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responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the
Federal Highway Administration. This report does not constitute a standard,

specification, or regulation.
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SUMMARY OF FINDINGS

This report presents nine techniques that can be used to rank added-
capacity projects. Six of these nine techniques have previously been con-
sidered for use by the State Department of Highways and Public Transportation
(DHT) and three of the techniques were developed in this study. The three
new techniques are the Texas Priority Formula, the Texas Ranking Formula, and
the Modified HEEM-II benefit-cost technique. The Texas Priority Formula is
based on changes in the sufficiency rating, as rated using the Texas Suffi-
ciency Rating schedule, developed previously by personnel in DHT's Design
Division (D-8). The Texas Ranking Formula is a composite technique that
develops a ranking of projects based on a weighted average of rankings from
three other techniques and is based on a concept used previously in Florida.
The Modified HEEM-II technique was developed by making modifications to the
HEEM-I1 benefit-cost program, a program that has previously been used in
Texas. '

A Study Advisory Committee provided suggestions on the categories and
weights for factors that should be considered in ranking different types of
construction projects. Most of the major factor categories that were con-
gsidered important by the Advisory Committee already are included in the Texas
Sufficiency Rating schedules but several new factors were recommended. The
most important of these factors were accident rates, district priority, main-
tenance costs, drainage deficiencies, pavement condition, and passing oppor-
tunity. The Advisory Committee also gave recommended weights for the exist-
ing sufficiency rating categories. These weights agreed quite well with
existing weights. A sensitivity analysis indicated that rankings using the
recommended weights were almost identical to rankings using the existing
category weights.

The nine ranking techniques for added-capacity projects were compared
using a group of 1,942 added-capacity projects, including almost all of the
major added-capacity projects that currently are being considered for
improvement in Texas during the next twenty years.

Based on the criteria used in this study to compare techniques, the best
overall method appears to be the Modified HEEM-II benefit-cost technique. It

is clearly the best technique if benefits are being measured accurately. For




a ten-year budget of $5.7 billion, the Modified HEEM-II ranking resulted in
projects with over $22 billion more benefits than the Sufficiency Rating
technique or the Cost per Vehicle Mile, Present ADT technique. Since bene-
fits are calculated using Modified HEEM-1I, the critical question is whether
this program considers all benefits and estimates benefits accurately. The
magnitude of the difference in benefits between techniques, nevertheless, is
substantial and, at a minimum, is deserving of further study. It is recom-
mended that a continuing effort be made to improve techniques for estimating
expected benefits.

For projects other than added-capacity projects, several ranking tech-
niques are presented, but no comparisons of rankings are made because addi-
tional data are needed. It is recommended that such data be compiled and
that these ranking techniques be compared using projects in the twenty-year
planning list, as was done with added-capacity projects.
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IMPLEMENTATION STATEMENT

This report presents a comparison of techniques for ranking added-
capacity projects. Some of these techniques are currently used by the State
Department of Highways and Public Transportation and other techniques were
developed during this study. Results of the comparisons of techniques
indicate that the Modified HEEM-II technique is one of the better techniques
by each of the criteria considered. By explicitly comparing the expected
motorist benefits, less any increase in maintenance costs, to the initial
cost of the project, the Modified HEEM-II rankings have the desirable
property of maximizing expected future benefits for a given budget for added-
capacity projects. It is recommended that the Modified HEEM-II rankings be
used, together with other relevant information, to set priorities for funding
added-capacity projects. Also, a continuing effort should be made to improve
techniques for estimating expected benefits, expected maintenance costs, and
expected initial costs.

Techniques for ranking projects other than added-capacity projects
should be further developed and tested prior to implementation. This report
gives an indication about which techniques appear most promising for these

other project types.
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CHAPTER I. INTRODUCTION

This report presents the results of a research study entitled “New
Approach to Project Ranking and Allocation of Construction Funds™. There are
three major objectives of this study: (1) identify the relevant goals and
factors to be used in ranking highway projects, (2) determine the weighting
scheme to be used in the ranking process, and (3) develop a computer program
to rank projects within categories.

In this report, emphasis 1s placed on added-capacity projects which
include projects that provide additional lanes or that convert the highway
from non-freeway to freeway, or changed the highway from undivided to
divided. 1In addition, information is presented on possible techniques that
can be used to rank upgrade-to-standards projects and some types of new loca-
tion projects. Before techniques can be compared for ranking these other
types of projects, however, additional data would need to be collected on
different types of projects.

In Chapter 1I, different techniques that can be used to rank highway
projects are discussed. Emphasis is placed on added-capacity projects with
some discussion of techniques for upgrade-to—standards and new location
projects. In Chapter III, an evaluation 1is given of the categories and
weights that are included in sufficiency ratings. This evaluation includes
presentation of the recommendations of a study advisory committee and also
the results of selected sensitivity analyses of possible changes in the
current Texas Sufficiency Rating schedule for added-capacity projects.
Chapter IV presents and compares the rankings of 1,942 added-capacity
projects given by nine different ranking techniques. Rankings from the nine
techniques also were compared to DHT selections, but there are several 1limi-
tations to these comparisons, as discussed on page 41 of the report. Compar-
isons are made of the benefitslprovided by different rankings at selected
budget levels. This chapter also has a discussion of rank correlation coef-
ficients and comparisons of rankings by deciles of project cost. Chapte; A

presents the summary and conclusions for the study.







CHAPTER II. PROJECT RANKING TECHNIQUES

Types of Techniques Studies

A survey of literature identified five basic types of techniques that
are used for ranking highway projects in the United States: (1) sufficiency
rating techiques, (2) priority formulas or cost-effectiveness techniques
based on changes in sufficiency ratings, (3) cost-effectiveness techniques
other than those based on sufficiency ratings, (4) benefit-cost analysis, and
(5) combinations of two or more of the first four listed techniques.

Prior to the time this study began, the Texas State Department of High-
ways and Public Transportation (DHT) had used, or studied for use, three of
the above types of techniques. Existing DHT techniques included: (1) suffi-
clency ratings for different types of highway projects with different rating
categories and numbers of points for added-capacity projects and upgrade-to-
standards projects [l]; (2) cost-effectiveness formulas that consider present
or projected traffic volume (relative to capacity), project length, project
cost; and (3) benefit-cost techniques, two of which have been developed for
use by DHT, a revised and updated version of the Highway Economic Evaluation
Model, HEEM-II [2], and the Delay Savings Model {[3]. The HEEM-II benefit-
cost model was designed to analyze a large variety of urban and rural
projects but has mainly been used in Texas to assist in comparing alternative
designs for large urban projects and had not been used for ranking large
numbers of projects.

In addition to the techniques that existed at the time this study began,
this research included evaluation of two other cost-effectiveness techniques
developed by DHT in response to requests by others, referred to as cost per
present vehicle mile of travel and cost per future projected vehicle mile of
travel; and three new techniques proposed by the study staff, as discussed
below.

Based on the literature review and discussions with the Project Advisory
Committee, a decision was made to develop three new (or modified) techniques
in addition to the existing techniques for testing in Texas. These new tech-
niques are: (1) a new version ("Modified HEEM-II") of the HEEM-II benefit-
cost model that is modified to be used with less data than the original

HEEM~-II, (2) Priority Formula based on changes in the Texas sufficiency

rating and other variables for added capacity projects, and (3) a Ranking



Formula that develops a ranking based on a weighted average of rankings
developed from the other techniques. h

Figure 1 presents a summary listing of the nine specific techniques
considered in this study and are shown in the five general categories that
were delineated. The formulas used for each of these techniques are dis-

cussed in more detail in the following sections of this chapter.

Highway Sufficiency Ratings

Highway sufficiency ratings are used to evaluate existing highways using
engineering standards. These ratings are the outgrowth of procedures devel-
oped beginning in 1933, "...to describe on maintenance inspection reports the
condition, safety, and service features of completed Federal-aid highway
improvements that had deteriorated or become obsolete to the degree that
reconstruction was warranted because of unduly high maintenance costs.” [4].
Later, in 1946 and 1947, the Bureau of Public Roads, "...field tested a
system for numerically rating the three elements of highway condition (struc-
tural, safety, and service) which would provide greater precision and
uniformity and would permit complete coverage of the rural portions of the
Federal-aid primary highway system."” In 1947, Region IX of the Bureau of
Public Roads adopted the rating plan and by 1951 it was extended to the
remaining division offices in the continental United States as a part of
maintenance inspection procedures.

Many state administrators faced with increased public demand for road
improvements also adopted sufficiency ratings for state use. By June 1960,
according to a Highway Research Board survey, thirty-eight states used some
type of sufficiency rating [5, p. 84].

Sufficiency ratings are an index usually consisting of three categories,
each having several subunits with weights that typically sum to 100 points if
the highway 1s totally sufficient. Highways with the lowest ratings are
considered to be the ones most in need of improvement.

The principal strengths of sufficiency ratings are that they are objec-
tive, fairly easy to use, and are easy to explain to the public. There are
two principal weaknesses of sufficiency ratings. First, originating as they

did from maintenance inspection reports, there historically has not been
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Figure 1. Types of Ranking Techniques and Specific
Formulations Considered in This Study.



enough emphasis on capacity in rating highways that have deficient capacity
and geometric standards. Second, the ratings are a measure only of how defi-
cient the existing highway is and do not give an indication of the benefit
and cost associated with improvements to correct deficiencies.

Even though many states have evaluated highways wusing sufficiency
ratings, it is not clear how much these ratings have been used to set
improvement priorities. Many states undoubtedly use other techniques and
evaluations in addition to sufficiency ratings. The Texas Department of
Highways and Public Transportation (DHT) in the past has not relied on suffi-
clency ratings as much as have some other states. However, two different
sufficiency rating schedules have been developed in Texas for possible use,
along with other evaluations, is setting priorities. The Texas ratings are
somewhat different from typical ratings in several respects. First, the
rating schedules are set up so that the highways most in need of improvement
are given higher ratings with a maximum of 100 points. Second, and more
important, two different schedules have been developed, one for added-
capacity projects (mainly adding lanes, providing medians, and controlling
access) and upgrade-to—standards projects. The Texas schedules represent a
major improvement over typical schedules for purposes of setting priorities
because they focus more on the categories of deficiency that would be
affected by improvements. The added-capacity schedule emphasizes present and
future capacity for the existing highway relative to present and forecasted
traffic volumes. The upgrade-to-standards schedule focuses on items that

cause the need for upgrading. These schedules are presented in Chapter III.

Cost-Effectiveness Techniques Based on Sufficiency Ratings

Recognizing the shortcomings of sufficiency ratings for setting priori-
ties for highway improvement, the Federal Highway Administration and several
states have developed other priority formulas. This type of technique is
referred to here as a cost-effectiveness technique based on sufficiency
ratings because the formulas represents a ratio of effectiveness to cost (or
cost per highway or lane mile). Effectiveness is measured by the change in
the sufficiency rating between the existing and improved highways, multiplied
by the annual average daily traffic. The change in the sufficiency rating




is taken to represent the effectiveness of the proposed highway improvement
per vehicle mile and is then weighted by vehicle miles to obtain total effec-
tiveness. There are several variations of this general procedure; examples
include the technique used by Minnesota [6], the PRIPRO formula developed by
FHWA [7], and the cost—-effectiveness procedure used in the Highway Perfor-
mance Monitoring System [8].

In this study a somewhat similar technique was developed for testing in
Texas. In this report this technique 1is referred to as the Texas Priority
Formula since it is based on the Texas sufficiency rating and has other fea~-
tures that distinguish it from other formulations used elsewhere. There are
two variations on this Priority Formula, one for added-capacity projects and
one for upgrade-to-standards projects. Only the added-capacity formulation
is discussed extensively in this report. The general equation for this
Priority Formula is:

- - Py 2 1
PF = (SRg - SRp)(1l + g0 ( 5 CADT + 5 FADT) (LTH)/CST

where:

PF

priority formula rating
SRg = sufficiency rating for existing facility
SRp = sufficiency rating for proposed facility

P = sufficiency points for categories that do not change with
improvement

CADT = current annual average ADT

FADT = forecasted (typically 20 years in the future) annual
average ADT

LTH = project length in miles

CST = initial highway construction and right-of-way cost in thousands
of dollars

The first factor in the Priority Formula represents the change in the
sufficiency points as a result of the improvement. Because the Texas Suffi-
ciency Ratings give higher point totals to more deficient highways, this
change 1is obtained by subtracting the sufficiency rating for the proposed



highway from the sufficiency rating for the existing highway. This can be
viewed as a proxy for the benefits per vehicle of the project. The second
factor is an adjustment for those categories in the sufficienéy rating which
do not change as a result of the improvement and are, therefore, not
reflected in the first term. In Table 1 in Chapter III, these are shown as
categories 4, 5, and 6. The third factor is a weighted average of the cur-
rent and future ADT. If the first two terms are viewed as adjusted benefits
per vehicle, then multiplying by the total vehicles gives a measure of total
benefits. The weighting of current and future ADT represents both the
increasing number of vehicles over time and the lower present value of future
benefits through discounting. The formula is then multiplied by project
length and divided by project cost the produce a measure of the desirability
of a project.

The Texas Priority Formula is not a benefit—-cost ratio because the bene-
fits are not measured in dollars. It is a cost—-effectiveness index measuring
the amount of benefits (or effectiveness) per dollar of construction cost.
Eéch variation of the sufficiency rating, presented in Chapter III, cén be
used in the Priority Formula so there is a separate Priority Formula ranking

associated with each sufficiency ranking.

Other Cost-Effectiveness Techniques

Four cost-effectiveness formulas based on criteria other than suffi-
ciency ratings have been developed by DHT for possible use in ranking
projects [1]. Two of these are referred to as the Present Cost Index (or
Index One) and the Future Cost Index (or Index Two). These are essentially
ratios of the amount of congestion on the existing facility, as measured

using present or future ADT, divided by project cost. These two formulas are:

c = (CADT - T2) (LTH)

CST
F = (FADT - T2) (LTH)
CST
where
C = Present Cost Index (or Index 1)

F = Future Cost Index (or Index 2)




CADT = Current ADT
FADT = Future ADT

T2 = upper limit of average daily traffic volume for a "toler-
able"” 1level of service (shown as the higher volume for
level of service C-D in Table 3 on page 18 of this report),
on the existing facility

LTH = project length in miles
CST

initial highway construction and right-of-way cost in thou-
sands of dollars

In both of these formulas, if the ADT is less than the congestion level
(T2) the index 1is zero. However, for ranking purposes, this would produce
numerous ties at zero. Therefore, for purposes of ranking projects in this

study, both formulas are allowed to be negative.

The other two cost—effectiveness formulas provide an estimate of the
cost per vehicle mile traveled on the existing road section to be improved
where the two formulations use either current or future traffic. These form-
ulas are referred to as the Cost per Vehicle Mile Traveled, Present ADT and
the Cost per Vehicle Mile Traveled, Future ADT. These two formulas are
ratios of cost of the highway improvement to effectiveness, so higher priori-
ty is given to proposed improvements having lower values of the ratio. These

formulas are:

V = CST/(CADT)(LTH)
M = CST/(FADT)(LTH)
where:
V = the Cost per Vehicle Mile Traveled, Present ADT
M = the Cost per Vehicle Mile Traveled, Future ADT

CST = initial highway construction and right—of-way cost
in thousands of dollars

CADT = present average daily traffic volume in vehicles per day

FADT = future forecasted average daily traffic volume in vehicles
per day

LTH = project length in miles

Benefit—-Cost Analysis

Two different benefit-cost models are used in this study to rank added
capacity projects. The first of these, the Delay Savings Ratio, was




developed in previous research [3] and is an abbreviated benefit—cost tech-
nique that calculates the ratio of the reduction in delay cost, provided by a
highway improvement, to the initial project cost. The second benefit-cost
model, referred to as Modified HEEM-II, was developed in this study by simp-
lifying the HEEM~II program [2] so that the modified version could be run
efficlently with a large number of added-capacity projects. The Modified
HEEM-II technique calculates the ratio of expected project benefits to
project costs where benefits are calculated as reductions in time costs,
vehicle operating costs, accident costs, and maintenance costs resulting from
the highway improvement. [Expected project benefits are calculated as the

present value of annual benefits taken over a twenty year analysis period.

Combinations of Other Techniques

Some ranking techniques have been developed by combining ratings from
other techniques. Good examples of this approach are the formulas used by
Minnesota [6]. Minnesota's combined rating for resurfacing and recondition-
ing projects is a weighted average of the condition rating (70%), the cost-
effectiveness ratio (20%Z), and a rating for the highway's functional class
(107%). The combined rating for reconstruction and major construction
projects is more complex in that it is a weighted average of the sufficiency
rating (35%); the cost-effectiveness rating based on the change in the condi-
tion rating sub-category of the sufficiency rating (20%); a rating for goods
movement (20%); a rating for peak month traffic (5%); and a rating for func-
tional class (20%Z). One difficulty with this type of formula is that it is a
welghted average of such diverse elements that the resulting number is diffi-
cult to interpret. Also, the rating is directly dependent on the scale of
the variables used in the different ratings.

A somewhat different formula was developed in this study from a concept
used by Florida [9]. Called the Ranking Formula, it is a combination formula
that develops a ranking from the weighted average of other rankings, not from
a weighted average of other ratings. Florida's ranking formula uses an aver-
age of rankings from using a sufficiency rating, a change in the sufficiency

rating, and a cost-effectiveness index, each weighted one-third.




The Ranking Formula developed in this study is an equally weighted aver-
age of the rankings given by the Texas Priority Formula, thé'Delay Savings
Ratio, and the Modified HEEM-II benefit-cost program:

R = (Rp + Ry + Rp)/3

where:
R = the project rating using the Ranking Formula

Rp = the ranking of the project using the Texas
Priority Formula

Ry = the ranking of the project using the
Modified HEEM-II benefit-cost program

Rp = the ranking of the project using the
Delay Savings Ratio

This formula is used to calculate a rating (or average ranking) which
then is arrayed in ascending order to derive a new priority ranking for all
projects. For example, if a project is ranked 7, 23, and 6 using the three
techniques, its rating for the Ranking Formula would be (7+23+6)/3 = 12.
This type of rating also can easily be changed to a scale of zero to 100
simply by dividing by the number of projects and multiplying by 100 where the
project most in need of improvement would have the lowest value (or by taking
100 minus the rating, the project with the highest number would be the one

most in need of improvement).

Techniques for Projects Other Than Added-Capacity Projects

In this report, emphasis is placed on the ranking of added-capacity
projects, with the exception of the discussion in Chapter III, which presents
sufficiency rating schedules for both added-capacity projects and upgrade-to-
standards projects. Also given in Chapter III are some factors and weights
that the Project Advisory Committee noted as being important for new location
projects (including bypasses, loops, and other new locations). The purpose
of the discussion in this section is to present some preliminary thoughts on

how the different techniques discussed in this chapter can be used to rank
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projects other than added-capacity projects, including upgrade-to-standards

projects and new location projects.

Upgrade—to-Standards Projects

As discussed previously, a sufficiency rating schedule, which is
presented later in Chapter III, has been developed by DHT for possible use in
ranking upgrade-to-standards projects. These types of projects typically
entail improvements in lane width, shoulder width, and horizontal and verti-
cal alignment. In addition, the pavement structure and riding surface typi-
cally are improved.

The same general Priority Formula that 1is used for added-capacity
projects can also be used with upgrade-to-standards projects, the difference
being that the changes between the existing and proposed highways would use
factors in Table 2 instead of Table 1 (in Chapter III). 1In addition, addi-
tional data would have to be provided in the project data files to cover the
rating categories for the proposed highway. Since this data is not currently
available, no tests have been made of the Priority Formula with upgrade-to-
standards projects.

Two of the cost-effectiveness formulas can be used with upgrade-to-
standards projects, the formulas that calculate cost per vehicle mile
traveled, with either present or future ADT. These formulas have the dis-
advantage, however, that no attempt is made to estimate the benefit per
vehicle of the improvement. Therefore, it is relatively simple to distort
the ratios through defining relatively low-cost improvements on highways with
high ADT. The other two cost-effectiveness formulas, the Present Cost Index
and the Future Cost Index, use reductions in congestion as the measure of
effectiveness and, therefore, probably are not appropriate for upgrade-to-
standards projects.

The Delay Savings Ratio also is not a very good technique for upgrade-

to-standards projects since the delay calculation routines in the program are

more related to changes in capacity than to upgrading.

The HEEM-II benefit cost program can be modified fairly easily for rank-
ing upgrade-to-standards projects. It includes benefit calculations for var-
iations in design variables, such as lane width, shoulder width, and hori-
zontal and vertical alignment. It would be necessary, however, to provide

_ . . more detailed data on current and proposed designs.
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The Ranking Formula also can be used with upgrade-to-standards projects
by using weighted averages of the rankings from, say, HEEM-II, the Priority
Formula, and, perhaps, the Sufficiency Rating. :

To summarize, it appears that the best techniques to test for use in
ranking upgrade—to-standards projects are the Sufficiency Rating, the Prior-
ity Formula, a Modified HEEM-II program, and the Ranking Formula. To use the
Priority Formula and HEEM-II, additional data would have to be collected on
each project. The Ranking Formula would depend, in turn, on the availability

of the other rankings.

New Location Projects

The sufficiency rating technique and other cost-effectiveness techniques
apparently have not been developed for ranking new location projects because
an existing facility 1s not being improved. The only possibility appears to
be to develop a sufficiency rating for the existing route through the city
and, perhaps, including some factors that are specific to bypass projects.
It does appear possible, however, to construct a Priority Formula for bypass
projects. This could be done as follows. First, determine the sufficiency
rating for the primary route through the city. This rating probably should
emphasize capacity but might have separate categories for intersections and
other factors such as heavy peak periods (such as on weekends). The before
condition would be represented by this sufficiency rating. Second, an esti-
mate must be made of the percent of traffic that will divert to the bypass.
Previous studies [10, 11] indicate that initially this would be about forty
percent for small and medium-size cities. Given the amount of traffic
diverted to the bypass, a sufficiency rating can be calculated for the pro-
posed bypass facility using this traffic volume. Third, a new sufficiency
rating can be calculated for the existing route through the city with lower
traffic volumes, being about sixty percent of previous volume. These calcu-

lated values then could be included in a Priority Formula as follows:

* 2 1
py - L1 (SR - SRE)(Lp) + d(SR; - SRy )(Lg)] (3 CADT + 5 FADT)

CST




Pg = priority formula value for a bypass

SRg = sufficiency rating for the existing route through the
city with existing traffic volume

SR€'= sufficiency rating for the route through the city
with reduced traffic volume, after some traffic is
diverted to the bypass

d = proportion of traffic diverted to the bypass, which
often is about 40 percent

SRp = the sufficiency rating for the bypass with bypass
traffic volume

CADT = present ADT in vehicles per day

FADT = future forecasted ADT in vehicles per day

CST = initial project cost for the bypass
Lt = length of the route through town

Lp = length of the bypass

This formulation probably would work best if there is one main route through
a small or medium—~size city and fairly heavy through traffic. If there are
several main routes converging on a city, the bypass typically becomes a loop
and the above formulation must be extended to include several highway seg-
ments and through movements. The formula, as given, probably can also be
used to develop a priority-ranking value for any situation within a travel
corridor where a new highway is built to supplement one existing highway.

The other principal category of technique that can be used to evaluate
new location projects is benefit-cost. The benefit-cost techniques can more
easily be adapted to these types of projects, which mainly include bypasses,
loops, new radial highways in urban areas, and major new facilities in rural
travel corridors.

The existing HEEM-II program is designed to allow evaluation of a
proposed facility and up to two alternatives in a corridor. Allocation of
corridor travel among routes is handled automatically by equalizing marginal
travel costs on each route. 77

The Delay Savings Ratio program also can be used to evaluate a new loca-

tion project, including a bypass. The only additional information required
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is an estimate of the percent of traffic that will be diverted. The HEEM-II
program cannot currently handle an assumed percent diversion, but could
easily be modified to operate the same way the Delay Savings Ratio program
does, through using an estimate of the percent of the corridor (route through
town) traffic that will be diverted.

None of the aforementioned techniques is very well adapted to handling
new circumferential or loop type projects, especially those in larger cities.

These probably can best be evaluated in network simulation and benefit-cost

studies.







CHAPTER 1II. EVALUATION OF CURRENT TEXAS SUFFICIENCY RATINGS

In this study, two types of changes in Texas Sufficiency Ratings were
evaluated. First, a Project Advisory Committee gave recommendations on what
factors should be included in sufficiency ratings and the weights that should
be assigned to these factors. Second, changes in the structure of the cur-
rent sufficiency rating procedures for added-capacity projects were studied;
these changes mainly addressed different ways to use continuous functions
instead of specific weights for measurement within categories. The remainder
of this chapter presents the Texas Sufficiency Rating schedules, the two

types of changes, and a sensitivity analysis of these possible changes.

Texas Sufficiency Ratings

As part of an ongoing effort to develop new methods in evaluating high-
way construction projects, DHT developed two sufficiency rating schedules--
one to evaluate added-capacity projects and the other for upgrade-to-
standards projects [l]. The various categories and points for each category
are presented in Tables 1 and 2. The DHT sufficiency rating schedules give
points for deficiencies in the existing facility. Therefore, the ideal high-
way would receive O points and the most deficient possible highway would
receive 100 points. While it is more common for sufficiency ratings to go in
the opposite direction--100 for the best facility and 0 for the worst—-DHT's
method will be used in the study since it is consistent with other ranking
techniques—~the higher the number the higher the project priority.

The first two categories in Table 1, traffic flow conditions, are based
upon level of service (LOS). The table to convert ADT into LOS is presented
in Table 3 and is based upon highway type and number of lanes. In the case
of 2-lane rural undivided highways, there is also a distinction for the type
of terrain. The third category of truck ADT volume does not use LOS, simply
the current truck volume per lane on the existing highway. The next two
categories are characteristics of the existing highway. The last category of
gap considerations is the only category where the proposed project has any
impact on the point total. The other categories are strictly a measure of

the deficiencies on the existing facility.
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Table 1. DHT Sufficiency Rating for Added Capacity Projects.

Category Weights

1. Traffic Flow Conditions, Present ADT Volume on
Existing Facility:

a. Good (LOS A-B) 0
b. Tolerable (LOS C-D) 7
c. Undesirable (LOS E - Capacity) 14
d. Forced (1.0 to 2.0 X Capacity) 21
e. Forced (More than 2.0 X Capacity) 30

2. Traffic Flow Conditions, Future ADT Volume

Total Sufficiency Rating

a. Good (LOS A-B) 0
b. Tolerable (LOS C-D) 6
c. Undesirable (LOS E - Capacity) 9
d. Forced (1.0 to 2.0 X Capacity) 12
e. Forced (More than 2.0 X Capacity) 20
3. Present Truck ADT Volume per Existing Lane
a. 0 - 200 0
b. 201 - 400 3
c. 401 - 600 6
d. 601 - 800 8
e. More than 800 12
4., Principal Arterial System
a. Off
b. On 5
5. Roadway Functional Classification
a. Local or Collector Road or Street 0
b. Minor Arterial Road or Street 7
c. Rural Principal Arterials, Urban Connecting Links of
Rural Principal Arterials, and Other Urban Principal
Arterials 14
d. Interstate Highways and Other Freeways 17
6. Gap Considerations
a. Does Not Eliminate Capacity Gap 0
b. Eliminates "One-End" Capacity Gap 9
c. Eliminates Capacity Gap on Both Ends or
is System Gap _16
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Table 2. DHT Sufficiency Rating for Upgrading-to-Standards Projects

1.

Category

Present ADT Volume Per Lane

Present Truct ADT Volume
Per Lane

Principal Arterial System

Roadway Functional
Classification

Crown Width Deficiency

<4
4' - 10
>10'
Roadway Alignment Deficiency
<10 mph
10 - 19 mph
>20 mph

Eliminates Geometric
Deficiency Gap

Condition of Existing
Pavement

< 500
500 - 1000
1000 - 1500
1500 - 2000
2000 - 2500

> 2500

0 - 200

200 - 400
400 - 600
600 - 800

> 800

Off

On

5&6 &7

4

3

182

ACCEPTABLE

SUB STANDARD
SEVERELY DEFICIENT

ACCEPTABLE
SUB STANDARD
SEVERELY DEFICIENT

NO
ONE END
BOTH ENDS

GOOD
FAIR
SEVERELY DEFICIENT

Total Sufficiency Rating

Weights

0
7
12
16
19
21

c o WOWooohwoO

=0 Nno




Table 3. Average Daily Traffic (ADT) Volume Ranges
of Various Highway Classes for Various Qualities of Flow.

Range in ADT Service Volumes

Good Flow Tolerable Flow Undesirable Flow

Highway Class L.0.S. A-B L.0.S. C-D L.0.S E(Capacity)
Urban Freeways:

4 Lane 0 - 44000 44001 - 52800 52801 - 64400

6 Lane 0 - 66000 . 66001 - 79200 79201 - 96600

8 Lane 0 - 88000 88001 - 105600 105601 - 128800

Each Additional Lane 0 - 11000 11001 - 13200 13201 - 16100

Urban Divided Streetsls?2
4 lane 0 - 16100 16101 - 19100 19101 - 23000

6 Lane 0 - 23500 23501 - 27900 27901 - 33000
8 Lane 0 - 29400 29401 - 34900 34901 - 42000
Urban Undivided Streets 1,2
2 Lane 0 - 7700 7701 - 9100 9101 - 11000
4 Lane 0 - 12600 12601 - 14900 14901 - 18000
6 Lane 0 - 19800 19801 - 23500 23501 - 28300
Rural Freeways:
4 Lane 0 - 20800 20801 - 31600 31601 - 42000
6 Lane 0 - 31200 31201 - 47400 47401 - 63000
Rural Divided Highwaysls?2 :
4 Lane 0 - 12000 12001 - 17500 17501 - 35000
6 Lane 0 - 18000 18001 - 26200 26201 - 52500
Rural Undivided Highwaysls2
Rolling Terrain, 2 Lane 0 - 2800 2801 - 4700 4701 - 14700
Level Terrain, 2 Lane 0 - 3700 3701 - 6100 6101 - 17400
4 Lane 0 - 9500 9501 - 13000 13001 - 26000
6 Lane 0 - 15000 15001 - 19500 19501 - 39000

1o "divided" facility includes a flush or depressed median with sufficient
width for storage of left turning vehicles. On "undivided" facilities, left
turns are made from a through lane. -

2"Urban street", as opposed to "rural highway", conditions prevail when-

ever the intensity of roadside development, speed zoning, signals, stop/
yield signs, etc., result in interrupted flow conditions and reduced traffic
speeds.
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Advisory Committee Recommendations -
On Categories and Weights for Sufficiency Ratings

The Project Advisory Committee, a five-member team of district engi-
neers, and members of the Design Division have assisted the project staff in
evaluating the categories and weights to be used in the Texas Sufficiency
Rating schedules for different types of projects. To date, sufficiency
rating schedules for five different types of projects have been discussed and
evluated in a preliminary rating. These project types are: (1) added-
capacity projects, (2) upgrade-to-standards projects, (3) new location
projects, (4) new loop highways, and (5) new bypasses. Each advisory commit-
tee member provided a list of categories (not to exceed ten categories) for
each of the different types of projects and assigned weights to each of the
categories. An initial list of 26 categories was given to each member and
they added 15 more categories for a total of 41 categories. The categories
chosen and the ratings given each category are summarized in Table 4. The
results summarized in Table 4 are for six individuals, five district engin-
eers and one Design Division (D-8) engineer. Note that Item Number 30 has a
rating of 16.7; this is because one of the district engineers stated that he
thought benefit-cost analysis should be used for all rankings.

After committee members had met and discussed the different ratings,
they were asked to provide a second rating for added-capacity projects,
referred to as the second iteration. Average weights from the first itera-
tion and second iteration for added~capacity projects are shown in Table 5.
In the second iteration shown here, members could 1list no more than ten
factors, the same as in the first iteration. The second iteration had the
additional constraint that members were instructed to not list any highway
cost except maintenance cost and also to omit benefit-cost analysis (i.e.,
omit Items 19, 30, and 32). These instructions were added because the ini-
tial project costs were going to be considered later when the sufficiency
rating was used in a priority formula and because benefit-cost was going to
be tested as a separate technique. _

The top ten factors from the first and second iterations are shown in
Tables 6 and 7. The top ten factors accounted for 75.8 percent of all

factors in the first iteration and 83.3 percent in the second iteration.
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Table 4, Average Weights Assigned by the Advisory Committee on the First iteration
with a Ten Factor Limit by Type of Project.

Average Weight by Type of Project?

New Location

Factor Upgrade to  Added

No, Factor Description Standard Capacity Bypass Loop Other
1  Present ADT relative to capacity o 13, 12, 10, .
2 Future ADT relative to capacity N 10, 5. 10, .
3 Present total ADT/lane . . 0. . .
4 Present truck ADT/!ane . o 4, . .
5 Principal arterial system . . la . o
6 Functional classification . . e . .
7 Gap considerations . . 10, . t,
8 Crown width deficiency . . 0. . .
9 Roadway alignment deficiency . N 0. . .
10 Condition of pavement . . 0. . .
Il Structural adeauacy of pavement . . O, B o
12 Remaining pavement |ife . . 0.

13 Accident experience 14, 5. .

|

14 Crossing traffic
I5 Average delay/vehicle
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16 Passing opportunity . . . .
17 Traffic friction . . 0. o .
18 Construction cost/lane mile . . 3. o .

19 Construction cost/vehicle mile
20 DOistrict priority

0
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21 City/county population growth . R Se o .
22  Accommodate land use, etc, . . o . o
23 Special considerations . . 0. . 5
25 Desian speed . . 0. . 0
26 Horizontal clearance . o 0. . .0
27 Drainage deficiency . 0.0 0. 0. 0.0
28 Maintenance cost/lane mile o3 0.0 0. 0. 0.0
29 Construction cost/lane 2,5 0.0 0. 0. 0.0
30 Benefit-cost analysis 16,7 167 16,7 16, 16.7
31 Capacity design 1ife tenure 0,0 2,5 0.0 0,0 0.0
32 Cost index 0.0 1.7 2,5 2.5 1.7
33 Mobility (present average speed) 0.0 3.3 0.0 0.0 0.0
34 Departmental commitment 0.0 3.3 3.3 5.0 3.3
35 Environmental Impact 0,0 0.0 0.8 147 0.8
36 Reduction of indirection 0.0 0.0 0.8 ie7 4,2
37 Projected growth patterns 0.0 0.0 0.8 0.8 0.0
38 Percent of trucks 0.0 2.5 2,5 2.5 1.7
39 Through-town speed vs, bypass speed 0.0 0.0 1.7 0.0 0.0
40 Corridor (parallel facility) mobility 0.0 0.0 0.0 0.0 2,5
41  Future ADT (5 yrs) for trucks 0.0 0.0 2.5 3.3 2.5
42 Deqree of deficiency 5.0 0.0 0,0 0,0 2.5
43  Future ADT (5 yrs)/proposed lane 0.0 0.8 0.0 0.0 0.0
44 Proposed facility level of service 0.0 3.3 0.0 0.0 0,0
48 Present ADT adjusted for trucks 0.0 0,0 2,5 0,0 0,0
Total weight for all factors 100.0 100,0 100,0 100,0 100,0

3Average welghts of six advisory committee members,
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Table 5,

Average Weights Assigned by the Advisory Committee for Added
Capacity Projects on the First and Second iterations with a Ten Factor Limit

Average Weightd

Factor First Second
No. Factor Description Iteration Interationb
I Current ADT relative to capacity 13,3 19.8
2 Future ADT relative to capacity 10,0 12,9
3 Present ADT/lane lo7 0.0
4 Present Truck ADT/lane 2.5 5,0
5 Principal arterial 0.0 17
6 Functional classification 2,5 2.5
7 Gap consideration 5.8 8.3
8 Crown width deficiency 0.0 1.7
10 Condition of pavement 1.7 0.0
12 Remaining pavement life 0,8 0.8
13 Accident experience 5.0 5,8
14 Crossing traffic 1,7 2,5
15 Average delay/vehicle 2,5 10.8
16 Pass ing opportunity 4,2 3.3
17 Traffic friction 0.0 0.8
19 Construction cost/vehicle mile 5.8 0,0
20 District priority 8,3 10.8
21 City/county population growth 1.7 2.5
22 Land use accommodation 0.8 0,8
27 Drainage deficiency 0.0 3,3
28 Maintenance cost/mile 0.0 3.3
30 Benef it-cost analysis 16,7 0.0
31 Capacity, design life 2.5 0.0
32 Cost index (mile cost/vehicle) 1.7 0.0
33 Mobility (present average speed) 3.3 0,0
34 Department commitment 3.3 1.7
38 Percent of trucks 0.0 1.7
43 Future ADT (5 years) per lane 0.8 0,0
44 Proposed facility and project
level of service 3.3 0.0
Total weight for 29 factors 100,0 100,0

8Average of weights qiven by six Advisory Committee members,
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Table 6. Top Ten Factors in Rank Order with Average Weights
for Added Capacity Projects, First Iteration.

Factor Rank Average
No. Factor Description Order Weighta
30 Benefit-cost analysis ' 1 16.7

1 Present ADT relative to capacity 2 13.4

2 Future ADT relative to capacity 3 10.0

20 District priority 4 8.3
7 Gap consideration 5 5.8

19 Construction cost/vehicle mile 6 5.8
13 Accident experience 7 5.0
16 Passing opportunity 8 4,2
33 Mobility (present average speed) 9 3.3
34 Department commitment 10 3.3
Total weight for top 10 factorsb 75.8

2 Average weights of six advisory committee members.
b Total weight for all factors adds up to 100. For the complete listing, see
Table 4.
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Table 7. Top Ten Factors in Rank Order with Average Weights
for Added Capacity Projects, Second Iteration

Factor Rank Average
No. Factor Description Order Weighta
1 Current ADT relative to capacity 1 19.8
2 Future ADT relative to capacity 2 12.9
20 District priority 3 10.8
15 Average delay/vehicle 4 10.8
7 Gap consideration 7 5 8.3
13 Accident experience 6 5.8
4 Present truck ADT/lane i 5.0
16 Passing opportunity 8 3.3
27 Drainage deficiency 9 3.3
28 Maintenance cost/mile 10 3.3

Total weight for top 10 factorsD 83.3

a8 Average of weights given by six advisory committee members.
Also, they were instructed to eliminate benefit-cost analysis and
all cost factors, except maintenance cost/mile.

b Total weight for all factors adds up to 100,




This suggests that there was more of a concensus about what the most impor-
tant factors were for added-capacity projects. However, this is partially
because benefit-cost analysis, representing 16.7 points in the first itera-
tion, was omitted (as instructed) in the second iteration. In the second
iteration, increased weights were given to most of the top categories. Aver-
age delay per vehicle also became prominent in the second list, being tied
for third at 10.8 points. The ratings for all of the 20 factors rated by at
least one person in the second iteration are shown in Table 8.

Committee members also were asked to rate the six factors currently
included in the Texas Sufficiency Rating schedule for added-capacity
projects. That is, they were limited to the six categories currently used,
which are Numbers 1, 2, 4, 5, 6, and 7 in the preceding tables. These
ratings are shown in Table 9 as the "third iteration”. The first two columns
in Table 9 show the relative weights for the same six items from the first
and second iterations.

Several factors recommended by the committee have not been tested or
included in the added capacity sufficlency rating schedule. The most impor-
tant of these omitted factors (based on the second iteration for added-
capacity projects) are: (1) district priority - 10.8 points; (2) accident
experience - 5.8 points; (3) passing opportunity - 3.3 points; (4) drainage
deficiency - 3.3 points, and (5) maintenance cost/mile - 3.3 points.

One difficulty with including district priority in the sufficiency
rating schedule 1is that this rating must of necessity be assigned by the
district. Because of this, it is difficult to develop a rating method that
gives points that are comparable between districts. It may be best to devise
some way to allow the districts to set priorities without including this item
directly in the rating. There are many important factors which are difficult
to include in the sufficiency rating that districts may want to consider in
determining priorities and scheduling. One possible way to do this would be
to rank all statewide added capacity projects (i.e., those that made the
statewide list) expected to cost X dollars per year. Then each year the
district would be allowed some leeway to adjust priorities within the budget
up to X dollars. This method would have the advantage of letting districts
set priorities using not only the priority list for their district but also
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Table 8. Factors Chosen by Une or More Committee Members with Average
Weights for Added Capacity Projects, Second Iterationd

Factor Average
No. Factor Description Weightb
1 Current ADT relative to capacity 19.8
2 Future ADT relative to capacity 12.9
4 Present truck ADT/lane 5.0
5 Principal arterial 1.7
6 Roadway functional classification 2.5
7 Gap consideration 8.3
8 Crown width deficiency 1.7
12 Remaining pavement life 0.8
13 Accident experience 5.8
14 Crossing traffic 2.5
15 Average delay/vehicle 10.8
16 Passing opportunity 3.3
17 Traffic friction 0.8
20 District priority 10.8
21 City/County population growth 2.5
22 Lane use accommodation 0.8
27 Drainage deficiency 3.3
28 Maintenance cost/mile 3.3
34 Department commitment 1.7
35 Percent of trucks _1.7

Total weight for all 20 factors 100.0

a Committee instructed to eliminate all benefit-cost analysis and index
factors, except maintenance cost/mile.

b Average of weights given by six advisory committee members.




Table 9. Relative Weights Assigned by the Advisory Committee to
the Six Factors Currently Used in the Added Capacity
Sufficiency Rating Schedule. B

Factor First Second Third
No. Factor Description Iterationa Iterationd@ Iteration
1 Current ADT relative to capacity 39.0 39.4 31.6
2 Future ADT relative to capacity 29.4 25.7 20.0
7 Capacity gap 17.0 16.5 17.5
4 Present truck volume/lane 7.3 10.0 14,2
5 Principal arterial 0.0 3.4 10.0
6 Functional classification 7.3 5.0 6.7

Total relative weight for
all six factors 100.0 100.0 100.0

dWeights for these six factors from the first and second iterations were
adjusted proportionately to sum to 100.
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other factors not considered in developing the priority 1list. There also
would be other advantages. Each district would have a definite budget
constraint. They would have to make tradeoffs within the a§ailable funds.
They also would have more incentive to be cost conscious since they would
know that saving money on one project would allow them to spend it
elsewhere.

For the other factors, two questions should be asked. First, will their
inclusion in the sufficiency rating make any difference 1in the rankings?
Second, is there a good, objective way of measuring the factor? These ques-

tions should be addressed in future research.

Alternate Formulations of the Sufficiency Rating
and the Priority Formula

One weakness of an easy to use manual method of calculating a suffi-
ciency rating, such as the Texas ratings presented in Tables 1 and 2, is the
limited number of different characteristics which receive points within each
category. If a large number of projects are being ranked, this results in
many ties--projects receiving the same score. In a computerized version of
the Texas Sufficiency Rating for added-capacity projects, the first three
categories can easily be modified so the points are calculated directly using
ADT. The points for each of the first two categories in traffic flow
conditions can be approximated using the following formula:

Papr = (IBEKfQLL)AZ 1f TL < TRF < T4

_ 1In(S4) - 1n(S2)
where A2 = TyT7 T T1) - In(.572 + .513 - T1)

Al = eln(T4-T1) - 1n(S4)/A2

TRF = ADT volume per lane on existing facility (either
current ADT or future ADT)

Tl = ADT/lane for upper limit on LOS A-B
T2 = ADT/lane for upper limit on LOS C-D
T3 = ADT/lane for capacity volume

T4 = ADT/lane for two times capacity volume
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S1

points for tolerable conditions

82 = points for undesirable conditions
83 = points for forced flow up to 2 times capacity
S84 = points for forced flow above 2 times capacity

Texas Sufficiency Rating points for ADT on urban freeways, along with the
continuous approximations of those points using the above equation are
presented in Figure 2. Each curve starts where the first points are awarded,
intersects the midpoint of the second step, and stops at two times capacity
where maximum points are awarded.

The points for the truck ADT volume can be approximated using a simple

linear equation.

PTRg = =4.0 + .02(TK) 4if TK > 200

where TK = current ADT truck volume per existing lane.

As can be seen in Figure 2, DHT's sufficiency points for traffic flow
conditions are given in such a fashion that the approximation has a decreas-
ing slope, the curve becomes flatter as ADT increases. If the points awarded
are thought of as a proxy for the user costs generated by increased traffic
volumes and congestion, then the curve should have an increasing slope, the
curve becoming steeper as ADT increases. Therefore, a second modification
was developed to approximate the points for both current and future ADT using

the following equation.
PapT = (%F)AZ if TRF < T4

1n(S4) - In(S1)

were A2 = Tn(TA) < In(.5TT ¥ .572)

Al = ¢1n(T4) - 1n(S4)/A2

This equation starts at zero, goes through the midpoint of the first step in

Figure 2, and stops at the maximum points at two times capacity.
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Figure 2. Continuous Approximation of Sufficiency Rating
Scores for Traffic Flow Condition Categories
as a Function of Average Daily Traffic Per Lane.




One of the advantages of a sufficiency rating is that it is capped on
both ends. In this case, points can only vary between 0-100. It allows for
an easy comparison of projects because each project can be ébmpared to the
best situation (0 points) and the most deficient situation (100 points).
However, this system penalizes those projects which have conditions worse
than the conditions necessary for maximum points in a category. In the case
of ADT, existing facilities which have current and/or future ADT greater than
two times capacity, receive no additional points. As a result, the above
equation is also tested with no cap on points for those projects which have

ADT's exceeding two times capacity.

Sensitivity Analysis of Sufficiency Rating and Priority Formula

A pilot study of 102 proposed added-capacity projects throughout the
state of Texas was used to test and compare the variations of the Texas
Sufficiency Rating and the Texas Priority Formula described in the previous
section. A total of eight different rankings were analyzed, the Texas
Sufficiency Rating and three variations of it, and four Priority Formula

rankings corresponding to each of the sufficiency ratings. '

Correlation of Rankings

The various project rankings are first compared to each other using
Spearman's rank correlation coefficient. The coefficient measures the degree
of correlation between two sets of rankings. A coefficient of 1.00 indicates
the rankings are exactly the same, while a coefficient of -1.00 indicates
they are exactly the opposite. A coefficient of 0.00 indicates the rankings
are not correlated at all. The correlation coefficient is calculated using

the following formula which includes an adjustment for ties [12]:
2

M-(ZD“ + T_ + T.)
r = X 1}’2 with -1 < r <1
[(M-ZTX)(M-ZTy)]
where
r = Spearman's rank correlation coefficient
M = 1/6(n3-n)
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D = difference in the pair of rankings
n = number of projects
Ty = 1/12 I (tg3 = tg)
= 3 -
Ty = 1/12 £ (ty ty)
= number of ties in consecutive groups of the x series

ty = number of ties in consecutive groups of the y series

The comparisons of rankings using Spearman's rank correlation coeffi-
cient are presented in Table 10. The positive coefficients in the table
indicate all the variations produce rankings which are positively correlated
and the positive correlations are all statistically significant. While no
rankings are exactly the same (a coefficient of 1.00), the highest correla-
tions are for rankings using modifications of the same technique, between the
sufficiency ratings and between the Priority Formulas. The Texas Sufficiency
Rating (1) and the three versions of it, (2, 3, 4) have correlation coeffi-
cients above .96. - The correlation between the Priority Formulas is generally
not quite as high with the correlation of the Priority Formula (5) with the
variations (6, 7, 8) ranging from .805 to .729. The correlations between 6,
7, and 8 are higher ranging from .971 to .916.

The results of the pilot study rankings comparisons using the correla-
tion coefficient indicate that the particular version of the Texas Suffi-
ciency Rating used doesn't make much difference in project rankings. But
that is not the case with the Priority Formula. Therefore, the original
Texas Sufficiency Rating (1) along with the last version of the Priority
Formula (8) were selected for further analysis on the complete set of added-
capacity projects in DHT's 20-year plan. The version of the Priority Formula
with continuously increasing slopes and no cap on points, was chosen because
it comes closest to representing the benefits pgenerated by making an added
capacity improvement, which can then be compared to the cost of the project

in making comparisons among projects.
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Table 10.

Ranking Techniques of Sample Projects.*

Spearman's Rank Correlation Coefficient for

1 2 3 4 5 6 7 8

1 | .972 | .967 | .959 | .403 | .494 | .478 | .620
2 .987 | .974 | .365 | .533 | .517 | .655
3 .963 | .352 | .515 | .513 | .638
4 334 | .482 | .480 | .660
5 .805 | .769 | .729
6 971 | .916
7 .926

*A1] coefficients are statistically significant at the one
percent level.

Code for Ranking Techniques:

1. Texas Sufficiency Rating.

2. Texas Sufficiency Rating with continuous approximation
for ADT and truck points.

3. Texas Sufficiency Rating with continuously increasing
slope curves for ADT points.

4, Texas Sufficiency Rating with continuously increasing
slope no cap on points.

5. Texas Priority Formula.

6. Texas Priority Formula with continuous approximation
for ADT and truck points.

7. Texas Priority Formula with continuously increasing
slope curves for ADT points.

8. Texas Priority Formula with continuously increasing
slopes, no cap on points.
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Sensitivity of Category Weights Using Motorist Benefits

Another aspect of the comparison of ranking techniques involves testing
the sensitivity of weights within the procedure itself. As decribed in the
previous chapter, the Advisory Committee was asked to provide weights to each
of the six categories 1in the Texas Sufficiency Rating. While the weights
were similar for most categories, there were significant differences for a
few categories. A summary of these weights were presented in Table 9.

In the previous section, different versions of the Texas Sufficiency
Rating and the Texas Priority Formula were compared using Spearman's rank
correlation coefficient. While different techniques can have positive cor-
relation coefficients, the rankings of individual projects may be quite dif-
ferent. This could affect the benefits to motorists as different projects
are selected by the different techniques. Therefore, in this section the
sensitivity of the weights within the sufficiency rating is evaluated using
cumulative user benefits.

HEEM-II is used to calculate user benefits from a proposed highway
project. Then each ranking technique or version can be compared for dif-
ferent construction budget levels. A simple method to accomplish this 1is to
rank the projects with each technique and go down the list selecting projects
until the assumed construction budget is exhausted. The user benefits for
each of the projects can then be summed to give the cumulative total. Since
no sophisticated switching rules are used for the last increment of the
unused budget, linear interpolation is used. The benefits for the total
construction budget are interpolated between the last project selected, which
does not exceed the budget, and the next project which exceeds the budget.
For a construction budget (Ct), the cumulative benefits (BT) would be

calculated using the following formula:

(B, - B) (C; - Cp)
.-

BT=BL+
L

o
-
"

cumulative benefits of last project which does not
exceed the budget

Ci, = cumulative cost of last project which does not
exceed the budget




By = cumulative benefits of the next project which
exceeds the budget

Cy = cumulative cost of the next project which

exceeds the budget

Figure 3 depicts the comparison of accumulated benefits for Modified
HEEM-II, the Texas Sufficiency Rating (l), and the modified Texas Priority
Formula (8) for different accumulated construction costs. For most levels of
construction costs, the Priority Formula does a much better job of maximiz-
ing the motorist benefits as estimated by Modified HEEM-II than does the
Sufficiency Rating. The accumulated benefits can also be used to check the
sensitivity of both the Sufficiency Rating and Priority Formula to changes in
category weights taken from the Advisory Committee.

Two versions of the Advisory Committee weights are fested here—-the
second iteration and the third iteration from Table 9. The results are
presented in Table 1l. As can be seen, the cumulative benefits changed very
little with the different sufficiency category weights. It also shows that
one set of weights does not consistently have higher benefits than the other
sets in this sample of projects. While the rankings for individual projects
may change with these different weighting schemes, there seems to be little
overall effect on the total user benefits. As a result, the weights in the
Texas Sufficiency Rating are used for the analysis of the added-capacity

projects in the 20-year plan presented in the next chapter.
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ACCUMULATED BENEFITS (MILLIONS $)
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Figure 3. Cumulative Benefits Versus Cumulative Costs

for Pilot Study Projects, for Three Techniques
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Table 11. Comparison of Different Sufficiency Category
Weights Using Cumulative User Benefits

Cumulative Benefits for Various Construction Budgets (millions §)

‘ Ranking

| Technique* 200 300 _400 00 600

j Sufficiency

Rating

la 1,594.77 2,311.13 2,812.01 3,270.48 3,724.52

b 1,567.21 2,320.79 2,771.65 3,278.51 3,729.20

c 1,607.02 2,443.70 2,829.29 3,360.23 3,721.81
Priority
Formula**

4 a 2,028.39 2,409.84 2,823.24 3,291.71 3,752.32

b 2,013.45 2,396.29 2.791.42 3,316.71 3,742.74

c 1,872.27 2,477.00 3,000.30 - 3,455.84 3,820.96

5a 1,725.64 2,300.49 2,577.82 3,105.13 3,670.89

b 1,785.04 2,297.52 2,581.33 3,065.18 3,646.41

c 1,726.18 2,114.24 2,490.52 3,012.51 3,670.89

8 a 2,290.49 2,757.31 3,171.61 3,585.33 3.959.92

w 2,290.49 2,757.31 3,111.42 3,585.33 3,952.91

c 2,254.82 2,728.52 3,147.06 3,536.82 3.961.24

HEEM-I1 2,438.24 3,063.77 3,537.07 3,896.41 4,128.61

*The Codes for a, b, and ¢ are:

a. DHT weights.
b. Third iteration Advisory Committee weights
c. Second iteration Advisory Committee weights

**For definitions of Priority Formulas 4, 5, and 8, see footnotes to Table 10 on
Page 32.

Note: Cumulative benefits shown in this table were calculated using Modified
HEEM-II.
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CHAPTER IV. COMPARISON OF PROJECT RANKINGS

Criteria for Evaluating Rankings

One of the principal activities of this study has been to enumerate and
evaluate different criteria that might be used to compare project ranking
techniques. Two principal criteria have been identified for comparing rank-
ing techniques: (1) logical comparison and (2) comparison of actual project
rankings obtained with different techniques. The first of these two criteria
is discussed briefly in Chapter II and also has been considered in previous
studies [e.g., 13]. The second criterion, comparison of actual project rank-
ings, has not been studied extensively in previous research but is emphasized
in this study. Actual project rankings are compared for a large number
(1,942) of added-capacity projects, representing most of the added-capacity
projects that are currently being considered by DHT for funding in the next
twenty years in Texas. Project rankings obtained with the nine different
techniques discussed in Chapter II are compared in four ways. First, the
total highway user benefits obtained at different budget levels are compared
for different techniques; the improvement relative to random selection and
DHT selection also is discussed. Second, a comparison is made of the project
rankings from different techniques to determine the extent to which the rank-
ings are similar, using rank correlation coefficients. Third, a comparison
is made of the rankings from different techniques with recent rankings made
by DHT personnel at selected budget levels. Fourth, a comparison of project
rankings is made, by deciles of cost, to determine the location of projects
being chosen (rural, urban, or "rural/urban”, the latter category including
projects in urban fringe areas that currently are rural but are expected to
be urban within the analysis period) and the average size of projects
selected.

Before presenting the results of the project rankings, it is, perhaps,
worthwhile to mention three other subsidiary criteria for comparing ranking
techniques that ware noted in this study. These criteria are: (1) opera-
tional efficiency, (2) ease of understanding the technique, and (3) suscep-

tibility of the technique to errors because of inaccurate input data. All of
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the nine techniques are now considered operationally efficient since the same
basic data set is used for all techniques and all of the techniques are
computerized and evaluations can be made quite easily. At the time the study
began, this was not the case for the Modified HEEM-II benefit-cost procedure,
but a new modified program was developed that now is easy to use.

Ease of understanding is a very important and desirable characteristic
for a ranking technique. Ease of understanding, as used here, refers to
understanding not only by the appropriate DHT personnel but also by the
public. Probably the most easily understood techniques are the Sufficiency
Rating, the benefit-cost ratio type of analysis (HEEM-II and the Delay
Savings Ratio), the cost per vehicle miles traveled techniques, and, perhaps
to a lesser extent, the Ranking Formula. The Texas Sufficiency Rating tech-
nique is easy to explain to the public in that the rating goes from zero for
a highway needing no improvement to 100 points for a highway that is most
deficient. However, the specific items in the rating are not as easy to
explain because they are somewhat technical, such as level of service. The
techniques that probably are more difficult for the public to understand are
the Present Cost Index, the Future Cost Index, and the Texas Priority
Formula. Nevertheless, even these techniques are relatively simple as
compared to some composite ranking techniques used in other states that tend
to "add apples and oranges” in ways that make the resulting numbers truly
unfathomable. Examples of these techniques include weighted averages of
sufficiency ratings, priority formula type ratings, and other miscellaneous
ratings.

The third subsidiary criterion 1is the degree to which a technique 1is
susceptible to errors because of inaccuracies in input data. Most of the
input data, such as current ADT, probably is fairly accurate. However, the
ADT forecasted twenty years in the future, which is used in most of the tech-
niques, 1is susceptible to considerable error, partially because of the rapid-
ly changing demographic and economic situation in Texas. One possible way of
better understanding this data item would be to do a sensitivity analysis of
forecasted ADT's and expected'population growth under different conditions.
In addition, it might be helpful to further analyze the design changes that

are assumed for different levels of ADT.
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Comparison of Benefits at Different Budget Levels

One of the principal criteria used to compare project rankings for the
nine techniques is the level of benefits provided by each technique's rank-
ing. Two different sets of rankings were compared on this basis. First, a
pilot study was made of rankings for 102 added-capacity projects, as reported
in Chapter III. The complete test reported in this section involved ranking
the full set of 1,942 added capacity projects currently being considered for
planned funding in Texas in the next twenty years. These 1,942 projects were
ranked from first to last using each of the nine techniques described in
Chapter II. The cumulative benefits were calculated using the modified
HEEM-I1 computer program for rankings for each technique. The results of
this exercise are presented in Figure 4. Each technique's cumulative bene-
fits are plotted versus the cumulative cost for that techniques rankings.
Each technique's benefit curve is represented by a series of letters coded to
the technique. The techniques that give the most cumulative benefits, using
Modified HEEM-II's measure of benefits, are HEEM-II (H), the Ranking Formule
(R), the Delay Savings Ratio (D), the Texas Priority Formula (P), and the
Future Cost Index (F). The techniques that show the least benefits are the
Texas Sufficiency Rating (S) and the Cost per Vehicle Mile Traveled using
present ADT (V).

In addition to showing the cumulative benefit curve for each of the nine
techniques, Figure 4 shows the cumulative benefits that would result from
random selection (represented by the straight, dashed line) and the benefits
that would result from the projects selected in the current one-year, four-
year, and five-year programs planned by DHT. The random selection line shows
the benefits, at different levels of cumulative cost, that would be expected
to result if projects were chosen randomly; the slope of this curve is deter-
mined ﬁy dividing the total benefits for all 1,942 projects by the total cost
for all 1,942 projects, $89.062 billion divided by $21.228 billion.

The DHT one-year, fourdear, and five-year programs are represented by
circled numbers as the legend indicates. The one—year program represents the
projects chosen by DHT to be built in (roughly) the first fiscal year of‘the
plan (actually, this is a fourteen-month 1list plus a supplementary list of
projects). This “"one—year” plan has an expected cost of $0.785 billion. The

four-year program represents projects selected for the four years succeeding
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on page 41.

Figure 4. Cumulative Benefits Versus Cumulative Costs
for Rankings by Different Techniques and for
DHT Selections at Selected Budgets.
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the first year, and the five-year program represents the projects tentatively
selected for years six through ten. Since Figure 4 shows cumulative benefits
and costs, the circled "5" in the figure represents the cumulative benefits
and cumulative costs for the ten years (the sum of the one, four, and five
year programs).

In selecting projects for the 1, 4, and 5 year portions of the ten-year
plan, DHT considered factors that are not represented in any of the tested
ranking techniques. For example, there are scheduling restrictions that
precluded inclusion of certain projects in the early years of the plan. 1In
this regard, certain highly attractive, beneficial projects were selected but
scheduled in the last five years of the plan to allow the necessary time for
project development. Certain other attractive projects were judged infeas-
ible for environmental or other reasons and were not selected regardless of
the magnitude of the perceived benefits.

The DHT overall selection process included several types of added-
capacity projects which have been excluded from the 1,942 projects that are
ranked in this study. These included some second and third stage projects,
highway 1interchanges, and highway -railroad grade separations. In other
instances, candidate projects were within common limits and mutually exclu-
sive--if one project is selected, the other must be rejected. The testing of
techniques was across the board without taking into account these important
considerations.

It is also important to recognize that for true benefits to occur there
has to be a system concept in project planning. Arbitrary project selection
by highest calculated rankings would very likely result in an overall selec-—
tion that would not include adjacent system projects that are truly necessary
for real benefits to occur. Also, gap projects may provide limited benefits
over the project limits but, if selected, would allow adjacent sections to
operate at a higher level.

All of the nine techniques provide expected benefits considerably above
that provided by random selection. Table 12 presents the specific cumulative
benefit estimates at the budget levels for the one-year, five-year (one-year
plus 4-year programs), and ten-year programs. At a budget level of $0.785
billion, the DHT selection provides over 100 percent more benefits than would
random selection. The HEEM-II and Ranking Formula rankings provide the most

benefits—-—about 21 times the cumulative cost and five times the benefits from

random selection.




Table 12. Cumulative Benefits at Selected
Budget Levels, by Technique.

Ranking Technique

Cunmulative Benefits ($ Billion)
for Cumulative Cost of:

$ 0.785 B $ 3.551 B $ 5.742 B

(One-Year (Five—-Year (Ten-Year

Program) Program) Program)
Texas Sufficiency Rating (S) $ 7.316 B $ 24.610 B $ 36.512 B
Present Cost Index (C) 9.605 31.401 43.967
Future Cost Index (F) 12.220 34.784 48.173
Cost/Vehicle Mile, Present ADT (V) 8.221 24.004 36.361
Cost/Vehicle Mile, Future ADT (M) 8.828 29.410 41.831
Delay Savings Ratio (D) 13.500 41.137 54.750
Texas Priority Formula (P) 12,980 39.034 51.618
Modified HEEM-II (H) 16.780 45.723 59.202
Ranking Formula (R) 16.043 44,300 56.870
DHT Selection¥* 6.516 25.251 37.803
Random Selection (N) 3.293 14.898 24.091

*There are several limitations to the comparison between the nine ranking
techniques and the DHT Selection, as discussed on page 41.
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At the $5.742 billion level, representing the planned budget for added
capacity projects for the next ten years, the different téchniques give
widely varying results. This is illustrated more clearly in Table 13, which
presents the cumulative benefits for the projects ranked by each technique up
to the ten-year budget level. Also shown is the percent improvement over
random selection for each technique. The Texas Sufficiency Rating technique
and the Cost per Vehicle Miles Traveled, Present ADT technique show the least
improvement over random selection--about 51 percent. The Modified HEEM-II
technique shows the largest percent improvement (145.6%), followed by the
Ranking Formula (136.1%Z). The actual DHT selection shows an improvement of
56.8 percent over random selection.

It is not too surprising that the Modified HEEM-II technique gives the
best ranking based on benefits because these benefits are calculated using
the HEEM-II1 estimates of savings in travel time costs, vehicle operating
costs, accident costs, and maintenance costs that are expected from these
added capacity projects. Nevertheless, the magnitude of the improvement that
HEEM-1I provides, if the benefit calculations are correct, is quite impres-
sive, being about $21.4 billion more than the current DHT selection and over
$22 billion above that given by the Sufficiency Rating Technique. It should
be noted that these benefits are calculated in present value terms over a
twenty-year analysis period assuming the projects are built immediately. It
should be emphasized that all references to benefits represent dollar savings

in future benefits as estimated by Modified HEEM-I1 as opposed to savings in

expenditure of tax dollars. Since the projects would be built over about a
ten—-year period, the assumption that they are built immediately has a
tendency to overstate benefits. This would probably be more than offset by
future traffic growth and benefits from the improvements being generated over
a period greater than twenty years. Future research should include more
precise calculations with phasing of the projects over time, allowance for
traffic growth before the improvement is made, and discounting the future
benefits from the time the projects will be completed to the present. As
noted, however, the estimated difference between techniques probably would

increase from the consideration of the budget over time.
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Table 13. Total Benefits and

Percent Improvement Over Random

Selection for Different Techniques for the Ten-Year

Program ($5.742 Billion)

of Added Capacity Projects

Ranking Technique

Texas Sufficiency Rating (S)
Present Cost Index (C)

Future Cost Index (F)

Cost/Vehicle Mile, Present ADT (V)
Cost/Vehicle Mile, Future ADT (M)
Delay Savings Ratio (D)

Texas Priority Formula (P)
Modified HEEM-1I (H)

Ranking Formula (R)

DHT Selection*

Random Selection (N)

Benefits for
10-Year Program | Improvement Over
(Billion $) Random Selection
$ 36.5B 51.5 %
44.0 82.6
48.2 100.0
36.4 51.0
41.8 73.4
54.8 127.4
51.6 114.1
59.2 145.6
56.9 136.1
37.8 56.8
24.1 0.0

*There are several limitations to the
techniques and the DHT Selection, as

comparison between the nine ranking
discussed on page 41.
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Rank Correlation Coefficients

Spearman's rank correlation coefficients were calculated for different
pairs of rankings. The calculation technique used here is similar to that
used in the pilot test discussed in Chapter III, the only difference being
that the full twenty-year set of 1,942 added-capacity projects is used
instead of the 102 projects in the pilot test.

The rank correlation coefficients are presented in Table 1l4. These
values can be tested to determine if the pairs of rankings are positivly cor-
related. A rank correlation coefficient of only 0.053 is needed to reject
the null hypothesis of no correlation or negative correlation at the 0.01
(one percent) level of significance and of only 0.108 at the extreme 0.000001
test level. Since the smallest value in Table 14 is 0.117, we reject the
hypothesis that the pairs of rankings are randomly related or negatively
related and accept the hypothesis that the pairs of rankings are positively
related.

Nevertheless, this statistical test is only of limited value since the
correlation coefficients range from 0.117 to 0.939. To better show the
economic significance of these correlation coefficients, the coefficients for
the ranking using HEEM-II and the other rankings are presented in Table 15.
Also shown in this table are the benefits of each technique as a percent of
the HEEM-II benefits with all benefits calculated at the 10-year budget level
of $5.742 billion. Also included in the table are the benefits for the DHT
selection and the benefits and correlation coefficient for random selection.
The correlation coefficient for the DHT selection cannot be calculated since
this selection does not rank projects from one through 1,942 but simply
groups them into different budget programs. Because the random selection is
defined as being random, its correlation coefficient is presumed to be 0.000.

The values from Table 15 are plotted in Figure 5 which designates each
technique with the letter code shown in Table 15. A linear regression equa-
tion fitted to these points is shown in Figure 5 and runs roughly from point
N for random selection to point H for selection by HEEM-II. This indicates
that the level of the rank correlation coefficient between a technique and
HEEM-II is a fairly good indicator of the percent of benefits the technique's
ranking will give as compared to HEEM-II's ranking. It is concluded that,
even though all of the techniques' rankings are positively correlated from a

statistical viewpoint, they have widely varying economic implicatioms.
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Table 14,

Spearman's Rank Correlation Coefficient Between Pairs of

Ranking Techniques for Rankings of 1,942 Added Capacity Projects,*

COST/VEHICLE MILE

PRESENT FUTURE DELAY | PRIORITY RANK I NG
COST INDEX| COST INDEX | PRES ADT | FUT ADT | SAVINGS | FORMULA | HEEM-11| | FORMULA
TEXAS SUFF ICIENCY
RAT ING 0.662 0.480 0.357 | 0.285 | 0.479 | 0.673 0.467 | 0.583
PRESENT COST INDEX 0.510 0.168 | 0,117 | 0,510 | 0.498 0,459 | 0.530
FUTURE COST INDEX 0.565 | 0.792 | 0.713 | 0.820 0.729 | 0.816
COST/VEHICLE ,
MILE-PRESENT ADT 0.856 | 0,381 | 0,761 0.514 | 0,594
COST/VEHICLE
MILE-FUTURE ADT 0.544 | 0.801 0.635 | 0.711
DELAY SAVINGS RATIO 0.736 0.800 | 0,914
TEXAS PRIORITY
FORMULA 0.806 | 0.916
HEEM-11 0.939

*A{| coefficients are statistically significant at the one percent level,
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Table 15. Benefits as Percent of Modified HEEM-II Benefits
and Rank Correlation Coefficients, of the Listed
Technique with Modified HEEM-II.

Benefits as Rank Correlation
Percent of Coefficient of the
Ranking Technique HEEM-I1I Listed Technique
Benefits* with HEEM-II
Texas Sufficiency Rating (S) 61.7 % .467
Present Cost Index (C) 74.3 .459
Future Cost Index (F) 81.4 .729
Cost/Vehicle Mile, Present ADT (V) 61.5 514
Cost/Vehicle Mile, Future ADT (M) 70.6 .635
Delay Savings Ratio (D) 92.6 .800
Texas Priority Formula (P) 87.2 .806
Modified HEEM-II (H) 100.0 1.000
Ranking Formula (R) 96.1 .939
DHT Selection 63.9 Not Available
Random Selection (N) : 40.7 .000

*Calculated at the 10-Year Budget Level of $5.742 Billion.
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The Texas Sufficiency Rating technique's correlation coefficients from
Table 14 are relatively low with respect to most other techniques, the
highest being with the Texas Priority Formula, which is based partially on
the Sufficiency Rating. The next highest coefficients are those relative to
the Present Cost Index (0.662) and the Ranking Formula (0.583), which is
based partially on the Texas Priority Formula.

The Present Cost Index is most closely correlated with the Sufficiency
Rating (0.662), with most of its other correlation coefficients ranging from
0.459 to 0.530, the exceptions being the two Cost/Vehicle Mile techniques at
0.168 and 0.117.

The Future Cost Index has relatively high correlation coefficients
(0.713 to 0.816) with respect to most techniques, the exceptions being the
Sufficiency Rating (0.480), the Present Cost Index (0.510), and the Cost/
Vehicle Mile, Present ADT (0.565).

The Cost/Vehicle Mile, Present ADT is most highly correlated with the
Cost/Vehicle Mile, Future ADT (0.856) and with the Priority Formula (0.761).

The Cost/Vehicle Mile, Future ADT is highly correlated not only with the
Cost/Vehicle Mile, Present ADT (0.856) but also with the Priority Formula
(0.801), the Future Cost Index (0.792), the Ranking Formula (0.711), and
HEEM-II (0.635).

The Delay Savings Ratio is highly correlated with the Ranking Formula
(0.914), HEEM-II (0.800), the Priority Formula (0.736), and the Future Cost
Index (0.713).

The Texas Priority Formula has very high correlation coefficients
ranging from 0.673 to 0.916 with all techniques except for one, the Present
Cost Index (0.498). Even with the Present Cost Index, however, the Priority
Formula's correlation coefficient is about as high as the other techniques'
correlation coefficients with the Present Cost Index, the lone exception
being the Sufficiency Rating which has a correlation coefficient of 0.662
with respect to the Present Cost Index.

HEEM-II is most highly correlated with the Ranking Formula (0.939) and
also highly correlated with the Priority Formula (0.806), the Delay Savings
Ratio (0.800) and, to a lesser extent, with the Future Cost Index (0.729) and
the Cost/Vehicle Mile, Future ADT (.635).

Being a technique that 1s based on the rankings of three other tech—
niques, the Ranking Formula might be expected to be highly correlated with
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other techniques and such 1is the case. It is highly correlated with the
three techniques on which it is based--HEEM-II (0.939), the Priority Formula
(0.916), and the Delay Savings Ratio (0.914). It is also highly related to
the Future Cost Index (0.816) and the Cost/Vehicle Mile, Future ADT (0.711).
Some characteristics of the rank correlation coefficients for each tech-
nique are summarized in Table 16. The first column shows the low and high
coefficients and the second column shows the average coefficient for each
technique with respect to all other techniques. The Priority Formula and the
Ranking Formula have the highest average coefficients with respect to all
other techniques at 0.751 and 0.750, respectively, followed by the Future
Cost Index (.678), HEEM-II (.669), the Delay Savings Ratio (.635), and the
Cost per Vehicle Mile, Future ADT (.593). Therefore, if the goal is to
choose a consensus technique, the Priority Formula or Ranking Formula prob-

ably is the best choice based on this analysis.

Comparison of DHT Rankings with Rankings from Other
Techniques at Selected Budget Levels

The DHT project selection procedure identifies projects for a One-Year
Program (actually a l4-month list with supplemental projects), a Four-Year
Program (years 2-5), and a Five-Year Program (Years 6-10). These three
programs make up the ten—-year planned construction list. All other projects
in the twenty-year list are referred to here as the remainder. Since
projects are not currently ranked from best to worst for all 1,942 added
capacity projects, it is not possible to calculate Spearman's rank correla-
tion coefficients between the DHT ranking and other rankings. It is possi-
ble, however, to develop a contingency table showing a cross-classification
of the number of projects as ranked by DHT versus other techniques. Table 17
is such a table for DHT rankings and the Modified HEEM~II rankings. For the
ten-year budget, the actual DHT selection included 623 projects with 95
projects in Year One, 258 in Years 2-5, and 270 in Years 6-10. For the same
budget, HEEM-II selected a total of 554 projects with 116 in Year One, 220 in
Yéars 2-5, and 218 in Years 6-10. The first column in Table 17 shows how
DHT's one-year program was ranked by HEEM-II. Of the 95 projects, HEEM-II
places 22 in Year One, 21 in Years 2-5, 18 in Years 6-10, and 34 projects are
in the remainder (i.e., not chosen in the ten-year plan).

Chi-square values can be used to test whether the groupings by DHT and
by HEEM-II are independent or whether they are related. "Expected values”
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Table 16. Characteristics of Rank Correlation

Coefficients, by Technique.

Ranking Technique

Rank Correlation Coefficients

Low - High Average
Texas Sufficiency Rating (S) .285 .673 .498
Present Cost Index (C) 117 - 662 .432
Future Cost Index (F) .480 - ,820 .678
Cost/Vehicle Mile, Present ADT (V) .168 - .856 525
Cost/Vehicle Mile, Future ADT (M) .117 - .856 .593
Delay Savings Ratio (D) .381 - .914 .635
Texas Priority Formula (P) .498 - 916 .751
Modified HEEM-11 (H) .459 - ,939 .669
Ranking Formula (R) .530 - ,939 .750
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Table 17, Cross Tabluation of Actual and Expected Numbers of Projects
Selected at Different Budget Levels by DHT and by Modified HEEM=I1I,

Projects Projects Selected by DHT for Years Covered in Budgets and for Remainder
Selected by
Modified HEEM-1|| One Year Years 2 - 5 Years 6 - 10
Program Program Program Remainder Total
Year One 22 26 17 51 116
(5.7) (15.4) (16,1) (78.8)
Years 2 - 5 21 54 59 - 86 220
(10.8) (29.2) (30.6) (149,.4)
Years 6 - 10 18 44 57 99 218
(10,7) (29.0) (30,3) (148, 1)
Remainder 34 134 137 1,083 1,388
(67.9) (184.4) (193,0) (942,7)
~ Total 95 258 270 1,319 1,942

*The "expected" values are obtained by multiplying the sum for a row by the sum for a colum, divided
by the grand total., For example, the 5,7 in the upper left corner is calculated by multiplying 116
by 95 and dividing by 1,942, These are the values that would be expected if the two ways of ranking
projects were independent of each other,

Note: See Appendix A for other techniques,
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for each cell in the table are calculated by multiplying the column total by
the appropriate row total and dividing by the total number of
projects——1,942. These expected values are the values that would be expected
if the two ways of classifying projects were independent. The expected
values are shown in the table in parentheses. The Chi~square value that is
used for testing whether the two classifications are independent 1is

calculated with the following formula:

2 . (0-E)?
whert i E
x2 = the calculated Chi-square value
O = the actual or observed value in a specific cell in the table
E = the corresponding expected value in a specific cell in the table
I = indicates that a summation is made over all cells in the table

The calculated Chi-square has degrees of freedom (d.f.) equal to (r-1)(c-1)
where r is the number of rows and ¢ is the number of columns. 1In this case,
the degrees of freedom equals (4-1)(4-1) or 9. If the calculated Chi-square
value is greater than a table value for Chi-square, taken at the one percent
signficance level, with 9 degrees of freedom, we conclude that the two clas-
sifications are not independent. In the case shown in Table 17, the calcu-
lated Chi-square is 268.6 and the table Chi-square is 21.7 so we conclude
that the two classifications are not independent. Such Chi-square values
were calculated for project selections by all nine ranking techniques as
compared to the projects selected by DHT. These Chi-square values are shown
in Table 18, which also shows the total number of projects selected in the
ten—-year plan by each technique and the number and percent of these projects
that are also included in the ten-year plan selected by DHT. All of the Chi-
square values are statistically significanf indicating that all of the tech-
niques select projects that are significantly related (statistically) to the
DHT selections. Also, the 1larger Chi-square values are associated with
greater percentages of the techniques' projects being in the DHT selection.
The techniques for which the highest percentages of their choices are also
chosen by DHT are the Present Cost Index (64.0%), the Ranking Formula
(59.1%), the Delay Savings Ratio ( 57.6%), and Modified HEEM-II (57.4%). The




Table 18,

Number of Projects Selected in Ten~Year Program by DI fferent
Techn iques That Are Also Selected in DHT's Ten-Year Program,
and Chi=Square Values for Techniques

Techn ique

n
Number of Projects
Selected in Ten-
Year Program, by
Listed Technique

(2)
Number of Projects
in Column (1) Also
Selected by DHT in
Ten-Year Program

(3)

Column (2)
as Percent
of Cotumn (1)

(4)

Chi-Square Value
for DHT Versus
Listed Technique

$/Veh.Mi., Fut. ADT, M

$/Veh Mi,, Pres. ADT, V

Sufficiency Rating, S

Future Cost Index, F

Priority Formula, P

Delay Savings Ratio, D

Ranking Formula, R

Modified HEEM-I1, H

Present Cost Index, C

634

659

232

544

446

441

445

554

422

241

258

100

254

226

254

269

318

270

38.0%

39,2

43,1

46,7

50,7

57.6

59.1

57.4

64,0

41,4

49,4

62,2

89.2

133.0

207.7

247.7

268,6

320.4
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largest absolute number of DHT projects that are chosen by a technique are
318 projects chosen by Modified HEEM-II, followed by the Present Cost Index
(270 projects), and the Cost per Vehicle Mile Traveled, Present ADT (258
projects). It is concluded that the Chi-square values are a good indicator
of the percent of a technique's projects that are also chosen by DHT. The
absolute number chosen depends partially on the total number chosen by the
technique. Modified HEEM-II has the largest absolute number that match the
DHT selections partially because it chooses a fairly large total number of
projects (554 as compared to DHT's 623) and because a relatively large per-
centage of those chosen by HEEM-II also are selected by DHT (57.4%).

Analysis of Location and Size of Projects
Selected by Deciles of Cost

To further investigate the characteristics of projects being ranked
highest by each technique, the rankings for each technique were divided into
ten groups (deciles) of roughly equal cost. To determine the projects in the
first decile for a specific technique, the procedure used entailed going down
the ranked 1list of projects until the next (marginal) project would make
cumulative cost exceed one~-tenth of the total cost of all projects. The
second decile includes that marginal project plus all other projects down the
list until the next project would exceed two-tenths of the total cost of all
projects, and so forth. There are some small differences between the costs
of each decile because of projects not adding precisely to one-—tenth. Also,
in the case of sufficiency ratings, there are some project ties in the rank-
ing. All of the ties are put in the same decile so there is more irregular-
ity in the decile costs for sufficiency ratings than for the other tech-
niques.

Within each decile, for each ranking technique, several characteristics
are evaluated. The characteristics of all 1,942 added capacity projects are
summarized in Table 19. Less than one—third of all projects are in urban
areas but these projects represent almost 50 percent of all project cost.
The urban/rural fringe area projects represent 20.7 percent of all projects

and only 13.8 percent of all cost. Rural projects represent 48.1 percent of

all projects but only 36.5 percent of all cost.




Table 19.

Characteristics of 1,942 Added Capacity Pfojects
Considered as Possibilities for Future Consturction

Characteristic

Type of Area

Urban Urban/Rural Rural Total
Number of
Projects 605 40?2 935 1,942
Percent of
A1l Projects 31.2% 20,7% 48,1% 100,0%

Cost of
Projects

Percent of
A1l Cost

Average Cost
per Project

$10,542 Million

49.7%

$17.4 Million

$2,934 Million

13.8%

$7.3 Million

$7,752 Million

36.5%

$8.3 Million

$21,228 Million

100.0%

$10.9 Million
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Tables 20 through 22 show the number of projects selected by each tech-
nique by deciles of total cost for, respectively, urban areas, urban/rural
fringe areas, and rural areas. Tables 23 through 25 show the costs of these
projects by decile. Most of the techniques tend to favor urban projects over
rural projects as can be seen by comparing the numbers in each cell with the
overall table average. The Sufficiency Rating tends to select large urban
projects in the top deciles but distributes urban/rual fringe projects more
evenly over deciles. Large urban projects tend to be ranked high because
they have large traffic volumes and thus large sufficiency ratings and the
Sufficiency Rating does not adjust this for large costs. This effect carries
over somewhat into the Priority Formula and from there to the Ranking
Formula. The techniques that tend to give more uniform distribution across
deciles are the Modified HEEM-II and Future Cost Index techniques. The Delay
Savings Ratio, the Priority Formula, Modified HEEM-II, and the Ranking
Formula all tend to favor urban/rural fringe area projects much more than do
the other techniques.

Tables 26 and 27 show total numbers of projects and the corresponding
project costs summed over the first three deciles in Tables 20 through 25.
Tables 28 and 29 show this same information on a percentage basis. These top
three deciles cover a total project cost of about $6.368 billion, or slightly
more than it is anticipated will be available for these types of projects in
the next ten years, so these three deciles cover the projects that are of
most Iinterest in developing a ten—year plan.

The techniques that allocate the highest percent of total cost to urban
projects, in the top three deciles, are the Sufficiency Rating (73.1%), the
Priority Formula (63.9%Z), and the Cost per Vehicle Mile Traveled, Present ADT
(63.8%). Techniques allocating the highest percent of total cost to rural in
the top three deciles are the Future Cost Index (34.2%Z), the Cost per Vehicle
Mile Traveled, Future ADT (29.4%Z), and Modified HEEM-II (28.6%). The last
four techniques listed in Table 29 show a considerably higher percentage for
urban/rural fringe projects than do the first five listed techniques. The
two Cost per Vehicle Mile Traveled techniques give especially low percentages
to the urban/rural category.

The technique that distributes funds most 1like the division for all
1,942 projects, shown as the bottom row in Table 29, is the Future Cost
Index. Modified HEEM-I1 is fairly close to the universe distribution for
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Table 20, Number of Urban Projects Selected by Each Technlique
by Decile of Total Cost

Decile of Total Cost
Techn ique Total
1 2 3 4 5 6 7 8 9 {10

Sufficiency Rating (S) 451 711 55] 434 57 58] 53] 94| 83] 46] 605
Present Cost Index (C) 811 56| 48} 41} 45} 36| 35! 47} 44} 172] 605
Future Cost Index (F) - i1y 79 471 58] 62] 60| 39) 29} 44) 76| 605
Cost/Vehicle Mile, Present ADT (V) ) 159] 96| 80} 62} 61 431 28 171 24}] 35] 605
Cost/Vehicle Mile, Future ADT (M) | 153) 107] 64] 53| 51| 55] 32| 29| 24} 37} 605
Delay Savings Ratio (D) 104| 44] 54| 56) 72| 82| 75| 40| 44| 34) 605
Priority Formula (P) 96| 92| 64} 71 60| 52| 47| 46| 26| 51| 605
Modified HEEM=-1! (H) 93| 60| 58| 56| 65| 66| 60 42| 71| 34| 605
Ranking Formula (R) 97| 69 58| 68| 71| 61| 40| 56| 51| 34} 605
Average 104 75} 59| 56| 60| 57| 45| 44| 46| 58| 60,5
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Table 21, Number of Urban/Rural Fringe Projects Selected by

Each Technique by Decile of Total Cost

Decile of Total Cost

Techn ique Total
1 2 3 4 5 6 7 8 9 J10

Sufficiency Rating (S) 14| 15} 25| 24| 16| 25| 39| 51| 76| 117} 402
Present Cost Index (C) 26| 26| 25| 39| 15| 25{ 29| 34| 52| 131] 402
Future Cost Index (F) 38| 36| 41| 34| 36| 23] 20| 25| 33| 116 402
Cost/Vehicle Mile, Present ADT (V)| 33| 47| 59| 46) 43| 40| 36| 36| 33| 29| 402
Cost/Vehicle Mile, Future ADT (M) 40| 45| 521 41| 46| 41| 312| 33| 31| 42| 402
Deiay Savings Ratio (D) 78| 40| 23| 40| 32} 65| 67| 36| 15 6| 402
Priority Formula (P) 47| 38| 35| 35| 39| 29| 33| 40} 37| 69| 402
Modifled HEEM=11 (H) 73| 49| 39| 37| 31| 44) 35| 28| 47§ 19| 402
Ranking Formula (R) 64| 54| 27| 43} 38| 38| 21) 50| 34| 33| 402
Average 461 39| 36| 38| 33| 37| 35| 37| 40} 62| 40,2




Table 22. Number of Rural Projects Selected by Each Technique
by Decile of Total Cost

Decile of Total Cost

Techn ique Total

Sufficiency Rating (S) 4 9| 29 39} 74| 86| 146| 139 | 193 216} 935
Present Cost Index (C) 51| 84| 60| 63| 60| 80| 100 164} 152 121} 935
-Future Cost Index (F) 82| 771 77| 80| 85| 101] 82| 70| 105} 176 935

Cost/Vehicle Mile, Present ADT (V)| 48] 69 127 91| 134|121 91 59| 77| 118 935

Cost/Vehicle Mile, Future ADT (M) 75| 79| 83| 106 111} 107} 106] 118| 66| 84| 935

Delay Savings Ratio (D) 68| 38| 21| 38| 53| 70§ 200| 177] 138 132 935
Priority Formula (P) 31| 35| 43| 88| 79| 120| 115] 121} 133} 170} 935
Modified HEEM=I1 (H) 57! 73| 90! 81| 107]| 127| 88| 76| 121 ] 115] 935
Ranking Formula (R) 39| 43| 32{ 91} 108 109| 91| 157| 106| 159 935
Average 51| s6| 62 75] 90| 102} 113] 120| 122] 143} 93.5
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Table 23,

Tota! Cost ($ Millions) of Urban Projects Selected by
Each Technique by Decile of Total Cost

Decile of Total Cost

Techn ique Total
! 2 3 4 5 6 7 8 9 10
Sufficiency Rating (S) $1,726| $1,670| $1,258| $1,312| $1,263] $1,345| & 6991 $ 659 8 496 114) $10,542
Present Cost Index (C) 1,440} 1,012} 1,125 1,105| 1,287 962 | 1,222 487 637| 1,263 10,542
Future Cost Index (F) 1,241 1,112 975 864! 1,351 1,065| 1,098 1,289{ 1,035 512| 10,542
Cost/Vehiclie Mile, Present ADT (V) 1,730| 1,449 833 1,263 933 796 729 1,092 858 859 10,542
Cost/Vehicle Mile, Future ADT (M) 1,496 1,330| 1,077 892 833 947 923 868 1,113] 1,061 | 10,542
Delay Savings Ratio (D) 947 943| 1,602 t,246| 1,383} 1,327 675 484 908 | 1,027] 10,542
Priority Formula (P) 1,249 1,338 1t,382| 1,220| 1,228 9681 1,134 792 671 559 | 10,542
Modified HEEM=1| (H) 972 870| 1,083 1,147 841 694 | 1,277) 1,316 1,080| 1,261 10,542
Ranking Formula (R) t,12} 1,078 1,584 8841 1,157 957| 1,263 597 77111 1,138 10,542
Average 1,324 1,200} 1,213| 1,204} 1,142} 1,007| 1,002 842 841 8661 1,054,2
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Table 24,

Total Cost ($ Millions) of Urban/Rural Fringe Projects
Selected by Each Technique by Decile of Total Cost

Decile of Total Cost

Techn ique Total
1 2 3 4 5 6 7 8 9 10

Sufficiency Rating (S) 2571 % 3731% 403§ 425 83 172 342| 8% 315|$ 206) % 358 2,934
Present Cost Index (C) 212 245 558 455 326 227 255 224 177 255 2,934
Future Cost Index (F) 159 276 423 395 374 243 216 242 256 351 2,934
Cost/Vehicle Mile, Present ADT (V) 60 219 299 189 183 298 475 556 343 310 2,934
Cost/Vehicle Mile, Future ADT (M) 93 244 256 294 369 386 289 283 321 395 2,934
Delay Savings Ratio (D) 608 749 270 375 234 285 170 189 44 11 2,934
Priority Formula (P) 538 540 294 284 295 124 182 253 150 275 2,934
Modified HEEM-11 (H) 589 671 338 359 235 208 183 94 210 45 2,934
Ranking Formula (R} 624 651 304 365 225 243 107 172 92 152 2,934
Average 349 | 441 349 349 258 243 247 259 201 239 293.4




€9

Table 25,

Total Cost ($ Millions) of rural Projects Selected
by Each Technique by Decile of Total Cost

Decile of Total Cost
Techn tque Totat
1 2 3 4 5 6 7 8 9 10

Sufficiency Rating (S) 107|$ 108|% 463| % 3781 8% 674 $ 694 $1,085| $1,167| $1,426| $1,650 7,752
Present Cost Index (C) 467 757 540 566 466 728 909| 1,406 1,303 611 7,752
Future Cost Index (F) 21 703 749 748 519 789 846 574 8261 1,277 7,752
Cost/Vehicle Mile, Present ADT (V) 290 497 913 746 999 1,036 837 547 934 953 7,752
Cost/Vehicle Mite, Future ADT (M) 532 550 789 921 923 789 931 967 673 678 7,752
Delay Savings Ratio (D) 547 451 243 460 546 510 1,289| 1,452} 1,168| 1,087 7,752
Priority Formula (P) 330 251 288 733 6311 1,027 829} 1,072} 1,300] 1,291 7,752
Modified HEEM=-!| (H) 517 612 679 6421 1,031) 1,204 707 677 864 819 7,752
Ranking Formula (R) 366 403 242 796 801 924 780| 1,343 9431 1,155 7,752
Average 43 481 545 666 732 856 913} 1,023| 1,049 | 1,058 775.2




Table 26, Numbers of Projects Chosen in First Three Deciles
by Type of Areas, by Technigue

Number of Projects Chosen in Top Three Deciles by

Type of Area, by Technique

Technique

Urban Urban/Rural Rural Total
Sufficiency Rating (S) 17 54 42 - 267
Present Cost Index (C) 185 77 195 457
Future Cost iIndex (F) 237 115 236 588
Cost/Vehicle Mile, Present ADT (V) 335 139 244 718
Cost/Vehicle Mile, Future ADT (M) 324 137 237 698
Delay Savings Ratio (D) 202 141 127 470
Priority Formula (P) 252 120 109 481
Modified HEEM=11 (H) 21 161 220 592
Ranking Formula (R) 224 145 114 483
Average 238 121 169 528
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Table 27, Cost of Projects Chosen In First Three Deciles
by Type of Area by Technique, In Millions of Dol lars

Cost ($ Millions) of Projects Chosen in Top Three

Deciles by Type of Area

Techn ique

Ur ban Urban/Rural Rural Total
Sufficiency Rating (S) $ 4,654 $ 1,033 $ 678 $ 6,365
Present Cost Indgx C) 3,577 1,015 1,764 6,356
Future Cost Index (F) 3,328 858 2,173 6,359
Cost/Vehicle Mile, Present ADT (V) 4,012 578 1,700 6,290
Cost/Vehicie Mile, Future ADT (M) 3,903 593 1,871 6,367
Delay Savings Ratio (D) 3,492 1,627 1,241 6,360
Priority Formuta (P) 3,969 1,372 869 6,210
Modified HEEM=11 (H) 2,925 1,598 1,808 6,331
Ranking Formuia (R) 3,774 1,579 1,011 6,364
Average 3,737 1,139 1,457 6,334




Table 28, Percentage Distribution of Number of Projects
in Top Three Deciies by Type of Area, by Technique

Percentage Distribution of Number of Projects in

Top Three Deciles by Type of Area

Techn ique

Ur ban Urban/Rural Rural Total
Sufficiency Rating (S) 64,0% 20,2% 15,7% 99,9%
Present Cost Index (C) 40,5 16.8 42,7 100,0
Future Cost Index (F) 40,3 19.6 40,1 100.0
Cost/Vehicle Mile, Present ADT (V) 46,7 19.4 34,0 100, 1
Cost/Vehicle Mile, Future ADT (M) 46.4 19.6 34;0 100,0
Delay Savings Ratio (D) 43,0 30.0 27.0 100,0
Priority Formula (P) 52.4 24,9 22,7 100.0
Modified HEEM-I| (H) 35.6 27,2 37.2 100.0
Ranking Formula (R) 46.4 30,0 23.6 100,0
Average 45,1 22,9 32,0 100,0
Average All Deciles 31.2 20,7 48,1 100,0
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Table 29, Percentage Distribution of Cost of Projcts in
in Top Three Deciles by Type of Area, by Technique

Percentage Distribution of Cost of Projcts in Top
Three Deciles by Type of Area
Techn ique

Urban Urban/Rural Rural Total
Sufficiency Rating (S) 73.1% 16.2% 10,7% 100,0%
Present Cost Index (C) 56,3 16.0 27.8 100,1
Future Cost Index (F) 52,3 13,5 34,2 100,0
Cost/Vehicle Mile, Present ADT (V) 63,8 9,2 27.0 100,0
Cost/Vehicle Mile, Future ADT (M) 61,3 9.3 29,4 100,0
Delay Savings Ratio (D) 54,9 25,6 19,5 100.0
Priority Formula (P) 63.9 22,1 14,0 100,0
Modified HEEM=-11 (H) 46,2 25,2 28.6 100.0
Ranking Formula (R) 59.3 24,8 15.9 100,0
Average { 59.0 18.0 23,0 100,0
Average All Deciles 49,7 13,8 36.5 100,0
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urban but tends to favor urban/rural over rural in the top three deciles.
The Present Cost Index also matches the universe quite well with slightly
more emphasis on urban and urban/rural as opposed to rural. The two Cost per
Vehicle Mile Traveled techniques favor urban over the other two categories.
The Delay Savings Ratio, the Priority Formula, and the Ranking Formula all
favor urban/rural and urban over the rural, having the lowest percentage of
rural of all techniques except the Sufficiency Rating.

Three sets of figures in Appendix B show the detailed comparisons by
deciles. Figures Bl through B9 show project costs by type of area for each
decile by technique. Figures BlO through Bl18 show the number of projects
selected in each area for each decile, by technique. Figures Bl19 through B27

show the average cost per project in each area for each decile, by tech-

nique.
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CHAPTER V. SUMMARY AND CONCLUSIONS

This report presents a discussion of selected techniques that can be
used to rank major highway construction projects. Emphasis 1is placed on
techniques that estimate the increase in motorist benefits that can be
obtained for a limited construction budget. Emphasis is placed on techniques
for evaluating projects that provide increases in highway capacity by
increasing the number of lanes and/or by providing medial or marginal access
control. Techniques that can be used for ranking upgrade-to-standards and

new location projects also are discussed.

Advisory Committee Recommendations

A study advisory committee provided recommendations on factors that
should be considered in ranking projects and the relative weights that should
be placed on these factors. In general, it is concluded that the factors
currently included in the Texas Sufficiency Rating schedules are superior to
those typically used elsewhere because they focus on the specific factors
that should be considered and these factors are different for added-capacity
and upgrade-to-standards projects. The major factors that the advisory com-
mittee would like to see added to current sufficiency ratings are factors
dealing explicitly with accident experience, pavement condition or drainage
problems, passing opportunities, and district priority. However, no attempt
has been made in this research to add additional factors to the currently
used sufficiency ratings.

A sensitivity analysis was made of the factor weights in the current
sufficiency rating for added capacity projects as compared to the weights
suggested by committee members for those same factors. It was concluded that
the change in weights would make little difference in project rankings. A
sensitivity analysis also was performed to determine whether changing from
discrete sub-categories to continuous functions would affect rankings
obtained by sufficiency ratings. It was concluded that there would be little
change in the sufficiency rating rankings but there would be a significant
change in rankings derived by the Texas Priority Formula, a technique that is

based on the change in the Texas Sufficiency Ratings.




Comparison of Rankings for Added-Capacity Projects

Nine different techniques are presented as possibilities for ranking
added-capacity projects:

1. Texas Sufficiency Rating

2. Texas Priority Formula (based on change in Sufficiency Rating)

3. Present Cost Index (based on reduction in current congestion)

4. Future Cost Index (based on reduction in future congestion)

5. Cost per Vehicle Mile Traveled, using Present ADT

6. Cost per Vehicle Mile Traveled, using Future ADT

7. Delay Savings Ratio (based on reduction in delay)

8. Modified HEEM-II (based on ratio of benefits to costs)

9. Ranking Formula (based on weighted average of rankings given

by Nos. 2, 7, and 8 in 1list)

Each of these techniques was used to rank 1,942 major added-capacity
projects with an expected cost of $21.1 billion. These projects include most
of the major added-capacity improvements that are currently expected to be
needed in the next twenty years. The list does not include interchanges,
rail/highway grade separations, and some second stage projects, mostly in
major urban areas, if the first stage is already included in the list.

The rankings were compared in several ways. First, the motorist bene-
fits obtained from the rankings, as estimated by the modified HEEM-II pro-
gram, were compared at selected budget levels, including the level expected
to be available for the next ten years representing initial project costs of
$5.742 billion. At this budget level, the two techniques that showed the
least improvement over random selection were the Cost per Vehicle Mile
Traveled, using Present Average Daily Traffic and the Texas Sufficiency
Rating, providing 51 percent and 51.5 prcent more benefits fhan would random
selection. The current department selection for this budget level, which is
partially based on these two techniques, was better than either of these
techniques with estimated benefits that are 56.8 percent greater than random
selection. The best techniques gave considerably more benefits than the
current department selection, but it again should be emphasized, as discussed
on page 41, that the department selection process had constraints and

considered objectives that were not considered when ranking wusing the
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nine techniques. For example, the department considered scheduling restric-
tions and omitted some projects for environmental or other reasons. In addi-
tion, the department used a system concept in project planning, as discussed
on page 41.

The modified HEEM-II program provides estimated benefits that are 145.6
percent greater than those provided by random selection at a budget level of
$5.742 billion, representing an improvement of $22.7 billion over the Texas
Sufficiency Rating technique. This is followed by the Ranking Formula (136.1
percent improvement over random selection), the Delay Savings Ratio (127.4
percent), the Texas Priority Formula (114.1 percent), and the Future Cost
Index (100.0 percent). This comparison indicates that a substantial increase
in benefits may be possible through use of improved ranking techniques if the
estimation of benefits is reasonably correct. It should be emphasized that
all references to benefits represent dollar savings in future benefits as
estimated by Modified HEEM-I1I, as opposed to savings in expenditure of tax
dollars.

Rankings given by the different techniques also were compared using rank
correlation coefficients. A rank correlation coefficient ranges from -1.0
for an exactly inverse relationship between the rankings of two techniques to
+1.0 for a perfect match between two rankings. A rank correlation
coefficient of 0.0 indicates the two rankings are totally unrelated. All of
the pairs of rankings for the nine techniques were positively related and the
relationship was statistically significant. The two techniques that showed
the highest correlation with all of the other techniques were the Texas
Priority Formula and the Ranking Formula indicating that these are good
"consensus” techniques. Other techniques that tend to have high average rank
correlation coefficients are the Future Cost Index, Modified HEEM-II, and the
Delay Savings Ratio.

Rankings were further compared by 4&dnalyzing the types of projects
(rural, rural/urban, and urban) and the average cost of projects by decile of
cost. This analysis indicates that the Texas Sufficiency Rating technique
tends to select large urban projects more than do the other techniques. This
selection bias toward large urban projects results from the high sufficiency
rating on facilities with large traffic volumes and high levels of conges-

tion. The Sufficiency Rating, however, does not indicate how much this
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congestion can be reduced per dollar of cost. The techniques that tend to
give a more uniform distribution of project costs to each type of area are
the Future Cost Index and Modified HEEM-II. The Future Cost Index's projects
chosen in the top three deciles divide funds among urban, urban/ rural
fringe, and rural areas more like the universe of all 1,942 project than does
any other technique. Next most similar to the universe distribution is the
Modified HEEM-II ranking. The Modified HEEM-II distribution of costs among
area types is fairly close to the universe distribution for urban but tends
to slightly favor urban/rural fringe projects over rural in the top three
deciles.

The rankings by each technique also were compared to the latest DHT
selections in their ten year plan for these same 1,942 added capacity
projects. DHT personnel selected 623 projects in their ten-year plan. The
Modified HEEM-II technique selected 554 projects in the ten—year plan, 318 of
which were also selected in the DHT plan, which is higher than that for any
other technique. The next highest number of DHT projects were selected by
the Present Cost Index (270 projects) and the Ranking Formula (269 projects).

Three other criteria that are important in selecting a ranking technique
are operational efficiency, ease of understanding the techmnique, and suscep-
tibility of the technique to errors because of inaccurate input data. All of
the techniques are operationally efficient and use the same general data base
at this time. The techniques that use forecasted ADT probably are more sus-
ceptible to errors in input data than are the other techniques, so a consid-
erable effort should be made to develop good traffic forecasts, if one of
these techniques is used. Also, it may be desirable to perform a sensitivity
analysis of ADT forecasts.

Ease of understanding is a very desirable characteristic for a ranking
technique. Probably the most easily understandable techniques are the Suffi-
ciency Rating, benefit-cost ratios (Modified HEEM-II and Delay Savings), and

the cost per vehicle miles traveled techniques.

Status of Ranking Techniques for Other Types of Projects

A preliminary analysis was made of the status of different evaluation
techniques that are available or could be made available with little change

in existing computer programs for upgrade~to-standards and new location
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projects. The status of these techniques is summarized in Tables 30, 31, and
32. Most of these techniques can be used with only minor changes in existing
computer programs, but additional data are needed, especially for the pro-
posed improvements.

The only types of new location projects that would be difficult to eval-
uate with existing techniques are new loop highways where there are several
major intersecting highways and other new circumferential routes where there
is no well defined travel corridor. For these highway types, a network
travel demand analysis, together with benefit-cost anlaysis, appears to be a

promising approach.

Conclusions and Recommendations

The Modified HEEM-II technique rated as one of the better techniques by
all the criteria used to compare techniques. HEEM-II's ranking is estimated
to provide the most benefits of any technique. At the ten-year budget level
of $5.742 billion, the Modified HEEM-II technique is expected to provide over
$22 billion more benefits than the Sufficiency Rating technique or the Cost
per Vehicle Mile, Present ADT, and more than $21 billion more than the latest
DHT selection. It is not very surprising that Modified HEEM-II did better
than the other techniques since benefits were calculated using the Modified
HEEM-11 program. Nevertheless, the magnitude of the difference in benefits
between techniques is substantial and, at a minimum, is deserving of further
study. If the benefit measurement is at least roughly correct, then a
substantial increase in total benefits will result from using Modified
HEEM-II.

The Modified HEEM-II program also rated high in being a fairly good
consensus technique as did the Future Cost Index. On this basis, however,
the best techniques were the Texas Priority Formula and the Texas Ranking
Formula, both of which might be expected to be highly correlated with other
techniques since they are partially based on other techniques.

Based on matching current DHT selections, Modified HEEM-II rated first,
choosing 318 projects out of 623 projects in the ten-year plan. The Future
Cost Index and Modified HEEM-II both distributed projects among urban, urban-
rural, and rural areas more like the universe of all projects than did other

techniques.
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Table 30. Status of Different Evaluation Techniques. for
Upgrade-to-Standards Projects.

Evaluation
Technique Status
Sufficiency Rating Currently operational
Priority Formula Formula available, additional data
needed for proposed improvements
HEEM-11 Minor modifications needed in program
but data collection would be required
Cost per Vehicle-Mile Currently operational, but not very
Traveled, Current or good for this type of project
Future ADT
Ranking Formula Easy to define and use, if other

techniques are operational
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Table 31.

Status of Different Evaluation Techniques for

Bypass Projects with One Major Route Through City

Evaluation
Technique

Status

Sufficiency Rating

Priority Formula

Delay Savings Ratio

HEEM-I1

Ranking Formula

New schedule could be developed, based
on Advisory Committee recommendations,
for existing route, but limitations to
usefulness

Proposed formula presented in this
report but needs testing in pilot
study

Current program can be used but need
additional data

Current program needs minor modifica-
tions and need additional data

Easy to define and use, if other
techniques are operational
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Table 32. Status of Evaluation Techniques for
Other New Location Projects. B

Type Project and
Evaluation Technique

Status of Evaluation Technique

Major Radial Highways in
Urban Corridors

a. Delay Savings Ratio

b. HEEM-I]

Major New Rural Highways in
Defined Travel Corridor

a. Delay Savings Ratio

b. HEEM-II

New Circumferential Routes in

Urban Areas, No Well Defined
Travel Corridor

Program operational, but additional
data needed

Program operational, but additional
data needed

Program operational, but additional
data needed

Program operational, but additional
data needed.

Need network analysis supplemented
by special benefit-cost study
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Next to Modified HEEM-II, the Ranking Formula probably is the best
technique, based on the comparisons made in this study. Consideration might
also be given to variations of this Ranking Formula technique. Possibilities
that might be considered include adding the Future Cost Index to make the
Ranking Formula depend on four techniques 1instead of three. Another
possibility would be to substitute the Future Cost Index for the Delay
Savings Ratio in the Ranking Formula, since the Future Cost Index
consistently ranked as one of the better techniques.

For projects other than added-capacity projects, several ranking tech-
niques are presented but no comparisons of rankings are made because addi-
tional data are needed. It is recommended that such data be compiled and

that these ranking techniques be compared as was done for added-capacity

projects.
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APPENDIX A

Tables Comparing DHT Selections With Those By Different Techniques

(Refer to Chapter IV for discussion)

Table No. Technique
Al Sufficiency Rating
A2 Present Cost Index
A3 Future Cost Index
Ad Cost/Vehicle Mile, Present ADT
A5 Cost/Vehicle Mile, Future ADT
A6 Priority Formula
A7 Delay Savings Ratio
A8 Ranking Formula

(17, Chapter 1IV) Modified HEEM-II




Table A1, Cross Tabuiation of Actual and Expected Numbers

of Projects Selected at Different Budget Levels by DHT
and by Sufficiency Rating Technique

Projects Selected Projects Selected by DHT for Years Covered in Budgets and for Remainder
Selected by
Sufficiency One Year Years 2 -~ 5 Years 6 - 10
Rating Program Program Program Remainder Total
Year One 4 4 2 15 25
(1.2) (3.5) (3.5) 17.0)
Years 2 - 5 9 27 4 51 91
(4,5) (12, 1) (12,7 (61.8)
Years 6 - 10 15 20 15 66 116
(5.7) (15,4) (16.1) (78.8)
Remainder 67 207 249 1,187 1,710
(83.7) (227,.2) (237.7) (1,164.4)
Total 95 258 270 1,319 1,942
X2 = 63.19
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Table A2, Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Present Cost Index Technigue

Projects Selected Projects Selected by DHT for Years Covered in Budgets and for Remainder
Selected by
Present Cost One Year Years 2 - 5 Years 6 - 10

index Program Program Program Rema inder Total

Year One 3 10 9 45 67
(3.3) (8,9} (9.3) (45.5)

Years 2 - 5 21 76 41 63 201
(9.8) (26,7) (28,0 (136,5)

Years 6 - 10 21 40 49 . 44 154
(7.5) (20.5) (21,4) (104.6)

Remainder 50 132 171 1,167 1,520
(74.4) (201,9) (211.3) (1,032,4)

Total 95 258 270 1,319 1,942

X% = 320.39




Table A3, Cross Tabuiation of Actual and Expected Numbers
of Projects Selected at Different Budget Leveis by DHT
and by Future Cost Index Technique

Projects Selected Projects Selected by DHT for Years Covered in Budaets and for Remainder
Selected by
Future Cost One Year Years 2 - 5 Years 6 - 10
Index Program Program Program Remainder Total
Year One 10 15 12 64 101
(4,9) (13.4) (14,0) (68.6)
Years 2 - 5 17 52 46 136 251
(12,3) (33,4) (34,9) (170.5)
Years 6 - 10 16 41 45 ) 90 192
(9.4) (25,5) (26.7) (130.4)
Remainder 52 150 167 1,029 1,398
(68,4) (185.7) (194,4) (949,5)
Total 95 258 270 1,319 1,942
X2 = 89.17
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Tabie A4,

Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Cost per Vehicle Mile Traveled, Present ADT

Projects Selected
Selected by Cost/

Projects Selected by DHT for Years Covered in Budgets and for Remainder

Vehicle Mile, One Year Years 2 - 5 Years 6 - 10
Present ADT Program Program Program Remainder Total
Year One 1 9 14 82 106
(5.2) (14,.1) (14.7) (72,0)
Years 2 - 5 16 43 38 166 263
(12.9) (34,9) (36.6) (178,6)
Years 6 - 10 21 60 56 153 290
(14,2) (38.5) (40,3) (197.0)
Remainder 57 146 162 918 1,283
1,942




Table A5, Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Cost per Vehicle Miie Traveled, Future ADT

Projects Selected Projects Selected by DHT for Years Covered in Budgets and for Remainder
Seiected by Cost/
Vehicle Mile, One Year Years 2 -~ 5 Years 6 - 10
Future ADT Program Program Program Remainder Total
Year One 4 11 12 90 17
(5.7) (15.5) (16.3) (79.5)
Years 2 - 5 19 41 44 185 289
(14, 1) (38.4) (40.2) (196.3)
Years 6 - 10 15 51 44 118 228
(11.2) (30,3) (31.7) (154,9)
Remainder 57 155 170 926 1,308
(64,0) (173,8) (181,9) (888.4)
Total 95 258 270 1,319 1,942
X2 = 41.41
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Table A6, Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Priority Formula

Projects Selected
Selected by

Projects Selected by DHT for Years Covered in Budgets and for Remainder

Priority Formula One Year Years 2 - 5 Years 6 - 10
Program Program Program Remainder Total
Year One 10 14 7 - 45 76
(3.7) (10. 1) (10.6) (51,6)
Years 2 - 5 25 45 39 103 212
(10.4) (28.2) (29.5) (144,0)
Years 6 - 10 ia! 47 28 72 158
(7.7) (21.0) (22,0) (107.3)
Remainder 49 152 196 1,099 1,496
(73.2) (198.8) (208,0) (1,016, 1)
Total 95 258 270 1,319 1,942




Table A7, Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Delay Savings Ratio

Projects Selected Projects Selected by DHT for Years Covered in Budgets and for Remainder
Selected by
Delay Savings One Year Years 2 = 5 Years 6 ~ 10
Ratio Program Program Program Rema inder Total
Year One 24 38 23 - 57 142
(7.0) (18,9) (19.7) (96,.5)
Years 2 - 5§ 16 47 36 83 182
(8.9) (24,2) (25,3) (123,6)
Years 6 - 10 9 27 34 47 117
(5.7) (15,5) (16,3) (79.5)
Remainder 46 146 177 1,132 1,501
(73.4) (199.4) (208,7) (1,019,5)
Total 95 258 270 1,319 1,942
X2 = 207.70
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Table A8, Cross Tabulation of Actual and Expected Numbers
of Projects Selected at Different Budget Levels by DHT
and by Ranking Formula

Projects Selected Projects Selected by DHT for Years Covered in Budgets and for Remainder
Selected by
Ranking Formula One Year Years 2 - 5 Years 6 - 10
Program Program Program Remainder Total
Year One 19 23 11 47 100
(4,9) (13.3) (13,9) (67.9)
Years 2 - 5 23 60 46 79 208
(10.2) (27.6) (28,9) (141,3)
Years 6 - 10 11 32 44 60 147
(7.2) (19.5) (20.4) (99.8)
Remainder 42 143 169 1,133 1,487
(72.7) (197.6) (206.7) (1,016,.8)
Total 95 258 270 1,319 1,942
X2 = 247,74
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APPENDIX B

Figures Showing Project Cost, Numbers of Projects, and Average Cost
Per Project by Deciles of Total Cost, for Each Technique
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and Rural Areas by Deciles of Total Project Costs for Rank
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Figure B18.

Cost for Rankings by the Ranking Formula (R).
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and Rural Areas, by Deciles of Total Project Cost
for Rankings by the Present Cost Index (C).

Figure B20. Average Cost Per Project for Urban, Urban/Rural,
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for Rankings by the Future Cost Index (F).
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Figure B21. Average Cost Per Project for Urban, Urban/Rural,
and Rural Areas, by Deciles of Total Project Cost
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Present ADT (V).

and Rural Areas, by Deciles of Total Project Cost
for Rankings by Cost Per Vehicle Mile Traveled,

Figure B22. Average Cost Per Project for Urban, Urban/Rural,
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Average Cost Per Project for Urban, Urban/Rural,
and Rural Areas, by Deciles of Total Project Cost for

Rankings by the Cost Per Vehilce Mile Traveled, Future
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Average Cost Per Project for Urban, Urban/Rural,

and Rural Areas, by Deciles of Total Project Cost

Figure B24.

for Rankings by the Delay Savings Ratio (D).
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Average Cost Per Project for Urban, Urban/Rural,

and Rural Argas, by Deciles of Total Project Cost
for Rankings by the Priority Formula (P).

Figure B25.
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Average Cost Per Project for Urban, Urban/Rural,

and Rural Areas, by Deciles of Total Project Cost
for Rankings by Modified HEEM-II (H).

Figure B26.
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Average Cost Per Project for Urban, Urban/Rural,

and Rural Areas, by Deciles of Total Project Cost

Figure B27.

for Rankings by the Ranking Formula (R).
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