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•THE Chicago Area Transportation Study (CATS) has been involved in transportation 
planning in the Chicago area for 12 years. In 1962, CATS recommended a highway and 
mass transit plan. This was the third of a series of reports that described the basic 
inventories, detailed the development of future forecasts, and explained the techniques 
developed and used for plan selection and evaluation. 

The transportation plan was based on a forecast of future land-use and development 
patterns with assumptions about economic activity of the region. The forecast was quan
titative in nature. It was rigorously controlled with internal consistency checks to in
sure technical precision. The development pattern represented growth that, in all like
lihood, would occur in the area in the absence of a "plan." The estimated new population 
and additional land uses were distributed throughout the region in the same way that de
velopment is occurring today. While the transportation plan was technically sound, CA TS 
recognized the necessity of having a transportation plan that was in harmony with along
range comprehensive development plan. 

The opportunity for testing CATS transportation proposals with a comprehensive plan 
came in September 1964. At that time, the Northeastern Illinois Planning Commission 
(NIPC) entered into contract with the Illinois Division of Highways to develop several 
alternative plans and corresponding land-use and population projections for the Northeast 
Illinois Metropolitan Area (NIMA) for the year 1990. These alternative projections were 
to be used as input for evaluation of the CATS transportation plan for the CATS portion 
of the NIMA This report describes the CATS efforts in this joint "Land-Tran" project. 

PROCEDURE 

Evaluation of the adequacy of CATS proposals with respect to the various land-use 
alternatives required specialized studies and analyses. It was agreed that CATS would 
test the adequacy of its 1962 Transportation Plan with respect to five separate and dis
tinct land-use alternatives. (This was later revised to four when NIPC eliminated one 
by policy decision.) It was also agreed that CATS and NIPC would jointly-design a trans
portation plan specifically oriented to the land-use goals of the ''best" of the four plans 
previously tested. This transportation plan would be subjected to the same testing and 
evaluation procedure followed in testing the original CATS proposals. 

The five plans developed by NIPC are as follows (!): 
Alternative No. 1-The Dispersed Regional City Plan. The main features of this plan 

were low-density residential development, dispersed shopping facilities in the form 
of local neighborhood centers, dispersed jobs in the form of small office clusters and 
individual manufacturing plant sites, and utilizing areas along major streams and rivers 
for recreation. The automobile was considered the prime means of transportation 
with mass transit playing a minor role. (Note: This plan was ruled out by policy 
decision of the NIPC Planning Committee.) 

Paper spansored by Committee on Transpartation System Evaluation and presented at the 47th Annual 
Meeting. 
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Alternative No. 2-The Finger Plan. The emphasis of this plan was on radial corridors 
resulting in a physical pattern resembling the human hand with the area within the 
Tri-State Tollway forming the palm and urban corridors radiating outward. Resi
dential, shopping, and job centers were developed in the radial corridors. Higher 
densities were developed along the centers of the corridors adjacent to the high
speed rail and expressway facilities with lower densities at the outer edges of the 
corridors. This plan emphasized the use of rail transit facilities in the corridors. 

Alternative No. 3-The Multi-Towns Plan. This plan emphasized a major urban con
centration surrounded by numerous clusters of specialized towns rangingfrom 10,000 
to 100,000 persons. The clusters were bounded, served, and separated by major 
open spaces, shopping centers, industrial parks, and the expressway network. Main 
transportation emphasis would be on expressways while recognizing the needfor good 
rail transportation. 

Alternative No. 4-Satellite Cities-Greenbelt Plan. This plan channeled growth into 
four or five large cities of one to two million persons located at a distance of 35 to 
40 miles from Chicago's loop. These cities would be separated by large green rec
reational areas and connected by high-speed transportation facilities. 

Alternative No. 5-Trends. This alternative adds growth to the existing land-use pat
tern in accordance with present zoning laws and existing land development trends. 

Detailed land-use data forecast on the basis of each of the foregoing plans by CATS 
analysis zone was quantified by NIPC and provided to CATS as input for the CATS test
ing process. 

METHODOLOGY 

The testing and evaluation performed by CATS involved five distinct phases as follows: 

1. Determination of person trip totals-This step involves converting the land use and 
socioeconomic data to travel demand for each CATS analysis zone for each land-use plan. 

2. Determination of mode choice-In this stepthepersontravelisrelatedtoparticular 
travel mode. Results of this phase provide transit, auto, and truck trips by analysis 
zone. 

3. Distribution and assignment-In this step, the trip interchange between zones is 
determined and these volumes are "assigned" to segments of the network that would be 
used in performing the trip. This step is performed for highway and transit trips sep
arately for each land-use pattern. 

4. Network performance evaluation-After the assignments are completed, an anal
ysis is made to determine the quality of service afforded by the transportation network. 
This involves inspection of total travel time, vehicle and passenger miles traveled, av
erage speed of travel, and relationships of assigned volumes to capacities. Generally, 
the network that affords the lowest total miles traveled at the highest average speed 
while minimizing overload situations is the system that provides the highest "quality 
of service." 

5. Economic evaluation-The final step in the evaluation procedure is an economic 
comparison. This analysis considers the capital investment required to construct the 
transportation network and the cost to the user of the system. User costs include the 
operating cost for vehicles, probable accident costs, and personal time costs. CATS' 
economic evaluation is based on a single criterion-that of least total cost to build and 
use a system over a period of years. In other words, the objective is to plan a system 
so that the sum of measurable costs for all travelers and taxpayers in the region will 
be at a minimum. 

To accomplish the five stages of work described, CATS has developed a series of 
models programmed to utilize high-speed computers which develop the trip estimates, 
split trips by mode, distribute and assign trips, and summarize outputs of the process. 
These models will be described in more detail later in this report along with an anal -
ysis and summary of the evaluation process. 
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TRIP ESTIMATION AND MODE CHOICE 

Trip estimation is a sophisticated, highly complex process requiring an intimate 
knowledge of travel patterns as related to land usage and socioeconomic characteristics 
of an area. The technique used by CATS in this Land-Tran project is best described as 
an "incremental technique." Trips are estimated in two segments. The first segment 
contains an estimate of future trips made by the current population. To this estimate 
are added the trips generated by the increase in population expected in the future year. 
The estimate of future trips to be made by current population allows for the possibility 
of increased trip-making due to higher car ownership, more leisure time, and a gen
erally more affluent society. Total trips are determined, then, by adding these future 
additional trips made by the present population and the trips to be made by the added 
population to the number of trips actually being made at the present time. Table 1 shows 
the total trips by mode for each alternative. 

This incremental method of trip estimation is completely automated. A large share 
of the programming was done as part of this joint project. The details of trip estima
tion in this report will concentrate on the aspects of trip generation that are applicable 
to the Land-Tran project and not documented in other CATS publications. 

EVALUATION OF LAND-USE PLANS FROM TRANSPORTATION STANDPOINT 

One of the basic goals of the Land-Tran project was to determine the compatibility 
of transportation plans proposed by CATS with any or all of the land-use plans being 
studied. Conversely, it was hoped that traffic simulation studies would provide clues 
as to which of the land-use plans was best from a transportation point of view. It was 
reasoned that system measures of average trip length, average speed, total miles of 
travel, and total travel would serve to indicate the system that satisfied the travel re
quirements in the most efficient way. A measure of system efficiency was devised to 
help in the selection of such a system. This index of system efficiency was the ratio 
of total passenger minutes of travel to total passenger miles of travel. Results of as
signments to the total transportation system (including vehicle and mass transit trips) 
were summed for each land-use plan. 

The CATS proposed transportation plans were used for the traffic simulation for each 
land use to test their ability to serve the land uses and also to provide a common basis 
for comparing the travel requirements as measured in a network. 

There are two cautions. First, since CATS' geographic area of concern did not cover 
the whole NIMA, a bias could be introduced in favo1· of land-use plans that had more 
population (i.e., more travel) outside the CATS area. This is serious in only onecase
the satellite cities alternative, since the planned locations of the large cities were mostly 
outside of the CATS area. While all plans had essentially the same total population for 
the NIMA, the satellite cities alternative had 600,000 fewer people in the CATS area 
than were shown in the finger alternative. Fortunately, the satellite cities alternative 
had other problems which, from a policy point of view, made it less desirable than any 
of the three remaining alternatives. 

Second, there exists the possibility of a bias caused by using a planned trip length as 
input to the distribution and assignment process. For example, trip lengths were pur-

TABLE 1 

TRIP TOTALS BY MODE FOR ALTERNATIVE LAND-USE PLANS 

Land Use 
1990 

Alternatives Passenger Truck Total Vehicle 
Tripsa Trips Trips 

1. Dispersed City Regional Plan 10, 687, 637 2, 838, 197 13, 525, 834 
2. Finger Plan 10, 278, 812 2, 714, 863 12,993,675 
3. Multiple Towns Plan 10, 192, 843 2, 674, 544 12, 867' 387 
4. Satellite Cities Plan 9, 468, 248 2, 483, 843 11, 952, 091 
5. Trends 10, 087, 721 2, 602, 299 12, 690, 020 

0
Auto driver trips plus taxi trips= passenger car trips. 
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posely shortened as a planning goal in the finger plan. This may not be a serious bias, 
however, since the opportunity model can only connect trips where opportunities are 
available. Trip lengths are somewhat dependent on the distribution of acceptable op
portunities for destinations. 

Before describing the results of the assignment testing, the transportation networks 
used in the assignment will be discussed. 

Transportation Networks 

The transportation systems used for testing in the Land-Tran project were CATS' 
proposed transit and highway plans. These plans were published in 1962 after several 
years of intensive analysis. As pointed out earlier, the plans were prepared to satisfy 
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travel demand based on a land-use forecast and certain assumptions about economic 
activity. Formulas were developed to assist in selecting an optimal spacing of express
ways leading to one that would minimize total travel and construction costs. The recom
mended plan (designated L-3) was selected after studying a number of alternatives rang
ing from 300 to 900 miles of proposed expressways. The L-3 plan satisfied the single 
criterion of least cost. The capital cost was reasonable as gauged by the current an
nual expenditure for expressway and transit construction in the Chicago area. 

The L-3 highway plan (Fig. 1) contains 520 miles of expressway facilities within the 
CATS cordon line. Included in this total are several miles of toll roads. As a matter 
of policy, all routes are considered to be freeways in 1990. 
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TABLE 2 

SUMMARY COMPARISON OF HIGHWAY AND TRANSIT DATA WITH ASSIGNMENT RESULTS FOR 
FOUR ALTERNATIVE PLANS 

Finger Multi-Towns Satellite Trends 
Factor Plan Plan Cities Plan Plan 

Alt. No. 2 Alt. No. 3 Alt. No. 4 Alt. No. 5 

Population Internal 7' 569, 400 7,317,100 6, 924, 800 7, 150, 100 
EAlt:1Hal 1, 802, 800 2, 098, 000 2, 473, 100 2, 244, 700 

Total 9, 372, 200 9, 415, 700 9,397,900 9, 394, 800 

Passenger trips* Transit 2, 366, 353 2, 297' 837 2, 184, 309 1, 948, 214 
Vehicle 18, 789, 110 18, 563' 521 17, 274, 977 18, 348, 203 

Total 21, 155, 463 20, 861, 358 19, 459, 286 20, 296, 417 

Average trip length Transit 7. 76 7. 04 7. 34 7. 55 
Vehicle 4. 96 5. 56 5. 19 5. 32 

Passenger 5. 30 5. 70 5.50 5. 55 

Passenger miles* Transit 18, 362, 094 16, 070, 904 16, 023, 659 14, 706, 521 
Vehicle 93, 184, 300 103, 163, 142 90,936,681 97' 780, 384 

Total 111, 546,394 119, 234, 046 106, 960, 340 112, 486, 905 

Passenger minutes* Transit 104, 961, 206 100, 116, 716 102, 307' 849 87' 416, 203 
Vehicle 193, 206, 593 207, 524, 687' 188' 269' 088 239, 721, 535 

Total 298, 167. 799 307, 741, 403 290, 576, 937 327' 137' 738 

Index of total system efficiency . 374 . 387 . 368 . 343 
Passenger travel time (min/mile) 2. 67 2. 58 2. 72 2. 91 
Equivalence speed (mph) 22. 44 23. 22 22. 08 20. 58 
Index of transit system efficiency . 175 . 159 . 157 . 168 
Equivalence transit speed {mph) 10. 5 9.6 9.4 10. 1 
Tnnov nf uc.hif'lo c:nu:iton"I offt,..;oc.nru . 482 . 49€ . 482 .. @-8-
Eiq.;i~;ie~~~-~~l.1-;;"1;·;~~;.i·i~~i:)' 28. 9 29. 7 28. 9 24. 6 
Minutes/person 39. 4 41. 9 42. 0 45. 6 

• Includes truck trips. 

TABLE 3 

SUMMARY COMPARISON OF VEHICLE ASSIGNMENTS FOR 
FOUR ALTERNATIVE PLANS - INTERNAL AREA 

Finger Multi-Towns Satellite Trends 
Factor Plan Plan Cities Plan Plan 

Asmt. No. 06 Asmt. No. 07 Asmt. No. 08 Asmt. No. 09 

Sent trips 12, 978, 504 12, 840, 560 11, 934, 720 12, 674, 280 
VEMA V - Arterials 36, 750, 800 38, 884, 700 34, 717, 900 37' 726, 100 
VEMA V - Expwys ~O, OH ii, HOO 35, 871, ~00 29, 776, 200 32, 619, 500 
VEMA V - Art + Exp 66,846,700 74, 755, 900 64, 494, 100 70, 345, 600 
VEMAV • t .. 0. 85 VEMDC - .1u eruus u. ~u 0. 80 0. 87 

VEMAV 
VEMDC - Expwys 0. 77 0. 91 0. 76 o. 83 

VEMAV 
VEMDC - Art + Exp 0. 81 0. 91 o. 79 0. 85 

Trips per mile - Arterials 13, 000 13 > 800 12, 300 13, 400 
Trips per mile - Expwys 57' 900 69, 100 57 > 300 62, 800 
Trips per mile - Art + Exp 20, 000 22, 400 19, 300 21,000 
Op. cost ($ ) - Arterials 983, 000 1, 047' 000 927,700 1, 009, 700 
Op. cost ($ ) - Expwys 924,900 1, 082, 200 910,500 992, 300 
Op. cost ($)-A~t + Exp 1, 907, 900 2, 129, 200 1, 838, 200 2, 002, 000 
Acc. cost ($)- A'rtcdnls 541, 200 591, 200 508, 000 557' 100 
Acc. cost ($) - Expwys 70, 100 87,400 70, 300 78,000 
Acc. cost ($) - Art + Exp 611, 300 678,600 578, 300 635, 100 
Time cost ($) - Arterials 2, 527, 000 2, 737 > 100 2, 384, 300 2, 605, 000 
Time cost ($ ) - Expwys 833, 100 1, 014, 200 829,800 914,500 
Time cost ($ ) - Art + Exp 3,360, 100 3, 751, 300 3' 214, 100 3,519,500 
Tot.ol cost ($) - A~tcrtals 4, 051, 100 4, 375, 300 3,820, 100 4,171,900 
Total cost ($ )- Expwys 1, 828, 100 2,183,800 1, 810, 600 1, 984, 800 
Tot.a I cost ($) - Arl + E:,'P c nnn rtnn 6, 559, 100 5, 630, 700 6, 156, 700 .... ,01~, c.vv 
Travel cost (cents) 

per veh. mile - Arterials 11. 0 11, 2 11. 0 11. 1 
Travel cost (cents) 

per veh. mile - Expwys 6. 1 6. 1 6. 1 6. 1 
Travel cost (cents) 

per veh. mile - Art + Exp 8.8 8.8 8. 7 8.8 

NOTE: 1. Arterials: Length= 2,822.6 miles, VEMDC = 43,241,500 
2. Expressways: Length= 519.5 miles, VEMDC = 39,293,200 
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The arterial streets (CATS' designation for all roads except freeways) total 2,822.6 
miles within the cordon line. For the City of Chicago, the street system selected is the 
preferential street system as developed by the City of Chicago. Selection of streets is 
a function of the density of development of the area. Jn Chicago's Loop, nearly all 
streets are included. For the remainder of Chicago, arterials are at approximately 
%-mile spacing. The spacing then increases to an average of 1 to 2 miles as develop
ment becomes less dense. AU arterials are considered to be at least four lanes wide 
in 1990. 

CATS' proposed transit system is shown in Figure 2. The assignment network for 
transit contains 477.4 miles of CTA surface lines, 93.1 miles of CTA rapid transitlines, 
and 281. 2 miles of suburban rail commuter lines. Jn addition, there are 1,220. 2 miles 
representing express, suburban, school, and service buses, and artificial auto travel 
links feeding terminal points. The total transit system contains some 2,071.9 miles of 
facilities. 

Results of Traffic Assignments 

Highway and transit assignments were performed for each of the alternative land-use 
plans. Population in the internal area (CATS study area) varies from a low of 6,900,000 
in the satellite cities plan to a high of 7 ,500,000 in the finger plan. Similarly, trips vary 
in the same manner. The satellite plan has 1. 5 million fewer trips in the CA TS' study 
area compared with the finger plan (Table 2). 

Trip length varied, the highest being multi-towns with 5. 7 miles and the lowest finger 
plan at 5. 3 miles. 

The multi-towns plan had the highest total passenger miles and second highest total 
passenger minutes. The trends plan ran a poor last. With 400,000 fewer people than 
the finger plan, a million more passenger miles and 29 million more passenger minutes 
were needed to satisfy the travel requirements generated by location of its people and 
activities. 

The multi -towns plan had the highest index of total system efficiency, with the finger 
plan second. The finger plan had the highest index of transit system efficiency, how
ever. Its activities were so arranged that the average trip time was lowest of all plans 
tested. The trends plan, again, was least efficient. 

The vehicle equivalent miles of assigned volume (VEMA V) and the ratio of VEMA V 
to vehicle equivalent miles of design capacity (VEMDC) for arterials, expressways, and 
all facilities combined were computed for each plan (Table 3 ). Except for the satellite 
cities plan (which really cannot be compared), the finger plan has the lowest volume-to
capacity ratio of the three remaining. This means that the finger plan offers a higher 
quality of traffic service; that is, chances of being delayed by congestion and backups at 
traffic signals are less so that travel costs are, therefore, probably less. The total 
daily travel costs are considerably lower for the finger plan than for the multi-town or 
trends plan. 

This analysis showed that the trends plan should no longer be considered as a possible 
comprehensive plan for the NIMA. It also indicated that the finger plan and multi-towns 
plan each had desirable transportation features. The multi-towns plan had the highest 
index of system efficiency and offered the highest average vehicular speed. On the other 
hand, the finger plan handled travel requirements for a slightly larger population with 
a minimum average trip time per person and at a considerably lower travel cost to the 
highway user. The organization of activity on the finger plan made it possible to satisfy 
trip desires with a shorter trip length. Based on this analysis, it appeared that the 
finger plan was slightly better than the multi-towns plan from a transportation point of 
view. Thus, at the December 1966 meeting of the NIPC, CATS reported that the multi
towns and finger plans were bbth satisfactory but that the finger plan offered the ad
vantages of faster average trip time per person and lower highway travel cost. 

EVALUATION OF ALTERNATIVE TRANSPORTATION PLAN FOR FINGER PLAN 

The second major goal of this project was to establish whether a new transportation 
plan would be required for a particular land-use plan-or if the original CATS plan could 
best satisfy the travel demands of any of the planned situations. 
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As a result of the considerable testing of the land-use plans by NIPC and CATS, and 
the stated preference of those attending a public hearing in late 1966, NIPC chose the 
finger plan for further testing and development. CATS had agreed earlier to test a 
transportation network developed especially for the plan favored at the public hearing. 
The plan was to be developed jointly by the CATS and NIPC staff and certified by the 
directors of the two agencies. 

Alternative Transportation Systems 

An alternative highway and transit system was developed specifically to implement 
the planning goals of the finger plan; that is, the system was planned to encourage growth 
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and accessibility along the fingers and to discourage growth and the construction of trans
portation facilities between the fingers. Extensive changes were made to both the high
way network and transit network. Sixty miles of expressways were deleted from the 
L-3 plan. To the transit system was added 115 route miles, including 60 miles of pro
posed express bus routes (Figs. 3 and 4). 

Changes in the transit system's level of service l'equired a re-run of the mode split 
for the finger plan trips. However, the resulting changes were minimal. Only 12,000 
daily transit trips were added by the revised plan. This represented an increase of 
1 percent in transit travel and a decrease of less than 0.1 percent of vehicle trips. 
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TABLE 4 

SUMMARY COMPARISON OF HIGHWAY AND TRANSIT DATA WITH 
ASSIGNMENT RESULTS FOR ALTERNATIVE 2 AND 

REVISED ALTERNATIVE 2 

Alt. No. 2 Alt. No. 2 on Factor on CATS (06) Revised Network (AB) 

Population Internal 7' 569, 400 7,569,400 
Extornal 1, 802, 800 1, 802, 800 
Total 9,372,200 9, 372, 200 

Passenger trips Transit 2, 366, 353 2, 378, 200 
Vehicle lB, 7B9, 110 lB, 777' 245 
Total 21, 155, 463 21, 155, 463 

Average trip length Transit 7. 76 B. 49 
Vehicle 4. 96 5. 01 
Total 5. 30 5. 40 

Passenger miles Transit 18, 362, 094 20, 1B9, 756 
Vehicle 93, 1B4, 300 94, 023, 100 
Total 111, 546, 394 114, 212, 856 

Passenger minutes Transit 104, 961, 206 102, 903' 100 
Vehicle 193' 206, 593 219, 625, 864 
Total 298' 167' 799 322, 528,964 

Index of total system efficiency . 374 . 354 
Passenger travel time (min/mile) 2. 67 2. 82 
Equivalence speed (mph) 22. 44 21. 25 
Index of transit system efficiency . 175 . 196 
Equivalence transit speed (mph) 10. 5 11. 8 
Index of vehicle system efficiency . 482 . 428 
Equivalence vehicle speed (mph) 28. 9 25. 7 
Minutes-trip total system 14. 1 15. 2 

TABLE 5 

SUMMARY COMPARISON OF VEHICLE ASSIGNMENTS 06 AND AB 

Factor 
06 Alt. No. 2 on AB Alt. No. 2 on 
CATS L-3 Net. Rev. L-3 Net. 

Sent trips 12, 978, 504 12, 971, 145 

VEMAV Arterials 36, 750, 800 39, 606, 700 
Expressways 30, 095, 900 27' 841, 700 
Arts + Expwys 66,B46,700 67,44B,400 

VEMAV/VEMDC Arterials o. 85 0. 92 
Expressways o. 77 0. 80 
Arts + Expwys 0. Bl 0. 87 

Trips per mile Arterials 13, 000 14, 100 
Expressways 57, 900 60,700 
Arts + Expwys 20, 000 20, 600 

Operating cost ($ ) Arterials 983, 000 1, 064, 200 
Expressways 924, 900 851, 800 
Arts + Expwys 1, 907' 900 1, 916, 000 

Accident cost ($) Arterials 541,200 594, 400 
Expressways 70, 100 65, 400 
Arts + Expwys 611, 300 659, 800 

Time cost ($ ) Arterials 2, 527' 000 2, 751, 600 
Expressways B33, 100 774, 700 
Arts + Expwys 3, 360, 100 3, 526, 300 

Total travel cost ($ ) Arterials 4, 051, 100 4, 410, 200 
Expressways 1, 828, 100 1, 691, 900 
Arts + Expwys 5, 879, 300 6, 102, 100 

Travel cost (cents) 
per veh. mile Arterials 11. 0 11. 1 

Expressways 6. 1 6. 1 
Arts + Expwys B.8 9. 0 

06 VE MDC for: Art. = 43,241,500 
Exp.= 39,293,200 

Route Length: Art.= 2822.6 miles 
Exp.= 519.5 miles 

AB VEMDC for: Art.= 43, 145,500 
Exp. = 34,626,400 

Route Length: Art.= 2817.2 miles 
Exp. = 458.75 miles 



113 

Results of Assignments 

Transit and highway assignments were run for the alternative transportation system. 
Table 4 compares the results of assigning finger plan travel demand to an alternative 
travel plan with the results of assigning the same travel demand to the original CATS 
plan. The population and trips are naturally the same for both plans. However, the 
trip length is greater for the alternative plan for both highway and particularly transit 
trips than it is in the CA TS plan. In this case, calibration was the same and trip length 
differences are due only to network differences. Passenger miles and minutes are also 
greater. Consequently, the index of efficiency is less and average speeds are slower, 
while travel time and average trip time are greater. The alternative, however, demon
strates greater efficiency and speed for the transit system. 

One percent difference in transit passenger volume caused a nearly 8 percent in
crease in passenger miles. Even with this increase in length, however, there is a de
crease in transit travel time because transit speeds are high. Yet, combining transit 
and highway travel times brings the alternatives' passenger minute time up to a net in
crease of 8 percent. Clearly, the alternative cannot be favorably compared with the 
original CATS plan when subjected to the same evaluative criteria. 

Results of assignments to the highway network show that the original plan has a lower 
volume to capacity ratio (VEMA V /VEMDC) and thus provides the best quality of service 
(Table 5). Again, the chances of congestion, delays, and subsequent travel costs are 
less on the original system. 

The alternative highway plan had the effect of shifting traffic from the expressway 
back to the arterial system. This is done at a substantially higher per-mile travel cost, 
as reflected in the cost summaries. Expressway travel is down 9 percent and arterial 
travel up 8 percent in the alternative plan. On the average, an additional 1100 vehicles 
have been added to each mile of arterial. 

This resulted in relatively the same travel demand being satisfied on a lesser sys
tem. The expressways in the revised system show no increase in travel, but rather a 
9 percent decrease. Trips were not diverted to the transit system or to other express
ways but used surface streets instead. This necessarily increased arterial travel, 
thus increasing travel costs. 

The results of the traffic assignment clearly indicate that the original CATS highway 
plan (L-3) is superior to the revised plan when considering user costs only. The L-3 
plan accommodated the same number of trips as the revised plan, but with a higher 
average speed, less congestion on the ·arterial system, and a generally higher quality 
of service. The overall result of these positive benefits means lower total travel costs 
to the users. 

It has been demonstrated that plan L-3 provides superior travel performance. Since 
it is axiomatic that the rate of return for each mile of new facility declines as more 
facilities are built, it must be determined whether the difference in user costs gives a 
significant return on the additional capital investment required by the L-3 plan when 
compared to the alternate. This is done by using a standard economic technique known 
as marginal cost analysis. 

Marginal Cost Analysis 

Marginal cost analysis is a rather simple, yet effective, analysis to.ol. This method 
involves a comparison of the benefits from a marginal (or last item) investment with 
the additional capital costs required for the investment. As a policy, CA TS selected 
10 percent as a minimum required rate of return before considering the investment 
worthwhile. This i~ a high rate of return compared with the 3 to 6 percent rate return 
now current for a variety of low risk investments such as insured home mortgages and 
municipal bonds. The 10 percent rate was chosen purposely as a means of insuring 
fair investment consideration of a variety of other public works besides transportation 
facilities. Thus, if an improvement meets this economic test, the public official can 
be reasonably assured that the project is a worthy investment of public funds. 

Capital Costs-As used in this analysis, capital costs are construction costs only. 
This is the cost to purchase right-of-way and build a facility, but not to maintain and 



114 

operate it. Also, the so-called intangible social costs are not included. These are the 
supposed costs of disrupting a neighborhood or relocating people. In point of fact, how
ever, even if these costs could be quantified, they could not be used in the evaluation of 
a total system. Since the plan considered here is a "corridor plan" with no specific 
location chosen, it would be meaningless and entirely out of scale to estimate these 
social costs. This is not to say that the estimation of these social and economic im -
plications of building transportation facilities should be ~gnored, but rather that these 
are properly individual route location problems rather than systems indices. 

The cost of the highway plan is based on typical per-mile costs of facilities completed 
since 1960. These per-mile costs are developed by CATS ring and applied to the mile
age of proposed expressway in each ring. While these costs are not exact, because no 
one can say exactly what the costs are until the facilities are built, they are reasonable 
estimates and are applied in the same manner to each highway system. The application 
of these ring per-mile costs showed that the L-3 plan would cost $194,870,000 more than 
the alternative highway plan. 

Because of its additional proposed express bus mileage and rail facilities, the re
vised transit plan had a higher capital cost than the CATS original transit proposal. The 
capital cost estimate for the revised plan was made conservatively so as not to produce 
an answer biased toward the CATS plan. For example, it was assumed that no additional 
construction cost would be required for express buses for the traveled way. However, 
a cost of $ 800,000 per station was assessed. It was assumed that where proposed rail 
lines were near existing rail lines, no additional capital costs would be required, but 
that the existing line would be used. An example of this is the proposed southwest rail 
route in the corridor of the Norfolk and Western Railroad line. Adding the proposed 
115 miles of new transit facilities would cost an estimated $76,600,000 more than the 
CATS plan. 

User Costs-Daily user costs for the CATS L-3 network are $5,879,300. For the 
revised plan, daily costs are $6,102,100, or $222,800 higher per day. Assuming339.5 
average weekdays per year, the L-3 plan gives an annual cost savings of $75,640,600 
per year. 

Approximately 70 percent of these savings is in personal time costs. Whether time 
savings should be used is a widely debated issue. However, if value of personal time 
is left completely out of the analysis, the savings in accident and operating expenses 
total more than $20,000,000 per year. To ignore value of time implies that time sav
ings are unimportant to the system user-an implication which is indisputably incorrect. 

TABLE 6 

SUMMARIZED COST IN DOLLARS FOR INDIVIDUAL AND COMPOSITE 
TRANSPORTATION SYSTEMS 

Factor Alt. No. 1 Alt. No. 2 Savings Add'l. Cap. 
Original L-3 Revised Plan Alt. 1 Over 2 Alt. 1 Over 2 

Capital required 
Transit 116, 100, 000 192, 700, 000 -76, 600, 000 
Highway 2, 007, ooo, 000 1, 812 1 1301 ooo 194, 870, 000 

Total 2, 123, 100, 000 2, 004, 830, 000 118, 270, 000 

Annual capital required 23, 390, 193 22 , 087 ' 212 1, 302, 981 

Annual transit user costsa 
Oper. 229, 791, 900 247, 639, 800 17 , 577,900 
Time 570, 149, 100 448, 969, 400 -ll, 179, 700 

Total transit user costs 799, 941, 000 806' 609. 200 6,668,200 

Annual highway user costs 
Oper. 647' 732, 050 650, 482, 000 2, 749, 950 
Acc. 207' 536, 350 224, 002, 100 16, 465, 750 
Time 1, 140,753,950 1, 197, 178, 850 56,424,900 

Total highway user costs l, YY6, UZZ, a5U Z, 071, ti6i, Y5U 75,64U,6UU 

System user costs 2, 795, 963, 350 2, 878, 272, 150 82,308 , 800 

0
Dai ly cost times 339.5 average weekdays. 
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In this analysis, the transit operating costs are equated with user costs since the user 
must ultimately pay these costs through his fare. 

Operating expenses (i.e., fares) would be$ 52,571 higher per day on the alternate 
transit plan while, on the other hand, reduced travel time saves the user $ 32,930 per 
day. However, this gives an overall daily cost of $19,641 more for users of the alter
native transit network. On an annual basis, this is $6,668,120 higher than afforded 
transit users in the original CATS proposals. 

Marginal Rate of Return-The marginal rate of return (MRR) was calculated for the 
highway and transit plans and, also, for a combined or composite transportation system. 
It was stated earlier that the CATS highway plan required an additional investment of 
$194,870,000 as compared with the alternative. However, the L-3 plan yielded annual 
benefits of $75,640,600 or 38.8 percent-an impressively significant return. Table 6 
gives details of user and capital costs of the two systems. 

Even ignoring the benefits of time savings, the MRR based on $ 20,000,000 annual 
operating and accident cost, showed savings slightly in excess of 10 percent-still meet
ing the minimum rate of return. 

For the transit analysis, the proposed alternative system represented the marginal 
investment since it was estimated to cost $76,600,000 more than the CATS proposal. In 
this instance, however, the cost to transit users is greater for the alternative, largely 
because of increased operating expenses for a larger network of facilities. Thus, a 
negative MRR resulted from this added transit investment. 

Based on this analysis, the transit proposal is not justified. However, since the new 
plan minimized total travel time, it appears that the CA TS transit proposals need restudy. 
It is possible that addition of new rapid transit proposals could reduce travel times and 
still meet the test of a 10 percent marginal rate of return. Thus, CATS proposes to 
review its transit proposals with the possibility of modifying its original recommenda
tions. The improvements in operating efficiency in the proposed transit system were 
overpowered by the additional capital investment required. If more people could be 
induced to use transit in preference to the automobile, the investments could be eco
nomically sound. Experience has shown that new rapid transit routes cause a greater 
intramodal shift of transit users than a shift away from the use of the automobile. 

An MRR was also calculated for the combined highway and transit networks. This 
calculation combined investment costs of both systems for each plan and compares the 
return from the combined user costs. The negative MRR for the alternate transit plan 
coupled with the high MRR for the CATS L-3 highway plan result in an almost unreal 
composite MRR of 70 percent. 

Results of the traffic and economic analysis indicate that the L-3 plan is the best of 
the two plans tested in providing transportation service for the land-use distributions 
in the finger plan. Results are conclusive with respect to the highway system. Con
clusions about the transit plan are not as clear. It seems advisable to review the CATS 
proposal with the possibility of including additional rapid transit recommendations, and 
suggestions for better coordination and transfer arrangements with the private com -
panies and the Chicago Transit Authority. 

SUMMARY AND CONCLUSION 

This report has described CATS' role in a land-use transportation study carried out 
jointly with the Northeast Illinois Planning Commission. It is a companion to the NIPC 
summary of their work on this project (1). 

It was pointed out that this project gave CATS the opportunity to test its transporta
tion plans (based as a forecast) for their adequacy to support a land-use plan or plans. 
The project involved evaluating the adequacy of CATS plans to serve four (originally 
five) land-use plans and to determine which plan was best from a transportation view
point. It also afforded an opportunity to test CATS plans against an alternative proposal 
specifically designed to serve one land-use plan (in this case, the finger plan). 

The report has described how CATS converted land-use and socioeconomic data to 
travel demand, distributed and assigned traffic to networks, and prepared traffic and 
economic evaluation of the results. The methodology and the models were briefly de
described, as were the results of the evaluation. 
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Results of the testing efforts lead to some definite conclusions: 

1. The CATS transportation proposals would adequately serve any of the proposed 
four land-use plans-within the CATS area. 

2. The finger plan was the best land-use plan from the point of view of transportation. 
It organized land uses so that trip lengths were shorter and had a generally higher quality 
of service in the networks. 

3. The CATS L-3 highway plan was cleal'ly supel"iur lo au allemate plan devised Io1· 
the finger plan. This conclusion is supported by the traffic analysis and by the marginal 
rate of return economic analysis. 

4. The alternative transit plan did not provide marginal benefits to justify the addi
tional capital costs. However, it did have desirable qualities, which suggests that CATS 
should restudy its transit proposals. 

Results of these tests provided a large body of statistics in support of the CATS ex
pressway proposals. It appears that a well-conceived plan based on spacing principles 
will work under a variety of land-use configurations. While there may be some severe 
local dislocations due to shifts in density within the CATS area, average trip densities 
did not vary greatly from one plan to another. 

A conclusion not related to the technical aspects of the project is that two separate 
agencies can, each with particular skills and specialities, successfully work together in 
preparing and evaluating land-use and transportation plans. 
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Transportation System Development and 

Evaluation as Practiced in Seattle 

STEPHEN GEORGE, JR., Director, Albuquerque Metropolitan Transportation 
Planning Program 1 

•A FEW mooths ago, the final published Summary Report (1) of the Puget Sound Regional 
Transportation Study was distributed. The 115-page document ·could not have been de
s igned to give full justice to the initial four year s' effor t of a comprehensive land- use 
and transportation planning pr ogram. The inter disciplinary staff that was assembled 
in 1961 was able to expand on its previous experiences and sharpen up the tools of sys
tem development and evaluation, but the final report does not cover this area. What did 
we learn from this important exercise that can be applicable to a great number of me
dium -to-large-size metropolitan areas? 

As a preamble to the general conclusions that I wish to emphasize, let me digest the 
study scope and the area's physical restraints before outlining the system development 
criteria and system evaluations. 

SCOPE OF PSRTS WORK PROGRAM 

The overall objective was to "formulate a transportation plan as part of a general 
development plan for the region." Alternative land-use patterns and alternative trans
portation systems including mass and rapid transit were developed, tested, evaluated, 

1The author was associated with the Puget Sound Regional Transportation Study as Deputy Director and 
Princi pa I Consultant from Apri I 1961 to August 1967. 




