | RPDNAME TRUCK TAZ CODE AND TYPE
2533 900 | Prince George's County 8 | Small Wholesale/Manufacturing
2534 900 | Prince George's County 2 | Large Wholesale/Manufacturing
2535 900 | Prince George's County 12 | Small Delivery
2537 900 | Prince George's County 12 | Small Delivery
2581 900 | Prince George's County 8 | Small Wholesale/Manufacturing
2586 900 | Prince George's County 2 | Large Wholesale/Manufacturing
2591 900 | Prince George's County 7 | Small Business District
2592 900 | Prince George's County 7 | Small Business District
2594 900 | Prince George's County 8 | Small Wholesale/Manufacturing
2638 900 | Prince George's County 2 | Large Wholesale/Manufacturing
2647 900 | Prince George's County 8 | Small Wholesale/Manufacturing
2909 1000 | Frederick County 2 | Large Wholesale/Manufacturing
2913 1000 | Frederick County 11 | Small Institutional/Other
2914 1000 | Frederick County 11 | Small Institutional/Other
2917 1000 | Frederick County 7 | Small Business District
2918 1000 | Frederick County 7 | Small Business District
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Appendix 4
Friction Factors

Minutes HBW HBSh HBO HBSch WBO 0OBO CV/MT HT

1 52601 589528 676150 [ 1002665 235725 62473 | 1202604 654

2 46904 354639 [ 451176 635986 164724 39459 155627 262

3 41875 217526 304750 [ 409498 116310 25404 47056 153

4 37431 135942 208294 | 267520 82958 16658 20139 105

5 33497 86498 144009 177236 59751 11116 10427 78

6 30012 55998 100678 119025 43448 7544 6089 61

7 26921 36860 71148 80988 31886 5203 3864 50

8 24175 24654 50808 55810 23611 3644 2606 42

9 21735 16746 36653 38934 17637 2591 1841 36
10 19563 11544 26703 27485 13286 1868 1349 31
11 17627 8072 19641 19627 10091 1365 1019 28
12 15900 5722 14581 14172 7725 1011 788 25
13 14358 4110 10922 10343 5961 758 622 22
14 12980 2989 8253 7628 4633 575 500 20
15 11746 2201 6289 5682 3628 442 408 18
16 10641 1640 4832 4274 2861 343 337 17
17 9650 1235 3742 3245 2272 269 282 16
18 8760 941 2920 2486 1816 213 238 14
19 7961 724 2296 1921 1461 170 203 13
20 7241 563 1818 1498 1183 138 175 13
21 6593 442 1450 1177 964 112 151 12
22 6010 350 1165 933 790 92 132 11
23 5483 280 941 744 651 76 116 10.42
24 5007 226 766 599 540 64 102 9.85
25 4577 183 627 485 450 54 90 9.34
26 4188 150 516 396 377 45 81 8.87
27 3835 124 428 325 317 39 72 8.43
28 3516 103 356 268 269 33 65 8.04
29 3226 86 299 223 228 29 58 7.68
30 2962 73 251 187 195 25 53 7.34
31 2723 62 213 157 167 22 47.9 7.03
32 2505 53 181 133 144 19 43.6 6.74
33 2306 45 155 113 125 17 39.9 6.47
34 2126 39 133 97 109 15 36.5 6.22
35 1961 34 115 83 95 14 33.5 5.99
36 1810 30 99 72 83 12 30.8 5.77
37 1672 26 87 63 73 11 28.4 5.56
38 1547 23 76 55 65 10 26.3 5.37
39 1431 20 66 48 57 9 24.3 5.19
40 1326 18 59 42 51 8 22.6 5.02
41 1229 16 52 37 45 8 21 4.86
42 1140 15 46 33 41 7 19.6 4.71
43 1059 13 41 29 37 6 18.3 4.56
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Minutes HBW HBSh HBO HBSch WBO 0OBO CV/MT HT
44 984 12 37 26 33 6 17.1 4.43
45 915 11 33 24 30 5 16 43
46 851 10 30 21 27 5 15 4.17
47 793 9 27 19 25 5 14 4.06
48 739 8 24 17 22 4 13.2 3.95
49 689 8 22 16 20 4 12.4 3.84
50 643 7 20 15 19 4 11.7 3.74
51 601 7 18 13 17 4 11 3.64
52 562 6 17 12 16 4 10.4 3.55
53 525 6 15 11 15 3 9.9 3.46
54 492 5 14 10 14 3 9.3 3.38
55 461 5 13 10 13 3 8.8 3.31
56 432 5 12 9 12 3 8.4 3.22
57 405 4 11 8 11 3 7.9 3.15
58 380 4 10 8 10 3 7.6 3.07
59 357 4 10 7 9 3 7.2 3.01
60 336 4 9 7 9 2 6.8 2.94
61 316 4 9 6 8 2 6.5 2.88
62 297 3 8 6 8 2 6.2 2.82
63 280 3 7 6 7 2 5.9 2.76
64 264 3 7 5 7 2 5.6 2.71
65 249 3 7 5 7 2 54 2.64
66 235 3 6 5 6 2 5.2 2.59
67 221 3 6 5 6 2 4.9 2.54
68 209 3 6 4 6 2 4.7 2.49
69 198 3 5 4 5 2 4.5 244
70 187 2 5 4 5 2 43 241
71 177 2 5 4 5 2 4.2 2.35
72 168 2 5 4 5 2 4 231
73 159 2 4 3 4 2 3.8 2.27
74 151 2 4 3 4 2 3.7 2.23
75 143 2 4 3 4 2 3.5 2.19
76 135 2 4 3 4 2 34 2.15
77 129 2 4 3 4 2 3.3 2.11
78 122 2 4 3 4 2 3.2 2.08
79 116 2 3 3 3 1 3 2.04
80 111 2 3 3 3 1 2.9 2.01
81 105 2 3 3 3 1 2.8 1.98
82 100 2 3 2 3 1 2.7 1.95
83 95 2 3 2 3 1 2.6 1.92
84 91 2 3 2 3 1 2.5 1.89
85 87 2 3 2 3 1 24 1.86
86 83 2 1 2 3 1 2.4 1.83
87 79 2 1 2 3 1 23 1.8
88 75 2 1 2 3 1 2.2 1.77
89 72 2 1 2 3 1 2.1 1.75
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Minutes HBW HBSh HBO HBSch WBO 0OBO CV/MT HT
90 69 2 1 2 2 1 2.1 1.72
91 66 1 1 2 2 1 2 1.7
92 63 1 1 2 2 1 1.9 1.67
93 60 1 1 2 2 1 1.9 1.65
94 58 1 1 2 2 1 1.8 1.63
95 55 1 1 2 2 1 1.8 1.6
96 53 1 1 2 2 1 1.7 1.58
97 51 1 1 2 2 1 1.7 1.56
98 49 1 1 2 2 1 1.6 1.54
99 47 1 1 2 2 1 1.6 1.52

100 45 1 1 2 2 1 1.5 1.5
101 43 1 1 2 2 1 1.5 1.48
102 42 1 1 2 2 1 1.4 1.46
103 40 1 1 2 2 1 1.4 1.44
104 38 1 1 2 2 1 1.3 1.42
105 37 1 1 2 2 1 1.3 1.4
106 36 1 1 2 2 1 1.3 1.39
107 34 1 1 1 2 1 1.2 1.37
108 33 1 1 1 2 1 1.2 1.35
109 32 1 1 1 1 1 1.2 1.34
110 31 1 1 1 1 1 1.1 1.32
111 30 1 1 1 1 1 1.1 1.31
112 29 1 1 1 1 1 1.1 1.29
113 28 1 1 1 1 1 1.1 1.27
114 27 1 1 1 1 1 1 1.26
115 26 1 1 1 1 1 1 1.25
116 25 1 1 1 1 1 1 1.23
117 24 1 1 1 1 1 1 1.22
118 23 1 1 1 1 1 0.9 1.2
119 22 1 1 1 1 1 0.9 1.19
120 22 1 1 1 1 1 0.9 1.18
121 21
122 20
123 20
124 19
125 19
126 18
127 17
128 17
129 16
130 16
131 15
132 15
133 15
134 14
135 14
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Minutes HBW HBSh HBO HBSch WBO 0OBO CV/MT HT
136 13
137 13
138 13
139 12
140 12
141 12
142 11
143 11
144 11
145 11
146 10
147 10
148 10
149 10
150 9
151 9
152 9
153 9
154 9
155 8
156 8
157 8
158 8
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