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ABSTRACT 

As part of the investigation to improve the assignment models, a comparative analysis 

of the Texas Capacity Restraint Procedure and the Joint Model Capacity Restraint 

Procedure was undertaken. The basic goal of these analyses was to attempt to objectively 

compare the two procedures, evaluate how the results of the two procedures differ, and 

identify (if possible) the primary sources of any differences that may be observed in their 

ability to replicate observed improvements to one or both procedures. 

The comparative analyses found that both models reasonably replicated observed 

counts and neither model emerged as clearly superior. Several enhancements were 

recommended for the Texas Model. These included implementation of an equilibrium 

option and implementation of an option for multiple user-specific impedance adjustment 

relationships. 

DISCLAIMER 

The contents of this report reflect the views of the authors who are responsible for 

the opinions, findings, and conclusions presented herein. The contents do not necessarily 

reflect the official views or policies of the Federal Highway Administration or the Texas 

Department of Transportation. This report does not constitute a standard, specification, or 

regulation. Additionally, this report is not intended for construction, bidding, or permit 

purposes. Jimmie D. Benson, P.E., (Registration Number 45900) was the Principal 

Investigator for the project. 
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EXECUTIVE SUMMARY 

The two capacity restraint assignment models currently being used in Texas, the 

Texas Capacity Restraint Procedure (Texas Model) and the Dallas-Fort Worth Joint Model 

Capacity Restraint Procedure (Joint Model), represent two different approaches for 

developing capacity restraint assignments. As a part of the investigation to improve the 

assignment results, a detailed comparative analysis of these two models was undertaken. 

The analysis focuses on the abilities of the two models to replicate observed counts. It was 

anticipated that this analysis would provide the basis for recommending improvements to 

one or both models. 

Two Dallas-Fort Worth networks and trip tables were selected as the data base for 

analyzing the Texas Model and the Joint Model: the 1986 base year regional assignment 

network and the 1986 East Dallas County subarea assignment network. The Houston

Galveston regional network could not be used in the comparison due to software limitations 

in the Joint Model (i.e., the 2,643 zones and external stations used in the Houston-Galveston 

region substantially exceed the 800-zone limit of the Joint Model). The North Central Texas 

Council of Governments performed the assignments and provided the results using the Joint 

Model. Two applications of the Texas Model were performed for each network (i.e., one 

using Dallas-Fort Worth speed/capacity network parameters and one borrowing 

speed/capacity parameters developed for the Houston-Galveston region for use with the 

Texas Model). 

The following highlights the report's key findings and recommendations: 

• Ability to replicate counts; Neither model was superior in matching observed 
counts. In view of the major structural differences, both models provide 
comparable results relative to counts. 

• Minimum time versus minimum cost paths; Neither the minimum time paths 
(employed in the Texas Model) nor the minimum cost paths (employed in the 
Joint Model) emerged as the preferred approach. The minimum cost path 
approach offers some salient advantages for dealing with toll facilities. 
Therefore, it is recommended that a minimum cost path option be 
implemented in the Texas Package. 

• Importance of initial speeds and capacities; The analysis suggests that the 
initial network speed estimates have more impact on the assignment results 
than the precision of the capacity estimates. It is recommended that both 



models would benefit from more refinement of the initial speed estimates 
during the model calibration process. 

• Equilibrium recommendation: It is recommended that an equilibrium option 
be implemented in the Texas Model (which will relieve the analyst from pre
specifying iteration weights). Both the U.S. Department of Transportation 
and the Environmental Protection Agency encourage the use of equilibrium 
assignment techniques. Such equilibrium techniques cannot be implemented 
in an incremental model like the Joint Model. 
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I. INTRODUCTION 

As part of the investigation to improve the assignment models, a comparative analysis 

of the Texas Capacity Restraint Procedure and the Joint Model Capacity Restraint 

Procedure was undertaken. The focus of these analyses was to identify how the results from 

these two procedures differ relative to their comparison to counts. If the models were found 

to significantly differ in their ability to replicate the observed counts, the analyses would 

attempt to identify the procedural differences in the models which accounted for most of 

the difference in the assignment results. In other words, the basic goal of these analyses was 

to attempt to objectively compare the two procedures, evaluate how the results of the two 

procedures differ, and identify (if possible) the primary sources of any differences that may 

be observed in their ability to replicate observed volumes. It was anticipated that these 

comparisons would provide the basis for recommending improvements to one or both 

procedures. 

Chapter I defines the fundamental differences between the Joint Model Capacity 

Restraint Procedure (Joint Model) and the Texas Capacity Restraint Assignment Model 

(Texas Model). Chapter II of this report outlines the key procedural differences in the two 

models (i.e., differences in the theoretical structure). Chapter III presents an analysis of the 

effective differences in the highway capacity inputs used by the two models. Chapter IV 

focuses on the differences in the link impedances and impedance adjustments by volume to 

capacity (V /C) ratio. 

SELECTION OF APPLICATIONS FOR COMPARISONS 

The Joint Model Capacity Restraint Procedure was used to develop and evaluate the 

Dallas-Fort Worth regional travel demand models. The assignment model software was 

developed and implemented as a part of the North Central Texas Council of Governments' 

(NCTCOG) Multimodal Transportation Analysis Package (MTAP) prior to its adoption as 

a part of the Joint Model for the region. The MTAP system was developed using a subarea 

focusing approach. 

The Joint Model regional highway assignments are performed using approximately 

800 regional analysis zones and external stations. The results from the regional assignments 
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are used to analyze the freeway system. 

For arterial analyses, the region has been divided into a series of subareas. The 

zones within a subarea are much smaller than the regional analysis zones (i.e., the zone 

structure within a subarea is more detailed). The zone structure representing the portion 

of the region outside of the subarea is less detailed so that 800 or fewer zones and external 

stations are employed for a subarea application. The results from a subarea application are 

used to analyze the arterial streets within the subarea. 

Since neither the regional assignments nor the subarea assignments employ more 

than 800 zones and external stations, the software implementing the Joint Model's Capacity 

Restraint Procedure was developed with a limit of 800 zones and external stations. In 

contrast, the Houston-Galveston regional travel demand models employ 2,643 zones and 

external stations in their highway assignments. The Texas Model is used to perform the 

highway assignments for the Houston-Galveston region. The 800-zone software limitation 

of the Joint Model effectively precludes its application to the 2,600-zone Houston-Galveston 

network for comparison with the Texas Model results. It should be recognized from the 

outset that the use of Dallas-Fort Worth networks which were developed and refined 

through applications likely creates some bias in favor of the Joint Model in the results. This 

should be remembered as the results from the different models are presented. 

Since the Joint Model is used to perform both regional assignments and subarea 

assignments, it was felt that the Texas Model should also be applied at both level of detail 

for comparison of assignment results. The 1986 base year Regional Assignment network 

and the 1986 East Dallas County Assignment network were used for the comparison 

applications. The East Dallas County subarea was recommended for use in these analyses 

by the NCTCOG. 

JOINT MODEL APPLICATIONS 

The two assignments using the Joint Model were performed by the NCTCOG. The 

link data and capacity restraint assignment results for each link were provided to TTI by the 

NCTCOG. The trip tables used for these assignments were also provided. 
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TEXAS MODEL APPLICATIONS 

As discussed in detail in subsequent chapters, the link capacities and initial link 

speeds used by the Joint Model are different from those commonly used with the Texas 

Model. It was decided, therefore, to perform two Texas Model assignments at each of the 

two levels of detail. The first Texas Model assignment at each level of detail used the same 

capacities and initial speeds employed in the Joint Model applications. 

Because the Houston-Galveston regional models use the Texas Model, the Houston

Galveston capacity/speed look-up table was used to estimate a new set of link capacities 

and initial link speeds which are more like those commonly used in conjunction with the 

Texas Model than those used with the Joint Model. Also, in the Texas Model applications 

in Houston, a freeway access/ egress time penalty is employed to avoid overloading the 

freeways with very short trips. Since ramps are coded in the Dallas-Fort Worth networks 

(which should in part account for the freeway access/egress delays), the time penalties used 

in the Texas Model applications with Houston Galveston speeds and capacities were 

reduced by approximately 50 percent. No freeway access/ egress time penalties were used 

with the Texas Model applications using the Dallas-Fort Worth speeds and capacities. The 

four assignments performed using the Texas Model were performed by TTI. The results of 

the assignments and the Joint Model assignments are presented in Chapters V and VI. 

Chapter VII summarizes the findings and recommendations. 

3 



II. OVERVIEW OF BASIC DIFFERENCES IN THE MODELS 

The Texas Model developed and implemented in the ASSIGN SELF-BALANCING 

routine of the Texas Package in the late 1970's is an iterative capacity restraint procedure 

which uses a variation of the old Bureau of Public Roads (BPR) impedance adjustment 

function to estimate new link travel time between iterations. Some interesting features of 

the Texas Model are: 

1. The procedure is an iterative capacity restraint assignment procedure. 

2. For two-way links, the procedure uses non directional speeds (travel times) and 

applies the capacity restraint using nondirectional volumes and capacities. 

3. The V /C ratio (used in computing the impedance adjustment) is computed 

using a cumulative weighted average of the volumes from all the proceeding 

iterations (not just the last iteration). 

4. The impedance adjustment is always relative to the initial (or input) 

impedance and does not consider the impedances used on intermediate 

iterations. 

5. The user specifies the desired number of iterations and the desired iteration 

weighting. For most applications, five or six iterations are customarily used. 

6. The input link speeds are assumed to represent the average speeds on the 

links for link volumes representing a V /C ratio of approximately 0.85. 

Impedances are generally reduced for V /C ratios of less than 0.85 and are 

generally increased for V /C ratios of greater than 0.85. 

In adopting the Joint Model for the Dallas-Fort Worth region, the NCTCOG's 

Capacity Restraint Assignment Procedure (1) was adopted. The Joint Model procedure for 

24-Hour assignments differs from the Texas Model in many key aspects. These include: 

1. The Joint Model procedure is an incremental rather than an iterative 

procedure. 

2. The impedance used in finding the minimum impedance path is estimated link 

travel costs (i.e., a generalized cost estimate based on the link distance, the 

link travel time, and the link toll) rather than simple estimated link travel 

time (as normally used in the Texas Procedure). In other words, the Joint 
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Model assigns trips based on minimum cost paths rather than minimum time 

paths. 

3. The Joint Model builds "bushes" rather than "trees." 

4. The Joint Model uses directional speeds, directional capacities and directional 

V /C ratios while the Texas Model uses nondirectional speeds, capacities and 

V /C ratios for the two way links. 

5. The link capacities input to the Joint Model are essentially directional hourly 

capacities while the link capacities input to the Texas Model are 

nondirectional 24-hour capacities. In performing 24-hour assignments using 

the Joint Model, the V /C ratio is computed by factoring the 24-hour 

directional volume to represent an estimated peak-hour directional volume 

and dividing the estimated peak-hour directional volume by the link's 

directional hourly capacity. Only two user-supplied factors can be employed 

per application (i.e., a factor for high capacity facilities and a factor for low 

capacity facilities). For the Dallas-Fort Worth regional assignment 

applications, the 24-hour directional assignment volumes are factored by 

either 0.10 for high capacity facilities (e.g., freeways) or 0.12 for low capacity 

facilities (e.g., normal surface streets). Different factor pairs are used for 

some subarea applications in the Dallas Fort-Worth study area. The 

estimated peak-hour V /C ratio for a link is used to estimate the link's delay 

for updating the link's speed. This approach, in effect, defines 24-hour 

capacities that are different from those used in the Houston-Galveston 

highway networks. Chapter III provides a more detailed comparison of the 

two capacity approaches. 

6. The Joint Model procedure essentially splits the trip table up into three trip 

tables. The two parameters used in splitting the trip table are: 

The maximum number of iterations (currently set at 3), and, 

The number of trips to be loaded in a given iteration (currently 

set at 10,000). 

Splitting the input trip table row into the three trip tables is essentially 

performed as follows: 
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• If the zone's trip origins (i.e., the sum of the row of the trip table) is less 

than or equal to 10,000, then all the zone's trip origins are assigned in the 

first iteration trip table; 

• If the zone's trip origins (i.e., the sum of the row of the trip table) is 

greater than 10,000 and less than or equal to 20,000, then essentially half 

of each of the zone's interchange volumes (rounded to integer interchange 

volumes) are assigned in the first iteration trip table and the remainder in 

the second iteration trip table; 

• If the zone's trip origins (i.e., the sum of the row of the trip table) is 

greater than 20,000, then essentially one-third of each of the zone's 

interchange volumes (rounded to integer interchange volumes) are 

assigned in each of the three iteration trip tables. 

The effect of this technique "is to load smaller increments of larger trip 

interchanges in an attempt to avoid the impacts of loading a large number of 

trips with an all-or-nothing path. . . .The technique allows all zones an 

opportunity to assign some trips before critical links are overloaded" 

(reference 1, pages 121-123). 

7. Depending on the parameter settings, the network speeds and impedances 

may be updated several hundred times during the Joint Model assignment 

process. In the Texas Model, the impedances (speeds) are updated between 

iterations. 

The Joint Model procedure has three parameters which control link 

updating. The first two are the lower and upper bounds of the total number 

of trips that will be loaded before updating the link impedance. These are 

currently defined at 20,000 and 100,000 trips. The third parameter is the 

critical V /C ratio which defines congestion (currently set at 0.8). As more 

and more links reach congestion, the number of trips to be loaded between 

speed updates is reduced. 

8. The Joint Model method used to estimate the effect of a given V /C ratio on 

a link's travel time (i.e., speed) is noticeably different from the Texas Model 

both in formulation and impact. The Joint Model uses different functions for 
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freeway and non-freeway links to estimate the delay minutes per mile based 

on the link's V /C ratio; the Texas Model uses a single formula (essentially a 

variation of the traditional BPR formula) to estimate the percentage change 

in link travel time based on the link's V /C ratio. Table 1 provides some 

example capacity restrained speeds from the two procedures for two typical 

links (i.e., a freeway link with a 60 mph input speed and an arterial link with 

a 30 mph input speed). 

As may be observed, the freeway speeds decay much more rapidly in the Joint 

Model than in the Texas Model. The arterial speeds also decay more rapidly 

in the Joint Model but not nearly as dramatically as the freeways. In the joint 

Model, the maximum delay per mile on a freeway link is 60 minutes; while 

the maximum delay per mile on an arterial is 10 minutes. Differences in the 

capacity restraint adjustments are discussed in more detail in Chapter IV. 

Table 1 
Example Capacity Restrained Speeds by V /C Ratio 

Freeway Link Arterial Link 
(Inuut Sueed = 60 m11h) (lnJ;!Ut §l!es:d = 30 m11h) 
Joint Texas Joint Texas 

V/C Model Model Model Model 
Ratio Speed Speed Speed Speed 

0.0 59.1 65.2 29.3 32.6 
50.0 49.5 64.6 27.0 32.3 
70.0 37.2 62.8 24.9 31.4 
85.0 25.5 60.0 22.7 30.0 

100.0 15.0 56.1 20.0 28.0 
110.0 9.8 52.6 17.9 26.3 
120.0 6.2 48.7 15.7 24.4 
130.0 3.8 44.5 13.4 22.2 
150.0 1.4 35.7 9.2 17.9 

9. The initial (or input) link speeds also differ in the two modeling procedures. 

The Joint Model speeds might be termed zero volume speeds while the Texas 
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Model speed input speeds are 24-hour speeds. The differences in the input 

speeds are discussed in more detail in Chapter IV. 

Clearly, the two procedures are different. Indeed, it would be easier to list the similarities 

between the two procedures rather than their differences. Their similarities include: 

1. Both load an all-or-nothing path between zone pairs (as contrasted with a 

stochastic assignment procedure). 

2. A networks' A-nodes, B-nodes and link distances could be the same for the 

two procedures. 

3. Both input and assign a 24-hour origin-destination (0-D) trip table. 

Even though the two models are different structurally, they have both been used successfully 

in operational studies. 
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III. DIFFERENCES IN THE LINK CAPACI'IY ESTIMATES 

The purpose of this chapter is to more closely examine the effective differences in 

the capacities used with the two procedures. Because the size of the Houston-Galveston 

region is comparable to the Dallas-Fort Worth region and uses the Texas 24-hour capacity 

restraint assignment procedure, the Houston-Galveston capacity estimates were selected for 

comparison with the Dallas-Fort Worth Joint Model. 

CAPACI'IY LOOK-UP TABLES 

Both the Dallas-Fort Worth region and the Houston-Galveston region employ 

capacity look-up tables in developing highway networks. Both use facility type and area type 

as stratification variables in their look-up tables. The five area type stratifications used by 

the two regions are summarized in Table 2. The area type stratifications used by the two 

regions appear to be similar. 

The facility types used for the capacity look-up tables for the two regions are 

summarized in Table 3. These facility type stratifications reflect a fundamental difference 

in the methods used by the two regions to represent freeways in their travel model networks. 

In the Dallas-Fort Worth region, the freeways are detailed coded (i.e., the freeway's main 

lanes are represented by two one-way links and the ramps and frontage roads are 

individually coded using one-way links). The Dallas-Fort Worth region is unique in Texas 

in its exclusive use of detailed coding for freeway facilities. In the Houston-Galveston 

region (like other urban areas in Texas), the freeways are generally represented by a single 

two-way link. Links representing sections of freeways with frontage roads coded with a 

higher 24-hour nondirectional capacity to represent both the freeway capacity and the 

capacity added by the provision of frontage roads. In Houston, freeways and tollways are 

also stratified as either radial or circumferential to allow for different directional split 

assumptions in the nondirectional capacity computations. Houston also uses functional types 

for one-way arterial links and one-way arterial pair links (i.e., a two-way link representing 

a one-way pair of parallel streets) to reflect the reduced impact of left turns in one-way 

operations. 
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Table 2 
Area Type Stratifications for Capacity Look-up Tables 

Dallas-Fort Worth Houston-Galveston 
Area Types Area Types 

CBD CBD 
Fringe Urban 

Urban Residential Inner Suburban 
Suburban Residential Suburban 

Rural Rural 

Table 3 
Facility Type Stratifications for Capacity Look-up Tables 

Freeway 

Dallas-Fort Worth 
Facility Types 

Principal Arterial - Divided or One-way 
Principal Arterial - Undivided 
Minor Arterial - Divided or One-way 
Minor Arterial - Undivided 
Collector - Divided or One-way 
Collector - Undivided 
Local - Divided or One-way 
Local - Undivided 
Ramp 
Frontage Road - Divided or One-way 
Frontage Road - Undivided 

10 

Houston-Galveston 
Facility Types 

Radial Freeway - Without Frontage Roads 
Radial Freeway - With Frontage Roads 
Circumferential Frwy - Without Frontage Roads 
Circumferential Frwy - With Frontage Roads 
Principal Arterials with Grade Separations 
Principal Arterials - Divided 
Principal Arterials - Undivided 
Other Arterials - Divided 
Other Arterials - Undivided 
One-way Arterial Pairs 
One-way Arterial Links 
Saturated Arterials 
Major Collectors 
Collectors 
Ferries 
Radial Tollway - Without Frontage Roads 
Radial Tollway - With Frontage Roads 
Circum. Tollway - Without Frontage Roads 
Circum. Tollway - With Frontage Roads 



DALLAS-FORT WORTH JOINT MODEL CAPACITIES 

As previously discussed, the link capacities input to the Joint Model are essentially 

directional hourly capacities rather than 24-hour nondirectional capacities. In performing 

24-hour assignments using the Joint Model, the V /C ratio is computed by factoring the 24-

hour directional volume to represent an estimated peak-hour directional volume and 

dividing the estimated peak-hour directional volume by the link's directional hourly capacity. 

Only two user supplied factors can be employed for an application (i.e., a factor for high 

capacity facilities and a factor for low capacity facilities). For the Dallas-Fort Worth 

regional assignment applications, the 24-hour directional assignment volumes are factored 

by either 0.10 for high capacity facilities (e.g., freeways) or 0.12 for low capacity facilities 

(e.g., normal surface streets). Different factor pairs are used for some subarea applications 

in the Dallas Fort-Worth study area. The estimated directional peak-hour V /C ratio is used 

to estimate the directional link delay for adjusting the link's directional travel time. 

The Dallas-Fort Worth capacity look-up table is presented in Table 4. As may be 

observed, the capacities are specified in terms of the average vehicle capacity per hour per 

lane. To compute the directional peak-hour capacity on a link, the appropriate capacity 

look-up table value is multiplied by the number of lanes in that direction. 

It is interesting to note that the frontage road capacities are the same as the minor 

arterial capacities. Likewise, the capacities for collectors and local streets are the same. 

DALLAS-FORT WORTH 24-HOUR CAPACITY COMPUTATIONS 

In the Dallas Fort-Worth Joint Model, the 24-hour directional volumes are converted 

to peak-hour volumes by applying a peak-hour conversion factor. Factors of 0.10 and 0.12 

are generally used for high-capacity and low-capacity facilities respectively (slightly different 

factors are used for some subarea assignments). This process can essentially be reversed, 

and the peak-hour conversion factors can be used to convert the hourly directional 

capacities to 24-hour directional capacities. The two-way (or nondirectional) capacities can 

be computed by simply adding the directional capacities. 
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Table 4 
Dallas-Fort Worth Directional Hourly Capacities per Lane 

Area Type 

Functional Class Urban Suburban 
CBD Fringe Residential Residential Rural 

Freeway 1,800 1,850 1,875 1,950 2,000 

Principal Arterial - Divided or One-way 550 600 650 725 800 
Principal Arterial - Undivided 500 550 600 675 725 

Minor Arterial - Divided or One-way 550 600 625 700 750 
Minor Arterial - Undivided 500 550 575 625 675 

Collector - Divided or One-way 450 475 500 550 575 
Collector - Undivided 400 425 450 500 525 

Local - Divided or One-way 450 475 500 550 575 
Local - Undivided 400 425 450 500 525 

Ramp 1,100 1,200 1,250 1,400 1,500 

Frontage Road - Divided or One-way 550 600 625 700 750 
Frontage Road - Undivided 500 550 575 625 675 

HOUSTON-GALVESTON 24-HOUR CAPACI1Y COMPUTATIONS 

The procedure used to convert peak-hour directional capacities to 24-hour 

nondirectional capacities accounts for a major portion of the differences between the 

Houston-Galveston 24-hour capacities and the Dallas-Fort Worth 24-hour capacities. It is 

important, therefore, to closely examine the computational procedure used to estimate the 

24-hour nondirectional capacities for the Houston-Galveston region. Two sets of capacities 

were developed for the Houston-Galveston region: ( 1) a set of directional one-hour 

capacities, and (2) a set of nondirectional 24-hour capacities. The 24-hour nondirectional 

capacities are used to perform 24-hour capacity restraint assignments. The hourly 

directional capacities are used when performing directional peak-hour assignments. The 

conversion of directional peak capacities to 24-hour nondirectional capacities requires the 

use of two parameters which vary by area type and facility type. These two parameters are: 

the expected directional split in the peak-hour and the percent of the nondirectional 24-hour 

volume that is expected to occur in the peak-hour. The procedure may be described 

computationally as follows: 
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Where: 

= 
= 
= 

= 
= 

24-hour nondirectional capacity on a two-way link. 

hourly capacity in the peak direction. 

directional split (the portion of the nondirectional peak-hour 

volume expected to occur in the peak direction). 

expected peak-hour volume in the non-peak direction. 

nondirectional Peak-Hour Factor (the portion of the 24-hour 

nondirectional volume expected to occur in the peak-hour, i.e., 

the nondirectional peak-hour volume divided by the 

nondirectional 24-hour volume). 

The procedure for estimating a 24-hour nondirectional capacity is just the reverse of the 

procedure used to estimate the peak-hour directional volumes from a 24 hour nondirectional 

volume estimate. 

Table 5 summarizes the expected peak-hour directional splits reflected in the 

Houston-Galveston 24-hour capacities. Table 6 summarizes the peak-hour factors used in 

estimating the Houston-Galveston 24-hour capacities. 
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Table S 
Houston-Galveston Directional Split Assumptions• 

Area Types 
---··----------------------------------------I mer 

Facility Type CBD Urban Suburban Suburban Rural 
========================================= ======== ======== ======== ======== ======== 
Radial Freeway (without frontage roads) .550 .550 .575 .600 .650 
Radial Freeway (with frontage roads) .550 .550 .575 .600 .650 
Circ1.111. Freeway (without frontage roads) .550 .550 .550 .550 .550 
Circ1.111. Freeway (with frontage roads) .550 .550 .550 .550 .550 
Principal Arterial with Grade Separations .540 .530 .540 .560 .580 
Principal Arterial - Divided .540 .530 .540 .560 .580 
Principal Arterial - Undivided .540 .530 .540 .560 .580 
Other Arterial - Divided .540 .530 .540 .570 .600 
Other Arterial - Undivided .540 .530 .540 .570 .600 
One-way Arterial Pairs .540 .530 .540 .560 .580 
One-way Arterial Links .540 .530 .540 .560 .580 
Saturated Arterials .510 .510 .520 .530 .565 
Major Collectors .540 .530 .540 .570 .625 
Collectors .560 .570 .580 .675 .750 
Ferries .600 .600 .600 .600 .600 
Radial Tollway (without frontage roads) .575 .600 .625 .650 .700 
Radial Tollway (with frontage roads) .575 .600 .625 .650 .700 
Circ1.111. Tollway (without frontage roads) .550 .550 .550 .550 .550 
Circ1.111. Tollway (with frontage roads) .550 .550 .550 .550 .550 

• Portion of the nondirectional peak-hour volume in the peak direction. 

It must be emphasized that the K2 factors represents the ratio of the nondirectional 

peak-hour volume to the nondirectional 24-hour volume. Given the peak-hour directional 

split, the directional peak-hour factors can be estimated from the nondirectional peak-hour 

factors. This procedure can be described as follows: 

Where: 

Kl = 

K1=2D(K2) 

directional Peak-Hour Factor - the portion of the 24-hour 

directional volume expected to occur in the peak-hour (i.e., the 

directional peak-hour volume divided by the directional 24-hour 

volume). 

Using this procedure, the equivalent directional peak-hour conversion factors (i.e., the Kl 

factors) were computed and are summarized in Table 7. 
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Table 6 
Houston-Galveston Nondirectional Peak-hour Factors 

Area Types 
-•-••-•-•--•••-••-------------•--•-•--w-•-••• 

Inner 
Facility Type CBD Urban Suburban Suburban Rural 

========================================= ======== ======== ======== ======== ======== 
Radial Freeway (without frontage roads) .0750 .0700 .0750 .0850 .1000 
Radial Freeway (with frontage roads) .0750 .0700 .0750 .0850 .1000 
Circun. Freeway (without frontage roads) .0750 .0700 .0750 .0850 .1000 
Circun. Freeway (with frontage roads) .0750 .0700 .0750 .0850 .1000 
Principal Arterial with Grade Separations .0900 .0813 .0820 .0860 .0960 
Principal Arterial - Divided .0900 .0825 .0840 .0920 .1025 
Principal Arterial - Undivided .0900 .0825 .0840 .0920 .1025 
Other Arterial - Divided .1000 .0825 .0900 .0970 .1100 
Other Arterial - Undivided .1000 .0825 .0900 .0970 .1100 
One-way Arterial Pairs .0900 .0825 .0840 .0920 .1025 
One-way Arterial Links .0900 .0825 .0840 .0920 .1025 
Saturated Arterials .0900 .0800 .0800 .0800 .1000 
Major Collectors .1000 .0825 .0900 .0970 .1200 
Collectors .1150 .0950 .0950 .1100 .1500 
Ferries .1000 .1000 .1000 .1000 .1000 
Radial Tollway (without frontage roads) .0950 .1000 .1050 .1100 .1150 
Radial Tollway (with frontage roads) .0950 .1000 .1050 .1100 .1150 
Circ1.111. Tollway (without frontage roads) .0950 .1000 .1050 .1100 .1100 
Circ1.111. Tollway (with frontage roads) .0950 .1000 .1050 .1100 .1100 

COMPARISON OF THE PEAK-HOUR FACTORS 

In the Dallas-Fort Worth Joint Model, the 24-hour directional volumes are converted 

to peak-hour volumes by applying one of two directional peak-hour factors. Directional 

peak-hour factors of 0.10 and 0.12 are generally used for high-capacity and low-capacity 

facilities respectively (slightly different factors are used for some subarea assignments). 

These, of course, are the same factors used to reverse the process and estimate a directional 

24-hour capacity from a directional peak-hour capacity. Hence, the 0.10 and 0.12 values are 

directly comparable to the Houston-Galveston factors presented in Table 7. 
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Table 7 
Houston-Galveston Directional Peak-hour Factors 

Area Types 
-------------------------------·-------------

Inner 
Facility Type CBO Urban Suburban Suburban Rural 

========================================= ======== ======== ======== ======== ======== 
Radial Freeway (without frontage roads) .0825 .0770 .0863 .1020 .1300 
Radial Freeway (with frontage roads) .0825 .0770 .0863 .1020 .1300 
Circ1.111. Freeway (without frontage roads) .0825 .0770 .0825 .0935 .1100 
Circl.ID. Freeway (with frontage roads) .0825 .0770 .0825 .0935 .1100 
Principal Arterial with Grade Separations .0972 .0862 .0886 .0963 .1114 
Principal Arterial - Divided .0972 .0875 .0907 .1030 .1189 
Principal Arterial - Undivided .0972 .0875 .0907 .1030 .1189 
Other Arterial - Divided .1080 .0875 .0972 .1106 .1320 
Other Arterial - Undivided .1080 .0875 .0972 .1106 .1320 
One-way Arterial Pairs .0972 .0875 .0907 .1030 .1189 
One-way Arterial Links .0972 .0875 .0907 .1030 .1189 
Saturated Arterials .0918 .0816 .0832 .0848 .1130 
Major Collectors .1080 .0875 .0972 .1106 .1500 
Collectors .1288 .1083 .1102 .1485 .2250 
Ferries .1200 .1200 .1200 .1200 .1200 
Radial Tollway (without frontage roads) .1093 .1200 .1313 .1430 .1610 
Radial Tollway (with frontage roads) .1093 .1200 .1313 .1430 .1610 
Circ1.111. Tollway (without frontage roads) .1045 .1100 .1155 .1210 .1210 
Circ1.111. Tollway (with frontage roads) .1045 .1100 .1155 .1210 .1210 

The Houston-Galveston directional peak-hour factors for freeways vary from 0.077 

in the urban area type to 0.13 for radial freeways in rural areas. The Dallas-Fort Worth 

Joint Model uses a single factor for all freeways (i.e., 0.10 for regional assignments). Clearly 

these differences can result in substantially different 24-hour capacity estimates. If the 

Houston-Galveston region had used 0.10 in converting their directional hourly capacities on 

freeways to 24-hour directional capacities, the 24-hour capacities in the CBD and urban area 

types would have been 17 to 23 percent lower. Similarly, the radial freeway capacities in 

rural areas would have been 30 percent higher. 

As may be observed in Table 7, the Houston-Galveston directional peak-hour factors 

for arterials vary from about 0.08 to 0.13. The Dallas-Fort Worth Joint Model uses a single 

factor for all "low capacity" facilities such as arterials (i.e., 0.12 for regional assignments). 

These differences can result in substantially different 24-hour capacity estimates. If the 

Houston-Galveston region had used 0.12 in converting their directional hourly capacities on 

arterials to 24-hour directional capacities, the 24-hour capacities for non-rural arterials 

would have been 8 to 32 percent lower. 
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Even if both regions used the same hourly directional capacity estimates, the 24-hour 

capacity estimates would be extremely different. As will be noted in the next section, the 

hourly capacity estimates are shown to be another source of the differences in the 24-hour 

capacities employed in the two regions. 

COMPARISON OF 1YPICAL HOURLY DIRECTIONAL CAPACITIES 

Table 8 summarizes the Dallas-Fort Worth Joint Model directional hourly capacities 

for some typical facilities. Table 9 summarizes the Houston-Galveston directional hourly 

capacities for comparable facility types. 

The freeway capacity estimates for both regions are similar. The arterial estimates 

are substantially different. For example, the Dallas-Fort Worth estimates show the rural 

arterials with the highest capacities of all the area types. In contrast, the Houston-Galveston 

arterial capacities are the lowest in rural areas. The lower rural arterial capacities in the 

Houston-Galveston region are primarily attributable to two factors: 

1. A much higher percentage of truck traffic is assumed on Houston's rural 

arterials than on non-rural facilities; and, 

2. In the Houston-Galveston capacity estimates, the saturation flow rates are 

adjusted based on the expected relationship between the peak 15-minute flow 

rate and the peak-hour volume as reflected in the following ratio: 

peak-hour volume 
4 x (peak 15-minute volume) 

Interestingly, the Houston-Galveston assumed signal G/C ratios for rural arterials are higher 

than for their non-rural counterparts. 

The complete set of Houston-Galveston peak-hour directional capacities are provided 

in Appendix A of this report. 

COMPARISON OF 1YPICAL 24-HOUR NONDIRECTIONAL CAPACITIES 

Table 10 summarizes the Dallas-Fort Worth Joint Model nondirectional 24-hour 

capacities for some typical facilities. Table 11 summarizes the Houston-Galveston 

nondirectional 24-hour capacities for comparable facility types. 

17 



The 24-hour freeway capacity estimates for the two regions are substantially different. 

Since the hourly capacity estimates are at least similar, the bulk of the differences in the 24-

hour capacities is attributable to differences in the conversion for peak-hour directional 

capacities to 24-hour nondirectional capacities. 

The 24-hour arterial capacity estimates are also substantially different. These 

differences are attributable to both the differences in the estimated hourly capacities and 

the differences in the factors used to convert from hour to 24-hour capacities. 

COMPARISON OF NETWORK VMT CAPACITIES 

The assignment model comparisons used two basic networks from the Dallas-Fort 

Worth region: (1) the regional network, and (2) the subarea network for East Dallas 

County. For each network, two 24-hour nondirectional capacity networks were prepared for 

application of the Texas Model: One using the Dallas-Fort Worth 24-hour nondirectional 

capacities and the second using 24-hour nondirectional capacities borrowed from the 

Houston-Galveston regional travel models. To use the Houston-Galveston capacities, the 

five area types were assumed to be the same. The facility type equivalences assumed for 

using the Houston-Galveston capacities were: 

Dallas-Fort Worth Functional Class 

Freeway 

Principal Arterial - Divided 

Principal Arterial - Undivided 

Minor Arterial - Divided 

Minor Arterial - Undivided 

Collector - Divided 

Collector - Undivided 

H-G Facility Type Used 

Radial Freeway (without Frontage Roads) 

Principal Arterial Divided 

Principal Arterial Undivided 

Other Arterial - Divided 

Other Arterial - Undivided 

Major Collector 

Collector 

As with the Dallas-Fort Worth capacities, frontage roads used the same capacity as minor 

arterials. Likewise, local streets used the same capacities as collectors. Since there was no 

equivalence for Ramps in the Houston-Galveston capacity tables, the Dallas-Fort Worth 

ramp capacities were used. 

Table 12 summarizes the Dallas-Fort Worth regional network VMT capacities for 
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the two set of input capacities. As may be observed, the use of the Houston-Galveston 

capacities would only increase the region's total VMT capacity by 1.1 percent. The 

Houston-Galveston capacities decreased the region's freeway VMT capacities by 7.1 percent 

while increasing the non-freeway link capacities by 6.3 percent. 

As may be seen in Table 12, the Regional network capacity changes by area type are 

substantial. The use of the Houston-Galveston capacities would result in major capacity 

increases in the CBD, fringe, and urban residential areas and a major capacity decrease in 

the rural areas. 

Table 13 provides the same summaries for the East Dallas subarea network. Again, 

the use of the Houston-Galveston capacities would result in major changes in the VMT 

capacities by area type. 

Table 8 
Dallas-Fort Worth Hourly Directional Capacities for Some Typical Roadways 

Hourly Directional Capacities by Area Type 

Urban Suburban 
Functional Class Lanes CBD Fringe Residential Residential Rural 
============================== ===== =========== =========== =========== =========== =========== 
Freeway 2 3,600 3,700 3,750 3,900 4,000 

(without frontage roads) 3 5,400 5,550 5,625 5,850 6,000 
4 7,200 7,400 7,500 7,800 8,000 
5 9,000 9,250 9,375 9, 750 10,000 

Principal Arterial - Divided 2 1,100 1,200 1 ,300 1,450 1 ,600 
3 1,650 1,800 1,950 2, 175 2,400 
4 2,200 2,400 2,600 2,900 3,200 

Principal Arterial - Undivided 1 500 550 600 675 725 
2 1,000 1,100 1,200 1,350 1,450 
3 1,500 1 ,650 1,800 2,025 2, 175 
4 2,000 2,200 2,400 2,700 2,900 

Other Arterial - Divided 2 1, 100 1,200 1,250 1,400 1,500 
3 1 ,650 1,800 1,875 2, 100 2,250 
4 2,200 2,400 2,500 2,800 3,000 

Other Arterial - Undivided 1 500 550 575 625 675 
2 1,000 1, 100 1, 150 1,250 1 ,350 
3 1,500 1,650 1, 725 1,875 2,025 
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Table 9 
Houston.Galveston Hourly Directional Capacities for Some Typical Roadways 

Hourly Directional Capacities by Area Type 
---·-----------------------------·--------------------·----

Inner 
Facility Type Lanes CBD Urban Suburban Suburban Rural 
============================== ===== =========== =========== =========== =========== =========== 
Radial Freeway 2 3,675 3,875 3,875 3,825 3,750 

(without frontage roads) 3 5,500 5,800 5,800 5,725 5,600 
4 7,350 7,725 7,725 7,625 7,475 
5 9, 175 9,650 9,650 9,525 9,350 

Principal Arterial - Divided 2 1,425 1,425 1,425 1,425 1,350 
3 2,075 2,075 2,075 2, 100 1,975 
4 2,775 2,775 2,775 2,775 2,625 

Principal Arterial - Undivided 1 675 675 675 675 650 
2 1,275 1,275 1,300 1,325 1,250 
3 1,850 1,850 1,875 1,900 1,800 
4 2,425 2,450 2,475 2,500 2,375 

Other Arterial - Divided 2 1,400 1,375 1,350 1,350 1,275 
3 2,025 2,000 1,975 1,975 1,850 
4 2,700 2,675 2,650 2,625 2,475 

Other Arterial - Undivided 1 675 650 650 650 625 
2 1,275 1,275 1,250 1,250 1,200 
3 1,850 1,825 1,825 1,800 1,750 

Table 10 
Dallas·Fort Worth 24·Hour Nondirectional Capacities for Some Typical Roadways 

24-Hour Nondirectional Capacities by Area Type 
-----------------------------------------------------·------

Total Urban Suburban 
Functional Class Lanes CBD Fringe Residential Residential Rural 
============================== ===== =========== =========== =========== =========== =========== 
Freeway 4 72,000 74,000 75,000 78,000 80,000 

(without frontage roads) 6 108,000 111,000 112,500 117,000 120,000 
8 144,000 148,000 150,000 156,000 160,000 

10 180,000 185,000 187,500 195,000 200,000 

Principal Arterial - Divided 4 18,330 20,000 21,670 24, 170 26,670 
6 27,500 30,000 32,500 36,250 40,000 
8 36,670 40,000 43,330 48,330 53,330 

Principal Arterial - Undivided 2 8,330 9, 170 10,000 11,250 12,080 
4 16,670 18,330 20,000 22,500 24, 170 
6 25,000 27,500 30,000 33,750 36,250 
8 33,330 36,670 40,000 45,000 48,330 

Other Arterial - Divided 4 18,330 20,000 20,830 23,330 25,000 
6 27,500 30,000 31,250 35,000 37,500 
8 36,670 40,000 41,670 46,670 50,000 

Other Arterial - Undivided 2 8,330 9, 170 9,580 10,420 11, 250 
4 16,670 18,330 19 I 170 20,830 22,500 
6 25,000 27,500 28, 750 31,250 33,750 

20 



Table 11 

Houston-Galveston 24-Hour Nondirectional Capacities for Some Typical Roadways 

24-Hour Nondirectional Capacities by Area Type 
------------------------·-----------------------------------

Total Inner 
Facility Type Lanes CBD Urban Suburban Suburban Rural 
============================== ===== =========== =========== =========== =========== =========== 
Radial Freeway 4 89,000 100,500 89,500 67,500 49,000 

(without frontage roads) 6 133,500 150,500 134,500 101,000 74,000 
8 178,000 201,000 179,000 135,000 98,500 

10 222,500 251,000 224,000 168,500 123,000 

Principal Arterial - Divided 4 29,300 32,600 31,500 27,800 22,700 
6 42,800 47,600 46,000 40,500 33, 100 
8 57,000 63,500 61,300 54,100 44,100 

Principal Arterial - Undivided 2 13,700 15,200 14,900 13,300 10,800 
4 26,300 29,300 28,700 25,600 20,900 
6 38,000 42,400 41,400 37,000 30,200 
8 50, 100 55,900 54,600 48,700 39,800 

Other Arterial - Divided 4 25, 700 31,500 28,000 24,400 19,200 
6 37,600 45,900 40,900 35,600 28,000 
8 50,100 61,200 54,500 47,400 37,400 

Other Arterial - Undivided 2 12,300 15, 100 13,400 11, 700 9,500 
4 23, 700 29,000 25,800 22,500 18,300 
6 34,200 41,900 37,300 32,500 26,500 

Table 12 
Dallas-Fort Worth Regional Network Capacity Comparisons 

Network Capacity VMT 
-·------·---------------

Nl.lllber Dallas- Houston-
of Link Ft Worth Galveston Percent 

Link Group* Area Type Links Mi Les Capacities Capacities Difference 
---·-- .. ------ ---------------------

____ ,.. ___ ....... _____ ----------- _______ .. ___ __ .,. ... ____ .. _ 

Freeway CBD 37 9 534,960 661,270 23.6% 
Links Fringe 173 63 3,817,660 5, 179, 154 35.7% 

Urban Residential 652 299 16,349,813 19 ,528,478 19.4% 
Suburban Residential 703 400 21,275,280 18,391, 708 -13.6% 
Rural 402 322 15,026,200 9,223,905 -38.6% 

======== ======== =========== =========== ========== 
All Area types 1,967 1,093 57,003,913 52,984,514 -7.1% 

Non-Freeway CBD 790 66 939,883 1,377,901 46.6% 
Links Fringe 1,052 253 4,037,149 6,380,658 58.0% 

Urban Residential 6,024 2,063 32,275,727 44,250,330 37.1% 
Suburban Residential 4,470 2,022 28,837,095 28,779,708 - .2% 
Rural 2,656 2, 171 23,115,780 14,033,583 -39.3% 

======== ======== =========== =========== ========== 
Al l Area types 14,992 6,575 89,205,634 94,822,179 6.3% 

All Links CBD 827 75 1,474,843 2,039,171 38.3% 
Fringe 1,225 316 7,854,809 11,559,812 47.2% 
Urban Residential 6,676 2,362 48,625,540 63,778,807 31.2% 
Suburban Residential 5,173 2,422 50, 112,375 47, 171,415 -5.9% 
Rural 3,058 2,493 38, 141,980 23,257,488 -39.0% 

======== ======== =========== =========== ========== 
Al L Area types 16,959 7,668 146,209,547 147,806,693 1.1% 

* Excludes centroid connectors. 

21 



Table 13 
East Dallas Subarea Network Comparisons 

Subarea 
Link Group"' 

Freeway 
Links 

Area Type 

Urban Residential 
Suburban Residential 
Rural 

All Area types 

Non-Freeway Urban Residential 
Links Suburban Residential 

Rural 

All Links 

All Area types 

Urban Residential 
Suburban Residential 
Rural 

Al l Area types 

Nl..llber 
of Link 

Links Miles 

67 
75 
39 

32 
38 
34 

Network Capacity VMT 

Dallas· Houston-
Ft Worth Galveston Percent 

Capacities Capacities Difference 

1,578,754 
1,854,459 
1,252,012 

2,072,373 
1, 764,885 

843,670 

31.3% 
-4.8% 

-32.6% 
======== ======== =========== =========== ========== 

181 103 4,685,225 4,680,928 - .1% 

722 258 4,326,239 5,869,285 35.7% 
651 266 3,504,763 3,419,005 -2.4% 
346 237 2,429,090 1,391, 710 ·42.7% 

======== ======== =========== =========== ========== 
1, 719 762 10,260,092 10,679,999 4.1% 

789 290 5,904,993 7,941 ,657 34.5% 
726 304 5,359,222 5,183,890 -3.3% 
385 271 3,681,102 2,235,380 ·39.3% 

======== ======== =========== =========== ========== 
1, 900 865 14,945,317 15,360,927 2.8% 

"'Excludes centroid connectors and links outside the subarea. 
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IV. DIFFERENCES IN LINK IMPEDANCES AND 
CAPACITY RESTRAINT ADJUSTMENTS 

In the Dallas-Fort Worth Joint Model, link impedances are defmed in terms of cost 

rather than simply travel time (as used in the Texas Model). In the assignments, therefore, 

the paths are minimum cost paths rather than minimum time paths. The purpose of this 

chapter is to more closely examine the differences in the impedances used by the two 

models and the differences in their adjustment based on a link's V /C ratio. 

INPUT LINK SPEEDS 

The input link speeds for the Dallas-Fort Worth Joint Model applications are free 

speeds or uncongested speeds. Such speeds are often referred to as zero volume speeds. 

A fairly elaborate procedure is used to estimate these speeds in the Joint Model. This 

procedure can be briefly described as follows: 

Free speed is calculated using the speed limit, area type, functional class, number of 
intervening controls and the end node traffic control coded for each link In general, 
the functional class and area type determine the delay associated with various traffic 
controls (e.g., signals, stop signs, yield signs). Traffic control delay is added to the 
travel time derived from the speed limit, and the speed associated with the new 
travel time is then posted as the link's free speed ... 

. . . The initial impedance for assignment is based on free or uncongested speeds. 
It is common practice at NCTCOG to increase the speeds on freeways, frontage 
roads and principal arterials by 10 percent. This is in recognition of tendencies of 
the average motorist to exceed the maximum allowable speed.(1) 

These speed estimates are computed and used directionally. It should also be noted that 

these speeds are only used as the starting speeds for the assignment modeling in the Dallas

F ort Worth Joint Models. Two additional sets of speeds are estimated and used in the trip 

distribution modeling process (i.e., estimated loaded peak speeds and estimated loaded off

peak speeds). 

In most applications of the Texas Model, a much simpler approach is employed to 

define the input speeds. For most applications, a simple speed look-up table (stratified by 

facility type and area type) is employed for estimating the input link speeds. The input 

speeds are generally 24-hour nondirectional speeds. These speeds are assumed to roughly 

represent the typical average 24-hour nondirectional speed for the link with a 24-hour 
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nondirectional V/C ratio of 0.85. In all the Texas urban areas (except Dallas-Fort Worth) 

the 24-hour speeds are used for both the trip distribution modeling and the starting speeds 

for the capacity restraint modeling. 

The 24-hour speeds used in the Houston-Galveston travel models are summarized 

in Table A-2 of Appendix A Table B-2 of Appendix B summarizes the Houston-Galveston 

24-hour speeds borrowed for application in the Dallas-Fort Worth networks which used the 

Houston-Galveston capacities. 

Table 14 
Average Input Link Speeds for the Dallas-Fort Worth Regional Network 

Area Types 
--------~---·----------------·--·~--·---·-··-------------·-

Urban Suburban 
CSD Fringe Residential Residential Rural 

=========== =========== =========== =========== =========== 
Freeways 

# links 37 173 652 703 402 
D·FW Speeds 56.3 57.7 60.5 60.6 61.0 
H·G Speeds 40.0 45.0 50.0 55.0 60.0 

Principal Arterials 
# Links 186 212 869 403 120 
D·FW Speeds 16.9 28.9 33.5 42.2 54.4 
H·G Speeds 17.0 30.0 34.0 38.6 50.3 

Minor Arterials 
# links 310 305 1 ,614 1,108 414 
D·FW Speeds 14.8 21.0 28.2 32.4 42.8 
H·G Speeds 17.0 29.5 33.7 36.5 48.1 

Collectors 
# Links 191 226 2,316 1,742 1,489 
D·FW Speeds 14.8 21.5 23.7 27.3 33.1 
H·G Speeds 16.1 24.8 25.8 27.0 36.3 

Locals 
# Links 0 0 0 0 0 

R~ 
# links 63 200 n4 745 385 
D·FW Speeds 38.8 38.0 36.6 37.5 38.5 
H·G Speeds 17.0 30.0 34.0 37.0 49.0 

Frontage Roads 
# Links 40 109 501 4n 248 
D·FW Speeds 19.9 33.0 36.0 37.8 38.7 
H·G Speeds 17.0 30.0 34.0 36.9 48.7 

The average Dallas-Fort Worth input link speeds by area type and functional class 

for the Dallas-Fort Worth regional network are summarized in Table 14. The average 

Houston-Galveston input speeds (used in conjunction with the Houston-Galveston 
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capacities) for the Dallas-Fort Worth regional network are also summarized in Table 14. 

As may be noted, the greatest differences occur with the freeway links for the first three 

area types. These differences are probably largely attributable to the basic definitional 

differences between uncongested speeds and 24-hour speeds. Without attempting to 

prejudge which is better, it is probably fair to say that there are some significant differences 

in the input speeds using the two-speed logic. 

Table 15 
Average Input Link Speeds for the East Dallas Subarea Network 

Area Types 
-·--·-----·------------~-----·-------~------------·--------

Urban Suburban 
CBO Fringe Residential Residential Rural 

=========== =========== =========== =========== =========== 
Freeways 

#links 0 0 67 75 39 
D·FW Speeds 61.0 61.0 61.0 
H-G Speeds 50.0 55.0 60.0 

Principal Arterials 
#Links 0 0 89 40 10 
D·FW Speeds 36.1 39.3 52.5 
H-G Speeds 34.0 39.0 50.0 

Minor Arterials 
# Links 0 0 276 181 52 
O·FW Speeds 30.8 31.5 36.3 
H·G Speeds 33.8 36.6 48.1 

Collectors 
#Links 0 0 237 309 216 
D·FW Speeds 24.1 28.3 33.7 
H-G Speeds 25.3 26.4 36.4 

Locals 
# Links 0 0 2 0 0 
D·FW Speeds 23.5 
H-G Speeds 25.0 

Ra~ 
# Links 0 0 71 82 36 
D·FW Speeds 39.1 38.4 36.4 
H·G Speeds 34.0 37.0 49.0 

Frontage Roads 
# Links 0 0 47 39 32 
D-FW Speeds 39.2 40.3 40.9 
H·G Speeds 34.0 36.9 48.4 

Table 15 presents the same summary for the two set of speeds used for the East 

Dallas subarea network. It should be noted that the links summarized in Table 15 are only 
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the links within the subarea and not the entire subarea network (i.e., the subset of the 

subarea network links within the East Dallas subarea being studied). 

JOINT MODEL TRAVEL TIME ADJUSTMENTS 

In the Dallas-Fort Worth Joint Model, the V /C ratio on a link is used to estimate 

the volume delay on the link. The volume delay is added to the uncongested link travel 

time. It should be recalled that: 

The initial impedance for assignment is based on free or uncongested speeds. It is 
common practice at NCTCOG to increase the speeds on freeways, frontage roads 
and principal arterials by 10 percent. This is in recognition of tendencies of the 
average motorist to exceed the maximum allowable speed.(1) 

This adjusted travel time, of course, can be used to compute the adjusted average speed for 

the link. The following briefly describes the volume-delay equations employed in the Dallas

Fort Worth Joint Model. 

The Joint Model uses two volume-delay equations for daily (i.e., 24-hour) 

assignments: one for high-capacity facilities and the other for low-capacity facilities. The 

distinction is made based on the capacity of the link. High-capacity facilities (usually 

freeways) are defined as those exceeding 3,400 vehicles per hour (one way). A second pair 

of equations are employed for peak-hour assignments. 

The following is the general form of the Dallas-Fort Worth Joint Model's volume

delay equation: 

Where: 

Delay 

v 

Delay = Min [ ( A eB(V /C)) , M ] 

= 

= 

minutes of delay per mile. This value is multiplied by 

the link's distance and the results added to the link's 

zero volume travel time. 

the peak-hour directional volume assigned to the link. 

For 24-hour assignments, the daily directional volume is 

converted to hourly units using a peak-hour factor. 

Factors of 0.10 and 0.12 are generally used for high

capacity and low-capacity facilities respectively. 
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c 
A&B 

M 

= 

= 
= 

the hourly directional capacity. 

coefficients. 

maximum minutes of delay per mile. 

The A, B, and M parameters vary by capacity type and type of assignment (i.e., daily 

versus peak-hour). Table 16 lists the Dallas-Fort Worth Joint Model's calibrated parameters 

for both daily and peak-hour assignments. 

Table 16 
Dallas-Fort Worth Joint Model Volume Delay Equation Parameters 

Daily Assignments Peak-hour Assignments 

High-capacity Low-capacity High-capacity Low-capacity 
Facilities Facilities Facilities Facilities 

A= 0.015 A= 0.050 A= 0.015 A= 0.050 
B = 5.3 B = 3.0 B = 7.0 B = 4.50 
M = 60 M = 10 M=60 M = 10 

As previously discussed, the Joint Model's capacity restraint procedure is an 

incremental loading procedure. The link travel times are updated periodically during this 

process to reflect the delays which would result from the traffic accumulated on the links 

to that point in the incremental loading process. These adjusted travel times are used to 

compute the link's impedance in cost rather than time. The Dallas-Fort Worth impedance 

computation is discussed in a later section of this chapter. 

TEXAS MODEL TRAVEL TIME ADJUSTMENTS 

As previously discussed, the Texas Model capacity restraint procedure is an iterative 

process. In the Dallas-Fort Worth applications under this study (as in the Houston 

applications), the capacity restraint model is applied using six iterations. Between iterations, 

the link impedances are adjusted based on the link's V /C ratio. The V /C ratio is calculated 

using a weighted average of the assigned volumes from the preceding iterations. The final 

capacity restraint assignment results are developed, of course, by computing the weighted 

average of the preceding six assignment volumes. The iteration weights are input by the 

user. The iteration weights currently being used in the Houston applications for the six 
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iterations are: 10, 10, 20, 20, 20, 20 percent. 

The impedance adjustment function used in the Texas Model is based on the FHWA 

impedance adjustment function (often refer to as the BPR function). The FHWA function 

assumes the impedance is based on a zero volume link speed. Because the Texas highway 

networks have traditionally been coded using a 24-hour speed rather than a zero volume 

speed, a modified version of the FHW A impedance adjustment function was implemented. 

The formula for the Texas impedance adjustment function is: 

Where: 

Io = 

ln+l = 
v = 

c = 

In+l = [0.92 + 0.15 (V /C)4
] Io 

the initial link impedance (travel time) using the 24-hour input 

speed. 

the link impedance (travel time) for iteration n + 1. 

the weighted average 24-hour link volume from iterations 1 to 

n. 

the 24-hour link capacity. 

A constraint is imposed to limit the magnitude of the impedance (travel time) adjustment. 

The maximum impedance adjustment varies by iteration. Following the initial assignment, 

the maximum impedance adjustment factor is 2 (i.e., essentially reducing the 24-hour speed 

by one half). The maximum impedance adjustment factor is increased by 1 for each of the 

succeeding iteration. To reflect this constraint, the equation could be expressed as: 

In+l = min{ [0.92 + 0.15 (V /C)4
] 10 , [n + 1] 10 } 

This formulation of the equation directly reflects the constraint. 

COMPARISON OF TYPICAL SPEEDS BY V /C RATIO 

The adjusted travel time on a link, of course, can be readily converted to a link 

speed. Comparison of the implied changes in link speeds by V /C ratio provides a good way 

of comparing the two travel time adjustments. For these comparisons, we will assume a 
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typical freeway link with an input speed of 60 mph and a typical arterial link with an input 

speed of 30 mph. Recalling that in the Joint Model's impedance calculations, the 

uncongested speeds on freeways, frontage roads, and principal arterials are increased by 10 

percent. For this example, the arterial is assumed to be a principal arterial and, hence, the 

zero volume speed for the freeway is effectively 66 mph and the principal arterial 33 mph. 

Figure 1 displays the Joint Model's capacity restrained daily speeds for estimated peak-hour 

link V /C ratios of zero to 1.5. As may be noted, the freeway and arterials tend to converge 

to a common speed at a V /C ratio between 0.85 and 0.90. At V /C ratios greater than 0.9, 

arterials would be expected to operate at higher speeds than freeways. 

Figure 2 displays the Texas Model's capacity restrained 24-hour speeds for 24-hour 

nondirectional V /C ratios of zero to 1.5. As may be observed, the Texas Model impedance 

adjustment function essentially assumes that the input speed represents the average 24-hour 

nondirectional speed for a link with a 24-hour nondirectional V /C ratio of 0.85. Hence, 

when the V /C ratio is less than 0.85, the procedure uses a speed that is faster than the input 

speed. 

Comparing the typical speeds in Figures 1 and 2, it is certainly fair to say that they 

are radically different. The differences are more pronounced for freeways than arterials. 

These differences are at least in part necessary due to differences in incremental verses 

iterative capacity restraint techniques. 

JOINT MODEL COST IMPEDANCE COMPUTATIONS 

As previously noted, the Joint Model uses minimum cost paths rather than minimum 

times paths. The link impedance (i.e., cost) is calculated based on the capacity restrained 

link travel time, the link distance and other link costs (i.e., tolls, if any): 

Where: 

Time = 

Dist = 

Tolls = 

a = 

Impedance = a(Time) + b(Dist) + c(Tolls) 

the capacity restrained link travel time (in hours). 

the link's distance (in miles). 

the toll costs (if any). 

value of time ($/hour). 
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b 

c 

= 
= 

fuel cost ($/mile). 

consumer price index for converting toll costs to 1984 constant 

dollars. 

The values of the a, b, and c coefficients vary by year as shown in Table 17. 

Table 17 
Joint Model Highway Impedance Coemcients 

Value of Time Fuel Cost CPI 
($/hour) ($/mile) ($/$) 

Year a b c 

1980 6.00 0.10 1.30 
1984 6.00 0.07 1.00 
1986 6.00 0.04 0.95 
2000 6.00 0.05 0.70 
2010 6.00 0.06 0.50 

Figure 3 displays the average cost (impedance) per mile by V /C ratio for a typical freeway 

link with an input speed of 60 mph and a typical arterial link with an input speed of 30 mph. 

Again the costs per mile for freeways and arterials intersect at a V /C ratio of about 0.9. 

Beyond a V /C ratio of 1.0, the freeway costs per mile are generally considerably higher 

than arterials. Indeed, above 1.2, the freeway costs exceed $1.00 per mile. With these costs, 

it is difficult to imagine getting freeway assigned volumes in excess of about 1.2 or 1.3. 
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V. COMPARISON OF ASSIGNMENT RESULTS 
USING MACRO-LEVEL MEASURES 

The evaluation of the traffic assignment models focuses on their ability to reflect 

reality (i.e., counted volumes). Measures of how well an assignment reproduces traffic 

counts can be divided into two groups: macro-level measures and micro-level measures. 

This chapter presents the comparisons of the results using the different models and network 

parameters using macro-level measures. The comparisons using micro-level measures are 

presented in Chapter VI. 

In reviewing the results presented in this chapter it should be remembered that all 

three regional assignments were performed using the same trip table. Likewise, all three 

subarea assignments were performed using the same subarea trip table. Hence, differences 

in the assignment results are directly attributable to differences in the paths to which the 

trips are assigned. 

MACRO-LEVEL MEASURES 

The macro-level measures compare aggregate measures of assigned versus counted 

volumes while micro-level measures focus on link-by-link differences. Two macro-level 

measures were used to compare the various assignment results with the counted volumes: 

vehicle miles of travel (VMT) and traffic volumes across cutlines (i.e., corridor intercepts 

or screenlines). In the Dallas-Fort Worth networks, not all links have observed counts for 

comparison. The assigned versus counted comparisons, therefore, focus only on the subset 

of links with counted volumes. 

VMTRESULTS 

The VMT on a link are computed by multiplying the link's volume by the link's 

distance in miles. Both the assigned VMT and the counted VMT for the subset of links can 

computed and accumulated for comparison. For the VMT comparisons in this study, the 

links were cross-classified by functional class and by ar~a type. 

Table 18 summarizes the VMT assignment results for the three regional assignments 

performed. Table 18 shows that the Dallas-Fort Worth regional network consisted of 16,959 

links (excluding centroid connectors). These 16,959 links include both links with counts and 
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links without counts. While the subsequent comparisons will focus only subsets of links with 

counted volumes, it was felt that summaries should include a cross-classification of the total 

assigned VMT for each assignment. These data provide an indication of some general 

differences between the results using the different models and network assumptions. Some 

of the more interesting observations are: 

• The Joint Model assigned more VMT on the 16,959 regional network links 

than either of the Texas Model applications. This was also true for the 

regional links stratified by area type. 

• The CBD results using the Dallas-Fort Worth capacities and speeds were 

similar for both models. The Texas Model, using Houston-Galveston speeds 

and capacities were considerably different for most facility types. 

• For freeways, the Texas Model using the Dallas-Fort Worth capacities 

generally produced the higher freeway VMT results than the Joint Model. 

This is probably largely attributable to differences in the speed adjustments 

in the two models. Interestingly, the Texas Model using the Houston

Galveston capacities and speed logic yielded generally lower freeway VMT 

results than the other two assignments. The shift in VMT results from the 

Texas Model with Dallas-Fort Worth capacities and speeds to the Texas 

Model results using the Houston-Galveston capacities and speeds is totally 

attributable to the differences in the input capacities and speeds. 

• While the Texas Model (with Houston-Galveston capacities and speeds) 

provided somewhat lower VMT estimates, it also provided considerably lower 

VMT on the ramp links. This suggests that the trips diverted from the 

freeways were generally shorter trips. The higher VMT on the frontage roads 

suggests that some of these 11shorter11 trips stayed on the frontage roads. 

• The Joint Model generally assigned more traffic to major arterials than either 

of the Texas Model assignments. 

• The Texas Model with the Houston-Galveston capacity and speed inputs 

generally produced higher volume estimates on minor arterials. 

In reviewing the VMT data in Table 18, it should be remembered that the regional 

assignments are used to evaluate the freeway system. 
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Table 19 summarizes the VMT assignment results for the three assignments 

performed for the East Dallas subarea. The subarea network summaries display results only 

for links within the focused subarea and run links outside the subarea being studied. As we 

can see from Table 19, the subarea portion of the East Dallas subarea network consisted 

of 1,900 links (excluding centroid connectors). These 1,900 links include both links with 

counts and links without counts. While the subsequent comparisons will focus only on 

subsets of links with counted volumes, it was felt that summaries should include a cross 

classification of the total assigned VMT for each assignment. These data provide an 

indication of some general differences between the results using the different models and 

network assumptions. In reviewing the results displayed in Table 19, it may be noted that: 

• Again, the Joint Model assigned somewhat more VMT within the subarea 

than either Texas Model application. 

• As may be observed from the totals column for the combined area types, the 

Texas Model with Houston-Galveston speeds and capacities provided 

generally lower VMT estimates for all facility types except minor arterials. 

• In the urban residential area type, the Texas Model with Houston-Galveston 

speeds and capacities also provided the lowest VMT estimates on all facility 

types except minor arterials. 

Table 20 presents the comparisons of assigned VMT to counted VMT for 4,866 links 

with counts in the regional network. The percentages were computed by dividing the 

assigned VMT by the assigned VMT for a given subset of links. Table 21 displays the 

comparisons for the 521 links with counts in the East Dallas subarea. In reviewing the 

results in Tables 20 and 21, it was noted that: 

• Although varying by area type, both the Joint Model and the Texas Model 

with Houston-Galveston speeds and capacities generally provided better VMT 

estimates for freeways than the Texas Model with Dallas-Fort Worth 

capacities and speeds. 

• The tendency to underestimate VMT on collectors using Houston-Galveston 

speeds and capacities suggests that either the initial speeds and/ or capacities 

would need to be increased for collector streets for the Dallas-Fort Worth 

applications. If this were done, the increased VMT on collectors would likely 
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result in reduced VMT on the minor arterials and, hence, improve both 

facility types. 

• The Texas Model with Dallas-Fort Worth speeds and capacities generally 

tended to overload the freeway links. The introduction of the 24-hour speeds 

and capacities which were more compatible with the Texas Model produced 

results which were very competitive with the calibrated model results from the 

Joint Model. 

Recognizing that some assignment improvements would likely result from a refinement of 

the ,.borrowed" Houston-Galveston speeds and capacities, it was felt that neither model 

emerged as clearly superior from a VMT perspective. 

Comparing the Joint Model and the Texas Model VMT results using a common set 

of input capacities and speeds provides an opportunity to see how the two models function. 

The following observations can be made from these comparisons: 

• The Texas Model generally assigned more VMT to the freeways and less 

VMT on the non-freeway links. This is probably attributable to the 

differences in the speed adjustments and the use of travel costs rather than 

travel time in minimum path selection. 

• While the freeway VMT increased using the Texas Model, the frontage road 

VMT decreased and the ramp VMT increased. This suggests that the Texas 

Model is probably assigning more short trips to the freeway which remained 

on the frontage roads using the Joint Model. 

The comparison of the VMT results for the two Texas Model assignments using 

different input capacities and speeds provides an opportunity to see how these inputs affect 

the model's function. The following observations can be made from these comparisons: 

• The freeway VMT estimates dropped substantially when the lower freeway 

speeds but higher freeway capacities were introduced in the first two area 

types. The 40 mph and 45 mph freeway speeds are apparently too low and 

tended to somewhat underload the freeways. Freeway speeds averaging 56 

to 58 mph in the Dallas-Fort Worth speeds and capacities (even with~ 

capacities for these first two area types) resulted in over assignments using 

both models. The network average speeds were previously summarized in 
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Table 14. 

• The Texas Model using the Houston speeds and capacities tended to 

substantially over-assign traffic to the minor arterial system. This is likely due 

to the use of substantially higher input speeds for minor arterials in the new 

speed set. 

The analyses of the VMT results suggest the capacity restraint assignments are more 

sensitive to the basic network parameters of speed and capacity than the model selected for 

application. Surprisingly, the input speeds (particularly the relative differences between 

freeway speeds and arterial speeds) may have more impact on capacity restraint assignment 

results than the capacity estimates. This suggests that initial model calibration efforts should 

probably focus on input speed refinements using simple all-or-nothing assignments. The 

subsequent application of the capacity restraint model would then be used to further refine 

the model's results. It appeared that both the Joint Model and the Texas Model would 

benefit from improvements in the input speed estimates. 
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Table 18 
Total VMT on the Regional Networks 

Area Types 
----~---------·-~---·----------------------·-----·-------~-

Urban Suburban 
CBO Fringe Residential Residential Rural TOTALS 

=========== =========== =========== =========== =========== =========== 
Freeways 

# Links 37 173 652 703 402 1,967 
Miles 8.8 63.1 299.0 400.3 322.0 1,093.1 
Joint (0-FW Cap/Spd) 554, 107 3,417,430 14,949,848 12,791,832 6,230,521 37,934,704 
Texas CO-FW Cap/Spd) 542,128 3,682,314 15,804,463 14, 141,837 6,m,619 40,934,320 
Texas CH·G Cap/Spd) 362,989 2,976,403 13,516,304 12,072,811 6, 170, 102 35,089,744 

Principal Arterials 
# Links 186 212 869 403 120 1,790 
Miles 13.2 55.5 292.8 182.3 132.7 676.5 
Joint {D·FW Cap/Spd) 107,616 1, 196, 769 6,484,223 3,389,527 1, 732,231 12,910,100 
Texas (D·FW Cap/Spd) 116,634 1,034,583 5,663,655 2,978,048 1,646,894 11,439,525 
Texas CH·G Cap/Spd) 109,956 1,223, 107 6,152,210 2,927,281 1,561,055 11,973,320 

Minor Arterials 
#Links 310 305 1,614 1, 108 414 3,751 
Miles 24.7 67.7 583.8 534.5 414.5 1,624.9 
Joint (O·FW Cap/Spd) 167,816 785,624 7,482,735 4,623,243 1,973,148 15,032,026 
Texas (O·FW Cap/Spd) 161,431 652,336 6,241,898 3,797,793 1,691,950 12,544,883 
Texas (H-G Cap/Spd) 208,411 1,036,707 8,445,047 5,045,307 2, 151,802 16,886,592 

Collectors 
# Links 191 226 2,316 1, 742 1,489 5,964 
Mi Les 11.9 66.9 847.2 866.4 1,357.4 3, 149.6 
Joint CD·FW Cap/Spd) 30,622 350,513 3,041,142 2,346, 152 2,226,029 7,993,490 
Texas (D·FW Cap/Spd) 28,723 273,878 2,213,008 1,533,058 1,687,877 5,735,758 
Texas (H-G Cap/Spd) 32,445 229,237 1,894,246 1,187,118 1, 789,692 5,131,900 

Locals 
# Links 0 0 0 0 0 0 

Raq:is 
# Links 63 200 724 745 385 2, 117 
Miles 10.4 31.4 139.3 180.8 87.1 448.9 
Joint (D-FW Cap/Spd) 215,407 331,377 1,087,209 759,756 176,699 2,569,898 
Texas (D·FW Cap/Spd) 167, 142 323, 113 1,079,232 837,393 201,378 2,607,680 
Texas CH·G Cap/Spd) 26,331 184,298 691,622 525, 127 179,845 1,606,863 

Frontage Roads 
#Links 40 109 501 472 248 1,370 
Miles 5.6 31.4 199.6 257.6 179.4 673.6 
Joint (D·FW Cap/Spd) 21,874 275,314 957,061 410,855 92,424 1,757,335 
Texas (D·FW Cap/Spd) 19, 754 205,867 855,301 392,827 94,006 1,567,591 
Texas (H·G Cap/Spd) 16,154 180,034 824,590 541,326 260,273 1,822,138 

TOTALS 
#Links 827 1,225 6,676 5, 173 3,058 16,959 
Miles 74.7 316.0 2,361.3 2,421.6 2,493.1 7,653.7 
Joint (D·FW Cap/Spd) 1,097,428 6,356,601 33,975,696 24,309,584 12,430,478 78,111,856 
Texas (D-FW Cap/Spd) 1,035,801 6, 171,679 31,835,248 23,670,496 12,095,210 74,757,776 
Texas (H-G Cap/Spd) 756,276 5,829,366 31,502,592 22,289,648 12,112,183 72,436,832 
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Table 19 
Total VMT on the East Dallas Subarea Networks 

Area Types 
----------------------------------------------·----·-------

Urban Suburban 
CBD Fringe Residential Residential Rural TOTALS 

=========== =========== =========== =========== =========== ========~== 
Freeways 

# Links 0 0 67 75 39 181 
Miles 31.5 37.8 34.2 103.5 
Joint (D·FW Cap/Spd) 1,685,515 1,098,9n 596,804 3,381,246 
Texas (D·FW Cap/Spd) 1, 741,980 1,237,454 595,454 3,574,845 
Texas (H·G Cap/Spd) 1,468,516 965,703 591,362 3,025,531 

Principal Arterials 
# Links 0 0 89 40 10 139 
Miles 28.5 13.3 7.8 49.6 
Joint (D·FW Cap/Spd) 800,406 233,769 106,735 1,140,907 
Texas (D·FW Cap/Spd) 725,529 231,765 93,593 1,050,886 
Texas (H-G Cap/Spd) 706,721 231,528 90,433 1,028,682 

Minor Arterials 
# Links 0 0 276 181 52 509 
Miles 99.2 73.8 34.5 207.5 
Joint (D·FW Cap/Spd) 1,550,913 561,570 196,633 2,309,018 
Texas (D·FW Cap/Spd) 1,488,235 532,391 202, 768 2,223,292 
Texas (H-G Cap/Spd) 1,759,034 756, 139 252,661 2,767,732 

Collectors & Locals 
# Links 0 0 239 309 216 764 
Miles 91.9 138.0 165.1 395.0 
Joint (D-FW Cap/Spd) 207,995 314, 1n 365,651 887,819 
Texas (D-FW Cap/Spd) 205,543 307,020 376,003 888,562 
Texas CH·G Cap/Spd) 121,246 212,017 312,942 646, 199 

R!llll>S 
# Links 0 0 71 82 36 189 
Miles 16.7 17.7 5.7 40.0 
Joint (D-FW Cap/Spd) 136,600 75,048 22,694 234,339 
Texas (D-FW Cap/Spd) 126,749 71,305 21,990 220,041 
Texas (H-G Cap/Spd) 79,266 41, 169 23,356 143,788 

Frontage Roads 
# Links 0 0 47 39 32 118 
Miles 21.7 23.6 24.2 69.5 
Joint (D-FW Cap/Spd) 139,828 23,201 13,538 176,566 
Texas (D·FW Cap/Spd) 117,522 27,540 20,226 165,286 
Texas (H·G Cap/Spd) 70,476 42,342 49,864 162,680 

TOTALS 
# Links 0 0 789 726 385 1,900 
Miles 289.6 304.2 271.4 865.0 
Joint CD·FW Cap/Spd) 4,521,042 2,306,543 1,302,038 8,129,411 
Texas CD-FW Cap/Spd) 4,405,355 2,407,285 1,310,015 8,122,454 
Texas CH-G Cap/Spd) 4,205,056 2,248,724 1,320,599 1,n4, 175 
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Table 20 
Assigned versus Counted VMT on the Dallas-Fort Worth Regional Networks 

Area Types 
-------------·------------------------------~-~------------

Urban Suburban 
CBD Fringe Residential Residential Rural TOTALS 

=========== =========== =========== =========== =========== =========== 
Freeways 

# links 3 39 179 216 136 573 
Miles .8 18.6 103.8 165.2 153.7 442.1 
Counted 16,338 1, 111,412 5,208,917 5, 118,997 2,587, 132 14,042, 740 
Joint CD·FW Cap/Spd) 167.9% 101.9% 103.2% 104.9% 122.7% 107.4% 
Texas CD·FW Cap/Spd) 147.7% 111.0% 108.4% 117.3% 134.3% 116.7% 
Texas CH·G Cap/Spd) 83.7% 88.3% 91.7% 99.5% 120.4% 99.5% 

Principal Arterials 
#Links 60 72 365 171 73 741 
Miles 4.5 23.8 156.4 104.0 95.3 384.1 
Counted 69,230 655,998 3,963,187 2,042,939 1,376,317 8,107,536 
Joint CD·FW Cap/Spd) 42.1% 81.4% 89.8% 91.0% 94.3% 89.8% 
Texas (0-FW Cap/Spd) 53.5% 71.0% 77.2% 80.0% 86.8% 78.8% 
Texas (H·G Cap/Spd) 55.0% 83.5% 83.5% 79.1% 82.3% 81.9% 

Minor Arterials 
# Links 115 117 652 488 229 1,601 
Miles 10.6 32.1 291.1 297.6 282.6 913.9 
Counted 85,977 531 ,331 4,928,521 3,210,212 1,344,083 10,099,865 
Joint CD·FW Cap/Spd) 89.4% 77.1% 79.7% 86.3% 101.3% 84.6% 
Texas CD·FW Cap/Spd) 88.1% 66.9% 66.0% 71.7% 87.0% 70.8% 
Texas (H·G Cap/Spd> 111.0% 103.8% 87.1% 91.6% 113.8% 93.2% 

Collectors 
# Links 49 45 437 433 619 1,583 
Miles 3.8 17.6 202.5 307.7 760.6 1,292.1 
Counted 18,777 141,428 1,526,461 1,373,540 1,610,588 4,670,415 
Joint (O·FW Cap/Spd) 45.7% 86.1% 68.6% 83.6% 87.3% 79.9% 
Texas (0-FW Cap/Spd) 51.1% 76.0% 53.8% 60.9% 68.6% 61.7% 
Texas CH·G Cap/Spd) 58.9% 62.7% 42.5% 45.0% 68.2% 52.7% 

Locals 
# Links 0 0 0 0 0 0 

R81Jl)S 

# Links 0 0 0 0 0 0 
Frontage Roads 

# Links 9 22 106 140 91 368 
Miles 1.0 8.4 56.7 101.5 82.1 249.8 
Counted 6,949 81,957 291,396 298, 146 117, 183 795,628 
Joint (O·FW Cap/Spd) 33.2% 88.2% 79.8% 47.5% 48.7% 63.6% 
Texas (D·FW Cap/Spd) 32.8% 71.7% 70.9% 46.8% 46.0% 57.9% 
Texas (H·G Cap/Spcl) 34.2% 56.0% 72. 1% 73.5% 106.3% 75.7% 

TOTALS 
# Links 236 295 1, 739 1,448 1,148 4,866 
Miles 20.8 100.5 810.4 976.0 1,374.3 3,282.0 
Counted 197,267 2,522,039 15,918,219 12,043,544 7,035,013 37,694,112 
Joint (O·FW Cap/Spcl) 73.2% 90.0% 88.8% 93.7% 103.7% 93.2% 
Texas (D·FW Cap/Spd) 75.4% 88.1% 81.6% 90.6% 99.5% 88.2% 
Texas CH·G cap/Spcl) 81.4% 87.8% 83. 1% 87. 1% 99.5% 87.7% 
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Table 21 
Assigned versus Counted VMT on the East Dallas Subarea Networks 

Area Types 
--·----------------·-·-----·----··-----~-----·---·-·--·----

Urban Suburban 
CBD Fringe Residential Residential Rural TOTALS 

=========== =========== =========== =========== ==;======== =========== 
Freeways 

# links 0 0 22 19 12 53 
Miles 12.3 13.7 18.5 44.5 
Counted 640,289 428,936 343,231 1,412,448 
Joint (O·FW Cap/Spd) 111.8% 103.4% 96.4% 105.5% 
Texas (D-FW Cap/Spd) 115.7% 113.6% 97.8% 110.7% 
Texas CH·G Cap/Spd) 95.4% 88.4% 98.2% 94.0% 

Principal Arterials 
# Links 0 0 43 16 6 65 
Miles 14.7 7.7 6.0 28.3 
Counted 376,821 114,576 89,792 581, 189 
Joint CO·FW Cap/Spd) 114.9% 93.2% 91.7% 107.0% 
Texas (D·FW Cap/Spd) 104.2% 100.3% 80.9% 99.8% 
Texas (H·G Cap/Spd) 104.5% 107.4% 78.2% 101.0% 

Minor Arterials 
# links 0 0 106 80 26 212 
Miles 46.1 43.2 20.8 110.0 
Counted 725,086 363, 126 150,929 1,239, 123 
Joint (D-FW Cap/Spd) 100.9% 95.0% 103. 1% 99.4% 
Texas (O·FW Cap/Spd) 93.9% 88.7% 107.8% 94. 1% 
Texas CH·G Cap/Spd) 110.1% 125.4% 128.1% 116.8% 

Collectors & locals 
# links 0 0 24 67 63 154 
Mi Les 11.3 44.8 82.4 138.4 
Counted 51,670 140,648 153,709 346,025 
Joint CD·FW Cap/Spd) 80.7% 88.7% 147.9% 113.8% 
Texas (D·FW Cap/Spd) 90.2% 91.9% 154.5% 119.5% 
Texas CH-G Cap/Spd) 48. 1% 58. 1% 118.5% 83.5% 

Raq:>s 
# links 0 0 0 0 0 0 

Frontage Roads 
# links 0 0 12 15 10 37 
Miles 7.7 13.0 10.8 31.5 
Counted 33,033 29,710 14, 713 77,456 
Joint (D-FW Cap/Spd) 198.8% 28.1% 49.4% 104.9% 
Texas (O·FW Cap/Spd) 149.9% 44.4% 93.0% 98.6% 
Texas (H·G Cap/Spd) 91.8% 80.6% 230.4% 113.8% 

TOTALS 
#Links 0 0 207 197 117 521 
Mites 92.0 122.4 138.4 352.8 
Counted 1,826,846 1,076,993 752,372 3,656,102 
Joint (D·FW Cap/Spd) 108.8% 95.5% 106.8% 104.5% 
Texas (O·FW Cap/Spd) 104.5% 99. 1% 109.3% 103.9% 
Texas CH·G Cap/Spd) 101.7% 98.7% 108.6% 102.3% 
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CUTLINE RESULTS 

Table 22 summarizes the comparisons of assigned cutline volumes to the counted 

cutline volumes for the regional network's cutlines used with the Joint Model applications. 

Unfortunately, as may be noted from the data displayed, not all of the links comprising the 

cutline have 1986 counts. Hence, the presentation of the results focused on the subset of 

each cutline's links for which count data were available. The percentages were computed 

by dividing the sum of the assigned volumes on the links with counts by the sum of the 

counted volumes on the same links. Table 23 presents the results for the East Dallas 

subarea cutlines. A few of the subarea's cutline links are actually just outside of the 

sub area. 

The Joint Model results compared more favorably to counts on 39 of the 104 cutlines, 

while the Texas Model with Dallas·Fort Worth capacities and counts compared more 

favorably to counts on 37 of the 104 cutlines. In view of the VMT results, it was surprising 

to see the Texas Model with the Houston capacities comparing more favorably to counts on 

only 28 of the 104 cutlines. 
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Table 22 
Cutline Results for the Dallas-Fort Worth Regional Assignments 

Assigned Volune as X of CO\B'lt 
(for links with counts only) 

•-••••--~-------•-w•-•------•-••---•-•• 
Joint Texas Texas 
Model Model Model 

Links Total with D·FW with D·FW with H·G 
Cutline Total with Counted Capacities Capacities Capacities 
Nl.llber Links Counts Vo lune & Speeds & Speeds & Speeds 

======== ======== ======== ============ ============ ============ ============ 
1 10 5 55,762 109.9 83.5 76.5 
2 8 5 54,336 87.9 113.3 151.4 
4 10 9 81, 145 75.2 79.5 110.3 
5 3 2 44,036 101.5 99.4 171.2 
6 15 8 309,645 106.0 114.3 88.5 
7 13 10 258,694 100.6 97.8 94.8 
8 16 11 362,184 111.7 105.2 85.8 
9 44 13 171,820 112.6 106.8 112.4 

10 18 8 183,368 116.3 105.6 113.2 
11 8 3 231,243 95.7 98.7 84.2 
12 22 12 360,831 91.8 82.9 89.5 
13 13 7 156,949 95.0 85.9 89.8 
14 13 3 28,518 122.7 102.3 182.9 
15 26 6 207,172 82.6 97.7 98.6 
16 5 2 61,224 87.6 83.5 45.1 
17 14 5 242,915 105.9 105.3 95.8 
18 7 3 178, 921 103.6 96.7 88.2 
19 3 1 21, 771 94.1 90.6 112.8 
20 5 2 89,086 112.4 103.1 94.0 
21 26 7 91,325 110.1 104.5 130.3 
22 10 7 211,578 100.2 106.2 84.5 
23 2 2 121,456 102.2 106.3 87.4 
24 13 4 51,458 82.2 48.9 79.2 
25 34 20 323,103 88.8 88.4 87.1 
26 22 11 220,573 91.8 105.5 82.7 
27 31 13 146,899 100.7 104.9 87.5 
28 19 10 227,635 96.3 93.5 89.3 
29 13 6 299,204 95.4 92.1 71.0 
30 12 7 243,215 79.1 83.4 77.2 
31 20 5 139,636 112.4 106.3 91.1 
32 7 2 77,407 124.7 94.9 116.2 
33 8 2 24,312 39.2 34.8 78.4 
34 7 3 91,657 78.6 75.7 80.5 
35 23 12 351 ,625 98.5 105.1 73.5 
36 18 9 290,432 88.6 91.6 80.1 
37 17 8 72,660 104.2 130.8 107.2 
38 22 12 231,658 86.2 79.3 80.5 
39 23 5 89,996 98.0 82.2 107.8 
40 17 9 246,388 96.3 87.8 87.1 
41 25 7 128,424 86.6 73.3 89.0 
42 30 16 214,116 119.8 113.4 102.9 
50 3 3 36,463 168.6 149.5 123.9 
51 9 5 24,800 64.4 63.3 110.4 
52 7 2 5,544 .2 .o 30.1 
53 12 6 42,736 61.7 62.7 107.1 
54 6 2 98,025 106.2 102.6 82.4 
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Table 22 (Continued) 
Cutline Results for the Dallas-Fort Worth Regional Assignments 

Assigned Volune as X of COU'lt 
Cfor links with counts only> 

-·----------------------·---------·---· 
Joint Texas Texas 
Model Model Model 

Links Total with D·FW with D·FW with H·G 
Cutl ine Total with Counted Capacities Capacities Capacities 
Nunber Links Counts Vo lune & Speeds & Speeds & Speeds 

======== ======== ======== ============ ============ ============ ============ 
55 2 2 92,194 88.2 103.0 74.6 
56 3 2 20,695 50.9 62.2 91.3 
57 4 1 14,493 104.0 88.1 15.0 
58 7 7 142,511 95.8 99.1 101.9 
59 12 11 53, 109 91.0 100.4 102.3 
61 14 8 66,645 90.4 65.0 71.2 
62 20 8 222, 126 119.4 95.9 92.4 
63 2 2 64,712 89.9 92.2 80.9 
64 10 7 110,427 91.5 99.9 83.8 
65 19 8 106,364 82.3 60.7 88.5 
66 4 1 5,619 82.6 39.1 105.6 
67 4 3 88,977 84.0 68.1 70.1 
68 24 12 175, 187 100.4 83.2 83.7 
69 7 5 97,858 67.0 59.5 73.6 
70 9 4 63,813 179.6 122.5 139.4 
71 8 1 34,418 131.9 78.5 110.1 
72 15 9 145,027 96.5 78.7 94.5 
73 8 2 21,646 74.2 70.2 124.4 
74 8 2 14,152 43.8 28.8 62.1 
75 20 9 101,351 81.1 68.8 89.0 
76 12 4 27, 185 170.3 156.2 160.4 
77 8 8 88,796 106.0 108.2 95.0 
78 7 6 127,614 91.8 82.3 82.7 
79 8 7 112,850 84.5 80.6 96.4 
80 9 3 55,673 89.0 94.5 82.2 
81 19 7 124,708 85.3 73.4 84.9 
82 12 7 126,511 111.8 98.0 97.7 
83 20 14 223,608 100.1 102.6 91.9 
84 19 8 118,541 110.9 100.4 99.2 
85 15 9 165,596 89.4 87.8 89.4 
86 18 9 205,851 105.1 87.0 74.3 
87 24 17 231,818 73.4 67.1 65.1 
88 36 20 412,070 117.3 119.6 111.1 
90 31 24 187,847 108.8 106.3 104.8 

All 1,134 557 11,051,937 98.5 94.5 90.7 
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Table 23 
Cutllne Results for East Dallas Subarea Assignments 

Assigned Volune as % of Count 
(for links with counts only) 

-------------------------~-----------·· 
Joint Texas Texas 
Model Model Model 

Links Total with D-FW with D-FW with H-G 
Cutl ine Total with Counted Capacities Capacities Capacities 
Nuiber Links Counts Vo lune & Speeds & Speeds & Speeds 

======== ======== ======== ============ ============ ============ ============ 
1 4 3 30, 126 94.7 113.6 122.4 
2 4 4 30,813 101.3 79.3 74.5 
3 7 4 89,720 96.6 95.1 94.9 
4 12 5 77,943 106.8 99.2 110.5 
5 4 4 13,499 121.8 136.4 147.6 
6 4 3 68,595 106.0 87.9 94.1 
7 11 6 73,071 73.8 92.0 116.5 
8 3 3 31,071 132.8 118.0 132.4 
9 5 5 66,270 120.6 122.1 135. 7 

10 2 2 28,439 114.3 109.4 136.0 
11 4 2 50,796 109.3 101.3 119.6 
12 4 3 57,694 66.4 64.2 106.2 
13 4 3 43,566 107.2 104.4 109.3 
14 5 4 59,893 98.7 78.6 104.8 
15 14 4 121,104 105.7 91.5 102.5 
16 9 6 76,441 106.1 94.4 84.4 
17 3 3 47,083 108.6 106.8 89.1 
18 3 3 40,369 93.3 93.7 76.2 
19 8 4 54,282 118.5 111.2 144.7 
20 4 3 34,550 88.9 83.5 113.7 
21 5 4 30,206 121.4 119.2 118.4 
22 5 4 44,392 69.7 53.8 80.7 
23 4 4 19,857 70.5 74.3 73.9 
24 6 4 101,748 129.7 111.2 112.6 

All 134 90 1,291,528 103.2 96.4 107.1 
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VI. COMPARISON OF ASSIGNMENT RESULTS 

USING MICRO-LEVEL MEASURES 

The evaluation of the traffic assignment models focuses on their ability to reflect 

reality (i.e., counted volumes). Measures of how well an assignment reproduces traffic 

counts can be divided into two groups: macro-level measures and micro-level measures. 

This chapter presents the comparisons of the results using the different models and network 

parameters using micro-level measures. The comparisons using macro-level measures are 

presented in Chapter V. 

In reviewing the results presented in this chapter it should be remembered that all 

three regional assignments were performed using the same trip table. Likewise, all three 

subarea assignments were performed using the same subarea trip table. Hence, differences 

in the assignment results are directly attributable to differences in the paths to which the 

trips are assigned. 

MICRO-LEVEL MEASURES 

The macro-level measures compare aggregate measures of assigned versus counted 

volumes while micro-level measures focus on link-by-link differences. Three micro-level 

measures were used to compare the various assignment results with the counted volumes: 

the percent mean differences, the percent standard deviation of the differences and the 

percent root-mean-square error (i.e., the percent RMSE). The links were first cross-classified 

by volume group and area type to compute the micro-measures. Next, the links were cross

classified by functional class and area type to compute the second set of micro-measures. 

Again, these comparisons focus only on the subset of links with counted volumes. 

The following are the computational formulas used in estimating the micro-measures 

for each subset of links: 
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Where: 

= 

= 

= 

L (A;-C;) 
Mean Difference (MD) = --

N 

Standard Deviation (SD) = 
N-l 

Root Mean Square Error (RMSE) = 

Percent Mean Difference (PMD) = ( MD )100 
(L C;)/N 

SD Percent Standard Dev (PSD) = ( )100 
(_E Ci)/N 

RMSE Percent RMSE (%RMSE) = ( )100 
CI,:C;)/N 

assigned volume on link i in the subset. 

counted volume on link i in the subset. 

number of links in the subset being examined. 
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PERCENT MEAN DIFFERENCES OF THE RESULTS 

The percent mean difference provides an estimate of the average error that was 

observed relative to the counted volumes. Table 24 summarizes the percent mean 

differences for the counted volume links in the regional network stratified by volume group 

and area type. In reviewing the regional network results, it may be noted that: 

• There was a general tendency toward under-assignment in all three 

assignments. This tendency can also be observed in the VMf results in Table 

20. 

• The Texas Model with the Houston Capacities and speeds seemed to have a 

greater tendency toward under-assignment for the links with counts greater 

than 50,000 than did the Texas Model with the Dallas-Fort Worth capacities 

or the Joint Model. 

• For the links with counted volumes of 50,000 and above, the Texas Model 

with the Dallas-Fort Worth capacities seemed to have produced slightly better 

results than the Joint Model. 

The percent mean difference results by volume group for the East Dallas subarea network 

are presented in Table 25. In reviewing the subarea network results in Table 25, it may 

be noted that: 

• Again, the Texas Model with the Houston Capacities and speeds seemed to 

have a greater tendency toward under-assignment for the higher volume links 

(i.e., links with counts greater than 30,000) than did either the Texas Model 

with the Dallas-Fort Worth capacities or the Joint Model. 

• For the very low volume links (i.e., less than 10,000 vpd), the Texas Model 

with the Houston Capacities and speeds seemed to have a greater tendency 

toward over-assignment than did either the Texas Model with the Dallas-Fort 

Worth capacities or the Joint Model. 

• Both the Joint Model and the Texas Model with Dallas-Fort Worth capacities 

produced exceptionally comparable results for and average percent difference 

perspective. 

It is interesting to first compare the two Texas Model application results for each 

network and then to compare the Joint Model and Texas Model results using common input 

48 



speeds and capacities. The differences attributable to the use of various input speeds and 

capacities with the same model (i.e., the Texas Model) were generally greater than the 

differences in the two models using a common set of input speeds and capacities. 

Table 26 summarizes the percent mean differences for the regional network 

stratified by functional class and area type. In reviewing the regional network results, it 

may be noted that: 

While the freeway results by area type vary by model, the Texas Model with 

the Houston-Galveston capacities and input speeds produced slightly better 

overall results for freeways than the Joint Model. 

Again, while the freeway results by area type vary by model, the Texas Model 

with the Houston-Galveston capacities had a slight tendency toward under

assignment. This is particularly surprising since the freeway speed adjustment 

curve for the Texas Model is remarkably flatter than the Joint Model's (refer 

to Figures 1and2). In contrast, both the Joint Model and the Texas Model 

with the Dallas-Fort Worth capacities and input speeds had a tendency toward 

over-assignment. Again, the differences in the input capacities and speeds 

seemed to have more impact on assignment results than model differences. 

The percent mean difference results by functional class and area type for the East 

Dallas subarea network are displayed in Table 27. These results were consistent with 

observed results from the preceding tables in this chapter and the VMT results in Chapter 

v. 
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Table 24 
Average Percent Differences by Volume Group and Area 'IYPe for Regional Networks 

area T~s 
Urban Suburban 

C§D Fringe Residential Residential Rural TOTAbS 
Count: Under 5,000 

# links 74 21 232 496 742 1,565 
Avg Count 3, 191.4 3,655.5 2,956.6 2,472.8 1,745.4 2,249.5 
Joint (0-FW Cap/Spd) ·24.7% 15.8% ·.1% 14.4% ·6.1% 1.4% 
Texas (D-FW Cap/Spd) ·25.6% -5.4% -20.0% ·10.1% -25.0% ·18.4% 
Texas (H·G Cap/Spd) 25.7% 28.6% -22.3% ·1.2% 6.9% .1% 

Count: 5,000 to 10,000 
#links 83 65 339 280 196 963 
Avg Count 7,483.3 7,350.1 7,391.8 7,082.0 7,080.3 7,243.4 
Joint CD·FW Cap/Spd) ·11.4% ·20.8% ·15.4% -11.6% -15.7% ·14.4% 
Texas (D·FW Cap/Spd) ·15.3% ·19.8% ·35.3% -28.8% ·16.6% -26.9% 
Texas (H-G Cap/Spd) 5.5% 22.0% ·22.3% -14.6% -9.7% ·12.1% 

Count: 10,000 to 20,000 
# Links 65 95 529 365 151 1,205 
Avg Count 13,741.9 14,828.6 14,950.1 14,645.8 14,124.6 14,679.7 
Joint (D-FW Cap/Spd) -31.7% ·36.7% ·18.1% -17.8% .8% ·17.9% 
Texas (D-FW Cap/Spd) ·30.8% ·44.5% -30.5% ·25.6% 1.3% -26.3% 
Texas (H·G Cap/Spd) ·22.8% -8.6% -13.4% ·16.9% -7 .4% ·13.8% 

Count: 20,000 to 30,000 
# links 11 44 292 160 42 549 
Avg Count 21, 754.0 24,668.1 24,605.8 24,349.8 24, 180.3 24,446.5 
Joint (D·FW Cap/Spd) ·53.0% -8.4% -17.4% ·13.9% 7.5% ·14.4% 
Texas (D·FW Cap/Spd) -51.4% -1.4% ·24.2% -14.9% 9.2% • 17 .6% 
Texas CH-G Cap/Spd) -57.7% 13.7% -15.4% -16.7% .6% -12.9% 

Count: 30,000 to 40,000 
# links 2 30 186 94 12 324 
Avg Count 30,615.5 36, 137.1 33,667.9 34,721.4 33,026.2 34,159.6 
Joint (D-FW Cap/Spd) ·24.4% -18.6% ·12.9% ·2.0% 26.7% ·8.9% 
Texas (D·FW Cap/Spd) ·41.0% ·25.9% ·21.0% 2.3% 27.7% ·13.0% 
Texas (H-G Cap/Spd) ·31.5% ·16.8% ·17.7% -10.4% 11 .5% -14.5% 

Count: 40,000 to 50,000 
# Links 0 7 64 30 4 105 
Avg Count 43,815.6 43,871.1 44,327.7 41,991.3 43,926.3 
Joint (D·FW Cap/Spd) ·14.5% ·5.2% 6.2% 28. 1% • 1.3% 
Texas (O·FW Cap/Spd) -28.3% -11.1% 12.3% 28.8% -4.0% 
Texas CH·G Cap/Spd) ·13.5% -18.6% ·3.2% 5.9% ·12.9% 

Count: 50,000 to 75,000 
# Links 1 22 76 20 , 120 
Avg Count 62,212.0 61,504.1 61,234.6 56,831.1 51,000.0 60,472.9 
Joint (D·FW Cap/Spd) 39 .3% -9.0% -2.2% 10.5% 16.5% -1.0% 
Texas (D·FW Cap/Spd) 12.6% -15.8% ·3.2% 10.3% 24.4% -3.1% 
Texas CH·G Cap/Spd) ·90.4% ·28.2% -12.1% -2.6% -5.3% -14.2% 

Count: 75,000 to 100,000 
# Links 0 6 11 0 0 17 
Avg Count 92,520.3 80,959.9 85,040.1 
Joint (D·FW Cap/Spd) 12.3% 8.6% 10.0% 
Texas CD·FW Cap/Spd) 10.5% 7.7% 8.8% 
Texas CH·G Cap/Spd) -8.7% -9 .5% -9.2% 

Count: 100,000 and above 
# Links 0 5 10 3 0 18 
Avg Count 113,057.4 109,376.3 107,067.0 110,013.9 
Joint (O·FW Cap/Spd) 3.5% -8.1% ·.6% -3.5% 
Texas CD·FW Cap/Spd) 8.5% -2.4% 1.2% 1.3% 
Texas (H·G Cap/Spd) ·16.2% ·21.7% ·18.6% ·19.6% 

ALL COUNTED LINKS 
# Links 236 295 1,739 1,448 1, 148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12,778.1 5 ,615.4 13,968.1 
Joint (D·FW Cap/Spd) ·25.1% ·14.1% ·12.2% -7.6% ·.7% ·10.4% 
Texas (D-FW Cap/Spd) -27.0% ·17.6% -20.3% ·12.4% -4. 1% ·16.5% 
Texas CH·G Cap/Spd) -15.2% -8.5% -15.9% -12.6% ·2.2% -12.9% 
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Table 25 
Average Percent DitTerences by Volume Group and Area Type for the Subarea Networks 

Area T~ll! 
Urban Suburban 

CBQ Fringe Residential Residential Ryrat TOTA~S 
Count: Under 5,000 

# Links 0 0 25 92 74 191 
Avg Count 2,972.2 2,699.7 1,744.5 2,365.3 
Joint CD·FW Cap/Spd) 82.4% ·4.9% 37.2% 21.5% 
Texas (O·FW Cap/Spd) 60.7% 3.9% 54.2% 27.6% 
Texas CH·G Cap/Spd) 17. 1% 19.9% 53.6% 29.1% 

Count: 5,000 to 10,000 
# Links 0 0 34 38 16 88 
Avg Count 7,260.8 6,859.3 7,774.2 7,180.8 
Joint CD·FW Cap/Spd) 4.1% ·6.3% ·10.7% -3.1% 
Texas (0-FW Cap/Spd) 7.8% ·9.6% 6.7% .4% 
Texas CH·G Cap/Spd) 19.7% 22. 1% 8.4% 18.5% 

Count: 10,000 to 20,000 
# Links 0 0 64 45 20 129 
Avg Count 15,216.0 14,348.5 15,813.1 15,005.9 
Joint CD·FW Cap/Spd) 14.0% ·8.2% -6.2% 3.3% 
Texas CD·FW Cap/Spd) 5.5% ·10.4% ·17.3% -3.5% 
Texas CH-G Cap/Spd) 12.5% 4. 1% -16.7% 4.9% 

Count: 20,000 to 30,000 
# Links 0 0 39 13 7 59 
Avg Count 24,525.9 23,591.8 21,947.9 24,014.3 
Joint CD·FW Cap/Spd) 1.6% ·3.9% -2.0% .ox 
Texas (O·FW Cap/Spd) -3.5% -6.3% -5.0X -4.3% 
Texas CH-G Cap/Spd) 10.7% 2.2% -7.2% 6.9% 

Count: 30,000 to 40,000 
# Links 0 0 29 5 0 34 
Avg Count 33, 175.8 34,097.2 33,311.3 
Joint CD-FW Cap/Spd) 2.6% 9.6% 3.7% 
Texas (0-FW Cap/Spd) ·5.4% 21.6% -1.3% 
Texas CH·G Cap/Spd) -3.7% -8.3% -4.4% 

Count: 40,000 to 50,000 
#Links 0 0 6 2 0 8 
Avg Count 41,229.3 43,948.5 41,909.1 
Joint CO-FW Cap/Spd) 13.9% ·15.7% 6.2% 
Texas (D-FW Cap/Spd) 15.3% 4.7% 12.5% 
Texas CH·G Cap/Spd) 7.0% -26.0% -1. 7% 

Count: 50,000 to 75,000 
#Links 0 0 8 2 0 10 
Avg Count 67,274.3 51,385.5 64,096.5 
Joint CD·FW Cap/Spd) 3.5% -6.7% 1.9% 
Texas (D·FW Cap/Spcf) 9.3% 7.6% 9.0% 
Texas CH·G Cap/Spd) ·16.2% -24.3% -17.5% 

Count: 75,000 to 100,000 
#Links 0 0 2 0 0 2 
Avg Count 78,746.0 78,746.0 
Joint CO·FW Cap/Spcf) 16.8% 16.8% 
Texas CO-FW Cap/Spd) 14.5% 14.5% 
Texas CH·G Cap/Spcf) -11.5% -11.5% 

Count: 100,000 and above 
# Links 0 0 0 0 0 0 

ALL COUNTED LINKS 
# Links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6, 182. 7 12,864.9 
Joint CO·FW Cap/Spd) 7.9% -5.4% 1.7% 3.6% 
Texas CO·FW Cap/Spd) 3.4% -2.9% 2.2% 1.6% 
Texas CH-G Cap/Spcf) 3.9% 4.3% 2.2% 3.8% 
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Table 26 
Average Percent Differences by Functional Class and Area Type for Regional Networks 

Area T~s 
Urban Suburban 

CBO Fringe Residential Residential Rural !OT~LS 
Freeways 

# Links 3 39 179 216 136 573 
Avg Count 31,710.7 63,632.9 51,814.7 31,714.0 16,265.2 36,499.0 
Joint (D·FW Cap/Spd) 53.6% .4% 2.6% 6.8% 20.3% 5.8% 
Texas (O·FW Cap/Spd) 30.1% 6.4% 6.8% 17.7% 32.6% 13.2% 
Texas (H-G Cap/Spd) -53.5% -15.6% -9.4% -.3% 19.7% -4.3% 

Principal Arterials 
#Links 60 72 365 171 73 741 
Avg Count 14,285.6 26,683.1 26,061.5 19,494.2 15,872.2 22,649.1 
Joint (0-FW Cap/Spd) -52.2% -18.7% -10.6% -10.7% -7 .2% -13.4% 
Texas (D·FW Cap/Spd) ·44.9" ·26.1% -23.0% -20.7% -13.5% -23.3% 
Texas (H·G Cap/Spd) ·45.8% -7.3% -14.1% -17.7% -17.9" ·15.9" 

Minor Arterials 
#Links 115 117 652 488 229 1,601 
Avg Count 7,647.9 16,074.0 17, 130.3 11,783.6 6,042.7 13,156.3 
Joint (D-FW Cap/Spd) 2.2% -24.1% -19.6% ·15.9" ·4.8% -17.1% 
Texas (D·FW Cap/Spd) -7.3% ·34.5% -32.6% ·30.8% -17 .6% ·30.2" 
Texas CH·G Cap/Spd) 25.5% 10.1% -10.2% -8. 9% 6.2% ·5 .4% 

Col Lectors 
# Links 49 45 437 433 619 1,583 
Avg Count 4,041.4 8,548.3 7,809.8 4,827.4 2,449.4 4,802.3 
Joint (D·FW Cap/Spd) ·52.2% -38.3% ·31. 7% -18.8% ·14.8% -25.7% 
Texas (D·FW Cap/Spd) -50.7% -40.3% -45.6% -38.9% -31.1% -40.7% 
Texas (H-G Cap/Spd) -28.3% -37.6% -54.6% ·52.1% ·28.0X ·47.0% 

Locals 
# Links 0 0 0 0 0 0 

R~s 
# Links 0 0 0 0 0 0 

Frontage Roads 
# Links 9 22 106 140 91 368 
Avg Count 9,270.8 11, 125.5 5,889.1 3,415.9 1,931.9 4,365.4 
Joint (D·FW Cap/Spd) ·58.6% -10.4% -16.0% ·44.5% -66.9% -31.4% 
Texas CD·FW Cap/Spd) -60.5% -28.2% -26.4% -47.6% -62.7% -38.7% 
Texas CH-G Cap/Spd) -56.7% -44.3% -29.9" -24.7% -17.7% -30.6% 

TOTALS 
# links 236 295 1,739 1,448 1, 148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12, 778.1 5,615.4 13,968.1 
Joint CD-FW Cap/Spd) -25.1% -14.1% -12.2% -7 .6% -.7% -10.4% 
Texas (D-FW Cap/Spd) ·27.0% ·17 .6% -20.3% -12.4% -4. 1% -16.5% 
Texas CH-G Cap/Spd) -15.2% -8.5% ·15.9" -12.6% ·2.2% ·12.9" 
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Table 27 
Average Percent DitTerences by Functional Class and Area Type for Subarea Networks 

8rea Types 
Urban Suburban 

CB!) Fringe Residential Residential Rural !OT Ab§ 
Freeways 

#Links 0 0 22 19 12 53 
Avg Count 50,877.5 30,335.8 18,783.9 36,247.0 
Joint (D·FW Cap/Spd) 11.6% 4.5% -2.6% 7.8% 
Texas (D-FW Cap/Spd) 15.5% 14.3% -4.7% 12.8% 
Texas CH-G Cap/Spd) -4.4% -10.9% -2.9% -6.2% 

Principal Arterials 
# Links 0 0 43 16 6 65 
Avg Count 26,049.7 14,746.3 15,478.7 22,291.5 
Joint CD-FW Cap/Spd) 16.4% -9.0% -5.6% 10.8% 
Texas CD-FW Cap/Spd) 5.1% -3.5% -18.2% 2.2% 
Texas (H-G Cap/Spd) 6.3% 7.9% -22.1% 4.8% 

Minor Arterials 
# Links 0 0 106 80 26 212 
Avg Count 16,451. 7 9,196.5 8,031.5 12,681.2 
Joint (D·FW Cap/Spd) - .2% -5.3% 2.7% -1.4% 
Texas (D-FW Cap/Spd) -5.5% -11.0% 2.4% -6.4% 
Texas CH-G Cap/Spd) 11. 5% 30.3% 22.4% 17.5% 

Collectors & Locals 
# Links 0 0 24 67 63 154 
Avg Count 4,844.8 3,524.1 2,905.5 3,476.9 
Joint CD-FW Cap/Spd) -11.4% -17.5% 13.3% -5.6% 
Texas CD-FW Cap/Spd) -4. 1% -12.6% 22.3% 1.2% 
Texas CH-G Cap/Spd) -43.6% -40.4% -11.0% ·31.0% 

Raq:>s 
# Links 0 0 0 0 0 0 

Frontage Roads 
# Links 0 0 12 15 10 37 
Avg Count 4,755.8 2,560.0 1,323.2 2,937.9 
Joint (D-FW Cap/Spd) 54.8% -58.5% -51.1% 1.9% 
Texas CD-FW Cap/Spd) 24.8% -43.3% -19.0% -4.6% 
Texas (ff-G Cap/Spd) -18. 7% -12.9% 122.0% .5% 

TOTALS 
# Links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6,182.7 12,864.9 
Joint (D-FW Cap/Spd) 7.9% -5.4% 1.7% 3.6% 
Texas CD-FW Cap/Spd) 3.4% ·2.9% 2.2% 1.6% 
Texas (H·G Cap/Spd) 3.9% 4.3% 2.2% 3.8% 
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PERCENT STANDARD DEVIATION OF THE DIFFERENCES 

Tables 28 and 29 summarize the percent standard deviation of the differences for the 

links stratified by volume group and area type in the two networks. In reviewing the 

results in these two tables, it may be observed that: 

• As expected the percent standard deviation tend to generally decrease with 

increases in the counted volumes. 

• The percent standard deviations of the differences were surprisingly consistent 

for all three models. 

Tables 30 and 31 summarize the percent standard deviation of the differences for the 

links stratified by functional class and area type in the two networks. In reviewing the 

results in these two tables, it may be observed that: 

• The higher level facilities such as freeways and principal arterials had 

generally lower percent differences than the other lower level facilities. This 

is not surprising since the percent standard deviation tends to generally 

decrease with increases in the counted volumes and because the higher level 

facilities such as freeways and principal arterials tend to have the higher 

volumes. 

• Again, the percent standard deviation of the differences were surprisingly 

consistent for all three models. 
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Table 28 
Percent Standard Deviation by Volume Group and Area Type for Regional Networks 

Area T~es 
Urban Suburban 

CBQ Frioge Resjdential Residential Rural !OTAL~ 
Count: Under 5,000 

# Links 74 21 232 496 742 1,565 
Avg Count 3, 191.4 3,655.5 2,956.6 2,472.8 1, 745.4 2,249.5 
Joint (0-FW Cap/Spd) 114.0% 123.5% 128.1% 143.8" 123.3% 135.4% 
Texas (0-FW Cap/Spd) 87. 7" 105.0% 128.6% 131.7" 113.4% 125. 1% 
Texas CH-G Cap/Spd) 132.9% 120.6% 118.1% 132.9% 119.4% 129.5% 

Count: 5,000 to 10,000 
# Links 83 65 339 280 196 963 
Avg Count 7,483.3 7,350.1 7,391.8 7,082.0 7,080.3 7,243.4 
Joint (0-FW Cap/Spd) 91.0X 63.6% 88.9% 79.9% 66.3% 80.9% 
Texas CO-FW Cap/Spd) 67. 7" 63.4% 68.6% 65.3% 61.3% 66.3% 
Texas <H-G Cap/Spd) 75.2% 92.1% 83.4% 73.9% 63.7" 78.0X 

Count: 10,000 to 20,000 
# Links 65 95 529 365 151 1,205 
Avg Count 13,741.9 14,828.6 14, 950.1 14,645.8 14, 124.6 14,679.7 
Joint (D·FW Cap/Spd) 70.8% 52.4% 54.9% 50.5% 37 .0% 53.2% 
Texas (D-FW Cap/Spd) 49.4% 42.8% 46.3% 45.6% 38.0% 46.5% 
Texas (H-G Cap/Spd) 56.5% 61.8% 50.8% 43.0% 34.2% 48.3% 

Count: 20,000 to 30,000 
# Links 11 44 292 160 42 549 
Avg Count 21,754.0 24,668.1 24,605.8 24,349.8 24, 180.3 24,446.5 
Joint (O·FW Cap/Spd) 44.5% 37. 1% 40.0% 34.8% 27.9% 38.4% 
Texas (0-FW Cap/Spd) 28. 1% 54.9% 35.2% 42.7" 33.6% 40.5% 
Texas CH·G Cap/Spd) 19.5% 48.2% 38.9% 31.3% 27. 1% 38.1% 

Col.Blt: 30,000 to 40,000 
# Links 2 30 186 94 12 324 
Avg Count 30,615.5 36, 137.1 33,667.9 34,721.4 33,026.2 34,159.6 
Joint CD-FW Cap/Spd) 107.4% 25.6% 31.5% 29.1% 25.4% 31.6% 
Texas (D·FW Cap/Spd) 34.4% 22.4% 29.0% 33.3% 42.6% 33.0% 
Texas (H-G Cap/Spd) 43.4% 29.0% 26.3% 25.5% 40.4% 27.5% 

Count: 40,000 to 50,000 
# Links 0 7 64 30 4 105 
Avg Count 43,815.6 43,871.1 44,327.7 41,991.3 43,926.3 
Joint (D·FW Cap/Spd) 23.4% 26.7" 21.9% 15.2% 25.9% 
Texas (D-FW Cap/Spd) 15.2% 28.9% 22.2% 18.2% 29.2% 
Texas (H·G Cap/Spd) 16.0% 24.2% 21.6% 20.9% 23.9% 

Count: 50,000 to 75,000 
# Links 1 22 76 20 1 120 
Avg Col.Blt 62,212.0 61,504.1 61,234.6 56,831.1 51,000.0 60,472.9 
Joint (O·FW Cap/Spd) 20.2% 20.0% 13.3% 20.2% 
Texas (D·FW Cap/Spd) 19.4% 20.2% 11.7" 20.4% 
Texas CH-G Cap/Spd) 21.3% 19.0% 14.7" 21.5% 

Count: 75,000 to 100,000 
# links 0 6 11 0 0 17 
Avg Count 92,520.3 80,959.9 85,040.1 
Joint (D-FW Cap/Spd) 7.3% 12.8% 10.9% 
Texas CD-FW Cap/Spd) 10.8% 9.0% 9.7" 
Texas (H-G Cap/Spd) 9.6% 13.3% 11.6% 

Count: 100,000 and above 
# links 0 5 10 3 0 18 
Avg Count 113,057 .4 109,376.3 107,067.0 110,013.9 
Joint (D-FW Cap/Spd) 4.8% 5.0% 3.1% 7.0% 
Texas (O·FW Cap/Spd) 8.6% 5 .ox 1.4% 7.5% 
Texas (H-G Cap/Spd) 12.0% 4.2% 1.3% 7.1% 

ALL COUNTED LINKS 
# Links 236 295 1,739 1,448 1, 148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12, 778.1 5,615.4 13, 968.1 
Joint CD-FW Cap/Spd) 89.7" 36.0% 44.1% 52.0% 67.6% 51.4% 
Texas CD-FW Cap/Spd) 64.4% 39.7" 40.2% 53.3% 71.1% 50.0% 
Texas (H-G Cap/Spd) 84.5% 46.7% 42.1% 46.9% 64.6% 50.3% 
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Table 29 
Percent Standard Deviation by Volume Group and Area Type for Subarea Networks 

Area T~s 
Urban Suburban 

CBO Fringe Residential Residential Rural IOTALi 
Count: Under 5,000 

# Links 0 0 25 92 74 191 
Avg Count 2,972.2 2,699.7 1, 744.5 2,365.3 
Joint (O·FW Cap/Spd) 155.0X 83.5% 134. 1% 119.0X 
Texas CO·FW Cap/Spd) 131.8" 83.4% 171.1% 120.6% 
Texas CH·G Cap/Spd) 143.3% 112.5% 111.8% 121.1" 

Count: 5,000 to 10,000 
# Links 0 0 34 38 16 88 
Avg Count 7,260.8 6,859.3 7,774.2 7, 180.8 
Joint (O·FW Cap/Spd) 67 .4% 50.5% SO.BX 57 .6X 
Texas (O·FW Cap/Spd) 54.8% 40.9" 54.4X 49.8X 
Texas (H·G Cap/Spd) 61. 7% 74.4% 65.4% 67.2X 

Count: 10,000 to 20,000 
# Links 0 0 64 45 20 129 
Avg Count 15,216.0 14,348.S 15,813.1 15,005.9 
Joint (D·FW Cap/Spd) 54.2% 38.3% 15.9% 45.9" 
Texas (D·FW Cap/Spd) 52.8" 34.SX 21.2X 44.1X 
Texas (H·G Cap/Spd) 41.9" 30.1% 22.0X 36.9" 

Count: 20,000 to 30,000 
# Links 0 0 39 13 7 59 
Avg Count 24,525.9 23,591.8 21,947.9 24,014.3 
Joint (0-FW Cap/Spd) 41.9" 33.3% 10.8% 37.9" 
Texas (D-FW Cap/Spd) 30.3% 30.0% 16.8% 28.9" 
Texas (H-G Cap/Spd) 28. 1% 29.3% 19.7% 27.9" 

Count: 30,000 to 40,000 
# Links 0 0 29 5 0 34 
Avg Count 33, 175.8 34,097.2 33,311.3 
Joint (D·FW Cap/Spd) 28.6% 26.5% 28.0% 
Texas (D·FW Cap/Spd) 27.3% 10.0% 27.2" 
Texas (H·G Cap/Spd) 24.0% 16.6% 22.8% 

Count: 40,000 to 50,000 
#Links 0 0 6 2 0 8 
Avg Count 41,229.3 43,948.5 41,909.1 
Joint CD·FW Cap/Spd) 9.5% .9" 16.0X 
Texas (D·FW Cap/Spd) 4.4% .3% 5.9% 
Texas CH-G Cap/Spd) 9.2% 5.8" 17.7% 

Count: 50,000 to 75,000 
# Links 0 0 8 2 0 10 
Avg Count 67,274.3 51,385.5 64,096.5 
Joint (D·FW Cap/Spd) 6.4% 6.1% 7.3% 
Texas CO-FW Cap/Spd) 6.5% .4% 6.2% 
Texas CH-G Cap/Spd) 10.1% 6.6% 9.6% 

Count: 75,000 to 100,000 
# Links 0 0 2 0 0 2 
Avg Count 78,746.0 78,746.0 
Joint CD·FW Cap/Spd) 1.7% 1.7% 
Texas CD-FW Cap/Spd) 2.0% 2.0% 
Texas CH·G Cap/Spd) .4% .4% 

Count: 100,000 and above 
# Links 0 0 0 0 0 0 

ALL COUNTED LINKS 
# Links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6,182.7 12,864.9 
Joint (D-FW Cap/Spd) 39.4% 45.8" 43.8% 45.4% 
Texas (D-FW Cap/Spd) 35.5% 41.7% 57.0% 41.7% 
Texas CH-G Cap/Spd) 33.4% 49.2% 52.8% 41.2% 
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Table 30 
Percent Standard Deviation by Functional Class and Area '£'.Ype for Regional Networks 

area T~s 
Urban Suburban 

CBD Fringe Resideotial Resideotial Rur1i TOTA~S 
freeways 

#Links 3 39 179 216 136 573 
Avg Count 31,710.7 63,632.9 51,814. 7 31, 714.0 16,265.2 36,499.0 
Joint (0-FW Cap/Spd) 21.9% 15.1% 18.9% 23.4% 28.2% 21.9% 
Texas CO-FW Cap/Spd) 4.6% 21.5% 18.6% 24.5% 32.5% 23.2% 
Texas (H·G Cap/Spd) 107.2% 20.6% 21.7% 25.0% 26.6% 27.2% 

Principal Arterials 
#Links 60 n 365 171 73 741 
Avg Count 14,285.6 26,683.1 26,061.5 19,494.2 15,8n.2 22,649.1 
Joint (D·FW Cap/Spd) 56.7% 33.2% 36.7% 39.2% 35.8% 38.7% 
Texas (0-FW Cap/Spd) 44.7% 36.8% 32. 5% 35.2% 34.7% 35.2% 
Texas CH·G Cap/Spd} 39.5% 50.6% 37.6% 34.9% 35.8% 40.0% 

Minor Arterials 
# Links 115 117 652 488 229 1,601 
Avg Count 7,647.9 16,074.0 17, 130.3 11,783.6 6,042.7 13,156.3 
Joint (0-FW Cap/Spd) 103.3% 49.7% 52.4% 64.8% 69.9% 60.7% 
Texas (0-fW Cap/Spd) 68.8% 43.2% 42.6% 58.4% 63.8% 52. 1% 
Texas CH-G Cap/Spd) 85.8% 53.8% 47.7% 54.3% 68.6% 54.9% 

Collectors 
# Links 49 45 437 433 619 1,583 
Avg Count 4,041.4 8,548.3 7,809.8 4,827.4 2,449.4 4,802.3 
Joint (0-FW Cap/Spd) 78.3% 63.8% 83.4% 90.5% 111.1% 97.3% 
Texas CO-FW Cap/Spd> 57.7% 62.0% 68.6% 83.0% 95.4% 85 .1% 
Texas (H-G Cap/Spd} 78.5% 75. 1% 66.4% 84.3% 92.9% 87.3% 

Locals 
# Links 0 0 0 0 0 0 

Raq>S 
# Links 0 0 0 0 0 0 

Frontage Roads 
# Links 9 22 106 140 91 368 
Avg Count 9,270.8 11,125.5 5,889.1 3,415.9 1,931.9 4,365.4 
Joint CD-FW Cap/Spd) 35.3% 92.7% 106.1% 129.3% 165.7% 120.9% 
Texas (0-FW Cap/Spd) 36.9% 68.8% 96. 1% 109.9% 146.1% 104.0% 
Texas CH-G Cap/Spd) 46.0% 63.1% 86. 1% 103.6% 156.3% 100.1% 

TOTALS 
# Links 236 295 1,739 1,448 1,148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12,778.1 5,615.4 13,968.1 
Joint (D·FW Cap/Spd) 89.7% 36.0% 44.1% 52.0% 67.6% 51.4% 
Texas (0-FW Cap/Spd) 64.4% 39.7% 40.2% 53.3% 71. 1% 50.0% 
Texas (H·G Cap/Spd) 84.5% 46.7% 42.1% 46.9% 64.6% 50.3% 
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Table 31 
Percent Standard Deviation by Functional Class and Area Type for Subarea Networks 

Area T~s 
Urban Suburban 

CBO Fringe Residential Residential Rural TOTALS 
Freeways 

# Links 0 0 22 19 12 53 
Avg Count 50,877.5 30,335.8 18,783.9 36,247.0 
Joint (0-FW Cap/Spd) 9.5% 23.6% 10.1% 16.4% 
Texas (0-FW Cap/Spd) 7.2% 15.2% 20.3% 14.4% 
Texas (H-G Cap/Spd) 18.6% 19.6% 14.2% 19.7% 

Principal Arterials 
# links 0 0 43 16 6 65 
Avg Count 26,049.7 14,746.3 15,478.7 22,291.5 
Joint (0-FW Cap/Spd) 37.3% 36.1% 24.2% 39.2% 
Texas {O·FW Cap/Spd) 32.2% 32.0% 18.1% 32.8% 
Texas (H·G Cap/Spd) 29.9% 35.9% 20 .5% 31. 5% 

Minor Arterials 
# links 0 0 106 80 26 212 
Avg Count 16,451.7 9,196.5 8,031.5 12,681.2 
Joint CD·FW Cap/Spd) 47.8% 49.3% 35.2% 49.5% 
Texas CD·FW Cap/Spd) 42.6% 44.0% 42.6% 44.7% 
Texas (H·G Cap/Spd) 36.8% 50.4% 47.8% 41.9% 

Collectors & Locals 
# links 0 0 24 67 63 154 
Avg Count 4,844.8 3,524.1 2,905.5 3,476.9 
Joint (0-FW Cap/Spd) 91.3% 65.1% 96.6% 84.6% 
Texas (D·FW Cap/Spd) 80.8% 65. 1% 124.3% 91.5% 
Texas (H·G Cap/Spd) 66.9% 59. 1% 95.7% 76.3% 

Raq>s 
# Links 0 0 0 0 0 0 

Frontage Roads 
# links 0 0 12 15 10 37 
Avg Count 4,755.8 2,560.0 1,323.2 2,937.9 
Joint (D-FW Cap/Spd) 122.0% 107.8% 135.2% 141.9% 
Texas (O·FW Cap/Spd) 109.3% 103.0% 191.0% 125.2% 
Texas CH·G Cap/Spd) 82.0% 83.6% 209.7% 104.3% 

TOTALS 
# links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6,182.7 12,864.9 
Joint (D-FW Cap/Spd) 39.4% 45.8% 43.8% 45.4% 
Texas (0-FW Cap/Spd) 35.5% 41.7% 57.0% 41.7% 
Texas CH-G Cap/Spd) 33.4% 49.2% 52.8% 41.2% 
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PERCENT ROOT MEAN SQUARE ERROR 

The percent root mean square error is a micro-measure which is similar to the 

percent standard deviation in that it also attempts to provide a measure of the relative 

dispersion of the estimates relative to the observed volumes. Tables 32 and 33 summarize 

the percent RMSE for the links stratified by volume group and area type in the two 

networks. Tables 34 and 35 display the percent RMSE results for the links stratified by 

functional class and area type. 

• Again, as expected, links with the higher volumes and the links in functional 

classes which tend to carry the higher volumes tended to have the lower 

percent RMSE results. 

• As with the percent standard deviation results, the percent RMSE results were 

surprisingly consistent for all three models. 
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Table 32 
Percent RMSE by Volume Group and Area Type for Regional Networks 

Area T~s 
Urban Suburban 

CBD Fringe Residential Residential Rural TOTALS 
Count: Under 5,000 

# Links 74 21 232 496 742 1,565 
Avg Count 3, 191.4 3,655.5 2,956.6 2,472.8 1,745.4 2,249.5 
Joint (D·FW Cap/Spd) 116.7% 124.6% 128.1% 144.5% 123.4% 135.4% 
Texas (D-FW Cap/Spd) 91.4% 105 .1% 130.1% 132.1% 116. 1% 126.5% 
Texas <H-G Cap/Spd) 135.4% 124.1% 120.2% 132.9% 119.6% 129.5% 

Count: 5,000 to 10,000 
# Links 83 65 339 280 196 963 
Avg Count 7,483.3 7,350.1 7,391.8 7,082.0 7,080.3 7,243.4 
Joint (D-FW Cap/Spd) 91.7% 67.0% 90.2% 80.7% 68.2% 82.2% 
Texas (D-FW Cap/Spd) 69.5% 66.4% 77.2% 71.4% 63.5% 71.5% 
Texas CH-G Cap/Spd) 75.4% 94.8% 86.3% 75.3% 64.5% 79.0% 

Count: 10,000 to 20,000 
# Links 65 95 529 365 151 1,205 
Avg Count 13,741.9 14,828.6 14,950.1 14,645.8 14, 124.6 14,679.7 
Joint CD-FW Cap/Spd) 77.6% 64.1% 57.8% 53.5% 37.0% 56.1% 
Texas (D·FW Cap/Spd) 58.4% 61.9% 55.5% 52.3% 38.0% 53.4% 
Texas (H-G Cap/Spd) 61.0% 62.4% 52.6% 46.2% 35.0% 50.3% 

Count: 20,000 to 30,000 
#links 11 44 292 160 42 549 
Avg Count 21,754.0 24,668.1 24,605.8 24,349.8 24, 180.3 24,446.5 
Joint (D·FW Cap/Spd) 71.2% 38.1% 43.6% 37.5% 28.9% 41.0% 
Texas (D-FW Cap/Spd) 60.8% 54.9% 42.8% 45.2% 34.9% 44.2% 
Texas CH-G Cap/Spd) 63.6% 50.2% 41.9% 35.5% 27.1% 40.2% 

Count: 30,000 to 40,000 
# Links 2 30 186 94 12 324 
Avg Count 30,615.5 36, 137.1 33,667.9 34,721.4 33,026.2 34, 159.6 
Joint (0-FW Cap/Spd) 112.9% 31.8% 34.1% 29.1% 37.7% 32.8% 
Texas (0-FW Cap/Spd) 67.4% 34.6% 35.8% 33.4% 51.5% 35.5% 
Texas (H·G Cap/Spd) 62.2% 33.7% 31.8% 27.6% 42.1% 31.1% 

Count: 40,000 to 50,000 
# links 0 7 64 30 4 105 
Avg Count 43,815.6 43,871.1 44,327.7 41,991.3 43,926.3 
Joint (O·FW Cap/Spd) 28.1% 27.2% 22.8% 35.8% 25.9% 
Texas (0-FW Cap/Spd) 34.2% 31.0% 25.5% 37.9% 29.5% 
Texas (H-G Cap/Spd) 21.6% 30.6% 21.9% 22.0% 27.2% 

Count: 50,000 to 75,000 
# Links 1 22 76 20 1 120 
Avg COLl'lt 62,212.0 61,504.1 61,234.6 56,831.1 51,000.0 60,472.9 
Joint CD·FW Cap/Spd) 22.2% 20.2% 17.1% 20.2% 
Texas (0-FW Cap/Spd) 25.3% 20.5% 15.7% 20.7% 
Texas (H-G Cap/Spd) 35.8% 22.6% 15.0% 25.8% 

Count: 75,000 to 100,000 
# links 0 6 11 0 0 17 
Avg Count 92,520.3 80,959.9 85,040.1 
Joint (D·FW Cap/Spd) 15.3% 15.7% 15.0% 
Texas (0-FW Cap/Spd) 15.8% 12.1% 13.2% 
Texas CH·G Cap/Spd) 13.6% 16.6% 15.0% 

Count: 100,000 and above 
# Links 0 5 10 3 0 18 
Avg Count 113,057.4 109,376.3 107,067.0 110,013.9 
Joint (0-FW Cap/Spd) 6.2% 9.9% 3.2% 7.9% 
Texas (0-FW Cap/Spd) 12.8% 5.6% 2.1% 7.6'1. 
Texas (H·G Cap/Spd} 21.7% 23.3% 22.8% 21.4'1. 

ALL COUNTED LINKS 
fl links 236 295 1,739 1,448 1,148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12,778.1 5,615.4 13,968.1 
Joint (0-FW Cap/Spd) 93.1% 38.6% 45.7% 52.6% 67.6% 52.4% 
Texas (O·FW Cap/Spd) 69.8'1. 43.5% 45.0% 54.7% 71.2% 52.7% 
Texas (H-G Cap/Spd) 85.9% 47.5% 45.0% 48.5% 64.6% 51.9% 
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Table 33 
Percent RMSE by Volume Group and Area 1.)'pe for Subarea Networks 

Area Types 
Urban Suburban 

CBD Fri nae Residential Residential Rural TOTALS 
Count: Under 5,000 

# Links 0 0 25 92 74 191 
Avg Count 2,972.2 2,699.7 1, 744.5 2,365.3 
Joint (D·FW Cap/Spd) 176.3% 83.6% 139.2% 120.9% 
Texas CD·FW Cap/Spd) 145.6% 83.5% 179.6% 123.8% 
Texas CH·G Cap/Spd) 144.4% 114.3% 124.2% 124.6% 

Count: 5,000 to 10,000 
# Links 0 0 34 38 16 88 
Avg Count 7,260.8 6,859.3 1,n4.2 7,180.8 
Joint (D·FW Cap/Spd) 67.5% 50.9% 52.0% 57.6% 
Texas (D-FW Cap/Spd) 55.3% 42.1% 54.8% 49.8% 
Texas (ff-G Cap/Spd) 64.9% n.7% 65.9% 69.7% 

Count: 10,000 to 20,000 
# Links 0 0 64 45 20 129 
Avg Count 15,216.0 14,348.5 15,813.1 15,005.9 
Joint (O·FW Cap/Spd) 56.0% 39.2% 17.1% 46.0X 
Texas CD·FW Cap/Spd) 53.1% 36.0% 27.7% 44.3% 
Texas CH·G Cap/Spd) 43.8% 30.4% 27.9% 37.3% 

Count: 20,000 to 30,000 
# Links 0 0 39 13 7 59 
Avg Count 24,525.9 23,591.8 21,947.9 24,014.3 
Joint (O·FW Cap/Spd) 41.9% 33.6% 11.0% 37.9% 
Texas (0-FW Cap/Spd) 30.5% 30.7% 17.7% 29.2% 
Texas CH·G Cap/Spd) 30.1% 29.4% 21.2% 28.8% 

Count: 30,000 to 40,000 
# Links 0 0 29 5 0 34 
Avg Count 33, 175.8 34,097.2 33,311.3 
Joint (O·FW Cap/Spd) 28.7% 28.7% 28.3% 
Texas (O·FW Cap/Spd) 27.9% 26.2% 27.2% 
Texas CH-G Cap/Spd) 24.3% 19.0% 23.3% 

Count: 40,000 to 50,000 
# Links 0 0 6 2 0 8 
Avg Count 41,229.3 43,948.5 41,909.1 
Joint CD·FW Cap/Spd) 18.0% 22.2% 17 .3% 
Texas (D·FW Cap/Spd) 17 .3% 6.6% 14.6% 
Texas (ff-G Cap/Spd) 11.9% 37.2% 17.8% 

Count: 50,000 to 75,000 
# Links 0 0 8 2 0 10 
Avg Count 67,274.3 51,385.5 64,096.5 
Joint (O·FW Cap/Spd) 7.5% 11.2% 7.5% 
Texas (O·FW Cap/Spd) 11.8% 10.7% 11.3% 
Texas (ff·G Cap/Spd) 20.0% 34.9% 20.7% 

Count: 75,000 to 100,000 
# links 0 0 2 0 0 2 
Avg Count 78,746.0 78,746.0 
Joint (D·FW Cap/Spd) 23.8% 23.8% 
Texas (O·FW Cap/Spd) 20.6% 20.6% 
Texas CH·G Cap/Spd) 16.3% 16.3% 

Count: 100,000 and above 
# Links 0 0 0 0 0 0 

ALL COUNTED LINKS 
# links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6, 182.7 12,864.9 
Joint (D-FW Cap/Spd) 40.2% 46.1% 43.8% 45.5% 
Texas (O·FW Cap/Spd) 35.7% 41.8% 57.1% 41.7% 
Texas CH·G Cap/Spd) 33.7% 49.4% 52.8% 41.4% 
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Table 34 
Percent RMSE by Functional Class and Area Type for Regional Networks 

Area T~s 
Urban Suburban 

CBO Fringe Residential Residential Rural TOTALS 
Freeways 

# Links 3 39 179 216 136 573 
Avg Count 31,710.7 63,632.9 51,814.7 31,714.0 16,265.2 36,499.0 
Joint (O·FW Cap/Spd) 69.2% 15.1% 19.1% 24.4% 34.7% 22.6% 
Texas (D·FW Cap/Spd) 37.1% 22.4% 19.8% 30.2% 46.1% 26.7% 
Texas CH·G Cap/Spd) 125.7% 26.0% 23.6% 25.0% 33.1% 27.5% 

Principal Arterials 
#Links 60 n 365 171 73 741 
Avg Count 14,285.6 26,683.1 26,061.5 19,494.2 15,sn.2 22,649.1 
Joint (0-FW Cap/Spd) 77 .4% 38.2% 38.2% 40.7% 36.5% 41.0% 
Texas (0-FW Cap/Spd) 63.6% 45.2% 39.8% 40.9% 37.2% 42.2% 
Texas (H-G Cap/Spd} 60.7% 51.1% 40.2% 39.2% 40.1% 43.0% 

Minor Arterials 
#Links 115 117 652 488 229 1,601 
Avg Count 7,647.9 16,074.0 17, 130.3 11,783.6 6,042.7 13,156.3 
Joint CO·FW Cap/Spd) 103.4% 55.2% 55.9% 66.8% 70.1% 63.1% 
Texas (0-FW Cap/Spd) 69.2% 55.4% 53.6% 66.0% 66.2% 60.2% 
Texas CH·G Cap/Spd) 89.6% 54.7% 48.8% 55.0% 68.8% 55.1% 

Collectors 
# links 49 45 437 433 619 1,583 
Avg Count 4,041.4 8,548.3 7,809.8 4,827.4 2,449.4 4,802.3 
Joint (O·FW Cap/Spd) 94.4% 74.6% 89.2% 92.4% 112.1% 100.6% 
Texas (D·FW Cap/Spd) 77.1% 74.2% 82.4% 91.7% 100.3% 94.4% 
Texas CH-G Cap/Spd) 83.6% 84.2% 86.0% 99.1% 97.1% 99.2% 

Locals 
# links 0 0 0 0 0 0 

R8fll>S 
# links 0 0 0 0 0 0 

Frontage Roads 
# links 9 22 106 140 91 368 
Avg Count 9,270.8 11,125.5 5,889.1 3,415.9 1,931.9 4,365.4 
Joint (0-FW Cap/Spd) 71.5% 93.3% 107.3% 136.8% 178.8% 124.9% 
Texas (0-FW Cap/Spd) 74.0% 74.7% 99.7% 119.8% 159. 1% 111 .ox 
Texas CH-G Cap/Spd) 75.7% 71.7% 91.2% 106.5% 157.3% 104.7% 

TOTALS 
# Links 236 295 1,739 1,448 1,148 4,866 
Avg Count 8,954.4 23,433.8 19,547.7 12,778.1 5,615.4 13, 968.1 
Joint CD·FW Cap/Spd) 93.1% 38.6% 45.7% 52.6% 67.6% 52.4% 
Texas (0-FW Cap/Spd) 69.8% 43.5% 45.0% 54.7% 71.2% 52.7% 
Texas CH-G Cap/Spd) 85.9% 47.5% 45.0% 48.5% 64.6% 51.9% 
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Table 35 
Percent RMSE by Functional Class and Area Type for Subarea Networks 

Area T~s 
Urben Suburban 

CPD Fringe Residential Residential Rural TOTALS 
Freeways 

# Links 0 0 22 19 12 53 
Avg Count 50,877.5 30,335.8 18,783.9 36,247.0 
Joint CD-FW Cap/Spd) 15.2% 24.1% 10.5% 18.2% 
Texas (D-FW Cap/Spd) 17.4% 21.1% 20.9% 19.4% 
Texas (H-G Cap/Spd) 19.1% 22.5% 14.5% 20.?X 

Principal Arterials 
# Links 0 0 43 16 6 65 
Avg COl.llt 26,049.7 14,746.3 15,478.7 22,291.5 
Joint (D-FW Cap/Spd) 40.8% 37.3% 25.0% 40.?X 
Texas (D-FW Cap/Spd) 32.6% 32.2% 26.9% 32.9% 
Texas (H-G Cap/Spd) 30.6% 36.8% 31.?X 31.8% 

Minor Arterials 
# Links 0 0 106 80 26 212 
Avg Count 16,451. 7 9, 196.5 8,031.5 12,681.2 
Joint CD·FW Cap/Spd) 47.8% 49.6% 35.3% 49.5% 
Texas (D·FW Cap/Spd) 42.9% 45.4% 42.?X 45.1% 
Texas (H-G Cap/Spd) 38.6% 58.9% 53.0X 45.4% 

Collectors & Locals 
# Links 0 0 24 67 63 154 
Avg Count 4,844.8 3,524.1 2,905.5 3,476.9 
Joint (D·FW Cap/Spd) 92.0% 67.5% 97.6% 84.?X 
Texas CD-FW Cap/Spd) 80.9% 66.3% 126.3% 91.5% 
Texas (H-G Cap/Spd) 80.4% 71.8% 96.3% 82.4% 

Raq>s 
# Links 0 0 0 0 0 0 

Frontage Roads 
#links 0 0 12 15 10 37 
Avg Count 4,755.8 2,560.0 1,323.2 2,937.9 
Joint (D-FW Cap/Spd) 134.?X 123.?X 145.5% 141.9% 
Texas CD·FW Cap/Spd) 112.3% 112.4% 192.1% 125.3% 
Texas (H·G Cap/Spd) 84.3% 84.6% 246.0% 104.3% 

TOTALS 
# Links 0 0 207 197 117 521 
Avg Count 20,080.5 9,251.5 6, 182.7 12,864.9 
Joint (D-FW Cap/Spd) 40.2% 46.1% 43.8% 45.5% 
Texas CO-FW Cap/Spd) 35.?X 41.8% 57.1% 41.?X 
Texas CH-G Cap/Spd) 33.?X 49.4% 52.8% 41.4% 
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VII. FINDINGS, OBSERVATIONS AND RECOMMENDATIONS 

As noted at the outset, the comparative analysis of the Texas Model and the Joint 

Model Capacity Restraint Procedure was undertaken to identify how the results from these 

two procedures differ relative to their comparison to counts. H the models were found to 

significantly differ in their ability to replicate the observed counts, the analyses would 

attempt to identify the procedural differences in the models which accounted for most of 

the difference in the assignment results. In other words, the basic goal of these analyses was 

to attempt to objectively compare the two procedures, evaluate how the results of the two 

procedures differ, and identify (if possible) the primary sources of any differences that may 

be observed in their ability to replicate observed volumes. It was anticipated that these 

comparisons would provide the basis for recommending improvements to one or both 

procedures. 

The following paragraphs highlight some of the more interesting findings and 

observations from the comparative analyses and also highlight the recommended changes 

or improvements in the current procedures or models: 

• Ability to Replicate Counts; One of the basic criteria used in judging the 

adequacy of an assignment model is its ability to replicate observed travel 

behavior reflected in available count data. When the two model results were 

compared to available count data, neither model emerged as clearly superior. 

Indeed, the percent standard deviation and the percent RMSE reflected 

similar levels of accuracy (relative to available counts) for both models. In 

view of the major structural differences in the two models, both provided 

surprisingly comparable results relative to the available count data. 

• Minimum Time xersus Minimum Cost Paths: Neither the use of minimum 

time paths (as in the Texas Model) nor the use of minimum cost paths (as in 

the Joint Model) emerged as the preferred approach. The use of minimum 

cost paths requires developing and forecasting additional data (i.e., the 

average vehicle operating cost per mile, the average value of time, and toll 

costs). The minimum cost path approach may offer some salient advantages 

in dealing with highway networks containing toll facilities. It is recommended, 
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therefore, that the option of using minimum cost paths be provided as an 

option in the Texas Package. 

• Importance of Input Link Speeds and Capacities: The capacity restraint 

assignment results appeared to be more sensitive to the basic network 

parameters of speed and capacity than the model selected for application. It 

appears that the input link speeds (particularly the relative differences in the 

freeway and non-freeway speeds within a given area type) probably have more 

impact on the capacity restraint assignment results than the capacity estimates. 

This suggests that the initial model calibration efforts should probably focus 

more on input speed refinements using simple all-or-nothing assignments. It 

appeared that both the Texas Model and the Joint Model would benefit from 

improvements in the input speed estimates. 

• Use of Directional Hourly versus Nondirectional 24-hour Capacities; 

Regardless of which approach is used, the expected K-factor (i.e., the expected 

ratio of the peak-hour volume to the 24-hour volume) is used. In the Joint 

Model, the K-factor is essentially used to factor the 24-hour assignment 

volume to an estimated peak-hour. In developing the 24-hour capacity 

estimates for input to the Texas Model, the K-factor is applied to the hourly 

capacity to develop the 24-hour capacity estimate. Both are equivalent 

approaches while (as discussed in Chapter III) there is a difference in the 

directional and nondirectional K-factors. Perhaps the key difference is that 

the Joint Model allows the input of only two K-factors for a given assignment 

application (i.e., the K-factor for high capacity facilities and the K-factor for 

low capacity facilities). Consideration might be given to providing the analyst 

the option of specifying the K-factors stratified by the six facility types and the 

five area types (i.e., the specification of 30 K-factors rather than just two). 

This option would offer much of the flexibility intrinsic to the Texas Model 

approach. 

It should be noted that the nondirectional nature of 24-hour volumes (i.e., the general 

tendency of 24-hour counts on two-way facilities to be approximately equal in each 

direction) eliminates most of the perceived value of factoring to a peak-hour volume. It 
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would appear that implicit to the Joint Model approach is an underlying assumption that 

the typical directional split for the peak-hour is 50-50. In contrast, the Texas Model allows 

the consideration of typical peak-hour directional splits in computing nondirectional 24-hour 

capacities. 

Structurally, it appears that the Joint Model was probably initially developed to deal 

with peak-hour trip tables and produce peak-hour assignments. It was probably adapted to 

perform 24-hour assignments using 24-hour trip tables by adding the two input K-factors. 

The Texas Model used in this study (i.e., the capacity restraint model in the ASSIGN SELF

BALANCING routine) was designed for 24-hour assignments as reflected in its use of 

nondirectional 24-hour speeds, nondirectional 24-hour capacities, and nondirectional V /C 

ratios in its impedance adjustment function. Indeed, a new routine was recently added to 

the Texas software (i.e., the PEAK CAPACITY RESTRAINT routine) to provide for time

of-day assignments rather than 24-hour assignments. 

• Travel Time/Speed Adjustments: The two models differ significantly in their 

travel time/speed adjustments. The Texas Model employs an impedance 

adjustment function which is similar to the traditional BPR function. Using 

the V /C ratio for a link, the function is applied to compute the factor to be 

applied to the link's initial travel time. In contrast the Joint Model employs 

two delay equations (one for high capacity facilities such as freeways and one 

for low capacity facilities such as arterials). Using the V /C ratio for a link, 

the appropriate delay equation is applied to compute the estimated delay on 

the link which is added to the link's estimated travel time based on its input 

speed. While the graphical comparison indicated that the Joint Model travel 

time/speed adjustments are much larger than the Texas Model's, the 

difference did not produce significantly different assignment results. The Joint 

Model's use of link travel cost (i.e., essentially a weighting of a link's travel 

time and distance) rather than travel time probably reduced the impact of the 

differences in the adjustments. 

The Texas Model software was judged to be somewhat rigid and inflexible in that it 

employs the same impedance adjustment function for all facility types and all urban areas 

(large or small with congested or relatively uncongested networks). The Joint Model 
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provided some flexibility in this regard since it allows the user to specify the coefficients of 

the two delay equations (i.e., essentially equations for freeways and for non-freeway 

facilities). During the model calibration/validation process, these coefficients can be 

adjusted to better replicate observed travel behavior in the available count data. 

The flexibility of using different travel time/speed adjustments for different urban 

areas and different facility types is probably less important when dealing with extremely 

congested networks (like the Dallas-Fort Worth applications) than for relatively uncongested 

networks associated with smaller urban areas. To correct for this limitation, the D-10 

analysts have sometimes found it necessary to input LOS A or B capacity to get the desired 

path diversion. While this works, the use of such capacities makes the subsequent analyses 

more difficult. Rather than adjusting the capacities to achieve the desired assignment 

results, it would seem to be more desirable to use different travel time/speed adjustment 

functions to achieve essentially the same results. 

The Joint Model is more flexible in this regard in that it allows the user to input the 

coefficients for the freeway delay model and the arterial delay model. The TRANPLAN 

micro-computer software adopted by the TxDOT for subarea analyses provides the user the 

option of specifying different speed adjustment functions for each facility type (i.e., a still 

more flexible approach than the Joint Model approach). It is recommended that the Texas 

Model software be updated to provide the user the option of specifying different travel 

time/speed adjustments by functional classification code. 

Iterative versus Incremental Techniques: As noted at the outset, the Texas 

Model is an iterative capacity restraint model while the Joint Model is 

incremental capacity restraint model. This is a fundamental difference in the 

models. As previously discussed, when the two model results were compared 

to available count data, neither model emerged as clearly superior. In view 

of the major structural differences in incremental versus iterative models, both 

provided surprisingly comparable results relative to the available count data. 

Equilibrium Perspective: An equilibrium capacity restraint 

assignment model is basically an iterative assignment model where the 

iteration weights are computed using an optimization function. The Texas 

Model is not an equilibrium assignment technique because it requires the user 

67 



to input the iteration weights. Because the Joint Model is an incremental 

capacity restraint assignment model (rather than an iterative model) it is not 

an equilibrium model. 

While never implemented as an option in the Texas Model software, the equilibrium 

capacity restraint models have become a widely used procedure in operational studies in the 

past 10 years. It is the capacity restraint procedure which the United States Department of 

Transportation (U.S.DOT) generally encourages. The use of equilibrium assignments is also 

specified in the Environmental Protection Agency (EPA) reports entitled "Quality Review 

Guidelines for Base Year Emission Inventories" (September 1991) and "Section 187 VMT 

Forecasting and Tracking Guidance" (January 1992). It is expected that future EPA 

documents will cite Equilibrium Capacity Restraint Assignment procedures as the preferred 

(and perhaps the required) assignment model for use in developing mobile source emission 

estimates. 

The principle difference between an equilibrium capacity restraint assignment model 

and the current Texas Model is that the model would compute the iteration weights. It is 

recommended that an equilibrium procedure be implemented as an option in the Texas 

Model. As previously noted, this option cannot be implemented in the Joint Model since 

it is an incremental assignment technique. It is possible that future EPA requirements will 

necessitate the adoption of a different assignment model for the Dallas-Fort Worth region. 

In summary, the comparative analyses suggest that both models reasonably replicated 

observed counts and neither model emerged as clearly superior. Recognizing the evolving 

emphasis on equilibrium techniques and that such techniques cannot be implemented in an 

incremental model (such as the Joint Model), it is recommended that the Texas Model 

(both the ASSIGN SELF-BALANCING routine and the PEAK CAPACITY RESTRAINT 

routine) be updated to provide an equilibrium option. It is further recommended that two 

new options be provided in the Texas Model software -- the option of using minimum cost 

paths using a link cost formulation (similar to the option in the Joint Model) and the option 

of introducing user-specified travel time/speed adjustment functions by functional 

classification (preferably more like the option provided in the TRANPLAN software than 

the option provided in the Joint Model). 
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APPENDIX A 

Capacities and Speeds Used in Houston-Galveston 24-Hour Networks 

Capacity and speed look-up tables are used in developing networks for the Houston

Galveston region. Table A-1 summarizes the look-up table for the 24-hour nondirectional 

highway capacities used in the Houston-Galveston region's highway networks. Similarly, 

Table A-2 summarizes the look-up table for the 24-hour network speeds. 

The methods used to estimate the 24-hour nondirectional capacities are discussed in 

Chapter m of this report. The Dallas-Fort Worth networks used in this study use a 

somewhat different stratification of links by type and area. Appendix B presents the 

adaptation of the Houston-Galveston capacity and speed look-up tables for application to 

the Dallas-Fort Worth networks used in this study. 
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Table A-1 
Houston-Galveston 24-Hour Capacity Look-up Table 

Area Types 
--------·-·-------------------------·-----------------

Il'Vler 
Facility Type Lanes CBD Urban Suburban Suburban Rural 

=================== ===== ========== ========== ========== ========== ========== 
Radial Freeways 4 89,000 100,500 89,500 67,500 49,000 

<without frontage 6 133,500 150,500 134,500 101,000 74,000 
roads) 8 178,000 201,000 179,000 135,000 98,500 

10 222,500 251,000 224,000 168,500 123,000 
12 267,000 301,000 269,000 
14 311,500 351,500 313,500 
16 356,000 401,500 358,500 

Radial Freeways 4 103,500 117,500 105,500 82,500 60,000 
(with frontage 6 148,000 167,500 150,500 116,000 85,000 
roads) 8 192,500 218,000 195,000 150,000 109,500 

10 237,000 268,000 240,000 183,500 134,000 
12 281,500 318,000 285,000 
14 326,000 368,500 329,500 
16 370,500 418,500 374,500 

Circ\Jllferential 4 84,500 95,500 89,000 73,500 53,000 
Freeways (without 6 119,500 143,000 133,500 110,500 79,000 
frontage roads) 8 159,500 190,500 178,000 147,000 105,500 

10 199,000 238,500 222,500 184,000 132,000 
12 239,000 286,000 267,000 
14 278,500 334,000 311,500 
16 318,500 381,500 356,000 

Circll!lferential 4 99,000 112,500 105,000 88,500 64,000 
Freeways (With 6 134,000 160,000 149,500 125,500 90,000 
frontage roads) 8 174,000 207,500 194,000 162,000 116,500 

10 213,500 255,500 238,500 199,000 143,000 
12 253,500 303,000 283,000 
14 293,000 351,000 327,500 
16 333,000 398,500 3n,ooo 

Principal Arterials 4 37,900 44,400 43,500 40,300 33,700 
(with some grade 6 55,300 64,800 63,500 58,800 49, 100 
separations) 8 73,800 86,400 84,600 78,400 65,500 

Principal Arterials- 4 29,300 32,600 31,500 27,800 22,700 
Divided 6 42,800 47,600 46,000 40,500 33,100 

8 57,000 63,500 61,300 54, 100 44, 100 

Principal Arterials· 2 13,700 15,200 14,900 13,300 10,800 
Undivided 4 26,300 29,300 28,700 25,600 20,900 

6 38,000 42,400 41,400 37,000 30,200 
8 50,100 55,900 54,600 48,700 39,800 

Other Arterials- 4 25,700 31,500 28,000 24,400 19,200 
Divided 6 37,600 45,900 40,900 35,600 28,000 

8 50,100 61,200 54,500 47,400 37,400 

Other Arterials· 2 12,300 15,100 13,400 11,700 9,500 
Undivided 4 23,700 29,000 25,800 22,500 18,300 

6 34,200 41,900 37,300 32,500 26,500 
8 45, 100 55,200 49,200 42,800 34,900 

One-way Pair 4 29,400 34,200 32,700 28,500 23,700 
(two-way links 6 43, 100 50, 100 47,800 41,700 34,700 
representing a 8 56,000 65,200 62,200 54,300 45, 100 
pair of one-way 10 70,100 81,400 n,800 67,800 56,400 
streets) 12 84, 100 97,700 93,300 81,400 67,700 

14 98,100 114,000 108,900 95,000 79,000 
16 112, 100 130,300 124,400 108,500 90,300 
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Table A-1 (Continued) 
Houston-Galveston 24-Hour Capacity Look-up Table 

Area Types 
---------~------------------~------------·-----------· 

I mer 
Facility Type Lanes CBO Urban Suburban Suburban Rural 

=================== ===== ========== ========== ========== ========== ========== 
one·way Arterials 2 14,700 17, 100 16,300 14,200 11 ,800 

3 21,500 25,000 23,900 20,900 17,400 
4 28,000 32,600 31, 100 27,100 22,600 
5 35,000 40,700 38,900 33,900 28,200 
6 42,000 48,900 46,700 40,700 33,900 
7 49,000 57,000 54,400 47,500 39,500 
8 56, 100 65,200 62,200 54,300 45, 100 

Saturated Arterials 2 18,900 21,300 20,800 20,500 14,800 
4 37,600 42,300 41,500 40,700 29,400 
6 56, 100 63, 100 61,900 60,700 43,800 
8 74,400 83,700 82,100 80,600 58,200 

Major Collectors 2 12,200 14,900 13,300 11,600 8,200 
4 23,400 28,700 25,600 22,200 15,700 
6 33,800 41,400 36,900 32, 100 22,800 
8 44,600 54,500 48,600 42,300 30,000 

Collectors 2 8,700 10,300 10,100 6,600 3,600 
4 16,200 19 I 100 18,700 12,300 6,700 
6 24, 100 28,000 27,500 17,600 9,800 
8 33,900 39,400 38,700 24,300 13,200 

Ferries 2 7,000 7,000 7,000 7,000 7,000 

Saturated Arterials 2 18,900 21,300 20,800 20,500 14,800 
4 37,600 42,300 41,500 40,700 29,400 
6 56,100 63,100 61,900 60,700 43,800 
8 74,400 83,700 82,100 80,600 58,200 

Radial Tollways 4 57,000 52,000 48,000 41,000 34,000 
(without frontage 6 86,000 78,000 71,000 61,000 51,000 
roads) 8 114,000 104,000 95,000 82,000 68,000 

10 143,000 130,000 119,000 102,000 84,000 
12 171,000 156,000 143,000 
14 200,000 182,000 166,000 
16 229,000 208,000 190,000 

Radial Tollways 4 71,500 69,000 64,000 56,000 45,000 
(with frontage 6 100,500 95,000 87,000 76,000 62,000 
roads) 8 128,500 121,000 111,000 97,000 79,000 

10 157,500 147,000 135,000 117,000 95,000 
12 185,500 173,000 159,000 
14 214,500 199,000 182,000 
16 243,500 225,000 206,000 

Circunferential 4 60,000 57,000 54,000 48,000 45,000 
Tollways (without 6 90,000 85,000 81,000 73,000 67,000 
frontage roads> 8 119,000 113,000 108,000 97,000 90,000 

10 149,000 142,000 135,000 121,000 112,000 
12 179,000 170,000 162,000 
14 209,000 199,000 189,000 
16 239,000 227,000 216,000 

Circ1.111ferential 4 74,500 74,000 70,000 63,000 56,000 
Tollways (with 6 104,500 102,000 97,000 88,000 78,000 
frontage roads> 8 133,500 130,000 124,000 112,000 101,000 

10 163,500 159,000 151,000 136,000 123,000 
12 193,500 187,000 178,000 
14 223,500 216,000 205,000 
16 253,500 244,000 232,000 
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Table A-2 
Houston-Galveston 24-Hour Capacity Look-up Table 

Area Types 
--------------··-----------------------------

Inner 
facility Type CBO Urban Suburban Suburban Rural 

========================================= ======== ======== ======== ======== ======== 
Radial Freeway (Without frontage roads) 40 45 50 55 60 
Radial Freeway (with frontage roads) 40 45 50 55 60 
Circ1.111. Freeway (without frontage roads) 40 45 50 55 60 
Ci rel.Ill. Freeway (with frontage roads) 40 45 50 55 60 
Principal Arterial with Grade Separations 35 35 42 45 55 
Principal Arterial • Divided 17 30 34 39 51 
Principal Arterial - Undivided 17 30 34 38 50 
Other Arterial - Divided 17 30 34 37 49 
Other Arterial - Undivided 17 29 33 36 48 
one-way Arterial Pairs 17 33 37 40 52 
one-way Arterial links 17 33 37 40 52 
Saturated Arterials 17 30 34 39 51 
Major Collectors 17 29 33 36 45 
Collectors 15 24 25 26 36 
Ferries 15 15 15 15 15 
Radial Tollway (without frontage roads) 45 50 55 60 60 
Radial Tollway (with frontage roads) 45 50 55 60 60 
Circ1.111. Tollway (without frontage roads) 45 50 55 60 60 
Circllll. Tollway (with frontage roads) 45 50 55 60 60 
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APPENDIXB 

Houston-Galveston 24-Hour Capacities and Speeds 

Used in Dallas-Fort Worth Networks 

As discussed in Appendix A, capacity and speed look-up tables are used to develop 

networks for the Houston-Galveston region. Since the capacities and speeds were developed 

for use with the Texas Model and are felt to be typical of the capacities and speeds used 

in most applications of the Texas Capacity Restraint Assignment Procedure, these tables 

were the basis for estimating a set of 24-hour capacities and speeds for use with the Dallas

Fort Worth networks in this study. Table B-1 summarizes the 24-hour nondirectional 

highway capacities estimated from the Houston-Galveston data for use in the Dallas-Fort 

Worth highway networks. Similarly, Table B-2 summarizes the 24-hour network speeds 

borrowed from the Houston-Galveston models for use with the Dallas-Fort Worth networks. 
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Table B-1 
Houston-Galveston 24-hour Capacities Used Dallas-Fort Worth Networks 

Area Types 
------·------------·----------------·-·------------·------------

Urban Suburban 
Facility Type Lanes CBO Fringe Residential Residential Rural 

================== ===== ============ ============ ============ ============ ============ 
Freeways 4 89,000 100,500 89,500 67,500 49,000 

6 133,500 150,500 134,500 101,000 74,000 
8 178,000 201,000 179,000 135,000 98,500 

10 222,500 251,000 224,000 168,500 123,000 
12 267,000 301,000 269,000 202,200 147,600 
14 311,500 351,500 313,500 235,900 172,200 
16 356,000 401,500 358,500 269,600 196,800 

Principal Arterials· 4 29,300 32,600 31,500 27,800 22,700 
Divided 6 42,800 47,600 46,000 40,500 33, 100 

8 57,000 63,500 61,300 54, 100 44, 100 

Principal Arterials· 2 13,700 15,200 14,900 13,300 10,800 
Undivided 4 26,300 29,300 28,700 25,600 20,900 

6 38,000 42,400 41,400 37,000 30,200 
8 50,100 55,900 54,600 48,700 39,800 

Minor Arterials- 4 25, 700 31,500 28,000 24,400 19,200 
Divided 6 37,600 45,900 40,900 35,600 28,000 

8 50, 100 61,200 54,500 47,400 37,400 

Minor Arterials- 2 12,300 15, 100 13,400 11,700 9,500 
Undivided 4 23,700 29,000 25,800 22,500 18,300 

6 34,200 41,900 37,300 32,500 26,500 
8 45, 100 55,200 49,200 42,800 34,900 

Collectors- 4 24,500 28,500 28,000 17,500 9,500 
Divided 6 34,000 39,500 39,000 24,500 13,500 

8 43,500 50,500 50,000 31,000 17,000 

Collectors- 2 8,700 10,300 10, 100 6,600 3,600 
Undivided 4 16,200 19,100 18,700 12,300 6,700 

6 24,100 28,000 27,500 17,600 9,800 
8 33,900 39,400 38,700 24,300 13,200 

Locals - Divided 4 24,500 28,500 28,000 17,500 9,500 
6 34,000 39,500 39,000 24,500 13,500 
8 43,500 50,500 50,000 31,000 17,000 

Locals - Undivided 2 8,700 10,300 10,100 6,600 3,600 
4 16,200 19,100 18,700 12,300 6,700 
6 24, 100 28,000 27,500 17,600 9,800 
8 33,900 39,400 38,700 24,300 13,200 

Raops 1 13,200 16,200 14,400 12,500 9,900 
(directional 2 26,400 32,400 28,800 25,000 19,800 
lanes & 3 38,900 47,700 42,400 36,900 29,100 
capacities) 4 51,400 63,000 56,000 48,800 38,400 

6 75,200 91,800 81,800 71,200 56,000 

Frontage Roads· 2 13,200 16,200 14,400 12,500 9,900 
Divided 3 19,450 23,850 21,200 18,450 14,550 

4 25,700 31,500 28,000 24,400 19,200 

Frontage Roads- 1 6, 150 7,550 6,700 5,850 4,750 
Undivided 2 12,300 15,100 13,400 11,700 9,500 

3 18,000 22,050 19,600 17,100 13,900 
4 23,700 29,000 25,800 22,500 18,300 
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Table B-2 
Houston-Galveston 24-hour Speeds Used 

Dallas-Fort Worth Networks 

Area Type 

Urban Suburban 
Facility Type CBD Fringe Res. Res. Rural 

=============================== ======== ======== ======== ======== ======== 
Freeways 40 45 50 55 60 

Principal Arterials - Divided 17 30 34 39 51 
Principal Arterials - Undivided 17 30 34 38 50 

Minor Arterials · Divided 17 30 34 37 49 
Minor Arterials - Undivided 17 29 33 36 48 

Collectors - Divided 17 29 33 36 45 
Collectors · Undivided 15 24 25 26 36 

Locals · Divided 17 29 33 36 45 
Locals - Undivided 15 24 25 26 36 

Raq>S - Divided 17 30 34 37 49 
Raq>S - Undivided 17 29 33 36 48 

Frontage Roads - Divided 17 30 34 37 49 
Frontage Roads - Undivided 17 29 33 36 48 
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