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Evaluation of Road and Transit 
System Requirements for Alternative 
Urban Forms 
R. G. Rice, Department of Civil Engineering, University of Toronto 

Research was performed for the purpose of evaluating the road and 
transit system requirements of a range of cities that have different 
density and spatial patterns and thereby assessing the effects of varying 
urban forms on transportation investment and service measures. The 
assessment is conducted in the context of a proposed policy evaluation 
framework that uses the end-state transportation and land-use plan for 
policy guidance and the time stream of benefits and costs as the object 
of evaluation. For the analysis of the transportation implications of a 
number of urban forms, a two-mode network generation model is de
veloped and applied to six hypothetical city types of 2 million popula
tion. The comparison of the transportation requirements for these urban 
forms indicates a range of transit use among the city types of from B to 
34 percent and wide differences in the need for high-capacity service 
routes. In terms of person hours of travel and mean trip length, the 
multicentered city in particular and the centrally oriented cities in gen
eral have the lowest requirements. These conclusions have important 
implications for the use of horizon-year transportation and land-use 
plans within the proposed framework of dynamic evaluation. 

The current emphasis in urban planning on a more com
prehensive and open process and an orientation to 
strategic choices among a wider range of alternative 
policies has placed new demands on the transportation 
planner. In spite of the ability of the transportation 
planner to simulate travel demands on a complex 
multimodal network, there is a notable lack of success 
in responding to currently relevant planning issues and 
alternatives. In general, existing transportation plan
ning models are expensive and cumbersome to use and 

difficult to interpret, and their attention to the detail 
of system performance is too restrictive in scope (1, 2 ). 

Perhaps the best way to exemplify the deficiencies -
of current transportation modeling is to define a com
prehensive three-level hierarchical structure of the 
planning process against which present achievements 
can be compared (~ i)· The three components of the 
structure are defined as follows: 

1. Policy planning-Policy planning is a political 
exercise concerned with the broad issues of urban de
velopment and the authority and constraints relating to 
the resolution of these issues within a public forum. 
This process provides the contextual setting within 
within which transportation system alternatives may 
then be assessed. 

2. Systems planning-For transportation planners, 
this process is concerned with the analysis and evalua
tion of multimodal networks that consist of major 
transportation facilities and associated terminals from 
the point of view of location, operation, and regulation. 

3. Project planning and programming-The third 
level of the structure involves those activities required 
to design and implement a particular component or link 
of the system plan and includes engineering design, 
right-of-way acquisition, and capital programming and 
budgeting. 
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The recent primary efforts of the transportation re
searcher have been to refine the planning model pro
grams and packages available at the second level, 
presumably to improve the reliability of the model out
put for subsequent use in design at the third level. As 
a consequence, the linkage between the second and 
third level is very satisfactory, but the linkage upward 
to the highest level is almost totally neglected. Trans
portation system models are unresponsive to policy 
issues that relate to alternatives for land-use develop
ment, environmental and socioeconomic impacts, energy 
consumption, and effects of income distribution. This 
results in a relation between policy and systems plan
ning that tends to be so ad hoc that systems planning 
often completely fails to reflect political and public 
views. 

In summary, there is a need for analytical proce
dures or models at the policy planning level that can 
both provide a set of appropriate constraints for input 
to the systems planning process and in return accept 
corresponding system performance measures. Such a 
policy model would have to be easy to use and interpret, 
have the ability to accept a comprehensive set of de
velopment alternatives, and be capable of estimating a 
broad set of interrelated measures and indicators. 

It is the purpose of this paper to describe a proposed 
framework for policy planning and to present a series 
of analyses that represent an important initial com
ponent of this framework. The paper also briefly de
fines the proposed framework in abstract terms and 
then describes a numerical experiment to assess the 
effects of varying urban forms on transportation in
vestment and service requirements. Finally, the 
relevance of the experiment to the policy framework 
is discussed. 

PROPOSED FRAMEWORK 

One of the essential differences between the policy 
planning and systems planning levels of the hierarchical 
structure already defined is the relevant time dimen
sion. Although the transportation planner is concerned 
with a 20- to 25-year planning horizon, political 
decision makers at the policy level are primarily in
terested in short-term issues. The task of the urban 
transportation planner, then, might be defined as that 
of providing technical advice on short-range problems 
in such a way that consistency is maintained with re
gard to long-range intentions. Somehow the planner 
must understand the relation between immediate choices 
and evolving end-state alternatives. This relation then 
becomes a central element in establishing an appro
priate linkage between policy and systems planning and 
a central element of the policy framework to be pro
posed. 

A second characteristic that influences the proposed 
framework has to do with the approach the transporta
tion planner follows in determining the most appropriate 
end-state plan. Typically, a static comparison is made 
of a series of horizon-year plans, and a "best" plan is 
chosen on the basis of the accommodation of future 
travel demand at an acceptable level of service. This 
is a rather limited perspective, however, since the 
interrelationship between transportation service and 
land use (an important policy issue) is a very dynamic 
one. Whether particular route links are built early or 
late in the planning period has much to do with the 
location and rate of urban growth, and whether the im
provement of the road network is emphasized before 
or after the transit system is completed influences both 
travel demand and automobile ownership levels as well 
as location of residence and employment. 

The implications for both policy and systems plan
ning, then, lie in the requirement for a process that 
makes the time stream of benefits and costs rather 
than the end-state condition achieved the object of 
evaluation (5, 6, 7). The end-state tr ansportation plan 
may serve as a general policy guide, but it is evaluated 
only in the light of the sequence of actions that it takes 
to achieve that state (if, in fact, the state is achievable 
or feasible). 

Interestingly enough, this need for a dynamic evalua
tion structure parallels and satisfies the first require
ment for a linkage between short-range decisions and 
long-range alternatives (1). To define this proposed 
structure or framework, let us assume initially that a 
statement of objectives is available so that the basis 
for the policy evaluation structure is given. These 
objectives may be translated into a list of measures of 
effectiveness that may be defined as x1, where i is an 
index i = 1, 2, ... , r. Since the time stream of these r 
measures is of central interest, a vector :xt must be 
defined at any time t: 

x' = (xl) i=l,2, ... , r 

and a matrix X must be defined for the full planning 
period: 

X = (x!) i = 1,2, ... , r and t = 1,2, . .. , T 

[ 

1 2 1'] X1 . X1 • • ' · ' ·' · ~1 

- ~! .. ·.. : 
- : ·.. : . · .. 

~+ .. .. .... :: ~; 

(! ) 

(2) 

In essence, this matrix becomes the focus for the 
dynamic policy evaluation process . It is perhaps of 
some value at this point to compare this evaluation 
base with that typically used by transportation plan
ners. Existing systems procedures that relate to both 
modeling and evaluation are concerned with the end
state condition: 

(3) 

and the comparison of the estimated measures of per
formance for a number of these conditions: xr; X1 '~ xr"', 
and so on. These alternatives might represent a road
oriented network, a rail transit-oriented network, and 
a surface transit-oriented network, and the measures 
of effectiveness (x1) might be average travel time by 
mode and socioeconomic group, average travel cost, 
and volume-capacity ratios by link. These measures 
are estimated as a function of socioeconomic variables, 
travel behavior parameters, and transportation system 
characteristics at time T, in accordance with the 
calibration of an identical function at the existing point 
in time. 

The proposal for a policy evaluation process, on the 
other hand, requires that the full X matrix be estimated 
and evaluated . Since the number of measures of ef
fectiveness may be expected to be greater, reflecting 
the increased scope of policy issues, the requirements 
for modeling will be both different and more demanding 
than those described for systems planning. Not only 
is it necessary to relate the performance and impact 



measures to socioeconomic factors, travel behavior, 
and transportation system variables but also the rela
t ions between the dependent measures , or Xt' S (such as 
transportation service and land-use change) become 
very important. Thus , consideration of the require
ments of t he policy planning l evel in the hierarchical 
structure proposed above results in more than a simple 
extension of the techniques currently available at the 
systems planning level. Although the primary dif
ference has to do with the incorporation of the time 
dimension, the implications of this change for both the 
type of for ecasting model and the mode ol application 
of the model are obviously substantial. 

In summary, policy planning is very much an 
exercise in evaluating alternative paths· or time se
quences of actions that lead to a desirable end-state 
condition. From an efficiency point of view, it is likely 
that the evaluation of planning actions through time will 
still require the definition of an end-state or boundary 
condition. As Rice and Nowlan (!, p. 102) have ob
served, 

It will always be computationa lly cf'ticient to pre-select one o r more 
specific terminal -year structural configu rations, so that feasible paths of 
urban change will have a beginning point in the present structure and a 
terminal point or points in the pre-determined terminal-year slructure . 
It is in general possib le t o optimize an objective function without spec i
fying a terminal-year structure, bu'! the increased compu tation . .. makes 
the exercise much messier. More Importantly, however, lhe terminal
year structure, because it functions both as legacy and target, is inter
esting in its own right and worthy of separate ·analysis. 

It is the pr imary pui·pose of t he following s ection of 
this paper to initiate this type of s eparat e analysis by 
assessing the two-mode t ransportation s ervice and 
inves tment r equirements ol a s eries oI alternative 
static terminal-year urban development conditions. 
This is very much a policy planning exercise since 
the terminal-year or end-state structure comes very 
close to r epresenting a "policy statement." No attempt 
is made here 'to assess alternative plans or sequences 
of actions that would achieve this policy statement or 
target conf iguration (6) . Instead, an approach for defin
ing the general implications of alternative policy states 
is described (!, p. 103); 

Its purpose would be to make numerically specif ic the rather vague no
tions of pol Icy that are part of current politics. Thus, di ffe rent pol icy 
positions cou ld be specif ied In quanti tative t erms. Such competing con
cepts as inten~i fied central business district development versus nodal 
business district development, denser suburban populations versus sta
bilization at present densit ies, public transit transportation modes versus 
expressway development may all be defined by means of feasible 
terminal-year positions. 

RESEARCH PROCEDURE AND ANALYSIS 

The objective of the r es earch described here is to define 
the notion of policy alternatives in ter ms of their trans
portation and land-use implicat ions : That is, how might 
we determine the most effective c ombinations of road 
and transit systems to serve a defined number of cities 
that have different density and spatial patterns? Given 
t he perspective offe r ed in the liter ature (~ ~. it is ap
parent that any effort in this area s hould allow first for 
full modal interdependence, permitting s hifts in travel 
mode with changes in land-use and socioeconomic char
acteristics as well as transportation level of service, 
and second for a greater number and broader type of 
output indic ator s. In ess ence, t he estimation of modal 
travel demands for each ur ban for m must be sensitive 
to both the level of service supplied and the space- and 
density-related pattern of land-use activities. To per
mit the investigation of transportation system charac -
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teristics for a range of urban patterns, there is a strong 
need for an analytical base that allows for the com
parison of transportation measures between land-use 
plans. That is, the procedure for developing the trans
portation network and mode combination for each urban 
form must be consistent and not unduly bias any partic -
ular city patterns. This, in fact, is the central issue of 
the research procedure. 

The description of the research method and results 
has been divided into three separate stages: The first 
deals with the definition of the range of hypothetical 
urban forms and the estimation of basic peak-hour travel 
demands, the second with the generation of optimal 
two-mode transportation networks to accommodate the 
estimated travel demands in each city, and the third 
with the comparative analysis of transportation system 
requirements by type of city. 

Definition of Urban Form and Travel 
Demand Estimation 

Because of the complexities associated with transporta
tion and land-use interrelationships, hypothetical rather 
than actual urban forms were generated for testing in the 
research project. This process was quite complex and 
has been described in detail elsewhere (8, 9). Very 
simply, it was necessary that the range oChypothetical 
city types be defined so that they resulted in a signif
icantly broad range of transportation conditions. In 
total, population and employment characteristics were 
developed for six different urban forms of 2 million 
population : (a} cent r a l core, (b) homogeneous (uniform 
density), (c ) multicente red, (d) radial cor r idor, (e ) 
linear, and (f) satellite. These forms were developed 
through the application of a series of realistic and 
empirically derived constraints on density variation, 
socioeconomic characteristics, and relative population 
and employment location. The six urban forms are 
shown in Figure 1, and their summary characteristics 
are given in 'l'able 1. 

Definition of the characteristics of urban form made 
it possible to es timate t ravel demands by trip purpose. 
The demand estimation procedure involved the use of 
the conventional four-stage process of applying zonal 
trip generation and attraction equations and the gravity 
model to produce origin-destination trip mati·ixes for 
each of the six urban forms. To permit the develop
ment and use of unique functions of travel impedance 
for each city type, reference was made to previous 
research that related the distribution of work oppor
tunities to average trip length (10). 

Finally, work-trip origin-destination matrixes were 
assigned to spider networks for each type of city. The 
rest of the analysis of the transportation implications 
of urban forms was restricted to the work trip on the 
basis that this trip purpose set the condition for the 
design of the transportation networks. The results of 
the spider, or desire-line, assignments for the work 
trip are given in Table 2. The advantage of the desire
line assignment is that the volume flow condition that 
has been estimated is not constrained by the form or 
characteristics (capacity and mode) of the spider network 
(Figure 2). It therefore provides a relatively objective 
and consistent base for deriving more comprehensive 
two-mode transportation networks. 

Generation of Two-Mode Network 

As indicated earlier, the critical phase of the research 
requires that a procedure be developed for generating a 
unique, two-mode, capacity-restrained transportation 
network for each city type to permit a realistic and 
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'-lnbiased compru·ison of mode performance for the six 
-urban forms . rn basic terms, this procedure is de
pendent on a definition of modal balance, which might be 
stated as the condition in which both mode subsystems 
are used effectively in and of themselves and in such 

a manner as to produce collectively optimal total sys
tem performance. 

The network generation procedUl·e that was applied 
is a two-stage heUI·istic process that depends on an 
initial division of modal service for each netwo1·k link 
(the supply equilibrium cycle) and the refinement of 
modal volumes in accordance with mode and route 
choice (the demand equilibrium cycle). This procedure 
is described in Figu.re 3 in the form of a flow chart. 

Figure 1. Six selected urban forms. 

central core homogeneous 

multicentered 

1 11111~1 11 11 11 1111111111111 1 
linear 

Table 1. General characteristics of urban forms. 

Developed 
Desig- Area 

Urban Form nation Employment (km') 

Central lA 800 000 1240 
Homogeneous lB 803 000 2190 
Multicentered 2 804 700 1240 
Radial corridor 3 802 200 1045 
Linear 4 803 000 1270 
Satellite 5 800 300 1140 

Notes: 1 km2 = 0.386 mile2. 

All urban forms are for population of 2 million. 

Table 2. Desire-line assignment. 

Total Trips 

Total Average Number Average 
Length of Length of Volume 

Urban Network of Links Two-Way per 
Form (km) (km) Links Link 

lA 602.2 5.8 104 32 710 
lB 739.8 6.7 108 31 360 
2 610.2 5.1 120 29 390 
3 463.8 5.6 82 50 800 
4 604.2 5.3 114 37 970 
5 955.2 7.8 122 30 520 

Notes: 1 km ~ 0.62 mile. 
For the desire-line analysis, a speed of 95 km/h (60 mph) was assumed. 

Gross 
Population 
Density 

The supply equilibrium phase starts with the desire
line volumes from the spider assignmAnt for each type 
of city and defines an initial two-mode transportation 
network that can accommodate the expected demand . 

• • 

satellite • 
Average Average 
Net Number Number of 
Residential of Persons per 
Density Dwelling Dwelling 

(persons/km') (persons/km') Units Unit 

1610 11 200 565 300 3.54 
910 5 200 534 300 3.74 

1610 12 000 567 000 3.52 
1920 13 200 567 000 3.52 
1580 11 500 566 100 3.54 
1760 12 600 567 300 3.53 

Work Trips 

Maxi- Average Maxi-
mum Total Total Volume mum Total Total 
Link Person Person per Link Person Person 
Volume Kilometers Hours Link Volume Kilometers Hours 

104 500 32 880 000 342 470 5465 34 600 5 440 000 56 700 
103 000 43 250 000 450 230 4900 24 000 6 640 000 69 200 

80 100 32 530 000 338 000 4270 21 000 4 670 000 48 600 
170 500 37 920 000 395 000 8530 47 100 5 970 000 62 200 
169 000 41 650 000 433 760 6470 57 300 7 060 000 73 500 
107 300 48 540 000 505 640 5130 28 800 9 180 000 95 700 



Figure 2. Spider network for satellite city. 

Figure 3. Procedure 
for two-mode urban forin travel demand 
network generation. characteristics estimation 

network modifications 
until all volumes 

accommodated 

all-or-nothing, free 
~-----1 assignmen t 

SUPPLY EQUILIBRIUM 

capacity-restrained 
incremental assi gnment 

modal split 
r e-est ima t ion 

DEMAND EQUILIBRIUM 
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This was achieved by first designing a base road net
work with four possible link types in such a way that it 
would just carry the estimated desire-line volumes. 
Modifications were then made to this initial feasible 
solution by substituting one of eight levels of transit ser
vice on a link-by-link basis so that a trade-off function 
between the consumption of space for the transportation 
facilities and user travel time was always satisfied. 
This was achieved by calculating the ratio of the change 
in travel time to the change in transportation facility 
space for each feasible transit substitution per link. 
The transit service for which this benefit ratio was 
closest to the mean value of the ratios for all feasible 
substitutions for the link was chosen for implementa
tion. This, in effect, means that the trade-off is 
directly related to total link volume and higher volumes 
are more willing to accept larger increases in travel 
time per unit of facility space gained. This seemed 
plausible, and a testing of the decision rule indicated 
that higher capacity transit service does replace road 
capacity on high-volume links. 

It is obvious that the introduction of transit service 
will have a substantial effect on both mode and route 
choice. It was necessary, therefore, to reestimate 
modal split and trip assignment after the initial round 
of transit substitution. When this was done, however, 
it was found that the new routes selected took advantage 
of the links with the higher level of service so that 
there was a natural aggregation of trip movements into 
specific modal corridors. In a similar manner, other 
links were deleted in trip volume; this modified the ser
vice available on these links in the next round of transit 
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service substitution . In an iterative sequence, then, a 
process of network rationalization takes place that in
volves both the route and mode choices of the traveler 
so that natural corridors of travel demand build up in 
accordance with network geometry and demand orienta
tion (11). 

Theprocess of network rationalization is most easily 
demonstrated by the diagrams shown in Figures 4 and 
5, which represent the results for the road and transit 
networks of city type lA (central core) for three phases 
of the iterative supply cycle. These figures represent 
only the high-capacity links in the modal networks , but 
it is apparent that the road network expands and the 
transit network contracts. This is obviously a function 
of the modal-split submode!, but this phenomenon did 
occur for all six urban forms. 

The supply equilibrium cycle was repeated until no 
further changes were required in each of the modal net
work links to accommodate the travel volumes estimated 
in the previous iteration of the cycle. It should be 
noted that the trip-assignment component of the supply 
cycle is a free or desire-line assignment because the 
objective of the network synthesis is to develop a 
natural expression of the required transportation sys
tem . In other words , network rationalization must be 

Figure 4. Transitional sequence for road network for 
central·core city . 

Phase 1 

Phase 2 

Phase 3 

multi-lane expway. 

3,4,&5-lane expway. 

3 & 4-lane arterial 

Table 3. Final characteristics of travel 
demand by urban form. 

Output Measure 

Total s ystem 
Total work trips 
Person hours 
Mean trip length, min 
Percentage transit 

Road network 
Work trips 
Percentage on eiqires sway 
Trip length, min 

Mean 
Standard deviation 

Transit network 
Work trips 
Percentage on rail 
Trip length, min 

Mean 
standard deviation 

unconstrained by physical limitations; modal capacity 
is simply provided in accordance with traveler demand. 
This resulted, therefore, in the need for the demand 
equilibrium cycle, which reestimates modal split and 
route assignment in an iterative sequence under as
sumptions of capacity-restrained flow on all links. This 
cycle is also indicated in the flow diagram shown in 
Figure 3 and completes the procedure of network gen
eration. 

Compai·attve Analysis 

The results of the procedure of network generation are 
most easily demonsh·ated by the total system output 
rneasui·es given in Table 3 (the :x;:' vect or s defined pre
viously). The differ ences in travel conditions for the 
six cities are obviously quite significant. For two cities 
(the homogeneous and the multicentered), no rail transit 
links were generated. For both total person hours and 
mean trip length, urban forms lA, lB, and 2 have lower 
conditions than the other three forms. This is not a 
function of mode use because modal split varies from 8 
to 34 percent and this variation occurs in both groups 
of cities. 

The comparison of mode use for the r ange of cities 

Figure 5. Transitional sequence for transit network 
for central-core city. 

Phase 1 

Phase 2 

··? 

~ 
Phase 3 

\. .. . rail I I I I I I 

60-20 bus/hr. I -.:~ 

30 bus/hr. ----

Urban Form 

lA lB 3 4 

346 500 341 380 326 900 334 700 375 100 387 950 
7.0ox10• 7.71x10 4 5.00 x 10 4 9.65 x 10 4 9.51 x 10 4 17.14 x 10 4 

11.68 13.1 9.07 17.01 14.49 26.0 
18.2 8.0 10 .3 33.8 19 .9 8.0 

293 100 313 900 293 500 221 200 300 350 357 950 
63 55 59 85 75 90 

11.78 12.16 8.30 17.2 13 . 58 26.66 
10 .88 7.64 4.99 18.8 12. 54 40 .8 

53 400 27 480 33 400 113 500 74 750 30 550 
30 0 0 51 37 26 

11 .22 24.06 15.82 16.62 18.82 18.39 
8.27 11.02 8.98 13.16 13.94 18.34 



is shown in Figures 6 and 7. The percentage of trips 
that use transit corresponds closely with the number 
of train kilometers supplied except in the case of the 
satellite city where the existence of rail transit has 
little effect on the use of public transit. With regard 
to the percentage of person hours on high-speed service 
links (expressway and rail), the two corridor cities 
(3 and 4) and the satellite city (5) depend most on facili
ties that have high levels of service, as would be ex
pected. Although the cost of transportation investment 
has not been estimated directly, it is possible to form 
some general conclusions on capital costs from the 
amount of high-service facilities required in each of 
the six city types. The two corridor plans and the 
satellite plan are dependent on high-service facilities 
for both modes and hence will require high capital in
vestment. The satellite plan easily claims the position 
of the most expensive form even though its rail service 
requirements are not the largest. The radial-corridor 
plan is likely to be the cheapest of the corridor plans. 
The remaining three cities (central core, homogeneous, 
and multicentered) require the lowest transportation 
investment; the multicentered city requires the absolute 
minimum. 

Finally, in order to measure the relative efficiencies 
of the high-service links in the modal networks, inter
city comparisons were made between person hours per 
expressway lane kilometer and person hours per rail 
transit train kilometer. For expressway efficiency, the 
satellite city ranked highest, and the multicentered city 
and the linear city performed rather poorly. For rail 
transit, however, the networks of the radial-corridor 

Figure 6. Use of automobile mode and expressway. 

100 U) .. 
90 " 0 

"' 80 I . "' ""' 70 "~ 
QI" 

0 "'" .. 
60 "' ::> 0" < ... p. .. 50 "~ 

"' 
!'I QI 

"' ... 40 
... c: 
0 0 

H 

"' JO ... ... 20 0 

~ 10· 

1A lB 3 4 
CITY TYPE 

Figure 7. Use of transit mode and rail transit. 
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city and the linear city performed well and those of the 
satellite city very poorly. With regard to the efficiency 
of the total networks, including all link types, it may 
generally be concluded that it is more difficult to achieve 
an efficient transit network than it is to achieve an ef
ficient road network. The satellite form is the primary 
example of this disparity, but it is demonstrated in the 
other urban forms as well. In terms of overall ef
ficiency, the radial-corridor city rates best overall. 
This might be expected, but the fact that the homogeneous 
city ranks second certainly is not. Even though the 
homogeneous city has minimal transit service, what is 
available is effectively used. 

CONCLUSIONS 

This paper has been concerned with refining the trans
portation planning process so that short-term policy 
issues might be incorporated more effectively. As part 
of the proposed framework of dynamic policy evaluation, 
an assessment of the importance and relevance of trans
portation and land-use alternatives was undertaken. 
Conclusions that relate to the framework and the static 
analysis can be summarized as follows: 

1. Given the wide range of transportation service 
and investment requirements that resulted from the dif
ferent urban forms, the horizon-year policy states are 
definitely essential inputs to the proposed dynamic 
evaluation framework. From this analysis, it would 
appear that their use within the framework will prob
ably improve the computational efficiency of the method 
of selecting optimal time paths or plans for improve
ments through time, which is aimed at achieving the 
selected end-state condition. 

2. The transportation requirements of any particular 
urban form are uniquely defined. The average work
trip lengths for the six cities that were analyzed dif
fered by a factor of almost three. Also, the investment 
cost implications would appear to indicate the relative 
inexpensiveness of the centrally oriented city types 
(central core, homogeneous, and multicentered) rela
tive to the two corridor plans and the satellite plan . 
This conclusion is verified by the requirement for a 
large percentage of high-service links in the satellite 
cities. This conclusion generally supports similar re
search by Balkus (12) but runs counter to the conclusions 
of Zupan (13) and Hemmens (14). With regard to specific 
urban forms, the research results are confirmed by 
Voorhees, Barnes, and Coleman (15), who conclude 
that the existence of subcenters reduces average trip 
lengths, but conflict with Jamieson and others (16), 
who contend that the linear form rather than theradial
corridor plan is most efficient. With regard to the 
Metropolitan Toronto Transportation Plan Review (17), 
the research supports the contention that a nucleated 
pattern is preferable to a single-core plan in terms of 
all transportation measures. 

3. With regard to the effect that alternative urban 
forms have on specific modal requirements and use, the 
analyses indicate that substantial variability in mode 
use (8 to 34 percent for transit) may be expected among 
the six city types. In addition, the submode balance 
(rail-bus and expressway-arterial) is also dramatically 
different: Two urban forms-homogeneous and multi
centered-have no rail service at all. 

4. The implications of the modal differences for the 
urban forms may also be used to indicate differences in 
user travel costs and facility investment costs. Using 
either average trip length or number of person hours of 
travel as a proxy for user costs results in the following 
ordering of city types: multicentered, central core, 
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homogeneous, linear, radial corridor, and satellite. 
Using lane kilometers of high-service facilities as a 
measure of investment cost results in the same order
ing from low to high cost for the first three urban 
forms and a reversal in order for the linear and radial
corr idor plan in the last t hree c iti.es. The cons idera
tion of transportation efficiency (output per unit of input, 
such as person hours per lane kilometer or per bus kilo
meter) is even more instructive, resulting in the choice 
of the radial-corridor plan as the most efficient plan in 
the use of capital funds, followed by the homogeneous 
and the multicentered forms. 

The research results described here are preliminary 
in several respects. First, a number of internal modi
fications and checks should be applied to the transporta
tion modeling procedure. These include the incorpora
tion of transportation investment and user cost functions, 
the empirical verification of results, the inclusion of 
new transportation systems, and the application of the 
model procedure to cities of different population sizes. 
The most important direction, however, has to do with 
the further elaboration of the proposed policy evaluation 
framework and the construction of a policy model that 
will permit the evaluation of the most efficient path of 
investment over time in such a way that a desirable 
end-state plan may be achieved. Only in this way will 
the transportation system plan be relevant to policy 
issues. 
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