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Engineers have a tremendous responsibility to see that the limited public funds 
which can be allocated to the planning, designing, and construction of the 
nation's highways are used to the best advantage. This paper is based on the 
premise that this allocation of funds cannot properly be made without a thor
ough evaluation of the economics of the alternatives. 

The benefit-to-cost ratio and the rate-of-return methods of ranking alterna
tives have been suggested as procedures for making such economic evaluations. 
However, both methods have certain limitations on their use. A n analytical 
analysis and comparison of the two methods shows that the rate-of-return 
wil l be a more sensitive method for ranking alternatives which have a high 
annual cost of maintenance and a short amortization period. On the other hand, 
the benefit-to-cost ratio wil l be a sensitive method of ranking alternatives with 
large capital costs which are to be amortized over longer periods of time. I t 
will also be very sensitive to the choice of an interest rate for this capital. 

When it is desired to compare alternatives which have a significant difference 
in capital costs, maintenance costs, or amortization periods (such as alterna
tives with different design standards) there is a serious question of the ade
quacy of merely ranking the alternatives by these methods, because the ranking 
could be misleading or incorrect. 

Since this type of problem may be important in highway planning, this paper 
suggests that it may prove desirable to make a more thorough economic analy
sis of these alternatives by graphically comparing the net annual benefits 
(annual gross benefits minus costs) of the alternatives, and selecting the alter
natives on the basis of maximizing net benefits at a satisfactory rate (or range 
of satisfactory rates) of return on the invested capital. 

• T H E F I E L D of economic analysis in the amount or type of deferred costs 
for public works projects is relatively in relation to the capital costs of the alter-
new. The water resource field was one natives. 
of the first to develop and use the tech- Eckstein {4) has explained the theo-
niques of economic analysis with its use retical relationships between these two 
of the benefit-to-cost ratio. In the field of methods, and has made an interesting 
highways, an A A S H O publication (2) comparison of their use in ranking water 
did much to start the use of the benefit- resource projects. This comparison 
to-cost ratio as a tool for the evaluation (^able 1) shows a project ranking first 
ot highway projects. The use and appli- ^ ^^^^ ^J^^^^ the other 
cation of economic analysis in highway „ , -ru- / r j - i_ 
planning and design is only beginning. method. This type of discrepancy can be 

The benefit-to-cost ratio and the rate- explained m terms _ of dififerences m any 
of-return methods have been suggested O'", °\ .^ree variables mvolved in the 
as procedures for making economic relationship between the two methods: 
analyses. However, evaluation of these the rate of interest charged on capital; 
methods shows that they both are limited the amount of deferred costs, such as 
in their application for ranking alterna- operating and maintenance costs; and the 
tiyes when there is a significant difference period of amortization of capital. 



10 E C O N O M I C S , F I N A N C E A N D A D M I N I S T R A T I O N 

T A B L E 1 
C O M P A R I S O N O F T W O I N V E S T M E N T C R I T E R I A i 

Project 
Rank 

Based on 

Name Type 0/A"2 B/C r(%) B / C r 

Rice Creelc, F la . River navigation 0.017 3.58 15.3 1 4 
Bellliaven Harbor, N . C . Harbor 0.034 2.42 12.4 2 5 
Brazos River Watershed Watershed improvement and 

flood control 
0.088 2.42 19.7 2 3 

Daupliin Island Bay, Fla . Harbor improvement 0.111 2.34 22.0 4 2 
Collbran Project, Colo. Multipurpose, especially irriga

tion and power 
0.009 2.34 7.4 4 7 

Sakonnet Harbor, R. I . Harbor improvement 0.012 2.12 7.8 6 6 
Green River Watershed, River and harbor improvement 0.075 1.71 22.9 7 1 

Ky.-Tenn. 
Red River, Ark. Flood control 0.014 1.23 5.5 8 8 
Hackensack River, N . J . River and harbor improvement 0.016 1.19 5.1 9 9 

1 Source: Table 2 ( 4 ) . 
2 Notation of 0/K for the operating-to-capital-cost ratio is equivalent to M/A notation used in this paper. 

C O M P A R I S O N O F M E T H O D S 

A graphical analysis has been made to 
further understanding of the two meth
ods. Figure 1 plots a hypothetical proj 
ect, comparing the annual benefits with 
the corresponding annual costs. The an
nual cost function includes the capital 
costs amortized at various discount rates; 
thus the annual costs rise as the interest 
costs are raised. Since the benefits are 
largely annual road-user savings, the 
benefit function wil l be almost unaffected 
by the interest rates. 

The functions intercept at the point ir, 
which could be defined as the internal 
rate of return on the investment, since at 
this rate of interest the benefits have just 
repaid the costs of the investment. I f 
rates of interest that are determined by 
economics or other forces outside the 

B= Benefit 

B / O I B /C< l 

ir= Internol Rate of Return 

Legend: 
B = Benefit function 
C= Cost function (totol) 
ir= Internal rote of return 

Fisfore 1. Benefit-cost relationship. 

project are considered as external interest 
rates, to differentiate them from the inter
nal rates of return on the investment, then 
discounting by an external rate equal to 
the internal rate, ir, would yield a benefit-
to-cost ratio of 1.0 for the project. Dis
counting at any rate less than this would 
yield ratios that would be greater than 
1.0 because the project benefits would 
exceed project costs. Discounting by rates 
greater than v would give ratios of less 
than LO because costs exceed benefits. 

To elaborate the example and propose 
an alternative method of accomplishing 
this project—one which has lower initial 
capital costs and more deferred costs, but 
which would handle the same traffic and 
achieve the same benefits—might give a 
situation such as is shown in Figure 2. 
Here C^ is the alternative with the larger 
capital costs, and hence has a steeper 
slope than Cj which has more deferred 
costs. Points I 'n and tVa indicate the in
ternal rates of return the respective alter
natives would yield on their investments. 
Any external discount rates less than 
these rates of return would cause benefits 
to exceed costs and benefit-to-cost ratios 
to be greater than 1.0 for the respective 
alternatives. However, because of the dif
ference in the cost structures, the func
tions intercept at point ird causing the 
benefit-to-cost ratios of the projects to be 
equal. Any external discount rate below 
this value would cause the costs of Cj to 
be less than the costs of Q , thus giving 
ratios that would rank C, over Cj, in 



R E N S H A W : D E F E R R E D C O S T S I N E C O N O M I C A N A L Y S E S 11 

Cz 

the capital investment multiplied by the 
capital recovery factor, thus: 

B / C 2 > B / C | I B / C | > B / C 2 

ird i n 

Rate of Interest 

L e g e n d ; 

B = Benef i t 
C | = C o s t , A l t e r n a t i v e No. l 
Cz - A l t e r n a t i v e witti g rea te r c a p i t a l cos ts 

Figure 2. Benefit-cost relationship for 
alternate capital costs. 

contradiction to the ranking of Q over Cj 
given by the respective rates of return. 

Faced with this contradiction of rank
ings, i t cannot immediately be said which 
project should really rank above the 
other. The causes of the conflict should 
be more thoroughly examined and then 
an attempt should be made to determine 
how a satisfactory ranking of alternatives 
could be reaHzed. 

This discrepancy of ranking by two 
methods is obviously due to the differ
ence in the slopes of the functions. The 
slope of these curves is a function of the 
relationship between the capital costs and 
the deferred or operating costs. 

The following notation is used: B = 
total annual benefits; C = total annual 
costs (including capital recovery) ; A = 
fixed capital investment; M = annual 
operating and maintenance costs (de
ferred costs) ; i r r interest rate (internal 
or external) ; r = internal rate of re
tu rn ; T = time period of amortization; 
KiT = capital recovery factor (5) at in 
terest i over time T; and KrT = capital 
recovery factor (5) at internal rate of 
return. 

The cost function wil l be equal to the 
total annual project costs, which would 
be the total of the annual maintenance 
costs and the amortized capital costs, or 

C = A{K„)+M (1) 

This equation is already in the form 
of the equation of a straight line, y — 
mx -f- c. I f the capital recovery factor is 
equal to some constant, KT, times the 
variable i, then the slope would be a di
rect function of the capital cost and the 
constant KT. The y intercept would be 
equal to the annual operating and main
tenance costs, M. 

From the definition of the rate of re
turn as the rate at which the benefits 
equal the costs of the capital investment: 

or 

Then 

B-M = A{KrT) 

B = AiKrT)+M 

B _A{KrT)+M 

C~A{K„)+M 

from which 

B, 
KrT=~{KiT) + 

M[B 

(2a) 

{2b) 

(3) 

(4) 

The rankings by the two methods are 
influenced by both the M jA ratio and the 
capital recovery factor, Kir, which is a 
function of both the interest rate and the 
period of amortization. From this rela
tionship, an increase in the BjC ratio 
would not necessarily cause a propor
tional increase in the rate of return, but 
this relationship would depend upon these 
other factors. 

Figure 3 shows this relationship for 
various values of M/A and amortization 
periods which might be found for high
way projects. This shows that the rate-
of-return is more sensitive to projects 
with short amortization periods or large 
maintenance and operating costs. The 
benefit-to-cost ratio wi l l give a sensitive 
ranking of alternatives with longer peri-
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Figure 3. Benefit-cost ratio vs rate-of-return 
for 20-year and 40-year amortization. 

ods of amortization and low annual main
tenance costs. 

T E C H N I Q U E S F O R A N A L Y S I S O F 

D E F E R R E D C O S T S 

Since the rate-of-return is more sensi
tive to alternatives involving deferred 
costs, it would seem that it rather than 
the benefit-to-cost ratio should be the 
basis for analysis of such alternatives. I f 
all the alternatives being considered had 
equivalent amounts of deferred costs, it 
would be satisfactory to rank them by 
their respective rates of return. However, 
this is not usually the case. I t is usually 
desired to compare an alternative with 
considerable amounts of deferred costs 
with one which requires more initial 
capital costs. Wi th this being the case, 
the problem becomes more of a problem 
of analyzing the economics of the incre
mental investment required for one alter
native in contrast to the other. 

Using the example in Figure 2 and 
taking the difference between the benefits 
and the costs of the respective alterna
tives {B — C, and B — C.,), would give 
curves like those plotted in Figure 4. 
Here the points j , - , and J,-, are the same 

O ID 

ird irz iri 

Discount Rates 

L e g e n d : 
B = Benefit function 
C| = Cost Funct ion No. I 
Cz- A l ternat ive No. 2 witfi greoter cap i ta l 

costs 
in and i r 2 - Internal ra tes of return for 

o l te rna t ives I ond 2 

ird - Internal rate of re turn on the incremenf 
of investment required for Ca 
compared to C| 

Figure 4. Net return-discjunt rate relationship. 

internal rates of return for the two alter
natives and are located where the benefits 
minus costs are equal to zero. The two 
curves intercept at the point Vd. Here the 
benefit-to-cost ratios are the same, and 
this point also represents the point at 
which the incremental net benefits of 
alternative over have equaled the 
costs of the increment of initial invest
ment of C 2 over Q . Thus, ira would be 
equal to the rate of return on this incre
ment of investment. Discounting by an 
external rate of interest equal to iri would 
cause the benefit-to-cost ratio of the in
cremental investment to be 1.0. Discount 
rates below ird would cause the marginal 
benefits to exceed the marginal, or incre
mental costs, and the benefit-to-cost ratio 
for the additional investment to be 
greater than 1.0. Thus, for discount rates 
below iri the total benefits minus costs 
for alternative C, wi l l be greater than 
for Cj . 

Selecting a discount rate, or a range of 
discount rates, which would represent a 
satisfactory cost of the capital, the dia
gram shows which project would maxi-
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ird 

Discount Rotes 

Legend.-
Cz - Al ternat ive with greater ini t ia l 

investment costs 
Total transportation costs = Capitol recovery 

costs + Maintenance + Road user costs 

Figure 5. Method of comparins: total transportation 
costs of liighway alternatives. 

mize returns on the investment at a 
satisfactory rate of return on the capital. 

Hewes and Oglesby (d) have indi
cated a method for comparing the total 
annual transportation costs of highway 
alternatives. Figure 5 shows this method 
as it might appear in graphical form. 
Here the total annual transportation costs 
would include capital recovery costs, 
maintenance costs, and total road-user 
costs. Benefits would consist of savings 
in any of these costs. After making the 
necessary calculations or plotting the 
curves, selection of alternatives could be 
made on the basis of minimizing the total 
transportation costs at a satisfactory rate 
of return on the capital. 

This procedure has some definite ap
plication and is necessary if it is not pos
sible to determine benefits as a separate 
item—as would be the case if there were 
no basic condition upon which road-user 
savings could be measured. However, the 
procedure is limited to the comparison of 
alternatives handling the same situation. 
For example, it could not be used to com
pare alternative bypass routes involving 
different volumes of traffic, as the total 
transportation costs for larger volumes of 
traffic would naturally be higher than for 

small volumes, even though there were 
much larger road-user savings. 

An example of the apphcation of this 
graphical analysis procedure to this type 
of problem is shown in Figure 6. The 
problem involved alternative designs for 
an interchange, two high-type designs, 
I and I I I , and two moderate cost alterna
tives, I I and I V . The deferred costs in 
this example are in the form of road-user 
operating costs for the interchange. 

A ranking of these alternatives by both 
the benefit-to-cost ratios and the rates-of-
return would rank the moderate cost 
alternatives above either of the high-type 
designs. The graph shows, however, that 
for any rate of interest below 6.3 percent, 
alternative I wil l maximize the net bene
fits. I f 6.3 percent interest represents a 
satisfactory return on the additional cost 
of alternative I over I I , it might be 
chosen in preference to the others based 
upon the criteria of maximizing the re
turn on the investment of highway funds. 

I t is also possible to arrive at this 
ranking of alternatives by considering 
either a second benefit-to-cost ratio or the 
rate-of-return on the incremental costs. 
However, the graphical presentation of 
the alternatives gives more precise infor
mation concerning the relationships of the 
alternatives and provides a firmer basis 
for a policy decision between any of the 
alternatives. 

The necessary calculations for a rate-
of-return solution yield a great deal of 
information about the real relationships 
between the efficiencies of alternatives 
and the invested capital, and when this 
information is presented graphically it 
provides a clear picture of the alternatives 
which might result in some real benefits 
to the public in the development of its 
highways. 
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