A Comparative Description of a Capacity-
Restrained Traffic Assignment
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®* THIS PAPER specifically presents a step-by-step case history of a "capacity-re-
strained traffic assighment' and compares it to three other kinds of assignment that
are in use today. It has also the more general purpose of starting to move the capacity-
restraint method out of the research institutes and into the State highway departments
and local planning offices where it will do the most good. Traffic assignment in gen-
eral is the technique used to determine in advance how well a proposed highway system
will work. Its components are (a) a table giving traffic volumes between traffic analy-
sis zones in some future year, (b) a highway network proposed for the same year, and
(c) a program for routing all the interzonal trips through the network and totaling the
volume "assigned' to each link. Testing alternate proposed systems in this way, it is
possible to produce one that will function without undue traffic congestion.

Doing away with traffic congestion requires a number of steps in addition to traffic
assignment, including steps in the planning and design areas, as well as all those in
the areas of finance, construction, maintenance, and operation. However, without re-
liable traffic assignments it is not possible to pursue any transportation plan with con-
fidence that it will succeed.

Before the introduction of traffic assignment, highway planning tended to proceed on
the basis of estimates of percentage increases in the loads to be carried by individual
existing roads. This approach has been made rather obsolete by changes such as
the growing recognition of individual highways as parts of highly interdependent sys-
tems, and by the large-scale additions of new facilities to existing systems—particu-
larly freeways. The start of highway-system planning, at least within urban areas,
might be dated from the introduction of the origin and destination (O-D) survey. This
kind of research produces "trip tables" which indicate the interzonal trips people make
independent of the routes they select. Once there is a trip table, there can be traffic
assignment.

A typical situation today might include a town which has had an O-D survey and has
projected its trip table to 1980. On the basis of the projection it is concluded that two
or more freeways will be needed, and a total highway system is proposed for construc-
tion by 1980. At this point at least three important questions can be raised: (a) Does
the proposed network provide sufficient highway capacity where it is needed, so as to
minimize congestion? (b) Does it provide no more than the minimum amount of nec-
essary highway capacity to be paid for from the public purse? (c) How is the network
to be degigned in terms of lancs and turning movements? These are questions that can
be answered by traffic assignments.

This hypothetical town can consider four different types of assignment. It can trace
a path through the network by hand for each interzonal connection, and assign the ap-
propriate volumes to each link for each path. This ""hand-trace assignment" could take
a great deal of time, however, and if an electronic computer is available, its use is
likely to be considered.

The major planning problem is posed by new facilities—especially freeways--and
for some years when computers were new to this field, their contribution was limited
to assigning parts of interzonal volumes to freeways alone. The computer "freeway
assignment' was a giant stride forward, especially in large cities where hand tracing
was almost prohibitively time consuming, but it left unanswered the important questions
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about the adjustment of the other parts of the network to the new facilities,

Only in recent years has it become possible to program a computer to trace paths
through an entire major street system. The products of the simplest of such programs
are called "desire assignments' because every interzonal volume is assigned to the
best path that could be desired, regardless of the capacities of the streets. Such an
assignment was made in Detroit for 1958, and it was found that more than 300, 000
vehicles desired to use some individual links of the freeway network. This was an in-
teresting statistic, but not very useful for planning purposes because it was not con-
sidered practical to try to provide that much capacity in a single facility.

The development of "capacity-restrained assignment" is a very recent achievement
but its advantages are so obvious that future assignments may be expected to be of this
type just as quickly as computers with their programs, and the necessary know-how,
can become available to highway planners. Once capacity-restrained assignment is in
general use, that hypothetical town is not likely to choose hand-trace, freeway, or de-
sire assignments. Instead, there is likely to be general agreement on the following
six capacity-restrained assignment steps as constituting good highway system planning
from the assignment point of view (1). For the most part these steps are applicable
and desirable regardless of the particular assignment technique adopted.

First, present-day volumes are assigned to the present-day street network, and
the results compared to traffic counts. This serves to validate the trip table and the
O-D survey sample from which it is derived.

Second, at least two alternative future land-use plans are developed, perhaps one
assuming a continuation of present trends and the other assuming some reasonable
planned improvements. Each land use plan will produce a different future trip table,
and both of them are assigned to the present major-street network to provide a start-
ing point for the planning of future networks.

Third, the future-trip table based on the first land use plan is assigned to several
alternative proposed future networks until a good one can be demonstrated.

Fourth, alternative networks are tested with the trip table based on the second land
use plan until a final proposed network can be selected.

Fifth, morning and afternoon peak-hour volumes are assigned to the selected net-
work as an aid to its geometric design.

Finally, five-year step forecasts between the present year and the future planning
year are assigned as an aid to the determination of priorities for construction. Also,
five years pass fairly quickly and these five-year interval assignments allow a periodic
checking of forecasts against the actual situation.

These six steps call for 15 or 20 traffic assignments, which means considerable
work and cost. The time and money for such research and planning are not a large
part of the total costs of well-planned highway construction, however, and are actually

. small when compared to the high costs of poorly-planned construction with its possible
waste and continuing traffic congestion. This report is intended to illustrate how use-
ful a capacity-restrained assignment can be to good highway planning, as well as to
demonstrate how it works.

ASSIGNMENT BACKGROUND
The Program

The essence of capacity-restraint assignment is a program for an electronic com-
puter. Computers have proved themselves capable of performing extremely intricate
tasks with great speed and accuracy, and it is some times overlooked that they can do
absolutely nothing except what they are instructed to do. A set of computer instructions
is a "program," and the development of a program for the performance of something
as intricate as traffic assignment is a long, difficult, and costly job.

The one whose workings are described in this paper was developed by the Detroit
Area Traffic Study and the Computing Center at Wayne State University. The original
objective was to program a high-speed computer to assign traffic to the major streets
of Detroit, but two interim objectives have developed. One is to prepare the IBM 650
to assign traffic to a 240-intersection network, which is probably large enough to handle
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TABLE 1
TYPICAL SPEEDS AND CAPACITIES2 ON FOUR-LANE HIGHWAYS

Speed (mph) Capacity (thousands)
Area Arterial Arterial
Freeway Freeway
Standard Major Standard Major
CBD 10 20 45 22 27 78
City 15 25 50 16 19 56
Suburbs 20 30 55 12 15 42

a21+—hr average weekday; practical, not ultimate.

all Michigan cities except Detroit. The other is to specify every step of the capacity-
restrained assignment procedure in an operating manual that will allow the Michigan
State Highway Department to perform such assignments on a routine basis.

At its present stage of development, this method includes the following steps. First,
every link in the network to be tested is classified as to its type, the area in which it is
located, and its pavement width. A distinction is made between three types: freeways,
major arterials (such as divided highways), and standard arterials; and three areas:
the central business district (CBD), the rest of the city, and the suburbs.

Next, a capacity can be given every link by looking it up in a table on the basis of its
type, area, width, and kind of intersecting streets (2). A typical speed can be given
each link on the basis of its type and area. Table 1 gives typical speeds and typical
capacities for four-lane streets. These generalized measures should be replaced by
more exact measures when they are available.

Then, the length of each link is measured by the computer on the basis of a coordi-
nate-coding of each intersection. From its length and speed, the computer determines
a travel time for each link, and this time is the ''value" (V) of each link which the com-
puter uses to determine paths through the network. With this information and a trip
table, the actual assignment can begin.

The assignment proceeds in a series of '"passes' over the network. On each pass
the computer determines the shortest time path between every pair of intersections
which has been identified as the origin and destination of a trip. On the first pass,
travel times are determined on the basis of typical speeds and all volumes are assigned
to their quickest paths, thus providing a "desire assignment." At the end of the first
pass, the computer determines the ratio (R) between assigned volume and capacity for
every link, and this quantity is used to compute a new travel time on each link accord-
ing to the conditions of congestion pictured by the desire assignment. Where R is high,
speed is reduced below typical speeds and travel time is increased; where R is low,
speed is increased above typical speeds and travel time is reduced.

The formula according to which these increases and decreases are determined is
the keystone of the capacity-restrained program.

vy =i~ Uy (1)
in which
Vi = travel time on a link for a given pass;
e = 2.71828;

R; = ratio of averaged assigned volumes (from all preceding passes) to capacity; and
Vo = original (typical) travel time on link.

The formula was derived both by mathematical logic and by trial-and-error experimen-
tation (3).
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For the second pass these travel times reflecting congestion on original best paths
are used in the computation of a second set of paths between every pair of origin-des-
tination intersections. Each interzonal volume is then divided evenly between the two
paths that have been traced for that trip, and the averaged volumes are used to com-
pute new values of R and another set of travel times. For the third pass the same pro-
cedure is followed, and such passes can be repeated, dividing interzonal volumes over
more and more paths, until capacity-adjusted speeds, on the average, come to approx-
imate typical speeds. The two measures of speed will converge as assigned volumes
converge on capacities. This particular type of "'convergence' will happen quickly
when the network provides sufficient capacity exactly in the places where it is needed,
and will never happen completely if the network does not contain sufficient capacity for
the volumes assigned to it.

This approach was tested by using it to assign a 1950 trip table to the 1950 arterial
streets of Flint, Mich., and comparing the assigned volumes to traffic counts (ﬁ). It
also has been the approach followed in the assignment to a proposed 1980 network for
Flint.

Volumes and Network

The network proposed in Flint for 1980 was selected not because it was suspected
of being poor and in need of testing, but because it was known to be the well-planned
product of lengthy research by the City of Flint, by the city-planning firm of Ladislas
Segoe and Associates, and by the State Highway Department. Douglas Carroll helped
conduct one of the early O-D surveys in Flint in 1950, and further research in 1960
had forecasted its trip table to 1980 (5). Being able to rely on network and volumes
was a great help in this continued experimentation with the assignment program: it was
expected to be a '"'good" network, as defined later.

A part of the network shown in Figure 1 is the major street system of Flint in 1950.
When a "desire assignment" of 1980 traffic volumes was made to this network, about
two-thirds of its links were loaded beyond their capacity. Because these overloaded
links tended to be the high-capacity ones, it is obvious that no amount of capacity re-
straint and the tracing of alternate paths could bring about 'convergence' with capacity
for these volumes on this network. In fact, the volumes were so far beyond the capa-
city of the system that one-third of the links were loaded to more than twice their capa-
city, and one out of every ten links was assigned a volume more than five times its
capacity.

Figure 1 also shows the additional facilities proposed for 1980 Flint, and Figure 2
shows the types of facilities proposed. The major addition is a system of three free-
ways: an east-west one running just south of the CBD, a north-south one along the west-
ern edge of the metropolitan area, and a branch of the north-south one passing through
the city just to the east of the CBD and rejoining the other at the northwestern edge
(top of map). The freeways along two sides of the CBD carry only "through' traffic,
as all turning movements to and from the CBD are carried by service drives connecting
with the freeways only at the outer corners of the downtown section.

Flint is astride a major north-south route through Michigan, and traditionally its
two major arterials have been Dort Highway which runs north-to-south on the eastern
edge of the city, and Saginaw Avenue which is shown in Figure 2 as branching off from
Dort on the south to run through the CBD, and rejoining Dort on the north. Other major
arterials reach into the four quarters of the area, except to the far northwest, and are
joined together by a grid of standard arterial streets.

The detailed design of this network is not complete, but tentative widths were ob-
tained for every part of it. All the freeways sections were treated as if they were of
four-lane width, and many of the existing arterials streets were treated as if they had
been considerably widened from their width as of today. This, then is the network ex-
pected to be a '"good" one, and in general it was not disappointing. Of course, to a
large extent, its satisfactory nature was a function of the way in which "good" was de-
fined.
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Figure 1. 1950 and 1980 netw
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A "Good" Network

A good highway system is one that provides sufficient capacity where it is needed to
avoid undue congestion, without providing unneeded capacity. The idea of "sufficient
capacity' has a relatively clear meaning, but the idea of capacity "where it is needed"
is a little harder to define in practice. In American cities it is common for major
corridors of vehicular movement to contain more vehicles than can be carried on a
single facility, so that it is unavoidable that some vehicles will travel on paths through
street systems that are different from the paths composed of the most direct facilities
between their origins and destinations. On the other hand, it seems unlikely that more
than two or three parallel facilities would be required for any such corridor in order
to avoid forcing any trip to take an extremely indirect path. One exception to this is
that the unusually long trip through a modern city should use a freeway, so long as the
cost of the possible indirectness of the freeway path is offset by a savings in travel
time.

These general considerations about what constitutes a good highway system can be
stated in the form of a four-part operational definition of '"good" in terms of the char-
acteristics of a capacity-restrained traffic assignment. A good highway system allows
the following:

1. "Convergence'" of assigned volumes and capacity in three or four assignment
passes, because two or three paths as alternatives to the ""best' path should handle
practically all trip volumes.

2. Total vehicle-miles of driving through the system which are not greatly in ex-
cess of the mileage required for all trips to take their ""best" paths, otherwise capacity
has not been provided where it is needed.

3. Total vehicle-hours of driving through the system which are not greatly in ex-
cess of the hours required for all trips to take their '"best' paths at typical speeds,
which is the same as saying that congestion-adjusted speeds should converge to be ap-
proximately the same as typical speeds in three or four assignment passes.

4, TFreeways should tend to carry the longer rather than the shorter trips, because
the costs of freeways are only justified by the benefits of removing "through' traffic
from standard arterial streets.

The indefinite quality of phrases like ''not greatly in excess of' is not the handicap
it appears to be. The usual purpose of traffic assignment is to compare alternate net-
works, although that is not the case for the Flint assignment discussed here. When
alternate networks are tested, "excess' vehicle-miles or vehicle-hours can be simply
defined as the additional miles or hours required to travel through one network as com-
pared to another. Each of these general principles can be illustrated in terms of the
actual workings of the Flint assignment.

THE ASSIGNMENT
Convergence

Figure 3 shows the assigned volume on each link of the Flint 1980 network, expressed
as a percentage of the capacity of that link. This is a picture of the situation at the con-
clusion of the first pass or "'desire" assignment. At this point, all volumes have been
assigned to the path between their particular origin and destination which can be tra-
veled in the shortest amount of time at typical speeds. This kind of path is said to be
the "best'" path. The lightest links on this map were included in no best paths and
therefore have zero volumes.

In connection with the next darker class of links, it should be noted that no traffic
assignment assigns to a network every vehicular trip reported during an O-D survey.
Those trips having both their origin and destination within a single traffic analysis zone
cannot be assigned. Such intrazonal trips have to be considered 'local traffic'" and be
kept off the arterial street system. This is not entirely realistic because local trips
can make up a large proportion of the traffic on major streets in the CBD, and perhaps
20 percent of the traffic on other arterial streets in the city. The next darker links in



19

= NIRRT

i = @

st

AL LB

R IETIPRALALA LRV

T

(HETATHATHLS

B LT e (R

lI|I1|IIHIIIIIMIII|HIIIHIIIIIIIIIHIIIIII!EIII!WHE

E E £

“, : g

= s

B £

=m|nl-lum et mlllﬂ'lllllIlllllullllmlllmm%llllllmﬂulllnlg i

£ £ - g
& = =

= = B =3

E H = B
g

i e 3

3 LT =

§
=
£
=
=
£
s
s

CCCLLCLLL T LT T

\\\\\\\\\\\\\\\\ ﬂlllllllmmm%mmnm

HlllllHllllll!ﬂllllgllllllll“lllllll

AMEEI

i

=

QAT

]

Z
i
4T O

TS

£
H
E
g
'
g

{1 o CUTTUTTTTTR N LU UL 2 mumnumnummﬁlum

.

=
=
=
=

=
E
LS TR RS A

i Iltllgllllllllllllﬁll LT IR

11 A OB O TR A

HERHEA I

s

g
=
£

LG T T LT LR R

ASSIGNED VOLUMES AS PERCENTAGES OF CAPACITY
0% 1-74% v 75-124% wesmnn  125-199% - 200% ot More e

Figure 3. Volumes as percent of capaéity, first pass.



Do
(==}

gy

=TT TN, TR UL LEE LR I

1000 AR 00 RLE ISR Ao

g
:

il IHJIII]IJIIII‘IIIIIH!IImlIIIIII'I!IIIIIIIIIIIIIIIIIIIIll]llllllﬂl-lllll
£ g
: : ' T
= SRR MIA TN A AT
ur e
- E % | §
(T s
) =
: -
g % g
: g £
||mmmm|l I %w%

5
|mmumm|§nmmmu e

:

| :
) i (TH -'-‘-E

YW c

%
%

AR

M), TR

I

=

,m,...,@m.mm

JIHIEEIRI | = -- IR AT
=

LT LD

% LTI 2 ti ‘ L : mnumuulmmnlnlull mmmnumumi

EREHETHE (R EL LT

wam\m'
Sessnnnnnyl

(T

2 2
Z =
lﬁlllltllllﬂ n'illll!llllllll!!llllll 2 Illllll [HnnR

IS

ASSIGNED VOLUMES AS PERCENTAGES OF CAPACITY
0% i 1-T4% wowwni ~ 75-124% wemmm 125-199% uiinin  200% or More s

Figure L. Volumes as percent of capacity, second pass.



21

Figure 3 have been assigned a volume at least 25 percent below-capacity, and therefore
a volume likely to move without congestion even when local traffic is taken into consid-
eration.

The next class of links have been assigned a volume within 25 percent of their esti-
mated capacity, and those in the class after that are definitely congested, having been
assigned a volume between 125 and 199 percent of capacity. Links in black are heavily
congested, having been assigned more than twice their capacity.

On this first pass, every link but one in the 25-link freeway system is loaded to
capacity, and almost one-half the freeway links are congested, two of them heavily.

Of the other heavily congested links in the system, about three-quarters are funneling
traffic onto or off the freeways. A fact to be especially noted, however, and one that
illustrates clearly the danger in using desire-assigned volumes for design purposes,
is that the majority of these congested links are adjacent and parallel to underassigned
links. This means that, were this network in actual operation, its links would not
carry volumes like those assigned on this first pass. Furthermore, it might operate
much more effectively than the number of congested links suggest because many vehi-
cles could avoid congestion by taking paths along the underassigned adjacent and par-
allel links, which probably would be only slightly less direct than their '"best' paths.

If the first pass is called a "desire assignment, ' then the second pass might be
called a "rush-hour assignment" in that its paths have been traced through a network
in which popular links have had their speeds slowed to the minimum. It can be consid-
ered the "rush-hour pass' only in the limited sense that, for the average trip, the path
traced at this point is likely to be the one that deviates the farthest from the "best"
path, and this is analogous to the real situation in which drivers are most likely during
rush hours to seek the suggested alternatives to their own choices of best paths.

During the second pass, volumes are divided evenly between the two paths that have
been traced for each trip. The averaged volumes on each link are expressed as per-
centages of capacity, with results in Flint that are shown in Figure 4. Here the dis-
tribution of heavily congested links is considerably different from that at the conclusion
of the first pass. Only two links originally assigned more than twice their capacity
are still in that class after the second pass. These two links are parts of standard
arterial streets in the suburbs carrying traffic to and from freeway ramps; they were
assigned more than four times their capacity on the first pass. Therefore, they are
left with at least a double load from their averaged assigned volumes even if they were
zero-volume links on the second pass. In addition, 21 links which were not heavily
congested after the first pass are heavily congested after the second, although they
have been assigned only one-half the volume of any particular trip.

On the whole, there are more links assigned volumes near their capacity after the
second pass than after the first, so that it can be said that convergence has begun. On
the other hand, a few links that were congested after the first pass are underloaded
after the second, and the opposite is also true. The third and subsequent passes are
"balancing assignments, ' then, and convergence should proceed rapidly. Figure 5
shows the situation at the conclusion of the third pass. Now there are no zero-volume
links, and the number of heavily congested links has been reduced by two-thirds.

It is after the third pass, however, that there is the first hint of a few trouble spots
in the network, in the form of congested links that are not paralleled by underassigned
links. After the fourth pass, a considerable amount of convergence has taken place
(Fig. 6). A number of links continue to be congested, however, and four links are
loaded to more than twice their capacity at this point. Again, they are links providing
access to the freeways, specifically to the branch north-south freeway passing through
the city.

At this point there was an inclination to consider the assignment complete, and to
view the remaining degree of lack of convergence as an indication of points in the pro-
posed network that were in need of change. However, a fifth pass was made to check
this conclusion, with the results shown in Figure 7. There continue to be four heavily
congested links, and they continue to be links providing access to the branch north-
south freeway.
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25

TABLE 2

LINKS BY ASSIGNED VOLUME AS A PERCENTAGE OF CAPACITY
AT BEGINNING OF CAPACITY RESTRAINT

P
Capacity First Senond Pass

(#) Pass 0# 1-24% 25749 75-124%  125-199%  200%+
0 21 2 3 2 3 3 8
1-24 66 0 11 27 13 11 4
25-74 85 0 1 42 29 8 5
75-124 60 0 0 36 16 6 2
125-199 44 0 0 8 26 8 2
2000 2 0 0 K 10 K 2
Total 297 2 15 115 97 45 23

One important question is whether the balancing process is continuing with different
links being congested on different passes, or whether links that are congested on one
pass continue to be congested on the next. This question is answered in Tables 2 and
3. Table 2 shows that a number of originially underassigned links are overassigned
after the second pass. Also, 8 links originally overassigned were underassigned after
the second pass. Table 3 shows that nearly all the links that were congested after the
fourth pass had also been congested after the third.

Vehicle-Miles

At this point it could be concluded that, in terms of speed of convergence, this net-
work needs certain revisions in street widths before its design is finalized, but that it
is generally a good network. There are other criteria, however, and one of them is
given in Table 4—vehicle-miles. This table shows that the 930, 000 vehicles assigned
to the network would travel a total of 3, 928, 000 vehicle-miles on their average week-
day if all of them could travel over their ""best'" paths, for an average of 4.22 miles
per vehicle trip.

The paths traced for the secondpass are longer, however, requiring nearer 4, 000, 000
vehicle-miles of travel. When volumes are averaged over the first two sets of paths
there are 31, 000 additional miles of travel compared to the desire assignment. Paths

TABLE 3

LINKS BY ASSIGNED VOLUME AS A PERCENTAGE OF CAPACITY
AT CONCLUSION OF CAPACITY RESTRAINT

Capacity Third Fourth Pass

(# Pass 0% 1-24% 25-74% 75-124% 125-199%  200%+
0 0 0 0 0 0 0 0
1-24 8 0 6 2 0 0 0
25-74 112 0 2 99 11 0 0
75-124 111 0 0 15 91 5 0
125-199 59 0 0 0 17 39 3
200+ _1 0 0 0 0 6 1
Total 297 0 8 116 119 50 4




26

TABLE 4
VEHICLE-MILES

Vehicle-Miles (thousands)

Type
1st Pass 2nd Pass 3rd Pass 4th Pass 5th Pass
Total 3,928 3,959 3,997 3,988 3,975
Avg. trip-miles 4,22 4,26 4.30 4.29 4,27
Freeways 1,983 1,339 1,512 1,581 1,594
Hi-types 1,171 1,255 1,232 1,266 1,277
Lo-types 774 1,365 1,253 1,141 1,104
CBD 603 568 612 603 589
City 2,103 2,188 2,224 2,227 2,216
Suburbs 1,222 1,203 1,161 1,158 1,170

of the third pass are longer still, but there is some reduction on the fourth pass.

If the four passes are considered to be the complete assignment, then the effort to
avoid congestion in this particular network requires some 60, 000 additional vehicle-
miles of travel on an average weekday, compared to the mileage required if all trips
could travel their "best' paths. Whether this is excessive depends on whether the ad-
ditional mileage could be less on an alternative network. Averaged over all the 930,000
vehicular trips, this appears to be a minimal increment.

Due to capacity restraint about 400, 000 fewer miles are assigned to the freeways
than would be the case if all vehicles took their "best'" paths. About 460,000 more
miles are required on other arterial streets: 100, 000 on major arterials (divided high-
ways, one-way streets, etc.), and 360, 000 on standard arterials. In Flint, the addi-
tional miles are driven in the general city, rather than in the CBD or the suburbs.

In terms of vehicle-miles, then, this appears to be a generally ""good" network at
supplying capacity where it is needed. Its degree of goodness is measured by the dif-
ference between 4.22 vehicle-miles driven on the average interzonal trip over its "best"
path, and 4. 29 vehicle-miles for the average trip after the capacity-restraint adjust-
ments.

TABLE 5
VEHICLE-HOURS AT TYPICAL SPEEDS

Vehicle -Hours (thousands)

Type
1st Pass 2nd Pass 3rd Pass 4th Pass 5th Pass
Total 135 166 161 156 154
Avg. trip-minutes 8.7 10.7 10.4 10.1 10.0
Freeways 39 26 30 31 31
Hi-types 48 52 51 52 53
Lo-types 47 88 80 73 70
CBD 21 27 27 26 25
City 79 101 97 94 93

Suburbs 35 38 317 36 36
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TABLE 6
VEHICLE-HOURS AT CONGESTION-ADJUSTED SPEEDS

Vehicle-Hours (thousands)

Type =

1st Pass 2nd Pass 3rd Pass 4th Pass 5th Pass
Total 388 311 186 164 155
Avg. trip-minutes 25.0 20.1 12.0 10.6 10.0
Freeways 71 24 29 32 32
Hi-types 56 51 46 47 48
Lo-types 261 236 111 85 75
CBD 19 34 24 20 19
City 145 175 103 93 88
Suburbs 224 102 59 51 48

Vehicle Hours and Speed

If all 930, 000 vehicular trips are considered as being driven at typical speeds on
every pass, regardless of congestion, the vehicular hours of driving time required on
this network are as given in Table 5. On their "best™ paths, vehicles would drive a
total of 135, 000 vehicle-hours on an average weekday, and the average trip would take
a little less than 9 minutes. Capacity restraint adds about 21, 000 vehicle-hours, how-
ever, and brings the average trip to about 10 minutes. This is not a realistic picture,
of course, because congestion on "best' paths would reduce speeds below the typical.

Table 6 gives the influence of congestion on vehicle-hours. They are increased so
much on the "desire' assignment that the average trip takes 25 minutes instead of 9.
Nothing like this could occur in actuality, however, because all trips could not possibly
be contained in their ""best' paths. By the end of the fourth pass, a major degree of
convergence has taken place, and the average trip in congestion-adjusted hours takes
only about Y, minute longer than in unadjusted hours. The convergence is even greater
at the conclusion of the experimental fifth pass but, as noted earlier, the fourth pass
can be considered to end the assignment because the problems remaining at its con-
clusion are still there after the fifth pass.

This is particularly clear when speeds are considered, as in Table 7, where vehicle-
miles have been divided by the two measures of vehicle-hours. At typical speeds, all
these 930, 000 vehicle-trips on an average weekday could be made at an average speed
of 29 mph. The effect of congestion as measured by Eq. 1 is to reduce this average
speed to 10 mph if all vehicles were to use their "best'" paths.

On each successive pass, the congestion-adjusted speed comes closer to the typical
speed for the same traffic distribution, and by the end of the fourth pass they are near-
ly the same. The convergence of average speeds for all trips is complete after the
fifth pass, but after both the fourth and fifth pass it is clear that congestion is contin-
uing on some standard arterial streets in the suburbs. Like the convergence of as-
signed volumes and capacity, then, this convergence of typical speeds and congestion-
adjusted speeds suggests a generally good proposed network, but also indicates that
certain types of streets in certain areas are in need of design revision.

Paths

The fourth criterion of a ''good' network is that its freeways should tend to carry
the longer trips. In the trip table assigned here, the 930, 000 vehicle-trips are divided
over 3,980 specific interzonal exchanges, and a path must be computed through the net-
work for each of these 3, 980 interzonal trips. Table 8 gives the number of such paths
using the freeways, and the number not using them, by path length in miles. The gen-
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TABLE 7
TYPICAL SPEEDS AND CONGESTION-ADJUSTED SPEEDS

Speed (mph)

Type 1st Pass 2nd Pass 3rd Pass V 4th Pass 5th Pass
Typi- Ad- Typi- Ad- Typi- Ad- Typi- Ad- Typi- Ad-
cal justed cal justed <cal justed cal justed <cal justed

Total 29 10 24 13 25 21 26 24 26 26

Freeways 51 28 52 56 50 52 51 49 51 50

Hi-types 24 21 24 25 24 27 24 27 24 27

Lo-types 17 3 16 6 16 11 16 13 16 15

CBD 29 32 21 17 23 28 23 30 24 31
City 27 15 22 13 23 22 24 24 24 25
Suburbs 35 5 32 12 31 20 32 23 33 24

eral conclusion to be drawn is that the vast majority of short trips do not use the free-
ways, whereas the vast majority of long trips do.

There is another important point to be made about paths—the success of a traffic
assignment in predicting actual traffic counts depends on two things: (a) the validity of
the assigned trip table and (b) the realism of the selected paths. All other factors such
as the character of the capacity-restraint formula, the accuracy of the estimates of
capacity and speed, and the quality of classifications of street by type and area are of
importance only as they lead to the computer simulation of actual driver behavior in
the selection of paths.

A sample of paths was selected for examination from the tape record for the present
assignment passes, although this operation is not a necessary part of capacity-re-
strained traffic assignment. The most typical situation which was found (Fig. 8) shows
the paths traced on each pass between the external station at Saginaw and Dort on the
south and the same two highways on the north. For its '"best" path (from the desire
assignment), the trip has been routed up Saginaw to the first street giving access to the
branch north-south freeway, and thence to the freeway itself. It travels up the freeway
to the northernmost ramp and then takes one link of Saginaw to its destination.

The so-called "'rush-hour' path (second pass) avoids the congested freeway and

TABLE 8
LENGTH? OF FREEWAY AND NON-FREEWAY PATHS BY PASS

First Pass Second Pass Fourth Pass
Miles
Freeway Non-Freeway Freeway Non-Freeway Freeway Non-Freeway
0-3 300 1,520 80 1,660 230 1,560
4-6 880 410 360 1,130 670 680
7-9 610 30 290 320 530 100
10+ 230 0 100 40 200 10
Total 2,020 1,960 830 3,150 1,630 2,350

a‘Rou.nded to tens.
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travels up Dort Highway all the way from origin to destination. When all volumes have
been divided between their first two paths, congestion-adjusted speeds on the freeway
are high enough again to bring the path back to it, with the exception of one link. This
is shown by the third path, which indicates that the southernmost freeway link in the
"best'" path has remained congested enough, and the alternative is good enough, so that
the path continues up Saginaw to the second street giving access to the freeway. From
the point of entering the freeway, this third path is the same as the first path. The
fourth pass is exactly like the first, and the fifth pass is exactly like the third.

Although this rapid convergence is typical of many parts of the network, another
situation is shown in Figure 9. These paths connect two intersections in the northwest
section where there is insufficient capacity in the network. No two of the five paths
are exactly alike, and to some extent the situation is one of paths moving farther away
from the congested north-south corridor through the center of the area. Of course, at
the conclusion of the fifth pass, 20 percent of this trip's volume is on each one of these
paths so that some of its drivers are assumed to prefer the freeway and some are as-
sumed to prefer the more direct but slower routes over standard arterial streets.

Figure 10 shows another situation in the case of the paths connecting the intersec-
tions at the outer southeast and northwest corners of the network. Here the upper
parts of three of the paths use the branch north-south freeway and two use the outer
north-south freeway, whereas on later passes their southern parts avoid the congested
central corridor by staying to the east until they can take the east-west freeway to its
interchanges with the others.

As mentioned earlier, a more limited number of alternative paths than this is the
usual situation. In fact, in the case of 3 of the 22 paths examined, exactly the same
path was traced for all five passes. For example the trip between the southern and
the northern terminals of the north-south freeway along the western edge of town do
not leave that freeway on any pass.

The important point is that this proposed network has been tested by a capacity-
restrained assignment method which has distributed volumes over paths reflecting
familiar driver behavior. That is, they are distributed over reasonable and realistic
paths. The consequences have been discussed in terms of convergence, mileage,
speeds, and paths, with the conclusion that the network is generally a ''good' one in
terms of the locations of major facilities. All of these considerations refer to only
one of the two uses of traffic assignment, however—the use for network testing. The
other use is in connection with the design of individual facilities. The kind of informa-
tion provided by a capacity-restrained assignment for this purpose can be illustrated
by the link record.

Link Record

Table 9 gives the kind of information available for every link in the network before
and after an assignment. Reading across are the fifteen crucial digits which constitute
the complete description of the link that the computer must have before the assignment
begins. These are the numbers of the two intersections the link connects, the type and
the area of the link, its pavement width in feet, its practical 24-hr capacity in thou-
sands of vehicles, and its length in miles.

Table 10 gives the link's travel time and assigned volume, pass by pass. At the
far end of the first line is its original (or typical) speed for the desire assignment.
This number varies with both type and area (Table 1). The length of the link divided
by its speed gives the link's "value" (V) for path-tracing purposes, which is travel
time expressed in thousandths of hours. Beside it is recorded the same travel time
expressed in minutes, simply for ease of interpretation.

When the computer has the fifteen crucial digits plus V for every link the assign-
ment can begin. Link record A is the link record for the curved segment of the branch
north-south freeway which appeared as heavily congested in Figure 3 (after the first
pass). On the line for Pass 1 of this record is the volume of 129, 000 vehicles which
was assigned to this link on a "'desire" basis. This is followed by 2. 30, which means
that the assigned volume is 230 percent of the capacity of the link (that is, R = 2. 30).
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TABLE 9
LINK RECORDS

Link ; Width Capacity Length
Record Intersections Type Area (£t) (x1, 000) (mi)
A 150 152 1 2 48 56 2.09
B 177 178 3 2 44 14 0.55
C 38 125 3 2 44 16 0.55

At this point Eq. 1 is applied, and the "typical' travel time is increased by 2.7
raised to the R™! power. In this case, the equation produces a V of 150, which means
9 minutes of travel time, which in turn means that the speed on the link is dropped to
14 mph for the second pass. This speed is only slightly below the typical speed of a
standard major street in the city, but such streets tend to be underassigned on the first
pass and to have higher than typical speeds for the second pass. In any case the speed
of 14 mph was such that this freeway link was included in no path on the second pass
and was assigned no volume. But one-half the volumes of the trips using this link on
the first pass are still considered to be assigned to it, so its average assigned volume
after the second pass is 64, 000 vehicles, or 115 percent of its capacity.

This volume allows a speed of 44 mph on the link, according to Eq. 1, and this
speed determines its travel time for the third pass. At that point the trips whose paths
include this link have a total volume of 93, 000 vehicles, but only one-third of this vol-
ume, along with one-third of previously assigned volumes, is considered to be actually

TABLE 10
ASSIGNED VOLUMES AND TRAVEL TIMES FOR LINK RECORDS

Assigned Volume Travel Time
Rlél:(l){r d Pass Per
Avg. Pass R v Min Speed
(x1,000)  (x1,000) (hr x 1079 (mph)
A 0 - - - 41 2.5 50
1 - 129 2.30 150 9.0 14
2 64 0 1.15 47 2.8 44
3 T4 93 1.32 55 3.3 38
4 K 88 1.38 59 3.5 35
5 70 39 1.24 52 3.1 40
B 0 - - - 37 2.2 15
1 - 0 0 13 0.8 42
2 33 66 2,36 144 8.6 4
3 22 0 1.56 65 3.9 8
4 17 0 1.18 44 2.6 13
5 13 0 0.95 35 2.1 16
C 0 - - - 37 2.2 15
1 - 2 15 15 0.9 37
2 8 13 47 21 1.3 26
3 14 26 85 31 1.9 18
4 14 15 88 32 1.9 17
5 14 14 88 32 1.9 17
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assigned to the link. Its average assigned volume, then, is 74,000 vehicles after the
third pass, or 132 percent of capacity.

After the fourth and final pass, the average assigned volume is 77,000 vehicles, or
138 percent of capacity, which is the capacity-restrained assigned volume. It allows
a speed of 35 mph on the link, and would lead the planner to consider increasing the
width of the link from four lanes to six. (Assignment of peak-hour or design-hour vol-
umes could be relied on to lead to the same conclusion only to the extent that such
hourly volumes are some fairly constant percentage of the 24-hr volumes used here.)
The assigned volume after the experimental fifth pass is somewhat closer to the orig-
inal capacity but still represents a degree of congestion and a necessity for redesign.

Link record B is a link record of a different kind. It represents a link of a standard
major street in the city which is about four lanes wide and can carry an estimated
14,000 vehicles per day without congestion, at an average speed of 15 mph. On the
first pass, it was assigned no volume at all and its speed was increased to 42 mph.

In this case, the increased speed led to an overassignment on the second pass and
speed dropped to a mere 4 mph. No volumes were assigned to it thereafter, and its
final volume was close to capacity.

Link records A and B both represent extreme situations, whereas link record C is
the record for a more typical link. It appeared in few paths on the first pass and its
speed was more than doubled, then reduced again on subsequent passes. By the third
pass, its assigned volume was close to capacity and did not change again, so that it ap-
pears that the link is designed about as it should be for 1980 traffic volumes.

This completes the description of the kind of information available from a capacity-
restrained traffic assignment. Consideration has been given to (a) the four tests of the
total system in terms of convergence, miles, speeds, and paths, and (b) the test of
every individual link with the related data of assigned volume, width, and speed. The
following section compares this with the kind of information available from other types
of traffic assignment.

COMPARISON TO OTHER ASSIGNMENTS

Freeway System

In the process of planning a Flint network, the State Highway Department made a
hand-trace assignment to the version tested here as well as to two earlier versions.

In addition, a diversion-curve assignment was made on the computer to the freeway
subsystem of the network. Therefore, with the desire assignment and the capacity-
restrained assignment described in this report, a comparison can be made of the re-
sults of four different assignments to this particular freeway layout. All of the assign-
ments obtained both link volumes and turning movements, so that a mass of informa-
tion is available for analysis, but it is summarized here in the form of four maps
(Figs. 11 through 14).

Figure 11 shows the kind of freeway system that would be constructed if the volumes
assigned by the hand-trace method were to be treated as design volumes. The broken
line indicates that the assigned volume could be handled without undue congestion by a
two-lane freeway, and the narrowest solid line indicates that four lanes would be re-
quired. The solid line is widened by % in. for each additional needed pair of lanes and
the widest line indicates that a ten-lane freeway is called for by the assigned volume
to that particular link.

The Highway Department does not intend to use these particular hand-assigned vol-
umes for design purposes; they were produced as a general test of the freeway-system
layout. For example the Department would not design and construct the ten-lane free-
way section shown, but instead would conclude that "". . . there must be revisions in
the original system to provide capacity on other facilities in the immediate vicinity."
This is a useful approach and one clearly preferable to less systematic and more sub-
jective methods of traffic estimating.

On the other hand, at the conclusion of this particular hand-trace assignment there
were other facilities in the immediate vicinity which were loaded with volumes signifi-
cantly smaller than their capacities. This raises the possibility that the system might
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not appear to need added capacity if the assignment technique allowed individual inter-
zonal volumes to be divided between alternate ""best paths.'" Such a procedure is rec-
ommended by the probability that all drivers making the same interzonal trip are not
likely to select the same route if there are very many choices to be made along the way.

When hand-trace volumes are compared to the results of other kinds of assignments,
another kind of question can be raised. For example, the hand-trace assigned 23, 000
more vehicles to the most heavily assigned link than any of the other methods (to be
specific, a total of 152, 000 vehicles compared to 129,000, 115, 000 and 77, 000 by the
other methods). What factors did the hand tracers take into account to produce this
volume? They could be correct, but the computer volumes always have one advantage:
the factors taken into account to produce them can be precisely specified.

Figure 12 shows the results of a computer freeway ''diversion curve' assignment,
mapped in the same way as the results of the hand-trace. The two assignments pro-
duce a similar pattern of results, and the computer assignment has the advantage al-
ready mentioned. On the other hand, the computer assignment, too, can be questioned
on the basis of the desirability of alternate paths. In addition, the freeway assignment
has the major shortcoming of providing no assistance for the process of adapting an
existing street system to a new freeway system, which is the reason the Highway De-
partment had to do the hand tracing.

Figure 13 shows the same network as it was described at the conclusion of the first
pass or desire assignment reported in this paper. Compared to Figure 12, it makes
clear the effects of not dividing interzonal volumes by means of a diversion curve be-
fore assigning them (in that there are even more unrealistically high volumes), but
again its general pattern is comparable to the results of the other two methods. This
kind of desire assignment has been used for planning purposes in a number of cities,
because it combines the advantage of objectivity offered by a computer assignment with
the advantage of testing a total major street system as does the hand-trace assignment.
However, the results of this assignment, too, can be questioned on the grounds that
heavily overassigned and underassigned links make it unavoidable that some of its
assigned volumes will vary from actual traffic flows, and this might not be the case if
alternate paths could be determined by the assignment technique.

Figure 14 shows the results of the fourth pass of the capacity-restrained assignment
mapped in the same way as the others. This is the only assignment discussed here that
can meet the objection mentioned. It prescribes a system of seventeen freeway links
of six lanes each and eight freeway links of four lanes each. It demonstrates an as-
signed volume on every link beyond the capacity of a smaller freeway (thus justifying
construction), and within the prescribed capacity (thus realistically aiding in design).

It is confidently predicted that, if the network were revised to provide these freeway
capacities and to provide additional capacity at the indicated points of access to the
freeways, the revised network would pass the assignment test by ''converging' quickly
to typical speeds and capacities, requiring minimal additional vehicular miles and
hours, and carrying longer trips on its freeways. In other words, it would prove to be
a "good" network providing sufficient capacity where it is needed. More important, it
is probable that the revised network would carry Flint traffic in 1980 without undue
congestion, assuming the validity of the 1980 trip table and a typical distribution of
local (intrazonal) traffic.

Comparative Time and Cost

It has been difficult to compare time and cost for the various assignments discussed
here. The largest part of the capacity-restraint costs have been for experimental pro-
gram development that will not need to be repeated. The Highway Department's record
of expenditures for the hand trace includes only direct costs, and it is difficult to sepa-
rate costs of the other assignments from various overhead charges. One reliable com-
parison is that the path-tracing part of the hand assignment took 44 man-days at the
Highway Department and the path-tracing part of one comparable pass took 12 hr on
the 650-RAMAC computer at Wayne State University.

This is by no means a reliable estimate of the ratio of total times and costs, how-
ever. A computer-hour is more expensive than a man-day, and a network for the
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computer needs more preparation than a network for hand tracing. The Highway De-
partment reports that it can complete a hand-trace assignment to a network like the
present one in about one month at a total direct cost of about $2, 000.

It seems likely that, with their own 650 computer, a capacity-restrained assignment
would take them about the same amount of time from beginning to end, although much
less time would be spent on path-tracing and much more time on network description
and output analysis. The computer assignment probably would cost at least twice as
much as the hand-trace, although the cost consequences of reducing it to a routine,
mass-production operation are hard to estimate.

So long as relatively small computers are the only ones readily available to highway
departments and local planning offices, the capacity-restrained assignment must justify
itself on the grounds of its superior usefulness and reliability; it cannot be entirely
competitive in terms of cost. This paper has tried to demonstrate, however, that they
are nevertheless superior enough to justify a greater cost, and now that a 650 program
can be made generally available it is to be hoped that they will be more widely used,

In the long run, the solution to the need for such assignments on a routine basis is
the wider availability of high-speed computers. The U. S, Bureau of Public Roads is
developing programs for the IBM 704 and 7090 which are comparable to the one des-
cribed here but reduce assignment time to a matter of minutes and reduce costs to a
few hundred dollars, and such computers are becoming more readily available around
the country for traffic assignment on a routine basis. If this work continues, there is
no doubt that it will soon be possible to provide more and better traffic assignments
for highway planners than have been availabie in the past.
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