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An integral part of any comprehensive transportation planning study 
is the economic evaluation of future alternative highway systems. A 
discussion of two procedures is presented to improve the method of 
economic evaluation that is generally used today. The first con
siders peak and off-peak travel to obtain improved system mea
sures for the user cost quantification. The second utilizes a range 
of unit time values and interest rates to enable the decision-maker 
to evaluate more effectively the significance of these two variables 
in the economic evaluation. The pr ocedur es ar e demonstrated 
through the use of economic analyses conducted for two medium
sized urban areas: Erie, Pa., and Waterloo, Iowa. 

Improvements are suggested in system measures to reflect true 
intersection delays and in the determination of a value for time that 
is representative of the real costs incurred by trip makers. 

eTHE plan development phase of a transportation study typically involves the prepara
tion and evaluation of several alternative transportation systems. An important part 
of this evaluation is the economic analysis to determine which system will cost the 
least to construct and operate for the planning period under consideration. The pur
pose of this paper is to present two procedures to improve the economic evaluation of 
alternative highway systems in medium-sized urban areas having minimal transit usage. 
Erie, Pa., and Waterloo, Iowa, are the two case examples used to demonstrate these 
procedures. 

This report is divided into three sections: system measures, sensitivi ty analyses, 
and conclusions. The first section discusses the methodology used in determining 
system measures required for the user cost quantification. The importance of con
sidering both the peak and off-peak periods in the economic evaluation is illustrated 
using data from the Erie Area Transportation Study. The second section discusses the 
use of a range of unit time values and interest rates in determining the most economical 
highway system for the Waterloo metropolitan area. The need is stressed for the use 
of this approach to enable the decision-maker to understand fully the results of the eco
nomic ~-rrn!ysjs o 'l'hP. last section summarizes these two approaches, and suggests 
areas of further research to improve the state of the art of the highway system eco
nomic evaluation. 

SYSTEM MEASURES 

During the plan development phase of the Erie Area Transportation Study , three 
1985 highway system alternatives were developed, cuch containing certain firmly com
mitted projects (1). The 1985 traffic was assigned to the existing and committed sys
tem and to each future system using the Bureau of Public Roads "all or nothing" 
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EXISTING AND COMMITTED SYSTEM PLAN A 
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PLAN B Vehicles PW' DilY 
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Figure l. Alternate systems-deficiencies, Erie, Pa. 

assignment technique. The capacity deficiencies resulting from the balanced traffic 
loadings are s hown in Figure 1. 
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The "all or nothing" assignment program output contains a s umm ary of vehicle
miles, vehicle-hours , and average speeds. These inventory s peeds based on an in
ventory of off-peak travel times, were modified during calibration of the computer net
work. The actual vehicle-hours of travel for each system, however, should be based 
on an average peak and off-peak speed as expressed by Eq. 1. 

where 
VH 

PH1 

Di 

SPi 

OPi 

Si 
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VH = L: 
i = 1 

total system vehicle hours of travel; 

peak-period vehicular traffic; 

length of link i (miles); 

+ 

average peak-period speed of link (mph); 

off-peak vehicular traffic; 

average off-peak speed of link (mph); 

individual link in system; and 

the last link in system. 

Th(:l peak and off-peak speeds were determined using a relationship between the 
volume to serve volume r atio and speed, as s hown F igure 2. 

(1) 

As an aid to the development of total system vehicle-hours, a distribution of per
cent of vehicle-miles versus speed was determined for each alternative based on both 
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Figure 2. Speed and volume/service volume ratio* areterial streets, Erie, Pa. 

the off-peak speed and the adjusted speed (Fig. 3), The differences between the exist
ing and committed system and each of the alternatives are much less after the peak
period speed adjustment. The new distribution curve clearly indicates how traffic con
gestion is overstated using unadjusted vehicle-hours. With the adjusted distribution, 
the vehicle-hours of travel for the system were obtained by dividing vehicle-miles by 
the appropriate speed class. This division approximated the vehicle-hours of travel 
stated in Eq. 1 and gave a reasonable distribution of vehicle-hours that was required 
for the economic evaluation. 
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Figure 3. Cumulative percentage ot arterial street veh1cie-mi ies by speed, Erie, Pa. 



TABLE 1 

AVERAGE DAILY VEHICLE-MILES AND VEHICLE-HOURS 
OF TRAVEL-ARTERIAL SYSTEM, ERIE, PA. 

Vehicle-Hours 

Arterials 
Peak and Vehicle-Miles ADT Off peak DUference (:') 

Exis ting and committed 
system 1, 535, 500 109, 600 90, 003 22 

Alternative: 
A 1, 620, 800 82, 800 69, 249 19 
B 1, 548, 900 86, 690 70, 885 23 
c 1, 737, 700 87; 680 74, 581 17 

Source: Ref. (!). 
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The vehicle-hours of travel considering both the peak and off-peak average speed 
are summarized in Table 1, which also shows the vehicle-hours obtained from the 
"all or nothing" ADT computer assignment without the peak-period adjustment. The 
adjusted values are less by approximately 20 percent due to the overstatement of 
vehicle-miles in the lower speed classes (Fig. 3). The difference in vehicle-hours 
between each alternate and the committed network is less with the peak and off-peak 
adjustment, thereby indicating smaller benefits. 

For the Erie area study, a user cost curve was developed relating average speed 
to operating cost per vehicle-mile. This curve was derived from cost data presented 
by Winfrey (4). To use that data, representative values were assigned for the per-
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Figure 4. Vehicle operating cost versus speed, 
Erie, Pa. 
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in the study area. Although it was 
recognized that this was an approxi
mation of existing conditions, it was 
felt that since the economic evalua
tion deals with differences rather 
than absolute costs, a finer strati
fication was not warranted. The 
final user cost curve is shown in 
Figure 4. 

The operating cost per vehicle
mile (Fig. 4) was applied to the 
vehicle-miles within each speed class 
(Fig. 3). By aggregating these costs, 
the total 1990 operating cost for each 
alternate was quantified as sum
marized in Table 2. 

The benefit-cost ratio method 
based on equivalent annual costs 
(see Appendix, section4(b)) wasused 
to make the economic comparison 
between alternatives. The benefit
cost ratios comparing each alterna
tive to the existing and committed 
system are given in Table 3. Com
parison of the benefit-cost ratios 
before and after peak-period adjust
ment clearly shows that the benefits 
derived for the proposed alternatives 
are overstated when the operating 
costs are based on off-peak con
ditions alone. 
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TABLE 2 TABLE 3 

1990 ANNUAL OPERATING COSTS, 
ERIE, PA. 

BENEFIT- COST RATIOS, ERIE, PA. , ALTERNATIVES COMPARED WITH 
EXISTING AND COMMITTED SYSTEM 

Existing and committed system 
Alternative: 

A 
B 
c 

Source: Ref. @>· 

$ 21, 620, 000 

$23, 450, 000 
$23, 750, 000 
$23, 450, 000 

Interest Rate, Peak-Period Adjustment 

Alternative 6~ 8~ 10~ 

Before Alter Before Alter Before After 

A 2. I I.I 1. 0 o. 8 I. 2 0. 6 
B I. 8 o. 8 I. 4 O.G I. 0 0. 4 
c I. 7 0. 8 1. l o. 6 0. 9 o. 4 

Source: ReF. ~). 

SENSITIVITY ANALYSIS 

The purpose of any economic evaluation of alternative transportation systems is to 
provide inputs for a decision-maker who weighs the economic analysis along with other 
factors such as social and community impacts, level of service, and financing. The 
previous section suggested improvements in system measures for both the level of 
service and user cost quantification. An economic evaluation should focus attention on 
those items in the analysis that are subject to judgment to show their possible variation. 
This can be done effectively by a sensitivity analysis where a rangeof "values" is used 
for those items subject to judgment. This approach allows the policy maker to obtain 
an understanding of the significance of each item to the final decision. 

The importance of the sensitivity analysis was demonstrated in the economic eval
uation of alternate highway plans for the Waterloo Metropolitan Area Transportation 

EXISTING AND COMMITTED PLAN A 

PLAN B LEGEND PLAN C 
Vehicles Per Day 

• d~0,000 

Fia11rP !i. AltP.rnntP. <y<tP.m<-dP.ficiencies,. Waterloo. Iowa. 



TABLE 4 

INTEREST RATES AND UNIT TIME VALUES, 
WATERLOO, IOWA 

Interest Rates: 6, 8, and 10 percent 

Value of Travel Time Savings Dollars 
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TABLE 5 

TOTAL EQUIVALENT ANNUAL COST, WATERLOO, IOWA 
(Thou sands of Dollars) 

Interest Time Value Per Vehicle-Hour 
Alternative Rate(~) 

$1. 32 $1. 52 $!. 86 

Value per person-hour 
Value per truck-hour 
Value per vehicle-houra 

0.85 1. 00 1.25 Committed 6 95, 288 105, 096 121, 776 
4. 00 4. 50 5. DO system 8 90, 242 99, 364 114, 907 
1. 32 1. 52 1. 86 10 85, 799 94, 303 108, 765 

Plan A 6 54, 500 58, 122 64, 283 
0

Bosed on the following formula: 8 54, 192 57, 669 63, 583 
Value per vehicle-hour = (Value per pe~on-hour) (persons per car) 

(%auto) + (value per truck-hour} (%trucks) Plan B 
10 
6 
8 

54, 144a 57, 49la 63, 185 
58, 475 62, 424 64, 102 
58, 199 61, 978 68, 388 

where pe~ons per car == 1.3; % auto = 93; and % trucks = 7. 10 58, 216 61, 328 67, 985 
Source: Ref. ~). Plan C 6 54, 068a 57, 499a 63, 327a 

8 54, 092a 57, 381a 63, 013a 
10 54, 329 57, 750 62, 955a 

a 
Minimum equivalent annual cost alternative for o given-interest rote 
and time value . 

Study (5). Figure 5 shows the highway $cure., Ref.~). 
system - and the 1990 deficiencies for the 
existing and committed system and each 
of the three plans tested. Initially an in-
terest rate of 6 percent and a value of $1. 55 per hour (6) for travel time savings were 
assumed. However, it has been r ecommended (7) that higher interest rates be used 
to p1·ovide a better measure of the risks involved in the traffic forecast output. A 
range of interest rates varying from 6 percent to 10 percent was assumed. A range of 
values for travel time savings considering the inherent difference in travel time cost 
savings, as compared with the savings in vehicle operating cost was also used. The 
interest rates and values for travel tiine savings used in the Waterloo economic evalua
tion are given in Table 4. 

Using these values, the equivalent annual cost of each investment and user cost 
component was computed for each highway system alternative. A summary of the 
equivalent annual costs is given in Table 5, and a more detailed breakdown is pre
sented in the Appendix, section 3. 

Table 5 shows that the least equivalent annual cost alternative varies with interest rate 
and time value. Plan A is less costly for the lower time values , at an interest rate of 
10 percent, whereas Plan C is less costly for the other combinations of time values 
and interest rates. 

TABLE 6 

BENEFIT-COST RATIOS, WATERLOO, IOWA 

(a) Alternatives Compared With Committed System 

Interest Time Value Per Vehicle . Hour 
Alternative 

Rate(%) 
$1. 32 $1. 52 $1. 86 

Plan A 6 12. 0 13. 5 16. 3 
8 8. 8 10. 1 12. 2 

10 6. 8 7. 8 9. 4 
Plan B 6 8. 4 9. 5 11. 5 

8 6. 2 7. 1 8. 5 
10 4. 8 5. 4 6. 7 

Plan C 6 9. 8 11. 1 13. 4 
8 7. 3 8. 3 10. 3 

10 5. 6 6. 3 7. 7 

(b) Incremental Analysis-Plan C Compared With Plan A 

$1. 32 $1. 52 $1. 86 

6 1. 46 1. 66 2. 00 
8 1. 09 1. 25 1. 53 

10 o. 85 0. 97 1. 16 

Source : Ref . ~). 

To present the economic analysis results 
in a form that would be more clearly under
stood by the decision-makers, benefit-cost 
ratios were computed: (a) comparing each plan 
with the committed system, and (b) comparing 
the incremental benefits and costs. 

In undextaking the incremental analysis, 
Plan B had both the highest investment costs 
and the highest user costs (which would have 
resulted in negative benefit-cost ratios); there
fore, this alternative was dropped from the in
cremental analysis. Table 6 gives the results 
of the benefit-cost computations. 

The incremental analysis is further illus
trated in Figure 6 which shows the acceptance 
areas for Plans A and C. Combinations of in
terest rate and time value occurring above the 
curve result in the acceptance of Plan C, while 
those combinations occurring below the line re
sult in the acceptance of Plan A. 

Had the economic evaluation been conducted 
using the initial interest rate and time value, 
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Figure 6. Incremental comparison Plan C versus Plan A, Waterloo, Iowa. 

Plan C would have been the least cost altemative. The economic similarity between 
Plans A arid C, however, indicated that both plans were equal from an economic stand
point. Therefore, other U1ai1 economic criteria became important in the decision as 
to which plan was the best. Table 7 summru:izes these criteria for each alternative 
and indicates how the economic sensitivity analysis allowed for better decision-making. 

CONCLUSIONS 

This paper has presented two major findings with r espect to tl1e economic evalua
tion of alternatives ill medium sized cities. First, peak and off-peak volume flow and 
their corresponding volume-se1·vice volume ratios must be considered in the evaluation 
of alternative street and highway systems . Failu1·e to do so will result in different 
vehicle hours and hence , user costs, which will affect the economic e al lation. Sec
ond, sensitivity analy::>~::; uslng di.fferen.t interest rutcs ae well as time Vl.'llue ~anePs 
should be employed so that decision-makers have a clearer understanding of the signi
ficance of these variables in the economic evaluation. 

With respect to new areas of research, it is felt that the1·e are certain deficiencies 
in the manner in which vehicle-hours are calculated. More consideration should be 
given to the actual delay time at an intersection, due to conflicts occurring during the 
peak period. Perhaps with the emergence of TOPICS (Traffic Operations Program for 

TABLE 7 

SUMMARY OF CRITERIA, WATERLOO, IOWA 

r.ritr.rion 

1. Minimize traffic congestion with best 
overall system performance. 

2. Minimize negative comm unity and 
social impact. 

3. Maximize serv ice to present land uses. 
4. Foster the la nd development pattern 

desired. 
5. Minimize total annual transporta tion 

costs. 
6. Maximize system flexibility 

Source: Ref. @). 

Best Alternative(s) 

c 
Existing and 
Committed 

c 

B, C 

A, C 
B, C 

Increased Capacity and Safety) and 
otne•· .:;iu.ilar progra.T.s, it may be pos
sible to merge the transportation study 
assigrunents and data from affic engi-
neering studies to arrive at better sys
tem measures. 

Furthermore, research is required 
to determine the valm> nf travel time 
savings to trip makers. While recently 
published research on the value of travel 
time savings to peak-hour commuters 
(9) is a significant step in the right 
direction, there are rather severe con
straints on the applicability of the re
sults due to the difficult task of obtain-
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the value of travel time savings is often the most significant component of the benefits 
derived from a new highway facility or system, strongly indicates the need for better 
data on the value of travel time savings to off-peak and non-commuter peak-hour 
travelers. 
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Appendix 
ECONOMIC EVALUATION DATA AND METHODOLOGY-WATERLOO, IOWA 

METROPOLITAN AREA TRANSPORTATION STUDY 

1. Travel Demand Measures 

System 

Existing Committed Plan A PlanB 

Vehicle-miles 798,000 2,233,500 2,262,900 2,308,600 
Vehicle-hours 28,660 314,100 88,600 100,400 

2. Construction, Salvage and Maintenance Costs ($ thousands) 

System 

Committed Plan A Plan B 

Total Construction Cost 40,390 91,300 107,910 

Plan C 

2, 300, 200 
81,600 

Plan C 

103,860 
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-... Equivalent Annual Cost -
Construction 6% 3,105 7,021 8,298 7,987 

(I) 8% 3, 736 8,445 9, 983 9,607 
10% 4, 410 9, 966 11 , 779 11 , 337 

Salvage 6% 81 244 276 266 
(S) 8% 60 180 204 197 

10% 44 132 150 145 

Maintenance 6% 608 639 644 641 
(D) 8% 606 633 638 635 

10% 603 629 633 630 

3. User Costs ( $ thousands) 

(a) Existing Sy tem (1964) 

Operating Cost 10,174 
Accident Cost 3,420 

Time $1. 32 13, 052 

Cost $1. 52 15, 029 
$1. 86 18, 391 

(b) Annual Cost Increment 1 1964-1990 

System 

Committed Plan A Plan B Plane 

Operating Cost 6% 11, 278 7,975 8,584 7,917 
8% 10,290 7,276 7,832 7,223 

10% 9, 400 6,696 7, 155 6,578 

Accident Cost 6% 2,030 1,600 1, 580 1, 559 
8% 1,852 1,960 1,442 1,423 

10% 1, 592 1, 334 1,317 1, 300 
da.. ~"' t:Ml ,., '7n'l 1n MH~ 1'{ nm Q QQR 
ojl.l • .>G Vf' .., ... , ....... ....,,, "'"' .... 

__ , ___ 
- ' --.... 

$1. 52 6% 59,533 12,508 14,970 11, 035 
$1. 86 6% 72,851 15,309 18,316 13, 509 

Time $1. 32 8% 42,173 9,912 11, 861 8,743 
Cost $1. 52 8% 54,317 11, 412 13, 658 10,070 

$1. 86 8% 66,468 13,964 16, 711 12,320 

$1. 32 10% 43,093 9,055 10,836 7,987 
"'.. C'" 1""' An ~'ln 1 n A'li;: 1 '> '11"/I"/ a ?nn op .i . uc. .l.Vf' ~ii , V '-' V .&.V ' ~'°' "' ... _, .... ...,-.., .... 
$1. 86 10% 60, 720 12, 750 15,266 11, 255 

(c) Equivalent Annual User Cost (U) 

Committed Plan A PlanB Plane 

$1. 32 6% 91 , 656 47,UH4 49, 809 45,706 
$1. 52 6% 101,464 50,706 53, 75~ 49,137 
$1. 86 6% 118, 144 56, 867 55,43 54,965 

$1. 32 8% 85,960 45,294 47,782 44,047 
$1. 52 8% 95, 082 48,771 51,561 47,336 
$1. 86 8% 110, 625 54, 685 57, 971 52,968 

... 



$1. 32 
$1. 52 
$1. 86 

80,830 
89,334 

103,796 

43,681 
47,028 
52, 722 

4. Computation Methodology 

(a) Equivalent Annual Cost (EAC) 

= 

(b) Benefit Cost Ratio (BC) 

BC 

where 
I 

= 
(UB - Up) - (Dp - %) 

(Ip - IB) - (Sp - SB) 

(Total Construction Cost) (crfj'I') 

(Total Salvage Value) (sffj%) 

45,954 
49,066 
55,723 

42, 507 
45,968 
51,143 

53 

s 
D 

u 
(1964 Maintenance Cost) + (Annual Increase in Maintenance Costs) (gfj%) 

(1964 User Cost) + (Annual Increase in Total User Costs) (gfJ~ 
i Interest rate 

n 

crf 1% n 
sffJ% 

gfj% 

= 

Analysis period, 26 years 

Capital recovery factor at i% for n years 

Sinking fund factor at i% for n years 

Equivalent annual uniform gradient factor at i% for n years 

P Subscript that refers to proposed condition 

B Subscript that refers to base condition 


