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1.0 Introduction

The Houston-Galveston Regional Travel Models are cooperatively developed and
maintained by the Houston-Galveston Area Council (H-GAC), the Texas Department of
Transportation (TXxDOT) and the Metropolitan Transit Authority (METRO). This report
documents the validation of the Houston-Galveston Regional firrack-10Cube Voyerger
Travel Models from the previous base year 2002 to 2005 base year.

Afew years ago,the HHGA CO0 s E mme-1 2002asa ye& model was convereted and
validated in the Cube Voyager environment. The Emme/2 Track-1 model is as result of
enhancements and updates made to H-GACO srevipus Travel Models known as the fArrack-
00 model set

This report does not fully document the various model set components of this newly validated
model, instead, documents those components that were addressed as part of the 2005
validation.

The devel opmen-00 omo dibdocusdahtedirctike following reports.

¢ Development, Update and Calibration of 1985 Travel Models for the Houston Galveston
Region, H-GAC, June 1991

e Estimation, Calibration, and Validation of the Houston Mode Choice Model - Technical
Report

e 1990 Houston Long-Range Patronage Forecasting Model Validation-Draft Technical
Memorandum: Model Validation Methodology and Results

e |H-10 Katy Freeway Major Investment Study: Service and Travel Forecasting
Methodology, Version 3.0

The @rack-10Travel Models represent an update of the Arrack-0Oomodels using updated

(relative to the original 1984 survey) household and work-place survey data. In terms of

model structure, the only significant change to the model set was the re-definition of trip

purposes. The regional mode choice model is a nested logit model originally developed for

i ncorporation into METRu@é Batrahay® ForeddsiingMbdelasedo n g
on 1985 travel survey information. The model was later enhanced for use in a Major

Investment Study. The model has been re-calibrated to the year 2002 as part of the

development of the Track-1 model set.

More information about the development and validation of the drack-10Travel Models is
documented from ancGA@rTrrewelrtModedalt | 200X HVal i dat

1.1 Report Structure

Chapter 2 of the report discusses the development of land use, demographic and cost data
for the 2005 Base Year. Included in this section is also a discussion and depiction of the
zone system used in the H-GAC modeling efforts. Chapter 3 outlines the development of
both highway and transit networks. This is followed in Chapter 4 with a discussion of travel
forecasting procedures employed in the 1995 validation. The 2005 highway assignment
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Introduction

validation results are also summarized in Chapter 4. Chapter 5 discusses the development
of an HPMS adjustment factor used in applications of travel model forecasts for air quality
conformity and SIP development.
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2.0 Land Use, Demographic & Cost
Data Development

The eight-county Houston-Galveston-Brazoria Consolidated Metropolitan Statistical Area
(CMSA) has been federally designated as the Transportation Management Area (TMA) for
the Houston-Galveston region. The Houston-Galveston TMA extends over an area of 7,809
square miles. Land Use and Demographic forecasts for the TMA are developed by H-GAC.

2.1 Zone System Definition

Under 1990 (census related) geography, H-GAC has designated 3,000 detailed traffic
analysis zones (TAZs) in the Houston-Galveston TMA. This includes 2,954 internal zones
and 46 external stations. The internal zones are entirely within the TMA and the external
stations are used to capture external-external and external-local trips into and through the
TMA. The 2005 validation of the Cube models uses the same 3000 TAZ structure.

2.2 Base Year Demographic Estimates

Estimated Year 2005 households and Year 2005 employment were used as the primary
demographic inputs for the Year 2005 validation of the travel models. Estimates of 2005
household were derived through interpolation of year 2000 TAZ-level estimates and
forecasted year 2007 TAZ-level data. Definitional changes to employment categories
instituted as part of a new demographic forecast resulted in a situation in which future year
forecasts of employment that will be used in conjunction with this model set would be
different than those of the Year 2005 employment data set. For this reason, employment
estimates for the year 2005, which have consistent definitions to the future year employment
were used in the validation of the 2005 Cube models. While use of the year 2005
employment results in an over-estimation of trip attractions, the H-GAC trip generation model
scales attractions to match productions. Therefore, the total regional trip ends are the same
as they would be if actual year 2005 employment was used.

2.3 Comparison of 1995 and 2005 Population/Household and 2005
Employment Estimates by County

Table 2.1 summarizes the household changes between 1995 and 2005. Regionwide
households increased over 25 percent, from 1.488 million in 1995 to 1.865 million in 2005.
Household growth by county ranged from a low of 18.5 percent in Galveston county to a high
of more than 63 percent in both Montgomery county and Fort Bend county. Table 2.2
summarizes the household population growths by county from 1995 to 2005 (which excludes
group quarters such as prisons).
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Land Use and Demographics

Table 2.1
County Households for 2005 and 1995

County 1995 2005 Change from 1995 % Change

Harris 1,120,750 1,337,794 217,044 19.4%
Brazoria 68,337 95,757 27,420 40.1%
Fort Bend 87,477 142,821 55,344 63.3%
Waller 9,027 12,615 3,588 39.7%
Montgomery 81,556 133,227 51,671 63.4%
Liberty 21,760 26,577 4,817 22.1%
Chambers 7,710 10,779 3,069 39.8%
Galveston 89,143 105,619 16,476 18.5%
Total 1,487,755 1,865,189 379,429 25.5%

Source: Trip Generation Data for 2005 and 1995 prepared by H-GAC

Table 2.2
County Household Population for 2005 and 1995
County 1995 2005 Change from 1995 % Change
Harris 3,059,331 3,727,592 668,261 21.8%
Brazoria 197,276 266,556 69,280 35.1%
Fort Bend 281,658 437,251 155,593 55.2%
Waller 25,117 35,368 10,251 40.8%
Montgomery 230,859 371,227 140,368 60.8%
Liberty 60,384 73,838 13,454 22.3%
Chambers 22,523 30,203 7,680 34.1%
Galveston 222,520 272,016 49,496 22.2%
Total 4,101,664 5,214,051 1,114,383 27.2%

Source: Trip Generation Data for 2005 and 1995 prepared by H-GAC
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Land Use and Demographics

Figure 2.1 shows the eight counties in the Houston TMA. Figure 2.2 shows a map of H-GAC
3000 zone structure.

Figure 2.1
Houston-Galveston-Brazoria Consolidated Metropolitan Statistical Area (Eight Counties)

MONTGOMERY

LIBERTY

HARRIS
CHAMBERS

BRAZORIA

Source: H-GAC
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Figure 2.2
H-GAC Zone Structure

Source: H-GAC
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Land Use and Demographics

Employment for the eight county region increased comparably with population growth, 25.2
percent overall (Table 2.3). Harris County gained over 370,000 additional jobs (a 22 percent
increase), while Fort Bend County employment grew by over 61,000 jobs, or 84 percent.

Table 2.3
County Employment for 1995 and 2005

County 1995 Employment 2005 Employment Percent Change
Brazoria 74,327 92,284 24.2%
Chambers 7,505 7,982 6.4%
Fort Bend 72,804 133,919 83.9%
Galveston 92,566 105,884 14.4%
Harris 1,687,630 2,060,243 22.1%
Liberty 15,744 21,100 34.0%
Montgomery 70,276 107,814 53.4%
Waller 9,577 12,994 35.7%
Total 2,030,429 2,542,220 25.2%

Source: H-GAC Trip Generation Input Data for 1995 & 2005

2.4 Growth in Activity Centers Between 1995 and 2005

Table 2.4 summarizes the employment growth for the four major activity centers in Houston
from 1995 to 2005. The Texas Medical Center experienced 23% increase in employment
during that time, while the already well developed Houston CBD showed only a minor
increase in employment in the same time period. The Galleria and Greenway Plaza areas
experienced moderate increases of approximately 5% in employment between 1995 and

2005.

Table 2.4
Employment Change in Major Activity Centers for 1995 and 2005

Major Activity

1995 Employment

2005 Employment

Percent Change

Center
CBD 135,223 137,461 1.7%
Texas Medical Center 75,223 92,476 22.9%
Greenway Plaza 52,242 55,035 5.3%
Uptown/Galleria 136,540 143,104 4.8%

Source: H-GAC Trip Generation Input data for 1995 & 2005
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Land Use and Demographics

2.5 Cost Data

2.5.1 Auto Operating Costs

Auto operating cost is an input to the mode choice model and is used by the model in
establishing the costs for the auto-related choice paths available in the roadway network.
This cost reflects costs that are assumed be variable costs including gas, oil, tires and
maintenance. As part of the 2005 validation, auto operating costs were updated to a year
2005 value. Then, using the Bureau of Labor Statistics (BLS) National CPI data, auto
operating cost in 2005 dollars were then deflated to 1985 dollars to be consistent with the
manner in which the mode choice model was calibrated. The auto operating cost for the year
2005 in 1985 dollars is 8.39 cents.

2.5.2 Toll Costs

Toll costs are used in the mode choice model in the development of costs paths for the auto-
related modal choices of the mode choice model. For toll facilities that existed in the Year
2005, the toll costs are assigned to the links in the network that represent the locations
where the tolls are actually collected. Table 2.5 lists the Year 2005 toll costs in 1985 dollars.

Table 2.5
Year 2005 Toll Costs

2005 Toll Cost
Location 1985 Dollars
Hardy - North Plaza 0.47
Hardy - FM 1960 Ramp 0.41
Hardy - Richey Ramp 0.28
Hardy - Rankin Ramp 0.14
Hardy - South Plaza 0.48
Hardy - Bush IAH Ramp 0.28
Hardy - Greens Road Ramp 0.14
Hardy - Aldine Mail Ramp 0.41
Hardy - Little York Ramp 0.28
Hardy - Tidwell Ramp 0.17
Sam Houston North Plaza 0.48
Sam Houston North - SH 249 Ramp 0.41
Sam Houston North - North Gessner Ramp 0.28
Sam Houston North - Fallbrook Ramp 0.28
Sam Houston Central - West Road Ramp 0.14
Sam Houston Central Plaza 0.48
Sam Houston Central - Clay Road Ramp 0.28
Sam Houston Central - Hammerly Ramp 0.14
Sam Houston Southwest Plaza 0.48
Sam Houston Southwest - South Main (90-A) 0.14
Sam Houston Southwest i Hillcroft 0.19
Sam Houston Southwest - West Fuqua 0.28
Sam Houston Southwest i Almeda 0.41
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Sam Houston South Plaza

Sam Houston South i Deerwood

Sam Houston South - Briar Forest
Sam Houston South i Westheimer
Sam Houston South i Bellaire

Sam Houston South - Beltway 8

Sam Houston Southeast Plaza

Sam Houston Southeast - Cullen

Sam Houston Southeast i Wayside
Sam Houston Southeast i Telephone Rd
Sam Houston Southeast i Monroe
Sam Houston East Plaza

Sam Houston East - Fairmont Parkway
Sam Houston East - Spencer Highway
Sam Houston East - Red Bluff

Fort Bend Toll

Lake Olympia Pkway

McHard Road FM 2234

Fort Bend Parkway Mainline

Fort Bend Parkway Extension
Westpark Toll

Westpark toll Grand Mission Mainline
Westpark HW6 westbound

Westpark Wilcrest Mainline

Westpark Gessner Road Entrance/Exit
Fondren East Exist

Fondren East Entrance

Fondren East Mainline

Fondren West Mainline

0.48
0.28
0.28
0.28
0.14
0.19
0.48
0.14
0.28
0.19
0.14
0.50
0.41
0.28
0.14

0.15
0.30
0.60
0.30

0.30
0.21
0.84
0.21
0.29
0.42
0.84
0.21

Source: H-GAC

2.5.3 Transit Fares

The year 2005 transit fares were used as transit fare inputs to the 2005 validation of the Cube models.
Table 2.6 presents the year 2005 transit fares, by service type, in 2005 dollars.

Table 2.6
Year 2005 Transit Fares
in 2005 Dollars

Local Bus

Light Rail
Express
Bus
Commuter
Bus

0-10 miles
11-15 miles
16-20 miles

>20 miles

1.0
1.0

15

15
2.5
3.0
3.5
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Land Use and Demographics

2.5.4 Parking Costs

Parking costs have been shown to have a significant effect on transit ridership levels and
must be treated carefully. This variable is defined as an estimate of the actual (or average)
out-of-pocket cost paid on a daily basis per vehicle. Table 2.7 summarizes the estimated
parking costs used at the four major activity centers, including the Houston CBD, Greenway
Plaza, Texas Medical Center, and Uptown/Galleria.

Table 2.7
Parking Costs for Activity Centers
Activity Center Range of Costs Average Cost
Houston CBD $0.29-$6.73 $2.21
Greenway Plaza $0.03-$1.30 $0.64
Texas Medical Center $1.09-$2.06 $1.65
Uptown/Galleria $0.07-$0.17 $0.10

Source: Houston METRO

H-GAC Regional Travel Demand Models 2-8



Data Preparation and Netowork Development

3.0 Data Preparation and Transportation
Network Development

Calibration and validation of the regional model was dependent upon observed travel behavior
1994 household, work place, commercial vehicle and external station travel surveys as well as a
1995 On-Board Transit Survey.

3.1 1994/1995 Travel Surveys

In 1994, H-GAC conducted a household travel survey for the Houston Metropolitan Area. The
survey obtained general household and person data as well as specific activity-based trip
information. Complete survey responses were obtained from 2,394 households, which
generated in excess of 23,000 individual trip records.

The workplace travel survey involved the collection of travel data from employees and non-
employees at 332 workplaces in the H-GAC region. Travel data was collected for over 5,000
employees and nearly 9,000 non-employees.

Surveying of external travel was performed at 24 of the 77 roadway crossings of the H-GAC
region. The locations among the 77 were randomly selected and interviewed to determine
vehicle destination.

3.2  Estimation of Highway Supply Characteristics

Highway supply characteristics that are required by the travel forecasting procedures include
estimation of the highway level of service (LOS)(i.e., travel speed or time), parking costs, transit
fares, terminal times, and auto operating costs.

The 2005 base year highway network includes key operational features for approximately
23,151 lane miles of roadways in the Houston-Galveston TMA, and consists of 28,888
nondirectional roadway!| i nks (excluding centroid connectors).
operating characteristics are described in a link data record. The Base Year 2005 network was
constructed from the model calibration year 2002 network based on completed project
information and input from local transportation agencies. Access to the highway network is
provided by connecting links referred to as centroid connectors, which link internal TAZ
centroids to nodes (points) in the highway network. These centroid connectors represent
access to collectors, arterials, and other roadway facilities via local streets. The physical and
operational characteristics represented with centroid connectors reflect zone size, proximity to
the regional highway network, and the travel characteristics of local roadway facilities, which
have the function of providing access to land uses within zones.

Data on physical attributes of the network, including roadway length, number of lanes, and

median access type (divided or undivided) as well as operational characteristics such as
average weekday traffic count and direction (one-way/two-way) were taken from the Roadway
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Data Preparation and Network Development

Inventory. Link data items such as facility type classification, 24-hour speed, and 24-hour
capacity are derived either from the above information or from a vehicle trip assignment.
Highway link facility types include 42 different classifications. These are listed in Table 3.1
along with the link type codes for transit and HOV access.

Table 3.1
Link Type Classification Codes
Code Description
0 Centroid Connector
1 Radial freeways without frontage roads
2 Radial freeways with frontage roads
3 Circumferential freeways without frontage roads
4 Circumferential freeways with frontage roads
5 Radial tollways without frontage roads
6 Radial tollways with frontage roads
7 Circumferential tollways without frontage roads
8 Circumferential tollways with frontage roads
9 Principal arterials with some grade separations
10 Principal arterials i divided
11 Principal arterials i undivided
12 Other arterials i divided
13 Other arterials i undivided
14 One-way pairs
15 One-way facilities
16 Major Collectors
17 Minor Collectors
18 Ferries
19 Saturated arterials

20 HOV/transitways (barrier-separated)
21 HOV ramps i bus only
22 Transfers from park-and-ride (PNR) to transit stop

23 Transfers from local bus to commuter/express bus
24 Transfers from walk access node to transit stop
25 Drive-access connectors

26 Bus only: from street to transit center (TC)

27 HOV-only slip ramps

28 Transfer from pseudo-PNR to transit stop

29 HOV terminal ramps

30 Rall

40 High-Occupancy Toll (HOT) Lane
41 HOT ramp to PNR/TC

47 HOT slip ramp

49 HOT ramp

50 Freeway frontage road

51 Tollway frontage road

52 Freeway/tollway ramps to/from frontage roads
53 Freeway/tollway direct connector (DC) ramps
60 Diamond lane (non-barrier separated HOV lane)
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Data Preparation and Network Development

3.2.1 Link Capacity

Capacity and speed are the two most critical inputs into the highway network. Capacity values
accorded to all roadway links represent Level of Service (LOS) E or maximum capacity based
on the Highway Capacity Manual.

The following formula provided the basis for calculation of 24-hour link capacities:

©HPD+ PHNP®
Ca= =
K
Where:C,, = average daily traffic, or 24-hour capacity;

PHPD = capacity in the peak direction during the peak hour;
PHNP = capacity in the non-peak direction during the peak hour;
K = design hourly volume as a percent of ADT.

The peak hour / peak direction and peak hour / non-peak direction capacities are then
calculated as a function of the hourly saturation flow rate:

CSXEXXX PHF><U><E

PupD=—C C 2. Tvp
1+ @€E-1
Where:CS = saturation flow rate (2,150 vehicles/hour/lane for freeways, 1,800 for arterials);
G/C = percent of green time at signalized intersections (100 percent for freeways);
V/C = ratio of volume in the peak 15 minutes to capacity;

PHF = peak hour factor (V (volume) in highest hour / 4 x V in the peak 15 minutes);

U = lane utilization factor;
L = number of lanes;
P, = percent of trucks;

E = truck equivalency factor; and
LTVP = left turn volume in the peak hour and peak direction.

Application of peak hour directionality factors to estimates of peak hour / peak direction volumes
provides peak hour / non-peak directional volumes:

PHNP= PHPDx 122

Where:D = percent of peak hour traffic in the peak direction.
3.2.2 Link Speeds & Automobile Travel Times

Link speed is used in trip distribution and as the input speed for the initial iteration in traffic
assignment. The values of these link characteristics were carefully developed and closely
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reviewed during the speed model calibration process. Two speed values are developed for all
roadway links: a 24-hour speed and a peak hour speed.

The 24-hour link speed reflects an average daily speed for a given roadway facility type within a
given area. Reasonable speed values were determined by testing values through comparisons
to travel time contours developed from observed travel times speeds.

After link speeds and capacities have been developed, they are compiled into a look-up table
used for all roadway facility types except HOV / transitways. The look-up table (Table 3.2)
provides classifications of speed and capacity by facility type and number of lanes. The table is
not used for centroid connectors.
Table 3.2
Speed and Capacity Look-Up Table

Area Type 1 Area Type 2 Area Type 3 Area Type 4 Area Type 5
FT | Lanes | Capacity Speed Capacity | Speed | Capacity | Speed | Capacity | Speed Capacity Speed
1 4 123,500 48 128,000 48 119,500 51 106,500 54 69,000 59
1 6 185,500 48 191,500 48 179,500 51 159,500 54 103,000 59
1 8 247,500 48 255,500 48 239,500 51 212,500 54 137,500 59
1 10 309,500 48 319,500 48 299,500 51 266,000 54 172,000 59
1 12 371,000 48 383,500 48 359,000 51 319,000 54
1 14 433,000 48 447,500 48 419,000 51
1 16 495,000 48 511,000 48 479,000 51
2 4 139,500 48 144,000 48 135,500 51 122,500 54 85,000 59
2 201,500 48 207,500 48 195,500 51 175,500 54 119,000 59
2 263,500 48 271,500 48 255,500 51 228,500 54 153,500 59
2 10 325,500 48 335,500 48 315,500 51 282,000 54 188,000 59
2 12 387,000 48 399,500 48 375,000 51 335,000 54
2 14 449,000 48 463,500 48 435,000 51
2 16 511,000 48 527,000 48 495,000 51
3 117,000 48 130,000 48 125,500 51 109,500 54 78,000 59
3 176,000 48 195,500 48 188,000 51 164,000 54 117,500 59
3 234,500 48 260,500 48 251,000 51 218,500 54 156,500 59
3 10 293,000 48 325,500 48 313,500 51 273,000 54 195,500 59
3 12 351,500 48 390,500 48 376,000 51
3 14 410,500 48 456,000 48 439,000 51
3 16 469,000 48 521,000 48 501,500 51
4 133,000 48 146,000 48 141,500 51 125,500 54 94,000 59
4 192,000 48 211,500 48 204,000 51 180,000 54 133,500 59
4 250,500 48 276,500 48 267,000 51 234,500 54 172,500 59
4 10 309,000 48 341,500 48 329,500 51 289,000 54 211,500 59
4 12 367,500 48 406,500 48 392,000 51
4 14 426,500 48 472,000 48 455,000 51
4 16 485,000 48 537,000 48 517,500 51
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FT | Lanes | Capacity Speed Capacity | Speed | Capacity | Speed | Capacity | Speed Capacity Speed
5 4 79,000 55 78,000 55 73,000 58 68,000 61 58,000 65
5 6 119,000 55 117,000 55 109,000 58 102,000 61 86,000 65
5 8 158,000 55 156,000 55 146,000 58 136,000 61 115,000 65
5 10 198,000 55 195,000 55 182,000 58 171,000 61 144,000 65
5 12 238,000 55 233,000 55 218,000 58
5 14 277,000 55 272,000 55 255,000 58
5 16 317,000 55 311,000 55 291,000 58
6 93,500 55 95,000 55 89,000 58 83,000 61 69,000 65
6 133,500 55 134,000 55 125,000 58 117,000 61 97,000 65
6 172,500 55 173,000 55 162,000 58 151,000 61 126,000 65
6 10 212,500 55 212,000 55 198,000 58 186,000 61 155,000 65
6 12 252,500 55 250,000 55 234,000 58
6 14 291,500 55 289,000 55 271,000 58
6 16 331,500 55 328,000 55 307,000 58
7 4 83,000 55 85,000 55 83,000 58 81,000 61 73,000 65
7 124,000 55 127,000 55 124,000 58 121,000 61 110,000 65
7 166,000 55 170,000 55 165,000 58 161,000 61 147,000 65
7 10 207,000 55 212,000 55 207,000 58 202,000 61 183,000 65
7 12 248,000 55 255,000 55 248,000 58
7 14 290,000 55 297,000 55 289,000 58
7 16 331,000 55 340,000 55 331,000 58
8 97,500 55 102,000 55 99,000 58 96,000 61 84,000 65
8 138,500 55 144,000 55 140,000 58 136,000 61 121,000 65
8 180,500 55 187,000 55 181,000 58 176,000 61 158,000 65
8 10 221,500 55 229,000 55 223,000 58 217,000 61 194,000 65
8 12 262,500 55 272,000 55 264,000 58
8 14 304,500 55 314,000 55 305,000 58
8 16 345,500 55 357,000 55 347,000 58
9 2 19,600 35 23,000 37 22,400 40 20,800 46 17,400 57
9 4 38,000 35 44,800 37 43,600 40 40,500 46 33,900 57
9 6 55,500 35 65,400 37 63,600 40 59,100 46 49,500 57
9 8 74,000 35 87,300 37 84,800 40 78,800 46 66,000 57
9 10 109,100 37 106,000 40 98,500 46 82,400 57
9 12 130,900 37 127,200 40 118,200 46 98,900 57

10 2 15,000 20 16,700 32 16,200 37 14,400 42 11,700 55

10 4 29,300 20 32,400 32 31,500 37 28,000 42 22,800 55

10 6 42,700 20 47,300 32 46,000 37 40,800 42 33,200 55

10 8 56,900 20 63,100 32 61,300 37 54,400 42 44,300 55

10 10 78,900 32 76,700 37 68,000 42 55,400 55

10 12 16,200 32 14,400 37 11,700 42 66,500 55
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Area Type 1 Area Type 2 Area Type 3 Area Type 4 Area Type 5
FT | Lanes | Capacity Speed Capacity | Speed | Capacity | Speed | Capacity | Speed Capacity Speed
11 2 13,200 20 15,400 32 14,900 37 13,300 42 10,800 55
11 4 25,300 20 29,600 32 28,700 37 25,500 42 20,800 55
11 6 36,600 20 42,700 32 41,500 37 36,900 42 30,000 55
11 8 48,200 20 56,300 32 54,700 37 48,600 42 39,600 55
11 10 69,200 32 67,300 37 59,800 42 48,800 55
11 12 81,800 32 79,500 37 70,600 42 57,700 55
12 2 13,500 20 16,200 32 14,600 36 12,500 40 10,500 51
12 4 26,300 20 31,500 32 28,400 36 24,400 40 20,500 51
12 6 38,400 20 45,900 32 41,500 36 35,600 40 29,900 51
12 8 51,200 20 61,300 32 55,300 36 47,400 40 39,900 51
12 10 76,500
12 12 91,900
13 2 12,500 20 15,100 31 13,600 35 11,700 39 10,200 50
13 4 24,100 20 29,000 31 26,200 35 22,500 39 19,500 50
13 6 34,700 20 41,900 31 37,900 35 32,500 39 28,200 50
13 8 45,800 20 55,200 31 49,900 35 42,800 39 37,200 50
13 10 67,900 31 61,400 35 52,700 39 45,800 50
13 12 80,200 31 72,500 35 62,200 39 54,100 50
14 2 14,800 20 17,300 34 16,400 38 14,500 41 11,900 55
14 4 29,500 20 34,600 34 32,800 38 29,000 41 23,900 55
14 6 43,300 20 50,700 34 48,000 38 42,400 41 35,000 55
14 8 56,300 20 66,000 34 62,500 38 55,200 41 45,500 55
14 10 70,400 20 82,500 34 78,100 38 69,000 41 56,900 55
14 12 84,500 20 99,000 34 93,700 38 82,800 41 68,300 55
14 14 98,600 20 115,500 34 109,300 38 96,600 41 79,700 55
14 16 112,600 20 132,000 34 124,900 38 110,400 41 91,100 55
15 1 7,400 20 8,700 34 8,200 38 7,200 41 6,000 55
15 2 14,800 20 17,300 34 16,400 38 14,500 41 11,900 55
15 3 21,600 20 25,400 34 24,000 38 21,200 41 17,500 55
15 4 28,200 20 33,000 34 31,200 38 27,600 41 22,800 55
15 5 35,200 20 41,300 34 39,000 38 34,500 41 28,500 55
15 6 42,200 20 49,500 34 46,800 38 41,400 41 34,100 55
15 7 49,300 20 57,800 34 54,700 38 48,300 41 39,800 55
15 8 56,300 20 66,000 34 62,500 38 55,200 41 45,500 55
16 2 12,500 19 14,600 31 13,200 35 11,400 38 8,800 49
16 4 24,100 19 28,200 31 25,500 35 21,800 38 16,900 49
16 6 34,700 19 40,600 31 36,800 35 31,600 38 24,400 49
16 8 45,800 19 53,600 31 48,400 35 41,600 38 32,100 49
16 10 53,300 19
17 8,700 18 10,400 28 10,200 33 8,900 36 7,400 46
17 4 16,200 18 19,300 28 18,900 33 16,600 36 13,700 46
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Area Type 1 Area Type 2 Area Type 3 Area Type 4 Area Type 5

FT | Lanes | Capacity Speed Capacity | Speed | Capacity | Speed | Capacity | Speed Capacity Speed
17 6 24,100 18 28,300 28 27,800 33 24,400 36 20,200 46
17 8 33,900 18 39,800 28 39,100 33 34,400 36 28,300 46
19 2 19,000 20 21,600 32 21,200 37 20,800 42 15,300 55
19 4 37,800 20 43,000 32 42,200 37 41,400 42 30,600 55
19 6 56,400 20 64,200 32 63,000 37 61,800 42 45,600 55
19 8 74,800 20 85,100 32 83,500 37 81,900 42 60,500 55
19 10 106,400 32 104,400 37 102,400 42 75,600 55
19 12 127,700 32 20,800 37 15,300 42 90,700 55
50 1 6,600 20 7,800 27 7,050 31 6,050 35 5,100 42
50 2 12,850 20 15,150 27 13,700 31 11,750 35 9,950 42
50 3 17,600 20 20,700 27 18,700 31 16,050 35 13,550 42
50 4 22,700 20 26,750 27 24,150 31 20,700 35 17,500 42
51 1 6,300 20 7,450 32 6,750 35 5,750 40 4,900 45
51 2 12,250 20 14,450 32 13,050 35 11,200 40 9,500 45
51 3 17,000 20 20,050 32 18,100 35 15,500 40 13,100 45
51 4 21,950 20 25,850 32 23,350 35 20,000 40 16,900 45
52 1 17,150 20 19,250 27 18,050 31 15,850 35 13,000 42
52 2 34,300 20 38,500 27 36,100 31 31,650 35 26,000 42
53 1 17,150 45 19,250 45 18,050 50 15,850 50 13,000 50
53 2 34,300 45 38,500 45 36,100 50 31,650 50 26,000 50
53 3 51,450 45 57,750 45 54,150 50 47,500 50 39,000 50
53 4 68,600 45 77,050 45 72,250 50 63,350 50 52,000 50
53 5 85,750 45 96,300 45 90,300 50

53 6 102,900 45 115,550 45 108,350 50

Source: H-GAC

Time-of-day highway speeds that are used to develop automobile travel times are based on

procedures adapted from the Highway Capacity Manual (HCM) methodology. These
procedures differ somewhat between how freeway and non-freeway link speeds are estimated.
Congested freeway speed is a function of free-flow speed (a function of speed limit and area
type), speed at capacity (LOS E), and the volume-to-capacity (v/c) ratio for v/c ratios up to 1.0.
For v/c ratios greater than 1.0, which represents saturated (LOS F) conditions, speed is
estimated using a variant of the BPR function, with a multiplicative factor of 0.15 and v/c raised
to the fourth power.

Procedures outlined in the HCM are used to estimate congested speeds on arterial or collector
links. Congested arterial/collector link speed is a function of free-flow speed (a function of
speed limit and area type), average intersection delay, signal spacing (segment), and the ratio
of segment running time per mile to free-flow-speed running time per mile, where v/c ratios are
1.0 or less. For saturated (LOS F) conditions with v/c ratios greater than 1.0, speed is estimated
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using a variant of the BPR function, with a multiplicative factor of 0.15 and v/c raised to the
second power.

Peak period speeds are derived from a peak period equilibrium assignment. Since capacities

used during the equilibrium assignment represent
be applied to the speed model to develop a peak hour speed. In other words, the traffic

assignment results are post-processed to compute a reliable speed based on the assigned V/C

ratio.

3.2.3 Auto Network Centroid Connectors

Speeds on centroid connectors are derived as a function of link length and zonal area type to
reflect diversity in zone size, network density, and local street operational speeds. As an
example, centroid connectors of less than one-tenth mile within the Houston CBD are assigned
a speed of eleven miles per hour, which is considered the lowest practical facility speed that
would not unduly penalize travel in that area.

CBD centroid connector speed is increased based on link length (for links less than one-tenth
mile) as follows:

Travel Time (minutes) = (6.0 * link distance)
Travel Speed = 60 / (Travel Time / link distance)

For CBD centroid connectors longer than 0.10 miles, the speed is calculated as follows:

Travel Time (minutes) = (0.6 + 4 * (link distance - 0.1))
Travel Speed = 60 / (Travel Time / link distance)

As the area changes from CBD to urban to suburban, etc., centroid connector speeds increase
more rapidly with increasing distance. This is based on the premise that as area type changes
from denser areas (CBD) to less dense areas (suburban) zone sizes will increase accordingly.

Thus, each of the other four area types have a unique set of equations for determining centroid
connector speeds:

Area Type 2 - Urban

when link distance = 0.10 miles or less:
Travel Time (minutes) = (4.0 * link distance)
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.10 miles and <= 0.25 miles:
Travel Time (minutes) = (0.4 + 3 * (link distance - 0.1))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.25 miles:

Travel Time (minutes) = (0.85 + 2.4 * (link distance - 0.25))
Travel Speed = 60 / (Travel Time / link distance)
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Area Type 3 - Suburban

when link distance = 0.10 miles or less:
Travel Time (minutes) = (4.0 * link distance)
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.10 miles and <= 0.25 miles:
Travel Time (minutes) = (0.4 + 3 * (link distance - 0.1))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.25 miles and <= 0.50 miles:
Travel Time (minutes) = (0.85 + 2.4 * (link distance - 0.25))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.50 miles:
Travel Time (minutes) = (1.45 + 2.0 * (link distance - 0.5))
Travel Speed = 60 / (Travel Time / link distance)

Area Type 4 - Fringe Suburban

when link distance = 0.10 miles or less:
Travel Time (minutes) = (3.5 * link distance)
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.10 miles and <= 0.25 miles:
Travel Time (minutes) = (0.35 + 2.7 * (link distance - 0.1))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.25 miles and <= 0.50 miles:
Travel Time (minutes) = (0.755 + 2.2 * (link distance - 0.25))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.50 miles and <= 0.75 miles:
Travel Time (minutes) = (1.305 + 1.8570 * (link distance - 0.5))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.75 miles:
Travel Time (minutes) = (1.76925 + 1.714 * (link distance - 0.75))
Travel Speed = 60 / (Travel Time / link distance)

Area Type 5 - Rural

when link distance = 0.10 miles or less:
Travel Time (minutes) = (3.0 * link distance)
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.10 miles and <= 0.25 miles:

Travel Time (minutes) = (0.30 + 2.4 * (link distance - 0.1))
Travel Speed = 60 / (Travel Time / link distance)
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when link distance > 0.25 miles and <= 0.50 miles:
Travel Time (minutes) = (0.66 + 2.0 * (link distance - 0.25))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.50 miles and <= 0.75 miles:
Travel Time (minutes) = (0.96 + 1.714 * (link distance - 0.5))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 0.75 miles and <= 1.0 mile:
Travel Time (minutes) = (1.3885 + 1.5 * (link distance - 0.75))
Travel Speed = 60 / (Travel Time / link distance)

when link distance > 1.0 mile and <= 1.5 miles:
Travel Time (minutes) = (1.7035 + 1.333 * (link distance - 1.0))
Travel Speed = 60 / (Travel Time / link distance)

For rural zones exceeding 1.5 miles, link speeds are calculated as follows:

Travel Time (minutes) = (2.37 + 1.2* (link distance - 1.5))
Travel Speed = 60 / (Travel Time / link distance)

Thus, an urban zone may have a link distance of 1.0 mile yielding a speed of 22.6 miles per
hour, while a suburban zone of 1.0 mile has a speed of 41.4 miles per hour. A representative
table (Table 3.3) of centroid connector speeds for a distance of one mile would appear as
follows:

Table 3.3
Centroid Connector Speeds

Area Type Distance (miles) Speed (mph)

CBD 1.0 14.3

Urban 1.0 22.6

Suburban 1.0 24.5

Fringe Suburban 1.0 27.3

Rural 1.0 32.6

Source: H-GAC

3.2.4 HOV Facilities

In 2005, barrier-separated HOV lanes existed in the following freeway corridors; these are:
Katy Freeway

Northwest Freeway

North Freeway

Eastex Freeway

Gulf Freeway

Southwest Freeway

Additionally, non-barrier separated HOV lanes or Diamond lanes existed in these freeway
corridors

e Katy Freeway

e Southwest Freeway
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Unique links are included in the highway network to represent each of the HOV facilities
including ramps and connector links to park-and-rides and transit centers.

3.2.5 Toll Road Facilities

In the 2005 network, toll roads are coded comparably to any freeway link. The actual toll
imposed on a vehicle is stored in a user-specified link field and accumulated into a separate toll
matrix during the assignment process. Separate toll plaza links are included in the network
specifically for this purpose. In the year 2005, there are four toll facilities in the region, which
are:

Hardy Toll Road

Sam Houston Tollway
Westpark Tollway
Fort Bend Tollway

There is an additional network link representing the Houston Ship Channel Bridge which also
charges a toll.

3.2.6 Additional Highway Characteristics

Highway terminal time represents the time required to walk from a selected parking space to the
ultimate destination of a trip. Historically, terminal time has been determined synthetically by
relating the density of employment to the magnitude of the value, that is, the greater the
employment density, the higher the value of terminal time. This underlying concept is supported
by the fact that as employment density increases, parking supply typically decreases, costs
influenced by demand increase, and trip makers begin to "trade-off" walking distance with the
availability and price of parking. Currently, terminal times vary from two minutes in residential
areas to six minutes in the CBD.

Auto operating costs are an estimate of the out-of-pocket cost paid to operate a private vehicle
on a per-mile basis. Cost components included in this variable are based upon fuel cost and fuel
economy plus tire, oil, and general maintenance costs. Fixed elements of cost, such as
depreciation and insurance costs, are not considered out-of-pocket costs.

3.3 Estimation of Transit Supply Characteristics

A reflection of the level-of-service experienced by a potential transit user is constructed through
development of a computerized network representation of the system of routes and service
levels. This computer-coded transit network must be an accurate representation of the individual
bus routes, fixed guideway lines, headways, and travel times that define that service.
Consistency in representation methods across all alternatives is essential to ensure that
differences in travel times between those alternatives are accurate portrayals of service level
differences, and not simply differences in coding conventions.

Reflection of the choice of "path” or route(s) selected between TAZ's within the network is an
equally important consideration in properly determining transit supply characteristics. The
algorithm which applies the "path-building" step of the process must examine all the possible
ways in which a transit user could travel on one or more transit lines between each pair of
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TAZ's. This algorithm selects the path that involves the minimum inconvenience in terms of in-
vehicle time, waiting, transferring, and accessing the service.

3.3.1 Transit Routes and Coded Lines

A route in the transit system is typically a set or series of services that operate generally in the
same area and over the same streets, but which may offer variations in service origination or
termination. The path-building algorithm, however, must be aware of the specific service level
options available to each TAZ zone pair, which, therefore, necessitates the representation of
each of the variations within a route by means of a separately coded line. Similarly, not all
routes or subroutes operate during the course of the entire day. Express and Commuter routes,
in particular, generally operate only during the morning and afternoon peak periods. In order to
properly reflect these differences, separate peak and base networks are constructed for use in
the travel forecasting process.

A trade-off exists between the precision of representation of individual route variations actually
operated and the transit service levels perceived by transit users. This tradeoff stems from the
manner in which the path-building algorithm measures the frequency of service between
boarding and alighting locations. The algorithm recognizes that several lines operating in the
same pattern offer a combined frequency of service that is the summation of the frequencies on
each individual line. In contrast to other modeling software packages where this recognition
occurs only when the lines follow exactly the same routing, Cube Voyager allows combined
service computation for coded transit network lines that comprise variations in routing or termini.

3.3.2 Headway Calculation

Specification of service frequency for each coded line is an extremely important aspect of the
overall network coding process. As outlined above, service is differentiated both by delineation
of individual lines (within routes) and also by time period (peak and base). The determination or
calculation of a headway value for each line within a time period is related directly to the actual
number of bus trips operated.

In the case of the base or off-peak period, the headway is simply the number of hours in the
mid-day period divided by the total number of trips provided on that line during mid-day.

Unlike base period service, which tends to be fairly evenly distributed over the entire period,
peak service may vary substantially within the peak period. Express lines, for example, may
provide relatively few bus trips over the entire period, but may concentrate these trips within a
relatively small time interval. Assuming that these trips are appropriately targeted to the specific
demand for peak period service, the perceived headway by riders (who will become familiar with
the scheduling of the service) will be significantly better than the value implied by using a
computation method identical to that for base period service. Therefore, peak headway
calculations must be based upon the peak hour of service offered in the peak period, with an
appropriate peak hour headway calculated. Table 3.4 summarizes the coded peak and base
period headways for each of the lines coded in the transit network.

This approach to coding produces headway values appropriate for the ridership forecasting
process, but typically overestimates peak resource requirements: vehicles, vehicle-hours, and
vehicle-miles. A separate analysis of resource requirements is conducted in a post-processing
environment to resolve this inconsistency.
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Table 3.4

2005 Transit Line Coded Headways

Route Name Peak Base
Headway Headway
(minutes) (minutes)

la Hospital 15 18

2a Bellaire-Mission Ben 15 30

2b Bellaire-Westchase 30 30

2C Bellaire-7600 Turn B 30 60
3a Langley LTD./West Gr 15 30
4a Beechnut/Jensen Via 15 30
4b Beechnut-Jensen W.Loop 16 60

ba Kashmere Gardens/Sou 15 15

5b Kashmere Gardens/GSH 15 15

6a Jensen/Tanglewood 20 40

8a W. Bellfort-CBD 20 40

8b N.Main/S.Main-Willow 25 40
9a North Main 25 40
10a Willowbend 28 28
1lla Nance/Almeda 25 35
15a Hiram Clark Transit 10 15
15b Hiram-Orem/Fulton 24 30
17a Tanglewood/Gulfton 25 40
18a Kirby Lake 610-West 32 40
19a Wilcrest Crosstown 15 45
20a Canal/Long Point-Mem 30 40
20b Canal/Long Point-Neu 30 40
23a Crosstimbers-xtown 27 27
25a Rich N.Line W.Chase 20 30
25b Rich N.Line Sharptwn 20 30
25¢c Rich W.Chase DT TB 25 30
26a Outer Loop-Clockwise 20 30
27a Inner Loop-Counter 20 30
29a SU/UH Hirsch Xtown 18 18
30a Galena Port-CullenVF 60 30
30b Clinton-Cullen FWY 40 30
30c Denver Harbor-Cullen 40 30
33a P.Oak Xtown Ridgmont 30 50
33b Post Oak-W. Fuqua 30 50
34a Montrose Xtown 35 35
35a Fairview-2000/Leelan 35 35
36a Kempwood-9800 CBD vi 30 60
36b Kempwood-Carverdale 15 30
37a El Sol Xtown 35 35
40a Pecore NW.Mall-Richy 30 60
40b Pecore AHTC-Howard 30 60
40c Howard-AHTC Via FWY 60 60
40d Richey-CBD 60 60
41a Gulf Medows Circ 40 40
42a Holmn Xtwn-Dnvr Hbr 30 30
42b Holman-EWTC 30 30
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44a Acr Home-Compaq 20 30
45a Tedwell Xtown 20 40
46a Gessener Xtown 12 30
47a Hillcroft Xtown 20 25
48a Navig-Gulfgate/W. Da 60 60
48b Navig-Plsntvil/W. Da 30 60
49a Chimney Rock Xtown 40 50
50a Harrisburg/Heights 20 30
50b Heights Rosl-Airport 30 50
52a Hirsch/Scott-8000 20 45
52b Hirsch/Scott 25 40
52c Scott-CBD via FWY 40 -
53a Westheimer Briar For 15 25
53b Westheimer-W. Oaks 15 25
56a Airline Greens FWY 15 15
58b Hammerly-NWTC 20 60
60a Hardy/S.MacGregor 30 60
64a Lincoln City Circ 25 35
65a Dairy Ash-Blue Bell 15 20
65b Dairy Ash-Sweetwater 30 50
67a Dairy Ashford Xtown 30 50
68a Brays Bayou W. belt 15 60
68b Brays Bayou Meado 15 60
70a University 30 60
72a Westview 30 60
73a Bellfort Xtown P.Oak 30 60
73b Bellfort Xtown TMC 10 20
77a Wayside-MLK 24 60
77b Homestead-MLK 24 60
77c MLK-CBD 12 30
78a Alabama Irvin 9800 30 40
78c Irvng Berry/Alabma-HK 30 40
78b Irvin 9800-CBD 30 60
79a West Little York LTD 35 35
80a Lyons Dowling 40 60
80b Lyns-Keley/Dowlng-HK 40 60
82a Westheimer-Woodlake 30 60
82hb Westheimer-Sharptown 12 12
83a Lee Road Circ 30 50
85a Antoine-CBD via Wash 40 60
85b Antoine-CBD via |-10 15 30
86a FM 1960 Circ-NHCC 40 60
86h FM 1960-Greenspoint 40 60
87a Yellowstone Circulat 20 35
88a Irvng Berry/Alabma-HK 30 45
97a Settegate Shuttle 60 60
98a Briargate 35 35
98b Briargate via Northumb 35 --
102a IAH-CBD Express 20 45
102b Greens-CBD 30 --
108a Vet-Memorial Express 20 45
131a Memo Gess Exp TWY 30 50
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131b Memo W.Belt Exp TWY 15 --
132a Harwin Exp Mission 20 60
132b Harwin Exp Mission 15 --
132c Harwin Exp Cook RD 30 --
137a Northshore Exp 18 40
163a Foundren-Airport 25 40
163b Foundren-MC P&R 20 40
170a Missouri City Exp 10 --
201a N.Sheph P&R-Cull CTR 15 --
201c N.Sheph P&R-Hous CTR 25 -
202a Kuyk P&R Houstn Ctr 5 35
202b Kuyk P&R Houstn Ctr 30 -
205a Kingwood P&R 10 40
205b Kingwood-Houston Ctr 30 --
206a Eastex P&R 12 -~
212a Seton Lake Via TC 30 --
212b Seton Lake P&R 10 --
214a N.West Station P&R 5 --
214b N.West Station P&R 12 40
216a W.Little York-Pine 12 --
216b W.Little York-Pine 20 40
221a Kingland P&R Kty/CBD 5 --
221b Kgld-Addi-NWTC P&R 30 -
228a Addicks P&R 6 -
236a Maxey Rd P&R 12 --
236b Maxey Rd P&R 16 --
244a Monroe P&R 15 --
244b Monroe P&R EWTC 45 --
246a Bay Area P&R 6 --
246¢ Bay Area P&R EWTC 30 --
246d Combined 245/246 P&R -- 60
247a Fuqua P&R 8 --
247b Fugqua P&R EWTC 25 --
257a Townsen P&R 10 --
261a West Loop P&R 20 --
261b West Loop P&R 15 --
262a Alief-W.Wood P&R 10 -
262b Alief-W.Wood Houst C 30 --
265a W.Belfort P&R 5 --
265b W.Bellfort P&R 12 -
273a Gessner P&R 15 --
274a Westchase/Gessner 15

283a Kuykendahl/Uptown P&R 15 --
286a W._Little York-Uptown 15 --
292a W.Bellfort-TMC P&R 15 -
297a S.Pt/Monron-TMC P&R 15 --
298a Addicks-TMC P&R 20 -
313ar Allen Parkway Spcial 10 --
319a TMC Red 6 -
320a TMC Gold 4 22
321a TMC Blue 7 20
322a TMC Campus Trolley 10 15
325a Smith Lands 3 -
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