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Chapter 1
Introduction

This chapter provides an overview of the textbook, and discusses key reasons for
the importance and relevance of the subject.

1.1 Funding Needs for Transportation Infrastructure

In 2011, the American Society for Civil Engineers (ASCE) released an analysis of
the funding needs for the nation’s surface transportation systems (highways, rail-
roads, and transit), and the shortfalls in current financing [1]. The report provided
a critical wake-up call for this key element of the nation’s infrastructure.

The report indicated that a minimum investment of an average of $220 bil-
lion/year would be needed to keep our surface transportation system operable at a
level sufficient to meet the nation’s minimal needs. This amount would be needed
for at least the 30-year period between 2010 and 2014, yielding a total 30-year
funding need of $6.6 rrillion. Over the same 30-year period, the report indicates a
shortfall in anticipated revenues (under the current funding process) of $2.972 tril-
lion — a shortfall which is equal to 45% of the need.

If the absolute shortfall in anticipated revenues were not daunting enough, the
report estimates that the impact of a deteriorating surface transportation system on
personal income would reach $-3.135 trillion by 2040, and that the impact on the
nation’s gross domestic product (GDP) would be $-2.622 trillion by 2040.

The shortfalls for the nation’s surface transportation systems do not even reflect
the totality of transportation needs. The ASCE Infrastructure Report Card [2] is-
sued in 2009 indicated additional aviation funding needs of $87 billion over a
five-year period. An update to this report is expected in March of 2013.

1.2 Revenues for Transportation Infrastructure

At the federal level, the principal source of funding for surface transportation is
the excise tax on gasoline. It produces about 89% of the federal transportation
revenues that support the Highway Trust Fund.

Gasoline tax revenue, however, is on the decline and under attack. As vehicles
become more efficient, partially in response to new federal fuel efficiency stan-
dards, and partially in response to the new vehicle market, there is an accelerating
negative impact on gas tax revenues. This, combined with recent declines in an-
nual vehicle-miles travelled, has caused federal gasoline tax revenues to decline.

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 1-3
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2 1 Introduction

In fact, gas tax revenues flowing to the Highway Trust Fund peaked in 1998 at
close to $30 billion. They had declined to $27 billion by 2009, and are continuing
to decline. It is estimated that when actual revenue declines and the effects of in-
flation are considered, that the total purchasing power of federal gas tax revenues
has declined by 33% since 1993 [3]. On the state and local levels, declines in mo-
tor fuel tax revenues have been more recent, and more modest. After peaking in
2008 at nearly $39 billion, state and local motor fuel tax revenues had fallen to
$37.9 billion by 2010 [4], with losses continuing to accelerate.

Indeed, federal policy on motor fuel excise taxes has varied greatly over the
years in response to both needs, and related and unrelated policy issues. For a
good legislative and policy history on federal motor fuel excise tax rates, see
Reference [5].

1.3 Tools for Analysis

This text addresses two key issues that will help determine the future course of
transportation infrastructure in the U.S.

As the nation’s needs for transportation improvements increases in a tight fiscal
environment, it will be critical for available dollars to be spent in the most effi-
cient and effective manner.

The primary set of analysis tools for ensuring this is engineering economics.
Profs. Grant and Ireson once noted that an engineer was someone “who could do
for $1 what any fool could do for $2” has stood the test of time [6]. Engineers
simply must get the most “bang for the buck,” whether the “buck” is coming from
a private investor or from the public tax base. Money is a limited resource, and
must be invested for the best advantage.

Engineering economics is a set of analysis tools that allows engineers and poli-
cy-makers to assess the relative economic advantage in making alternative in-
vestments. For the purposes of this textbook, the “alternative investments” are
competing proposals for transportation infrastructure improvements. As long as
there is not enough money to fund every proposed improvement, they must be
compared to insure that optimal investments are made. Even if there were enough
money to fund every transportation proposal made, engineering economic analysis
would still have to be conducted to make sure that the investments “earn” in bene-
fits to transportation users and the general public enough to justify any investment.

As will be seen, engineering economic analysis can be used to assess different
proposals for a single project, competing projects on a regional level, selection of
multiple projects for implementation by an agency with a limited budget, and even
alternative methods for financing a given transportation project.

The second primary challenge is to ensure that there is sufficient funding avail-
able to make it feasible to provide, maintain, and operate a transportation infra-
structure that support’s the nation’s social and economic wellbeing. This is a
more complicated issue, involving public policy and the inevitable politics that
accompanies it.



References 3

This textbook provides a history and overview of transportation finance in the
U.S., and an exploration of current and new ideas for how to meet the nation’s
needs for transportation funding over the next 30 years and beyond.

There can be no doubt, however, that the collective failure of the nation and its
leaders to find workable solutions to the nation’s obvious transportation infrastruc-
ture needs will have a dire impact on the U.S. economy, and on the lives of its
over 300,000,000 residents.
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Chapter 2
Banking Formulae

This chapter introduces the theory of basic banking transactions, and their simple
application to alternative analysis.

As discussed in the chapter 1, it is useful, as a background to studies of transporta-
tion economics, to have a good understanding of the principles of engineering
economy, which is extensively treated in the literature [1-4], and of basic banking
(compounding) formulae. A study of the methods for handling time differences in
the comparison of various project costs (including initial costs, recurring costs,
etc) is essential. Every engineer who is called upon to make engineering studies
involving cost analysis should be familiar with the following derivations of ma-
thematical formulas used in converting costs that are dissimilar in time to compa-
rable bases. Without these conversions, it would be impossible to compare costs
occurring in the future with costs that occur now.

2.1 Single Payment Transactions

2.1.1 Compound Amount

The simplest form of bank transaction involves a single deposit of $P that is left in
the bank for some amount of time, n (measured in compounding periods), and
then withdrawn as a single sum made up of the initial principal amount plus the
accumulated interest, at a rate of i per compounding period. For simplification, the
number of compounding periods n is referred to throughout as the number of
years, that is, a compounding period of one year is assumed. However, all equa-
tions hold regardless of whether n represents years, quarters, months, or days. Of
course, the correct interest rate i (annual, quarterly, monthly, daily) must be cho-
sen as well. Thus, a deposit left in an account for 10 years, at 8% per year, com-
pounded quarterly, would use n = 10 x 4 = 40 compounding periods and i = 8%/4
= 2% per compounding period, in the equations below.

The derivation of the formula to determine the total amount withdrawn after n
periods is based upon the fact that at the end of any given period, you have the ini-
tial amount plus the interest for that period; this amount then becomes the input
for the next period. In the derivation, P dollars is deposited for n compounding

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 7-24.
DOI: 10.1007/978-3-642-38580-3_2 © Springer-Verlag Berlin Heidelberg 2013



8 2 Banking Formulae

periods, at an interest rate of i per period. An amount F is then withdrawn in the
future, depleting the original deposit plus all interest.

The amount in an account at the end of a given interest period is equal to the
amount at the beginning of the interest period plus that amount times the interest
rate (expressed as a decimal). Thus if $P is the original deposit, then the amount
in the account at the end of the first period is P + Pi or P(I + i). This then be-
comes the amount in the account at the beginning of the second period, and the
amount at the end of the second period is (P+Pi) + (P+Pi)i. Using numbers to
make this even clearer, if the original deposit is $100, put into an account paying
5% compounded annually, then at the end of the first year you would have
$100*#(1+.05) = 100*1.05 = $105. At the end of the second year, you would have
$105*1.05 = $110.25. As can be seen from these examples, compounded interest
means that interest is paid on the interest earned, as well as on the principal.

The derivation of the formula then, for n years, is as follows:

Amount at End of Period No. Compound Amount
1 P+ Pi = P(1+i)
2 P(1+i) + P(1+i)i = P(1+i)
3 P(1+i)f + P(1+i)%i = P(1+i)’
4 P(1+i)’ + P(1+i)’i = P(1+i)’
[ J [ J
[ J [ J
[ J [ J
n P(1+i)" +P(1+i)" " i=P(1+i)"
The general expression for a single payment transaction is:
F=P(l+i) @D

Where: F is the future compound amount ($),
P is the original principal amount deposited ($),
n is the number of compounding periods, and
i is the interest rate per compounding period (expressed as a decimal).

The term (1+i)" is called the Compound Amount Factor (CAF), which can also be
denoted as F/P,;. F/P is read “Future given Present,” and gives the future value
when you start with the present value and leave it untouched for n periods at inter-
est rate i.

Using the F/P notation, the equation becomes:

F=P*F/P, (2.2)
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This factor can be tabulated in compound interest tables for different interest rates
and compounding periods. Table 2.1 shows the compound amount factor for a se-
lection of interest rates and time periods.

Table 2.1 Compound Amount Factors (F/P,;)

No. of Interest Rate (% per period)

Int. Per. 1% 2% 3% A% 5% 10% 15% 20%
1.010000 1.020000 1.030000 1.040000 1.050000 1.100000 1.150000 1.200000
1.020100 1.040400 1.060900 1.081600 1.102500 1.210000 1.322500 1.440000
1.030301 1.061208 1.092727 1.124864 1.157625 1.331000 1.520875 1.728000
1.040604 1.082432 1.125509 1.169859 1.215506 1.464100 1.749006 2073600
1.051010 1.104081 1.159274 1.216653 1.276282 1.610510 2.011357 2458320
1.061520 1.126162 1.194052 1.265319 1.340096 1.771561 2.313061 2.985984
1.072135 1.148686 1.229874 1.315932 1.407100 1.948717] 2.660020 3.583181
1.082857| 1.171659 1.266770 1.368569 1.477455 2143589 3.059023 4.299817]
1.093685 1.195093 1.304773 1.423312 1.551328 2.357948 3.517876 5.159780)
1.104622 1.218994 1.343916 1.480244 1.628895 2.593742 4.045558 6191736
1.160969 1.345868 1.557967 1.800944 2.078923 4177248 8.137062 15.407022)
1.220190 1.485947] 1.806111 2191123 2.653298 6.727500 16.366537 38.337600
1.282432 1.640606 2093778 2 665836 3.386355 10.834706 32.918953 95396217
1.347849 1.811362 2.427262 3.243398 4.321942 17.449402 66.211772| 237.376314
1.416603 1.999890 2.813862 3.946089 5.516015 28.102437| 133.175523| 590.665229
1.488864 2.208040 3.262038 4.801021 7.039989 45.259256| 267.863546| 1469.771568
1.564811 2437854 3.781596 5841176 5985008 72.890484| 538.769269| 3657.261988
1.644632 2.691588 4.383906 7.106683 11467400 117.390853| 1083.657442| 9100.438150

I E P P LIS S P
S|0|S|h|S|G|S|m|a|@| RN &=

Example Problem 1: Future Value of a Bank Deposit

An investor places $5,000 in a bank account today that pays 5% interest per
year compounded annually. After exactly eight years, how much is in the ac-
count?

Answer: The total future amount in the account, including principal plus
interest is:

F=P%* F/P&S%
Using the Table 2.1, F/Pg 54, = 1.477455. Then:
F =5,000%1.477455=$7,387.28

Example Problem 2: Problem 1 with Semi-Annual Compounding

An investor puts $5,000 in a bank account today that pays 5% interest per year
compounded semi-annually. After exactly eight years, how much is in the
account?

Answer: In this problem, because interest is compounded semi-annually, the
interest used will be 2.5% and the number of compounding periods will be 16.
Further, since 2.5% is not shown in Table 2.1 (or in the appendix tables at the
end of the book), the F/P factor will have to be computed using Equation 2.1.
Therefore, the total future amount in the account, including principal plus
interest is:

F=P(1+i)" =5,000(1+0.025)"° =5,000*1.484506 = $7,422.53
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Compounding semi-annually, as opposed to compounding annually, results in an
increase in the compound amount of approximately $35. The same amount of
$5,000 is deposited for the same amount of time, but because it is compounded
more frequently, twice per year, the final amount is more.

Example Problem 3: Problem 1 with Daily Compounding

What if compounding occurs daily throughout the year? In the previous prob-
lem, what n and { would be used, and how much would be in the account after 8
years?

Answer: Since compounding is daily, the interest rate per compounding period
would be 5/365 or 0.013698% and the number of compounding periods would
be 8%365 or 2,920 compounding periods. Thus the future amount in the ac-
count, including principal and interest is:

F =P(1+i)" =5,000(1+0.00013698)*"* =5,000%1.491756 = $7,458.78

Use of daily compounding adds another $37 to the compound amount after 8
years. In general, compounding more frequently increases the compound amount
for a fixed interest rate per annum and time period.

Banks, however, usually compound interest on a continuous basis. This means
that the interest rate/period approaches “0” while the number of compounding pe-
riods approaches “c.” The effective interest rate for continuous compounding is
found as:

i =lim (1+ij —1|=¢' -1 2.3)

n—oo n

For the compound amount of a single deposit, the equation for continuous
compounding becomes:

F=P(l+e —1) = Pe" (2.4)

Example Problem 4: Problem 1 with Continuous Compounding

Again, the investor deposits $5,000 for 8 years at an annual interest rate of 8%.
What is the compound amount under continuous compounding?

Answer: Using Equation 2.4, the compound amount is now:
F =Pe" =5,000¢""" =5,000%1.491825 = $7,459.12

Continuous compounding does not add much to the compound amount compared
to daily compounding (only 34 cents).

The difference does, however, explain why banks publish both a nominal inter-
est rate and an effective interest rate (sometimes referred to as actual annual
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yield). For the situation of Examples 1-4, the nominal interest rate is 8% per year.
The actual annual yield under continuous compounding, however, would be found
by Equation 2.3:

i=e¢' —1=¢""-1=1.08329-1=0.08329
or 8.329%.

2.1.2 Present Value or Present Worth

Equation (2.1) may be used to solve for the principal amount, P, that would need
to be deposited given a known target value for the compound amount, F, after n
compounding periods at interest rate i. Solving Equation (2.1) for P, results in:

1
P=F|— 2.5
(i+i) @

The value 1/(1+i)" may also be tabulated in compound interest tables for conveni-

ence, and is called the Present Worth Factor (PWF), which can also be denoted as

P/F (read present given future). It is used to compute the present amount which

would have to be invested to provide for a known future amount. In essence, P is

the present value, or present worth, of an amount F at some time in the future.
Using the P/F denotation, the equation becomes:

P=F*P|F

n.i

(2.6)

Table 2.2 shows the present worth factor for a selection of interest rates and time
periods.

Table 2.2 Present Worth Factors (P/F,;)

No. of Interest Rate (% per period)

Int. Per. 1% 2% 3% A% 5% 10% 15% 20%
0.990099 0.980392 0.970874 0.961538 0.952381 0.909091 0.869565 0.833333
0.980296 0.961169 0.942596 0.924556 0.907029 0.826446 0.756144 0.694444)
0.970590 0.942322 0.915142 0.888996 0.863838 0.751315 0.657516 0.578704]
0.960980 0923845 (0.888487 0.854804 0822702 0.683013 0571753 0482253
0.951466 0.905731 0.862609 0.821927 0.783526 0.620921 0497177 0.401878)
0.942045 0.887971 0.837484 0.790315 0.746215 0.564474 0432328 0.334398)
0.932718 0.870560 0.813092 0.759918 0.710681 0.513158 0.375937 0.279082
0.923483 0.853490 0.789409 0730690 0.676839 0.466507 0326902 0232568
0.914340 0.836755 0.766417 0.702587 0.644609 0.424093 0.284262 0.193807]
0.905287 0.820348 0.744094 0.675564 0.613913 0.385543 0.247185 0.161506)
0.861349 0.743015 0.641862 0.555265 0.481017 0.239392 0.122894 0.064905)
0.819544 0.672971 0.553676 0.456387 0.376889 0.148644 0.061100 0.026084
0.779768 0.609531 0477606 0.375117 0295303 0.092296 0.030378 0.010483
0.741923 0.552071 0.411987 0.308319 0.231377 0.057309 0.015103 0.004213)
0.705914 0.500028 0.355383 0.253415 0.181290 0.035584 0.007509 0.001693
0.671653 0.452890 0.306557 0.208289 0.142046 0.022095 0.003733 0.000680)
0.639055 0.410197 0264439 0.171198 0111297 0.013719 0.001856 0.000273
0.608039 0.371528 0228107 0.140713 0.087204 0.008519 0.000923 0.000110]

I E P P LIS S P
S|0|S|h|S|G|S|m|a|@| RN &=
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Example Problem 5: Determining an Investment Amount

How much must an investor put into an account today if the investor wants to
have $50,000 after 10 years? The account pays 4% interest per year, com-
pounded annually.

Answer: The total future amount in the account must be $50,000, including
principal plus interest, thus the investor must deposit

F:P*P/FIOA%

Using Table 2.2, P/Fg 49, =0.675564. Then:
F =50,000%*0.675564 = $33,778.20

Essentially, to accumulate $50,000 after 10 years, the investor must deposit
$33,778.20 now.

While the present value of a future amount is useful in considering common in-
vestments in bank accounts and other financial instruments, it is even more impor-
tant in engineering economics as a fundamental concept.

In engineering projects, we often know the future value of things. If a bridge is
to be replaced in 20 years, we can obtain an estimate of what it will cost to do so.
The overseeing agency would have to develop an investment or savings plan to
accumulate the money that will be needed in the future.

Engineers also estimate the benefits of future projects that are accrued both to
the users of the future facility, the government or agency, or both. A new bridge
may, for example, reduce travel times for users (which has a monetary value)
and/or reduce the number and/or severity of accidents. For the government or
agency, the new bridge might provide additional toll revenues or increase the
income from fuel taxes.

In any event, the costs and benefits of a new bridge are both in the future, but
they do not necessarily occur at the same time. The costs to build the new bridge
would be accrued over a number of years during the planning, design, and
construction phases. Benefits would begin to accrue after the bridge is opened to
traffic.

The concept of present worth allows engineers to convert costs and benefits to
an equivalent value at a defined point in time. Comparisons between costs and
benefits can then conducted without disparities in the time frame.

Example Problem 6: A Present Worth Application

A small town knows it will have to make major repairs to a historic covered
bridge that is the only entrance to town. It is estimated that the repairs will
have to be made in 10 years, and that they will cost $200,000. If the interest
rate in safe investments is 5% per year, how much would have to be invested
now to insure that the funds are available in 10 years?

Answer: What must be invested now is the present worth of $200,000 ten years
in the future at an interest rate of 5% per year. From Table 2.2, the value of
P/Fy 54 1s 0.613913. Then, using Equation 2.6:
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P=F*P/Fy,,, =200,000%0.613913 = $122,782.60

If the town has $122,782.60 to invest today at 5%, then it can guarantee that it will
have the $200,000 needed to repair the bridge in 10 years. Most engineering eco-
nomic analyses assume annual compounding of interest. This is because both fu-
ture interest rates and future costs and benefits are only estimates today. The detail
of compounding periods is not considered a significant issue against this reality.

On the other hand, the equations for present worth can, of course, reflect any
compounding period. If the town of Example 6 were making an actual invest-
ment, and the interest rate was known, then it could consider compounding pe-
riods. If the interest were compounded quarterly, then i = 5/4 = 1.25% and n =
4*10 = 40. If daily compounding were used, i = 5/365 = 0.013698% and n =
10*365 = 3,650. Since these interest rates are not included in Table 2.2, Equation
2.5 would be used to compute the required investment today. Then:

For quarterly compounding:

F =200,000 ! = |= 200,000 _ $121,684.11
(1+0.0125) 1.6436
For daily compounding:
F =200,000 ! —|= 200,000 _ $121,316.06
(1+0.00013698) 1.6486

If the town can take advantage of quarterly or daily compounding, it would have
to invest less to accumulate the $200,000 needed in 10 years. Of course, it could
even take advantage of continuous compounding if the investment was placed in a
typical bank account. To find the present worth under continuous compounding,
Equation 2.4 is solved for P:

P= F 2.7

m

For Example 6, this would be:

P 200,000 _ 200,000
"0 1.6487

The difference between daily compounding and continuous compounding is not
large, but both are more advantageous to the investor than simple annual com-
pounding of interest.

The equations and illustrations of this section all refer to a single payment, that
is, a single amount of money is invested or deposited today to accumulate a single
amount that will be available as a single future withdrawal. Figure 2.1 illustrates
the concept of these single payment transactions. Note in the illustration that the
single payment, P, is made at t = 0, that is, at the beginning of the first year or

[T 1)

period. The compound amount, F, is withdrawn at the end of year “n.

=$121,307.70
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(a) Time Sequence

F=P(1+i)
P=F L

(1+i)"
where :
(1+i)'=CAF,,=F/P,,
;zPWF,”:P/F,”.
(1+i)" ' '

(b) Equations

Fig. 2.1 An Illustration for Single Payment Transactions

2.2 Uniform Series Transactions

Uniform series transactions involve some uniform amount either being deposited
or withdrawn at the end of each interest period for some n compounding periods.

2.2.1 Sinking Fund Transactions

A common bank transaction involves the use of an account as a sinking fund. A
sinking fund involves a series of uniform deposits of $R made into an account at
the end of each interest period. At the end of n periods at interest i, a single
amount S is withdrawn that depletes all deposits plus interest.

To derive the formula for the compound amount, S, each of the individual de-
posits is considered as single payment. The compound amount for each individual
deposit is found using Equation 2.1. The amount available after “n” years is the
sum of the compound amounts for each payment. The first payment of $R is made

at the end of the first period and thus would be earning interest for n-/ periods.



2.2 Uniform Series Transactions 15

Thus the first payment would amount to R*(1+i)"" at the end of n periods at inter-
est rate i. It follows that the compound amount for each individual deposit can be
expressed as:

Deposit at end of Period # Compound Amount
1 R(1+)™!
2 R(1+)™2
3 R(1+4)™?
4 R(1+)™*
N R(1+)™N
n R(1+)™ =R

Note that the last payment made at the end of n periods earns no interest. It is de-
posited and immediately withdrawn. The total future amount S is the sum of all of
the individual compound amounts shown above, and is itself a compound amount,
but of a uniform periodic series of payments, R. Thus:

S =R(1+D)™ + RA+)"™* + R(I+D)™ + ...... +R(1+) + R

This series can be represented in closed form by multiplying the series by (1+i)
and subtracting the result from the original series:

S = R(+i)™" +R1+i)" +i) 7 4+ R(O+0)+R
SA+i) =RA+i) +RA+i)" +RU+i) > +R(U+i)" +.....+ R(1+i)
S—S(1+i) =-R{+i) +R
~-Si  =-R({+i)'+R
-Si = —R[(1+i)” —1]

Solving the final equation for § yields:

S=R {(”’)_1} 2.8)

l

The value [(1+i)" -1] / i] is called the Series Compound Amount Factor (SCA)
because it is used to compute the compound amount for a uniform series of peri-
odic deposits. It can also be denoted as F/A, ;, which is read as Future given An-
nual. Using the factor, the equation becomes:

S=R*F/A,, 2.9)
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Of course, Equation 2.8 could be solved for R, given a known value of S. In this
context, it is possible to estimate the annual deposit or investment that would be
necessary to accumulate a single future value after n periods at interest rate i.
Then:

i
R=S§S|—— 2.10
{(1“)”—1} 210

The term i//(1+i)"-1] is called the sinking fund factor (SFF,;). It can also be de-
noted A/F,; which is read Annual given Future. The equation then becomes:

R=S*AlF,, (2.11)

While both n and i may be for any uniform time interval, for most engineering ap-
plications, they are considered to be annual. Engineers will often be looking to
determine how much money must be set aside each year to accumulate the cost of
some anticipated future project. Figure 2.2 illustrates the concept of the sinking
fund. Table 2.3 gives series compound amount factors (SCA) for a variety of in-
terest rates and time periods; Table 2.4 gives sinking fund factors (SFF).

oy

3

o — ®

I
I
0

we—3—1 4+— »

(a) Time Sequence

_(1+i)"—1}

l

l
R:S_(1+i)" —1}
where :
[(1 +i)' — 1]/i =SCA,,=F/A,,
il1+iy -1)=sFF, = AIF,,

(b) Equations

Fig. 2.2 Illustration of Sinking Fund Transactions



2.2 Uniform Series Transactions 17
Table 2.3 Series Compound Amount Factors (F/A,,;)

No. of Interest Rate (% per period)

Int. Per. 1%, 2% 3% 1% 59, 10% 15% 20%
1 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
] 2.010000 2020000 2030000 | 2.040000 2050000 | 2.100000 2150000 2200000
3 3.030100 3.060400 3.090900 3121600 3152500 3.310000 3.472500 3.640000
1 4.060401 4121608 4183627 | 4.246464 4310125 | 4.641000 1.993375 5368000
5 5101005 5204040 5309136 5416323 5 525631 6105100 6742381 7441600
6 6152015 6308121 6468410 6.632975 5.801913 7715610 5753738 9.929920
7 7213535 7.434283 7662462 7.698294 8.142008 9487171 11.066799 12.915904
8 5.285671 5.582960 5.692336 9214226 9549109 | 11435888 | 13.726819 16.499085
9 9368527 | 0754628 | 10159106 | 105862795 | 11.026564 | 135679477 | 16786842 | 20798902
10 10462213 | 10949721 | 11463879 | 12.006107 | 12577893 | 15037425 | 20303718 | 25 958682
15 16.006896 | 17.293417 | 13598914 | 20.023588 | 21578564 | 31772482 | 47.580411 72035108
20 22019004 | 24297370 | 26870374 | 29778079 | 33065054 | 57274999 | 102443583 | 1a6.688000
25 28243200 | 32030300 | 36459264 | 41645908 | 47727099 | 98347059 | 212793017 | 471981083
30 34.784892 | 40568079 | 47675416 | 56084936 | 66438648 | 164494023 | 434745146 | 1161.881569
35 41660276 | 49094476 | 60462082 | 73.652205 | 90320307 | 271024368 | 881170156 | 2945341146
a0 45886373 | 60401983 | 75401260 | 95025516 | 120799774 | 442 592556 | 1779.090308 | 7343857840
a5 56481075 | 71892710 | 92719861 | 121.029392 | 159.700156 | 718.904837 | 3565126460 | 18261.309940
50 64463162 | 84679401 | 112796867 | 152667084 | 209347996 | 1163.008529 | 7217716277 | 45497 190750

Table 2.4 Sinking Fund Factors (A/F,;)

No. of Interest Rate (% per period)

Int. Per. 1% 2% 3% 4% 59, 10% 15% 20%
1 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
2 0.497512 0.495050 0492611 0.430196 0487805 0.476190 0465116 0.454545
3 0.330022 0.326755 0.323530 0.320349 0317209 0.302115 0287977 0274725,
[ 0.246281 0242624 0.239027] 0235490 0.232012 0215471 0200265 0.1862a9
5 0196040 0192158 0188355 0184627 0180975 0163797 0148316 0.134330)
6 0162648 0.158626 0.154598 0150762 0.147017| __ 0.129607 0114237 0.100706
7 0138628 01345612 0.130506 0126610 0122820 0105405 0.090360 0.077424)
8 0120690 0116510 0112456 0108528 0104722 0.087444 0.072850 0.060609
9 0106740 0.102615 0.098434 0.034493 0.090690 0.073641 0.059574 0.048079
10 0.095582 0.091327 0.087231 0.083291 0.079505 0.062745 0.049252 0.038523
15 0.062124 0057825 0.053767| 0049941 0.046342 0.031474 0.021017 0.013882
20 0.045415 0.041157 0.037216 0.033582 0.030243 0.017460 0.009761 0.005357]
25 0.035407 0.031220 0.027428 0.024012 0.020952 0.010168 0.004699 0.002119
30 0.028748 0.024650 0.021019 0.017830 0.015051 0.006079 0.002300 0.000846
35 0.024004 0.020002 0.016539 0.013577 0.071072 0.003690 0.001135 0.000339
40 0.020456 0.016556 0.013262 0.010623 0.008278 0.002259 0.000562 0.000136
45 0.017705 0.013910 0010785 0.008262 0.006262 0.001391 0.000279 0.000055,
50 0.015513 0.011823 0.008865 0.006550 0.004777] __ 0.000859 0.000139 0.000022)

Example Problem 7. An Investment Sinking Fund

An investor puts $500 in a bank account at the end of each year for eight years.
The account pays 3% interest per year compounded annually. At the end of the
eight years, how much is in the account?

Answer: The total future amount in the account, including principal plus

interest is:

S = 500 * F/A&5%

From Table 2.3, the series compound amount for this series of investments is
found as F/Ag s is 9.549101, and thus:

F =500 *9.549101 = $4,774.55

If the investor puts $500 into this investment at the end of each year, at the end of
the eighth year, he/she will have accumulated $4,774.55.
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Example Problem 8: Using a Sinking Fund to Pay for a Future Need

In order to pay for a replacement part that will cost $15,000 ten years from
now, what amount would have to be invested into an account paying 3% at the
end of each year for the next ten years?

Answer: The annual amount invested into the account for ten years would be:
R= 15,000 *A /F10,3%
where A /F ;4 is found in Table 2.4 as 0.087231. Then:

R =15,000 *0.087231 = $1,308.47

If $1,308.47 in invested at the end of each year at 3%, the total amount in the ac-
count would be $15,000 at the end of 10 years.

2.2.2 Capital Recovery and Annuities

In capital recovery transactions, a single sum of money, P, is deposited. Thereafter,
a uniform amount, R, is withdrawn at the end of each period, such that after n pe-
riods at interest i, the last withdrawal depletes the deposit, principal plus interest.

The home mortgage is a common example of capital recovery, in which the
bank invests a single sum in the home owner. The bank then “recovers” its in-
vestment in equal periodic “withdrawals.” When the home owner makes the last
payment, the full amount of the original loan, principal plus interest, has been re-
paid. Virtually all bank loans are made on the capital recovery principle, where
the bank is the “depositor,” and the recipient of the loan is the “account.”

The derivation of the formula for capital recovery is again based upon the fact
that the amount on account at the end of any given period is equal to the amount at
the beginning of the period plus the interest on that amount. In capital recovery,
this is complicated by a withdrawal of $R made at the end of each period.

As was done with single payment transactions, a series of equations can be
constructed describing the amount remaining in the account at the end of any
given period:

Period No. Amount in Account at End of Period
1 P(1+i) - R
2 [P(1+i)-R](1+i) — R = P(1+1)*R(1+i)-R
3 [P(1+i)*-R(1+1)-R](1+i)-R = R(1+)*-R(1+i)*-
R(1+i)-R

n P(1+)™R(1+)" -R(1+)" .o -R
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By definition, the account is depleted after the nth withdrawal, so that the amount
remaining after n periods is zero:

P+i) —RO+i)" —=RU+i) =, —R(1+i)-R=0

This equation may again be shown in closed form by multiplying it by (1+i) and
subtracting the result from the original series:

P(1+i)' —RO+i)" =R+ = —-R(1+i)-R =0
P(1+i)™! —RO+i) =R+i)" =R+ = —R(1+1i) =0
—P(+i)"" + P +i) + R(1+i) -R =0

This equation may be simplified as:
P+i)[1-(1+i)]+R[1+i) -1]=0
— Pi(1+i)" +R[(1+i)” —1]:0

Solving this equation for R yields:

2.12)

i(L+i) }

R=1{m

where the term “i(1+1)"/[(1+1)"-1]” is the Capital Recovery Factor (CRF), so called
because it is used to “recover” your capital plus interest in equal periodic pay-
ments. The capital recovery factor can also be denoted as A/P, which is read “an-
nual given present.” Using the factor, the equation becomes:

R=P*A/P, (2.13)

Equation 2.12 can also be solved for P, knowing R. The equation then becomes:

P :R{M} (2.14)

i(1+i)

where [((141)™-1)/i(1+i)"] is the series present worth factor (SPW) because it
represents the present value of a series of uniform periodic withdrawals. It can al-
so be denoted P/A, which is read find the present given annual. Using this factor,
the equation becomes:

P=R*P/A,, 2.15)

This results in the amount you would need to invest in the present in order to
withdraw a known amount, R, at the end of each period.
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Figure 2.3 illustrates capital recovery transactions. Table 2.5 contains Capital
Recovery Factors (CRF) for various interest rates and time periods; Table 2.6
shows Series Present Worth Factors (SPW).

?

i

(a) Time Sequence

rep| 10+
L (1+i)' —1]

o gl (i) 1]
L i(l+i)

where :

i(1+i) /[(1+ i) - 1]: CRF,

n,i = A/ Rl,i
[(1 +i)' —1]/i(1 +i)'=SCA,, =AlP,
(b) Equations

Fig. 2.3 Illustration of Capital Recovery Transactions

Table 2.5 Capital Recovery Factors — A/P,;

No. of Interest Rate (% per period
Int. Per. 1% 2% 3% 4% 5% 10% 15% 20%
1 1.010000 1.020000 1.030000 1.040000 1.050000 1.100000 1.150000 1.200000
2 0.507512 0.515050 0.522611 0.530156 0.537805 0.576180 0.615116 0.554545)
3 0.340022 0.346755 0.353530 0.360343 0.3657209 0.402115 0.437977 0.474725)
4 0.256281 0.262624 0.265027 0.275450 0.262012 0.315471 0.350265 0.386289)
5 0.208040 0.212158 0.218355 0.224627 0.230875 0.263797 0.2958316 0.334380)
6 0.172548 0.178526 0.1845598 0.190782 0.197017 0.229507 0.264237 0.300706|
7 0.145628 0.154512 0.160506 0.166610 0.172820 0.205405 0.240360 0.277424)
8 0.130650 0.138510 0.142456 0.148528 0.154722 0.187444 0.222850 0.260609)
9 0.116740 0122515 0.128434 0.134453 0.140650 0173641 0.2089574 0.248079)
10 0.105582 0.111327 0.117231 0.123231 0.128505 0.162745 0.193252 0.238523
15 0.072124 0.077825 0.083767 0.053941 0.095342 0.131474 0171017 0.213882]
20 0.055415 0.061157 0.067216 0.073582 0.080243 0.117480 0.155761 0.205357]
25 0.045407 0.051220 0.057428 0.064012 0.070352 0.110168 0.154659 0.202119
30 0.035748 0.044650 0.051019 0.057830 0.065051 0.106072 0.152300 0.200846]
35 0.034004 0.040002 0.0465539 0.053577 0.061072 0.103650 0.151135 0.200339)
40 0.030456 0.036556 0.043252 0.050523 0.058278 0.102253 0.150562 0.200136|
45 0.027705 0.033910 0.040785 0.048262 0.056262 0.101331 0.150279 0.200055]
50 0.025513 0.031623 0.0358865 0.048550 0.054777 0.100852 0.150139 0.200022]
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Table 2.6 Series Present Worth Factors — P/A,;

No. of Interest Rate (% per period
Int. Per. 1% 2% 3% 4% 5% 10% 15% 20%
1 0.950099 0.980392 0.970874 0.961538 0.952351 0.209031 0.869565 0.533333)
2 1.970395 1.941561 1.913470 1.886095 1.859410 1.735537 1.625709 1.527778
3 2.940985 2.883883 2.828611 2.775081 2723248 2496852 2.283225 2.106451
4 3.901966 3.807729 3.717098 3.629835 3.5455951 3.169865 2.854978 2.586735)
] 4.853431 4713480 4 579707 4 451822 4.320477 3790787 3.352155 2.990B612
6 0.795476 56071431 2.417191 5242137 0075652 4.355261 3.784483 3.325510
7 5.728195 5.471931 5.230283 £.002055 5.786373 4.865419 4.160420 3.604552
8 7651678 7325481 7019652 6732745 6463213 5334926 4487322 3.837160
9 0.566018 8162237 7.786109 7435332 7107822 57509024 4.771584 4.030867
10 9.471305 §.982585 8.530203 5.1108%6 7721735 £.144567 5.018769 4.192472
15 13.865053 12.849264 11.937935 11.118387 10379655 ¥ BO0BOB0 5.847370 4675473
20 18.045553 16.351433 14.877475 13.590326 12.462210 8.513564 B.259331 4.869580
25 22.023156 19.523456 17.413148 15.622080 14.093245 9.077040 5.464149 4.947587)
30 25807708 22 396456 19.600441 17.292033 15.372451 9425914 5.565550 4978936
35 29.408580 24.898619 21.487220 18.664613 16.374194 9.644159 B.616607 4.991535
40 32.834686 27.355479 23114772 19.792774 17.159086 9.779051 6.641778 4.996595)
45 36.094505 29.490160 24518713 20.720040 17.774070 9.862808 5.654293 4.998633)
50 39196118 31.423606 25725764 21482185 18.255825 9914514 5660515 4.999451

Example Problem 9: A Retirement Annuity

You are about to retire and have saved $650,000. It is in an account that pays
3% annually. If you want to totally deplete the account after 20 years, how
much can you take out of the account annually so that you will spend the total
principal plus interest?

Answer: The amount that you would be able to withdraw annually would be
found using Equation 2.13:

R=650,000%A/ Py,
where A/Py 3¢, is found from Table 2.5 as 0.067216. Then:
R =650,000*0.067216 = $43,690.40

Thus you would be able to withdraw $43,690.40 at the end of each year for the
next 20 years.
Example Problem 10: Establishing an Annuity

What single amount would you have to put into a bank account today that pays
5% interest annually if you want to withdraw $50,000 at the end of each year
for the next 15 years?

Answer: You want to find the present value of a series of future withdrawals.
This would be done using Equation 2.15:

P =50,000%P/ A,
where P/As 54 is found from Table 2.6 as 10.379658. Then:
P =50,000%10.379658 = $518,982.90

Thus, to insure an annuity of $50,000/year for 15 years at 5%, you would have to
deposit $518,982.90 today. This could also be thought of as the cost to buy such
an annuity from a private insurer.
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2.3 Using Banking Formulae in Engineering Applications

The banking formulae discussed in this chapter relate to investments of various
kinds at fixed interest rates and time periods. They deal with a set of variables
that can be related to each other:

P = A single amount invested at time “0” for a fixed time period
and interest rate,

F = A single future amount from a single investment “P” that ac-
cumulated at a fixed interest rate,

R = A periodic deposit or withdrawal made at the end of each
compounding period for a fixed time period and interest rate,
and

S = A single future amount that accumulates from periodic depo-

sits “R” at the end of each compounding period after a fixed
time period and interest rate.

While these formulae govern actual banking transactions, including savings ac-
counts, annuities, and loans, they can be applied as analytic tools to help analyze
the economics of a transportation or other project.

The costs and benefits of various transportation and other types of improvement
projects occur over a substantial period of time. In general, any economic analysis
must include the full service life of the project under consideration. Some costs,
like capital construction costs, occur at discrete times in the present and/or future.
Some costs are recurring on a regular basis, such as maintenance and operating
costs.

To conduct a comparative economic analysis of alternatives, all costs and bene-
fits of all alternatives must be converted to a common point in time and a common
analysis period. The banking formulas are applied to make such conversions, so
that costs and benefits can be directly compared. Because these applications do
not involve actual bank accounts, it is common to assume annual compounding of
interest as a base condition.

Single payment formulas can be used to convert costs occurring at different
points in time to a common basis. Capital recovery formulas can convert a single
cost to an equivalent annual cost over the service life of an improvement, or esti-
mate the present worth of known future annual costs and expenditures. Thus, the
banking formulas are used, either alone or in combination, to theoretically alter the
time basis of cost and benefit estimates so that direct comparison is possible.
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Some simple examples of such applications follow.
Example Problem 11: Building a New School

A town wishes to build a new school that will cost $12,000,000. The school is
to be built in 10 years. The town will provide funding for the new school by
depositing a uniform amount into an investment fund paying 5% per year,
compounded annually. How much must be set aside in each of the 10 years to
provide for the new school?

Answer: The town is, in effect, setting up a sinking fund into which it will
make 10 uniform annual payments. At the end of ten years, the fund will have
accumulated $12,000,000, principal plus interest, which will be withdrawn to
pay for construction of the new school. In this case, the compound amount to
be withdrawn in the future is known. The annual deposit must be computed.
Thus, Equation 2.11 is applied:

R=S*AlF,,

where: S = $12,000,000
n=10
1=5%

A/F 1059 =0.079505 (Table 2.4)

Then:
R =12,000,000*0.079505 = $954,060.00

Note that over the 10 years, the town invests a total of 10*$954,060.00 =
$9,540,600. Interest makes up the remainder of the $12 million that is with-
drawn after ten years to build the school. The “price” that the town pays for
this benefit is that it must wait for 10 years to build the school as it accumulates
sufficient funds.

Example Problem 12: Paying for Future Maintenance

A town has just completed a project that rebuilt all of its local roads. To pro-
vide for future maintenance expenses, the town plans to make twenty equal an-
nual payments into an account paying 5%, compounded annually. Thereafter,
the town hopes to be able to make thirty equal annual withdrawals of $55,000.
How much must be invested each of the first twenty years to provide for the fu-
ture withdrawals?

Answer: This problem is a combination of two types of transactions: The first
twenty years, while payments are being made into the account, is a sinking
fund. Thereafter, when the town “recovers” the capital in equal annual install-
ments, capital recovery is the form being used. It is important to note that it is
the output of the sinking fund (after 20 years) that forms the input for the capi-
tal recovery. Figure 2.4 illustrates what is happening.
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$55,000/year

Fig. 2.4 Illustration for Example Problem 1

For 20 years, the town will have to invest $R/year. After 20 years at 5%, it will
have accumulated an amount $F. Instead of withdrawing F, however, it will be
reinvested at 5% to allow for capital recovery of $55,000/yr for 30 years.

The problem must be solved backwards. The only amount we know is that
$55,000 will be withdrawn at the end of years 21 through 50. At the beginning
of the withdrawals, a single amount must be on deposit sufficient to allow for
these 30 withdrawals. The amount can be found as the present worth of
$55,000 per year for thirty years at 5% interest, using Equation 2.15:

P=R*P[ Ay,

where: R = $55,000
P/Az059 15.372451

Then:
P =55,000%15.372451=$845,484.81

This is the amount that must be available in the account before beginning the
annual withdrawals, which start at the end of Year 20. This, then, is also the
amount that must be in the account at the end of the first 20 years of deposits; it
is now the known amount that is used to find how much needs to be deposited
annually during those first 20 years. This is a sinking fund transaction, and the
annual amount deposited is found using Equation 2.10:

R=8*A/F, s,

where: S $845,484.81 (computed above)
AlFy 59 = 0.030243 (Table 2.4)

Then:
R =845,484.81%0.030243 = $25,570.00

Thus, the town must invest $25,570/year for 20 years to allow it to accumulate
an amount that would fund annual withdrawals of $55,000/year for 30 years
thereafter.
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2.4 Closing Comments

Basic banking formulae provide an important mathematical basis for considering
the relative economy of alternative engineering investments. While they describe
basic features of actual bank transactions, like savings accounts, mortgages and
other loans, and annuities, they can be used in innovative ways to allow engineers
to consider the relative economic worth of a project.

Engineering projects may be in the private (such as an office building) or public
(such as a highway) domain. Regardless, the engineer is spending the funds from
either a single investor or group of investors, or from the tax revenues of the ap-
propriate federal, state, and local governments. In either case, the engineer must
get “the best bang for the buck.” Money, whether private or public, is a scarce re-
source, and engineers must insure that it is used with maximum efficiency.

Subsequent chapters will illustrate many complex analyses that are conducted
to insure this.

Problems

Problem 2.1

Create a generic excel spreadsheet where the interest rate, i, can be changed at the
top and all tabulated values in the rest of the sheet will change accordingly.

A |B C D E |F G
1 | Yr | Interest = 1%
2 |n SINGLE UNIFORM SERIES
PAYMENT
B CAF PWE | SCA SEF | SPW CRF
(E/P) P/F | FA A/F | PIA A/P
4 | | =(+5CSDA4 | =1 = (I+SCSI)"A4 | =1 | = (1+SCS1)"A4-1 -1
c4 $C$1 E4 $C$1*(1+3C$1)MA4 | G4
5|1
6 |2

NOTE: After creating this sheet, all problems can use the spreadsheet to create a
table for any interest rate, i, or year, n, needed, instead of using the formulas.

Problem 2.2
If $1000 is deposited in an account paying 8%, compounded quarterly, what will
the compound amount be after 10 years?

Problem 2.3

Consider an account paying 6%, compounded annually. $1000 per year is depo-
sited into the account for 10 years. Thereafter, no further deposits are made. What
amount will be in the account after 20 years?
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Problem 2.4
How many years will it take before $10,000 invested at 10%, compounded annual-
ly, will accumulate to $50,000?

Problem 2.5

What deposit must be made now to provide for a series of 10 annual withdrawals of
$1,500 at the end of years 1 through 10 AND for a series of annual withdrawals of
$2,500 at the end of years 21 through 30? Interest is 8%, and no withdrawals are
made during years 11 through 20. Interest is compounded annually.

Problem 2.6

A city plans to pay off a $1,000,000 public debt falling due in 20 years by making
an annual deposit out of operating revenues into a sinking fund paying 7% inter-
est. How much must the city deposit each year to guarantee that the debt may be
fully retired at the end of 20 years? If the city must also pay 9% per year interest
on the full outstanding debt during the 20 years before it is repaid, what is the total
annual cost of the debt to the city?

If instead of paying the total principal, $1M, at the end of 20 years, the terms are
that part of the principal is paid down each year, how much is the total annual cost
of the debt to the city?

Explain why the two are different.

Problem 2.7
Compute the annual cost of purchasing 70 transit cars at $1.4 million each, with
10% interest and a 40-year useful life.

Problem 2.8

A sinking fund is to be created, with the same deposit at the end of each of ten
years, to yield the following progress payments for a transportation construction
project:

At the end of Yield

Year 10 $10 million
Year 11 $10 million
Year 12 $10 million
Year 13 $30 million

What is the annual deposit required, with interest = 10%

Problem 2.9

A taxi service is to be initiated. Revenues of $4 million per year are expected for
each of the first ten years, and $7 million per year for each of the following ten
years.

The expenses are estimated at $3.5 million annually for each of the twenty years
of the analysis period.

What is the present worth of the business? Use interest = 10%
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If the business can be sold for $10 million at the end of twenty years, what is the
present worth of the business?

Problem 2.10

A sinking fund with a life of 30 years is created as part of a labor agreement, with
annual payments into it of $3000. Thereafter, there are to be annual withdrawals
for fifteen years, depleting the fund. What annual withdrawals are justified?

Problem 2.11

A person wishes to accumulate $32,500 over a period of 15 years so that a cash
payment can be made. To have this amount when it is needed, annual payments
will be made into a savings account that earns 8% interest per year. How much
must each annual payment be? After 7 years, how much is in the account?
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Chapter 3

Use of Banking Formulae in Engineering
Economics

This chapter presents illustrative uses of basic banking formulae for conducting
economic comparisons of various transportation alternatives. Examples are kept
relatively simple to demonstrate the principles involved in these usages.

The primary types of banking transactions discussed in Chapter 2 form the basis
for most engineering economic analyses. These principles are generally applied in
two ways:

e To analyze specific plans for financing transportation improvements; or
e  To reduce all cost elements in an analysis to a common base.

In the first case, real money transactions are involved. In the second case, the eq-
uations are treated as mathematical and philosophical equalities, although no real
money transactions are involved.

Capital recovery is a central concept that is used in the actual repayment of
public debt (bond issues, see Chapter 7). It is also used to compute equivalent an-
nualized costs for lump sum amounts and/or to compute present values of series of
anticipated benefits or costs.

Present worth is another key concept. Whether used in conjunction with a se-
ries, as in capital recovery, or in conjunction with single payments, the computa-
tion of present worth provides a means to convert all costs and benefits to a single
base year.

Often transportation and other engineers need to consider different alternatives
for implementing a project, and to make a decision as to which is the most eco-
nomic alternative. All alternatives must be compared on equal terms. A project
that spans ten years cannot be directly compared to a project that spans twenty
years; a project that will be implemented in 5 years cannot be directly compared to
a project that will not be implemented for 15 years. In essence, applying basic
banking formulae allows all cost elements to be reduced to a common point in
time, and a common time span.

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 29171
DOI: 10.1007/978-3-642-38580-3_3 © Springer-Verlag Berlin Heidelberg 2013
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3.1 Simple Engineering Applications

In this section, a number of examples are presented in which basic banking formu-
lae are applied to making alternative decisions.

Example Problem 1: Surface Treating a Gravel Roadway

A city engineering department finds that by surface treating a gravel road, a
maintenance savings of $25,000 per year can be achieved. How much can the
city justifiably spend to treat the roadway if the service life of the treatment is
taken to be 10 years and interest is estimated to be 4%.

Answer: In this problem, the issue is no longer a real money transaction, but
the comparison of costs and quantifiable benefits of alternative courses of ac-
tion. The choice is:

e Leave the road untreated, which incurs a cost of $25,000/yr.

e Spend some unknown amount of money, P, to surface treat the gravel
roadway, which eliminates $25,000/yr in annual maintenance costs for a
period of 10 years.

Rather than deposits and withdrawals from a bank or investment account, the
amounts in this example represent the investment of public monies (tax reve-
nues) in an engineering project, where the benefits are measured in terms of
reduced maintenance costs.

The benefits of the investment are known: $25,000 per year of reduced main-
tenance costs for the 10-year service life of the improvement. Logically, then,
the maximum amount one should be prepared to pay for such an improvement
is the present value of those benefits, including an appropriate interest rate. Us-
ing the Series Present Worth equation:

P=R* SPW/I(),4% =R* P/Al(),4%

where: R =25,000
P/A1074% =8.110896 (Table 26)

Then:
P =25,000*8.110896 = $202,772.40

Note that when dealing with conceptual conversions using the banking formulae,
annual compounding is always assumed. The result, $202,772.40, is not the price
of the improvement, but it is an indication of the maximum price that should be
paid for the treatment. If the actual price is less than $202,772.40, then surface
treating the roadway costs less than maintaining it for 10 years. If the actual price
were more than $202,772.40, then the roadway would not be treated because the
benefits of treating are less than the cost. If the actual price were exactly
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$202,772.40, it would not matter, in the economic sense, if the roadway is treated
or not.

In essence, the result ($202,772.40) is the break-even point at which the two al-
ternatives have equal costs.

Example Problem 2: A Highway Repaving Project

Construction of a new pavement will result in a savings of 5 cents per vehicle-
mile in operating costs to each user of the road. If the AADT (Average Annual
Daily Traffic) for the segment of highway to be repaved is 2,000 veh/day, and
the new pavement has a service life of 25 years, what maximum expenditure
per mile of highway can be justified for the construction of the surface? Interest
is estimated to be 4%.

Answer: As in the previous problem, the solution is essentially the present
worth of the future benefits to be derived from the proposed resurfacing. An-
nual benefits, per mile of roadway, can be computed from the AADT of 2,000
veh/day. Note that the length of the highway segment is not needed, as both
the benefits and the justifiable expenditure will be stated on a per-mile basis.
Thus:

R =2,000*365%*0.05=$36,500/mi/ yr

where R is the annual savings per mile of re-paved roadway over the 25-year

service life of the repaving. The maximum justifiable expenditure for the sur-

face is, therefore, the present worth of $36,500 per year for 25 years. Thus:
P=R*SPW,; 45, =R* P/ Ay,

%

where: R $36,500
P/Ass 44 = 15.622080 (Table 2.6)

Then:
R =36,500%15.622080 = $570,205.92

This simplified problem introduces a key element in terms of engineering eco-
nomic comparisons. The savings to road users do not result in any hard-dollar
savings for the agency operating the roadway. The analysis, however, recognizes
that the proposed repaving will be paid for with tax revenues, many of which
come directly from taxes on the road user, such as the gasoline tax.

In this case, the analysis says that it is economically reasonable to spend up to
$570,205.92 per mile in taxpayer funds to re-pave the roadway, as users will save
$36,500 per mile collectively each year for the 25-year expected life of the pave-
ment. Again, $570,205.92 is essentially a break-even point. If the repaving costs
exactly this much, then the present worth of the road user savings over 25 years
are equivalent to the cost. If the actual cost is lower than this amount, the repav-
ing would go forward; if it were higher than this amount, it would not go forward.
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Of course, this is a simplified example. In reality, the impacts on ongoing
maintenance costs and the economic value of safety improvements would have to
be considered in addition to road user costs.

Example Problem 3: Replacing a Wooden Sign Post

A wooden sign post normally lasts for 15 years and costs $200. It is possible to
treat these posts in a petroleum-based solution, which increases their service
life to 45 years. As the treated posts do not deteriorate completely in place,
they must be disposed of at a cost of $25 per post after 45 years. If interest is
3%, how much can be justifiably spent to treat the wooden posts?

Answer:  As in the previous two problems, the result sought is the maximum
allowable amount that could be justifiably spent to treat the wooden posts.
Again we are determining the cost at which the two alternatives (treating the
post or not) are equally economic — the break-even point.

In this problem, the solution is a bit more difficult in that the benefits involve
costs at different times, and over different service lives. The benefit is not easi-
ly converted to a monetary value, as it consists of an increase in service life.
Since the solution involves a value at which both alternatives are equally eco-
nomic, a common approach is to express the cost of both on a common base
and then to set them equal. In this case, the cost of the treated and untreated
posts could be expressed either as equivalent annual costs or as present worths
for an equal time period. In this case, converting all costs to equivalent annual
costs is more straightforward.

The price of the untreated post is $200. This can be converted to an equivalent
annual cost by use of the capital recovery factor (A/P, that is, looking for an-
nual given we know the present value). Philosophically, we will compute an
annual cost equivalent to the amount we would pay each year if we chose to
pay for the post on an “installment plan” over its useful life. Thus:

R=P*CRFs,,=P*AlRsy,

$200
0.083767 (Table 2.5)

where: P
A/Pis539,

Then:
R=200%0.083767 =$16.7534/ yr = $16.75/ yr

The price of the treated post involves several elements. The cost of the wooden
post is still $200. However, treating the post involves an incremental cost of
$T, making the total cost of the treated post $(200+T). Further, the treated post
involves a disposal cost of $25, which occurs at the end of the 45-year service
life of the post. To add this to the total cost of the post (at time “0”), its present
worth will have to be estimated as:
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— * — %
P=F*PWF,, =F*P/F;,,

where: F $25.00
P/F4534, = 0.264439 (Table 2.2 or Appendix)

Then:
P=25%0.264439=$6.61

Now, the total present worth cost of the treated post may be estimated as
$(200+T)+$6.61, or $(206.61+T). This cost must now be annualized over the
45-year service life of the treated post:

R:P*CREtm% :P*A/P453%

where: P = 206.61 + T
A/Pys 39, = 0.040785 (Table 2.5)

Then:
R =(206.61+T)*0.040785

To obtain a solution, the two annual costs of the treated and untreated posts are
set equal:

16.7534=(206.61+T)*0.040785
16.7534

0.040785
T =410.77-206.61=3$204.16

=410.69=206.61+T

Thus, if the cost of the treatment to the wooden post is less than $204.16, the
benefits of increased service life are more than the costs to pay for the treat-
ment, and the treatment will be utilized. If the cost is more than $204.16, the
untreated posts will continue to be used.

The solution might also have been structured around the present worths for
the two alternatives for some uniform period of time, although this approach is
slightly more complex. For simplicity, the period of time chosen for analysis
should be an even multiple of the service lives of the various alternatives. In
this example, with service lives of 15 and 45 years respectively, a 45-year anal-
ysis period could be used.

To understand this approach, it is useful to consider a time-line of the costs
involved in each alternative. Figure 3.1 shows the time-line for untreated
posts; Figure 3.2 shows the time-line for treated posts.
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$200 $200 $200
| | | |
| | | !
0 15 30 45

Fig. 3.1 Time-Line for Untreated Sign Posts

To provide for forty-five years of service, the untreated post must be installed
at year 0, and replaced in years 15 and 30. The last installment is at year 30, as
that post will last till the end of year 45. While a new post would also have to
be installed at the end of Year 45, this would cover service beyond the analysis
period of 45 years, and is not included. The cost for these renewals must, how-
ever, be converted to present worths, as follows:

PW, initial cost = $200.00
PW, Year 15 renewal = 200 * P/F;534 = 200* 0.641862 = $128.37
PW. Year 30 renewal = 200 * P/F5034, = 200* 0.411987 = $ 82.40
Total Present Worth (untreated posts, 45 yrs) = $410.77

Consider now the following time sequence diagram for the alternative of treat-
ing the posts:

$(200+T)
l $25
| |
| |
0 45

Fig. 3.2 Time-Line for Treated Posts

To provide for 45 years of service, the treated post must be installed in year 0
and will last the 45 years. In addition, the disposal cost of $25 is incurred at the
end of year 45. Converting these to present worths:

PW, initial cost = $200+T
PW. Year 45 disposal = 25 * P/Fys5 34, = 25 * 0.264439 = $ 6.61
Total Present Worth, Treated Posts, 45 years = $206.61+T

Setting the two values of present worth equal to each other, and solving:

410.77=206.61+T
T =410.77-206.61=3$204.16
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The solution and decision are, of course, the same in either method. The results
could not be otherwise, since present worths and annual costs are merely different
representations of the same costs.

In this case, because the service lives were even multiples of each other, and
the untreated post only had to be replaced two times, either method was simple
enough. Consider, however, if one alternative had a service life of 3 years and the
other had a service life of 11 years. For the present worth method, an analysis pe-
riod of 33 years would be used. This would mean that the present worth for the 3-
year alternative would have to be repeated ten times to bring it to year 33. It
would be much simpler in that case to compare annual costs.

3.2 Applications Involving ‘“Infinite’’ Service Periods

It is occasionally useful in engineering economic analysis to consider the service
lives of various capital investments to be virtually infinite. Any service life of 100
years or greater should be so treated, as the mathematics of banking formulae con-
verge rapidly to infinite compounding periods beyond this point. The problems
that follow illustrate some of the special circumstances involving infinite service
lives, and the computations that result.

For problems that deal with permanent changes to alignment, for example, the
life of the investment is, for all practical purposes, infinite.

Consider the formula for the series present worth factor with n equal to infinity:

spw. =pra, =0 -1
’ i)

Breaking up the faction, this becomes:

0
P, = (1+i) / 1

i) iy

In general, therefore, the present worth of an Infinite Annual Series is:

P=R*SPW._, =R*P/A_ =R* =% 3.1
l 1

Example Problem 4: Reducing a Highway Grade

A highway grade is to be reconstructed over a 2-mile length, which will result
in a savings to road users of 3 cents per vehicle-mile due to a smoothing of the
profile. If the AADT is 8,000 veh/day, how much can be justifiably spent on
reconstruction of the grade? Interest is estimated to be 4%.
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Answer: As in most problems of this type, the answer is the present worth of
the annual savings over the life of the investment. A grade is a sufficiently
permanent structure to be considered as having an infinite service life.

Road users will save $0.03/veh-mile for a virtually infinite period of time. The
annual savings to road users will, therefore, be:

R =8,000*2%*365%*0.03=%$175,200/ yr

Since the grade of the highway is essentially a permanent improvement, the
present worth of these annual savings is estimated using Equation 3.1:

P= R_175200 $4,380,000
0.04

i

The highway agency is justified in spending up to $4,380,000 re-grading the
roadway, which will result in a permanent reduction in annual road user costs of
$175,200.

In Example Problem 4, an annual savings was assumed to be numerically infi-
nite. It is also possible to have a series of infinite periodic costs or savings that do
not occur annually. Example Problem 5 illustrates such a case.

Example Problem 5: Replacing a Railroad Structure with an Embankment_

A railroad trestle is to be replaced by a permanent embankment. How much
can be justifiably invested in the embankment if the trestle has a service life of
20 years and costs $150,000 each time it is rebuilt? Interest is estimated to
be 5%.

Answer: Assuming that at the time the embankment is being considered, the
trestle would have to be rebuilt, the solution would be the cost of the trestle
plus the present worth of an infinite number of replacements every 20 years. In
this problem, the benefits are not in terms of infinite annual savings, but in in-
finite periodic savings. For all practical purposes, the service life of the em-
bankment itself is infinite.

Consider the present worth of infinite replacements of a facility every n years.
If the first cost is not included, then:

P=> S*PWFyy,= Y S*P/Fy,,

N=l,00 N=l,00

The replacement occurs every 20 years, so the summation includes values of N
from 1 through co. This series can be expressed as:
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p= S 4 5 5 5
(1 + l)n (1 + i)zn (1 + i)3" ....................

The equation may be represented in closed form by multiplying it by 1/(1+i)"
and subtracting the result from the original series

P S N O + S
T ) A (T s
P S, S LS .S
o N P G

Remembering that the sinking fund factor (SFF,;, A/F,;) is equal to i/[(1+i)"-1],
the equation for P may be expressed as:

P=Sxa/F

n.i (32)
l

For the problem under consideration, then, the present worth of an infinite se-

ries of periodic trestle replacements at a cost of $150,000 every 20 years (es-

sentially forever) at 5% is found using Equation 3.2 where S = $150,000, n =

20 years, and i = 5%. Using Table 2.4, A/F,q 54, = 0.030243 Then:

p=139090...4 130243- 590,729

However, as Equation 3.2 does not include the cost of a replacement at time =
0, the first cost must be added to determine the total justifiable expenditure for
the permanent embankment. Thus the justifiable expense is the original
$150,000 plus the cost of infinite replacements or $90,729+$150,000 =
$240,729.

This solution can be checked as follows. If $150,000 is spent to build the
trestle immediately, the remaining $90,729 will be invested at 5% for 20 years
to accumulate funds for the next replacement:

F =P*CAF,, = P*F /P, , =90,729%2.5653298 = $240,731

where the CAF (F/P) is found from Table 2.1.
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At the end of the first 20 years, $150,000 is utilized to build the trestle, leaving
$90,731 to be reinvested for another 20 years. The amount remaining for rein-
vestment will always be sufficient to provide for the next replacement plus another
round of reinvestment. Were it not for round-off errors in the use of banking fac-
tors to six decimal places, the amount for reinvestment would be exactly $90,729
after each replacement.

Example Problem 6: The Concept of Capitalized Cost

A railroad bridge structure must be replaced every 25 years at a cost of
$250,000, and it additionally costs $18,000 per year to maintain. How much
can be spent on a permanent embankment which costs $3,000 per year to main-
tain? Interest is estimated to be 4%

Answer: The result is most conveniently solved by finding the break-even
point, as has been illustrated previously. To do this, all costs must be reduced
to a common base: either annual cost or present worth for a uniform period of
time. To do a present worth analysis requires the use of an infinite analysis pe-
riod due to the permanent nature of the embankment.

Using an infinite analysis period, the first costs plus the present worths of infi-
nite renewals and infinite maintenance can be compared. By definition, this
concept is referred to as Capitalized Cost, that is, the provision, maintenance,
and renewal of a capital facility for an infinite period.

The capitalized cost for the bridge involves the present worth of future periodic
replacements (every 25 years @ $250,000), the present worth of all future an-
nual maintenance (every year @$18,000), and the first cost of the bridge
($250,000). Equation 3.1 is used to estimate the present worth of the annual
maintenance costs, while Equation 3.2 is used to estimate the present worth of
all future replacements every 25 years. Then, the total capitalized cost for the
bridge is:

First Cost = $250,000.00

Prniat cosss = § = 13,;))20 = $450,000.00
Provire periodic = % *Pl Ay 4o = % *0.020952 = $130,950.00
Capitalized Cost = | $830,950.00

The total capitalized cost of the embankment option is the first cost “X” (un-
known) plus the present worth of all future annual maintenance costs, or:

First Cost = X
p R 3,000

=—= = $75,000.00
Annual Costs l 004
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The total capitalized cost of the embankment option is, therefore, X + $75,000.
The capitalized costs of the bridge and the embankment are now set equal to
find the break-even point:

830,950 =X + 75,000
X =830,950-75,000 = $755,950

As in previous problems, if the cost of the embankment is less than $755,950, it
will be built. If the cost is more than $755,950, the bridge will be replaced. If the
actual cost were exactly $755,950, both options are equally economic.

Example Problem 7: Pavement Maintenance

It is estimated that a certain paved road will require $500 in maintenance at the
end of every 6 months for 5 years, and thereafter $2,500 after each 6 months
for an indefinite period. Find the present worth of perpetual maintenance if in-
terest is 5%, compounded semi-annually.

Answer: There are two series of expenses to consider and each must be consi-
dered separately. The first consists of ten uniform semi-annual payments of
$500. The present worth of this series may be straightforwardly computed us-
ing the series present worth factor (SPW, P/A) finding the present value given a
known periodic payment. The second involves the present worth of future
payments every 6 months; this series of expenses, however, only begins in
Year 5. The time line in Figure 3.3 illustrates the situation.

01234567 891011121314 .iiiiiiiiiiiiiiiiiiiiii ©
Period Number (1/2 years)

Fig. 3.3 Time-Line for Example Problem 7

The present worth of the infinite 6-month payments is easily found using Equa-
tion 3.1. The “present worth,” that results from Equation 3.1, is indexed to the
beginning of Year 5 (or Y2 Year Period 10). To bring it back to time “0,” the
true “present” worth is found by multiplying the result by the PWF (P/F) for 10
periods at 2.5% per period.

The present worth (at time “0”) of the initial 10 semi-annual maintenance costs
of $500 is computed as:

P = R * SP‘/VIOJ.S% = R * P/A10,2.5%
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where R = $500. The interest tables of Chapter 2 do not include a 2.5% inter-
est rate. Therefore, the SPW (P/F) must be computed using the formula (or
using the excel spreadsheet created in Problem 2-1):

(1+i)' =1 (1+0.025)° -1
i(1+i)"  0.025 (1+0.025)"
1.2801-1 0.2801

= =8.7523
0.025*1.2801  0.032003

P/A=

Then:
P =500%8.7523 =$4,376.15

The present worth (at time = “0”) of the infinite semi-annual maintenance costs
that begin in Year 11 must be treated as a series, which begins in Period 10,
and then shifted as a single amount to Period 0, or:

R R
P:7*PWFlo,2,s% :7*P/Flo,2.5%

where R is $2,500 semiannually. Again, as 2.5% is not included in the interest
tables of Chapter 2, it is computed using the equation (or use spreadsheet):

P/F = ! = ! ! =0.781189

(1+i)  (1+0.025)° 12801

Then:

P =&0(5)*0.781189= $78,118.90

The total present worth of infinite semi-annual maintenance on the facility is
the sum of $4,376.15 + $78,118.90 = $82,495.05. This amount, if invested at
5% interest, compounded semi-annually, would be sufficient to provide for
perpetual maintenance on the facility.

As these examples illustrate, the basic banking formulae can be adapted to deal
with situations in which the element of time is virtually infinite. While nothing is
ever truly “infinite,” numerically, the interest factors rapidly approach values for
an infinite period whenever the actual time period is 100 years (or periods) or
longer.

3.3 Methodologies for Engineering Economic Comparisons

The formal procedures for conducting engineering economy studies are mathemati-
cally founded on the basic banking principles discussed previously. Full engineering
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economic comparisons, and in particular, those involving transportation projects and
alternatives, involve other considerations as well. This section explores formal pro-
cedures for engineering economy studies and comparisons, with an emphasis on
those involving transportation.

3.3.1 The Treatment of Transportation Demand

One of the complex components in defining an alternative analysis comparison is
the handling of demand volumes. Demand volumes, in turn, are the principal
determinants of the scope of the alternatives that must be considered.

The demand volume on any new facility, either highway or public transit, will
be subject to growth during the years the facility is in use. The volume on the fa-
cility, and its growth over the years, is made up of two major components:

e Current Traffic is defined as the traffic expected on the new facility on the day
it opens (or more practically, during its first year of service). It is made up of
(1) traffic from the facility it replaces (if one exists) and (2) diverted traffic
from parallel or competing facilities.

e Growth Traffic which is itself comprised of several components: (1) normal (or
ambient) growth that is created by regional growth patterns in travel; that is, all
travel in the region would be expected to grow at some rate reflecting changing
per capita trip-making rates and general population trends, (2) development
traffic that is created by land development induced by the new facility, which
generates additional travel, and (3) induced traffic, which covers trips that were
not previously made, or which were made to other destinations due to transpor-
tation difficulties in the subject corridor. The existence of improved facilities
can 'induce" trips to be made now in the subject corridor.

The problem of demand is complicated by the fact that development growth and
induced traffic may vary from alternative to alternative within the same analysis.
While this text does not address the process of traffic forecasting, it will address
the issues involving which forecasts should be used in comparative analysis, and
how to do so.

3.3.2 Defining the Scope of Alternatives in an Economic Analysis

The definition of alternatives and their scope is very much related to the consider-
ation of traffic volume forecasts. The following principle provides the key factor
in this regard:

ALTERNATIVES SHOULD BE DEFINED, INSOFAR AS POSSIBLE,
SUCH THAT THE CURRENT TRAFFIC FOR EACH ALTERNATIVE
IS THE SAME.
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Recall that current traffic represents existing trips being made that are either (1)
already on a facility that is being replaced or improved, or (2) diverted to a new or
improved facility from parallel facilities in the corridor.

A second rule in defining alternatives for analysis is just as important:

ALL ANALYSES MUST INCLUDE CONSIDERATION OF THE
NULL ALTERNATIVE, THAT IS, THE OPTION OF DOING
NOTHING.

It is not enough to answer the question of which alternative improvement is the
most economically beneficial. The analysis must also show if any improvement at
all is economically better than the status quo. This is accomplished by including
the null alternative in all analyses.

Consider the problem of a corridor consisting of three freeways (A, B, and C),
each carrying 100,000 vehicles per day with an average vehicle occupancy of 1.5
persons/vehicle. Mass transit is being considered to alleviate congestion in the
corridor in one of two configurations, as follows:

1. Construct a busway along one of the freeways, expecting ridership of 20,000
passengers/day, all diverted from the freeway corridor - 1/2 from freeway B,
and 1/4 each from freeways A and C.

2. Construct a rail line in the corridor with an expected ridership of 75,000 pas-
sengers/day, all of who are diverted from the freeway corridor - 1/3 from each
freeway.

The nature of the problem concerns not only the new bus and/or rail facilities, but
the totality of 300,000 vehicles per day (vpd) (or 450,000 persons per day (ppd))
traveling in the corridor. Unless the total corridor is considered in each alterna-
tive, it would be impossible to construct scenarios with equal current traffic. The
definition of each alternative, therefore, must include all of the existing and pro-
posed facilities in the corridor, as described below in Table 3.1.

Table 3.1 Definition of Alternatives for Corridor

Null Alternative Alternative 1 Alternative 2
Freeway A 100,000 vpd 96,667 vpd 83,333 vpd
150,000 ppd 145,000 ppd 125,000 ppd
Freeway B 100,000 vpd 93,333 vpd 83,333 vpd
150,000 ppd 140,000 ppd 125,000 ppd
Freeway C 100,000 vpd 96,667 vpd 83,333 vpd
150,000 ppd 145,000 ppd 125,000 ppd

Busway = | --—--- 20,000 ppd | ------
Ral | | 75,000 ppd
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Note that each of the alternatives was defined in terms of equal numbers of
people served, that is, a total current traffic of 450,000 persons per day. The eco-
nomic analysis would then have to consider the user, operating, and capital costs
involved in each element of each alternative, and would account for improved
conditions on highways as the result of diversion, as well as the costs associated
with the proposed bus or transit services. Without this total consideration, it
would be virtually impossible to compare a bus alternative serving 20,000 ppd
with a rail service serving 75,000, much less, the current highway system serving
450,000 people/day.

As has been shown, it is possible to define alternatives in such a way that they
represent equal values of current traffic. We can then assume that normal growth
traffic will also be the same for all alternatives, as this is merely a percentage
growth rate applied to current traffic. It is not possible, however, to guarantee that
the development and induced growth in traffic will be equal for all alternatives. In
the example given in Table 3.1, the rail system will have a far greater impact on
development, and therefore development traffic growth, than the bus service. The
rail link also has far greater potential for inducing new trips. Thus, while the
alternatives are defined for equal volumes of current traffic, the 25-year traffic
forecast for each alternative would most likely be different. This will affect the
analysis procedures that can be used, as described later in this chapter.

3.3.3 Direct Techniques for Alternative Economic Analysis

The most straightforward analysis techniques deal in the direct conversion of all
cost elements to either (1) annual cost or (2) present worth for a specified analysis
period. All costs will be modified to a common base in order to be compared di-
rectly, so that alternatives with lower total cost are favored over those with higher
total costs.

Total costs will include capital costs, operating and maintenance costs, and di-
rect user costs. Each of these costs is identified for the analysis period, either as
annual costs, as in the case of user costs, or as single sums occurring at various
times throughout the analysis period.

3.3.3.1 The Present Worth Method

The present worth method of analysis bases comparisons on the total present value
of each alternative for a fixed analysis period (the same for all alternatives). All
costs are reduced to present value, that is, indexed to time = O of the analysis pe-
riod, using the appropriate factors discussed earlier.

If the analysis period chosen is not an even multiple of the service lives of all
the components of the analysis, it is often necessary to consider the question of re-
sidual value. Residual value represents the value left in the life of a component af-
ter the analysis period. It is found using the following formula:

RV =C*A/IP, *P/A, ,*PIF, (3.3)
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where: RV is the present worth of the residual value (at time “0”),
C is the cost of the component,
n is the service life of the component with cost C,
N; is the years of service remaining at the end of the analysis period.
N, is the analysis period in years.

This concept is best described by example. Consider the present worth of a bridge
structure that costs $300,000 and has a service life of 20 years. The analysis
period is 50 years, and interest is estimated to be 5%. Figure 3.4 illustrates the
problem.

$300,000 $300,000 $300,000

! ! !

| | |
| | b

——————— >
Analysis Period, N, =50 yrs <Period of

Residual

Value, N, = 10 Years

Fig. 3.4 Illustration of Residual Value

The analysis period encompasses the initial cost and the cost of bridge re-
placements in the 20th and 40™ years. The present worth of these costs is
given by:

P =300,000+ (300,000% P/ Fy )+ (300,000 P/ F,, .,,)

where both values of P/F can be obtained from Table 2.2 in Chapter 2. Then:

P =300,000 + (300,000 *0.376889) + (300,000 *0.142046)
P =300,000.00+113,066.70 + 42,613.80 = $455,680.50

The replacement in Year 40, however, provides for service to the 60th year, that
is, 10 years beyond the analysis period. Thus the facility has a "residual value"
equivalent to 10 years of useful service at the end of 50 years, the cost of which
has been included in the initial computation. The present worth of this residual
value should, therefore, be subtracted from the initial result of $455,680.50.

Since the entire cost of the last replacement occurs in Year 40, it must be annu-
alized in order for one part of it to be separated as the residual value. The equiva-
lent annual cost of the replacement is computed as:

R =300,000* A/ P, 5, =300,000%*0.080243 = $24,072.90

where A/P is found from Table 2.5 in Chapter 2.
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The replacement cost may therefore be treated as a series of annual payments of
$24,072.90 beginning in Year 41 and ending in Year 60. The last 10 of these an-
nual payments represents the "residual value" of the bridge at the end of the analy-
sis period of 50 years.

The present worth of these last 10 payments must be computed in a two-step
process. First, the “present worth” of a series of 10 annual payments of $24,072.90
is found as:

P=24,072.90% P/ A, 5, =24,072.90%7.721735 = $185,884.55

where P/A is found from Table 2.6 in Chapter 2.

This is the single-value equivalent of the 10 annual payments that constitutes
the residual value. It is, however, indexed to the 50th year of the analysis period.
The true residual value, in Year O, is found by finding the present worth of
$185,884.55 in Year 50, or:

RV =185,884.55* P/ F, 5, =185,884.55%0.087204 = $16,208.88

where P/F is found from Table 2.2 in Chapter 2.

The true present worth of the cost of building and replacing the bridge every 20
years, over a 50-year analysis period is the present worth of the initial construc-
tion, 20-year replacement, and 40-year replacement minus the residual value com-
puted above, or $455,680.50 - $16,208.88 = $439,471.62.

The concept of residual value is a very valuable one when the present worth
method of analysis and comparison is used. It is not always practical to use an
analysis period that is an even multiple of all of the component service lives.
Comparing two alternatives with respective service lives of 18 years and 15 years
would require an analysis period of 18*15 = 270 years, which is not practical.
Any reasonable analysis period can, however, be used, as the concept of residual
value allows analysts to find the present worth of any analysis period, even if it is
not an even multiple of the service life.

Using residual value, it is possible to directly compare any number of alterna-
tives using an arbitrary (but reasonable) analysis period.

3.3.3.2 The Annual Cost Method

In the annual cost method, all cost elements are expressed as annual costs. Com-
parisons are made on the basis of total annual cost of capital costs, operating and
maintenance costs, and user costs. Alternatives with lower total annual costs are
favored over those with higher total annual cost.

The annual cost method is often very convenient, as many cost elements, such
as user costs and operating costs are already given in annual form. Single sums in-
volved in capital investments may be annualized using the A/P factor. It must be
noted that the annual cost computed must be an annual cost that remains constant
throughout the analysis period.
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Consider the annual cost for a 30-year analysis period of a highway pavement
with the following characteristics:

Initial Cost = $1,000,000 per mile, service life is 20 years.
Repaving cost = $300,000 per mile, service life 10 years.
Annual maintenance = $15,000 per mile per year.

Interest = 3%.

Maintenance costs are already in annual form and thus do not need conversion.
The initial cost and the cost of one repaving in Year 20, however, must be annual-
ized for the thirty-year analysis period.

The problem is that neither the initial paving cost (which provides service for
Years 1-20) nor the repaving (which provides service for Years 21-30) are ex-
pressed in terms of a 30-year analysis period. If we had a single value, indexed to
time = O representing the present worth of the initial paving plus one repavement
in Year 20, the resulting present worth could be annualized over a 30-year analysis
period. The present worth of the initial paving is given, and does not have to be
converted. The present worth of a repaving in Year 20 does have to be converted.
The total present worth of the initial paving plus one repaving in this case is com-
puted as:

P =1,000,000+300,000% P/ Fy,
P =1,000,000+ (300,000*0.553676)
P =1,000,000+166,102.80 = $1,166,102.80

where P/F is obtained from Table 2.2 in Chapter 2. This present worth may now
be annualized to uniform annual payments over the total 30-year analysis
period as:

R=1,166,102.80* A/ P,, ,, =1,166,102.80*0.05109 = $59,576.19

where A/P is found from Table 2.5 in Chapter 2 (or use excel spreadsheet).

This is now the annual cost of providing the pavement and one repavement in
Year 20. The total annual cost, however, must now add the $15,000/year main-
tenance cost, making the total annual cost for the pavement $59,576.19+$15,000 =
$74,576.19/mile.

There are, therefore, two direct methods to compare the costs of alternative
projects. Either the costs of all alternatives can be converted to a present worth for
equal analysis periods, or they can be converted to annual costs. Many times,
finding either will require both present worth and annual cost calculations to re-
duce all costs to a common basis for comparison.

3.3.3.3 Examples Using Direct Methods

Direct methods of alternative analysis are the most easily applied, as the final
comparison of alternatives is based upon the simple comparison of total annual
costs or present worths. Unfortunately, direct methods are limited to cases in
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which the value of traffic demand is the same for all alternatives throughout the
analysis period. This means that alternative comparisons in which the value of
development and induced traffic differ from alternative to alternative, may not be
analyzed using direct methods. Indirect methods for cases where the traffic differs
between alternatives will be treated later in this chapter.

Example Analysis 1: Comparison of Pavements

A highway department must decide whether to construct a new portland ce-
ment concrete (PCC) pavement of 6 in., 7 in., or 8 in. on a given stretch of
highway. Table 3.2 shows the cost data for the problem.

Table 3.2 Data for Example Analysis 1

Pavement Initial Cost Service Life Annual Maintenance
Thickness (in) ($/mi) (yrs) ($/mi)
6 800,000 15 15,000
7 1,000,000 18 10,000
8 1,150,000 20 8,500

Assume that at the end of each service life, the pavement is rebuilt at a cost and
service life similar to the initial construction. Interest is 3%.

Solution
This problem is well suited to a direct method of analysis since the comparison
is between different structural alternatives for the same highway and traffic
demand.

The analysis period chosen is not a major issue for this problem, as each of the
pavements is to be replaced at the end of its service life with a similar pave-
ment, and all cost elements are held at uniform levels. Thus, ignoring inflation,
the annual cost of each alternative will continue essentially forever. In this cir-
cumstance, the annual cost of each alternative is found as:

R=(P*A/P,)+M

n,i

where: P capital cost to build the alternative;
A/P = capital recovery factor (Table 2.5, Chapter 2);
M = annual maintenance cost of each alternative.
Then:

R, =(800,000% A/ B, ,,, )+15,000
R, ., =(800,000%0.083767)+15,000 = $82,013.60
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As the capital recovery factor for 18 years is not included in Table 2.5, it will
have to be computed using the equation (or found using spreadsheet):

_0.03%(1+0.03)° _ 0.051073

AlPygsy, = = =0.072709
BT (140.03)° -1 0.702433
Then:
R,. =(1,000,000* A/ Py, )+10,000
R, ,, = (1,000,000*0.072709)+10,000 = $82,709.00

RS in = 1’15()’000 *A/ P20,3% )+ 8,500
Ry, = (1,150,000%0.067216)+8,500 = $85,798.40

Based upon total annual cost, the 6-inch pavement is the most economic alter-
native. Notice that the annual costs computed do not depend upon the choice of
an analysis period. This is true only when all annual costs are uniform for an
indefinite period, and all capital investments are replaced at initial cost with the
same service life as the initial investment.

Example Analysis 2: Initiating an Express Bus Route

A major arterial corridor contains a series of local bus routes that carry 40,000
passengers/day. The transit operator is considering the establishment of one or
two possible express bus services in the corridor. The first would divert 5,000
passengers/day from local routes, the second would divert 8,000 passengers per
day from the local services. Neither of the proposed services would divert pas-
sengers from any other source than competing local routes, and neither would
induce new development or new trips in the corridor. Relevant cost information
is given in Table 3.3. Interest is estimated to be 5%.

Table 3.3 Data for Example Analysis 2

Cost Element Alternative

NULL Exp. Route 1 | Exp. Route 2
Capital Investment for 1,000,000 1,350,000
Additional Buses ($)
Service Life (yrs) 10 10
Maintenance and Operating 11,000,000 8,000,000 6,000,000
Costs, Local Buses ($/yr)
Maintenance and Operating 500,000 800,000
Costs, Express Buses ($/yr)
User Costs, Local Buses 1.50 1.40 1.35
($/day/user)
User Costs, Exp. Buses 1.00 0.80
($/day/user)
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Solution: Here again a direct approach is valid since neither alternative has de-
velopment or induced traffic expected. Note that the alternatives are defined to
include the entire 40,000 passengers/day using the transit corridor, and to en-
compass the impact on local bus service, which is obviously affected. A 20-
year analysis period would be reasonable, and the problem is approached using
the present worth method. The service life of an express bus is 10 years. The
number of replacement buses for local services is NOT affected by whether or
not a new express bus service is offered, so this expense is not included in any
of the options.

Present Worth of the Null Alternative:

Annual Cost of Bus Maintenance and Operations (given) = $11,000,000
Annual User Costs = 40,000%365*1.50 =$21,900,000
Total Annual Costs — Null Alternative = $32,900,000

The present worth of 20 years of service at a total of $32,900,000 per year is
computed as:

Py =32,900,000% P/ Ay, 5, =32,900,000%12.462210=$410,006,709

Present Worth for Express Route 1:

Annual Cost of Bus M & O (Local Buses) (given) =$ 8,000,000
Annual Cost of Bus M & O (Exp Buses) (given) =$ 500,000
Annual User Costs (Local Buses) = 35,000%¥365*1.40 =$17,885,000
Annual User Costs (Exp Buses) = 5,000%365%1.00 =$ 1,826,000

Total Annual Costs — Express Route 1 =$28,211,000

Then:

P = $ 1,000,000

Bu s Purchase

Py purciace vor0 = 1,000,000 * P/ F, o, =1,000,000 %0.613913 = $ 619,913

Pt cosis = 28,211,000 * P/ A, o, = 28,211,000 ¥12.462210 = $351,571,406
Total = $353,191,319
Present Worth of Express Route 2:
Annual Cost for Bus M & O (Local Routes) (given) =$ 6,000,000
Annual Cost for Bus M & O (Exp Routes ) (given) =$ 800,000
Annual User Costs (Local Buses) = 32,000%365%1.35 =$15,768,000
Annual User Costs (Express Buses) = 8,000%365%0.80 =$ 2,336,000
Total Annual Costs — Express Route 2 = $24,904,000

Bus Purchase — = $ 1,350,000
Pyspur 10w = 1,350,000 % P/ F 5, =1,350,000%0.613913 =8 828,783
Pt coss = 24,904,000 % P/ A, 5, = 24,904,000 *12.462310 =$299,095,440

Total = = $301,274,223
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Thus, rounding to the nearest million, the Null Alternative would cost $401
million, Express Bus Option 1 would cost $353 million, and Express Bus Op-
tion 2 would cost $301 million. Express Bus Option 2 is, by this comparison,
the most economic of the alternatives. Note that this is a planning decision
made in the context of total economy. The operator of the service would not
consider user costs, but would consider revenues. Savings in user travel time,
while critical to the planner, are not of great importance to the operator, who is
concerned with profitability, not overall economy in the societal sense.

The problem could also have been solved by converting all cost elements to
annual cost. This might have been more straightforward, as all elements, ex-
cept the purchase of express buses, are already expressed in annual terms. Bus
purchases for the two express bus options would have then been converted to
annual costs over 20 years. This would have been based on the present worth
of bus purchases in Year O and Year 10. Using the results of the present worth
analysis, then the present worth of bus purchases by alternative are:

Pyun =$ 0
Pegopi1 = 1,000,000 + 619,913 =% 1,619,913
Peyp opi2 = 1,350,000 + 828,783 =% 2,178,783

Then:

Ry = $ 32,900,000
Rypopn = 28,211,000 +(1,619.913% A/ P,y ) =

Rppop = 28,211,000 +(1,619,913%0.080243) = $ 28,340,986
Rpoms = 24,904,000 +(2,178,785%0.080243) = $ 25,078,832

As in the comparison of present worths, the most economic alternative is still
Express Bus Option 2. The answers do not change; it is only the basis of the
comparison numbers that changes.

3.3.4 Incremental Methods for Alternative Economic Analysis

Incremental methods of analysis are universally applicable, but are somewhat
more complex in that only two alternatives may be compared at a time. Multiple
alternatives must be compared in a series of sequential computations, each com-
paring two alternatives.

Incremental methods are capable of accounting for alternatives with varying
demand due to development and induced traffic, and are based upon the identifica-
tion of:

e Incremental user benefits of one alternative over the other, and
e Incremental system costs of one alternative over the other.
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3.3.4.1 Incremental User Benefits (IUB)

Incremental user benefits may be expressed as the difference in total user costs be-
tween two alternatives, expressed as an annual cost or present worth cost for a
specified analysis period. User costs include:

e Travel time costs, and
e Direct costs of tolls and/or public transit fares, and
e Operating and maintenance costs of private vehicles.

Where the alternatives involved have the same value of traffic demand throughout
the analysis period, IUB may be simply expressed as total user costs for one alter-
native minus the total user costs for another. The general formulation for IUB,
however, allows for the consideration of alternatives with varying traffic demand:

IUB=(U, ~U,)* (%j (3.4)
where: TUB = Incremental User Benefits ($)
U, = Unit user cost per vehicle or person for alternative 1 ($)
U, = Unit user cost per vehicle or person for alternative 2 ($)
VvV = Traffic (vehicles or persons) for alternative 1 (vehs or per/yr)
V, = Traffic (vehicles or persons) for alternative 2 (vehs or per/yr)

Alternative 1 is always defined as the alternative with the higher unit user costs.
Incremental user benefits are generally computed on an annual basis, and may be
converted to a present worth, if desired.

Multiplying the difference in unit costs by the average volume of the alterna-
tives being considered is based upon the economic concept of consumer surplus.
Consult the literature for a complete discussion of this concept (1).

3.3.4.2 Incremental System Costs (ISC)

Incremental system costs refer to the difference in total system costs between two
alternatives, expressed as an annual cost or present worth for a given analysis pe-
riod. NOTE that for a given analysis IUB and ISC must be in the same form (an-
nual or present worth). System costs (SC) for a given alternative would include:

e Capital expenditures, and
e Maintenance and operation of highway and/or public transportation systems
involved in the comparison.

The value of ISC is not dependent upon respective traffic demand volumes of the
various alternatives, and may be simply expressed as:

ISC=5C, -SC, (3.5)
where: ISC = Incremental System Cost ($)
SC, = Total System Cost for Alternative 2 ($)

SC, = Total System Cost for Alternative 1 ($)
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Alternative 1 is defined as the alternative with the higher unit user cost. It is as-
sumed that the alternative with higher incremental user costs will be the one with
lower incremental system costs. If one alternative had both higher incremental
user and system costs, it would clearly not be an economic project to pursue.

3.3.4.3 Benefit-Cost Ratio Method for Comparing Incremental Costs

A given pair of alternatives can be compared using a benefit-cost ratio, computed
as follows:

(Ul _Uz)* (Vl +V2)

IUB _ 2 _W-U)fvi+v,)  @e

BCR =
ISC SC, - SC, 2%(8C, - SC))

where alternative 1 is the alternative with the higher unit user cost and alternative
2 is the alternative with the lower unit user cost. Normally, an alternative with
higher user cost would have lower system cost (we are investing money in the sys-
tem to “buy” user benefits). Occasionally, that will not be true, and one alterna-
tive would have both higher user and system costs. The BCR will turn out to be
negative in these cases. In such cases, the alternative with the lower costs is ob-
viously the most economically favorable.

The decision concerning the selection of the most economic alternative is based
upon the magnitude of the BCR:

(1) If BCR > 1,0, then the value of the incremental benefits gained by providing
alternative 2 is greater than the incremental cost to provide it. Thus alterna-
tive 2, defined by having the greater system cost, is more economic.

(2) If BCR < 1.0, then the value of the incremental benefits gained by providing
alternate 2 is less than the incremental cost to provide it. Alternate 1, with the
lower system cost, is therefore the more economic alternative.

(3) If BCR = 1.0, both alternatives are equally economic.

The results of a benefit-cost comparison of two alternatives are only as accurate as
the estimates of user and system costs. There are often uncertainties involved in
these estimates. Therefore, it is common practice to establish a range around
BCR = 1.00 that would be considered to be inconclusive. For example, if the es-
timates of user and system costs are only accurate to = 10%, then, a BCR in the
range of 0.90 and 1.10 might be taken to indicate the two alternatives are essen-
tially equally economic.

Example Analysis 3: Comparison of Multiple Alternatives

Consider the set of alternatives in Table 3.4 below. All of the incremental sys-
tem costs and user benefits are given relative to the null alternative, and the
benefit cost ratio with respect to the null alternative is computed for each
alternative.
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All of the alternatives are better than the null alternative, as all of the BCR
values are greater than 1.0. From the BCR’s of Table 3.4, however, it is not
possible to rank alternatives Al — A7 relative to each other. The fact that al-
ternative A4 has the highest BCR with respect to the null alternative does not
mean that it is the best among all the alternatives.

The reason for this is that BCR’s are ratios that do not share a common base.
In the case of alternative A4, the BCR is 20.0, but the project produces a “prof-
it” of $190 million ($200 million - $10 million). Alternative A3, for example,
has a BCR of only 4.0, but produces a “profit” of $270 million ($360 million -
$90 million). To rank the alternatives with respect to each other, BCR’s based
upon the direct comparison of each alternative to each of the other alternatives
would be needed.

Table 3.4 Seven Alternatives with Costs, Benefits, and BCR versus the Null Case

Alternative Incremental Sys- Incremental BCR Relative
tem Cost User Benefit to Null Alter-
($1,000,000) ($1,000,000) native
Null 0 0 N/A
Al 10 60 60/10 = 6.0
A2 70 300 300/70 = 4.3
A3 90 360 360/90 = 4.0
A4 10 200 200/10 = 20.0
A5 30 180 180/30 = 6.0
A6 70 280 280/70 = 4.0
A7 40 100 100/40=2.5

Fortunately, this can be done using the data of Table 3.4. For any alternative
“i” that is compared to alternative “j” (where alternative j has the higher in-
cremental user benefits), the incremental benefit-cost ratio may be computed
as:

IUB . - IUB,
IBCR, =—1 ——* 3.7)
"sC,-sc

Note that since the base data is already in the form of incremental user and
system costs, it is expected that alternatives with higher incremental benefits
will also have higher incremental costs. The assumption is that if $X more is
spent on alternative j, then to be favored, it is expected that alternative j will
produce an incremental benefit, $Y, that is greater than the incremental cost,
i.e., that $Y > $X.

When using the IBCR, however, there is a fundamental difference in inter-
pretation from the BCR. When the BCR is negative, both the user and system
costs of one alternative are higher than the other. The one with the lower user
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costs is therefore the most economic choice. Why would you invest money to
increase the costs to users?

When the IBCR is negative, however, the alternative with the higher incre-
mental user benefits has a lower system cost. The economic choice is the al-
ternative with the higher incremental user benefits. The difference is that the
IBCR already uses incremental user costs, while the BCR uses the actual user
costs of each alternative.

For example, if we wished to compare alternative A6 directly with alterna-
tive A3, the result would be:

ek, = 390280 80 _, o

90—-70 20

Note that since A3 has the higher incremental user benefits, it is designated as
alternative “i” in Equation 3.7. Since A3 has the higher incremental user bene-
fits, it is the favored alternative. Table 3.5 contains the results comparing all al-
ternatives to each other using this approach. The null alternative is eliminated,
since is already known that all options are economically better than the null
case.

Table 3.5 Comparing Alternatives to Each Other for Example Analysis 3

Atemative with Altemative with Lovier Incremental User Benefits (IUB)

Hgher IUB Al A A3 M A5 6 A7
Al A " m m " m m
R 400 NA * 1.67 240 + 6.67
A3 375 300 NA 200 300 400 520
M + * * NA +H * +
A5 6.00 * * * NA * +
6 367 * * 1.33 25 NA 6.00
A 13 " m m " m NA

* For these cells, the row alternative has lower IUB than the column alternative.
+ For these cells, the system costs of the two alternatives are equal; the alternative
with the higher IUB is favored.
++ For these cells, the IBCR is negative; the alternative with the higher IUB is favored.

Sorting this all out to rank the alternatives in order of economic viability is an
exercise in logic.

First, note that there is no BCR entered for the comparison of A4 to Al or
A6 to A2. This is because the incremental system cost for alternatives A4 and
Al are the same, as they are for alternatives A6 and A2. This makes the de-
nominator of Equation 3.7 “0,” which does not yield a finite BCR. In these
cases, the comparison is actually simplified. Since the two pairs have the same
incremental system costs, then the one with the higher incremental user bene-
fits must be the most economic. Thus, A4 is better than A1, and A6 is better
than A2. The “+” in Table 3.5 indicates that the alternative of the row is better
than the base alternative of the column in both cases. Also, those cells
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resulting in negative IBCR values are shown as “++.” Again, the alternative of
the row is more economic than the alternative of the column.
Now, to rank the alternatives, the results in of Table 3.5 are considered:

(1) From Column Al, all other alternatives are better than alternative Al.
This means that A1 is the worst alternative, except for the Null alternative.

(2) From Row A2, alternative A2 is more economic than alternatives Al, A4,
AS, A6, and A7.

(3) From Row A3, alternative A3 has higher IUB than all other alternatives,
and IBCR values > 1 vs. all other alternatives. This means that A3 is the
best alternative. Taken with item (2), this also means that alternative A2 is
the second best alternative.

(4) Things now get more interesting:

e From Row A4, A4 is better than alternatives Al, AS, and A7.

e From Row AS, alternative A5 is better than alternatives A1 and A7.

e From Row A6, alternative A6 is more economic than alternatives
Al, A4, A5, and AS.

(5) From this, and the initial analysis vs the null alternative, we can deduce
the following sequence:

A3>A2>A6>A4>A5>A7>A1>Null

Figures 3.5, 3.6, and 3.7 illustrate some of the key points in determining the
best alternative. Note that these figures plot IUB vs. ISC for each alternative
vs. the null alternative. The slope of a line drawn from the origin to any of
these points is the BCR for each vs. the null alternative.
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Fig. 3.5 Alternatives Plotted vs. Null Alternative for Example Analysis 3
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From Figure 3.5, alternative A4 clearly has the highest BCR with respect to the
null alternative. It would be logical, then, to next compare all of the alterna-
tives to A4. Fortunately, this can be done graphically with relative ease. All
that needs to be done is to “move” the origin in Figure 3.5 to alternative A4 —
which places it at (10, 200). Figure 3.6 shows the results.
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Fig. 3.6 Alternatives with Respect to Alternative 4, Example Analysis 3

Figure 3.6 shows that alternatives A5 and A6 have negative IBCR’s with re-
spect to alternative A4, and are, therefore, less economically desirable than A4.
Alternative A1 would have an infinite IBCR, and as discussed previously, is
less favorable than A4, as it has lower incremental user benefits. Alternatives
Al, A5, and A7 are, therefore, eliminated from further consideration as the
“best” alternative.

Alternatives A2, A6, and A3, however, all have IBCR’s > 1.00 relative to
A4. Of these, alternative A3 has the highest IBCR (slope). The next step is to
move the origin of the graph to A3, as shown in Figure 3.7.

‘When this is done, it is seen that all the alternatives have both a lower IUB
and ISC than alternative A3. Their relationship to the BCR = 1.00 line is inter-
esting. The IBCR for each alternative is higher than 1.00, even though the
points are “below” the BCR = 1.00 line. The slope of a line between the origin
and any other alternative, however, will be higher than 1.00! They fall “be-
low” the line because both IUB and ISC are negative. However, with IBCR’s
greater than 1.00, the alternative with the higher IUB is favored, and that is al-
ternative A3 in all cases. Thus, alternative A3 is the most economically viable
alternative among the choices given, including the “null” alternative.
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Fig. 3.7 Alternatives with Respect to Alternative 3, Example Analysis 3

Example Analysis 4: Comparison of Highway Alignments

A State highway department is considering the reconstruction of a 10-mile
segment of two-lane highway along one of three different alignments. The da-
ta in Table 3.6 is averaged for a 20-year period.

Table 3.6 Alternatives for Example Analysis 4

Cost Element Existing Alternative 1 Alternative 2 Alternative 3
Length (miles) 10 10 9 8.5
Construction Cost 800,000 1,000,000 1,050,000
($/mile)
Annual Mainten- 10,000 5,000 5,000 5,000
ance ($/mi/yr)
Demand Volume 25,000 25,000 28,000 30,000
(vehs/day)
Road User Cost 0.135 0.110 0.097 0.092
($/veh-mi)

The service life of new roadways may be taken to be 20 years. Interest is 5%

Solution: As the various alternatives have different values for traffic volume,
an incremental method of analysis is required. As most of the data given is in
annual form, all costs will be converted to an annual basis. The benefit-cost ra-
tio method will be used for the comparison. A 20-year analysis period will be
used, coinciding with the service life of the potential new alignments of the
highway.
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System costs (SC) may be computed as the annual cost of the capital invest-
ment plus the annual maintenance costs.

SC, = (Ci >kA/on,s%)"H\/Ii

where: SC; = annual system costs for alternative i, ($/yr)
C; = capital cost for alternative i, ($)
M; = annual maintenance costs for alternative i, ($/yr)

and A/P, 54 is the capital recovery factor for 20 years at 5%. It is found from
Table 2.5 in Chapter 2 as 0.080243. Then:

SC,., =0+(10,000%10)= $100,000/ yr
SC,,, = (800,000 #10%0.080243 )+ (5,000 ¥10)=  $691,944/ yr
SC,,, = (1,000,000 #9%0.080243)+(5,000%9)=  $767,187/ yr

SC,,, = (1,050,000 *8.5 *0.080243 )+ (5,000 *8.5) = $758,669/ yr

The unit user costs (U) for each alternative may be computed as:

U,=L,*UC,
and annual volume would be computed as
V. =v, %365
where: U; = unit user cost for 10 miles for alternative i, ($/veh)
v; = daily demand volume, (vehs/day)
V; = annual volume, (vehs/yr)
L; = length of alternative i, (mi)
UC; = unit user cost for alternative i, ($/veh-mi)
Then:

U,,=10%0.135 =$1.35,V_, =9,125,000
U,,=10%0.110 =$1.1;V,,, =9,125,000

U,,=9%0.097 =$0.873;V,,, =11,680,000
U,,=8.5%0.092=%$0.782;V, . =10,950,000

Using the Benefit-Cost Ratio Method:

_ (1.35-1.1)*9,125,000 _ 2,281,250

BCR,,,... = =3.85 (Alt 1 favored)
691,944 -100,000 591,944
— *
BCR., = (1.1-0.873)*(9,125,000+10,220,000)/2 _ 2,195,658 =29.18 (Alt 2 favored)
: 767,187-691,944 75,243
— *

BCR,., = (0.873—-0.782)*(10,220,000+10,950,000)/2  _ 963,235 — 11348 (Alt 3 favored)

’ 758,699 767,187 —8,488

From these results, the economic favorability of these alternatives is ranked,
from best to worst: A3 > A2 > Al > null
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3.3.4.4 Rate of Return Method for Comparing Incremental Costs

In all previous comparison methodologies, an interest rate is used directly in com-
puting the annual cost or present worth values to be compared. In the rate of re-
turn method, an interest rate is determined that results in:

IUB=1SC (3.8)

for a given pair of alternatives. Thus, in order to find the interest rate by manual
calculations, values of IUB and ISC for several different interest rates must be
computed on a trial basis. The equivalence interest rate may then be estimated by
interpolation. Of course, it is much simpler to use an excel spreadsheet and the
"what if" command to implement the trial and error analysis.

Consider the case illustrated in Table 3.7, in which two alternatives are com-
pared by computing IUB and ISC for various trial interest rates.

At 13%, incremental costs exceed incremental benefits by $15,000, and at 15%
incremental costs are lower than incremental benefits by $2,000. The break-even
rate of interest is clearly between 13 and 15%.

Table 3.7 An Illustration of the Rate of Return Method

Interest Rate IUB ISC IUB -ISC
(%) ® ® ®
7 800,000 1,050,000 -150,000
9 980,000 1,080,000 -100,000
11 1,070,000 1,100,000 -30,000
13 1,100,000 1,115,000 -15,000
15 1,120,000 1,118,000 +2,000

If a straight-line interpolation is assumed, the equivalence interest rate may be
computed as:

15,000

i=13+2| —
15,000+ 2,000

=14.76%

nin
1

The meaning of interest rate, i, so computed is as follows: is the rate of return
actually earned on the incremental investment in the alternative with the higher
system costs.

Thus, if for the problem given, SC; = $1,000,000/year and SC, =
$1,200,000/year, then the solution indicates that the additional $200,000/year in-
vested in alternative 2 earns a real rate of return of 14.76%. This "return" is
measured in terms of user benefits, not direct dollar amounts.

The decision on which alternative is the most economically attractive is based
upon the comparison of the computed interest rate, i, with the "minimum desirable
rate of return for public investments," ip. The latter rate is the interest rate that
would have been used in computations with other methods of analysis. Then:
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If i > ip, then the rate of return on the incremental investment is more than the
minimally desirable rate. Thus the additional investment is justified, and the
alternative with the higher system costs is preferred.

If i < ip, then the rate of return on the incremental investment is less than the
minimally desirable rate. Thus the additional investment is not justified and
the alternative with the lower system costs is more economic.

If i = ip, then both alternatives are equally desirable on an economic basis.

In the sample problem, the computed 14.76% is clearly higher than any reasonable
minimum rate of return, indicating that the alternative with the higher system costs
would be the more economically desirable.

As in the case of the Benefit-Cost Ratio Method, the rate of return comparison

is valid only for the two alternatives considered in the computation. Analysis of
multiple alternatives requires a series of paired comparisons.

Example Analysis 5: A New Rail Terminal

A new rail terminal is to be built in one of two configurations. Based upon the
following information, which of the alternatives is more economic if the ser-
vice life of the terminal is 50 years.

Table 3.8 Data for Example Analysis 5

Cost Element Alternative 1 Alternative 2
Capital Cost ($) 39,000,000 25,000,000
Operating Cost ($/year) 1,000,000 1,250,000
Maintenance Cost ($/year) 150,000 120,000
User Cost ($/passenger) 0.75 0.90
Annual Passengers 30,000,000 30,000,000

Again, because most cost elements are already in an annual format, all costs
will be converted to annual form. The problem is solved using the Rate of Re-
turn method.

Solution: Because there are only two alternatives, the comparison is relatively
straightforward. The first step is to compute the incremental user benefits
(IUB) for the alternatives, using annual costs as a basis. As user costs are di-
rectly stated as annual amounts, no conversions are necessary. Then:

U, =$0.90
U, =$0.75
IUB = (U, -U,)*30,000,000 = (0.90— 0.75) * 30,000,000 = $4, 500, 000 / yr

Because there are no conversions involved, IUB do not depend upon interest
the rate.
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The second step is to compute the incremental system costs. Capital costs must
be converted to an annual equivalent, using an analysis period of 50 years,
which is the service life of the project.

The system cost is the sum of the annual maintenance and operations costs,
plus the capital cost, annualized over 50 years using the A/Psj;. Then:

SC, =39,000,000% A/ P, , +1,000,000+150,000
SC, =25,000,000% A/ P,,, +1,250,000+ 120,000

Then:
ISC=SC, - SC, =14,000,000* A/ P, ; — 220,000
Setting IUB = ISC, we obtain:
4,500,000 =14,000,000* A/ P,, , — 220,000
4,720,000 =14,000,000* A/ P,),
AIP, = 4,720,000
© 14,000,000

A capital recovery factor of 0.33714 for 50 years does not appear in Table 2.5
of Chapter 2. The equation for A/P can be used to get the rate of return:

i(1+i)”
(1+i)° -1
i=33.7%

Because the number of years is high (50), the interest rate is almost equal to the
capital recovery factor (A/P).

=0.33714

0.33714 =

What this means is that the additional investment ($14,000,000) in alternative 1
over alternative 2 is effectively earning a return of 33.7%. This is doubtless
higher than any reasonable expectation, and dictates that alternative 1 is the
most economic of the two alternatives presented.

Example Analysis 6: Rail Terminal — Another View

The preceding problem was solved in the standard manner from the planner's
point of view. User benefits were matched against the cost to purchase those
gains. Clearly, in the overall sense, this is correct.

The position and viewpoint of the rail terminal operator, however, is quite
different. The operator cannot put "user benefits" in the bank or pay its em-
ployees with them. The railroad's concern is for the real money items - capital
cost and operating/maintenance costs. If the railroad were to conduct its own
economic analysis, user aspects would be ignored. The issue would be simply -
is the lower operating cost of Alternative 1 worth the additional capital invest-
ment? The railroad's analysis would be different.
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The incremental user benefits (IUB) would be “0,” as the railroad operator
would be ignoring these. The incremental system costs (ISC) are the same as
in the first analysis. Then, setting IUB = ISC:

0=14,000,000% A/ P, , — 220,000

AlPy, = 220000 _ 15714

14,000,000
i=-0.9%

Clearly, the railroad would lose money if it went with Alternative 1, and would
choose Alternative 2.

In this oversimplified example, an often-occurring result is clear: while the overall
considerations, including user costs, dictate the choice of alternative 1, the railroad
would opt for alternative 2 on the basis of real-world monetary considerations.
The true planning issue may then be reduced to one of subsidy - will the govern-
ment body having jurisdiction to subsidize the more costly alternative to provide
users with economically justified benefits?

3.4 Defining Inputs to Economic Alternative Analyses

Engineering economy studies are no more than elaborate applications of the bank-
ing principles discussed in the Chapter 2, used to determine the optimal choice
among alternative projects, in economic terms. The transportation planner and
engineer use these techniques to determine the most economic investments for the
limited funds available.

The range of problems that may be addressed by these techniques is extremely
broad — from single mode comparisons, such as consideration of alternative high-
way alignments, pavement types, rapid transit vehicle designs, etc., to broad sys-
tem comparisons, such as the implementation of a rapid transit system vs. highway
improvements and increased bus service. The scale and level of detail with which
a problem is investigated varies similarly. Smaller problems may be investigated
in great detail, while system wide considerations are usually investigated only in
the broadest terms.

The principal issue in performing an engineering economy study in transporta-
tion is the definition of the problem. Solving it is reasonably straightforward. The
sections below discuss and illustrate the various aspects of defining and conduct-
ing an alternative economic analysis.

3.4.1 Selection of an Analysis Period

A principal ingredient in any alternative analysis is the length of the analysis pe-
riod selected. In general, the analysis period should encompass the service lives
of all components being considered. This, while a good rule in theory, is often
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difficult to apply in practice. First of all, the service life of different components
of a given alternative may vary considerably: highway ROW has a virtually limit-
less service life, while pavements last 10 - 20 years; a rapid transit facility may
have a service life of 100 years, but rolling stock lasts for only 30 years. Further,
the service lives of the various alternatives being considered are generally also dif-
ferent: a highway alternate may last 30 years while a rail alternative lasts 100 or
more.

Another factor must be considered as well. It would be foolish to analyze a
problem for a period beyond our ability to project the facility’s utility. A highway
may be physically maintained for 100 years or more through periodic reconstruc-
tion. However, it is not at all certain what function it would serve in 100 years,
given the rapid advancement in transportation technology and changes in urban
land use and physical configuration. Consider the problem of a transportation
planner in 1900 trying to project the utility of a then-conceived improvement 100
years hence.

Analysis periods, therefore, are chosen in concert with three major
considerations:

e The service lives of component elements of the alternatives being considered;

e The period over which the facilities involved can be expected to serve a useful
function;

e The period over which demand volumes can be reasonably forecast.

The latter point recognizes the limited range over which most traffic forecasting
techniques can be applied with even gross accuracy or reliability.

In general, these considerations lead to the assumption of analysis periods of 25
to 30 years for highways, 10-15 years for bus systems, and 30-50 years for rail
systems. In the selection of an analysis period, two key principles must be ob-
served:

e The analysis period is selected for a particular problem — and must be applied
to all alternatives considered in the problem;

e The use of different analysis periods for different alternatives in the same
analysis is NOT permissible.

Where the service lives of various components extend beyond the analysis period,
an accounting of their residual value, discussed earlier in this chapter, at the end
of the period must be included in the analysis. Note that the analysis period might
include the planning period and thus the analysis period could be longer than the
project life.

It must be emphasized that the selection of an exact analysis period is subject to
judgment. This discussion can focus the considerations that should be taken into
account in making a selection, but no firm criteria or standards can or should be
formulated.
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3.4.2 Selecting an Interest Rate

The choice of interest rate used in an analysis can be extremely important. In
general:

e Low interest rates favor alternatives with large capital investments, and costs
that occur in the more distant future.

e High interest rates favor alternatives with low capital investments and costs oc-
curring in early years of the analysis period.

The cost of capital is also called the hurdle rate, the discount rate, or the minimum
attractive rate of return (MARR), that is, it is the minimum rate that is acceptable
for an investment. The MARR will be different for different organizations. Pri-
vate companies normally require a higher MARR, for instance, compared to a
public agency.

It is not correct to simply use the “market” rate of interest in analyses. The
market rate of interest reflects three factors:

e The real “opportunity cost” of invested capital. Opportunity cost means that
you are losing the opportunity to invest this money elsewhere, in the market;

¢ An allowance for expected inflation; and

¢ Risk.

If alternative analyses are carried out in terms of “constant dollars”, that is, ignor-
ing inflation, then the interest rate used should reflect the real cost of capital and
risk (to the investor), but should not provide for expected inflation. The rate that is
used for government spending, and which is recommended by FHWA, is usually
based on US government treasury bonds with maturities similar to the length of
the analysis period used in the economic analysis.

The approach to risk is more complex. “Risk” is generally associated with the
investor’s probability of being repaid on time and in full, with the agreed-upon in-
terest being paid throughout the life of the investment. In private investments, one
does not only choose an investment that will maximize their returns; rather they
adjust this decision based on the risk involved. In public investments, the investor
is the taxpayer, who is repaid not in cash, but in services received from the facili-
ties built and operated. Risk to the taxpayer, therefore, is uncertainty in the
amount and/or value of services received and in the costs to provide them. Two
approaches may be taken to account for this uncertainty:

e A range of benefit and cost estimates may be made, with probabilities as-
signed to the occurrence of the various estimates.

e The interest rate may be varied to reflect the level of risk involved in cost and
benefit estimates.

The cost of capital is different for private industry than it is for public agencies,
and is itself subject to market fluctuations. For private industry, the cost of risk
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would more commonly be included. There are varying theories as to whether risk
should be included in the analysis for public investments that can be found in the
literature [2-5].

Because alternative economic analyses are sensitive to interest rates, it is often
useful to perform such analyses at several interest rates. When comparative anal-
ysis is performed, however, the interest must be constant for the comparison. In
rare cases, it may be useful to vary the interest rate used for different alternatives
in a given analysis to reflect varying risk among the alternatives. If this is done,
the difference in such rates should not exceed 0.5%, and a second analysis using a
constant rate should be performed for comparison. There is much literature
for specific studies dealing with the sensitivity of economic analyses to interest
rates [6,7].

As stated earlier, inflation is added to the market rate of interest, but is general-
ly not included in transportation analyses. The primary argument for ignoring in-
flation is that over a constant analysis period, it would affect the costs and benefits
of the various alternatives similarly. Additionally, trying to predict future prices
would add unnecessary uncertainty [9].

3.5 Closing Comments

This chapter has presented the methodologies for setting up and performing engi-
neering economic analyses, all of which are based upon the basic banking prin-
ciples of Chapter 2. The methods of analysis have been illustrated with simplified
examples to emphasize major points. In more complex situations, however, the
goal of the economic analysis should not be lost or less visible: that is, get the
most for the money that is being invested. Applications may be extremely com-
plex, but the principles remain simple and straightforward. The goal remains op-
timal economy, and the computational tools remain no more complex than the
banking formulae introduced.
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Problems

Problem 3.1

An interim bus service is to have a life of 13 years, with capital investments re-
quired: (1) initially - $1.2 million, and (2) at the end of year 8 - $1.2 million. The
capital costs are for new and replacement buses, which have a service life of
8 years. All other expenses amount to $450,000 annually. What is the annualized
cost of the service, over its useful life? Interest is 5%.

Problem 3.2

A temporary bypass road is constructed at a cost of $0.8 million to divert traffic
around a reconstruction site. The design life of the temporary road is 10 years.
The bypass is used for 3 years and destroyed at a cost of $0.15 million. What is
the annual cost of the bypass at an interest rate of 8%?

Problem 3.3

You have just learned that ABC Corporation has an investment opportunity that
costs $35,000 and eight years later pays a lump-sum amount of $100,000. What
interest rate per year would be earned on this investment?

Problem 3.4

It is estimated that a certain piece of equipment can save $6,000 per year in labor
and materials costs. The equipment has an expected life of five years and no sal-
vage value. If the company must earn 8% annual return on such investments, how
much could be justified now for the purchase of this piece of equipment?

Problem 3.5

Maintenance costs for a small bridge with an expected life of 60 years are esti-
mated to be $1,000 each year for the first five years, followed by a $10,000 ex-
penditure in the 15" year and a $10,000 expenditure in year 30. If interest is 5%
per year, what is the equivalent uniform annual cost over the entire 60-year
period?

Problem 3.6

A traffic control system for 40 intersections is based upon central computer con-
trol. The system is estimated to have 20-year useful life and no scrap value. The
cost elements are:
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Engineering and field installation: $1.2 Million
Computer facilities: $0.3 Million
Communication leases: $200,000/year
Maintenance and operation: $300,000/year

What is annual cost of system? What percent of annual cost is attributed to the
communications expenses? Interest is 5%.

Problem 3.7

A road construction project is estimated to have the following expenses:

Initial engineering, right of way acquisition, and construction: $50,000,000
Major rehabilitation at end of years 15 and 30: $18,000,000 ea.
Annual maintenance and operations: $ 6,000,000/yr
Lost annual income due to removal of property from tax base: $ 3,000,000/yr

What is present worth of total costs, given a 45-year analysis period and interest of
3%?

Problem 3.8
A sinking fund for a bridge replacement is established. The cost is estimated at
$20 Million, and the present bridge has a thirty year expected life.

a.  What is the annual payment to the sinking fund? Assume interest = 8%.

b.  Atthe end of year 13, what is the balance in the sinking fund?

c. If after year 13, interest changes to 7% for the remaining 17 years, how
much must your annual payments be in order to still have $20 million at the
end of thirty years?

Problem 3.9
A fare collection system has the following annual budget:

Labor - One position (24 hrs/ day): 5 people @ $35,000/yr (including benefits)
Maintenance and Operations: $15,000/ yr

Assume there is an automated system which will require:

Initial capital investment with 20-year service life: $X
Labor: $35,000/yr
M&O: $20,000/yr

At 4% interest, what value of “X” will make the systems equal in annual cost?

Problem 3.10

How much can a toll bridge authority afford to spend to replace a manned toll
booth with an automated device? It costs $40,000 per year to man the toll booth,
interest is 7%, and the service life of an automated device is expected to be 15
years.
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Problem 3.11

A town is considering two bids for paving. One bid is $3 per square yard, with an
expected service life of 5 years. The other is $6 per square yard, with an expected
service life of 10 years. If interest is worth 6%, which bid should the town accept?

Problem 3.12

A bridge costs $1,000,000 to build, and must be fully reconstructed every 30
years. When first built, a single sum of money is invested at 8% to provide for an
infinite number of renewals. How much must be invested?

Problem 3.13

A viaduct costs $100,000 to build and has a service life of 50 years. It also costs
$1,000 per year to maintain. If interest if 5%, what is the capitalized cost of the
viaduct?

Problem 3.14

An aluminum sign post lasts 15 years compared to 6 years for a wooden post.
Wooden posts cost $50/year to maintain and $10 to dispose of when their service
expires. Aluminum posts cost $5 per year to maintain, and $25 to dispose of when
replaced. If interest is 3%, and if wooden posts cost $100, how much can be justi-
fiably spent to purchase aluminum posts?

Problem 3.15

Asphaltic concrete pavement costs $10,000 per lane-mile and has a service life of
18 years. Portland cement reinforced concrete pavements cost $25,000 per lane-
mile and have an expected service life of 25 years. Maintenance costs for asphal-
tic concrete pavements are $4,000 per lane-mile per year, and for Portland cement
concrete pavements $1,200 per lane-mile per year. If interest is 5%, which type of
pavement is economically more desirable?

Problem 3.16
A railroad yields a net income of $400 million per year. What is the maximum
purchase price which can be offered and still attain a rate of return of 10%?

Problem 3.17
In order to meet its needs, a company has $2.4 million tied up in inventory. Fur-
ther, record keeping, control, and operations cost related to the inventory is
$200,000 annually. What is the annual cost of the total inventory activity? Use
interest = 3%.

Problem 3.18

Two alternatives are being considered for warehousing and distributing canned
foods in a sales region. The cans come in cartons of 24 cans per carton. The two
alternatives are:



Problems 69

e Alternative A. Have your own distribution system. The administrative costs
are estimated at $43,000 per year, and other general operating expenses are
$0.009 per carton. A warehouse will be purchased for $300,000.

e Alternative B. Sign an agreement with independent distributor, which asks
payment of $0.10 per carton distributed.

Assume a study period of 10 years, and that the warehouse can be sold at the end
of this period for $200,000. Which alternative should be chosen, if they expect
the number of cartons to be distributed will be 600,000 per year?

Problem 3.19
The construction costs and annual maintenance costs of two alternatives for a can-
al are given below:

Alternative A Alternative B
Construction Cost $25,000,000 $50,000,000
Annual Maintenance $ 3,500,000 $ 2,000,000

(a) Which alternative would you recommend, using 5% interest.
(b) What is the capitalized cost just of maintenance for the alternative you
choose?

Problem 3.20

An existing 2-lane highway may be rebuilt as a) an improved 2-lane highway; or
(b) a new 4-lane highway. The segment is question is 5-miles long and recon-
struction would take place along the original alignment. The traffic volume for ei-
ther alternative, as well as for the existing facility is expected to be $25,000
vehs/day. The following is known:

Capital Costs Alternative
Existing Alt (a) Alt (b)
Grade & Structures - $ 5M $8M
(n=40 yrs)
Pavement (n=20 yrs) — $600,000 $1,350,000
Maintenance/yr $65,000 $20,000 $26,000
User costs ($/veh-mi) 165 145 102

Using an analysis period of 40 years, and interest of 5%, rank the alternatives us-
ing present worth analysis, annual cost analysis, rate of return analysis, and bene-
fit/cost ratio analysis.

Problem 3.21

A bus company is considering the purchase of buses from three manufacturers.
Due to considerations of bus size and maintenance factors, the number of buses
needed to provide similar service varies from manufacturer to manufacturer.
To provide for the same service, the bus company must make one of the three
following purchases:
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Cost Item Manufacturer A | Manufacturer B | Manufacturer C
No. of Buses Needed 50 45 57
Service Life of buses 12 years 10 years 15 years
Cost / Bus ($) 90,000 92,000 81,000
Maintenance/bus/yr 1,800 2,200 1,820
($/yr)
Operating cost/bus/yr 70,000 80,000 64,000
($/yr)

Using an interest rate of 5%, rank the alternatives in order of decreasing economy.

Problem 3.22
A project will cost $5M to build immediately. Revenues will occur 10 years in the
future. Is the B/C ratio for this project better when interest is 3% or 8%?

Problem 3.23

There are three distinct and mutually exclusive alternatives for a transportation
corridor project. All benefits and costs shown are relative to the existing or “no
build” condition.

The project has a service life of 40 years. At interest rates of 3%, 6% and 9%,
which alternative is chosen, and at what is the B/C ratio in each case.

Alternative Benefits Costs

Transit System $40 M annually $200 Million initial
$25 Million annually

Highway Route 1 $40 Million annually $500 Million initial
$10 Million annually

Highway Route 2 $30 Million annually $300 Million initial
$6 Million annually

Problem 3.24

A new transit company needs $108 million in initial capital funding, and promises
a return to the investor of $11 million a year (net, after operating expenses) at the
end of each of 20 years, but the first payment is made at the end of Year 2 (and the
last at the end of Year 21). What is the anticipated rate of return?

If the payments at the end of years 12 and 13 are not made, but the payment sche-
dule is continued to the end of Year 23 so that the full twenty payments are made,
what is the rate of return?

What additional “balloon payment” is needed at the end of Year 24 so that the
original rate of return is realized?
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Problem 3.25

(a) An investment costs $3,400,000 now. Revenues are $800,000 net at the end of
each year from the end of year 1 to the end of year 5. Net revenues of
$1,200,000 per year are made from the end of year 8 to the end of year 15.
What is the rate of return on this investment?

(b) If you want to add 3% interest to that answer, what additional income would
you need to recover at the end of year 15?



Chapter 4

The Costs of Transportation for Alternative
Economic Analysis

This chapter presents an overview of the various costs and benefits usually asso-
ciated with a transportation project or improvement. It shows how such data
should be viewed and utilized in comparative economic analyses.

The words “costs” and “benefits” carry enormous colloquial connotations with
them. In general, it is assumed that costs are negative, and to be avoided when-
ever possible, while benefits are positive events that should be vigorously pursued.

In the context of an engineering economy study of proposed transportation
projects, however, both costs and benefits are ultimately the same thing. The ben-
efits of a transportation project are usually quantified as a reduction in the costs of
the transportation system in one or more of its myriad elements. Because of this,
this text will refer to all elements as “costs.”

In any transportation project, costs can be broadly categorized into one of three
basic categories:

User Costs
System Costs
Indirect Costs

In general terms, user costs are directly borne by the user of the transportation sys-
tem. System costs are borne by the private or public entity (or entities) responsible
for planning, constructing, maintaining, and operating the transportation facility or
system under consideration. Indirect costs refer to impact elements that do not di-
rectly affect only users or system owners, but which affect a broader segment of
the population. Such costs include, but are not limited to, environmental and so-
cial impact costs. The latter may be extremely difficult to quantify in monetary
terms, but some progress has been made in addressing these issues in recent years.

The subsections that follow discuss each of these basic elements in more
detailed terms.

4.1 User Costs

User costs are those elements of cost that are directly borne by the user of the
transportation facility. In terms of highway systems, the user bears the following
expenses:

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 73-[11]
DOI: 10.1007/978-3-642-38580-3_4 © Springer-Verlag Berlin Heidelberg 2013
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Purchase or lease of the vehicle

Maintenance of the vehicle

Operating costs of the vehicle (primarily fuel)
Crashes

Travel time

Some of these, such as the purchase of the vehicle, or the purchase of fuel, are out-
of-pocket costs that are very obvious to facility users. Others, such as the cost of
accidents, are felt indirectly through the cost of insurance, vehicle repairs, and
medical bills.

In public transportation systems, the user only bears two costs directly:

Fare
Travel time

The primary difference in the cost structure of auto transportation vs. public trans-
portation is that road vehicles are individually owned and operated by users. In
public transportation, vehicles are a part of the transportation system, provided by
the owner/operator of the system.

In terms of motor vehicle costs, some elements are fixed (or time-dependent),
while others are dependent upon mileage and/or speed. Fixed (or time-
dependent) motor vehicle costs include:

A portion of depreciation (due to aging of the vehicle)
Interest or loan charges

License and registration fees

Liability and/or collision insurance

Mileage dependent costs vary with extent of vehicle usage, and include:

Fuel consumption

Oil consumption

Tire wear

Maintenance

A portion of depreciation (due to vehicle usage)
Crash costs

Speed-dependent costs change with the speed of the vehicle, and include the fol-
lowing, many of which are also mileage dependent:

Fuel consumption

Oil consumption

Tire wear

Travel time of drivers and passengers

In terms of public transportation systems, the fare varies with the number and
(sometimes) length of the trip, while travel time is dependent upon speed and
schedules. In modern public transportation systems, fares can be quite complex.
Fare systems range from a flat fare per use, to fares that vary depending upon the
origin and destination (usually based upon trip length), and/or the time of day the
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trip is taken. In the latter case, higher rates may be charged during the peak pe-
riods to encourage users to travel at other times.

Travel time is the most critical direct user cost element, as the benefits of most
transportation improvements include a reduction in this element. Over the years,
the perception and use of travel time costs has changed in economic comparisons.
In the early days of highway economy studies, a flat rate for the value of travel
time was applied. Later, some variation was introduced to reflect the amount of
time saved, i.e., saving 5 minutes for each traveler was not worth the same unit
value as saving 1 hour for each traveler. Current methods are based primarily on
prevailing average wages, and are differentially applied to different categories of
users. Adjustments are also made to reflect levels of congestion, resulting in what
is essentially a “nuisance surcharge” for being stuck in traffic or other delays.

Crash costs are also an important element. Many projects are developed specif-
ically to provide for increased safety, and the impact of these on crash costs must
be assessed to do a proper economic analysis of alternatives. Cost estimates are
generally based upon current information involving accident occurrence,
insurance payouts, and other measurable costs.

4.2 System Costs

System costs are those elements that are borne by the owner (private or public) of
the transportation system.

For highways, this is generally a public agency such as a state or local highway
or transportation department, or a separately-established toll authority with juris-
diction over one or more toll facilities. State and local transportation agencies get
their funding from a variety of state and local taxes, some directed specifically at
users, others directed at the general population. While the federal government
provides money to state and local transportation agencies, all such funds emanate
from the federal Highway Trust Fund, which derives its income from federal user
excise taxes, primarily the federal fuel tax.

There is some private ownership involved in highway transportation in the
United States (See Chapter 7). Other privately-owned facilities are parking garag-
es or lots.

For highway transportation systems, there are a wide variety of system costs,
which may generally be categorized as capital or operating and maintenance
costs. Capital costs are those involved in planning, designing, and constructing
highway facilities, while operating costs are ongoing expenses incurred to keep
the facilities safely operational. Capital costs for highway facilities include:

Acquisition of rights-of-way.

Planning and design expenses for new or rebuilt facilities, including all ele-
ments (roadway, roadside, drainage, etc.).

Construction expenses for new or rebuilt facilities.

Purchase and installation/replacement of control devices such as traffic sig-
nals, traffic signs, and highway lighting.

Purchase and installation/replacement of detectors as part of a traffic informa-
tion network and/or control center.
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Operating costs for highways include:

Roadway maintenance and periodic repaving.

Traffic markings and periodic renewal.

Roadside maintenance, including mowing, sign maintenance, etc.
Power costs for lighting and signal systems.

Operating costs of traffic information and/or traffic control centers.
Ice and snow treatment and/or removal.

Administrative expenses.

For public transportation systems, both private and public ownership is common.
Virtually all heavy and light rail systems are owned and operated by public agen-
cies or public authorities. Bus systems can be either privately owned or publicly
owned, but in either case, public subsidies are required to keep them in operation
in most cases.

The major difference between highway and public transportation systems is
that in public systems, the vehicles are owned and operated by the system, not the
individual user. This introduces a major expense to the system side of the equa-
tion: operating labor. In public transportation, all personnel involved in opera-
tions, including bus drivers/motormen, conductors, fare booth and information
kiosk personnel, cleaners, and in some cases, dedicated police units, are all part of
the system costs. Further, since the system owns the vehicles, the capital expenses
to purchase them, and the maintenance costs of keeping them running, are system
costs.

For rail systems, the construction, maintenance, and operation of rights of way
and stations are considerable expenses as well. Bus systems, however, operate
primarily on existing state and local street systems. If privately owned, bus opera-
tors may pay taxes to contribute to state and local highway expenditures. Public
operators would not pay such taxes.

Capital expenses borne by public transportation owners/operators include:

Acquisition of rights-of-way for dedicated track/roadbeds.

Construction of dedicated traveled ways (tunnels, structures, trackbeds, exclu-
sive busways, etc.)

Construction of maintenance and/or operational facilities.

Construction of special control systems.

Purchase of vehicles (rail cars, buses, specialized maintenance vehicles, etc).

Public transit operating costs include:

Maintenance of tracks, tunnels, structures, exclusive busways, stations, control
and information systems, etc.

Maintenance of vehicles.

Fuel, oil, and/or power.

Maintenance labor costs (salaries plus benefits).

Operating labor costs (salaries plus benefits).

Supervisory labor costs (salaries plus benefits).

Advertising and other public information services.
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Insurance costs.
Costs of project financing.
Administrative costs, including labor

The operating costs of public transportation systems are generally grouped into
categories based upon the principal unit of measure that controls the expense. The
units generally include vehicle-miles of operation, vehicle-hours of operation, the
system size (measured as the number of vehicles owned, or the number in peak
period operation), and the number of annual revenue-passengers.

Most maintenance costs are directly related to the vehicle-miles traveled within
the system. Operating labor, however, is more closely related to the number of
vehicle-hours operated. Administrative and supervisory expenses are generally
associated with the size of the system, while insurance costs are related to the
number of annual revenue-passengers served.

4.3 Indirect Costs

Indirect costs of transportation systems are the most difficult to accurately assess,
because the magnitude of the impact may be difficult to estimate, and because
placing a monetary value on such impacts is extremely difficult, and often subject
to dispute. Nevertheless, major transportation system changes are often controlled
by these indirect costs. For example, New York City made a number of major
transportation decisions that were dominated by indirect costs:

1. In the 1940’s and 1950’s, hundreds of miles of elevated rail rapid transit facili-
ties were dismantled primarily due to their impact on both the aesthetics of
such systems on surrounding properties, as well as the impact of noise and air
pollution. They were replaced primarily by bus systems with significantly
lower capacity than the rail systems that were eliminated.

2. The massive Westway Project, which included complete renovation of the
Hudson River waterfront, was eventually derailed by a succession of legal bat-
tles lasting more than a decade, mainly involving the environmental impacts on
the reproductive cycle of Striped Bass in the Hudson River!

3. The Second Avenue Subway, which has been planned, partially designed, and
even partially constructed several times, beginning in the early 1930’s, is once
again under construction. One major issue has been the environmental impacts
of the construction of this facility.

These and other major transportation system decisions have been made on the ba-
sis of presumed or quantified indirect impacts of the proposed projects. In the
three NYC cases noted, there is little question that tearing down the elevated rail
lines, not building Westway, and not building the Second Avenue Subway all had
major negative impacts on the traveling public. In each of these cases, however,
the indirect effects of these transportation facilities were viewed as negative costs
that outweighed the positive benefits to the traveling public.
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In 1956, when the authorization and funding of the National System of Inter-
state and Defense Highways was passed by Congress, highway agencies had little
opposition to the construction of this massive system of highways that is still re-
ferred to as “the largest public works effort in the history of the world.” The na-
tion was in the midst of a post-Korean War robust economy, car ownership and
the flight to suburbia were surging, over-the-road truckers were seeking public
subsidy in the form of new highways to help them compete with railroads for
freight, and the right to eminent domain was unchallenged.

By the mid-1960’s, the damage done to many urban areas by the construction
of the Interstate System was becoming obvious. Using traditional economic anal-
ysis, new interstate highways were invariably built through the poorest sections of
many cities. These highways, which inserted significant barriers into the neigh-
borhoods through which they crossed, divided communities and led to serious de-
terioration of their local economies. In 1968, the Federal Aid Highway Act of that
year introduced the requirement for rwo public hearings on any federally-funded
highway project. The second, added for the first time, occurred after the final de-
sign of the proposed highway was completed. At this point, the highway project
would be a year or less away from construction, and (as the final route was
known) everyone knew whose properties and homes were to be dislocated or af-
fected. This second public hearing became a focal point around which community
opposition to projects could be organized.

In the 1970’s, environmental concerns were also on the rise, and the introduc-
tion of requirements for Environmental Impact Statements on every major project
provided yet another forum for opposition to highway and other transportation
projects.

The negative indirect costs of transportation projects often include:

Dislocation and relocation of residential and business properties.

Creation of neighborhood barriers with negative effects on the social fabric
and economic characteristics of the community.

Air pollution.

Noise pollution.

Aesthetics.

Temporary disruptions to travelers and others during construction.

In recent times, significant effort goes into planning and design of transportation
facilities in an effort to minimize or mitigate some of these negative indirect
costs. Noise barriers are now common along major highway facilities, and de-
signs attempt to be aesthetically pleasing, properly integrated into its surround-
ings. The creation of community barriers can be minimized with proper location
of the facility. Air pollution is a tricky business, but keeping traffic moving often
produces beneficial results.

There are, to be sure, indirect benefits of transportation facilities as well. These
are, in general, more difficult to quantify. They include general increases in mo-
bility and accessibility. Improved mobility allows for economic regionalization,
with increased competition amongst a broader group of players in any given
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market area. Improved accessibility increases the value of land. Residents have a
broader set of employment, shopping, recreational, and cultural opportunities due
to improved mobility. Such secondary impacts, however, are not as obvious as
the indirect negative impacts of transportation facilities.

Economic analysis now tries to quantify some of the more significant indirect
costs of transportation projects. Many, however, still lie outside the ability to
incorporate them directly into an economic analysis of alternatives, and will
continue to affect transportation project outcomes through the political process.

There are a number of references which provide comprehensive discussions of
cost classifications for use in engineering economic analysis. AASHTO’s User
and Non-User Benefit Analysis for Highways (1) categorizes costs as user benefits
(treated as a reduction in user costs) and project costs. It also provides the most
comprehensive reference for estimating the various elements of cost in economic
comparisons (in terms of process).

The Federal Highway Administration (2) classifies costs as agency costs, user
costs/benefits from work zones, user costs associated with facility operations, and
externalities. The Minnesota Department of Transportation (3) classifies Highway
User Benefits as travel time and operating cost reductions, and Costs as capital
costs, major rehabilitation costs, and routine annual maintenance costs.

No matter what classification system is used, however, it must be applied con-
sistently across all possible alternatives. The objective is always to include vir-
tually all of the cost elements that will be affected by a particular project or set of
project alternatives.

4.4 The Costs of Transportation

For any given analysis of alternative transportation plans, all elements of cost
must be identified and quantified. The process is best done locally, using facts
and figures from relevant local/state agencies. It is impossible to simply provide a
central source for transportation cost information. Costs vary widely from region
to region, and cost estimates must reflect the specific conditions which exist for
any project alternative.

Nevertheless, subsequent sections of this chapter do provide a variety of trans-
portation cost data from various parts of the country and various agencies. They
are intended to be illustrative only, and are not presented for actual application in
any given comparison of project alternatives.

Because of the nature of published and unpublished cost data, many of the costs
cited reflect different base years. Any cited cost can be adjusted either forward or
backward in time to mitigate the results of inflation (4):

Pr ce Indexbase year

= *
$base year $data year . (41)
Price Index,,, .,
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where:
Sbase year = Year for which a cost is needed.
S data year = Year represented by the data.
Price Index = selected index used to estimate the value of inflation.

There are a wide variety of indexes that can be applied to equation 4-1, including
the Consumer Price Index (CPI), which is often a useful tool for economic
analyses.

Table 4-1 shows the average annual urban CPI from 1980 to 2012. Note that
an index of 100 reflects costs in 1982 — 1984. It should be noted that CPI values
are also available for different sectors of the economy, as well as for different re-
gions, and specifically for 84 defined urban areas.

Table 4.1 Average National Urban CPI, 1980 — 2012

Year CP1 Year CP1
1980 82.4 1996 156.9
1981 90.9 1997 160.5
1982 96.5 1998 163.0
1983 99.6 1999 166.6
1984 103.9 2000 172.2
1985 107.6 2001 177.1
1986 109.6 2002 179.9
1987 113.6 2003 184.0
1988 118.3 2004 188.9
1989 124.0 2005 195.3
1990 130.7 2006 201.6
1991 136.2 2007 207.3
1992 140.3 2008 215.3
1993 144.5 2009 214.5
1994 148.2 2010 218.1
1995 152.4 2011 224.9
2012 229.4*

*Preliminary estimate based upon 11 months of data.
(Source: U.S. Department of Labor Statistics, Consumer Price Index, All Urban Consumers, Washington D.C., December
2012).

For example, if a database provides information that a particular highway im-
provement will cost $6,500/lane mile in 2001, the 2012 cost could be estimated as:

6,500* fggj =$8,419.54/ lane mile

It is, of course, preferable to have current cost information from relevant local and
regional agencies and contractors to have a more accurate assessment of the cost
of a particular improvement.

Once again, it is important to emphasize that the cost data presented herein are
intended to be illustrative, and should not be used directly to conduct a thorough
engineering economic analysis of a set of transportation alternatives.

4.5 The Cost of Travel Time

As noted previously, the single largest benefit of many transportation improve-
ments is a savings in travel time spent by travelers in executing a defined set of
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trips. This might be accomplished by providing an improved alignment of an ex-
isting highway that makes trips shorter and/or allows them to be made at higher
average speeds. It might be accomplished by providing a new public transporta-
tion link that provides improved travel times compared to existing highway and
transit alternatives. The trick is to turn savings in travel time into a measurable
benefit in dollars and cents.

4.5.1 Issues Affecting How Travel Time Is Viewed

The value of travel time is a complex issue. While every case is somewhat
unique, there has been some consensus over the years on how to approach the
issue of travel time in economic analyses.

Travel time is the most noticeable investment a traveler makes in pursuing a
particular trip. If it is a long trip involving either public or private transport, out-
of-pocket expenses such as fares, tolls, fuel, etc. would also be on the traveler’s
mind. Mostly, however, travelers are intensely aware of the time they invest, and
make many transportation choices based primarily on this factor.

The old adage “time is money” is the basis for the evaluation of transportation
system benefits — most of which come in the form of reduced travel time. There
are many ways in which the value of travel time can be studied, from simple or
complex surveys of travelers to the direct observations of traveler choices for dif-
ferent modes and routes for a well-defined trip. In recent years, most studies of
travel time cost conclude that the monetary value of time is most directly related
to the traveler’s wage, and in the case of commercial vehicle drivers, their total
compensation, including fringe benefits.

This is a very simple concept, but is complicated nevertheless. Every individu-
al who travels has a different wage (or total compensation), but systematic eco-
nomic analysis demands that some representative value be used. The concept of
wage-based values of travel time also suggests that those with higher salaries val-
ue their travel time more highly — an understandable, but somewhat disturbing,
concept. Fortunately, in most economic analyses, the same average compensation
levels are assumed for all of the alternates.

Numerous studies, however, have pointed out the many complications that
make the monetary valuation of travel time difficult (5-10):

e Some studies have shown that trip purpose affects the value users assign to
their travel time; on the way to work, the value of time is higher than on a
weekend trip to the beach.

e Some studies show that drivers clearly place a higher cost on travel time in
congested or otherwise uncomfortable conditions, and that travel time related to
specific delays is also valued at higher than base levels.

e Most economic analyses rely on increments in travel time based upon transpor-
tation improvements. The value of the travel time saved may also depend upon
the amount of time saved. If each traveler is saved one minute of travel for a
one-hour trip, its value is almost nothing. If each driver saved 20 minutes of
travel time for a two-hour trip, its value would be much greater. One minute
has virtually no “opportunity cost” value — i.e., there is virtually nothing
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functional for which the one minute saved would be useful. The 20-minute
savings has more value, because there are more “opportunities” for its alternate
use by travelers. In effect, the monetary value of travel time may be related to
both the absolute amount of travel time saved, and/or to the proportional reduc-
tion in travel time.

e Some travel time may have a very low, or even negative value, as travelers en-
joy the experience. Examples might include a leisurely drive through a national
park, or bicyclists using a bike path on a pleasant, sunny day.

Despite the complications, however, standard approaches have been, and must
continue to be developed.

4.5.2 Estimating the Value of Travel Time

As previously noted, there is general consensus that the monetary value of travel
time is related to prevailing wage rates for various categories of users. AAHSTO
(1) relates the value of most car driver, car passenger, and public transit passenger
travel time to a percentage of the prevailing wage rate. Travel time values for pro-
fessional drivers of commercial or transit vehicles are valued as a percentage of
total compensation, including benefits.

Todd Litman (11) of the Victoria Transport Policy Institute (VTPI) has done
extensive research on the effects of congestion on travel time values. He inserts a
multiplier to account for the prevailing level of service, which is a measure of rela-
tive congestion levels. The level of service for most facilities can be estimated
using the methodologies of the Highway Capacity Manual, published by the
Transportation Research Board (12). Level of service (LOS) is a six-letter scale
from LOS A to LOS F, with LOS A indicating excellent operating conditions to
LOS F, representing a breakdown in continuous flow.

Table 4.2 summarizes many of the recommended rates in various user catego-
ries, taken from Reference 11.

Table 4.2 Travel Time Values Related to Percent of Prevailing Wage Rates and Level of
Service

User Category Level of Service Wait
A-C D E F Time

Private Cars
Driver 50% 67% 84% | 100% | 100%
Passenger 35% 47% 58% 70% 70%
Transit Vehicle
Driver 156% | 156% | 156% | 156% | 156%
Adult Passenger — Seated 35% 47% 58% 70% 50%
Adult Passenger — Standing 50% 67% 83% | 100% | 70%
Child (under 16) — Seated 25% 33% 42% 50% 50%
Child (under 16) — Standing 35% 46% 42% 50% 70%
Trucks
Driver 120% | 137% | 154% | 170% | 170%
Passenger 120% | 132% | 144% | 155% | 155%
Pedestrians and Cyclists 50% 67% 84% | 100% | 100%

(Source: Litman, T., Build for Comfort, Not Just Speed, Victoria Transport Policy Institute,
Vancouver BC, July 25, 2008).
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Table 4.2 does not break down auto users beyond grouping drivers and passen-
gers, as the study cited was directed towards pubic transportation travel times and
their valuation. All values are related to the prevailing wage for the user category.
Note that transit drivers, truck drivers, and truck passengers have percentages over
100%. Part of this is to account for total compensation rates, which are higher
than wage rates.

Congested conditions (indicated in Table 4.2 by levels of service D, E, and F)
involve a higher travel time cost. This represents study results that suggest travel-
ers are more cognizant of travel time when congested conditions are present,
and that they place a higher value on it due to the increased inconvenience such
conditions cause.

The U.S. Department of Transportation provides more detailed recommenda-
tions for the value of travel time (13) that take into account more categories of
highway users. The guidelines, however, do not take into account the effects of
congestion. Table 4.3 shows the U.S. Department of Transportation guidelines.

Table 4.3 U.S. Department of Transportation Recommendations on the Value of Travel
Time

User Category Value Base
Private Cars
Driver (Commute) 50% of wages
Driver (Car Pool Commute) 60% of wages
Passenger (Car Pool Commute) 40% of wages
Driver/Passenger (Personal — Local) 50% of wages
Driver/Passenger (Personal — Intercity) 70% of wages
Driver/Passenger (Business) 100% of total compensation
Transit Vehicle
In-Vehicle (Commute/Personal) 50% of wages
Excess (walking, transfer, waiting — non- 100% of wages
business)
In-Vehicle and Excess (Business) 100% of total compensation
Trucks
All Travel Time 100% of total compensation

(Source: The Value of Travel Time: Departmental Guidance for Conducting Economic Evalu-
ations, U.S. Department of Transportation, Washington DC, 1997).

It should be noted that the “transit vehicle” values listed in Tables 4.2 and 4.3
were specifically recommended for buses. Their application to light or rail rapid
transit vehicles may be problematic.

If the value of travel time, however, is linked to wages and total compensation,
it is critical that information on current wages and total compensation be accessed.
The best source for such information is the U.S. Bureau of Labor Statistics, which
publishes frequent reports showing wages and benefits categorized by industry
and job function, private vs. public employers, regional and specific urban areas,
etc. Table 4.4 shows a sample of the type of data available from the Bureau, and
is meant to be illustrative. In Table 4.4, wages and total compensation are shown
by occupational group, segregated by public vs. private employers.
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Table 4.4 does not include all categories of workers. It does not include federal
employees, for example; nor does it include such state and local workers as police,
fire, sanitation and other workers. The Bureau, however, publishes many studies
and surveys with varying degrees of specificity related to location, industry, and
job function, which may be used to determine appropriate values in any given
case.

Table 4.4 National Average Statistics on Wage and Total Compensation Rates by Industry
Group (for June 2012)

Employee Group Wages Total
($/hr) Compensation
($/hr)
All Private Industry (average) $20.27 $28.80
All State and Local Government (average) $26.70 $41.10
Workers in Private Industry
Construction $23.17 $33.88
Manufacturing $21.14 $33.07
Retail Trade $13.31 $17.65
Wholesale Trade $21.96 $31.11
Transportation and Warehousing $22.17 $34.24
Utilities $35.84 $58.91
Information $29.79 $45.08
Finance and Insurance $28.72 $43.11
Real Estate $21.57 $30.25
Professional and Business Services $25.10 $34.80
Education $25.58 $39.11
Health Care and Social Assistance $21.04 $29.65
Leisure and Hospitality $9.71 $12.20
Other Services $18.70 $25.42
Workers in State and Local Government
Education $30.02 $44.08
Health Care and Social Assistance $22.59 $35.88
Public Administration $23.97 $39.64

(Source: Employer Costs for Employee Compensation — June 2012, Bureau of Labor Statis-
tics, U.S. Department of Labor, Washington DC, September 11, 2012.)

The time values indicated in Tables 4.2, 4.3, and 4.4 are per person. Thus, to
find a time value per vehicle, the tabulated values have to be multiplied by the av-
erage vehicle occupancy for the class of vehicles involved. In general, passenger
car occupancy ranges between 1.3 and 1.8 persons per vehicle, depending upon
trip purpose and the characteristics of the region in which the travel takes place.
Commercial vehicles typically carry only the driver. Bus occupancies are, of
course, much higher. A typical intercity bus, fully loaded, would have between 40
and 50 passengers, while a city transit bus could range anywhere between 20 pas-
sengers per vehicle in outlying or suburban areas and 70 passengers per vehicle
(including standees) in a dense urban area. It is critical that economic analyses
reflect the actual occupancies for the alternatives under consideration. This re-
quires, therefore, that appropriate local studies and information be used to
determine these values.
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As noted previously, a number of studies have determined that the value of
time saved is related to the increment. Small increments in travel time have little
opportunity value to the user, and therefore have limited economic value. Larger
increments in travel time have significantly higher opportunity value to the user,
and therefore have higher economic value.

One of the earliest recognitions of this was reported in the 2" Edition of the
Traffic and Transportation Engineering Handbook, published by the Institute of
Transportation Engineers (14). It classified the value of travel time saved de-
pending upon whether the increment was 5 minutes or less, between 5 and 15 mi-
nutes, or greater than 15 minutes. Using the 5 to 15 minute increment as the base,
Table 4.5 shows the multipliers that would result.

It is difficult to actually apply these multipliers, since the studies that deter-
mined them are unrelated to the average travel time values discussed in the pre-
vious section, and there is no indication of a base time interval that applies to the
data in Tables 4.2 — 4.4. Nevertheless, the concept is an important one, and the
table allows at least a demonstration of the potential impact of this concept on user
benefits that are directly related to travel time.

Table 4.5 Value of Travel Time vs. Incremental Time Saved

Incremental Time Saved Multiplier
Low time savings (0-5 mins) 0.12
Medium time savings (>5<15 mins) 1.00
High time savings (> 15 mins) 2.17

4.5.3 An Illustrative Application in the Value of Travel Time

As has been noted, the Highway Capacity Manual (12) provides methodologies
that allow the estimation of travel speeds, delays, and other time-related parame-
ters for a variety of traffic facilities, from freeways to signalized intersections.

For this illustration, consider the simple (relatively) case of a potential lane ad-
dition to a section of freeway in an urban area. Table 4.6 summarizes known
information concerning the case.

Table 4.6 Information for the Illustrative Case

Item Data
Type of Facility 4-Lane Urban Freeway (2 lanes each dir.)
65 mi/h free-flow speed.
Length of Subject Section 8 miles
Current Volumes (Each Direction)
4 Peak Hours/Day 4,200 passenger cars/hour
8 Near-Peak Hours/Day 3,500 passenger cars/hour
12 Off-Peak Hours/Day 2,800 passenger cars/hour
Proposed Improvement Add 1 lane to each direction.
Prevailing Wage Rate for Use $25.65/hr
Average Car Occupancy 1.4 persons/car
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To simplify the example, it is assumed that the addition of a lane will not result
in any additional induced traffic volume. Further, the facility is classified as a
parkway, and all vehicles are passenger cars. The volumes per hour are shown in
three different time periods; in a real case, volumes for each hour of the day would
be used.

The fundamental questions are: (1) How much travel time is saved by the ad-
dition of a lane, and (2) what is its monetary value?

To investigate the case, the speed-flow curves for freeways, calibrated in the
Highway Capacity Manual, must be used to find the impact on speed (and level of
service) of adding a lane. The answer will be different for the three demand vo-
lume periods defined in Table 4.7. Figure 4.1 shows a simplified version of

these curves, showing only the curve for a freeway with a free-flow speed of
65 mi/h.
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Fig. 4.1 Speed-Flow Curve for 65-mi/h Freeways from the 2010 Highway Capacity Manual

(Source: Modified from Highway Capacity Manual 2010, Transportation Research Board,
Washington DC, 2010, Illustration 6-11.)

To find the speed, demand volumes have to be reduced to pc/mi/ln for each
demand period. Volumes per lane will change depending upon the number of
lanes provided: 2 in each direction for the existing case, 3 in each direction with
the additional lane. Figure 4.1 is then entered with each of these volumes to find
speeds and the prevailing level of service both with and without the additional
lanes. Table 4.6 shows the results of these computations. Figure 4.2 then shows
how the various speeds are determined from Figure 4.1.

Table 4.7 Demand Volumes Per Lane w/ and w/o an Additional Lane

Time Period Total Demand Volume/Lane Volume/Lane
(pc/h) (2 —Lanes) (3-Lanes)
4 Peak Hours 4,200 2,100 1,400
8 Near-Peak Hours 3,500 1,750 1,167
12 Non-Peak Hours 2,800 1,400 933
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From these results, the following can be determined on the effects of lane addition
on the various time periods:

e During the 4 peak hours, the addition of a lane increases speed from 58 mi/h to
65 mi/h, and improves the level of service from E to C.
e During the 8 near peak hours, the addition of a lane increases speed from 63
mi/h to 65 mi/h, and improves the level of service from D to B.
e During the 12 non-peak hours, the addition of a lane does not affect speed (it

remains 65 mi/h) and improves the level of service from C to B.

What remains is to evaluate the monetary value of the travel time consumed with
and without the additional lane provided. First, the travel time for each vehicle in
each time interval in computed as the length of the section (in miles) divided by
the appropriate speed (in mi/h). Then:

b eat stnes = Yog =0.1379 1 =8.275 min
Eeat stnes = Vs = 01231/ =7.385 min
bncar ki = Y3 = 012701 =7.619 min
bncar ek sianes = Fgs = 0.1231h=7.385 min
b peak 2tnes =Yg =0.1231/=7.385 min
by peak sanes = Fgs =0.1231h'=7.385 min
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Two things are now obvious: (1) the addition of a lane does not reduce the travel
time during the non-peak hours, and (2) the addition of a lane reduces travel time
during the peak and near-peak hours of the day, but by a very small amount (less
than one minute).

Since the analysis also provides levels of service, it will continue using the tra-
vel time values specified in Table 4.2. The cost of travel time for each vehicle
can be computed as:

Cooy =V, +0.4V )51, 4.2)
Where: Cienij = cost per vehicle in time period i, case j, $/veh
Vg4 = value of time for drivers, $/h (from Table 4.2)
Vv, = value of time for passengers, $/hr (from Table
4.2)
G = travel time for a vehicle in time period i, case j,
hrs/veh

For use in economic analysis, this must be converted to a travel time cost per year
for all vehicles using the freeway section in question. To simplify the illustration,
it is assumed that the same volumes occur each day. In real terms, typical vo-
lumes may vary by day of the week and season of the year, and this would have to
be taken into account. Note also that the demand volumes used were for one di-
rection; thus there is a multiplier of 2 that must be applied to take into account
both directions. The total annual cost of travel time for case j can then be
computed as:

Rj = Z (Cvehi * vvehi * 7-; * 365 * 2) (43)
Where:
R, = annual cost of travel time for case j, $.
Cieni = travel time cost/veh in time period i, $, as computed in
Equation 4.2.
Vi = vehicles/hr during time period i.
T; = number of hours in time period i.
365 = multiplier for days/yr.
2 = multiplier for 2 directions.

The problem statement indicates that the prevailing wage rate for this area is
$25.65/hr. The speed analysis indicates that the two cases and three time periods
involve levels of service ranging from E to B. Table 4.2 will be used to estimate
the time values that apply to each time period i and case j. Table 4.8 illustrates the
computation of individual vehicle travel time costs, using Equation 4.2.

The value of time per vehicle hour is based upon the given auto occupancy rate
of 1.4 persons/vehicle, which consists of 1 driver and an average of 0.4 passen-
gers. For the first case in Table 4.8 (Existing, Peak):

(25.65%0.84)+(25.65%0.58*%0.4) = $27.50/ veh—h
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Table 4.8 Travel Time Cost Per Vehicle for Illustrative Case

Case Time LOS Wage Value- Value- Value Travel
Period ($/h) Drivers Pass. ($/veh- Time Cveh
(% of (% of h) (hrs)
Wage) Wage)
Existing Peak E $25.65 84% 58% $27.50 0.1379 $3.79
(2-Lanes) Near- D $25.65 67% 47% $22.01 0.1270 $2.80
Peak
Non-Peak C $25.65 50% 35% $16.42 0.1231 $2.02
Proposed Peak C $25.65 50% 35% $16.42 0.1231 $2.02
(3-Lanes) Near- B $25.65 50% 35% $16.42 0.1231 $2.02
Peak
Non-Peak B $25.64 50% 35% $16.42 0.1231 $2.02

Table 4.9 illustrates the computations implementing Equation 4-2, which leads to
an estimate of the total annual cost of travel time for the existing 4-lane freeway,
and the proposed expansion to 6 lanes.

Table 4.9 Annual Cost of Travel Time for Illustrative Case

Case Time Pe- Vol/Hr Hours in Cost/Hour Multiplier Multiplier Annual
riod In Period Period ($) (days/yr) | (directions) Cost ($)
Existing Peak 4,200 4 $3.79 365 2 $46,480,560
(2 Lanes) | Near-Peak 3,500 8 $2.80 365 2 $57,232,000
Non-Peak 2,800 12 $2.02 365 2 $49,546,560
Total $153,259,120
Proposed Peak 4,200 4 $2.02 365 2 $24,569,664
(3 Lanes) | Near-Peak 3,500 8 $2.02 365 2 $41,288,800
Non-Peak 2,800 12 $2.02 365 2 $49,546,560
Total $115,405,024

Adding a lane (in each direction) to the existing 4-lane freeway produces a sav-
ings of $153,259,120 - $115,405,024 = $37,854,096 per year. This can be used, in
addition to other economic benefits, to estimate how much can be reasonably
spent on the 8-mile lane addition project.

It should be noted, however, that the actual amount of time actually saved by
any individual driver is less than one minute. Table 4.5 suggests that in such cas-
es, travel time be discounted to 12% of the base value, which would change the
result considerably. However, as noted previously, it is difficult to apply Table
4.5 directly, as there is no indication that the estimated savings are based on any
relationship between the monetary value of time and the amount of time actually
saved by any one driver. In this case, part of the savings is also due to the im-
provement in level of service during the peak and near-peak hours, which would
not be affected by the amount of time saved.

4.5.4 Closing Comments on Travel Time

Obviously, the monetary valuation of travel time is a significant issue in the engi-
neering economic analysis of alternative projects. Nevertheless, it is not a
straightforward issue. This section highlights three fundamental principles used in
determining the monetary value of travel time:



90 4 The Costs of Transportation for Alternative Economic Analysis

e The value of time is tied to local and regional wage rates.
e The value of time is higher under congested conditions.

e The value of time should be related to the actual amount of time each traveler is
saved.

The selection of monetary values for travel time is best done in a local and region-
al setting using appropriate wage rates, always available from the Bureau of Labor
Statistics. Local and regional policy will also have to establish the relationships
between congestion levels, absolute amount of time saved per person per trip, and
the monetary value for travel time.

4.6 Vehicle Operating and Maintenance Costs

As was previously discussed, vehicle operating and maintenance costs generally
fall into one of two categories: (1) costs related to vehicle usage; and (2) costs re-
lated to vehicle ownership. The former are often both time and speed dependent,
while the latter are relatively fixed costs that do not rise or fall with actual vehicle
operation.

4.6.1 Typical Operating and Maintenance Costs

A principal source of general vehicle operating and maintenance cost information
is the annual publication, Your Driving Costs, published by the AAA. (It draws its
information from a variety of sources). Table 4.10 shows the latest data, for 2011.
It is important to note that the data is based upon a vehicle used for personal trans-
portation over five years and 75,000 miles of ownership. As noted in the Victoria
Transportation Policy Institute (16), this is somewhat biased towards new ve-
hicles, which, in effect, overestimates items such as depreciation and insurance,
while underestimating maintenance and repairs.

Table 4.10 Vehicle Operating and Maintenance Costs

Cost Cate- Small Medium Large Average! suv? Minivan?
gory Sedan Sedan Sedan
Operating $/mile $/mile $/mile $/mile $/mile $/mile
Costs
Gasoline® $0.1005 $0.1282 $0.1416 $0.1234 $0.1704 $0.1508
Maintenance $0.0411 $0.0429 $0.0493 $0.0444 $0.0480 $0.0450
Tires $0.0067 $0.0111 $0.0109 $0.0096 $0.0116 $0.0076
Ownership $/Year $/Year $/Year $/Year $/Year $/Year
Costs
Insurance $951 $948 $1,006 $968 $912 $853
License/Reg. $438 $577 $769 $595 $757 $618
Depreciation $2,560 $3534 $5,091 $3,729 $5,052 $4,108
Finance $584 $796 $1,089 $823 $1,071 $859
Total/Year* 34,533 $5,855 $7,955 36,114 $7,792 36,438
Total/Mile® $0.3022 $0.3903 $0.5303 $0.4076 $0.5195 $0.4292
Total Costs $0.4505 $0.5725 $0.7321 $0.5850 $0.7495 $0.6362
Per Mile®

1. Average for small, medium, and large sedan.

Not included in average.

Gasoline cost = $2.88/ gal.

Total ownership costs per year ($).

Total ownership costs per mile, assuming 15,000 annual miles travelled.
Total of gasoline, maintenance, tire, and ownership costs, $/vehi-mi.

ounhwnN
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Such a summary of per-mile operating and maintenance costs is useful where a
transportation alternative reduces the number of vehicle-miles travelled in a given
study area. It does not, however, treat the issue of the speed dependency of some
costs, nor does it include information on any classes of heavy vehicles.

The issue of average vehicle usage per year is easily adjusted using the data of
Table 4.10. The average per-mile cost of vehicle ownership is found as:

A
0,=—" 4.4
M, 4.4)
Where: On = ownership cost per mile, $/mi.
A, = annual ownership costs, $/yr (Table 4.10)
M, = average annual vehicle usage, mi/yr.

In Table 4.9, the ownership cost/yr for the average personal vehicle is given as
$6,114. If the average vehicle usage is 10,000 miles, then:

61—140 =$0.6114/mi

m,10000 —
10

b

This could be added to the per-mile costs of gasoline, maintenance, and tires to
come up with a total cost/mile of vehicle operation:

CmZFm+Mm+Tm+Om 4.5)
Where: Cn = total cost of vehicle operation, $/mi.
Fo = fuel cost per mile, $/mi.
M, = maintenance cost per mile, $/mi.
On = ownership cost per mile, $/mi.

For an average vehicle in Table 4.10, with 10,000 miles/yr of usage, the total per-
mile cost of operation and maintenance would be:

C,=0.1234+0.0444 4+ 0.0096 + 0.6114 = $0.7888 / mile

The principal speed-related cost of vehicle operation is fuel, although tire wear
and some maintenance items may also be affected by speed. The California
Department of Transportation Benefit-Cost Model (17) incorporates fuel con-
sumption rates (based upon 1999 fuel-consumption ratings), which are shown in
Table 4.11.

Table 4.11 Fuel Consumption Rates for Autos and Trucks vs. Speed

Speed (mi/h) Autos (gallons/mile) Trucks (gallons/mile)
10 0.123 0.181
20 0.068 0.118
30 0.044 0.133
40 0.034 0.185
50 0.033 0.264
60 0.037 0.374
70 0.052 0.511
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The same model indicates that the non-fuel costs (including fixed costs of own-
ership) of trucks are approximately 1.73 times the non-fuel costs of automobiles.

Table 4.11 is based upon vehicle fuel consumption rates in 1999; where more
recent data is available, it should be used. Whatever rates are used, however, the
costs associated with fuel consumption are based upon the cost of gasoline. Gaso-
line costs remain very volatile, and depend upon world demand, supply issues, and
the availability and cost of alternative fuels.

The latest gasoline and diesel fuel prices can be found at the web-site of the
U.S. Energy Information Administration/Gasoline and Diesel Fuel Update, which
is revised on a monthly basis. In November of 2012, the national average price of
regular gasoline was $3.437/gallon; diesel fuel was $4.043/gallon.

4.6.2 An Example in Vehicle Operating and Maintenance Costs

As with all of the data in this chapter, it is intended as illustrative. In any given
case, local and regional sources of up-to-date information and data should be used.
However, it is useful to show how such data could be used in the analysis of
highway alternatives.

Consider the case of a 20-mile segment of suburban freeway carrying an aver-
age annual daily traffic (AADT) of 75,000 vehicles/day. Its current alignment has
many vertical and horizontal curves, and produces average speeds of 40 mi/h. It is
proposed to reconstruct this segment along a new alignment that would (a) reduce
the length of the segment to 16 miles, and (b) increase average speeds to 50 mi/h.
Fifteen percent of the AADT consists of diesel-fueled trucks, and the remaining
85% of the vehicles are privately-owned cars. What would the annual savings in
operating and maintenance costs to vehicle operators be due to the change in the
alignment? It may be assumed that the change in alignment will not induce any
new traffic to the facility.

The first need is to divide the AADT into the categories of cars and trucks.
Given the input information:

AADT, , =75,000*%0.85=63,750 veh/day

AADT, . =75,000%0.15=11,250 veh/day

trucks

At this point, what is needed is the average per-mile total operating and mainten-
ance costs for cars and trucks for use in the comparison. The before situation in-
volves an average speed of 40 mi/h, while the after case involves an average speed
of 50 mi/h. This, of course, is a very simplistic view, adopted for illustrative pur-
poses. In reality, the before and after speeds of cars and trucks are likely different,
and the use of an average speed would be abandoned for an hour-by-hour look at
both hourly volumes and related speeds. Fuel cost will be estimated from the fuel
consumption estimates of Table 4.11. Non-fuel costs will be estimated for cars
from the data of Table 4.10 (excluding fuel costs). Truck non-fuel costs will use
the car value multiplied by 1.73, as suggested by Ref. 17. Table 4.12 illustrates
the information used to estimate vehicle and maintenance costs for the problem as
described.
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Table 4.12 Data Relevant to Example Problem
Vehicle Speed (mi/h) | Fuel Consump- Fuel Cost! Non-Fuel Cost? Total Cost
tion (gals/mi) ($/mi) ($/mi) ($/mi)
Cars 40 0.034 X 3.437=$0.1169 $0.4216 $0.5385
50 0.033 X 3.437=$0.1134 $0.4216 $0.5350
Trucks 40 0.185 X 4.043=$0.7480 $0.7294 $1.4774
50 0.264 X 4.034=$1.0650 $0.7294 $1.7944
1. Fuel price/gallon for Nov. 2012, as noted previously.
2. Cars: Table 4.10 for average car; total of Maintenance, Tire, and Ownership costs; for trucks, 1.73 times the

value for cars.

Looking at Table 4.12, the interesting fact is that the higher speeds of the pro-
posed alignment will increase the operating cost per mile for trucks. They would
still, however, gain an advantage due to the shorter distance the new alignment en-
tails, and would (although not included in this example) benefit from decreased
travel time both due to increased speed and reduced trip length.

Table 4.13 illustrates the computation of annual user operating and mainten-
ance costs for the old and new alignments.

Table 4.13 Annual Operating and Maintenance Costs for Example

OPTION VEH TYPE Cost! x AADT x Segment X = Annual

($/mi) (Veh/Day) Length (mi) Days/Year Cost ($/Yr)

old Cars $0.5385 63,750 20 365 $250,604,438

Alig Trucks $1.4774 11,250 20 365 $121,331,475
Total $371,935,913

New Cars $0.5340 63,750 16 365 $198,808,200

Alig Trucks $1.7944 11,250 16 365 $117,892,080
Total $316,700,280

1. From Table 4.12.

From Table 4.13, the annual savings in operating and maintenance costs due to
the proposed realignment of the roadway would be $371,935,913 - $316,700,280
= $55,235,633/yr. The value of other benefits due to the new alignment would
have to be added in a complete analysis. These would include reduced travel time,
perhaps increased safety, and reduced highway maintenance costs. A present
worth analysis of the value of total savings over the expected service life of the
realigned segment would result in an estimate of what amount could justifiably be
invested in planning, designing, and constructing the new alignment.

4.7 The Cost of Highway Crashes

The impact of highway improvements on the number and severity of crashes that
occur is significant. In many cases, highway improvements are specifically aimed
at improving safety. Thus, it is important to be able to assess the likely benefits of
an improvement on accidents.

There are three factors related to the overall cost of crashes on any given
section of highway:

1. The frequency with which crashes occur.

2. The severity of crashes — generally categorized as fatal, injury, or property
damage only (PDO).

3. The economic cost of crashes, related to severity.
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To estimate the economic cost of accidents on any given section of highway,
measures of frequency and severity must be determined for the base case (an ex-
isting facility) and for a proposed improvement. The latter requires the ability to
relate crash occurrences (or decreases in crash occurrence) due to specific features
of a highway or proposed improvement.

The most comprehensive source for such information is the Highway Safety
Manual (18), a three-volume document published by the American Association of
Highway and Transportation Officials.

The Highway Safety Manual provides a fundamental predictive methodology
for estimating the impact of highway improvements on crashes.

N et =Ny, *(CMF, *CMF, *...*CMF, )*C, (4.6)
Where:

Npea = predicted crash frequency for a specific year for site type X,

Ny = predicted average crash frequency for base conditions for site
type X,

CMF,, = crash modification factors for site type x and specific geome-
tric/control conditions at the site, and

Cy = calibration factor to adjust for local conditions, site type x.

The manual then provides data on the determination of average crash frequencies
(Npfx), crash modification factors (CMFj,) based upon specific geometric or con-
trol improvements, and the determination of local calibration factors (C,).

For example, the average crash frequency for a rural two-lane, two-way high-
way is found as:

_ 365% AADT * L
spfrs 1’000,000 % 60.312

“4.7)

Thus, a 20-mile segment of rural two-lane, two-way highway carrying an AADT
of 8,000 veh/day would be expected to have an average accident frequency of:

_365%8,000%20 _ 58,400,000
I 1,000,000%%? 1,366,155

=42.7 crashes/ yr

In this case, the base conditions for which this equation was calibrated include 12-
ft lanes, 6-ft paved shoulders, 5 driveways/mile, no vertical or horizontal curva-
ture, and no grade (as well as some other specific features).

The methodology then offers CMFs for 12 different geometric or control condi-
tions that could affect crashes on two-lane, two-way rural highways: lane width,
shoulder width and type, horizontal curves, superelevation on horizontal curves,
grades, driveway density, centerline rumble strips, roadside design, lighting, and
automated speed enforcement. In each case, the CMF only applies to those types
of crashes that would be affected by the geometric or control measure.



4.7 The Cost of Highway Crashes 95

For example, if the existing roadway had 10-ft travel lanes and only 2-ft paved
shoulders, the CMF;, would be 1.30 (based upon the AADT of 8,000 veh/day)

and the CMF_ would be 1.30 (also based upon the AADT of 8,000 veh/day).

In both cases, the lane and shoulder width situations apply to accidents in the
following categories: single-vehicle run-off-the-road, multiple vehicle head-on,
and multiple-vehicle sideswipe crashes. The methodology also provides informa-
tion on the proportion of accidents that occur in various categories. The types re-
ferenced above make up a total of 57.4% of all crashes on two-lane, two-way
highways.

The manual provides a simple equation for adjusting the CMF to reflect the
proportion of total crashes that would be affected by the particular geometric or
control condition under consideration:

CMF,,, = p, * (CMA,~1.0)+1.0 4.8)
Where: CMF, q; = adjusted crash modification factor for item i,

CMF, = crash modification factor for item i, and

Pa = proportion of crashes affected by item i.

For each of the two CMF values in this case, both of which affect 57.4% of all
crashes, the adjusted CMF would be:

CMF,, , =CMF_ ., =0574*(1.30-1)+1=1.1722

Iwadj swadj

Essentially, the narrow lanes (10 ft) and narrow shoulders (2 ft) of the existing
facility each cause the number of accidents to be increased by 17.22%. Using
equation 4.6, the number of crashes per year on the existing facility may now be
estimated. Note that the local calibration factor, C,, is assumed to be 1.0. In reali-
ty, if existing crash data suggested that the base number of crashes was under- or
overstated, the equation would be adjusted by the ratio of the observed crashes to
the predicted base crashes. Now:

N, ., =427%1.1722*1.1722*1.0=58.7 crashes | yr

pred

Essentially, the existing 20-mile segment of rural two-lane, two-way highway
(with 10-ft lanes and 2-ft shoulders) is expected to experience 58.7 crashes year.
If the highway were improved to the base case — 12-ft lanes and 6-ft shoulders —
the number of crashes would be expected to decrease to 42.7/yr, a reduction of 16
crashes per year.

This, of course, is hardly the end of the process. A monetary value of the 16
reduced crashes per year must be determined. The most comprehensive crash cost
study was published by the Federal Highway Administration in 2005 (19). Table
4.14 summarizes the average cost per highway crash categorized by severity. The
table summarizes “human capital costs,” which include direct costs of medical
care, emergency services, property damage, and lost productivity. The category of
“comprehensive costs” includes these, but adds costs associated with long-time
losses in quality of life. The costs in Table 4.14 have been updated using the CPI
to reflect 2012 dollars.
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Table 4.14 Monetary Value of Crashes by Severity ($2012)

Crash Severity [ Capital Costs® ($/Crash) | Comprehensive Costs* ($/Crash)
Fatal $1,613,400 $5,192,700
Disabling Injury $144,300 $279,800
Evident Injury $54,300 $102,300
Possible Injury $36,800 $58,200
Property Damage Only (PDO) $8,300 $9,600

1. Rounded to the nearest $100.

The Highway Safety Manual gives the proportion of crashes on two-lane, two-
way rural highways that fall into each of these categories: 1.3% Fatal, 5.4% Dis-
abling Injury, 10.9% Evident Injury, 14.5% Possible Injury, and 67.9% PDO.

Thus, the average cost per crash for two-lane, two-way rural highways would
be (using comprehensive cost for the example):

0.013 x 5,192,700 = $ 67,505
0.054 x 279,800 = $ 15,109
0.109 x 102,300 = $ 11,151
0.145 x 58,200 = $ 8439
0.679 x 9,600 = $ 6518
Total = $108,722

Thus, improving the two-way, two-lane rural highway to 12-ft lanes and 6-ft
shoulders decreases the number of annual accidents by 16, and saves:

16*108,722=$1,739,552/ yr

This annual amount can be subjected to a present worth analysis for the service
life of the improvement to obtain an estimate of how much could be reasonably
spent on implementing the wider lanes and shoulders proposed.

Clearly, this is an example of the type of analysis that is made possible in the
Highway Safety Manual. The manual contains data and predictive information on
a wide variety of facility types, from freeways to intersections, relative to the
crash-reductions that could be expected from a wide variety of potential improve-
ments. The manual should be consulted directly for information on other facility
types and improvements.

Of course, information on the occurrence and costs of highway crashes are
available from a wide variety of sources. For general information on rates, the Fa-
tality Analysis Reporting System (FARS) and General Estimates System (GES),
both run by the Federal Highway Administration (20), provide annual updates on
the number, types, and severity of highway crashes across the U.S., and by state.
While some of the data relates to specific geometric and control features of a site,
most of it is more general, focusing on overall rates and general severity characte-
ristics. Table 14.15 compares the number of crashes in 2000 and 2010, as well as
the distribution of crash severity over that time.
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Table 4.15 General National Crash Data from FARS/GES

Year Total Numb Crash Severity (%)

of Crashes Fatal Injury PDO
2000 6,394,000 0.60% 32.37% 67.03%
2010 5,419,000 0.56% 28.46% 70.99%

(Source: Modified from FARS/GES 2010 Data Summary, U.S. Department of Transportation, Washington DC, 2010, Exh. 2)

A number of states also publish annual studies of crash occurrence and/or costs.
Many of these are available on-line. New York State, for example, publishes ex-
tensive information on crash severity distributions and costs for various types of
highway facilities in the NYS highway system. While the information does not
isolate the costs related to specific geometric and/or control features, it provides
an overview of crash costs related to highway types. An illustrative sample of the
data (for 2011) is shown in Table 4.16 (21).

The information in Table 4.16 would have to be paired with information on
crash rates at the same facility type. New York State provides these in other data
bases. The information in Table 4.16 is only a brief summary of what is available
in the full NYS tables. Many more facility types are included, as are separate av-
erage costs for fatal, injury, and property damage only accidents, and distributions
by crash type for each type of facility shown. The main point is that many states
provide detailed crash occurrence and crash cost data on an annual basis that can
be used in estimating crash costs for any particular highway segment.

Table 4.16 Average Cost Per Crash for New York State (2011)

Type of Highway! Average Cost/Crash? Type of Highway Average Cost/Crash?
($/Crash) ($/Crash)

Full Access, Divided, Rural $24,400 Free Access, Undivided, Rural $40,300

Full Access, Undivided, Rural $34,600 Free Access, Divided, Urban $43,300

Full Access, Divided, Urban $37,200 Free Access, Undivided Ur- $36,200

ban

Full Access, Undivided, Urban $50,200 3-Leg Rural Signalized Int. $45.400

Partial Access, Divided, Rural $27,000 4+ Leg Rural Signalized Int. $58,600

Partial Access, Undivided, $38,700 3-Leg Urban Signalized Int. $40,200
Rural

Partial Access, Divided, Urban $45,100 4+Leg Urban Signalized Int. $38,400

Partial Access, Undivided, $38,700 4+Leg Rural Int., No Control $58,600
Urban

Free Access, Divided, Rural $36,400 4+Leg Urban Int., No Control $38,400

1. Full Access = Full Control of Access; Partial Access = Partial Control of Access; Free-Access = No Access Control.
2. Includes intersection accidents in average for segment types that include intersections.

The cost of highway accidents is a significant element in many analyses involv-
ing highway improvements. The Highway Safety Manual is the fundamental ref-
erence on the impact of various design, control, and operational features on crash
occurrence, and on costs. There are, however, other sources of information, pri-
marily those available from state and local highway agencies.

4.8 Highway System Costs

Highway system costs are the costs borne directly by the state or local agency hav-
ing jurisdiction of the highway(s) under consideration. They generally fall into
four broad categories:
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Planning and design costs.
Construction costs.
Maintenance costs.
Operating costs.

Planning and design costs involve pre-construction activities that determine what
projects are to be undertaken, and the specific characteristics of those projects.
Final design always involves a specific improvement, and design costs can easily
be associated with particular projects. Many planning tasks, however, are more
general, and may not apply to any one given project or alternative. In some cases,
these costs would have to be distributed amongst a variety of projects and alterna-
tives involved in planning activities. These costs occur prior to the start of con-
struction, and may be summarized as a present worth for some defined point in
time.

Construction costs are those involved in the building of a particular project.
They include right-of-way acquisition and all construction activities such as
earthwork, structures, drainage systems, control devices, etc. Construction is not a
“point” activity. Depending upon the size of the project, construction may take
place over days, weeks, months, or years. They occur, however, once for each
project.

Maintenance costs are ongoing. They fall into two categories: annual or peri-
odic costs. Such regular activities as the repair of potholes, plowing and de-icing
activities, maintenance of control devices (markings, signs, and signals), mainten-
ance of lighting, mowing the grass and other roadside maintenance activities.
These are generally expressed as annual costs that continue throughout the life of
the project. Periodic costs could include repaving, major structural inspections
and repairs and similar items.

Operating costs are similar to maintenance costs, in that they occur on an ongo-
ing basis. They involve items that are technically not being “fixed,” but are neces-
sary to “operate” the highway. These would include, for example, the power costs
associated with operating signals and lighting. Because they are ongoing, operat-
ing costs are most often presented as annual recurring costs.

Such costs are best estimated using local data and taking into account the pre-
cise characteristics of the proposed project. Generalizations are hard to draw, and
costs very much depend upon the local conditions that apply to the specific
project(s) under review.

In 1989, the U.S. House of Representatives Committee on Public Works and
Transportation challenged the Department of Transportation to examine the
“costs, benefits, and national economic implications associated with a broad array
of highway investment options” (22). The result of this challenge was the devel-
opment of a computer tool to assist in making engineering economic analyses
of various highway project alternatives. The tool is the Highway Economic
Requirements System (HERS), which is monitored by the Federal Highway
Administration (23).
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HERS software is available to states. Cambridge Systematics was heavily in-
volved with the FHWA in creating and implementing the system, which can be
used to conduct a complete comparison of highway alternatives based upon in-
cremental life-cycle benefit-cost analysis. The software reflects current informa-
tion on all aspects of economic analysis, including user, system, and external
costs. As such, it is a significant source of information for highway construction,
maintenance, and operation costs.

Table 4.17 shows costs for a variety of highway improvements. The original
costs were based upon 2008 dollars, but have been updated using the CPI to
represent 2012.

Table 4.17 Typical Highway Improvement Costs (HERS) — 2012 ($1,000/Lane-Mile)

Type of Improvement
Reconstruct| Reconstruct| Resurface |Resurface | Improve | Add Add New New
Highway Existing & Widen | Existing | & Widen |Shoulder| Lane - | Lane - |Alignment -|Alignment -
Type Lane Existing Lane Existing Normal| High Normal High
Lane Lane Cost Cost Cost Cost
RURAL HIGHWAYS
Interstate
Lewvel $1,204 §1.843 b427 §1.043 $30 $2370 | $3.2686 $3.265 $3.206
Rulling $1,235 2 167 $456 §1,201 §131 | $2569 | §4,158 4 158 4 158
Moutainous $2,705 $3919 §673 §1.200 $273 | %7999 | %9364 $9.364 $9.364
Other Principal Arterial
Level 5964 51,439 $343 5871 $53 $1.8599 | $2717 §2.717 §2.717
Ralling 5931 $1625 $383 $983 $67 $2033 | $3.281 $3.281 $3.281
Maountainous 52,231 $3.167 $540 §1.917 $117 | $7175 | $8.263 $3.263 $8.263
Minor Arterial
Level $o47 $1,366 $304 511 $a0 $1.725 | $2423 $2423 $2423
Rolling $938 $1.817 §327 §1.,009 $92 $1978 | $3120 $3.120 $3.120
Mountainous $1,731 $2.300 $450 §1.217 $208 | $6,057 | $7 260 §7 250 §7 260
URBAN HIGHWAYS
Freeways/Expressways
Small Urhan $2,052 $3.007 $505 §2,370 $23 $3772 | $12.348 $5,084 $17.,364
Small Urbanized $2,100 53,338 $598 §2 451 §123 | §4,149 | $13 541 %6 852 $23,393
Large Urbanized $3.437 $5.155 $a02 $3.796 $463 | 6895 | $23135 $10,051 $34,312
Major Urbanized 6,875 10,310 81,329 &7 367 926 |$13.796| §57 527 $20,102 $76,900
Qther Principal Arterial
Srnall Urban $1.769 $2620 $424 $2.168 524 $3206 | $10.473 $4,008 $13,679
Small Urbanized $1.750 $2.803 5501 52,266 $126 | 53474 | §11,390 $4 945 $16,578
Large Urbanized $2,623 54,005 $630 §3,317 $404 | 55084 | $165985 §6,757 $23,168
Major Urbanized $5.248 $3,009 1,016 $6,633 $o05  [$10,167 | $39.413 $13.574 $58,762
Minor Arterial/Collector
Srnall Urban $1,336 51,931 §310 §1.640 $55 $2368 | %7669 $2892 $9.571
Small Urbanized $1,351 $2023 $363 51,665 $33 52,495 | $5,106 $3.545 12,112
Large Urbanized $1,506 52723 $433 $2,263 §227 | $3.463 | §11 484 4 618 15,761
Major Urbanized $3.613 §5 447 §720 §3.423 F454 | 56917 | $30.413 $9.236 $48,740

(Source: “2010 Status of the Nation’s Highways, Bridges, and Transit: Conditions and Performance,” Federal Highway Ad-
ministration, Washington D.C., 2010, Table A4, modified).

The costs shown in Table 14.17 are, as in previous instances, illustrative. For
actual economic analyses, local information and cost estimates on a project-
specific basis would have to be developed for use. For rural highways, HERS se-
parates facilities by function and terrain. In urban areas, functional classifications
are used with urban area size categories by population:

Small Urban: Population 5,000 to 49,999
Small Urbanized: Population 50,000 to 200,000
Large Urbanized: Population 200,000 to approx. 1,000,000

Major Urbanized: Population greater than approx. 1,000,000
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The category of “major urbanized” was added after the collection of cost data, and
the precise cut-off point is not clearly defined.

Where cost estimates are shown for both “normal” and ‘“high” cost ranges,
“normal” is intended to represent cases in which sufficient right-of-way is available
(or can be readily acquired at low cost) to allow additional lanes or realignment to
take place. “High” cost situations are those in which adding lanes or realigning the
highway would require construction of either temporary or permanent parallel
facilities, double-decking, tunneling, or the purchase of new right-of-way at
significant cost.

To illustrate how data such as that presented in Table 14.17 would be used,
consider the case of a project on a 6-mile stretch of a 6-lane freeway in a large ur-
ban area that would: (1) add one lane in each direction, (2) widen the 6 existing
lanes from 11 ft to 12 ft, and (3) provide an improved shoulder area on each side
of the freeway. What would construction cost for such a project be?

From Table 14.17, the following data can be found:

(1) The cost to add a lane, assuming normal costs, would be $6,898,000 per lane-
mile for 2 lanes;

(2) The cost to widen and repave existing lanes would be $3,796,000 per lane-mile
for 6 lanes;

(3) The cost to improve shoulders would be $463,000 per lane-mile for 2 shoulder
lanes.

Therefore, the estimated construction cost for the proposed improvements
would be:

C =(6,898,000 *2)+(3,796,000 *6)+ (463,000 *2) = $37,498,000

This is, of course, illustrative. Estimates based upon the specific conditions of the
proposed project would have to be used to develop a more appropriate estimate of
the total cost.

Another source of interesting information on highway costs is the Florida De-
partment of Transportation (24). The FDOT specifications and Estimates Office
maintains a set of “generic cost per mile models” that can be used for general ref-
erence purposes, although users are cautioned not to use them to predict specific
or future estimates. Nevertheless, they do provide another source of illustrative
costs. Table 4.18 shows a sampling of the costs indicated for 2012.

Unlike Table 14.17, FDOT presents costs in terms of $/centerline mile, not
per lane-mile. Thus, the costs in Tables 14.17 and 14.18 are not directly
comparable.
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Table 4.18 Construction and Maintenance Costs — FDOT Generic Cost/Mile Models
($1,000/Centerline Mile)

Facility Type [ 2-Lane [ 4-Lane 6-Lane
NEW CONSTRUCTION?
Rural Freeway NA $5,422 $6,307
Rural, Undivided $2,388 $3,424 NA
Rural, Divided Arterial NA $4,488 $5,481
Rural, Additional Lane, NA $644 $644
Freeway
Rural, Additional Lane, $582 $582 $582
Non-Freeway
Suburban, Divided NA $4,783 NA
Arterial
Urban Freeway NA $8,875 $9,858
Urban Undivided Arterial $4,794 $7,123 NA
Urban, Additional Lane, $1,664 $1,644 $1,644
Arterial
Urban, Additional Lane, NA $703 $703
Freeway
MILL/RESURFACE
Rural Freeway NA $1,180 $1,667
Rural, Undivided $432 $991 NA
Rural, Divided Arterial NA $1,052 $1,480
Rural, Additional Lane, NA $276 $276
Freeway
Rural, Additional Lane, $224 $224 $224
Arterial
Urban, Undivided $421 $830 NA
Urban, Divided Arterial NA $846 $1,315
Urban, Additional Lane, $176 $176 $176
Arterial
WIDENING (Adding 1 Lane in Each Direction)?

Rural, Freeway (Addl NA $3,670 $4,003
Lanes in Median)
Rural, Freeway (AddI NA $3,394 NA
Lane on Outside)
Rural, Undivided $2,029 NA NA
Rural, Divided NA $2,275 $2,537
Urban, Freeway NA $6,008 $6,505
Urban, Undivided $3,758 NA NA
Urban, Divided NA $3,526 $4,617
1. Includes typical shoulders and bike lanes (in some cases).

2. Includes repaving remaining lanes and shoulders.

Again, the costs shown in Table 4.18 are illustrative. FDOT data includes other
categories as well, and is updated annually. If a 10-mile stretch of rural 2-lane
highway was being upgraded to an undivided 4-lane highway, the estimated cost
from Table 4.18 would be:

C =$2,029,000*10=$20,290,000

When dealing with construction, maintenance, and improvement project costs, it is
imperative that local site-specific estimates be developed. All of these costs can
be greatly affected by local and site specific conditions. Also, none of the costs in
this section include acquisition costs for rights-of-way that may be required. Land
values are particularly subject to local markets and conditions.
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4.9 Public Transportation Costs

The costs associated with the provision of public transportation services are varied
and complex. Firstly, “public transportation” is not a single mode or system, but a
collection of modes and systems. In general, public transportation services can be
divided into four major types or classes:

1. Heavy rail rapid transit.
2. Light rail.

3. Bus.

4.

Demand-responsive.

Heavy rail systems exist in several of the nation’s major cities, and involve sepa-
rated rights-of-way, often using tunnels (subways) or structures (elevated), and in
some cases, at-grade rights-of-way. Some systems have been in place for a very
long time, e.g., New York, Chicago, and Boston. Others are newer, e.g., Wash-
ington D.C. and San Francisco. Commuter railroads fall into this general catego-
ry, but differ in that they are classified as railroads (falling under the Federal
Railway Administration), as opposed to urban rapid transit. Heavy rail systems
generally feature high speeds, and are capable of carrying very large numbers of
passengers. Along New York’s E-F train corridor, for example, the express tracks
often carry up to 50,000 passengers per hour (on just one track). Such high capac-
ity systems, however, are not needed in many areas.

Light rail systems were referred to as “trolleys” in their early history, although
modern light rail systems differ in some ways from traditional trolleys. These sys-
tems involve railed vehicles that may travel on separated rights-of-way (in some
cases in tunnels or on structures), or may travel down arterials and streets, sharing
the right of way with other vehicles. Such systems can be molded to meet a va-
riety of demand configurations, but typically carry 10,000 — 20,000 passengers per
hour on a track.

The vast majority of public transportation systems in the United States use
buses. A typical bus can fit from 20 — 50 seated passengers, and accommodate
50% more as standees. Buses are extremely flexible. Local buses use existing
streets and highways, mixing with other vehicular traffic. In some cases, exclu-
sive bus lanes are provided to expedite their progress. Separate busways are, in
some cases, provided. Buses can also be configured to provide express services.
Such services usually have a defined pick-up area (where there the bus operates as
a local bus), and a defined drop off area (usually in a Central Business District),
operating without stops between the two, often using freeways and expressways.
Bus schedules can vary widely, from as little as one bus every half-hour or hour,
to buses scheduled minutes apart. Hillside Avenue (in Queens, NYC) has the
highest observed volume of buses on a single city street — approximately 180
buses/hr. These buses carry almost 12,000 people on a single street, although it



4.9 Public Transportation Costs 103

should be noted that service involves several bus routes that use the same street.
Passenger volumes in more typical cases carry 100 — 2,000 people/hour on a
single route.

Demand-responsive services are not tied to fixed routes, and fill the gap be-
tween taxi and local bus services. They generally involve smaller vehicles — from
small buses to vans — that operate on an on-call basis. Unlike taxis, however, they
serve multiple riders going to and from closely-spaced origins and destinations.

The costs of these systems vary considerably. As has been noted previously,
public transportation differs from highway systems in that the vehicle is provided
and operated by the system owner. The public transportation user invests a fare
and his/her travel time. The primary source of information on public transporta-
tion costs is the American Public Transportation Association (APTA), which
maintains a database on capital, maintenance, and operating costs of public trans-
portation operators.

4.9.1 Construction Costs

It is virtually impossible to provide “typical” numbers for the cost of constructing
public transportation services. One of the largest construction projects in recent
time is the ongoing building of the Second Avenue Subway in New York City.
This project was first proposed as part of a massive subway expansion program in
1919. It has been funded by bond issues three times, with money being diverted
to other needs of the system. Now, Phase I of a 3-phase plan to build the subway
is underway. The first stage consists of 3 miles of two-track subway and four sta-
tions, with a projected cost of $4.45 billion -- $1.48 billion/mile. Phase I is ex-
pected to be complete, and is scheduled to open in 2016. The total 4-phase project
will produce an 8.5-mile subway at a projected cost of $17 billion.

The project is being built using deep tunneling techniques through bedrock,
with more traditional cut-and-cover work being done to build the stations, and the
connections between stations and the street. After tunneling is done, and the
tunnel structures are built, track will have to be laid, control, power, and commu-
nications systems installed, ventilation provided, etc. Any other infrastructure en-
countered — sewer and water lines, power lines, etc. — would have to be relocated
before proceeding. It is a massive and complex project, accompanied by massive
costs.

On the other hand, simple busways can be built at costs similar to those indi-
cated for roadways in the previous section. Therefore, no transit capital costs
should be considered “typical” or representative.

Table 4.19 summarizes the total 2012 capital expenditures of the public trans-
portation industry by mode and category (25).
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Table 4.19 Public Transportation Capital Expenditures for 2010 ($ Million)

Category of Expense Total Industry Capital Expenditures
Rolling Stock Purchases - Total $5,201.0
Bus $2,598.3
Commuter Rail $409.0
Heavy Rail $881.3
Light Rail $328.4
Demand Responsive $694.5
Service Vehicles $91.5
Other $197.9
Guideways $6,287.1
Passenger Stations $2,827.3
Administrative Buildings $318.4
Maintenance Facilities $1,062.5
Other Capital Expenditures — Total $2,128.2
Fare Collection Equipment $190.9
Communication & Information Systems $1,195.0
Other $742.3
TOTAL CAPITAL EXPENDITURE $17,824.5

(Source: Compiled from 2012 Public Transportation Fact Book, American Public Transportation Association, Washington
D.C., September 2012, Appendix A, Tables 46. 47. and 48).

4.9.2 Rolling Stock

The American Public Transportation Association provides some recent data on the
cost to purchase public transportation vehicles in 2010 and 2011. Table 4.20
summarizes some of the information.

Table 4.20 Average Cost of New Transit Vehicles (2010-2011) ($)

Type of Vehicle Cost Per Vehicle ($)
Commuter Rail Car (Locomotive-Hauled) $2,176,350
Heavy Rail Car (1 level, 1 Cab) $1,875,793
Light Rail Car (1 level, 2 Cabs) $3,600,000
Standard Transit Bus $479,585
Demand Responsive (Minibus/Van) $65,629

(Source: 2012 Public Transportation Fact Book: Appendix A, American Public Transportation Association, Washington
D.C., September 2012.).

4.9.3 Operating and Maintenance Costs

In general, the best way to project operating and maintenance costs of a public
transportation system (or portion thereof) is using the technique of “unit cost mod-
eling.” In this type of modeling, cost components of a given transit agency or op-
erator are categorized as being best related to:

Vehicle-miles of service.

Vehicle-hours of service.

No. of vehicles in peak period service (or vehicles owned).
No. of “unlinked” passengers served.

The category of “unlinked passengers served” does not consider transfers between
modes or lines. Thus, a passenger taking a bus to a rail station, then boarding the
train would count as two unlinked passengers.
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Depending upon the available data on cost breakdowns, each element of cost is
associated with the measure that best explains it. For example, cost items such as
fuel (or power) are most related to the vehicle-miles of service, although speed al-
so has an impact. Operating labor is most related to vehicle-hours of service,
while maintenance costs, including labor, are best related to vehicle-miles of ser-
vice. System costs such as insurance, public information systems, administrative
costs, etc., tend to be related to measures of the overall size of the system. Such
variables as the number of unlinked passengers and the number of vehicles in peak
period service would be of great utility for these.

Tables 4.21 and 4.22 display total operating expenditures for the public trans-
portation industry in 2010. Table 4.21 divides costs by mode and functional clas-
sification of expenses. Table 4.22 divides costs by mode and type of expenditure.

Table 4.21 Operating Expenditures for the Transit Industry, 2010 (I) ($ Million)

Function Bus Commuter Heavy Light Demand- | Trolley- | Other TOTAL
Rail Rail Rail Resp. Bus

Vehicle $9,949.3 $1,637.3 $2,763.6 $545.9 $1,591.3 $118.0 $403.3 $17,008.7
Operations
Vehicle $3,463.7 $1,014.1 $1,084.2 $287.2 $337.2 $48.6 $138.9 $6,373.9
Maintenance
Non-Veh $739.9 $716.2 $1,574.6 $249.5 $50.7 $18.9 $72.9 $3,422.6
Maintenance
Administration $2,963.9 $693.1 $801.1 $289.9 $653.0 $57.0 $184.3 $5,731.2
Purchased $1,714.7 $579.0 $57.3 $131.4 $2,554.9 $0.0 $181.1 $5,218.4
Transportation
TOTAL $18,831.4 | $4,639.7 | $6,369.7 | $1,503.8 | $5,187.2 | $2242.4 | $980.5 | $37,754.9

(Source: 2012 Public Transportation Fact Book, American Public Transportation Association, Washington D.C., September
2012, Table 23.).

Table 4.22 Operating Expenditures for the Transit Industry, 2010 (II) ($ Million)

Type Bus Commuter Heavy Light Demand- | Trolley- | Other Total
Rail Rail Rail Resp. Bus

Salaries & $7479.4 $1,572.8 $3,147.2 $531.9 $1,136.9 $112.4 $304.9 $14,285.5
Wages
Fringe $5,343.6 $1,269.7 $2,556.0 $381.7 $570.5 $84.1 $140.0 $10,341.6
Benefits
Services $1,118.3 $415.1 $365.3 $222.9 $270.0 $23.8 $90.3 $2,505.7
M&S $2,432.3 $510.6 $406.8 $108.1 $391.6 $16.0 $175.1 $4,040.5
Utilities $227 $319.9 $556.1 $104.3 $38.2 $5.0 $17.0 $$1,267.5
Insurance $511.5 $117.7 $138.3 $28.3 $124.4 $8.9 $41.1 $970.5
Purchased $1,714.7 $579.0 $57.3 $131.4 $2,554.9 $0.0 $30.7 $5,218.4
Trans.
Other $4.7 -($145.1) -($853.4) -($4.8) $100.7 -($7.7) $30.7 -($874.9)
TOTAL $18,831.4 | $4,639.7 | $6,369.7 | $1,503.8 | $5,187.2 | $242.4 | $980.5 | $37,754.9

(Source: 2012 Public Transportation Fact Book, American Public Transportation Association, Washington D.C., September
2012, Table 24.).

In Tables 4.21 and 4.22, the category of “Trolley-Bus” refers to rubber-tired
buses powered by electricity from an overhead centenary wire. The “Other” cate-
gory contains such systems as the cable cars of San Francisco, ferry systems such
as the Staten Island Ferry, and a variety of taxi-like services that do not quite
meet the definition of “Demand-Responsive.” In Table 4.22, the cost category of
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“Purchased Transportation” refers to service subcontracted to agencies or compa-
nies other than the agency itself. For example, many demand-responsive systems
will subcontract a good deal of their work to local taxi operators. The “other” ex-
pense category in Table 4.22 is a catch-all for any expenses that cannot be placed
in one of the other categories. In some cases, the number shown is negative, indi-
cating that some expenses are double-counted in more than one category.

Table 4.23 gives national operating statistics for the transit industry in 2010.

Table 4.23 Operating Statistics for the Transit Industry, 2010

Revenue Revenue Average No. of Unlinked
Mode Veh-Mi Veh-Hrs Speed Rev. Veh. Passengers*
(Millions) (Millions) (mi/h) In Peak Service (Millions)
Bus 2,090.9 162.3 12.9 55,580 5,003.1
Commuter Rail 317.6 9.7 32.9 6,143 472.8
Heavy Rail 647.4 32.0 20.2 9,198 3,418.1
Light Rail 92.0 6.2 15.0 1,494 443.5
Demand-Responsive 1,447.7 96.8 9.7 56,677 186.8
Trolley-Bus 11.7 1.6 7.1 421 93.5
Others 222.9 8.8 25.3 14,505 205.7
TOTAL 5,455.1 317.4 17.2 14,019 9,823.5

*Estimated as revenue passenger-miles (APTA Table 6) divided by average trip length (APTA Figure 4).
(Source: Compiled from 2012 Public Transportation Fact Book, American Public Transportation Association, Washington
D.C., September 2012, Tables 6, 7, and 8, and Figure 4).

The data from Table 4.21 and 4.23 can be used to develop “unit cost” models
for the various modes of public transportation on a national average basis. In ac-
tual practice, a unit cost model should be calibrated for the specific public transit
service and agency involved in any given project alternative.

Consider the calibration of a national average unit cost model for bus opera-
tions in the U.S. Each functional cost element shown in Table 4.20 should be as-
signed to the operating variable that most effectively explains the expenditure.
Thus, for U.S. bus systems:

Cost Element Cost Best-Related Operating Statistic
Vehicle Expenses $9,949,300,000 162,300,000 Veh-Hrs

Vehicle Maintenance $3,463,700,000 2,090,900,000 Veh-Mi
Non-Veh Maint. $ 739,900,000 5,003,100,000 Passengers
Administration $2,963,900,000 5,003,100,000 Passengers
Purchased Trans. $1,714,700,000 5,003,100,000 Passengers

Vehicle expenses include all operating labor costs and fuel, both of which are
heavily dependent on time. Therefore, these expenses are assigned to the explana-
tory variable “vehicle-hours.” Vehicle maintenance, which also has a large labor
component, is, however, mostly dependent upon usage. Therefore, these expenses
are assigned to “vehicle-miles” as an explanatory variable. The other categories
reflect more on the general size of the operation in question. Both “vehicles in
peak hr service” and “unlinked passengers” describe the overall size of the opera-
tion, and either could be used. We have chosen to use passengers in this case.
The “unit cost” of each expense element can now be computed:
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9,949,300,000
162,300,000

3,463,700,000

2,090,900, 000

Vehicle Expenses =

=$61.30 perveh—hr

Vehicle Main. = =$1.66 perveh—mi

Non—Veh Main. = 739,900,000 _ $0.15 per passenger
5,003,100,000

Ad ministration = 2,963,900,000 _ $0.59 per passenger
5,003,100,000

Pur.Trans.= 1,714,700,000 _ $0.34 per passenger

5,003,100,000

Based on these computations, a model for the annual cost of a bus transit opera-
tion would be:

AC, =61.30VH, +1.66VM . +(0.15+0.59+0.34) P,

4.9
AC, =61.30VH, +1.66VM, +1.08P. @

where: AC; = annual cost of bus operations, system i ($).
VH; = annual veh-hrs of bus service, system i (hrs).
VM, = annual veh-mi of bus service, system i (mi).
P; = annual unlinked revenue passengers, system i.

Assume that a new set of bus routes is to be added to a system that can be ade-
quately represented by the national average model (based upon 2010 costs) of Eq-
uation 4-8. If the additional routes have the effect of adding 100,000 vehicle miles
of revenue service at an average speed of 15 mi/h, and 250,000 additional un-
linked passengers to the system, what increase in annual costs are expected?

First, the number of vehicle-hours is estimated as the number of vehicle-miles
divided by the average speed, or 100,000/15 = 6,667 vehicle-hours. Then:

AC =(61.30%6,667) +(1.66*100,000) + (1.08 *250,000)
AC =408,687.10 +166,000.00 4+ 270,000.00 = $844,687.10/ yr

As previously noted, in practice, a model would be calibrated for the subject tran-
sit system (if it exists), or for a similar existing service in the same general area as
the proposed project. The data shown here for the nation as a whole is available
from APTA for most transit operations in the United States. Models should be ca-
librated for each mode. Thus, for a city like New York, separate models for com-
muter railroads, the subway system, the bus system, and any specialized systems
would be developed.
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4.10 Closing Comments

This chapter has presented a wide variety of costs associated with transportation
improvement alternatives. Any given analysis, however, is unique, and may
involve issues not treated here. Further, the costs shown are intended to be illustr-
ative, and are used to demonstrate how the cost of transportation projects can
be determined. In practice, it is imperative that the analyst acquire the most
up-to-date cost information available, and that the cost data used are actually
applicable to the specific case at hand.

Problems

Problem 4.1

The following highway maintenance and operations cost estimates are available
for a given jurisdiction. The data, however, come from several different years.
Using the Consumer Price Index, adjust these data to reflect 2012 dollars:

Mowing Operations: $ 1,015/mile (2008)
Pothole Repairs: $ 2,530/mile (2010)
Light and Signal Power: $ 575/mile (2011)

Problem 4.2

An existing 10-mile stretch of urban freeway services the following demand vo-
lumes each day, with the average speeds and levels of service shown in the table
below. Fifteen percent of the vehicles are commercial trucks and buses, while the
remaining 85% consist of private passenger cars. The average private car

Average Daily Vol Average Speed Level of Service
(Veh/Day) (mi/h)
7,000 65 B
10,000 60 B
25,000 53 D
30,000 51 D
32,000 49 E
104,000

If prevailing wages in the area of the freeway are $27,85/h for individuals and
$46.35/h for commercial vehicle drivers, what is the estimated cost of travel time
expended by all users of the facility in one year?

Problem 4.3

If the average price for fuel for a private automobile is $3.75/gallon, how much
would fuel cost for a trip of 25 miles, where %2 is made at a speed of 30 mi/h and
the other ¥2 at 50 mi/h?
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Problem 4.4

A 10-mile segment of rural freeway carries an average annual daily traffic
(AADT) of 40,000 veh/day, where 10% of the traffic is trucks and the rest, cars.
The current alignment, which has many grades, vertical curves, and horizontal
curves allows traffic to maintain an average speed of 45 mi/h. A plan has been
developed to provide for an improved alignment that will reduce the length of the
segment to 8 miles, and increase average speeds to 60 mi/h. What savings in ve-
hicle operating and maintenance costs and travel time costs will the improvement
produce? The average wage is $22.80 for the area for general users, and $35.00/hr
for commercial vehicle drivers. Average auto occupancy is 1.3 people per car.

Problem 4.5

The average crash frequency for a fifteen-mile stretch of 4-lane suburban undi-
vided highway under base conditions (12-ft lanes, 6-ft shoulders, 55-mi/h free-
flow speed) may be estimated as:

_ 365% AADT* L
950,000 % 4!

The existing fifteen-mile segment, however, only has 11-ft lanes, 2-ft shoulders,
and a 45 mi/h free-flow speed. Local calibrations have determined that Crash
Modification Factors (CMFs) for the three non-standard conditions of the existing
site are:

CMPFane widin =1.21
CMF ghoutder =1.19
CMFjiee-fiow speed — 1.35

It may be assumed that 90% of all crashes are affected by the lane width, shoulder
width, and free-flow speed conditions.

It is proposed to upgrade the fifteen-mile segment to bring it to base conditions.
What will be the observed crash frequency per year for the existing and proposed
highway?

Assume that in both cases, 1.5% of all accidents are fatal, 5% involve disabling
injuries, 10% involve evident injuries, and 2% involve possible injuries. Remain-
ing accidents fall into the category of Property Damage Only (PDO).

What will be the annual savings in crash costs due to the proposed improve-
ments to the facility?

Problem 4.6

What is the estimated cost to:

a. Resurface a 10-mile segment of 4-lane freeway in a large urbanized area?

b. Resurface and widen a 2-mile stretch of principal arterial of 4 lanes in a
major urbanized area?

c. The cost to add a lane to a 20-mile stretch of 4-lane rural interstate high-

way in rolling terrain?
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Problem 4.7
How much would it cost to build 30 miles of new rural 6-lane freeway?

Problem 4.8
Construct a national average unit cost model for light rail operations in the U.S.

Problem 4.9

Using the model calibrated in Problem 4.8 and other information as needed, what
would it cost (per year) to build and operate a new light-rail line given the follow-
ing information:

Length of new line: 20 miles

Cost for right-of-way: $12,500/mile

Construction cost: $1,250,000/mile

No. of revenue vehicles needed: 15

Cost/light-rail vehicle: $2,950,000/car

Veh-miles of annual operation: 950,000 veh-miles

Average speed of operation: 18.4 mi/h.

No. of unlinked annual passengers: 21,000,000
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Chapter 5
Ilustrations of Complex Economic Analyses

The word “complex” in the context of a textbook presentation is, at best, relative.
It would be impossible to completely illustrate an application that involves all of
the complexity that can be found in real cases of alternative economic analysis in
the transportation field. This chapter, however, does present more “complex”
applications to illustrate many of the techniques discussed previously for address-
ing complex situations.

The sample problems of this chapter touch on many elements of complexity in
comparative engineering economic analysis of transportation alternatives, includ-
ing, but not limited to:

Estimating user costs and benefits,

Estimating system costs,

Comparing alternatives using estimated costs,

Dealing with different service lives of alternatives and components,
Dealing with varying demand levels for different alternatives, and
Dealing with varying travel time values.

Sample Problem 5.1: Comparing Pavement Types

Problem Statement: A highway department is considering two types of pavement
for a new highway: Portland Cement Concrete (PCC), and Asphalt. Relevant in-
formation on the two different pavements is shown in Table 5.1.

Table 5.1 Cost Information for Sample Problem 5.1

Item Portland Cement Asphaltic
Concrete Concrete
Initial Cost ($/mile) $1,400,000/mi $900,000/mi
Service Life (Years) 20 13
Repavement Cost ($/mi) $400,000/mi $400,000/mi
Repave Service Life (Years) 10 10
Maintenance Costs:
Before Repavement $10,000/mi/yr $20,000/mi/yr
After Repavement $20,000/mi/yr $20,000/mi/yr
Interest Rate for Analysis 3% 3%

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 113{149]
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Definition of Alternatives: In this case, the alternatives are clearly defined. The
question is reduced to consideration of two different types of paving materials for
use in the initial construction of the highway. There is no question that the facility
in question will be built, so there is no “null” case to consider. The two choices
are to:

1. Provide a rigid Portland Cement Concrete pavement at a cost of
$1,400,000/mile, with a service life of 20 years.

2. Provide a flexible Asphaltic Concrete pavement at a cost of $900,000/mi, with
a service life of 13 years.

In either case, subsequent repaving will be done using asphalt, and each repaving
will have a service life of 10 years. The other cost differential is that during its in-
itial service life, the Portland Cement Concrete pavement will cost $10,000/mi/yr
for maintenance, compared to $20,000/mi/yr for asphalt.

Analysis Period: In this illustration, the selection of an appropriate analysis pe-
riod is the most complicating factor. The service lives of the two pavements, plus
the service lives of subsequent repavings will never result in both options being
repaved in the same year. The Portland Cement Concrete pavement will be re-
paved in years 20, 30, 40, etc. The Asphaltic Concrete pavement will be repaved
in years 13, 23, 33, 43, etc. A reasonable analysis period will have to be chosen,
and at least one of the options will involve a residual value. “Reasonable” would
involve a period of time over which other elements of the new highway structure
would remain relatively stable, i.e., there would be no major reconstructions of the
entire roadway anticipated within the analysis period. An analysis period of 30
years would satisfy this requirement.

Methodology: A direct method of comparison may be used, as there are no issues
of variable demand involved. In this case, Present Worth values for a 30-year
analysis period will be used for the comparison.

Figure 5.1 illustrates the costs involved over thirty years for both options. In
Option A (Portland Cement Concrete), an initial construction cost of
$1,400,000/mi is experienced at time = 0. One repaving, which occurs in Year 20,
costs $400,000/mi. Maintenance costs for the first 20 years are $10,000/mi/yr.
After the repaving in Year 20, maintenance costs rise to $20,000/mi/yr.

In Option B (Asphaltic Concrete), the initial construction cost is $900,000/mi at
time = 0. Two repavings at $400,000/mi occur in this option: one in Year 13, the
second in Year 23. The second repaving, however, lasts until Year 33, which is 3
years beyond the analysis period. The residual value of the pavement in Year 30
will have to be deducted from the total present worth of this option. Maintenance
costs are $20,000/mi/yr throughout the analysis period.

Note that it is assumed that annual maintenance costs will be experienced even
in years in which a repavement is completed.
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(b) Option B: Asphaltic Concrete
Fig. 5.1 Costs Considered in Sample Problem 5.1
Solution

Note that as all costs are stated on a per mile basis, the length of the highway seg-
ment being built is not relevant. As indicated, the comparison will be based upon
the present worth of the total costs for each alternative for a 30-year analysis
period. All conversion factors are taken from the tables in Chapter 2 or the
appendix.

Converting Costs to Present Worth for Option A
Initial Pavement Cost: $1,400,000.00

Repaving in Year 20: $ 221,470.30

400,000 P/ Fy .,
400,000%0.553676 = 221,470.40
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Maintenance, First 20 Years:

10,000P/ Ay s,
10,000%14.877475 =148,774.75

Maintenance, Last 10 Years:

20,000% P/ Ay 5 * P1 Fyy 5,

20,000*8.530203*0.553676 =94,459.37

Total PW of Option A:
Converting Costs to PW for Option B:

Initial Pavement Cost:

Repaving in Year 13:

400,000P/ F,, .,
400,000*0.680951 = 272,380.40

Repaving in Year 23:

400,000P/ Fy,
400,000 0.506692 = 202,676.80

Residual Value of Repaving in Year 23:

400,000* A/ By 55, * P As 30, * Pl Fy 54,

$ 148,774.75

$ 94,459.33

$1,864,704.38

$ 900,000.00

$ 272,380.54

$ 202,676.70

-$

400,000%0.117231*2.828611*%0.411985 =

54,645.84
Maintenance for 30 Years:

20,000P/ Ay, s,
20,000%19.600441 = 392,008.82

Total PW for Option B:

54,645.84

$ 392,008.83

$1,712,420.22
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Discussion

Note that in the residual analysis computation, the $400,000 cost of repaving in
Year 23 is annualized over its 10-year service life. The “residual value” in Year
30 is the present worth of the last 3 years of this annual cost. The residual is then
brought back to Year O for inclusion in the analysis.

The results indicate that Option B is favored over Option A. The total cost over
30 years for Option A is $1,864,704.38 vs. $1,712,420.22 for Option B, a differ-
ence of $152,284.16.

Sample Problem 5.2: Reducing the Severity of a Rural Grade

This problem involves reducing the severity of an existing 5,000-ft, 8% grade on a
two-lane, two-way rural highway serving primarily intercity travel. Two alterna-
tives, shown Figure 5.2, are proposed for this:

Option A: The total rise of the existing grade (5,000 x 0.08 = 400 ft) is cut in
half while maintaining the length of the grade. This results in a 5,000-ft, 4%
grade, and has a capital cost of $30,000,000.

Option B: In this option, the total rise of the grade (400 ft) is maintained, and
the severity is reduced by doubling the length of the grade. This produces a
10,000-ft, 4% grade, and has a capital cost of $22,000,000.

The Average Annual Daily Traffic (AADT) on the facility is 10,000 passenger
cars per day, and 2,000 tractor-trailer trucks per day. Auto occupancy is an aver-
age of 1.3 persons/car; average truck occupancy is 1.0 persons/truck. The prevail-
ing wage of passenger car drivers and passengers in the region is $32.00/hr, while
the prevailing total compensation of truck drivers is $56.00/hr. An analysis inter-
est rate of 4% may be used. The service life of the grade is 40 years.

Table 5.2 gives some additional information concerning average speeds and
vehicle operating expenses on the highway, based upon local studies.

Table 5.2 Speed and Operating Cost Data for Sample Problem 5.2

Grade | Passenger Cars | Trucks
Speeds (mi/h)
Level (0%) 55.0 mi/h 46.0 mi/h
+ 4% 52.5 mi/h 40.8 mi/h
- 4% 58.3 mi/h 50.2 mi/h
+ 8% 50.1 mi/h 38.3 mi/h
- 8% 59.0 mi/h 43.5 mi/h
Operating Costs ($/Veh-Mile)
Level (0%) $0.58/veh-mi $1.47/veh-mi
+ 4% $0.62/veh-mi $1.67/veh-mi
- 4% $0.55/veh-mi $1.40/veh-mi
+ 8% $0.69/veh-mi $1.90/veh-mi
- 8% $0.57/veh-mi $1.75/veh-mi
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Note that on the -4% grade, trucks take advantage of the downgrade in both
speed and operating cost. For the -8% grade, this is not so, as many trucks will be
forced to operate in low gear while descending such a severe grade.

Definition of Alternatives

As the problem considers replacement of an existing grade, the Null Alternative,
i.e., that of simply leaving the existing grade in place, must be considered. Since
one of the replacement options involves lengthening the grade to 10,000 ft, all al-
ternatives, including the Null Alternative, must consider 10,000 ft of highway.
Thus, the three alternatives for consideration are:

e Null Alternative: 5,000 ft of level grade + 5,000 ft of 8% grade.
e Option A: 5,000 ft of level grade + 5,000 ft of 4% grade.
e Option B: 10,000 ft of 4% grade.

The three alternatives are shown in Figure 5.2.

A
8% i
i 1400 ft
1
v
I [ I
€------mmm - —mmm o P-------------mm-m oo 2
5,000 ft 5,000 ft
(a) Null Alternative — Existing Grade
4% A
200 ft
v
I I I
D e L L R TP P P oo >
5,000 ft 5,000 ft
(b) Alternative A
[ A
4% :
1400 ft
1
v
I [
R e e e P oo >
5,000 ft 5,000 ft

(c) Alternative B

Fig. 5.2 Grade Reduction Options for Sample Problem 5.2
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Analysis Period
As the service life of the grades is 40 years, this would be the obvious analysis
period to select. All of the alternatives, including the Null Alternative, may use
this service life.

Methodology

This problem involves looking at the capital costs of reducing the severity of a
grade vs. the savings in travel time and vehicle operating costs that are achieved as
aresult. It may be assumed that annual maintenance costs for all three options are
the same, and may be ignored in the comparison. The comparison may be made
using the present worth of 40 years of service, or total annual cost. As most of the
costs involved (travel time, operating cost) would be computed as annual costs,
the Annual Cost Method is most appropriate for this case. Capital costs will have
to be converted to their annual equivalents.

Solution

Most of the complexity of this sample problem involves keeping track of all of the
input information, and converting it to a convenient form for analysis. There are
three components of cost for Sample Problem 5.2:

e Annual Cost of Construction
e Annual Cost of Travel Time
e Annual Cost of Vehicle Operation

Annual Cost of Construction
The annual equivalent cost of construction for each alternative is found as:

A=P*AlP,
where A/Pyy 44, = 0.050523. Then:

Ay, =0.0%0.050523 = $0.00/ yr
Aopron 2= 30,000,000%0.050523 = $1,515,690.00/ yr
Agprron 5 = 22,000,000%0.050523 = $1,222,506.00/ yr

Annual Cost of Travel Time
To determine the total annual cost of travel time, two things must be established:

e  The monetary value of travel time ($/veh-hr), and
e The number of annual vehicle-hours of travel time involved in each of the
alternatives.

The former is based upon prevailing wage rates (for private vehicles) and prevail-
ing total compensation rates (for trucks), both of which are given in the problem
statement.

Table 4.3 (Chapter 4) indicates that the value of travel time for intercity drivers
and passengers is 70% of the prevailing wage. The prevailing wage for this
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problem was stated as $32/hr, with a passenger-car occupancy of 1.3 persons/car.
Therefore, the value of travel time for passenger cars is:

0.70*32%1.3=$29.12/veh— hr

For all trucks, Table 4.3 indicates that travel time is valued at 100% of total com-
pensation, which is given as $56/h. Truck occupancy was stated as 1.0 per-
son/truck. Thus, for trucks, the value of travel time is:

1.00*56*1.00 = $56.00/ veh — hr

The total number of annual vehicle-hours of travel time involved in each of the
three alternatives is based upon the AADT and the average speed of travel. The
AADT values are stated as a two-direction total, while the average travel speeds,
given in Table 5.2 are different for the upgrade direction and the downgrade direc-
tion. Over the course of a full year, however, it is reasonable to assume that the
split of the AADT is 50% in each direction. Thus, for each grade, the total aver-
age speed in both directions may be taken as the average of the upgrade and
downgrade speeds. Average speeds in both directions are computed in Table 5.3
using the data from Table 5.2.

Table 5.3 Average Speeds (Both Directions) for Sample Problem 5.2 (mi/h)

Grade Passenger Cars Trucks
0% 55.00 46.0
4% (53.2+58.3)/2 = (40.8+50.2)/2 =
55.75 45.5
8% (50.1+59.0)/2 = (43.5+38.3)/2 =
54.55 40.9

AADTs for the three alternative grades include 10,000 passenger cars/day and
an additional 2,000 tractor-trailer trucks per day. The number of vehicle-hours of

travel time for vehicle type “i” over highway segment “j” is computed as:

173¢3]
1

_ AADT, *L, %365

ij
Sij
where: AADT; = average annual daily traffic, both directions,

vehicle type i, segment j (veh/yr),

L; = length of segment j (mi),

Sij = average speed of vehicle type i1 in segment j
(mi/h), and

T;; = annual travel time, vehicle type i, traversing

segment j (veh-hrs).
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The Null Alternative involves 5,000 ft of level roadway and 5,000 ft of an 8%
grade. Therefore, the annual vehicle-hours of travel time is as follows:

10 000*[2 gggj*365
T, .= ’ =62,844.35 veh—hrs/ yr
Null ,PC ,0% 55 00 y
10 000*(2 gggj *365
T, o = ’ =63,362.78 veh—hrs/ yr
Nu[l,PC,S/o 54.55 y
Tyt pe 1o = 62,844.35+63,362.78 =126,207.13veh— hrs [ yr
2,000 * [ zgggj *365
Ty zron = 46’ 00 =15,028.00 veh— hrs/ yr
2 000*(2 ggg)*%S
T, : =16,901.90 veh— hrs/ yr

Null TR 8% — 40.90
Ty 1 o = 15,028.00+16,901.90 = 31,929.90veh— hrs/ yr

u

Option A includes 5,000 ft of level roadway and 5,000 ft of a 4% grade. There-
fore, annual vehicle-hours of travel time are as follows:

10 000*(2 gggj *365
Ty pcon = 55’00 =62,844.35 veh— hrs/ yr
10 000*(2 gggj *365
T = . =61,998.91 veh—hrs/ yr
e 5575 Y
T, pe 1o = 62,844.35+61,998.91=124,843.26 veh— hrs/ yr
2,000 *(2 gggj *365
Ty1ro% = 4é 00 =15,028.00 veh—hrs/ yr
2 OOO*(? gggj *365
T - =15,193.14veh— hrs/ yr

ATRS8% — 455
Ty 1%t = 15,028.00+15,193.14 =30,221.14veh— hrs/ yr
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Option B is a single 10,000-ft grade of 4%. The annual vehicle-hours of travel
time for this option are:

10,000 * (150’2()80(5)) *365
Ty pesn = 55’75 =123,997.83 veh— hrs/ yr
2,000* (15(),2()8()(?] *365
: =30,386.28veh— hrs/ yr

TB,TR,4% = 455

The total annual cost for travel time for each of the three alternatives is found by
multiplying the number of annual vehicle-hours for cars and trucks by the appro-
priate value of travel time. Table 5.4 illustrates these computations.

Table 5.4 Annual Cost of Travel Time for Sample Problem 5.2

Vehicle Class Annual Travel Value of Travel Total Annual
Time (veh-hrs) Time ($/veh-hr) Cost ($)
Null Alternative
PC 126,207.13 29.12 3,675,151.25
TR 31,929.90 56.00 1,788,074.40
Total $5,463,225.65
Option A
PC 124,843.91 29.12 3,635,454.66
TR 30,221.14 56.00 1,692,383.84
Total $5,327,838.50
Option B
PC 123,997.83 29.12 3,610,816.81
TR 30,386.28 56.00 1,701,631.68
Total $5,312,448.49

Annual Cost of Vehicle Operation

The last cost element is vehicle operations over the 10,000-ft section of two-lane
highway being considered for grade reduction. The annual cost of vehicle
operations is based on:

e The number of annual vehicle-miles of travel for each alternative, and
e The average operating costs of passenger cars and trucks per vehicle-mile.

As the AADT demand volume may be expected to have a directional distribution
of 50/50, the average operating costs of vehicles going up and down the 4% and
8% grades may be used in the determination of annual costs. These are shown in
Table 5.5.
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Table 5.5 Average Operating Costs (Both Directions) for Sample Problem 5.2 ($/veh-mi)

Grade Passenger Cars Trucks
0% 0.58 1.47
4% (0.62+0.55)/2 = (1.67+1.40)/2 =
0.585 1.535
8% (0.69+0.57)/2 = (1.90+1.75)/2 =
0.63 1.825

1332

The annual operating cost for vehicle type “i” over highway segment “j” may now
be computed as:

AC, = AADT, * L *365% M,

where: AG; = annual operating cost, vehicle type i, segment j
($/ym),
AADT; = average annual daily traffic, vehicle type i,
segment j (mi/yr),
L; = length of segment j (mi), and
M;; = unit operating cost, vehicle type i traversing

segment j ($/veh-mi).

The Null Alternative includes 5,000 ft of level roadway (0% grade) and 5,000 ft of
8% grade:

ACy peon = 10,000*(5’028j £365%*0.580 = $2,004,734.85/ yr

bl

AC i pe 50 = 10,000 [z’gggj £365%0.630 = $2,177,556.82/ yr

bl

AC 1o = 2,000*(2’2&?) #365%1.470 = $1,016,193.18/ yr

bl

AC 1m0, = 2,000 [5’028) #365%1.825 = $1,261,600.38/ yr

)

AC vy 1o = 2:004,724.85+2,177,556.82 +1,016,193.18 +1,261,600.38
ACNull,Tola[ = $6,460,07523/yr
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Option A includes 5,000 ft of level roadway (0% grade) and 5,000 ft of 4% grade:

AC, e on = 10,000*(2 ,oogj #365%0.580 = $2,004,734.85/ yr

s

5,000
AC, pc 49, =10,000% [5 280

j* 365*%0.585=$2,022,017.04/ yr

>

5,008}365*1‘470 =$1,016,193.18/ yr

AC, g o0 = 2,000 [

>

5,000
AC, 1p 40 = 2,000*(5 >80

j*365*1.535 =$1,061,126.89/ yr

s

AC, 1 = 2,004,724.85+2,022,017.04 +1,016,193.18 +1,061,126.89
AC, 1, = $6,104,061.96/ yr

Option B includes 10,000 ft of 4% grade:

AC, pe 4 =10,000 *(IO’OOOJ £365%0.585 = $4,044,034.09/ yr
he 5,280

s’

AC, 15 40, = 2,000 [10’000) 365%1.535 = $2,122,253.79/ yr
™ 5,280

]

AC, gt = 4044,034.09 +2,122,253.79 = $6,166,287.88/ yr

The total annual costs for the three alternatives are compared in Table 5.6.

Table 5.6 Total Annual Costs Compared for Sample Problem 5.2

Alternative Capital Cost Travel Time Operating TOTAL COST
($/yr) Cost ($/yr) Cost ($/yr) ($/yr)
Null 0 5,463,225.65 6,460,075.23 | $11,923,300.88
Option A 1,515,690.00 5,327,838.50 6,104,061.96 | $12,947,590.46
Option B 1,222,506.00 5,312,448.49 6,166,287.88 | $12,701,242.37
Discussion

Although the total annual costs of the three alternatives do not vary greatly, it is
clear that the cost of the Null Alternative is the most economic. Therefore, no re-
construction to reduce the severity of the 8% grade would be undertaken, based
upon the information given. The cost of accidents, not considered in this example,
might be investigated to see if that element tipped the scales in favor of one of the
reconstruction alternatives.
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Sample Problem 5.3: Upgrading a Commuter Rail Line for High-Speed
Trains

An existing 60-mile commuter rail line is facing a complete replacement of its
rolling stock. Two alternatives are possible:

e Option A: Replace all rail cars with conventional rolling stock with similar
characteristics.

e Option B: Replace all rail cars with a new generation of high-speed rolling
stock. This option would require making upgrades to the track and signal sys-
tems, and would require the elimination of some lightly-used stations on the
line.

The line currently serves an average of 150,000 passengers per weekday and an
average of 90,000 passengers/day on weekends. At its peak load point on a typi-
cal weekday, the peak-hour volume is 25,000 passengers/hr in the primary direc-
tion. The volume in the hour after the peak is 18,000 passengers/hr in the primary
direction. If the high-speed option is chosen, it is anticipated that both the total
and peak load point volumes will increase by 20%. The current average fare is
$12.00 per passenger (one-way). If high-speed is provided, the fare would in-
crease to an average of $14.00 per passenger. Key information concerning the

two options is summarized in Table 5.7.

Table 5.7 Base Data for Sample Problem 5.3

Cost Element Conventional Rail Cars High-Speed Rail Cars
Additional Track, Signal Work $0.00 $75,000,000
Cost of Rail Car $2,000,000 $3,850,000
Capacity of Rail Car 100 passengers 130 passengers
Maximum Speed 70 mi/h 110 mi/h
Average Speed Including Stops 45 mi/h 65 mi/h
Average Station Access Time 15 min/passenger 17 min/passenger
Service Life 30 years 25 years
Service Life, Track, Signal Work 50 years 50 years
Percent of Cars in Service 10% 15%
Maintenance Cost $8,000/yr/car $12,000/yr/car
Weekday Ridership 150,000 180,000
Weekend Ridership 90,000 108,000
Peak-Load Demand Volume 25,000 30,000
Next Hrs. Peak-Load Demand 18,000 21,600
Volume
Average Trip Length 32.5 mi 36.0 mi
Average Fare $12.00 $14.00
Prevailing Wage of Passengers $42.15/hr $42.15/hr
Analysis Interest Rate 5% 5%

Definition of Alternatives

The alternatives are clearly stated, but involve a number of elements. Option B
involves higher speed rail cars, fewer stations, more passengers, capital upgrades
to trackage and signals, and higher maintenance costs per rail car. User costs for
both options include the direct cost of fares and the cost of travel time.
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Analysis Period

If one assumes that all costs are renewable at the end of their service lives, i.e., rail
cars would be replaced by similar cars with similar costs, the analysis period is
almost irrelevant. In this case, all cost elements will be reduced to equivalent an-
nual costs, so that the analysis period is, in effect, one year.

Methodology
Because the two options involve different demand levels, an incremental
methodology must be used. As there are only two options (the rail line exists
and the rolling stock must be replaced), a simple benefit-cost analysis would be
appropriate.

A benefit-cost analysis requires a clear separation of user costs and system
costs. User costs include the fare and travel time; all other elements of cost are
system costs borne by the operator of the rail line.

Solution

Annual System Costs

System costs include the purchase of rolling stock, upgrading of tracks and signals
(for Option B), and maintenance of rolling stock. Note that operating costs are
assumed to be the same for both alternatives.

The cost of rolling stock cannot be computed until the number of cars needed
for each option is determined. Four factors affect this: (1) the peak-point passen-
ger load, (2) the capacity of the rail car, (3) the turn-around time for a car in ser-
vice (how long before a car is used for a second trip), and (4) the percentage of
cars undergoing maintenance at any given time.

The time to complete one round trip on the 60-mile line for a rail car in service
is found as:

120
Tyr =
where: Trr = round-trip time (hrs), and
Sav = average speed in service, including stops
(mi/h).
Then:
120

TTR,OPTIONA = 4_5 =2.67 hrs

120

TR,OPTION B — E =1.85 hrs

This means that to provide continuous service, enough cars must be available to
cover 2.67 hours of peak and near-peak load conditions for Option A, and 1.85
hours of peak and near-peak load conditions for Option B.
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For Option A, peak loading is 25,000 passengers/hour, and near-peak loading
in adjacent hours is 18,000 passengers/hr. The capacity of conventional rail cars
is given as 100 passengers/car. The number of cars that must be purchased for this
option is:

k
{25,000+ (1.67 18,()()())} _55.060 o

100 100

This assumes, however, that all cars are in service. The data suggests that 10% of
conventional rail cars will be “out of service” at any given time, raising the num-
ber of cars needed to 551/0.90 = 612 cars.

For Option B, peak loading is 30,000 passengers/hour, and near-peak loading in
adjacent hours is 21,600 passengers/hour. The capacity of high-speed rail cars is
given as 130 passengers/hour. The number of cars that must be purchased for this
option is:

=372 rail cars

30,000 +(0.85%21,600) | _ 48,360
130 130

Again, this computation expects that all cars would be in service at peak times. As
15% of the high-speed fleet would be down at any given point, the number of cars
that need to be purchased is 372/0.85 = 438 rail cars.

All aspects of system costs for both alternatives must now be converted to an-
nual equivalents based upon the service lives of the components and the analysis
interest rate of 5%.

OptionA
Annual Cost, Tracks/Signals: $ O/yr
Annual Cost, Rolling Stock: $ 79,622,424/yr
612%2,000,000% A/ P, s,
612*2,000,000*0.065051 = $79,622,424
Annual Cost, Maintenance: $  4,896,000/yr
612*8,000 = 4,896,000
Total Annual System Cost, Option A: $ 84,518,424/yr
Option B

Annual Cost, Tracks/Signals: $ 4,108,275/yr
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75,000,000% A/ P, s,
75,000,000 %0.054777 = 4,108,275

Annual Cost, Rolling Stock: $119,642,985/yr

438%3,850,000* A/ P,
438+#3,850,000*0.070950 = 119,642,985

Annual Cost, Maintenance: $ 5,256,000/yr
438*12,000 = 5,256,000

Total Annual System Cost, Option B: $129,007,260/yr

Annual User Costs

Annual user costs consist of the direct payment of the fare, and the cost of travel
time for passengers. To compute either, the total annual passengers for each
option must be computed. As separate weekday and weekend daily volumes
are given, it must be noted that the typical year includes 260 weekdays and 105
Saturdays and Sundays. Thus, the total annual passengers for each option are:

AP,.on 1 = (260%150,000)+ (105 *90,000)
AP,ron 4 = 39,000,000+ 9,450,000 = 48,450,000
AP, 0 5 = (260%180,000)+ (105*108,000)

AP on 5 = 46,800,000+ 11,340,000 = 60,140,000

The cost per passenger (user) consists of the fare, which is given for both options,
and the cost of travel time. From Table 4.3 (Chapter 4), in-vehicle travel time for
transit users (commuting and personal trips) is 50% of the wage rate, while station
access time could be classified as “excess” travel time, valued at 100% of the pre-
vailing wage rate. Thus, in-vehicle time will be valued at 0.50%42.15 =
$21.075/hr. Station access time will be valued at 1.00%42.15 = $42.15/hr.

Station access times are given as 15 minutes (0.25 hrs) for Option A and 17
minutes (0.283 hrs) for Option B. In-vehicle travel times are based upon the
average trip length, and the average speed of the train, including stops. In-vehicle
travel time for Option A = 32.5/45 = 0.722 hrs; for Option B, it is 36.0/65 =
0.554 hrs.

The travel time cost for Option A is (0.25%42.15)+(0.722%21.075) =
$25.7537/trip; the travel time cost for Option B is (0.283%42.15)+(0.554%21.075)
= $23.0371/trip.
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The total unit user cost is the cost of travel time (per trip) plus the cost of the
fare (per trip). The unit user cost for Option A is, therefore:

U, =(12.0000+25.7537) = $37.7537/ passenger
The unit user cost for Option B is:

U, =(14.000+23.6040)=$37.6040/ passenger

The Benefit-Cost Ratio
The benefit-cost ratio is computed as:

va-u,)o( 5

SC,—-SC,

BCR =

where V, and Vy are the annual passenger demands for Options A and B respec-
tively. Therefore:

(37.7537 —37.6040)*( 5

48,450,000 + 60,140,000)

BCR =
129,007,260 —84,518,424
BCR=—312T0 1897
44,488,836
Discussion

The BCR of 0.1827 clearly favors the option of conventional rail. User benefits
are primarily in the form of travel time savings, as the fare actually increases for
the high-speed service. The savings to users are not worth the cost to provide
them.

These results can also be viewed entirely from the point of view of the system
operator. The system operator will have to spend $44,488,836 more (on an annual
basis) than simply replacing the rolling stock with conventional rail cars to pro-
vide the high-speed service. What they get in return is an increase in passengers
and a higher fare. The operator’s net increase in revenues is:

(60,140,000 *14)— (48,450,000 %12) =
721,680,000 — 581,400,000 = $140,280,000/ yr

Thus, the operator’s revenues rise by over $140 million/yr for a cost of only $44.5
million/yr. For the operator, this is a “no-brainer,” an investment they should en-
thusiastically embrace.

The ultimate decision in this case is interesting. The operating agency would
clearly like to invest in the high-speed rail option, but the “benefits” to users are a
fare increase and an insufficient savings in travel time to justify the cost.
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Looking at it a third way: Each user would save the average equivalent of
$25.7536-$23.0371 = $2.7166 in travel time with high-speed rail for an additional
cost in the fare of $2.00 — maybe not a bad deal after all.

Why the discrepancy? The fare increase distorts the comparison. Each user
gets a net benefit, but not large enough to justify the expenditure of the additional
funds needed for high-speed rail. The operator does well too. The missing link is
the fact that there is undoubtedly some public subsidy going into the investment
that is not factored into the “user cost.”

Sample Problem 5.4: Considering a By-Pass

An existing 4-lane highway runs through the center of an isolated town, becoming
its “Main Street.” Because local traffic mixes with a substantial number of
through vehicles, traffic conditions have become difficult in the town. Two plans
for building a by-pass roadway around the town are under consideration, as illu-
strated in Figure 5.3. The existing roadway will continue to exist to service local
traffic and those through vehicles who wish to go through the town center.

The three alternatives for consideration are:

e Null Alternative: no new construction, existing roadway remains without a by-
pass,

e Option A: Construct a by-pass along Route B (Figure 5.3), with a connection
roadway (D, Figure 5.3), or

e Option B: Construct a by-pass along Route C (Figure 5.3), with no connecting
roadway to the town.

D: Connecting ... -
Road (0.5 mi) "y A A: Eéusténg

[ e RO
............................ ¥ Rod

B: By-Pass
(5.6 mi)

C: By-Pass (5.0 mi)

Fig. 5.3 By-Pass Options for Sample Problem 5.4

The existence of a by-pass is not expected to cause any additional growth in
traffic. The current roadway carries an AADT of 16,000 veh/day. If By-Pass B is
built, 50% of this traffic will be diverted to the new roadway, with 20% of these
also using Connecting Roadway D to make a stop in the town. If By-Pass C is
built, 60% of the traffic will be diverted to it. Table 5.8 shows how the AADT’s
will be affected by either of the proposed by-pass routes.
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Table 5.8 AADT Values for Sample Problem 5.4

Alternative Expected AADT Average Trip Length

(veh/day) (mi)

Null Alternative:

Existing Roadway 16,000 5.3

Option A:

Existing Roadway 8,000 4.0

By-Pass B 8,000 5.6

Connecting Roadway D 1,600 0.5

Option B:

Existing Roadway 6,400 4.0

By-Pass C 9,600 5.0

Note that the average trip length on the existing roadway is less than the 6.2-
mile length of the segment. As a good deal of the traffic on this roadway is local,
not all trips travel the full length of the segment. In Options A and B, through
traffic is basically diverted from the existing roadway, leaving only local traffic.
Thus, the average trip length on the existing roadway declines in Options A and B.
Ten percent of the traffic on all segments is commercial trucks.

Table 5.9 summarizes the capital construction and maintenance costs associated
with the various options under consideration.

Table 5.9 Capital Construction and Maintenance Costs for Sample Problem 5.4

Alternative Construction Cost Service Life Annual Mainten-
ance Costs

($/mi) (yrs) ($/mi)

Null Alternative

Existing Roadway 0 NA 35,000

Option A

Existing Roadway 0 NA 30,000

By-Pass B 6,500,000 25 20,000

Connecting Roadway 4,000,000 25 15,000

Option B

Existing Roadway 0 NA 28,000

By-Pass C 7,000,000 25 22,000

Average speeds of vehicles on each roadway and each option are shown in
Table 5.10. For the purposes of evaluating travel time, the prevailing wage for car
drivers and passengers has been determined as $24.50/h; for commercial vehicle
drivers, total compensation is $50.00/h. Of all car traffic, 40% of drivers and pas-
sengers are commuting to work, and 60% are making personal and/or shopping
trips. Average auto occupancy is 1.4 persons/vehicle; truck occupancy may be
taken as 1.0 persons/vehicle.
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Table 5.10 Average Speeds of Vehicles for Sample Problem 5.4

Alternative Average Speed — Average Speed —
Passenger Cars Trucks
(mi/h) (mi/h)

Null Alternative

Existing Roadway 26 18

Alternative A

Existing Roadway 30 25

By-Pass B 50 43

Connecting Roadway 35 28

Alternative B

Existing Roadway 30 25

By-Pass A 62 60

Regional studies show that the total operating cost of passenger cars is 4.5 times
the cost of fuel, and that the total operating cost of trucks is 3.2 times the cost of
fuel. National studies may be used to find fuel costs that reflect the variation with
speed. The cost of fuel for this computation may be taken as $3.50/gal for gaso-
line, and 4.25/gal for diesel. It may be assumed that all trucks in this area use di-
esel fuel.

Definition of Alternatives

The problem statement clearly defines the alternatives in this analysis. The Null
Alternative will be compared to Options A and B to determine the most economic
choice for implementation.

Analysis Period

As the capital costs of Options A and B provide roadways with a service life of 25
years, this would be an appropriate analysis period. As in many comparisons, it
would be assumed that renewals would repeat initial costs, so the choice of analy-
sis period is not critical.

Methodology

Because all alternatives will carry the same amount of traffic, a direct method of
comparison may be used. As most of the costs will be estimated as annual costs,
an annual cost comparison would be the most straightforward approach. An anal-
ysis interest rate of 3% may be used.

Solution

Annual Costs of Capital Construction Costs and Maintenance

Maintenance costs are already stated on an annual basis. Capital construction
costs must be converted to an annual equivalent using the A/Pps 34 (0.05748). As
all of the construction and maintenance costs given in Table 5.9 are stated on a
per-mile basis, they must be multiplied by the length of the roadway involved.
Table 5.11 illustrates these computations.
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Travel Time Costs

Travel time costs are relatively complex. The depend upon the amount of travel
time expended by cars and trucks, based upon the average speeds given in Table
5.9 and the average trip lengths and AADT’s given in Table 5.8. The problem
statement also notes that 10% of all vehicles are trucks. The unit value of travel
time for cars and trucks is based upon prevailing wage and compensation rates,
vehicle occupancy, and trip purposes as stated previously.

Table 5.11 Annual Cost of Construction and Maintenance for Sample Problem 5.4

Alternative Construction Maintenance Total

Null Alternative

Existing Roadway $0 $35,000%6.2 = $217,000 $217,000

Option A

Existing Roadway $0 $30,000*6.2 = $186,000 $186,000

By-Pass B 6,500,000%5.6%0.05748=4$2,092,272 | $20,000%5.6 = $112,000 $2,204,272

Connecting Roadway 4,000,000%0.5*0.05748=4$114,960 $15,000%0.5 = $7,500 $122,460
$2,512,732

Option B

Existing Roadway $0 $28,000*6.2 = $173,600 $173,650

By-Pass C 7,000,000%5.0%0.05748=42,011,800 $22,000%5.0=$110,000 $2,121,800
$2,295,450

Estimating the cost of travel time is a relatively complex multi-step process. First,
it would be convenient to determine the value of travel time per vehicle hour.
From Table 4.3 (Chapter 4), we find that the value of travel time equals:

50% of wages for commuting drivers,

40% of wages for commuting passengers,

50% wages for drivers and passengers engaged in local personal trips, and
100% of total compensation for truck drivers.

For trucks, which comprise 10% of the AADT demands in this sample problem,
this is straightforward. Given the total compensation rate of $50.00/hr for truck
drivers, and a truck occupancy of 1.0 persons/truck, the value of travel time is:

1.00*50.00*1 = $50.00/ veh — hr

Auto trips are a bit more complicated. The problem states that 40% of auto-trips
consist of commuters, and 60% consist of personal trips. The auto occupancy for
all auto-trips is 1.4 passengers per vehicle. Prevailing wages in the region are giv-
en as $24.50/hr. For commuting trips, the value of travel time per vehicle-hour is
(0.50%24.50) + (0.40%24.50*0.4) = $11.17/veh-hr. For personal trips, the value of
travel time per vehicle-hour is 0.50%24.50*1.4 = $17.15/veh-hr. Given the split of
trip purposes, the average value of travel time per vehicle-hour for cars is:

(0.40%11.17)+(0.60*17.15) =$14.76/ veh — hr

Now, the number of annual vehicle-hours of travel time consumed by users for
each of the three alternatives must be determined. For each type of vehicle and
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each component roadway of each alternative, the number of annual vehicle-hours
of travel time may be found as:

where:

>
>
5

=
|

_ 365% AADT, *L,

i

S,

y

on roadway component j,

annual veh-hrs of travel time for vehicle type i

average annual daily traffic for vehicle type i

on roadway component j (veh/yr),

(mi), and

component j (mi/h).

= average trip length on roadway component j

average speed of vehicle type i on roadway

Table 5.12 shows this computation for the three alternatives under consideration.
Note again that trucks make up 10% of all AADT volumes.

Table 5.12 Annual Vehicle-Hours of Travel Time for Sample Problem 5.4

Alternative AADT Ave Trip Average Travel Time
(veh/day) Length Speed (veh-hrs/yr)
(mi) (mi/h)

Null Alternative
Existing Rdwy-Cars 0.90*16,000 5.3 26 365*14,400*5.3/26 = 1,071,415
Existing Rdwy-Trucks 0.10*16,000 5.3 18 365*1,600*5.3/18 = 171,956
Option A
Existing Rdwy-Cars 0.90*8,000 4.0 30 365*7,200%4.0/30 = 350,400
Existing Rdwy-Trucks 0.10*8,000 4.0 25 365*800%4.0/25 =46,720
By-Pass B-Cars 0.90*8,000 5.6 50 365*7,200*5.6/50 = 294,336
By-Pass B-Trucks 0.10*8,000 5.6 43 365*800*5.6/43 = 38,028
Conn Rdwy-Cars 0.90*1,600 0.5 35 365*1440*0.5/35 = 7,509
Conn Rdwy-Trucks 0.10*1,600 0.5 28 365*160*0.5/28 = 1,043
Option B
Existing Rdwy-Cars 0.90*6,400 4.0 30 365*5,760*4.0/30 = 280,320
Existing Rdwy-Trucks 0.10*6,400 4.0 25 365*640*4.0/25 = 36,376
By-Pass C-Cars 0.90*9,600 5.0 62 365*8,640*5.0/62 = 254,323
By-Pass C-Trucks 0.10*9,600 5.0 60 365*%960*5.0/60 = 29,200

To obtain the annual cost of travel time to users, the vehicle-hours of Table 5.12
are multiplied by the unit value of travel time for cars and trucks, as computed
previously. Table 5.13 illustrates.

Table 5.13 Annual Travel Time Costs for Sample Problem 5.13

Alternative Cars Trucks Unit Operating Costs

($/veh-mi)

Null Alternative

Existing Roadway 1,017,415%14.76=$15,017,054 | 171,956*50.00=$8,597,800 $23,614,854

Option A

Existing Roadway 350,400*%14.76=$5,171,904 46,720*50.00=%$2,336,000 $7,507,904

By-Pass B 294,336*14.76=$4,344,399 38,028+*50.00=%$1,901,400 $6,235,799

Connecting Roadway 7,509*14.76=$110,833 1,043*50.00=$52,150 $162,983
$13,906,685

Option B

Existing Roadway 280,320*%14.76=$4,137,523 36,376*50.00=%$1,818,800 $5,956,323

By-Pass C 254,323*14.76=$3,752,807 29,200*50.00=%$1,460,000 $5,212,807
$11,169,130
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Annual Operating Costs
The last cost element is vehicle operating expenses experienced by road users.
The problem states that total operating costs should be related to fuel costs.
Table 4.11 (Chapter 4) may be used to determine the average fuel consumption of
cars and trucks at various speeds (in gals/mi). Interpolation may be used in this
table to obtain more precise values. The fuel cost per mile is found by multiplying
the consumption rate by the price of fuel/gallon. Total operating cost per mile is
found by multiplying the fuel cost/mi by 4.5 for cars and by 3.2 for trucks, as giv-
en in the problem statement. Table 5.14 shows these computations.
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Table 5.14 Operating Cost Per Vehicle-Mile for Sample Problem 5.4

Multiplier
for Total Operating
Alternative Speed Fuel Cons. Price of Fuel Total Cost Per Mile
(mi/h) (gals/mi) ($/gal) Operating ($/mile)
Cost

Null Alternative

Existing Rdwy-Cars 26 0.0536 3.50 4.5 0.0536*3.50*4.5 = $0.845
Existing Rdwy-Trucks 18 0.1306 4.25 3.2 0.1306*4.25*3.2 = $1.771
Option A

Existing Rdwy-Cars 30 0.0440 3.50 4.5 0.0440*3.50*4.5 = $0.693
Existing Rdwy-Trucks 25 0.1495 4.25 3.2 0.1495*4.25*3.2 = $2.033
By-Pass B-Cars 50 0.0330 3.50 4.5 0.0330*3.50*4.5 = $0.520
By-Pass B-Trucks 43 0.2087 4.25 3.2 0.2087*4.25*3.2 = $2.838
Conn Roadway-Cars 35 0.0390 3.50 4.5 0.0390*3.50*4.5 = $0.614
Conn Roadway-Trucks 28 0.1300 4.25 3.2 0.1300*4.25*3.2 = $1.768
Option B

Existing Rdwy-Cars 30 0.0440 3.50 4.5 0.0440*3.50*4.5 = $0.693
Existing Rdwy-Trucks 25 0.1255 4.25 3.2 0.1255*4.25*3.2 = $1.707
By-Pass C-Cars 62 0.0400 3.50 4.5 0.0400*3.50*4.5 = $0.630
By-Pass C-Trucks 60 0.3740 4.25 3.2 0.3740*4.25*3.2 = $5.086

The annual operating cost for any vehicle type on a roadway section is found as:

where: Aj

AAAADTlJ =

A; =365% AADT,; * L, * O,

annual operating cost, vehicle type i on roaway segment

i®),

average annual daily traffic, vehicle type i and roadway
segment j (veh/day),
average trip length on roadway segment j (mi), and,
unit operating cost/veh-mi ($).

These computations are illustrated in Table 5.15.
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Table 5.15 Operating Cost Computations for Sample Problem 5.4

Alternative AADT Avg Trip Unit Oper. Cost Total Annual
(veh/day) Length, L ($/veh-mi) Operating Cost ($)
(mi)

Null Alternative

Existing Rdwy-Cars 0.90*16,000 5.3 0.845 365*14,400*5.3*0.853 = $23,761,850

Existing Rdwy-Trucks 0.10*16,000 5.3 1.771 365*%1,600%5.3%1.771 =$ 5,481,599
$29,243,449

Option A

Existing Rdway-Cars 0.9*8,000 4.0 0.693 365*7,200%4.0%0.693 = $ 7,284,816

Existing Rdwy-Trucks 0.1*8,000 4.0 2.033 365*800*%4.0*2.033 =$ 2,374,544

By-Pass B-Cars 0.9*8,000 5.6 0.520 365*7,200%5.6*%0.520 = $ 7,652,736

By-Pass B-Trucks 0.1*8,000 5.6 2.838 365*%800*5.6*2.838 =$ 4,640,698

Conn Rdwy-Cars 0.9%1,600 0.5 0.614 365*1,440%0.5%0.614 = $ 262,800

Conn Rdwy-Trucks 0.1*1,600 0.5 1.768 365*160*0.5%1.768 =¢ _ 51,626
$22,267,220

Option B

Existing Rdwy-Cars 0.9%6,400 4.0 0.693 365*5,760%4.0%0.693 = $ 5,827,853

Existing Rdwy-Trucks 0.1*%6,400 4.0 1.707 365%640%4.0¥1.707 =$ 1,595,021

By-Pass C-Cars 0.9%9,600 5.0 0.630 365*8,640%5.0%0.630 = $ 9,933,840

By-Pass C-Trucks 0.1*9,600 5.0 5.086 365*960*5.0*5.086 =$ 8,910,672
$26,267,385

At this point, all of the annual costs are known. Total annual costs of each alterna-
tive may now be directly considered, as shown in Table 5.16.

Table 5.16 Total Annual Costs for Sample Problem 5.4

Alternative Capital & Maint. Travel Time Vehicle Operation Total Annual

($/yr) ($/yr) ($/yr) Cost ($/yr)

Null Alternative $217,000 $23,614,854 $29,243,449 $53,075,303

Option A $2,512,732 $13,906,685 $22,267,220 $38,686,637

Option B $2,295,450 $11,169,130 $26,267,385 $39,731,965
Discussion

Clearly, both by-pass options are far more attractive economically than the exist-
ing route, which would continue to serve both local and through traffic. The num-
bers slightly favor Option A over Option B, that is, building By-Pass B with a
connecting roadway to the town center.

It is also likely that local business owners strongly favor Option A over Option
B, as it would allow “through” vehicles to make a stop in town for fuel, food, or
shopping.

Sample Problem 5.5: Considering Regional Public Transportation Options

A medium density suburban county is considering several options for providing a
public transportation system.

At the current time, the vast majority of trips are made by car on the county’s
freeways, arterials, and streets. This generates 3,000,000 auto trips/day (AADT).
These trips have an average length of 25 miles at an average speed of 38 mi/h.
Travel time for auto-users (drivers and passengers) is valued at an average of
$20.00/person-hr. The average auto occupancy is 1.3 persons/vehicle. The aver-
age cost of vehicle operation is $0.75/veh-mi.
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There is a small local bus system that carries 50,000 passengers per day at aver-
age speeds of 12 mi/h, including stops. The bus system operates 10,000 bus-miles
of service per day. The average passenger experiences a total of 32.6 minutes of
travel time, at an average value of $15.00/person-hr. Bus fare is $1.00.

Two options are under consideration:

Option A: Build a Regional Rail Rapid Transit System

Three heavy rail lines totaling 70 route-miles will be built. Of these, 15
miles will be in tunnels, which will cost $150,000,000/mi to build. The
remaining 55 miles will be at-grade or on structures, and will cost
$50,000,000/mi to build. There will be 8 underground stations, costing
$15,000,000 apiece, and 20 above-ground stations, costing $8,000,000
apiece. High-speed rail cars will provide service at average speeds of 40
mi/h, including stops. The system will require 700 rail cars, which cost
$3,500,000 apiece. The system will operate an average of 90,000 car-
miles per day, and is expected to carry 350,000 passengers per day. The
average trip length for rail users is expected to be 25.0 minutes. The av-
erage fare for the rail system is $5.40. The service life of the railroad
structures and stations is 50 years; the service life of the rail cars is 25
years.

Under Option A, the bus system will be re-organized to provide feeder
service. Ridership will be 25,000 passengers/day, with an average trip
time of 8.6 minutes. The down-sized bus system will operate 4,000 bus-
miles/day at a speed of 10 mi/h, including stops.

The travel time of rail users is valued at $21.00/hr; bus users’s travel
time is valued at $15.00/hr. The fare on the bus system remains $1.00.

Option A will increase local highway speeds to an average of 41 mi/h.

Option B
Option B replaces the entire bus system with an expanded regional light

rail system. One hundred miles of light rail lines will be built, all at-
grade, at a cost of $20,000,000/mi. Two hundred small station enclosures
will be built at a cost of $75,000 apiece. The system will require 1,000
light rail cars at a cost of $1,800,000 apiece. The system will serve
200,000 passengers/day. The system will operate 100,000 car-miles/day
at average speeds of 35.0 mi/h. The average passenger trip will take 19.5
minutes. The service life of physical structures and station enclosures is
40 years, and the service life of light rail vehicles is 22 years.

The travel time of light-rail users is valued at $18.00/hr. The fare for
the light-rail system is $3.50.

Option B will increase the average speed on the highway system to an
average of 39 mi/h.

Initially, rail transit trips will consist of trips diverted from the existing bus system
(all of them), with the rest being diverted from the highway system. In Option A,
riders using the new feeder bus system are part of the rail transit user demand.
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Thus, when the proposed system(s) open, there will be no change in total demand.
However, over 25 years, the ambient growth on the existing highway system is
expected to be 10%, with no growth on the local bus system. For the heavy rail
system, rail usage will grow by 20% over 25 years (as will bus usage), while the
usage of the highway system grows by 5%. For the light rail system, passenger
growth over 25 years is expected to be 15%, while highway traffic is expected to
grow by 9%.

An analysis rate of interest of 5% may be used for this analysis.

For the sake of simplicity, it may be assumed that the operating conditions de-
scribed for the highway, bus, and rail systems do not meaningfully change due to
demand increases over the analysis period.

Definition of Alternatives
This is a large, regional set of alternatives. Smaller details of the specific work-
ings of each sub-system are less important when attempting to make a major sys-
tem decision such as this one.

The components of each of the alternatives are as follows:

e Null Alternative: Includes the current highway system and the local bus
system.

e Option A: Includes the new heavy rail system, the down-sized feeder bus
system, and the remaining highway system.

e Option B: Includes the new light rail system and the remaining highway
system.

Analysis Period

The service lives of component parts of the system options vary somewhat from
22 years to 50 years. Demand forecasts are for a 25-year period. If the assump-
tion is made that all cost components renew at the end of the service lives with no
changes in cost, the choice of an analysis period is less critical. Because the de-
mand forecasts are for a 25-year period, this would be the most appropriate analy-
sis period to choose.

Methodology
As a result of the demand forecasts, each of the options will have different average
demands. Thus, direct methods of comparison could not be used. The benefit-
cost ratio approach would appear to be most applicable here. To apply this, all
cost elements have to be reduced to a common basis. For simplicity, it is easier to
convert all cost elements to equivalent annual cost.

To use the benefit-cost ratio, all system costs must be reduced to a total annual
equivalent. User costs, however, should be reduced to an annual cost per user for
use in computing benefit-cost ratios.

Solution

Dealing with Demand
A set of traffic and passenger demand levels is specified for the point at which any
option is implemented. Twenty-five year forecasts for each alternative, however,
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vary. Because the problem states that basic operating conditions are not affected
by the growth in demand, each alternative should be based upon the average de-
mand level over the 25-year analysis period.

Starting with the existing demand configuration, initial demands for Options A
and B are estimated based upon diversions from the local bus and highway sys-
tems. The demand in 25 years is computed from the initial demand and the
growth percentages given in the problem statement. Once initial and 25-year de-
mand levels are established, the averages may be computed and used throughout
the analysis.

Tables 5.17, 5.18, and 5.19 illustrate the computation of demand levels for each
of the three alternatives.

Table 5.17 Analysis Demands for the Null Alternative, Sample Problem 5.5

Component Initial Demand 25 — Year Demand Average Demand
(Person-Trips/Day) (Person-Trips/Day) (Person-Trips/Day)
Highway System 3,000,000*%1.3 = 3,900,000%1.10 =
3,900,000 4,290,000 4,095,000
Local Bus System 50,000 50,000 50,000
Total Person-Trips 4,145,000

Table 5.18 Analysis Demands for Option A, Sample Problem 5.5

Component

Initial Demand
(Person-Trips/Day)

25 — Year Demand
(Person-Trips/Day)

Average Demand
(Person-Trips/Day)

Heavy Rail System 350,000 350,000*%1.20 = 420,000 385,000
Feeder Bus System 25,000 25,000*1.20 = 30,000 27,500
Highway System 3,900,000-300,000* =

3,600,000 3,600,000*1.05=3,780,000 3,690,000
Total Person-Trips 4,075,000**

*Note: 50,000 of the person-trips on the new rail system are diverted from the local bus system.

**Note: The 27,500 trips on feeder buses are part of the heavy rail system ridership, and are NOT included in the total

person-trip.

Table 5.19 Analysis Demands for Option B, Sample Problem 5.5

Component

Initial Demand
(Person-Trips/Day)

25 — Year Demand
(Person-Trips/Day)

Average Demand
(Person-Trips/Day)

Light Rail System 200,000 200,000%1.15 = 230,000 215,000
Highway System 3,900,000-200,000 = 3,700,000%1.09 =
3,700,000 4,033,000 3,866,500
Total Person-Trips 4,081,500

Annual System Costs

System costs include the capital investments necessary to build either of the public
transportation options. It also includes the annual operating and maintenance
costs for the system. The annual operating and maintenance costs for the bus sys-
tem must also be included in the Null Alternative and Option A. The bus service
is eliminated in Option B.

Highway maintenance is not included in this analysis, as it is assumed to be un-
changed, independent of whether or not any rail system is implemented. This is al-
so true of highway capital costs, which are not affected by the option chosen.
Capital costs for the three alternatives are illustrated in Table 5.20.
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Table 5.20 Capital Costs Included for Sample Problem 5.5

Alternative Cost Service Annual Cost
(%) Life ($/Yr)
(Yrs) Cost*A/Ppse,
Null Alternative
Highway System 0.00 NA 0.00
Local Bus System 0.00 NA 0.00
$0.00/yr
Option A:
Rail: ROW, Tracks (in tunnel) 15 mi@150,000,000 = $2,250,000,000 50 *0.054777=$123,248,250
Rail: ROW, Tracks (above ground) 55 mi@50,000,000 = $2,750,000,000 50 *0.054777=$150,636,750
Rail: Stations (in tunnel) 8@$15,000,000 = $120,000,000 50 *0.054777=$6,573,240
Rail: Stations (above ground) 20@8,000,000 = $160,000,000 50 *0.054777=$8,764,320
Rail: Rolling Stock 700@$3,500,000 = $2,450,000,000 25 *0.070952=$173,832,400
Highway System $0.00 NA $0.00
Feeder Bus $0.00 NA $0.00
$463,054,960/yr
Option B:
Light Rail: ROW, Tracks 100@20,000,000 = $2,000,000,000 40 *0.058278 = $116,556,000
Light Rail: Stations 200@75,000 = $15,000,000 40 *0.058278 = $874,170
Light Rail: Rolling Stock 1,000@1,800,000 = $1,800,000,000 22 *0.075971 = $136,747,800
Highway System $0.00 NA $0.00
$254,177,970/yr

The annual costs of operating and maintaining the public transportation systems
that are part of the three alternatives must be added to the annual equivalent
capital costs of Table 5.18.

In Chapter 4, a national average cost model is calibrated for bus systems. The
annual cost of operating and maintaining a bus system may be estimated as:

AC,,. =61.30VH +1.66VM +1.06 P

where: AC = annual cost of maintenance and operation
($/yr),
VH = number of annual vehicle-hours operated by
the system (veh-hrs/yr),
VM = number of annual vehicle-miles operated by
the system (veh-mi/yr), and
P = annual revenue passengers carried (persons/yr).

Table 4.23 (Chapter 4) provides similar data for heavy rail and light rail systems
which can be used to calibrate unit cost models of the form used for buses. Again,
these would be based upon national average statistics reported by the transit indus-
try. Then:

For heavy rail systems:

AC =86.36VH +1.57VM +0.46 P

Heavy Rail

For light rail systems:

AC g ran =88.05VH +3.12VM +1.51P
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Note that for rail systems of all types, VH and VM refer to car-hours and car-
miles, NOT train-hours and train-miles.
The problem statement provides information on daily vehicle-miles of travel,

average speeds, and daily passenger totals.

These can be used to determine

annual vehicle-hours, vehicle-miles, and passengers. Table 5.21 illustrates these

computations.

Table 5.21 Annual Maintenance and Operations Parameters for Sample Problem 5.5

Alternative Annual Veh-Mi Avg Annual Veh-Hrs Annual Passengers
Speed
(mi/h)
Null Alt
Highway NA NA NA
Local Bus 10,000*365=3,650,000 12 3,650,000/12=304,167 50,000*365=18,250,000
Option A
Heavy Rail 90,000*365=32,850,000 40 32,850,000/40=821,251 350,000*365=127,750,000
Feeder Bus 4,000*365=1,460,000 10 1,460,000/10=146,000 25,000*365=9,125,000
Highway NA NA NA NA
Option B
Light Rail 100,000*365=36,500,000 35 36,500,000/35=1,042,857 200,000*365=73,000,000
Highway NA NA NA NA

Using these parameters, the unit cost models can be used to estimate the annual
M&O costs of each alternative:

AC s =61.30VH +1.66VM +1.06 P
AC s = (61.30%304,167) + (1.66 *3,650,000) + (1.06 *18,250,000)
AC,1 e = 18,645,473+ 6,059,000 +19,345,000 = $44,049,473/ yr

ACyy, s pas =86.36VH +1.57VM +0.46 P
ACopy s pa = (86.36%821,251) +(1.57#32,850,000) + (0.46 127,750,000)
AC oy par = 70,923,236+ 51,574,500+ 58,765,000 = $181,262,736/ yr
ACypr 4 s = (61.30%146,000) + (1.66 *1,460,000) + (1.06 *9,125,000)
ACyp, 1 s = 8,949,800 +2,423,600 +9,672,500 = $21,045,900/ yr

AC,, 1 1o = 181,262,736 + 21,045,900 = $202,308,636/ yr

p

AC gy ras =88.05VH +3.12VM +1.51P
AC v = (88.05%1,042,857) +(3.12%36,500,000) + (1.51%73,000,000)
AC = 91,823,559 +113,880,000+110,230,000 = $315,933,559/ yr

The total annual system cost for each alternative is the sum of the equivalent
annual capital costs and the annual M&O costs. These are summarized in
Table 5.22.
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Table 5.22 Total Annual System Costs for Sample Problem 5.5

Alternative Annual Capital Costs Annual M & O Costs TOTAL ANNUAL SYSTEM
($/yr) ($/yr) COSTS ($/yr)
Null Alternative 0.00 44,049,473 $44,049,473/yr
Option A 463,054,960 202,308,636 $665,363,596/yr
Option B 254,177,970 315,933,559 $570,111,529/yr

Annual User Costs

Annual user costs include the cost of the fare and travel time on the public transit
portions of the system, plus the cost of travel time and vehicle operation on the
highway portion of the system.

As the benefit-cost ratio will be used to compare the alternatives, the approach
will be to compute the fotal annual user costs, then divide them by the number of
annual users. Travel time values, speeds and trip times, and vehicle operating
costs have been given in the problem statement. Tables 5.16, 5.17, and 5.18 give
the number of person-trips per day for each part of the system, based upon the av-
erage over the 25-year analysis period.

Table 5.23 shows the computation of travel time costs for each alternative.
Table 5.24 shows the computation of vehicle operating costs and fares for each al-
ternative. It is critical to note that it is only highway vehicle costs that are as-
signed to users. For public transit components, vehicle operation and maintenance
is the responsibility of the system operator.

At this point, the annual user costs must be converted to an annual cost per user
or per person-trip. Tables 5.17 — 5.19 show the annual person-trips, while Tables
5.23 and 5.24 show all components of the total annual user cost. Annual costs per
person-trip are now computed as:

U T+0
where: 8] = annual user cost per person-trip ($/trip),
T = total annual travel time cost ($/yr),
o = total annual vehicle operating and fare cost
($/yr), and
v = annual person-trips (trips/yr)
Table 5.23 Travel Time Costs for Sample Problem 5.5
Alternative Daily Average Trip Travel Total Annual Cost
Person- Time Time of Travel Time
Trips Value
(hrs) ($/hr) ($/yr)
Null Alternative
Highway 4,095,000 25 mi/38 mi/h = $20.00 | 4,095,000%365*0.6579*20=$19,666,933,650
Local Bus 50,000 0.6579 $15.00 50,000%365*0.5433*15=$148,728,375
32.6 min/60 = 0.5433 $19,815,662,025/yr
Option A
Heavy Rail 385,000 25 min/60 = 0.4167 $21.00 385,000%365*0.4167*21=$1,229,692,117
Feeder Bus 27,500 8.6 min/60 = 0.1433 $15.00 27,500%365%0.1433*15=$21,575,606
Highway 3,690,000 25 mi/41 mi/h = $20.00 | 3,690,000%365*0.6098*20=$16,426,182,600
0.6098 $17,677,450,323/yr
Option B
Light Rail 215,000 | 19.5min/60 = 0.3250 | $18.00 215,000%365*0.3250%18=$459,078,750
Highway 3,866,500 25 mi/39 mi/h = $20.00 | 3,866,500%365*0.6410%20=$18,092,513,450
0.6410 $18,551,592,400/yr
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Table 5.24 Vehicle Operating and Fare Costs for Sample Problem 5.5

Alternative Daily Daily Fare Veh Total Annual
Person- Vehicle- Oper Cost of Fare
Trips Trips Cost & Vehicle Operation
($/veh
($) -mi) ($/yr)

Null Alternative

Highway 4,095,000 | 4,095,000/1.3=3,150,000 NA 0.75 3,150,000*365*0.75=$862,312,500

Local Bus 50,000 NA 1.00 NA 50,000*365*1.00=$18,250,000

$880,562,500

Option A

Heavy Rail 385,000 NA 5.40 NA 385,000*365*5.40=$758,835,000

Feeder Bus 27,500 NA 1.00 NA 27,500*365*1.00=$10,037,500

Highway 3,690,000 | 3,690,000/1.3=2,838,462 NA 0.75 2,838,462*365*0.75=4$777,028,973
$1,545,901,472

Option B

Light Rail 215,000 NA 3.50 NA 215,000*365*3.50=$274,662,500

Highway 3,866,500 | 3,866,500/1.3=2,974,231 NA 0.75 2,974,231*365*0.75=4$814,195,736
$1,088,858,236

Using the equation, the following annual costs per trip or per user are found as:

_ 19,815,662,025 + 880,562,500

Nt 4,150,000%365
v, = 17,677,450,323+1,545,901,472
prion 4,075,000 365
_18,551,592,400 +1,088,858,236
Option s 4,081,500 %365
Comparisons

The benefit-cost ratio is computed as:

where:

BCR

BCR =

(Uz—Ul)*(

2

V1+V2]

=$13.663/trip

=$12.924/trip

=$13.184/trip

SC,-SC,

benefit-cost ratio,

= unit user cost, alternative with the lower value

($/trip),

= unit user cost, alternative with the higher value

($/trip),

= annual trips for alternative 1,

annual trips for alternative 2,
annual system cost for alternative 1 ($/yr), and

= annual system cost for alternative 2 ($/yr)
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Comparing the Null Alternative with Option A:

* *
(13.663_12.924)*(4,150,000 365+ 4,075,000 365]

BCRy 154 = 2
665,363,596 — 44,049,473
BCR,, . = 0.739%*1,501,062,500 _ 1785
o 621,314,123

This means that the benefits of implementing Option A (in terms of travel time
and cost to users) will be 1.785 times the amount of increased investment in con-
struction and operation of the public transit system proposed. The comparison
means that implementing the proposed heavy rail system and the revised feeder
bus system would be economically viable.

Comparing the Null Alternative with Option B:

* *
(13_663_13_184)*(4,150,000 365 +4,081,500 365)

BCRy55 = 2
570,111,529 — 44,049,473
BCR,, , = 0.479%*1,502,248,750 1368
o 526,062,056

This comparison also shows that the proposed Option B, with its light rail system,
would return to users (in the form of travel time and vehicle operating cost sav-
ings) 1.368 times the investment in building and operating the new system.

While both of the proposed options are economically favorable when compared
to the null case, it is not possible to say that Option A is economically superior to
Option B because it produces a higher benefit-cost ratio. This can only be deter-
mined by directly comparing Options A and B. Note that for this comparison, Op-
tion B has the higher user cost and the lower system cost. Then:

* *
(13.184—12.924)*(4’075’000 365+4,081,500 365)

BCR,, , = 2
665,363,596 — 570,111,529
BcR. - 0260%1.488.561.250 _ , .
Avh 95,252,067

This comparison shows that the additional investment in Option A (the heavy rail
system) will be returned 4.063 times to users in the form of reduced average trip
costs.
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Thus, the three alternatives, in terms of economic viability, are ranked as
follows: Option A, Option B, Null Alternative.

Discussion

While the economic analysis clearly favors moving ahead with a public transit
system (Option A preferred), the BCR’s for both options vs. the null case are not
overwhelming. Impacts not included within the economic analysis might be im-
portant in this case, given the relatively modest economic advantage of the pro-
posed system. Such things as environmental impacts, neighborhood impacts, the
impact of the public transportation system on the value of property (and, therefore,
the tax base) and others might weigh on the final decision.

What the analysis does show, however, is that the plans for a regional public
transit system are eminently reasonable, and that the direct economic impacts
would be positive. Planning of the system should obviously move forward. As
specific designs become available, results of environmental impact statements be-
come known, and more detailed analyses of impacts on the general economy of
the region are completed, the economic analysis can be expanded and re-done
with more detail.

Sample Problem 5.6: Priority Selection

In previous sample problems, alternatives for action on one particular situation
have been considered. An equally important problem faced by most highway
agencies is the setting of priorities among economically viable projects, when their
implementation is limited by the agency’s budget. In this case, a list of candidate
projects, each of which already represents a best case among the various options
for the project, already exists. The agency’s budget, however, does not permit
implementation of all approved projects, and a selection of a sub-set for invest-
ment must be chosen.

Consider the following case in which a county highway agency has an annual
budget of $10,000,000. It has already analyzed the following projects, and each is
ready for implementation during the budget year. The projects, along with the
capital cost and the projected annual “savings” in user and/or system costs are
shown in Table 5.25.

Table 5.25 Candidate Projects for Prioritization, Sample Problem 5.6

Project Number Capital Cost ($) Estimated Annual
Savings ($)
1 1,500,000 160,000
2 2,000,000 320,000
3 2,500,000 630,000
4 3,000,000 1,025,000
5 2,200,000 520,000
6 4,000,000 1,240,000
7 8,000,000 1,480,000
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Definition of Alternatives

The alternatives, in this case, are all possible combinations of project investments
that fall within the agency’s $10,000,000 budget. To simplify the process, the
following rules will be applied:

e Each project is assumed to produce a rate of return on investment greater than
the market value. Therefore, there is no incentive to not implement any given
project to invest the money to earn a higher rate of return.

e A partial investment in a project is not possible. In some cases, particularly
where large-scale projects are involved, this is not true, as construction can be
spread over several budget years. In this case, the projects are of relatively
small scope, and all can be completed in 2-3 months at most.

e The service life of all projects is 10 years.

e The market rate of interest is 5%. Only money that cannot be invested in a full
project implementation can be invested to earn this return.

To systematically determine all of the possible combinations for implementation
during the budget year, it is easiest to start with one base project, enumerating all
of the possible combinations for investment involving that project, then moving to
the next project as a base and repeating the process. No combination of projects
totally more than $10,000,000 of investment is permitted. Table 5.26 enumerates
the possible combination of project investments.

Table 5.26 Potential Investment Options for Sample Problem 5.6

Alt. Base With Total Funds Total Annual
Project Project(s) Investment Left Over Savings
($) ($) ($)
1 7 1 $9,500,000 $500,000 $1,640,000
2 7 2 $10,000,000 $0 $1,800,000
3 6 1,2,3 $10,000,000 $0 $2,350,000
4 6 1,25 $9,700,000 $300,000 $2,240,000
5 6 35 $8,700,000 $1,300,000 $1,151,240
6 6 2,4 $9,000,000 $1,000,000 $1,346,480
7 6 4,5 $9,200,000 $800,000 $2,785,000
8 6 4,3 $9,500,000 $500,000 $2,895,000
9 5 1,2,3 $8,200,000 $1,800,000 $1,110,000
10 5 2,34 $9,700,000 $300,000 $2,495,000
11 5 1,34 $9,200,000 $800,000 $2,335,000
12 4 1,2,3 $9,000,000 $1,000,000 $2,135,000
Methodology

Sorting out the best alternative is not difficult, once all the choices are enume-
rated. In each case, the agency is investing $10,000,000. The “best” choice is the
one which yields the highest annual savings. In this case, the annual savings are
the benefits cited in terms of users and system cost, plus what can be earned by
investing unused or left-over funds at the market rate of interest, 5% in this case.

Solution
Table 5.27 summarizes the total annual savings (or benefits) flowing from the
potential investments of the agency’s $10,000,000 budget.
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Table 5.27 Total Annual Benefits for Investment Options in Sample Problem 5.6

Alternative Benefits from Projects Interest on Left-Over Total Annual

Funded ($) Funds ($) Earnings ($)
1 $1,640,000 500,000*0.05 = $25,000 $1,665,000
2 $1,800,000 $0.00 $1,800,000
3 $2,350,000 $0.00 $2,350,000
4 $2,240,000 300,000*0.05 = $15,000 $2,265,000
5 $1,151,240 $1,300,000*0.05 = $65,000 $1,216,240
6 $1,346,480 1,000,000*0.05 = $50,000 $1,396,480
7 $2,785,000 800,000*0.05 = $40,000 $2,825,000
8 $2,895,000 500,000*0.05 = $25,000 $2,920,000
9 $1,110,000 1,800,000*0.05 = $90,000 $1,200,000
10 $2,495,000 300,000*0.05 = $15,000 $2,535,000
11 $2,335,000 800,000*0.05 = $40,000 $2,375,000
12 $2,135,000 1,000,000*0.05 = $50,000 $2,185,000

From Table 5-26, Alternative 8, which implements projects 3, 4, and 6, would be
selected as the most economic choice. In this alternative, $500,000 is invested at
5% for the year.

Discussion
In essence, the analysis period for this example is the one budget year. The analy-
sis would be conducted each year based upon the budget for the year, and the cost
of projects, some of which would be carried over from the previous year, and
some of which would be new. In the next year, the agency would have access to
the amount of its annual budget, plus the $25,000 earned on the unused $500,000
from the analysis year, plus the $500,000 itself that was not spent in the analysis
year.

If the exact list of candidate projects were known for a period of upcoming
years, a multi-year analysis period could have been implemented.

Closing Comments

The sample problems of this chapter are, like many elements of this text, intended
to be illustrative. Each of the problems illustrates one or more complicating fea-
tures that must be addressed, and presents ways in which that can be done.

Actual engineering economic analyses of transportation projects are often more
complicated than what can be adequately shown in a sample problem. For exam-
ple, rather than using average demand volumes over an analysis period, an actual
analysis would often be done on a year-by-year basis, varying both demand vo-
lume and cost values over time. The estimation of the actual costs of various
components of each alternative can be quite complicated, and would rely on a
wide variety of sources, both national and local, for information. Analyses might
also add specific estimates of the costs associated with indirect effects of the pro-
posed projects.

Despite this, the fundamental approaches illustrated here and in other chapters
remain the same. In its most straightforward form, engineering economic analysis
studies as many costs as can be reasonably estimated, and reduces each to a com-
mon basis, so that alternatives can be compared, and best options selected for
implementation.
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Problems

Problem 5.1

A transit system must prepare to replace its entire fleet of buses over period of 5
years. Twenty percent of the fleet will be replaced in each of the five years. The
transit system has two options for replacement of the fleet:

Item Option A: Option B:
Conventional Buses Articulated Buses
Capacity of Bus (Seated) 50 Passengers 90 Passengers
Cost of Bus $450,000 $700,000
Service Life 13 Years 10 Years
Maintenance & Operating Cost! $1.50/bus-mile 1.65/bus-mile
Operating Labor Cost? $63.00/bus-hr $63/bus-hr

1. Includes fuel and tire costs, and all maintenance expenditures, including labor.
2. Includes bus drivers, dispatchers, and other labor associated with daily operations.

The system currently serves 75,000 persons/day. The average trip consists of 4.0
minutes of waiting time and 22.6 minutes of travel time on the bus. In its peak
hour, the system serves 28,000 persons/day. Passenger demand is not expected to
change based upon how the system is re-equipped. The average prevailing wage
for passengers $27.50/hr.

Because of the route system and other factors, buses cannot make more than
one trip during the peak hour, but sufficient buses are available to provide services
before and after the peak hour. The system currently owns 570 buses. Buses cur-
rently operate 45,000 miles/yr at average speeds of 13.5 mi/h. At any given time,
25% of the current fleet is out of service due to maintenance. The existing buses
cost $1.71/bus-mile to maintain and operate, with operating labor costs of
$63.00/bus-hr.

If the buses are replaced by new conventional buses, they will continue to oper-
ate an average of 45,000 miles/year at average speeds of 13.5 mi/h. The travel
times of passengers will be unchanged. Because the buses will be new, however,
only 10% of the fleet will be in maintenance at any given time.

If buses are replaced by articulated buses, they will operate an average of
50,000 miles/yr at average speeds of 15 mi/h. The travel times of passengers will
be reduced to 20.7 minutes on the bus. However, fewer buses will be operating at
any given time, the average wait time will increase to 4.2 minutes. Because of the
more complex mechanics of articulated buses, 13% of the fleet will be in mainten-
ance at any given time.

An analysis interest rate of 3% per year should be used for this problem.

a) Should there be a null alternative in this case? Why or why not? If yes,
describe it.

b) What would be an appropriate analysis period for this case? Why?

¢) What methodology would you apply? Why?

d) Conduct the engineering economic analysis and indicate the most economically
viable option. State any assumptions you make in conducting the analysis.



Problems

Problem 5.2

A highway department wishes to reconstruct a 30-mile section of rural two-lane
highway running through a region of mountainous terrain with a 4-lane freeway
that will significantly straighten the alignment. Relevant information on the exist-

ing and proposed segments is given below:

Item Existing 2-Lane H'way Proposed Freeway
Current AADT 9,000 veh/day 9,000 veh/day
20-Year AADT Forecast 10,000 veh/day 24,000 veh/day
Percent Trucks 12% 12%

Operating Cost - Cars

$0.81/veh-mile

$0.77/veh-mile

Operating Cost - Trucks

$2.75/ veh-mile

$2.35/veh-mile

Average Speed 45 mi/h 63 mi/h
Construction Cost NA $19,500,000/mile
Maintenance Cost $15,000/mi/yr $6,000/mi/yr
Length of Segment 30 miles 23 miles
Average Wage — Auto User $32.00/hr 32.00/hr
Average Compensation — $57.00/hr $57.00/hr
Truck Driver

Auto Occupancy — Cars 1.4 1.4
Vehicle Occupancy - Trucks 1.0 1.0
Analysis Interest Rate 4% 4%

a) What would be an appropriate analysis period for this problem? Why?
b) What methodology would you choose to address this situation? Why?

¢) Compare the two alternatives and make a recommendation on which should be

implemented. Why?
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Chapter 6
History of Transportation Finance in the U.S.

This chapter reviews the history of transportation finance in the United States,
and traces their development over time.

From the earliest days of the nation, the issue of how to provide for an effective
transportation network was a vexing one. Many of the nation’s founders recog-
nized the need for an effective transportation system to help knit the disparate co-
lonies into a cohesive nation, and to promote commerce.

George Washington was particularly concerned about western parts of the new
nation remaining isolated, and perhaps developing stronger ties to Spanish colo-
nies to the west than to the new nation. The need for improved transportation to
the west was heightened by the addition of Ohio as a state in 1803.

Despite these concerns, the new nation faced many other problems, and both
state and local governments were hard-pressed to fund all of their public needs.
Because of this, the first intercity and interstate roadways were privately-financed
toll-roads or turnpikes.

6.1 The Early Toll Roads [1-3]

As the nation faced its early needs for transportation, its options were severely li-
mited. The steamship had not yet been invented, and the building of canals was
costly. The steam engine and the age of railroads were also in the future. The na-
tion was limited to water transportation using existing rivers, harbors, and oceans,
and overland transportation on roads that were merely cleared paths through the
natural terrain.

Before the 1790’s, virtually all roads were built by local governments to serve
the needs for transport within the town or city. Local governments, however,
struggled to pay for the needed construction and maintenance, often resorting to
measures requiring able-bodied men to contribute hours of labor to these endea-
vors. Later, these evolved into fees that could be paid in lieu of such labor.

Recognizing the need for better roads to connect towns and cities, and to facili-
tate agriculture in more rural areas, private companies jumped into the breach by
constructing and operating toll roads or turnpikes. The term “turnpike” actually
referred to a British system for collecting tolls on private roads, which consisted of
a long “pike” that blocked the road at periodic intervals. When the toll was paid,
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the pike was manually “turned” on a swivel device located at the roadside to allow
passage. Most of the early turnpikes were simply cleared paths through the wil-
derness, with roadway surfaces consisting of compacted earth.

The first private turnpike in the U.S. was built in Pennsylvania. It was char-
tered by the state government (the road was built over publicly-held land) in 1792,
and took two years to build. The road traversed 62 miles between Philadelphia
and Lancaster, and quickly attracted the attention of merchants in other states who
recognized the potential of the new road to divert commerce to the areas it served.

By 1845, over 1,500 private toll roads across the country had been chartered
and built. Many of these produced only modest returns to stockholders, but the
indirect benefits to those with homes and businesses nearby the routes were sub-
stantial. However, by the late 1840’s, the advent of the steam engine and rail-
roads, as well as state expenditures on canals severely damaged the viability of
private toll roads, and most fell into poor condition, and many were simply aban-
doned to state or local control.

From the mid-1840’s to the mid-1850’s, approximately 10,000 miles of private
toll roads were built as “plank” roadways. Plank roadways were the initial attempt
to stabilize the physical condition of roadways through plank construction. Planks
were placed over wooden beams placed at each roadside (on compacted earth),
usually providing a roadway of between 18 and 22 ft. Because many of these
roadways used the rounded side of timber planks, they provided a rough surface
that was often referred to as “corduroy,” a term now used to describe clothing fa-
bric with a similar pattern. Because of the additional cost of plank roadways,
higher tolls were charged at more frequent intervals. Also, while previous toll
roads had exempted many local users from payment of the toll, such exemptions
were severely limited on plank roadways.

The exact number of private toll roads built throughout the U.S. is not fully do-
cumented. Most historians believe that between 30,000 and 50,000 miles of such
roadways were built.

Nevertheless, by 1800, public sentiment against privately-operated toll roads,
and toll roads in general, spurred a gradual transition to governmental construction
and operation. By 1820, there were very few private toll roads in operation, and
most road construction and maintenance had been transferred to state, county, and
local governments. At the same time, the federal government made its first entry
into the provision of a roadway network. Over the next century (1820-1920), the
appropriate and legal role of the federal government was strongly debated. The
debate led to the current system of highway finance, which was first codified in
the Federal-Aid Highway Act of 1916.

6.2 The National Road [4-6]

With the development of Ohio and its achievement of statehood in 1803, the need
for a road linking the east coast with the west became increasingly evident. The
Potomac and Ohio Rivers were major conduits for commerce, but they were sepa-
rated by the Allegheny Mountains. The idea for a national road connecting the
two was developed over a period of years. In 1803, Congress proposed to allocate
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a portion of the funds raised through land sales in Ohio to the construction of a
“national road” that would travel from Cumberland, MD, to Wheeling, Virginia
(now in West Virginia). After much discussion and controversy, President Jeffer-
son authorized construction of the roadway on May 29, 1806, providing $30,000
in federal funds to do so. Construction began in 1811, and the road was com-
pleted to Wheeling in 1819. The road was the first in the U.S. to provide a surface
of crushed stone, known as a “McAdam” surface, which provided for greater du-
rability than previous roadways. Congress authorized western extensions to the
road in 1820 and 1825.

In 1830, President Andrew Jackson vetoed the ‘“Maysville Road Bill.” The
Maysville Road was to be part of the National Road, but was located entirely
within Kentucky. Jackson indicated that the federal government could not fund
any public projects that did not benefit “the entire nation,” and particularly not a
roadway that was located entirely within one state. If such funding were desired,
he declared that a constitutional amendment would be required. This veto had a
lasting effect, and has effectively kept the federal government out of the direct
construction, maintenance, and administration of roadways in the U.S. After this
veto, it was generally understood that road construction and maintenance were to
be a function of the various states.

This view has prevailed, even though a subsequent Supreme Court decision
(Wilson vs. Shaw, 1907) declared that the federal government could build and
administer interstate highways under the provisions of the Commerce Clause [7].

Cumberland
ol

Vandalia

Fig. 6.1 Map of the National Road in 1839 (Source: Wikimedia Commons)

Jackson did not oppose all funding of the National Road, and approved addi-
tional funds for interstate segments of the route. Construction of the National
Road continued with federal support through 1838, when it reached its western
terminus in Vandalia, Illinois. From the mid-1830’s, various segments of the Na-
tional Road were turned over to the states for maintenance and administration.

Over the course of its history, the National Road was often referred to as the
Cumberland Road or the National Pike. As the road fell into poor repair and dis-
use in the late 1800’s, its various parts were transferred to state and local jurisdic-
tions. The majority of the original route is now part of U.S. Route 40.
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6.3 The Good Roads Movement [8, 9]

The “Good Roads Movement” was a grass-roots organization of citizens promot-
ing the idea of a cohesive national roadway system. Initially, the movement was
dominated by bicyclists, led by the League of American Wheelmen, which had
formally organized in May 1880. The league decried the generally poor condition
of rural and inter-community roadways, and began to publish a magazine — “Good
Roads” — that highlighted and documented the problem. Primarily in response to
the movement, the U.S. Department of Agriculture initiated a national study of
roadways in 1893.

As the 1920’s approached, the movement had been taken over by the growing
number of auto enthusiasts who were interested in promoting a better roadway
network for the emerging automobile technology. When Henry Ford introduced
his assembly line in 1914, the automobile became accessible to a broad audience,
and the automobile began its journey to becoming the nation’s primary mode of
transportation.

6.4 The Lincoln Highway [10]

The Lincoln Highway was the first named transcontinental auto trail in the U.S. It
was the first among many similar highways to follow, and was promoted by entre-
preneur Carl Fisher. The highway consisted of mapping a continuous route using
existing roads. It originally ran through 12 states, linking Times Square in New
York to Lincoln Park in San Francisco. The route was promoted by the Lincoln
Highway Association, and was a boon to local businesses that were adjacent to it.
Various states and local governments began to improve the various portions of the
roadway. The route was altered somewhat in 1915, and again in 1928. In its final
form, the route crossed 14 states, 128 counties and 700 local jurisdictions.

The success of the Lincoln Highway spurred other state and local governments
and business associations to promote additional roadways that became part of the
“national trails” movement. Among the many national trails were the Yellow-
stone Trail, which traversed a northern route linking Massachusetts to Seattle,
Washington, and the Dixie Highway, which traveled north-south, linking Chicago,
Illinois to Miami, Florida. It was during the creation and upgrading of various na-
tional trails that the need for a more organized system of financing these high-
ways, one that involved both states and the federal government, became clear.

6.5 The Federal-Aid Highway Program, 1916 to 1955

As the need for a national highway system grew, it became clear that there needed
to be a role for the federal government in two critical ways:

(1) If there was to be a system of national highways, the federal government
would need to have a role in its planning and coordination, and

(2) Given the enormity of the task and the expense to complete it, most states
would need financial assistance from the federal government.
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The result was a system in which the federal government provided financial assis-
tance to states to help build roadway networks. Because the federal government
was providing at least partial funding, it began to regulate how the funds could be
spent.

6.5.1 Federal-Aid Highway Act of 1916 [11]

The first formal federal-aid highway act occurred in the midst of turbulent times.
World War I had begun in Europe, and the role of the U.S. was a hotly-debated
political issue. The temperance movement was pushing the U.S. towards prohibi-
tion, which would begin in 1920. Use of the federal income tax was also hotly
debated, although the 16" Amendment, adopted in 1913 clearly made it constitu-
tional. In some ways, the expansion of the income tax was made necessary by
prohibition, as a significant portion of federal revenues prior to prohibition came
from excise taxes on alcoholic beverages.

By 1915, it was estimated that there were approximately 2.5 million miles of
roadway in the U.S. Of this total, only 10.5% were surfaced, and of those, only
12.5% were paved with bituminous material, brick, or concrete. Intercity travel
was not for the faint of heart. Roadway conditions were, in general, horrible, and
the condition of many roadways after rain made them virtually impassable. In ad-
dition to all their provisions, intrepid adventurers had to carry tire and wheel repair
kits, tools to help dig cars out of mud or other hazards, and a variety of spare parts.
The need for a significant upgrade and expansion of American highways was
evident.

Legislation for the intervention of the federal government into the highway
program was introduced by Rep. Dorsey Shackleford of Missouri and Sen. John
Bankhead of Alabama, and was passed on July 11, 1916. Interestingly, Bankhead
had been an avid supporter of the Good Roads movement, and even had a national
trail named after him. The Federal-Aid Highway Act of 1916 contained a number
of important provisions:

(1) It provided $75 million of federal funding for a five-year period.

(2) Federal funds were allocated to the states in proportion to the state population
and the mileage of rural postal routes within the states.

(3) Federal funds could cover up to 50% of the cost of any individual project, li-
mited, however, to no more than $10,000/mile of roadway built.

(4) Funds could not be applied to urban roadways, defined as those within a com-
munity (based upon census data) with a population of 2,500 or more.

(5) The program was to be administered by the Department of Agriculture, and all
project plans had to be approved by the Secretary of Agriculture before federal
funds were applied.

(6) All federal-aid highway funds were dispensed from the federal general fund.

(7) Within a prescribed period of time, each state had to form and identify an
agency charged with overseeing the state’s roadway system.
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While the act was a major first step in rationalizing a system of highway funding
for the nation, it was deemed flawed by many. It did not provide any funding for
highways within cities, where some of the greatest needs for road improvement
existed. It also did little to promote the development of a cohesive national net-
work of highways.

Within a year of the passage of the Federal-Aid Highway Act of 1916, virtually
every state had developed an administrative unit to oversee and implement high-
way construction. On a federal level, the Bureau of Public Roads (BPR) was
formed, with membership from every state highway agency.

6.5.2 Federal-Aid Highway Act of 1921

In 1921, the successor to the first federal-aid highway act was passed. While it
did not address the need for funding of urban roadways, it took a number of
steps towards identifying and creating a truly national highway network. Key
provisions included:

(1) An initial appropriation of $75 million was allocated for the first year of the
program. Subsequent allocations were handled on an annual basis. This
greatly increased the total amount dedicated to the program.

(2) While the 50-50 split on federal vs. state/local funding was retained, the max-
imum federal allocation was increased to $20,000 per mile.

(3) States were limited to having 7% of their roadways included in the federal-aid
program, and 3% of that mileage had to be part of the “Primary or Interstate”
highway network. Up to 60% of the total federal-aid received could be allo-
cated to the “Primary or Interstate” system.

(4) The act provided that up to 2.5% of federal-aid funds could be spent for ad-
ministration, research, and investigational studies related to federal-aid high-
ways.

To implement the requirements related to the “Primary or Interstate” highway
network, such a network had to be identified. In 1922, the Bureau of Public Roads
authorized General John. P. Pershing to construct a national highway map that
would meet the nation’s defense needs in time of war. The resulting Pershing
Map became the starting point for defining the “Primary or Interstate” highway
system.

The Federal-Aid Highway Act of 1921 required that the Secretary of Agricul-
ture prepare a map of primary or interstate highways by 1923, and issue updates
on an annual basis.

6.5.3 Federal-Aid Highway Acts from 1921 to 1955

For the 34 years following the second federal-aid highway act in 1921, renewals
of the legislation occurred every 2-5 years with only minor changes to their provi-
sions. Funding rose gradually to reflect growing national needs and the increased
costs of building better and more modern roadways.
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Along the way, both states and the federal government recognized that to sus-
tain the ever-increasing funding needs for highways, additional revenues would be
required. Throughout the period, however, all disbursements of federal-aid high-
way monies were from the federal general fund.

In February of 1919, the first state excise tax on gasoline was inaugurated in
Oregon. The tax was set at $0.01/gallon, and was soon adopted in many other
states. The Revenue Act of 1932 added a $0.01/gallon excise tax on gasoline at
the federal level as well. The revenues from this tax were placed in the federal
general fund. Over time, both state and the federal gasoline tax were increased,
and excise taxes on diesel fuel were added.

The Federal-Aid Highway Act of 1934 contained some significant provisions. It
authorized that up to 1.5% of federal-aid highway funds could be used to conduct
surveys, planning, and engineering and economic studies of future highways. It
also created a cooperative program between the states and the Bureau of Public
Roads to conduct statewide highway planning surveys. These would result in a
complete mapping of the states’ highway systems along with condition assess-
ments. The program also included regular traffic volume counts and studies aimed
at establishing a fair distribution of the costs of highways to various user groups.

Beginning with the Federal-Aid Highway Act of 1938, the idea and concept for
what we now call the “Interstate System” was developed. The 1938 act required
the Bureau of Public Roads to study the feasibility of a toll-financed highway sys-
tem. It was to consist of three east-west and three north-south “superhighways.”
When the BPR issued its report, it indicated that a toll-financed system would not
be self-supporting. It instead recommended a 26,700-mile network of “inter-
regional highways.”

In 1941, President Franklin D. Roosevelt appointed a commission to evaluate
the need for a “national expressway system.” The report of the commission, is-
sued in January of 1944, recommended a system of 33,900 miles, with 5,000 miles
of additional urban routes.

The commission’s report was codified in the Federal-Aid Highway Act of 1944.
The act required designation of a national system consisting of up to 40,000 miles
that would connect principal metropolitan areas to each other, serve the national
defense, and recognize the continental importance of connections to Canada and
Mexico. On August 2, 1947, the first 37,700 miles was identified. States had
submitted highways to be included in the system, and these were reviewed by the
Department of Defense.

While the Federal-Aid Highway Act of 1944 began to define the Interstate Sys-
tem, the act did not appropriate any additional funds to pay for new network. The
Federal-Aid Highway Act of 1952 authorized an expenditure of $50 million over
the fiscal years 1954 and 1955, and a subsequent act in 1954 authorized an addi-
tional $350 million for 1956 and 1957. The allocations were, however, mere to-
kens compared to the total cost of building the system, and little was done towards
implementing the system.
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6.6 Federal-Aid Highway Act of 1956 [12, 13]

The Federal-Aid Highway Act of 1956 finally provided funding for construction of
the interstate highway system. President Dwight Eisenhower led the effort to find
a means to pay for the system that was essentially self-sustaining.

It was indeed fitting that the system began to be realized under Eisenhower’s
presidency. As a young Lt. Colonel, Eisenhower had been part of the legendary
1919 Motor Transport Corps Convoy. The convoy was one of several authorized
to test the nation’s highway systems for readiness in times of war. With WWTI al-
ready underway, the ability to move troops and equipment to various parts of the
country had become a critical issue. The convoy started in Washington D.C. on
July 7, 1919, and was to travel to Oakland, California, ferrying across the bay to
its final destination in San Francisco. The convoy mostly traversed the route of
the Lincoln Highway for its journey, which took 62 days to complete, 7 days
longer than anticipated.

Along the way the convoy suffered 230 “road incidents,” which resulted in 21
vehicles being “retired.” Over 80 wooden bridges were substantially damaged and
had to be repaired before proceeding. The convoy covered the 3,250-mile treck at
an average speed of 5.7 mi/h. The failure of the highways to adequately serve the
convoy became a deep concern of Eisenhower throughout his career. By contrast,
Eisenhower’s WWII experiences left him quite impressed by the German auto-
bahn system, which he thought would be an appropriate model for a U.S. system.

The Federal-Aid Highway Act of 1956 included the Highway Revenue Act of
1956, which provided the mechanism for funding interstate highways. The com-
bined act included the following provisions:

(1) It changed the name of the system to the National System of Interstate and
Defense Highways.

(2) Defined a system of 41,000 miles to be designed and constructed to new stan-
dards.

(3) Established a funding proportion of 90% federal and 10% state/local monies.
This was the first change in the 50-50 funding split established in 1916.

(4) Established the Highway Trust Fund into which a number of road user taxes
would be placed, and from which all federal-aid highway funds would be dis-
bursed.

(5) Defined a new method of distributing the funds among states.

(6) Provided an initial investment of $25 billion per year to build the system.

The creation of the Highway Trust Fund was critical in allowing the system to
move forward. The federal fuel tax was increased from $0.02 to $0.03 per gallon,
with all funds deposited in the Highway Trust Fund. New federal excise taxes
were levied on motor vehicle purchases, oil, replacement tires, and other replace-
ment parts. Most of these, with the exception of the fuel tax, were dropped by
President Richard Nixon in the 1970s. The trust fund enabled the expenditure, per
year, of a total that was higher than the sum of all federal-aid highway disburse-
ments from 1916 through 1956.
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The inclusion of a specific defense objective for the system gave Congress the
cover it needed to increase the federal share of the costs of the interstate system
from 50% to 90%, which was necessary to avoid placing a crushing expense on
the individual states.

Among the physical standards for highways included in the system were:

(1) All highways must have full control of access.

(2) All highways must have at least two lanes for the exclusive use of traffic in
each direction.

(3) All highways must have a design speed of 50 to 70 mi/h, based upon the type
of terrain.

(4) Lanes must be at least 12 feet wide; right-side shoulders must be at least 10 ft,
and must be paved; left-side shoulders must be at least 4 feet wide, and must
be paved.

(5) All designs must be adequate to meet traffic volumes expected in 1975.

Further, all interstate-designated highways in the system must begin and end in a
junction with another interstate-designated highway. In some cases, a border
junction with a major highway in Canada or Mexico would also be permitted.

The allocation of federal-aid highway funds to the various states was revised to
reflect the relative cost of completing the interstate system within each state.

With the Federal-Aid Highway Act of 1956, the implementation of the National
System of Interstate and Defense Highways would dominate the national highway
program for over a decade.

U S DEPARTMENT OF TRANSPORTATION
FEDIRAL MIGHWAY ADMIVISTRATION

Fig. 8.2 Map of the Completed National System of Interstate and Defense Highways
(Source: Federal Highway Administration, Washington D.C.)
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6.7 Federal-Aid Highway Acts from 1957 — 1991

With the creation of the Highway Trust Fund and initiation of the interstate system
in 1956, federal-aid highway acts entered another period in which renewals
every 2 years occurred without major changes in basic funding formulas. Inter-
state-included projects received 90% funding from the federal government, while
non-interstate-included projects remained on the traditional system of 50% federal
funding. Nevertheless, there were some significant developments and new
programs introduced in some years.

The Federal-Aid Highway Act of 1962 added a requirement that all urban areas
with populations in excess of 50,000 develop a comprehensive transportation plan,
which would include consideration of all transportation modes. The plans were to
be developed by states in cooperation with local governments, and had to be
filed by July 1, 1965. This requirement began a trend towards development of
metropolitan planning organizations (MPO’s) focusing on multimodal regional
transportation plans.

The Federal-Aid Highway Act of 1968 included several very important provi-
sions which changed the course of the highway program:

(1) The total mileage of the interstate system was increased from 41,000 miles to
42,500 miles to account for “missing links” in the system.

(2) The public hearing process was changed to require that the public receive in-
formation on the social effects of highway location, its impact on the envi-
ronment, and its consistency with the goals and objectives of urban plans
promulgated by the community. These requirements were added to the tradi-
tional public hearing process that was limited to the economic impacts of
highway location.

(3) A new program, called Traffic Operations Program to Increase Capacity and
Safety (TOPICS), was initiated. It provided $200 million/year for two years
to fund traffic engineering improvements to principal urban streets. Such im-
provements included channelization and additional lanes at intersections, pe-
destrian overpasses, traffic signal systems, bus lanes, and elimination of spot
safety hazards.

Item (2) greatly expanded the information that had to be presented at public hear-
ings, most of which could only be given after the final routing of the proposed
highway was established. These expanded hearings provided opportunities for
local opposition to be organized, and led to many lawsuits challenging proposed
highway projects. The provision greatly slowed the process of highway construc-
tion in urban areas.

Item (3) was significant in that it was the first authorization of federal-aid funds
for improvements within existing rights-of-way, many of which did not involve
new construction.

The Federal-Aid Highway Act of 1970 (also known as the Highway Safety Act
of 1970) contained a number of significant measures:



6.8 Federal Funding for Railroads 163

(1) The funding formula for non-interstate highway projects was changed from
the historic 50-50 split to 70% federal funding beginning in 1974.

(2) Created a new classification of federal-aid urban highways within urban areas
of population 50,000 or greater.

(3) Authorized expenditures (from the federal general fund) for a highway beauti-
fication program, and created a commission to study such a program.

(4) Created the National Highway Traffic Safety Administration (NHTSA).

(5) Required each state to have an agency charged with development and opera-
tion of its highway safety program, and that plans for such an agency be filed
with Secretary of Transportation by the end of 1971.

(6) Provided that expenditures for development and research activities related to
traffic safety be financed 2/3 from the Highway Trust Fund and 1/3 from the
federal general fund.

(7) Delayed the reduction date for certain federal excise taxes from October 1,
1972 to October 1, 1977.

The safety-related provisions of this act incorporated the requirements of two pre-
vious acts passed in 1970. The requirements for each state to have an active ongo-
ing highway safety program was critical, as the number of deaths due to highway
accidents had grown to over 50,000 per year by 1970. The new safety require-
ments included that each state establish a regular system for collecting and analyz-
ing traffic accident data, as well as emergency evacuation programs for serious
traffic accidents.

The Federal-Aid Highway Act of 1983 introduced an important program known
as the “Interstate Trade-In Provision.” By 1983, it was clear that some of the few
remaining segments of the interstate system would not be built for a variety of rea-
sons. This provision allowed a state to “trade in” the federal funds they would
have received for the highway and receive an equal amount of funds to improve
public transportation services. While technically, the public transport funding
came from another source, this marked the first instance in which federal-aid
highway funds could be used for public transportation improvements. The first
two major trade-in requests were the “inner loop” highway in Boston and the
Westway project in New York City.

6.8 Federal Funding for Railroads

While the federal government developed a program to support highway develop-
ment and construction, it also provided support for other modes of transportation.
Some of this support pre-dates the highway program, specifically the federal sup-
port for construction of transcontinental railroads.

6.8.1 The Pacific Railway Acts, 1862-1866 [14]

Prior to the Civil War, railroad construction was privately financed, although char-
ters had to be issued by the various states to authorize construction, and much of
the right-of-way acquired was owned by the states.
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By 1860, there was already an extensive network of railroads throughout the
eastern portions of the nation. With the start of the Civil War, railroads became
strategically important for the movement of soldiers and war materials. The North
held a huge advantage in that its railroads were better coordinated and provided
excellent regional coverage. Nevertheless, both the U.S. and the Confederacy
invested funds to improve and expand their railroad networks as part of the war
effort.

With the addition of the Oregon Territory and California to the U.S. in 1846
and 1848 respectively, interest in creating a transcontinental railroad began to
grow. The “way west” could only be traveled by stagecoach or wagon train, and
the hardship and danger presented by such travel retarded the settlement of the
west, which was considered critical for the cohesive development of the nation
that would now proceed on two shores located over 3,000 miles apart.

The first Pacific Railway Act was passed in 1862. It passed after the secession
of the Confederate states, and was amended and augmented in 1863, 1864, 1865,
and 1866. The first act established the route of the first transcontinental railroad,
and assigned the charter to build it to two railroads: the Central Pacific, which
would start building from the west coast eastward, and the Union Pacific, which
would start building from the mid-west, heading westward. The starting point for
the Central Pacific was established as Oakland, California; the Union Pacific
would begin at Council Bluffs, Iowa. The eastern terminus was already connected
to a network of railroads serving the eastern portion of the U.S. Due to a number
of considerations, the western terminus was eventually moved to Sacramento,
California.

Both the Central Pacific and Union Pacific were required to build 50 miles of
railroad per year. They received government assistance of $16,000/mile in level
terrain areas, $32,000/mile on easy grades, and $48,000/mile in mountainous ter-
rain. Assistance was in the form of federal government bonds, which could be re-
sold. The assistance was, however, really a loan, as the railroads had to repay the
principal plus interest on the bonds.

Fig. 6.3 Route of the First Transcontinental Railroad (Souce: Wikimedia Commons, used
under Creative Commons Share-Alike 3.0 unported license)
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The most direct subsidy to the railroads was in the form of land grants. Each
railroad was given 200 ft of land on either side of the track they built. In addition,
for each mile of track built, the railroad was given 10 square miles of adjacent
land. The right-of-way and land grants were primarily owned by the federal gov-
ernment. To avoid having the railroads exercise a monopoly over development of
adjacent lands, the lands (under the 10 sq mi/mi of RR provision) granted were ar-
ranged in a checkerboard pattern, with the government retaining ownership of al-
ternating blocks. The land grants were used in a number of ways to help finance
construction. Bonds were sold based upon the value of the land, but principal plus
interest had to be repaid. Lands were also sold outright to prospective developers.
While under construction, bonding was the prevalent form of financing. Once
completed, however, the land became extremely valuable (in many, but not all
areas) and could be sold for excellent prices.

While the federal government played a major role in funding the transcontinen-
tal railroad, economists argue over whether the financing really represents a subsi-
dy. As far as the use of bonds is concerned, it is clear that the railroads repaid the
debt incurred, plus interest. The land grants, however, were a different story, and
railroads benefited greatly from direct sales of adjacent land, and from being a
monopoly carrier of freight for farmers and businesses located adjacent to and
near the railroad rights-of-way. Over the years, this monopoly created a great deal
of tension between settlers and the railroads.

6.8.2 AMTRAK [15]

Railroads are the generally considered to be the “forgotten mode” where federal
subsidies and direct support are involved. Indeed, railroad freight operations are
overwhelmingly private, with Conrail, a government corporation operating with-
out subsidies, serving as a major eastern carrier that consolidated a number of in-
dependent railroads.

In the early days of the transcontinental railroads, passenger service was pro-
vided (usually on a monopoly basis). Costs were high, but transcontinental travel
by wagon train or stagecoach was too daunting for most, and these services quick-
ly disappeared. The federal government, however, did provide a tremendous indi-
rect subsidy to the early railroads. The Post Office placed the vast majority of its
intercity mail on passenger trains, including all of the transcontinental mail.

The railroads, however, found that passenger and freight service were often in-
compatible. Passenger trains had to be reasonably comfortable (emphasis on rea-
sonably), and they had to run on time. Passenger trains required a higher level of
track maintenance to maintain a comfortable ride. Freight could be carried over
bumpy tracks, and exact schedule adherence was not critical. By the early 1900’s,
rail passenger service had begun to deteriorate. World War I caused a recovery in
passenger rail service, as the government used railroads to transport both soldiers
and war materials. After WWI, the decline of passenger rail services accelerated.
World War II provided another short-term spike in passenger rail travel due to
both the war and the rationing of gasoline, but when the war ended, it was clear
that passenger rail service was in dire straits. As the railroads allowed passenger
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service to deteriorate in favor of freight, it also lost the indirect subsidy of the
mail. The uncertainty of passenger rail schedules, combined with the growth of
air transportation, resulted (over time) in most intercity mail service being shifted
to the airlines.

In the 1960’s, public calls for the federal government to act to “save rail
passenger transportation” began to build. The eventual result was the Railroad
Passenger Service Act of 1970. The act created the National Railroad Passenger
Corporation to take over and operate most of the nation’s remaining intercity pas-
senger rail services. Originally called ‘“Railpax,” the system was eventually
dubbed “AMTRAK,” an amalgam of “American” and “track.”

The concept was to operate AMTRAK as a public corporation that would even-
tually be self-sustaining. Initial subsidies for both operations and capital projects
were intended as temporary measures that would eventually be phased out. The
concept has never been realized.

In FY 2011, Congress allocated $563 million is direct operating subsidies and
$922 million in direct support of capital projects. In the same year, AMTRAK
operated 300 trains/day serving 500 destinations in 46 states. It carried 30.2 mil-
lion passengers in 2011.

The monies allocated to AMTRAK are drawn from the federal general fund,
and are always politically controversial. Congress frequently threatens to cut off
AMTRAK’s subsidies and turn the system over to completely private operations.
To date, it has not done so, but the threat lingers as long as AMTRAK cannot be
shown to be self-sufficient.

AMTRAK continues to deal with many age-old problems. It runs most of its
services over tracks leased from freight railroads, and frequently shares the tracks
with freight trains. The use of passenger rail is highly concentrated in a few dense
corridors, leaving the rest of the system with, at best, sparse service. The most-
used service is in the Northeast Corridor, from Washington D.C. to Boston, MA,
which runs through New York, NY. This corridor has been constantly upgraded,
including major station renovations, installation of welded rail, and use of higher-
speed trains (up to 150 mi/h). The service is quite popular, with peak trains
frequently running at capacity. It is still difficult, however, to make the service
self-sustaining, given the costs of maintaining high-quality service.

6.8.3 High-Speed Rail Program [16]

The issue of high-speed rail in the U.S. has also been controversial. The devel-
opment for high-speed rail transportation technology has occurred primarily in
Asia and Europe. Numerous high-speed systems have been built throughout the
world using both conventional rail technology and magnetically levitated vehicles.

The Japanese opened their first bullet-train line in 1964, using conventional rail
technology, reaching cruising speeds of 130 mi/h. Subsequently, the bullet-train
system was expanded into a national network, with speeds gradually increased to a
current (in 2011) maximum of 186 mi/h. While new technology was used to lay
fully-welded rails on a separated right-of-way, and develop rail cars with unique
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tilting suspensions, the basic system was a conventional steel-wheeled railroad on
a steel track.

In 1981, the French opened their first TGV (Train a Grande Vitesse) service be-
tween Paris and Lyon. Like the Japanese system, the TGV system used a steel-
wheeled, steel track system. The system has been very popular, and the latest
planned extensions will support speeds of 199 mi/h.

In 2004, China opened the world’s first high-speed rail system based upon
“maglev” or magnetic levitation technology. There are no wheels, and the train is
elevated by magnetic force and operates on a specially-designed track system.

With the elimination of the friction of steel wheels on steel rails, the system
operates at a top speed of 268 mi/h. China also has an extensive network of high-
speed bullet-trains that operate at top speeds of 217 mi/h. A recent accident
causing 40 deaths on one of these has created some concern.

All of the Asian and European systems were developed and built with extensive
direct support of the respective national governments in cooperative with private
corporations.

The U.S. effort on high-speed ground transportation (HSGT) began with the
High-Speed Ground Transportation Act of 1965. It provided an initial investment
of $90 million to “develop and demonstrate, where possible,” HSGT systems. Its
principal result was the development of the Metroliner service from New York to
Washington D.C., which used conventional rail vehicles with a maximum speed of
160 mi/h, and the Turbotrain service from New York to Boston. Both were devel-
oped as part of a public-private cooperative effort with the Pennsylvania Railroad.
Both services became part of AMTRAK in 1970.

The Metroliner service experienced a number of operating difficulties. Using
independently-powered cars, each with a catenary connection, it was found that at
high speeds, oscillations in the catenary cables could lose contact with one or
more cars, leading to motor burn-outs. Speeds had to be reduced. The trains were
eventually replaced with the Acela Express, which uses an electric engine pulling
un-motored passenger cars.

Federal involvement in promoting high-speed passenger rail service in the U.S.
has been limited and inconsistent at best. The Passenger Railroad Rebuilding Act
of 1980 provided funds for studies of potential high-speed corridors. Subsequent
legislation endorsed five high-speed corridors in 1992, but provided virtually no
funding to pursue implementation.

In February of 2009, as part of the stimulus effort (American Recovery and
Reinvestment Act — ARRA), Congress allocated $8 billion for states to pursue in-
tercity rail projects, with an emphasis on those defined as “high speed.” As re-
quired by the legislation, the Federal Railway Administration (FRA) identified ten
potential high-speed corridors (in addition to the Northeast Corridor) for invest-
ment of these funds. As a result, 34 states submitted requests for funding that
exceeded $57 billion. In January 2010, FRA announced a list of 13 corridors,
covering 31 states, which would receive funding.

The high-speed rail projects have remained politically volatile. Republicans
have argued that such federal spending would be wasteful, and that projects should
proceed only if private financing can be achieved. Three states, Wisconsin, Ohio,
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and Florida have rejected their allocations, citing the burdens on their states in pro-
viding the required state and local monies for the high-speed projects. No funding
for these or any other intercity passenger rail projects were included in the FY 2011
or 2012 budgets.

6.9 Federal Funding for Aviation

The federal government provides significant support for the nation’s air networks.
The Federal Aviation Administration provides direct oversight and support for the
nation’s air traffic control (ATC) system. It provides subsidies for new and up-
graded ATC facilities and equipment, construction and upgrading of airports, and
for the maintenance of critical air services to remote and/or low-population areas.

6.10 Federal Funding for Urban Mass Transportation

The first offering of federal-aid funds for urban mass transportation was defined in
the Urban Mass Transportation Act of 1964 [17]. The act allocated $375 million
(over 6 years) to provide matching funds to state and local governments for rail
transit projects. The federal share could be up to 2/3’ds of the costs to construct,
reconstruct, or acquire rail transit facilities or equipment. The federal share was
restricted to 50% for projects that were not part of a comprehensive transportation
plan. The act also created the Urban Mass Transportation Administration to over-
see and administer these programs.

The legislation was renewed with the Urban Mass Transportation Act of 1970
[18]. While not changing the funding formulas of the 1964 act, the level of fund-
ing was greatly increased to $10 billion over 12 years. Two percent of the capital
funds and 1.5% of the research funds provided were to be applied to services for
the elderly and handicapped.

The National Mass Transportation Assistance Act of 1974 [19] accomplished
several critical changes:

(1) Federal funds could be used to cover operating costs as well as capital costs.

(2) $11.2 billion was provided over 6 years, again greatly increasing the amount
of funding available.

(3) $4 billion of the monies were distributed on the basis of population and popu-
lation density.

(4) $7.3 billion of the monies were for capital projects disbursed at the discretion
of the Secretary of Transportation.

(5) $0.5 billion of the monies was reserved for rural public transportation demon-
strations and projects.

(6) The funding formula for all capital projects was increased to 80% federal and
20% state/local; funds used for operations were limited to a 50% federal
match.
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The National Mass Transportation Assistance Act set the basic pattern for federal
aid to urban public transportation through 1991. Subsequent acts and amendments
increased funding levels, and minor changes to allocation models and the applica-
bility of funds.

As noted previously, the 1983 Federal-Aid Highway Act introduced the “inter-
state trade-in” provision that allowed states and local governments to de-map un-
finished portions of the interstate system and receive equal federal subsidies for
public transportation projects. The utility of this was limited, however, as the
funds for transit would be allocated from public transportation monies disbursed
from the federal general fund, and while the interstate highway funds required a
10% state/local match, the public transit funds that replaced them required a 20%
state/local match.

6.11 The Era of Multimodal Funding

Until 1991, Congress dealt with the various modes of transportation in a disjointed
manner, authorizing separate legislation and programs for support of highways,
railways (essentially ignored), aviation, and urban transit. From 1991 on, the vast
majority of federal transportation assistance was bundled into single pieces of
legislation that addressed the multimodal nature of the nation’s transportation
systems.

6.11.1 The Intermodal Surface Transportation Efficiency Act
of 1991 (ISTEA) [20]

The 1991 act implemented a major change in the focus of federal-aid transporta-
tion funds in several ways:

e [t treated the transportation system as a single multimodal system, rather than
separate modal entities. In doing this, the act also focused increased attention
on modal interfaces.

e It treated a major portion of federal transportation monies as block grants to
the states, and gave state and local governments significant freedom to make
modal allocation decisions.

e [t tied federal monies to the development and maintenance of an ongoing State
Transportation Improvement Plan (STIP).

e It provided new funding for major maintenance projects on the nation’s high-
ways, as well as for environmentally-oriented projects focusing on improve-
ments for bicyclists and pedestrians.

e It created a funding formula of 80% federal/20% state/local for all non-
interstate highway projects.

The act also created a 155,000-mile National Highway System (NHS), and re-
duced the previous four categories of federal aid highways (Interstate, Primary,
Secondary, and Urban) to two (Interstate, National Highway System). The NHS
was a critical component that answered the growing question of what to do now
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that the Interstate System was virtually complete. The NHS will include the Inter-
state System as a component, and will comprise both existing and new highways
as part of a broader, more comprehensive national roadway network. It will in-
clude all types of highways, including freeways and a variety of surface rural,
suburban, and urban roadways. The network would consist of “primary arterials,”
and would have to be identified by the Secretary of Transportation by 2005.
ISTEA funded the NHS with $21 billion over 6 years. An additional $7.2 billion
was allocated to new and major reconstruction projects on the Interstate System.
An additional $17 billion was allocated to “rehabilitate, restore, and resurface” the
Interstate System. Major reconstruction projects that did not increase capacity
were also eligible for these funds.

All other funding for highways and transit capital projects was combined into
the Surface Transportation Program (STP). Funding for STP was set at $23.6 bil-
lion over 6 years. While there were some general guidelines on how these funds
were to be used, states had considerable flexibility in assigning them to eligible
highway and transit projects.

The Act incorporated ongoing spending for airports and air traffic control sys-
tems and special allocations for congestion/pollution migration projects, high-
speed rail studies (minor), bridge repair, and other activities.

6.11.2 The Transportation Equity Act for the 21* Century (1998,
TEA-21) [21]

The Transportation Equity Act followed ISTEA, and, in general, maintained the
same programs and approaches, but with higher funding levels. The Act also con-
tained more “special allocations” than its predecessor. The Act allocated:

e $28.6 billion for the National Highway System, which was expanded to
163,000 miles;

e $23.8 billion for Interstate System maintenance and reconstruction projects;

e  $33.3 billion for the Surface Transportation Program;

e $41 billion of funding targeting transit programs, with $11.7 billion coming
from the federal general fund.

All allocations were for a 6-year period. Minor funding for high-speed rail
projects was included, with $60 million allocated to MAGLEV development ef-
forts for FY's 1999-2001.

6.11.3 The Safe, Accountable, Flexible and Efficient
Transportation Equity Act — A Legacy for Users
(SAFETEA-LU, 2005) [22]

This act was perhaps one of the most controversial pieces of legislation in the his-
tory of federal transportation assistance programs. When signed in August of
2005, the legislation was more than two years late. During the two-year legisla-
tion lapse, Congress authorized continuance of the TEA-21 provisions annually.
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The legislation provided $248 billion in new authorizations for 21 different
programs over a 5-year period. On the plus side, it continued all of the major pro-
grams of ISTEA and TEA-21 with increased funding. On the minus side, the
legislation contained what many believed to huge amounts of political “pork”
catering to the individual interests of Representatives and Senators. Table 6.1 lists
the programs funded and the amounts of funding provided (to the nearest $0.1
billion) in order of decreasing allocations.

Table 6.1 Programs and Allocations of SAFETEA-LU

Program Title Funding ($ billion)

Surface Transportation Program (STP) 32.5
National Highway System (NHS) 30.5
Interstate Maintenance Program 25.1
High-Priority Routes Program 14.8
Congestion Mitigation and Air Quality Improvement Programs 8.6
Federal Lands Highway Program 5.8
Highway Safety Improvement Projects Program 3.8
Recreational Trails Program 3.7
Appalachian Development Highway System Program 24
National Corridor Infrastructure Improvement Program 1.9
Projects of National and Regional Significance Program 1.8
Highways for Life Program 0.8
Coordinated Border Infrastructure Program 0.8
Puerto Rico Highway Projects Program 0.7
Safe Routes to School Program 0.6
Deployment of Magnetic Levitation Transportation Projects 0.6
Construction of Ferry Boats and Ferry Terminals Program 0.3
National Scenic Byways Program 0.2
National Corridor Planning and Development & Coordinated Border 0.1
Infrastructure Programs

Highway Use Tax Evasion Projects 0.1

6.11.4 The Moving Ahead for Progress in the 21" Century Act
(MAP-21) [23]

SAFETEA-LU officially terminated in 2010. Once again, with Congress unable
to produce successor legislation, annual re-authorizations of the SAFETEA-LU
provisions took place.

In 2012, Congress finally passed the Moving Ahead for Progress in the 21"
Century Act (MAP-21). Unlike its immediate predecessors, MAP-21 was passed
against the backdrop of the “great recession” of 2008, and the painfully slow re-
covery from its impacts. Funding was “frozen” at FY 2012 levels, with minor al-
lowances for inflation, and the act only covered two fiscal years, 2013 and 2014.
The Act included two significant revisions to SAFETEA-LU:

1. The 21 programs of SAFETEA-LU were combined into 5, and gave states ad-
ditional flexibility on the allocation of funds. The 5 new or redefined
programs are:
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National Highway Performance Program (NHPP)

Surface Transportation Program (STP)

Highway Safety Improvement Program (HSIP)

Congestion Management and Air Quality Improvement Projects (CMAQ)
Metropolitan Planning Programs (MPP)

Funding for these core programs was set at $38 billion/yr for FYs 2013 and 2014.

2. The Act includes several provisions intended to reduce the implementation
time for projects funded under the legislation. This includes making it easier
for states to acquire right-of-way in advance of project reviews, and providing
greater flexibility for states to apply “categorical exclusions” to simplify and
waive some environmental impact requirements.

In addition to the five core programs, the Act also authorizes funding for several
minor programs. It sets disbursements from the Highway Trust Fund at $40.4 bil-
lion in FY 2012 and $41 billion in FY 2013.

6.12 Closing Comments

As we move forward into the 21 century, the nation faces some new challenges.
The nation’s infrastructure has deteriorated, and there is no cohesive plan identify-
ing how it can be restored and enhanced. Transportation infrastructure is front and
foremost in many discussions, as the age of the Interstate System advances, the
deteriorating status of the nation’s bridges and tunnels accelerate, and the needs
for upgrades in both intra-urban and intercity public transportation continue to
grow. Paying for this will remain a daunting task as the nation considers its my-
riad needs and the limitations of public funding. The balance of public vs. private
financing of infrastructure investments will continue to be discussed.

It is not very likely that the traditional balance of user taxes and general tax
fund subsidies will continue to suffice. A new day is dawning that will require
new and innovative approaches, while not stifling economic growth. Solutions
will be found; the alternative of further ignoring the nation’s infrastructure needs
is no longer an option.
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Chapter 7
Bond Financing

This chapter explores the options for financing transportation improvements
through the issuance of bonds.

Due to the extremely high capital costs involved in the provision of transportation
facilities, it is often necessary for government agencies to resort to public borrow-
ing in the form of a bond issue in order to pay for these large transportation
projects. Bonds are a type of debt financing, and therefore governments need to
justify their reasons for borrowing money. There are several reasons why bond fi-
nancing is used. The most obvious is that there are not enough current revenues to
finance a given improvement. The borrowing agency, therefore, has to show that
the benefits that are derived from moving ahead with the project sooner are greater
than the increased cost incurred by borrowing money. The other option for fi-
nancing a project, without debt financing, is to "pay-as-you-go" by doing a piece-
by-piece implementation, that is, pay for the project with available cash flow,
which may significantly delay the implementation of a needed facility.

However, even if there is revenue to "pay-as-you-go," there are other reasons to
use debt financing for large transportation projects. With debt financing, the cost
of the project is spread over the project’s useful life, which puts less of a tax bur-
den on current revenues. Additionally, the tax burden is spread to include future
users who will also benefit from the project. Thus bonds allow states to optimize
their cash flow and also to go ahead with needed projects sooner than would be
possible using only current tax revenues.

7.1 WhatIs a Bond?

A bond is a legal document that states that the owner of the bond(s) has agreed to
loan money to the bond issuer. So a bond is simply a loan, but in the form of a se-
curity. The issuer is equivalent to the borrower, the bond holder is equivalent to
the lender, and the coupon rate is equivalent to the annual interest rate. The term
coupon comes from the way some bonds were issued in the past, with physical
coupons attached that were detached and turned in to get the interest payments.
The term coupon is not used as frequently as in the past, but it is still a term that is
occasionally used when discussing bonds.

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 175-89.
DOI: 10.1007/978-3-642-38580-3_7 © Springer-Verlag Berlin Heidelberg 2013
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7.2 Types of Bonds

Bonds may be classified in two ways:

1. by the security that underlies the debt, i.e., where is the money coming from
that will be used to repay the debt and how secure (or how risky) is that source,
or

2. by the manner in which the bonds are retired, i.e., by how the debt is repaid.

7.2.1 Classification by Type of Security

It is important to recognize the degree of risk to the investor involved in the bond
investment. The risk to the investor involves the likelihood that the issuing agen-
cy will be able to pay both the interest and the principal on the bond. As the risk
to the investor rises, the interest rate that must be paid to attract investors also
rises. Types of bonds, classified by type of security are as follows:

1. General Obligation (GO) Bonds. With GO bonds, both the principal and the
interest are backed by the "full faith and credit" of the issuer. This means that
all of the issuer's revenues (whether private from earnings or public from taxes)
are pledged to repay the debt. No revenues for a given year may be committed
to other purposes until repayment of the debt for that year is satisfied. This is
the most secure type bond, particularly when issued by a public entity such as a
state, municipal, or federal government or agency. Because it is the most se-
cure (the risk to the bond holder is low), the interest rate paid to the bond hold-
ers is low compared to other types of bonds.

2. Limited Obligation Bonds. These bonds are generally secured by a specific tax
created in order to finance the repayment of the bond. For example, a gasoline
tax (or an increase in the gasoline tax) may only be used for repayment of a
highway bond. The benefit of this type of obligation is that the public can un-
derstand the connection between the tax and where the money is being spent.
This type of security represents relatively low risk to the investor, but it is not
as secure as a GO bond. Consequently, the interest paid is somewhat higher
than a comparable GO bond.

3. Revenue Bonds. Repayment of a revenue bond is accomplished by dedicating
expected future revenues from the facility being constructed. Revenue bonds
are rarely issued directly by governmental units. They are most often issued
by public corporations or authorities. For example, a toll authority will issue
bonds for a new or improved facility and pledge the future revenues from tolls
to pay back the bond holders. This is a less secure bond because of the unpre-
dictability of future traffic volumes (and therefore revenue), and thus will pay a
higher interest rate compared to similar GO or limited obligation bonds.

4. Limited Revenue Bonds. These are bonds that pledge future revenues and also
pledge one other source, thereby reducing the overall risk. Another name for
limited revenue bonds is “double-barreled bonds.”
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Obviously, the general obligation bond involves the smallest degree of risk for the
investor, particularly where public governments or agencies are involved. The
chances of an entire government unit going bankrupt or defaulting on repayment is
slight, as all tax revenues are pledged versus repayment. At worst, other expenses
may cause payment of the debt to be postponed, but this is usually accomplished
through refinancing, and has no effect on investors. On the other hand, revenue
bonds involve a relatively high degree of investor risk since revenues are difficult
to predict and operating expenses must also be covered from the same source(s) of
revenue. Consequently, interest rates on revenue bonds are highest, followed by
limited-revenue bonds, limited obligation bonds, and then general obligation
bonds with the lowest interest rates.

Credit ratings are a major factor in determining the interest that must be paid on
a bond in order to attract investors. General obligation bonds issued by the vari-
ous states, for instance, are not all equally secure or risky because states have dif-
ferent credit worthiness. There are a number of independent private agencies that
determine the credit worthiness of the various bond issuers, including the federal
government, state governments, and local governments. These agencies prepare
annual reports that analyze the financial condition of these entities and then give
them a credit rating. Rating scales are different (but similar) for the various agen-
cies, and in general, the lower the issuing agency’s credit rating, the higher the in-
terest that must be paid on the bond in order for it to sell. Well known rating
agencies include Moody's, Standard & Poor's (S&P) and Fitch, but there are others
as well.

Table 4.1 [1] illustrates the ratings used by the three credit agencies noted
above. Where letter scales are used, triple-A bonds represent the best bonds,
shown as Aaa by Moody's and AAA by S&P and Fitch. Bonds that are rated
lower than BBB (Baa) are considered to be "junk bonds" (very high risk bonds).

The failure of any type of bond issue is a serious matter. No agency can ever
again hope to raise significant amounts of capital at reasonable interest rates after
faulting on a debt. For this reason, governmental units would rather "bail out"
even limited obligation and revenue bonds that appear to be failing to avoid the
deterioration of the ability to raise capital.

Table 7.1 Bond Rating Scales of Three Organizations [2]

Moody's S&P/Fitch Grade Risk
Aaa AAA Investment Highest Quality
Aa AA Investment High Quality
A A Investment Strong
Baa BBB Investment Medium Grade
Ba, B BB, B Junk Speculative
Caa/Ca/C CCC/CC/C Junk Highly Speculative
C D Junk In Default

7.2.2 Classification by Method of Repayment

Another way in which bonds may differ is the manner in which they are retired,
that is, the manner in which the bond holder is paid back for their loan to the
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issuing agency. Some bonds pay interest and part of the principal each year, other
bonds pay interest only each year and the total principal at maturity. The follow-
ing are the most common bond types, classified by their method of repayment.

Serial Bonds In a serial bond issue, a constant amount is paid each year that is
part principal and part interest. Bond holders are thus paid off in installments over
the period of the debt. Bonds having low serial numbers are paid off first - higher
numbered serial bonds are paid off later. In each year, interest on the outstanding
debt is paid, plus a portion of the principal is retired. Since each year the total
amount paid is the same, as the debt is retired, interest in successive years de-
creases, allowing a larger portion of the principal to be retired each year. At the
end of the bonding period, all bonds have been retired and all interest has been
paid. The constant total annual amount paid to repay both the interest and prin-
cipal on the debt is found using the capital recovery factor, A/P, ;.

Example 1: Serial Bond Issue

A $10,000 serial bond issue in the form of $100 bonds, bears 4% interest payable
annually. Construct a schedule for the amortization of this issue in ten equal (or
nearly equal) payments. Note: an issue with serial bonds is that it is not possible
to redeem a partial bond, so all principal reductions must be in units of $100.

Solution. The annual payment at the end of each year for capital recovery is
found using the capital recovery factor (A/P), found in Table 2.5 of Chapter 2:

R=10,000* A/ B, ,,, =10,000%0.123291=$1,232.91/ yr = $1,233/ yr

Since bonds retired in any one year must be an even multiple of $100, it is not
possible to construct a retirement plan spending exactly $1,233/yr. Table 7.2 il-
lustrates the debt retirement plan. Note that where, in a given year, odd amounts
of less than $100 are not spent, the remainder carries over to the next year.

Table 7.2 Retirement Schedule for a Serial Bond Issue

() 2 3 ) () (6)
Amount Available Bonds Actual Cumulative
Owed at Funds for Redeemed Annual Balance
Year Beginning Interest = Principal Payment 3)-4)
of Year n (1) *0.04 5)-(1) 1,233+(6)n-1
1D-(2)n1
® ® (6] (&) ® (6]
1 10,000 400 833 800 1,233 33
2 9,200 368 898 900 1,266 -2
3 8,300 332 899 900 1,231 -1
4 7,400 296 936 900 1,232 36
5 6,500 260 1,009 1,000 1,269 9
6 5,500 220 1,022 1,000 1,242 22
7 4,500 180 1,075 1,000 1,255 75
8 3,500 140 1,168 1,100 1,308 68
9 2,400 96 1,205 1,200 1,301 5
10 1,200 48 1,190 1,200 1,238 -10
2,340 10,000 12,575 235
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Note that the actual annual payment includes the amounts carried over from the
previous year (Col. 6). Because we cannot retire bonds except in $100 units,
the actual annual payments turn out to be not exactly uniform. They are, how-
ever, in practical terms, relatively uniform. According to the capital recovery
factor estimation, over the 10 years, it was expected that 10%1,233 = $12,330
would be spent. What was actually spent was $12,575 minus the sum of the
annual balances (which were not spent). This (12,575 — 235) totals $12,340,
$10 more than expected, which coincides with the final cumulative balance of
minus $10. Even this is somewhat offset by the interest earned on the annual
cumulative balances, which is ignored in this analysis.

Term Bonds. 1In a term bond issue, all bonds are retired at the same time, at the
end of the last year of the issue. Thus, the issuer pays interest each year on the en-
tire face value of the bonds, and only pays back the principal at the end of the
bond life on maturity date. At the same time, the bond issuer is required to make
uniform annual payments into a "sinking fund," in order to guarantee that the
money is available when due at the bond's maturity. Consider the bond issue of
Example 1, this time issued as a term bond, with the entire $10,000 principal paid
at the end of 10 years.

Example 2: Example 1 as a Term Bond Issue

The issuing agency must make two payments each year. It must pay the 4%
annual interest on the entire $10,000 principal directly to bond-holders each
year. This amounts to:

1=10,000*0.04 = $400.00/ yr

The second annual payment is into a sinking fund that will accumulate (at 4%)
to $10,000 at the end of 10 years. Using the sinking fund factor:

R=10,000% A/ F,) ,, =10,000%0.083291 = $832.91/ yr

where A/F is found in Table 2.4 of Chapter 2. The total annual cost of the bond
issue is $400.00 + $832.91 = $1,232.91. This is essentially the same annual
cost as the serial issue.

The cost of the bond issue will be the same for the term and serial bond when the
interest paid on the bond is equal to the interest earned in the sinking fund. The
term bond is preferred when the interest earned in the sinking fund is higher than
that paid on the bond, and the serial bond is preferred when the reverse condition
exists. In the previous problem, if the sinking fund investment paid 10%, then the
annual interest would remain $400.00/yr, but the payment to the sinking fund
would be:

R=10,000% A/ F,, ,,, =10,000%0.062745 = $627.45/ yr

and the total annual cost of the bond issue would have been $400.00 + $627.45 =
$1,027.45/yr — less than the cost of the serial bond. In simple terms, if borrowed



180 7 Bond Financing

money can be invested at a rate higher than you are paying on the loan, then it
pays to keep the loaned money as long as you can.

Example 3: Another Comparison of Serial and Term Bonds

Consider a 20-year $100,000 bond issue bearing 5% interest. Compare the an-
nual cost of a serial and term issue if interest is 3%, 5%, or 7% on sinking fund
investments.

In all cases, the cost of the serial issue is:
R, =100,000% A/ Py, 5, =100,000*0.080243 = $8,024.30 / yr

The cost of the term issue includes payment of 5% interest yearly on the full
principal and a yearly amount set aside into a sinking fund that will be used to
pay the full principal, or $100,000, at the bonds maturity in 20 years.

Annual interest will cost:
I =100,000%*0.05 =$5,000.00/ yr

The amount that would have to be invested in a sinking fund to accumulate
$100,000 in 20 years depends upon the interest rate and the sinking fund factor:

Ry =100,000% A/ Fy .,

The sinking fund factor, A/F, can be obtained from Table 2.4 of Chapter 2 for
3% and 5%: A/Fy39 = 0.037216; A/F;ys4 = 0.030243. Sinking fund factors
for 7%, however, are not included in the table, and must be computed using the
equation for the factor (or the spreadsheet created in Problem 2-1):

i 007 _ 007
(1+i)' =1 1.07*-1 2.86968

AlFy ., = =0.024393

Then:
Ry 1, = 5,000+ (100,000% A/ Fy ;)
Ry 5 = 5,000+ (100,000%0.037216) = $8,721.60/ yr
Ry, 5, = 5,000 + (100,000 *0.030243) = $8,024.30/ yr
Ry o, = 5,000+ (100,000 *0.024393) = $7,439.30/ yr

When the sinking fund earns less interest than is paid on the bonds (3%<5%),
the total annual cost of the term bond issue is higher than that of the serial is-
sue. When the sinking fund pays the same interest rate as the bonds (5%=5%),
than the total annual costs of the serial and term bond issues are the same.
When the sinking fund earns a higher rate of interest than is paid on the bonds
(7%>5%), the total annual cost of the term bond is less than that of the serial
bond. Table 7.3 summarizes these results, rounded to the nearest dollar.
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Table 7.3 Results for Example Problem 3 Summarized

Interest Rate on: Total Annual Cost of:
Bond Sinking Fund Serial Bond Term Bond
5% 3% $8,024 $8,722
5% 5% $8,024 $8,024
5% 7% $8,024 $7,439

Zero-Coupon Bonds: A zero-coupon bond is one in which the principal and inter-
est are paid when the bond is retired (at maturity). To accomplish this, the bond is
sold at less than its face value. For example, a 20-year zero-coupon bond with a
face value of $100,000 with 5% interest, would sell for a price of:

P =100,000% P/ F,, 5, =100,000*0.376889 = $37,688.90

The investor buys the bond for $37,688.90. When the bond matures in 20 years,
the investor receives $100,000, which includes his principal, plus 5% annual inter-
est on the original investment of $37,688.90.

7.3 Establishing a Selling Price for Bonds

Every bond bears an amount (often referred to as the “face value”), an interest
rate, and a maturity date on the front of the bond. A term bond showing a face
value of $1,000 and an interest rate of 7% means that the holder of the bond will
receive $1,000 when the bond matures, and will receive a check for $70 each year
that the bond is held. The bond may or may not, however, be initially sold for
$1,000.

When bonds are sold initially, or when a bond is sold by one investor to another
before it reaches maturity, a selling price must be established. In general, a bond
sells:

e At adiscount, if the rate of return to be earned by the purchaser is higher than
rate shown on the bond.

e At par, if the rate of return to be earned by the purchaser is equal to the inter-
est rate shown on the bond.

e At a premium, if the rate of return to be earned by the purchaser is lower than
the rate shown on the bond.

The interest rate shown on the bond is an estimate of what the market value of the
bond will be, made by the issuing agency at the time the bond issue is planned.
By the time bonds are printed and ready for sale, the market rate of interest may
well have changed from the original estimate.

The selling price of a bond depends on:

i
r
c

the interest or rate of return that is expected by the purchaser,
the interest rate named on the bond (coupon rate),
the face value of bond,
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R = the redemption value of bond, which is generally the same as the
face value, unless the issuing agency defaults on the debt, and
n = the number of interest periods to maturity.

The selling price of the bond is the present worth of its redemption value plus the
present worth of all future interest payments, based upon the desired rate of return
of the purchaser. Then:

P=(R*P/F, )+(c*r*P/A,,) (7.1)

Example 4: Establishing the Selling Price of a Bond

A 20-year term bond with a face value of $5,000 pays interest of 8% per year.
How much should be paid on initial purchase (at time = 0) for this bond in or-
der to receive a rate of return of 10% on the investment?

Solution: The solution uses equation 7.1 directly, where i = 10% and r = 8%.
Then:

P =(5,000% P/ Fyy 00, )+ (0.08%5,000% P/ Ay 100, )
P =(5,000%0.148644)+ (400%8.513564) = 743.22 +3,405.43 = $4,148.65

Because the investor needed to earn a higher rate of return on his investment
than the coupon rate of the bond, the bond sold at a discount.

Often, it is necessary to use this procedure in reverse, that is, to find the actual rate
of return knowing the selling price.

Example 5: Finding the Rate of Return

If the bond of Example 4 is purchased at time “0” for $4,600, what would be
the buyer's rate of return on this investment, assuming no default in the pay-
ment of interest or principal?

Solution: The solution involves trials using varying interest rates, and interpo-
lation once trials find interest rates that result in prices both above and below
the $4,600 target.

Example 4 provides one trial at 10% which results in a price of $4,148.65,
which is less than the $4,600 price under consideration. This means that the
actual rate of return is /ess than the 10% of Example 4. A second trial will be
made at 8%. No computation is necessary, as 8% is equal to the coupon rate of
the bond. When the expected rate of return is the same as the coupon rate, the
bond will sell at par or at its face value of $5,000, which is more than the
$4,600 price under consideration. By interpolation:

i=0.08+0.02 ( >,000—4,600 j

5,000-4,148.65

400

i=0.08+0.02 (85135} =0.08+(0.02%0.4698) = 0.894 = 8.94%
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Example 6: Selling a Bond Before Maturity

A US treasury bond that matures in 8 years, has a face value of $10,000. The
bond stipulates a fixed interest rate of 8% per year, but interest payments are
made to the bondholder every three months.

A prospective buyer would like to earn 10% on the investment, since interest
rates have risen since the bond was issued. How much would this buyer be
willing to pay for the bond?

Solution: The price determination remains the present worth of the redemption
value at maturity plus the present worth of all interest payments until maturity.
In this case, interest is paid four times per year. Thus, r = 8/4 = 2%, i = 10%/4
=2.5%, and n = 8*4 = 32 periods until maturity.

P=(10,000% P/ F, 5, )+(10,000%0.02% P/ A, , 5, )

As neither the present worth factor nor the series present worth factor needed
are included in the tables, they are computed from their equations:

PIFy, s = L b 0453770

(1+i)"  (1+0.025)”
(1+i)' -1 1.025" -1
i(1+i)"  0.025%1.025”

=21.849203

P/A32,2.5 =

Then:

P =(10,000*0.453770)+ (10,000 *0.02 *21.849103)
P =4,537.70+4,369.82 = $8,907.52

Once again, because the investor wishes to make a higher rate of return on his
investment than the coupon rate of the bond, the purchase price will be lower
than the face value of the bond, i.e., the bond will be purchased at a discount.

If the bond is purchased between interest periods, the problem is somewhat more
complicated. The holder of the bond will receive the interest check at the end of
the interest period. However, the seller of the bond has equity in that interest, as
the seller held the bond for part of the interest period. The fraction of the interest
payment must be added to the price of the bond to account for the seller's share.
In general, the price of the bond on the interest date prior to the sale is computed
as above. The fraction of the interest payment belonging to the seller is then add-
ed to the price, in terms of the buyer's expected rate of return:

P:P'+(f*i*P') (7.2)

where: P = price of bond,
P' = price of bond on interest date prior to sale of bond,
f = fraction of interest payment belonging to seller,
i = rate of return expected by buyer.
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Using the bond in Example 6 above, where the buyer wanted to make a 10% rate
of return and thus purchased the bond for $8,907.52, at what price would the bond
have sold if it were sold 1.5 months later (halfway into the quarterly compounding
period)?

P=8,907.52+(1.5/3.0)*0.10*8,907.52
P =8,907.52+44.53=%$8,952.05

7.4 Call Privileges

A bond that is callable means that the issuer may retire the bond before the maturi-
ty date. This feature is usually added when interest rates are high. This gives the
issuing agency a way to pay off the bond early and possibly borrow at a lower in-
terest rate. For the issuing agency, it reduces debt levels if revenues are higher
than predicted when the bonds are sold [1]. There are specific dates in the terms
of the bond for when it can be called. It is important to consider call dates when
buying bonds because it can change the rate of return that you earn.

Example 7: Calling a Bond

A 15-year $10,000 term bond bearing 6% interest is purchased at a price that
would earn the buyer 4%. What price was paid for the bond?

Solution: Using Equation 7.1:

P=(10,000% P/ Fy ,,, )+(10,000%0.06 % P/ A, ,,, )
P =(10,000%0.555265)+(600*11.118378)=$12,223.68

Because the investor only needed to make 4% buying bonds bearing 6% inter-
est, the purchase price was above the face value of the bond, i.e., the bond was
purchased at a premium.

If after purchasing the bond for this amount, it is then called after five years,
what was the actual rate of return earned? Then, using Equation 7.1 again:

12,223.68 = (10,000 P/ F;, )+ (600 P/ A, ;)

The result is found by using different interest rates, and interpolating when two
are found that indicate the range within which the solution is found. The price
of the bond will be computed for interest rates of 1%, 2%, 3% ..... , until we
find values that surround $12,223.68. Factors P/F and P/A are found from the
interest tables of Chapter 2. Then:

P, =(10,000%0.951466)+ (600* 4.853431) = $12,426.72 > $12,223.68
P, =(10,000%0.905731)+ (600 4.713460) = $11,885.39 < $12,233.68
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Then, by interpolation:

12,426.72-12,233.68
12,426.72-11,885.39

i:1.0+1.0[ j=1.36%

Because the bond was redeemed (or “called”) before its expected maturity, the
investor earned a far smaller rate of return than originally anticipated.

7.5 The Process of Bond Issuance

The issuing of a bond is also called floating a bond. There are generally three par-
ties to every bond issue: the issuing agency, acting in role of management; the
public, who, through taxes, must pay for the issuance and will hopefully benefit
from the improvement being financed; and the investor, who is looking for a
sound investment.

In order to "float" a bond issue:

1. The issuing agency must estimate its capital need and determine the total
amount of the issue. It must also estimate the interest rate necessary to attract
investors and sell the bond.

2. Approval for issuance must be obtained by the appropriate procedure-
referendum, legislative approval, etc. In the US, most states (their political
subdivisions or public authorities) use debt financing [3].

3. Bonds are printed and sold, frequently by competitive bid. Bonds may sell at
more or less than face value depending upon whether or not the interest rate on
the bond is adequate to attract investors. No matter at what price the bond sells,
the face value must be repaid, and the stated interest rate on the face value must
be paid annually. Bonds are generally sold to banks, investment companies,
and similar agencies - rarely are bonds made available to the general public.

4. The issue, principal plus interest, must be repaid according to the predeter-
mined schedule, either as a serial or term issue.

There are some legal limitations on incurring public debt that vary by state. Prohi-
bitions on public borrowing, however, generally refer only to general obligation
bonds, and these may be circumvented by legislative action creating a special tax
to finance a limited obligation bond, or a public authority empowered to issue rev-
enue bonds. Public authorities have the advantage of not needing legislative
action for each of its decisions. They do require periodic action on enabling legis-
lation for the authority itself, as such bills rarely create an agency for periods
longer than 5 to 10 years.

Regulations regarding issuance of bonds by local governments vary widely. In
many cases, executive action is all that is needed. Most often, approval of a local
legislative group or governing panel is required. Local governments seldom re-
quire public approval of bond issues, but often work under strict debt ceilings set
by state legislatures.
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7.6 Comparing Bond Financing to Pay-As-You-Go Financing

The transportation planner must be prepared to make alternative analyses on
various financing schemes as well as for various physical alternative designs. In
comparing credit financing to pay-as-you-go financing, two main items of consid-
eration come into play. The first of these is interest rate - the rate paid on bor-
rowed money may be higher than the minimum desirable rate generally used in
economic analysis, particularly if revenue bonds are being used. Secondly, the
time frame of achieving benefits will be substantially altered depending upon the
effect of financial alternatives on scheduling.

In general, a present worth comparison for an analysis period covering all im-
plementation schedules will work well here. Annual costs for capital items may
be computed using actual bonded interest rates, however, all present worth values
would be computed based upon the minimum desirable rate of return normally
used. In this way, the higher cost of borrowing may be reflected.

Example 8: Comparing Financial Alternatives

A 10-mile stretch of rural highway is to be reconstructed at a cost of $30 mil-
lion. The road user costs on the existing facility are $2.8 million per year and
maintenance is $90,000 per year. The new facility will reduce these to
$900,000/year and $10,000/year, respectively.

The highway may be built now if a bond issue bearing 5% interest is issued
for 25 years.

If the project is financed out of current taxes, construction will proceed at 2
miles/year taking 5 years to complete. In each year, 1/5 of the construction
cost will be paid, and 1/5 the maintenance and RUC reduction is experienced.

In either instance, service life of the facility is considered to be 30 years.
Minimum attractive rate of return is 4%

Solution: Consider a 30-year analysis period. Then:

Bond Financing: The total present worth of this financing alternative will in-
clude (1) the present worth of capital recovery costs to retire the bonded debt,
(2) the present worth of 30 years of road user costs and maintenance costs.
Note that a serial bond is used because the amount that could be earned on a
sinking fund is 4%, less than what is being paid to bondholders (5%).

The annual cost to retire the bond issue (for 25 years) is:

R,,,, =30,000,000% A/ P, ., =30,000,000*0.070952 = $2,128,560/ yr

The present worth of these costs must be evaluated, but with an interest rate of
4%, the minimum acceptable. If the minimum acceptable rate and the coupon
rate of the bonds were equal, the present worth would have been $30,000,000,
the face value, and no computation would have been necessary. However, the
interest rates are not the same, so:

P, =2128,560% P/ A, ,, =2,128,560%15.622080 = $33,252,346
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For each year of operation, annual road user costs (RUC) and maintenance
costs will be $900,000 + 10,000 = $910,000/ year. The present worth of this is:

Prvermeo =910,000% P/ Ay, ... =910,000%17.292033 = $15,735,750

The total present worth of the bond-financing alternative is, therefore:
P =33,252,346+15,735,750 = $48,988,096

Pay-As-You-Go Financing: This option is a bit more challenging. (1) The
capital costs of the roadway will be paid in equal installments over the first five
years, i.e., at a rate of $30,000,000/5 = $6,000,000/yr for five years. The
present worth of these expenditures will have to be evaluated at 4% annual in-
terest. (2) For each of the first five years, M & O and RUC costs will decline,
with one fifth of the reduction experienced each year. Thereafter, the full re-
duction in M & O and RUC will take effect, applying for years 6 through 30 of
the analysis period. The present worth of these costs will have to be estimated.
The present worth of the capital investments is:

P,., =6,000,000% P/ A, ,, =6,000,000%4.451822=$26,710,932

Road user costs for the existing roadway are $2,800,000 per year, which will be
reduced to $900,000 per year when the road is fully built. The total reduction
in RUC is $1,900,000/yr. Maintenance and operations cost for the existing
roadway are $90,000 per year, which will be reduced to $10,000 per year when
the road is fully built. The total reduction in M & O is $80,000/yr.

Because we are only building one fifth of the roadway per year, however,
these reductions will only be achieved after five years. The total reduction in
RUC and M & O of $1,980,000/yr will be achieved in five increments of
$1,980,000/5 = $396,000/yr. We will assume that the first reduction occurs in
Year 2, as Year 1 will be consumed with the initial construction. Total RUC

and M & O costs by year are:
End of Year RUC and M & O Cost for Year
1 = $2,890,000
2 2,890,000 - 396,000 = $2,494,000
3 2,494,000 — 396,000 = $2,098,000
4 2,098,000 — 396,000 = $1,702,000
5 1,702,000 — 396,000 = $1,306,000
6-30 1,306,000 — 396,000 =$ 910,000

The present worth of these costs over 30 years may now be computed as:

Pevciso =(2.890,000% P/ F ., ) +(2,494,000* P/ F, ., ) +(2,098,000* P/ F, ,,,)
+(1,702,000% P/ F, ;. )+ (1,306,000 P/ F, ., )+(910,000* P/ A, ., * P/ F, ;)

Premso =(2,890,000%0.961538) + (2,494,000 * 0.924556) + (2,098, 000 * 0.888996)
+(1,702,000 * 0.854804) + (1,306,000 * 0.821927) +(910,000 *15.622080 * 0.790315)

=2,796,184.82+2,305,841.67+1,865,113.08+1,454876.08 +1,073,436.66
+11,235,191.38 = $20, 730, 643.69

P,

RUCIM &O
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The total present worth of the pay-as-you-go option is:
P =26,710,932.00+20,730,643.69 = $47,441,575.69

Compare this course to the $48,988,096 for bond financing, and in this case the
increased benefits gained by sooner completion of the project DOES NOT jus-
tify the additional expenditure of bond financing, although the comparison is
very close.

If the current tax base could only cover the cost of 1 mile per year, or $3,000,000
per year, then the total present worth of pay-as-you-go financing would be com-
puted as $49,419,504 (computations not shown) and the increased cost of the bor-
rowing money to complete construction sooner would be justified by the sooner
completion of the project.

7.7 Closing Comments

In this chapter, basic banking formulae and principles are applied to the analysis
and description of bond issues, and to the comparison of financial alternatives for
funding a given project. Once again, the application of these basic principles cov-
ers a very broad range of options, and allows for an orderly review of the details
of financing a project, and the alternatives for doing so.
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Problems

Problem 7.1

A term bond is constructed with a $100,000 face value and an annual yield of 8%
of the face, with a 20-year life. The bond is not callable. If the opportunity cost
for money is 8%, how much is it logical for you to pay for the bond? If the oppor-
tunity cost of money is 12%, what would you logically pay for the bond?

Problem 7.2

A term bond has a face value of $20,000 and an annual yield of 8% of the face.
The bond is issued with a maturity date in 20 years. Investor A buys the bond at a
price that yields a 5% return. (a) What did Investor A pay for the bond?
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Investor B buys the bond from Investor A after ten years for a price that yields
a 10% return on the investment. (b) What did Investor B pay? (c) What rate of
return was actually earned by Investor A?

Problem 7.3

A serial bond with a face value of $100,000 is scheduled to make annual payments
over 20 years and be self-liquidating. If yield is 8%, what is the annual payment
expected?

Problem 7.4
What are some advantages and disadvantages of a typical AAA-rated municipal
bond yielding 6% compared to a FIDC-insured savings account yielding 6%?

Problem 7.5
A bond will yield the following payments: (1)$5000 at the end of each year, years
1-20 and (2) $50,000 at the end of year 25.

1. If you believe the opportunity cost of money to be 10%, what are you willing to
pay for this bond?

2. If others believe the opportunity cost of money to be 5%, is the bond worth
more or less to them and why? How much is the bond worth to them?

3. If interest climbs, does the value of the bond go up or down? why?

Problem 7.6

Consider buying a $1000 corporate bond at the market price of $996.25. Interest
will be paid semiannually at the rate of 4.8125% per payment period over
10 years. Find the rate of return on your investment, assuming that no default
occurs?

Problem 7.7

If a zero-coupon bond will yield $100,000 in a single payment 10 years from now,
and is rated C by Standard and Poors, what is the most likely present worth of the
bond: (a) $2000, (b) $15,000, (c) $40,000 (d) $100,000 Justify your answer.



Chapter 8
Financing Transportation Projects

The Executive Committee of the Transportation Research Board of the National
Academies published a circular on “Critical Issues in Transportation” in 1976. It
has been updated every two to four years, with the last update in 2009. Every is-
sue has included some treatment of tramsportation finance as a critical issue
[1, 2]. The 2009 issue addressed the critical issue of inadequate revenues, but al-
so included equity, which considers the impacts on lower income users of newer
financing methods. This chapter covers some of the most pressing problems and
potential solutions for the financing of future transportation projects.

Funding for transportation projects has historically come from governments, in-
cluding federal, state, and local levels. This remains the current approach as well.
More than $200 billion per year is invested in transportation projects [3] across the
U.S. The largest source of revenue is the tax on gasoline, both at the federal and
state levels.

8.1 The Gas Tax and the Highway Trust Fund

More than half of the revenue in the highway trust fund (HTF) comes from the gas
tax. After the gas tax, the two next largest sources of revenue in the HTF come
from the tax on diesel fuel and the tax on trucks and trailers [4]. Currently the
federal gasoline tax is 18.4 cents per gallon; the tax on gasoline began in 1932 at 1
cent per gallon. It has increased very slowly, and was only 4 cents per gallon from
1960 to 1983, when it was increased to 9 cents per gallon, with 1 cent of that ear-
marked for mass transit financing. This was the first use of HTF monies for public
transportation purposes. In 1994 the gas tax was raised to 18.4 cents, where it re-
mains to date [5]. 15.44 cents goes into the highway account and 2.86 cents goes
to the mass transit account [4]. The federal gas tax pays for 45-50% of transporta-
tion's capital spending [6]. The gas tax, however, has not risen in almost twenty
years at the time of this writing, and it is not indexed to inflation. To put this in
perspective: "the gasoline tax has lost one-third of its buying power since it was
last raised in 1993" [6]. If a gas tax increase would be considered, it is estimated
that every one-cent increase would raise approximately $1.8 billion dollars per
year [6]. However, with the current political climate and resistance to any tax
increases, this seems very unlikely.

E.S. Prassas & R.P. Roess: Eng. Econ. & Finance for Transportation Infrastruct., STTT 3, pp. 191—@.
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Figure 8.1 [7] shows the revenues placed in the HTF and the amounts disbursed
for transportation projects. The HTF is so underfunded that in 2008, 2009, and
2010, money had to be transferred from the general fund to the HTF (not included
in graph receipts), which at least guaranteed that the HTF would maintain a
positive balance.

Highway Trust Fund: Receipts and Outlays Discrepancy
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Fig. 8.1 Annual Receipts and Outlays in the Highway Trust Fund, 2004-2021

(Source: Lee, Joung "Presentation on Potential Program and Budgetary Implications of the
Ongoing Use of General Fund Allocations,” http:/sotfp.transportation.org/Documents/2012-02-
29%20Joung%20Lee%20-%20SOTFP%20General %20Fund.pdf, February 2012.)

The Congressional Budget Office (CBO) projects that both the highway
account and the transit account of the HTF will be exhausted in Fiscal Year
2015 [8].

State and local governments have their own gas taxes, which vary considerably
by state. The average state and local gas tax is 31.1 cents per gallon of gasoline
(in 2012) [5]. States put an excise tax on gasoline, which are taxes on specific
items such as gasoline, alcohol, tobacco, etc. Some states, however, also apply a
general sales tax and sometimes other fees as well, such as environmental fees.
When all these taxes and fees are included, New York has the highest tax rate of
49 cents per gallon and Alaska has the lowest at 8 cents per gallon [9]. Often re-
ports only compare the state excise tax on gasoline. For example, it is claimed that
Georgia has the lowest gas tax at 7.5 cents per gallon [10]. However, Georgia also
adds a 4% sales tax [11], which makes the overall tax rate higher than Alaska.
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8.2 The Problem of Revenue Shortfalls

Due to the large costs of transportation projects, using the taxes on gasoline alone
is not nearly enough to fund the work that is needed. Former Secretary of Trans-
portation James Burnley has said, "The highway user fee trust fund idea has
broken down completely. In the last few years $34.5 billion have been trans-
ferred from general revenues because we can't pay for the existing highway pro-
grams and the transit programs that are funded, in part, from the highway trust
fund." [12]

Table 8.1 shows expenditures on highways, by federal, state, and local govern-
ments and the percentage of each category that is covered. It can be seen that state
governments contribute the largest amounts.

Table 8.1 Direct Expenditures for Highways by Expending Agencies and by Type For
2006

Type of Billions of Dollars Percent of
Expenditure Federal State Local Total Total
Capital Qutlay $0.50 $59.00 $19.20 $78.70 48.9%

Funded by Fed'l $0.50 $32.00 $1.40 $34.60 21.5%
Gov't
Funded by State $0.00 $26.2 $17.90 $44.1 27.4%
& Lcl Gov't
Non-Capital Exp. $1.70 $36.50 $36.6 $74.7 46.4%
Maintenance $0.20 $12.60 $18.60 $31.30 19.4%
Highway & Traf- $0.00 $4.70 $4.40 $9.10 5.7%
fic Services
Administration $1.50 $7.10 $4.60 $13.20 8.2%
Highway Patrol $0.00 $7.70 $6.80 $14.50 9.0%
& Safety
Interest on Debt $0.00 $4.40 $2.20 $6.60 4.1%
Bond Retirement $0.00 $4.60 $3.00 $7.60 4.7%
Total Exp. $2.20 $100.10 $58.80 $161.10 100.0%
Funded by Fed'l $2.20 $32.80 $1.40 $36.30 22.6%
Gov't
Funded by State $0.00 $65.10 $15.80 $80.90 50.2%
Gov'ts
Funded by Local $0.00 $2.20 $41.60 $43.80 27.2%
Gov'ts
Total Exp. $2.20 $100.10 $58.80 $161.10 100.0%

(Source: Reformatted from http://www.fhwa.dot.gov/policy/2008cpr/chap6.htm#1).

8.3 Additional Funding Sources for Transportation Projects

There are a number of emerging mechanisms that have come into use to help
finance transportation projects. Innovative thinking will be needed to help meet
the growing investment needs in the renewal and improvement of the nation’s
transportation infrastructure.

8.3.1 Joint Development Funds

Joint Development Charges are charges to developers and/or business owners that
try to capture the value added to their land and/or businesses by a transportation
improvement. Such approaches are generally called value capture strategies, and
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include special assessment districts and tax increment financing districts. In either
case, special taxes, or assessments, can be levied with the revenues applied to
transportation improvement.

Special Benefit Assessment Districts. A well-defined area that is shown to directly
benefit from a public improvement is defined as a special benefit assessment dis-
trict. The assessment is a charge on the properties within this area. The charge
can be a one-time lump sum or an annual charge. Often it is a fee on a per unit
basis, such as square footage. Using this tool puts the infrastructure cost on the
specific group that benefits from the project instead of spreading the charge over
the entire locale. Because of this, however, special benefit assessment districts
cannot be used on larger scale projects, such as new roads that cover large areas of
the city [13]. States must have legislation that allows the creation of these dis-
tricts. In order for this type of financing to work, often the assessed properties
must agree to participate, otherwise the implementation can be held up in court as
developers fight the imposition of this fee. Example special benefit assessment
districts include:

e The Tampa Historic Streetcar that covers 2.3 miles and has an average of over
one thousand riders per day. In 2006, the special assessment raised $360,000,
which covered 14% of the costs of the system. [14].

e Miami used a special benefit assessment district to help finance its Metromover
downtown circulator. The assessment was on net leasable square footage, and
affected approximately 700 properties [14].

Tax Increment Financing. Improvements to land values caused by transportation
improvements can be captured by an increase in property taxes, which are then
used to maintain the improvement. This is done by creating a tax-increment-
financing (TIF) district, which is the well-defined area benefitting from the
project. The base year of property values is established before the project begins.
Then, as the property value goes up, the increase in property taxes is dedicated to
the operation and maintenance of the transportation improvements. A downside to
TIF financing is that is takes dollars away from other services needed that are
usually financed with property taxes, such as schools and hospitals, water, police,
etc [15]. Example TIFs include:

e Denver's 16th Street Transit Mall in downtown Denver is maintained by tax in-
crement financing [15].

e Prince George County in Maryland uses Tax Increment Finance districts to
fund various improvements. TIFs have been used to finance infrastructure as
well as convention centers and other developments [14].

Negotiated Investments. The developer and the transportation agency may agree to
some lump sum to capture the value of the benefit to the property, or in exchange
for something that the developer needs, for instance, a zoning change or building
permit. This also can include the leasing of land or air rights to developers.
Examples include:
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e In New York City, the Hudson Yards/7 Subway extension is being partially
paid for by charging property owners for zoning changes that allow additional
density in the area. The same project is also getting payments for the air rights.
[14]

Transit/Traffic Impact Requirements (also known as Development Fees). In this
arrangement, developers are charged to mitigate negative impacts caused by the
development on the surrounding street network or transit system. This can include
new intersections being built or expanded, traffic calming measures installed [14],
or to build new facilities to accommodate the new development. California is one
of the leaders in using traffic impact fees to help finance transportation improve-
ments [16]. Examples include:

e In California, Placer County has required traffic impact fees from all develop-
ers in the County [17].

e The City of Tampa uses traffic impact fees on all land development in the city.
The fee is based on a trip generation measure used in planning the development
[18].

Leasing of Concessions. Leasing of concession stands to vendors, selling advertis-
ing space, etc., are additional sources of funds that can be used to maintain a
transportation facility.

8.3.2 Less Traditional Financing Approaches

Over the last two decades, many new methods of financing transportation projects
have evolved. In 1991, ISTEA and later TEA-21 allowed trial financing methods
to test new funding techniques. SAFETEA-LU continued this by funding public-
private partnerships and eliminating obstacles and limits on such partnerships.
Other tools that innovatively finance transportation were also included. MAP-21,
the most current transportation bill at the time of this writing, which provides
funds through FY 2014, continues this promotion of new financing methods for
transforming the framework for how investments are made in the country's trans-
portation infrastructure.

Debt financing for transportation projects has traditionally used tax-exempt
bonds, which allows an agency or government to pay a lower interest rate while
still attracting buyers. Since 2005, the municipal bond market has averaged $410B
per year, with transportation issues accounting for 12 percent of this total. This in-
cludes highway bonds, toll facility bonds, transit bonds, airport bonds, and seaport
bonds [19].

Grant Anticipation Revenue Vehicles (GARVEE) Bonds. In 1995, the National
Highway System Designation Act expanded the types of transportation costs that
could use federal funds. With the 1998 Transportation Equity Act for the 21st
century (TEA-21), the amount given to states allowed the use of some of those
funds for debt financing qualified projects, through the use of GARVEEs [20].
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The GARVEE bond program is a method of financing qualified transportation
projects that allows states to use tax-exempt debt financing that is backed by an-
nual federal money appropriated for transportation projects. That is, GARVEEs
are a debt-financing tool backed by money that is anticipated from expected future
federal-aid grants. Thus the name "grant anticipation vehicle."

In order to be a qualified project, the project must meet certain federal require-
ments for this type of debt financing. The usual GARVEE projects are large
projects with the following characteristics [21]:

1. Large projects where the benefits of moving ahead with the project sooner is
greater than the cost of the delay if pay-as-you-go financing is used.

2. The project does not have tolls or other revenues that can guarantee repayment
of the loan.

3. The State must be willing to set aside a portion of their future year Federal-aid
highway funds to satisfy the debt requirements.

Transportation Infrastructure Finance And Innovation Act (TIFIA). The TIFIA
program provides federal loans and/or credit for transportation projects that are
deemed to be of national importance or regionally important. The program offers
three types of credit, Direct Federal Loans (secured), Loan Guarantees, and Lines
of Credit that can be used to assist the financial needs of a project throughout its
life cycle. The purpose of the TIFIA program is to use federal funds to encourage
private co-investment as well as other non-federal co-investors in these crucial
projects. Eligible co-investors include private firms, state governments, local
governments, special authorities, and Transportation Improvement Districts.
Projects can include highways, bridges, Intelligent Transportation Systems, transit
facilities and vehicles, and freight transfer facilities [22, 23].

State Infrastructure Banks (SIBs). SIBs are state run lending "banks" that offer
loans, sometimes at below market rates, to attract private and other non-federal in-
vestors. The "banks" are capitalized with federal monies as well as State funds.

Private Activity Bonds (PABs). PABs allow private investors the benefits of tax-
exempt financing, enabling them to borrow at lower interest rates. The PAB
bonds are issued by State or Local governments, which use the proceeds to finance
qualified projects developed by private companies. The private company then is
responsible for paying back the bond issue. Other tax-exempt bonds do not allow
for financing of private projects. The purpose of PABs is to encourage more pri-
vate sector involvement and investment in our transportation infrastructure.

8.3.3 Road Pricing

Road Pricing is another source for funding transportation facilities. It refers to
charging users directly for access to a specific road or area. This can be a simple
toll road or can be a more comprehensive type of charge on all roads based on the
vehicle-miles travelled. Congestion pricing also falls under this category, where
users are charged more to use a road or enter an area during heavy traffic times,
often the morning peak period.
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8.3.4 Public-Private Partnerships

Public private partnerships, also known as PPP's or P3s, are agreements between
private companies and public agencies to be involved in the design and building
and/or running and maintaining a transportation facility. This arrangement has the
benefit of sharing the costs, which are becoming harder to sustain with only public
funds, spreading the risk, and also increasing the benefits to the users. There are
many types of P3 arrangements, which run the gamut from small involvement and
small financial risk for the private entity to large involvements and large financial
risks [24]. Table 8.2, taken from Ref [25] shows this continuum of involvement
from Case 1, where all aspects of the project are public, to Case 7, where all as-
pects of the project are privately controlled.

Table 8.2 Continuum of Projects Involving Private-Public Partnerships

Case Develop t Delivery* Operations Maintenance Finance
1 Public D-B-B Public Public Public
2 Public D-B-B Private Public Public
3 Public D-B-B Private Private Public
4 Public D-B Private Private Public
5 Public D-B Private Private Public
6 Public-Private D-B Private Private Public-Private
7 Private D-B Private Private Private

* D = Design; B = Build
(Source: Bailey-Campbell, P. "Challenges Mount for Traditional Transportation Funding," 7ransportation Research News,
No. 274, pg4, Transportation Research Board, Washington DC, May-June 2011).

These types of partnerships allow public agencies access to additional monies
for projects. Private management can mean more efficiency in running an opera-
tion, as well as the introduction of new ideas. Many public-private partnership
projects use the various financing tools described above. Examples of P3 projects
are described below.

Chicago Skyway. The first privatization of a toll road in the US was the Chicago
Skyway. The Chicago Skyway toll bridge was constructed, operated and main-
tained by the City of Chicago for 50 years. Then in 2005 it was leased to the Sky-
way Concession Company, LLC with a 99-year lease agreement. SCC gave the
City of Chicago $1.83 billion for the lease and took over responsibility for all op-
erations and maintenance. SCC collects all tolls and concession revenues. [25, 26].

Capital Beltway/I-495 High Occupancy Toll Lanes in Virginia. This project in
Virginia was the first to use PABs as part of its financing. The project constructed
two HOT lanes per direction parallel to the existing lanes. The HOT lanes use
electronic toll technology and dynamic pricing that continuously adjusts toll rates
to keep traffic moving freely. The project was a public-private partnership of the
Virginia DOT and Capital Beltway Express, LLC. Financing included $589 mil-
lion in PABs, $589 million from a TIFIA direct loan, and $348 million in private
equity as part of the over $2 billion dollar construction. An 80-year operating
concession was given to Capital Beltway Express to run and maintain the facility.
Buses and vehicles with three or more passengers ride free and other vehicles pay
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toll prices that vary based on traffic volume to keep them congestion free
[27, 28]. This project was a design, build, operate, and maintain P3 project.

IH 635 Managed Lanes in Texas. Texas DOT is partnering with LBJ Infrastruc-
ture Group to operate and maintain this facility for 52 years. The project recon-
structs the current lanes and adds four managed lanes underground and six
elevated managed lanes. The managed lanes will be equipped with automatic ve-
hicle identification (AVI) technology to read vehicle transponders. The lanes will
be dynamically priced. Funding Sources included PABs worth $615 million,
TIFIA loan of $850 million, and other public funds and toll revenues. [29]

Port of Miami Tunnel.  Florida has a very active program in private-public
partnerships [25]. The Port of Miami Tunnel is a partnership between MAT Con-
cessionaire, LLC and Florida Department of Transportation (FDOT). The respon-
sibility for design-build-finance-operate-maintain is transferred to MAT. During
construction, FDOT will make payments to MAT as they complete contractual
milestones. In 2044, the tunnel will be returned to FDOT responsibility [30].

8.3.5 Conclusion

The examples of public-private partnerships herein are just a few of the myriad of
possibilities for using P3s. P3 projects have a great potential for helping to im-
prove our transportation systems and infrastructure. They cannot, however, be
the only solution. They are one of a group of tools that will support and improve
transportation in the United States and internationally. In many types of P3
projects, funding still must come from the public sector, and we cannot nor would
want all of our roads to be privately owned. The goals of private entities are often
very different than the goals of the public. Some negatives to private involvement
include [31]:

1. Loss of public control. Private entities will want more return on
their investment and will most likely increase the cost of a toll
road, for instance, more than if it was publicly owned and run.
There are ways in the agreement to limit how much a toll can be
increased, but it is still likely that the toll will increase more than
it would otherwise.

2. With the excessively long leases, is the public receiving full
value? Even with the very large sums that the private entity is
paying for control of a facility for a period of time, the present
value of the future income may be much more than the upfront
payment received. The large upfront sum can be attractive to the
public sector particularly when there are big budget gaps to fill,
but may not be best in the long term.
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3. The financing is risky. Depending on the terms of the contract, if
the private entity cannot repay the debt or goes bankrupt, who
will be responsible. In California, the South Bay Expressway
private partner went bankrupt and the highway project went
through reorganization. All parties, including TIFIA program,
lost money[32].

4, Less transparency. There is concern that these roads that are
privately run and maintained are not "public" enough. For
instance, is it clear what maintenance is occurring, or how
it is operated.

5. Not enough oversight protecting the public interest. When a pri-
vate entity operates a facility, there is no accountability to the
public. There is not the same oversight as on public facilities.
For example, are the same safety standards being met?

8.4 The Vehicle-Mile Tax and Other Tax Options for the
Future

A method that has been proposed to raise money for funding transportation is the
VMT tax, or vehicle-miles traveled tax. This tax would either replace or supple-
ment the current gasoline tax. The logic behind the VMT tax is that it more close-
ly relates the amount of usage of roadways to the charge paid. The more you
travel, the more you are charged. There is a wide range of gas mileage per gallon
amongst the different vehicles on roads. This raises the issue of fairness or equity
in the gasoline tax. Newer and more expensive vehicles are getting more miles to
the gallon, which is accelerating the depletion of funds available for transporta-
tion, as well as creating a more inequitable tax. Lower income individuals often
have older automobiles that are less gasoline efficient. Gas efficient vehicles are
paying less for driving the same number of miles, not to mention electric and hy-
brid cars. It is clear that the costs imposed by vehicles on our roadways are more
proportional to the vehicle-miles traveled rather than the amount of gasoline
consumption.

With the VMT tax, the number of miles traveled by each vehicle must be
tracked. Then a fee is charged for each mile driven. The charge could change by
time period, that is, be higher during congested periods. It could also be higher for
large trucks that put more wear and tear on the roads.

Cities all across the country are considering a VMT tax. Currently there are
eighteen states studying this option [33]. Starting in 2006, the VMT tax was
tested in twelve cities as part of a federally-funded research program done through
the University of Iowa [34]. Oregon was a participating state, and has continued to
be one of the leaders in studying the feasibility of a VMT tax. The first pilot stu-
dies used GPS devices to track drivers’ mileage [34]. There are some privacy is-
sues with using GPS, and Oregon has been testing alternative methods of tracking
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mileage data. This current pilot in Oregon gives users four choices as to the
method that their mileage will be tracked: (1) GPS, (2) a more simple mileage
measuring device (however they are then choosing to be charged for out-of-state
driving and driving on private roads), (3) a smart-phone app that uses GPS, or (4)
paying a flat fee instead of using any measurement device [35]. Also being stu-
died is whether drivers prefer data to be collected by a government agency or the
private sector [35].

Many believe that the VMT tax is inevitable, and the only equitable means of
collecting road-use taxes. An interesting result of the Iowa study was the im-
provement in people's views about the system after having used it. Before the
study, only 41% viewed a VMT tax positively, but after the study that number in-
creased to 70% [36]. However, there are many issues still to be solved and many
years before it could be implemented on a large-scale federal basis.

8.5 Closing Comments

All one has to do is look at the AASHTO Daily Transportation Update [37] to see
how funding is in the forefront of critical issues facing the transportation commu-
nity. Everyone agrees that something needs to be done soon to increase the funds
available for transportation infrastructure. The issue is how to best do this. The
public in general is very resistant to change or to any gas tax increases. Because
of this, politicians are reluctant to recommend changes. Many innovative finance
methods are currently being used and new methods are being studied across the
country. As revenues lag behind the needs of our transportation system, this issue
will remain on the critical list for years to come.
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Appendix
Interest Tables

Interest RATE =

1%

Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/P P/F FIA A/F P/A A/P
1 1.010000 0.990099 1.000000 1.000000 0.990099 1.010000
2 1.020100 0.980296 2.010000 0.497512 1.970395 0.507512
3 1.030301 0.970590 3.030100 0.330022 2.940985 0.340022
4 1.040604 0.960980 4.060401 0.246281 3.901966 0.256281
5 1.051010 0.951466 5.101005 0.196040 4.853431 0.206040
6 1.061520 0.942045 6.152015 0.162548 5.795476 0.172548
7 1.072135 0.932718 7.213535 0.138628 6.728195 0.148628
8 1.082857 0.923483 8.285671 0.120690 7.651678 0.130690
9 1.093685 0.914340 9.368527 0.106740 8.566018 0.116740
10 1.104622 0.905287 10.462213 0.095582 9.471305 0.105582
11 1.115668 0.896324 11.566835 0.086454| 10.367628 0.096454
12 1.126825 0.887449 12.682503 0.078849| 11.255077 0.088849
13 1.138093 0.878663 13.809328 0.072415] 12.133740 0.082415
14 1.149474 0.869963 14.947421 0.066901 13.003703 0.076901
15 1.160969 0.861349 16.096896 0.062124| 13.865053 0.072124
16 1.172579 0.852821 17.257864 0.057945| 14.717874 0.067945
17 1.184304 0.844377 18.430443 0.054258| 15.562251 0.064258
18 1.196147 0.836017 19.614748 0.050982|  16.398269 0.060982
19 1.208109 0.827740 20.810895 0.048052| 17.226008 0.058052
20 1.220190 0.819544 22.019004 0.045415| 18.045553 0.055415
21 1.232392 0.811430 23.239194 0.043031 18.856983 0.053031
22 1.244716 0.803396 24.471586 0.040864| 19.660379 0.050864
23 1.257163 0.795442 25.716302 0.038886| 20.455821 0.048886
24 1.269735 0.787566 26.973465 0.037073| 21.243387 0.047073
25 1.282432 0.779768 28.243200 0.035407| 22.023156 0.045407
26 1.295256 0.772048 29.525631 0.033869| 22.795204 0.043869
27 1.308209 0.764404 30.820888 0.032446| 23.559608 0.042446
28 1.321291 0.756836 32.129097 0.031124| 24.316443 0.041124
29 1.334504 0.749342 33.450388 0.029895| 25.065785 0.039895
30 1.347849 0.741923 34.784892 0.028748| 25.807708 0.038748
31 1.361327 0.734577 36.132740 0.027676| 26.542285 0.037676
32 1.374941 0.727304 37.494068 0.026671| 27.269589 0.036671
33 1.388690 0.720103 38.869009 0.025727| 27.989693 0.035727
34 1.402577 0.712973 40.257699 0.024840| 28.702666 0.034840
35 1.416603 0.705914 41.660276 0.024004| 29.408580 0.034004
36 1.430769 0.698925 43.076878 0.023214]| 30.107505 0.033214
37 1.445076 0.692005 44.507647 0.022468| 30.799510 0.032468
38 1.459527 0.685153 45.952724 0.021761| 31.484663 0.031761
39 1.474123 0.678370 47.412251 0.021092| 32.163033 0.031092
40 1.488864 0.671653 48.886373 0.020456| 32.834686 0.030456
4 1.503752 0.665003 50.375237 0.019851| 33.499689 0.029851
42 1.518790 0.658419 51.878989 0.019276]| 34.158108 0.029276
43 1.533978 0.651900 53.397779 0.018727| 34.810008 0.028727
44 1.549318 0.645445 54.931757 0.018204| 35.455454 0.028204
45 1.564811 0.639055 56.481075 0.017705]| 36.094508 0.027705
50 1.644632 0.608039 64.463182 0.015513| 39.196118 0.025513
55 1.728525 0.578528 72.852457 0.013726| 42.147192 0.023726
60 1.816697 0.550450 81.669670 0.012244| 44.955038 0.022244




204

Appendix: Interest Tables

[ Interest RATE = 2%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.020000 0.980392 1.000000 1.000000 0.980392 1.020000
2 1.040400 0.961169 2.020000 0.495050 1.941561 0.515050
3 1.061208 0.942322 3.060400 0.326755 2.883883 0.346755
4 1.082432 0.923845 4.121608 0.242624 3.807729 0.262624
5 1.104081 0.905731 5.204040 0.192158 4.713460 0.212158
6 1.126162 0.887971 6.308121 0.158526 5.601431 0.178526
7 1.148686 0.870560 7.434283 0.134512 6.471991 0.154512
8 1.171659 0.853490 8.582969 0.116510 7.325481 0.136510
9 1.195093 0.836755 9.754628 0.102515 8.162237 0.122515
10 1.218994 0.820348 10.949721 0.091327 8.982585 0.111327
11 1.243374 0.804263 12.168715 0.082178 9.786848 0.102178
12 1.268242 0.788493 13.412090 0.074560| 10.575341 0.094560
13 1.293607 0.773033 14.680332 0.068118 11.348374 0.088118
14 1.319479 0.757875 15.973938 0.062602| 12.106249 0.082602
15 1.345868 0.743015 17.293417 0.057825| 12.849264 0.077825
16 1.372786 0.728446 18.639285 0.053650| 13.577709 0.073650
17 1.400241 0.714163 20.012071 0.049970| 14.291872 0.069970
18 1.428246 0.700159 21.412312 0.046702|  14.992031 0.066702
19 1.456811 0.686431 22.840559 0.043782| 15.678462 0.063782
20 1.485947 0.672971 24.297370 0.041157 16.351433 0.061157
21 1.515666 0.659776 25.783317 0.038785 17.011209 0.058785
22 1.545980 0.646839 27.298984 0.036631 17.658048 0.056631
23 1.576899 0.634156 28.844963 0.034668|  18.292204 0.054668
24 1.608437 0.621721 30.421862 0.032871 18.913926 0.052871
25 1.640606 0.609531 32.030300 0.031220( 19.523456 0.051220
26 1.673418 0.597579 33.670906 0.029699| 20.121036 0.049699
27 1.706886 0.585862 35.344324 0.028293[ 20.706898 0.048293
28 1.741024 0.574375 37.051210 0.026990( 21.281272 0.046990
29 1.775845 0.563112 38.792235 0.025778| 21.844385 0.045778
30 1.811362 0.552071 40.568079 0.024650( 22.396456 0.044650
31 1.847589 0.541246 42.379441 0.023596| 22.937702 0.043596
32 1.884541 0.530633 44.227030 0.022611 23.468335 0.042611
33 1.922231 0.520229 46.111570 0.021687| 23.988564 0.041687
34 1.960676 0.510028 48.033802 0.020819| 24.498592 0.040819
35 1.999890 0.500028 49.994478 0.020002| 24.998619 0.040002
36 2.039887 0.490223 51.994367 0.019233| 25.488842 0.039233
37 2.080685 0.480611 54.034255 0.018507| 25.969453 0.038507
38 2.122299 0.471187 56.114940 0.017821 26.440641 0.037821
39 2.164745 0.461948 58.237238 0.017171 26.902589 0.037171
40 2.208040 0.452890 60.401983 0.016556| 27.355479 0.036556
41 2.252200 0.444010 62.610023 0.015972| 27.799489 0.035972
42 2.297244 0.435304 64.862223 0.015417| 28.234794 0.035417
43 2.343189 0.426769 67.159468 0.014890| 28.661562 0.034890
44 2.390053 0.418401 69.502657 0.014388| 29.079963 0.034388
45 2.437854 0.410197 71.892710 0.013910| 29.490160 0.033910
50 2.691588 0.371528 84.579401 0.011823 | 31.423606 0.031823
55 2.971731 0.336504 98.586534 0.010143| 33.174788 0.030143
60 3.281031 0.304782 114.051539 0.008768| 34.760887 0.028768




Appendix: Interest Tables

205

Interest RATE =

3%

Years, n__ [SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/P P/F F/A AF P/A AP

1 1.030000 0.970874 1.000000 1.000000 0.970874 1.030000
2 1.060900 0.942596 2.030000 0.492611 1.913470 0.522611
3 1.092727 0.915142 3.090900 0.323530 2.828611 0.353530
4 1.125509 0.888487 4.183627 0.239027 3.717098 0.269027
5 1.1569274 0.862609 5.309136 0.188355 4.579707 0.218355
6 1.194052 0.837484 6.468410 0.154598 5.417191 0.184598
7 1.229874 0.813092 7.662462 0.130506 6.230283 0.160506
8 1.266770 0.789409 8.892336 0.112456 7.019692 0.142456
9 1.304773 0.766417 10.159106 0.098434 7.786109 0.128434
10 1.343916 0.744094 11.463879 0.087231 8.530203 0.117231
1 1.384234 0.722421 12.807796 0.078077 9.252624 0.108077
12 1.425761 0.701380 14.192030 0.070462 9.954004 0.100462
13 1.468534 0.680951 15.617790 0.064030| 10.634955 0.094030
14 1.512590 0.661118 17.086324 0.058526|  11.296073 0.088526
15 1.557967 0.641862 18.598914 0.053767| 11.937935 0.083767
16 1.604706 0.623167 20.156881 0.049611 12.561102 0.079611
17 1.652848 0.605016 21.761588 0.045953| 13.166118 0.075953
18 1.702433 0.587395 23.414435 0.042709| 13.753513 0.072709
19 1.753506 0.570286 25.116868 0.039814| 14.323799 0.069814
20 1.806111 0.553676 26.870374 0.037216| 14.877475 0.067216
21 1.860295 0.537549 28.676486 0.034872| 15.415024 0.064872
22 1.916103 0.521893 30.536780 0.032747| 15.936917 0.062747
23 1.973587 0.506692 32.452884 0.030814| 16.443608 0.060814
24 2.032794 0.491934 34.426470 0.029047| 16.935542 0.059047
25 2.093778 0.477606 36.459264 0.027428| 17.413148 0.057428
26 2.156591 0.463695 38.553042 0.025938| 17.876842 0.055938
27 2.221289 0.450189 40.709634 0.024564| 18.327031 0.054564
28 2.287928 0.437077 42.930923 0.023293| 18.764108 0.053293
29 2.356566 0.424346 45.218850 0.022115]| 19.188455 0.052115
30 2427262 0.411987 47.575416 0.021019]|  19.600441 0.051019
31 2.500080 0.399987 50.002678 0.019999| 20.000428 0.049999
32 2.575083 0.388337 52.502759 0.019047| 20.388766 0.049047
33 2.652335 0.377026 55.077841 0.018156]| 20.765792 0.048156
34 2.731905 0.366045 57.730177 0.017322] 21.131837 0.047322
35 2.813862 0.355383 60.462082 0.016539| 21.487220 0.046539
36 2.898278 0.345032 63.275944 0.015804| 21.832252 0.045804
37 2.985227 0.334983 66.174223 0.015112| 22.167235 0.045112
38 3.074783 0.325226 69.159449 0.014459| 22.492462 0.044459
39 3.167027 0.315754 72.234233 0.013844| 22.808215 0.043844
40 3.262038 0.306557 75.401260 0.013262| 23.114772 0.043262
41 3.359899 0.297628 78.663298 0.012712]  23.412400 0.042712
42 3.460696 0.288959 82.023196 0.012192]| 23.701359 0.042192
43 3.564517 0.280543 85.483892 0.011698| 23.981902 0.041698
44 3.671452 0.272372 89.048409 0.011230| 24.254274 0.041230
45 3.781596 0.264439 92.719861 0.010785| 24.518713 0.040785
50 4.383906 0.228107 112.796867 0.008865| 25.729764 0.038865
55 5.082149 0.196767 136.071620 0.007349| 26.774428 0.037349
60 5.891603 0.169733 163.053437 0.006133]| 27.675564 0.036133




206 Appendix: Interest Tables
[ Interest RATE = 4%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.040000 0.961538 1.000000 1.000000 0.961538 1.040000
2 1.081600 0.924556 2.040000 0.490196 1.886095 0.530196
3 1.124864 0.888996 3.121600 0.320349 2.775091 0.360349
4 1.169859 0.854804 4.246464 0.235490 3.629895 0.275490
5 1.216653]  0.821927 5416323]  0.184627|  4.451822|  0.224627
6 1.265319 0.790315 6.632975 0.150762 5.242137 0.190762
7 1.315932 0.759918 7.898294 0.126610 6.002055 0.166610
8 1.368569 0.730690 9.214226 0.108528 6.732745 0.148528
9 1423312 0.702587 10.582795|  0.094493|  7.435332]  0.134493
10 1.480244]  0.675564 12.006107|  0.083291 8.110896]|  0.123291
11 1530454 0.649581 13.486351 0.074149| _ 8.760477| __ 0.114149
12 1.601032 0.624597 15.025805 0.066552 9.385074 0.106552
13 1.665074 0.600574 16.626838 0.060144 9.985648 0.100144
14 1.731676 0.577475 18.291911 0.054669| 10.563123 0.094669
15 1.800944 0.555265 20.023588 0.049941 11.118387 0.089941
16 1.872981 0.533908 21.824531 0.045820 11.652296 0.085820
17 1.947900 0.513373 23.697512 0.042199| 12.165669 0.082199
18 2.025817 0.493628 25.645413 0.038993| 12.659297 0.078993
19 2.106849 0.474642 27.671229 0.036139| 13.133939 0.076139
20 2.191123 0.456387 29.778079 0.033582| 13.590326 0.073582
21 2.278768 0.438834 31.969202 0.031280| 14.029160 0.071280
22 2.369919 0.421955 34.247970 0.029199 14.451115 0.069199
23 2.464716 0.405726 36.617889 0.027309| 14.856842 0.067309
24 2.563304 0.390121 39.082604 0.025587| 15.246963 0.065587
25 2.665836 0.375117 41.645908 0.024012]  15.622080 0.064012
26 2.772470 0.360689 44.311745 0.022567| 15.982769 0.062567
27 2.883369 0.346817 47.084214 0.021239| 16.329586 0.061239
28 2.998703 0.333477 49.967583 0.020013] 16.663063 0.060013
29 3.118651 0.320651 52.966286 0.018880| 16.983715 0.058880
30 3.243398 0.308319 56.084938 0.017830| 17.292033 0.057830
31 3.373133 0.296460 59.328335 0.016855| 17.588494 0.056855
32 3.508059 0.285058 62.701469 0.015949| 17.873551 0.055949
33 3.648381 0.274094 66.209527|  0.015104| 18.147646]  0.055104
34 3.794316] _ 0.263552 69.857909| _ 0.014315] 18.411198| _ 0.054315
35 3.946089 0.253415 73.652225 0.013577| 18.664613 0.053577
36 4.103933 0.243669 77.598314 0.012887| 18.908282 0.052887
37 4.268090 0.234297 81.702246 0.012240| 19.142579 0.052240
38 4.438813 0.225285 85.970336 0.011632 19.367864 0.051632
39 4.616366 0.216621 90.409150 0.011061 19.584485 0.051061
40 4.801021 0.208289 95.025516 0.010523| 19.792774 0.050523
4 4.993061 0.200278 99.826536 0.010017]  19.993052 0.050017
42 5.192784 0.192575 104.819598 0.009540| 20.185627 0.049540
43 5.400495 0.185168 110.012382 0.009090| 20.370795 0.049090
44 5.616515 0.178046 115.412877 0.008665| 20.548841 0.048665
45 5.841176 0.171198 121.029392 0.008262| 20.720040 0.048262
50 7.106683 0.140713 152.667084 0.006550| 21.482185 0.046550
55 8.646367 0.115656 191.159173 0.005231 22.108612 0.045231
60 10.519627 0.095060 237.990685 0.004202)  22.623490 0.044202




Appendix: Interest Tables
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[ Interest RATE = 5%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.050000 0.952381 1.000000 1.000000 0.952381 1.050000
2 1.102500 0.907029 2.050000 0.487805 1.859410 0.537805
3 1.157625 0.863838 3.152500 0.317209 2.723248 0.367209
4 1.215506 0.822702 4.310125 0.232012 3.545951 0.282012
5 1.276282 0.783526 5.525631 0.180975 4.329477 0.230975
6 1.340096 0.746215 6.801913 0.147017 5.075692 0.197017
7 1.407100 0.710681 8.142008 0.122820 5.786373 0.172820
8 1.477455 0.676839 9.549109 0.104722 6.463213 0.154722
9 1.551328 0.644609 11.026564 0.090690 7.107822 0.140690
10 1.628895 0.613913 12.577893 0.079505 7.721735 0.129505
11 1.710339 0.584679 14.206787 0.070389 8.306414 0.120389
12 1.795856 0.556837 15.917127 0.062825 8.863252 0.112825
13 1.885649 0.530321 17.712983 0.056456 9.393573 0.106456
14 1.979932 0.505068 19.598632 0.051024 9.898641 0.101024
15 2.078928 0.481017 21.578564 0.046342| 10.379658 0.096342
16 2.182875 0.458112 23.657492 0.042270| 10.837770 0.092270
17 2.292018 0.436297 25.840366 0.038699 11.274066 0.088699
18 2.406619 0.415521 28.132385 0.035546 11.689587 0.085546
19 2.526950 0.395734 30.539004 0.032745| 12.085321 0.082745
20 2.653298 0.376889 33.065954 0.030243| 12.462210 0.080243
21 2.785963 0.358942 35.719252 0.027996 12.821153 0.077996
22 2.925261 0.341850 38.505214 0.025971 13.163003 0.075971
23 3.071524 0.325571 41.430475 0.024137| 13.488574 0.074137
24 3.225100 0.310068 44.501999 0.022471 13.798642 0.072471
25 3.386355 0.295303 47.727099 0.020952( 14.093945 0.070952
26 3.555673 0.281241 51.113454 0.019564( 14.375185 0.069564
27 3.733456 0.267848 54.669126 0.018292( 14.643034 0.068292
28 3.920129 0.255094 58.402583 0.017123| 14.898127 0.067123
29 4.116136 0.242946 62.322712 0.016046 15.141074 0.066046
30 4.321942 0.231377 66.438848 0.015051 15.372451 0.065051
31 4.538039 0.220359 70.760790 0.014132 15.592811 0.064132
32 4.764941 0.209866 75.298829 0.013280( 15.802677 0.063280
33 5.003189 0.199873 80.063771 0.012490 16.002549 0.062490
34 5.253348 0.190355 85.066959 0.011755 16.192904 0.061755
35 5.516015 0.181290 90.320307 0.011072 16.374194 0.061072
36 5.791816 0.172657 95.836323 0.010434| 16.546852 0.060434
37 6.081407 0.164436 101.628139 0.009840 16.711287 0.059840
38 6.385477 0.156605 107.709546 0.009284| 16.867893 0.059284
39 6.704751 0.149148 114.095023 0.008765| 17.017041 0.058765
40 7.039989 0.142046 120.799774 0.008278[ 17.159086 0.058278
41 7.391988 0.135282 127.839763 0.007822( 17.294368 0.057822
42 7.761588 0.128840 135.231751 0.007395| 17.423208 0.057395
43 8.149667 0.122704 142.993339 0.006993| 17.545912 0.056993
44 8.557150 0.116861 151.143006 0.006616| 17.662773 0.056616
45 8.985008 0.111297 159.700156 0.006262| 17.774070 0.056262
50 11.467400 0.087204 209.347996 0.004777 18.255925 0.054777
55 14.635631 0.068326 272.712618 0.003667| 18.633472 0.053667
60 18.679186 0.053536 353.583718 0.002828|  18.929290 0.052828




208 Appendix: Interest Tables
[ Interest RATE = 6%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.060000 0.943396 1.000000 1.000000 0.943396 1.060000
2 1.123600 0.889996 2.060000 0.485437 1.833393 0.545437
3 1.191016 0.839619 3.183600 0.314110 2.673012 0.374110
4 1.262477| _ 0.792094 4.374616] _ 0.228591 3.465106]  0.288591
5 1.338226 0.747258 5.637093 0.177396 4.212364 0.237396
6 1.418519 0.704961 6.975319 0.143363 4.917324 0.203363
7 1.503630 0.665057 8.393838 0.119135 5.582381 0.179135
8 1.593848 0.627412 9.897468 0.101036 6.209794 0.161036
9 1.689479] 0591898 11.491316]  0.087022|  6.801692|  0.147022
10 1.790848|  0.558395 13.180795|  0.075868|  7.360087|  0.135868
11 1.898299| _ 0.526788 14.971643| _ 0.066793| _ 7.886875|  0.126793
12 2.012196 0.496969 16.869941 0.059277 8.383844 0.119277
13 2.132928 0.468839 18.882138 0.052960 8.852683 0.112960
14 2.260904 0.442301 21.015066 0.047585 9.294984 0.107585
15 2.396558 0.417265 23.275970 0.042963 9.712249 0.102963
16 2.540352 0.393646 25.672528 0.038952| 10.105895 0.098952
17 2.692773 0.371364 28.212880 0.035445| 10.477260 0.095445
18 2.854339 0.350344 30.905653 0.032357| 10.827603 0.092357
19 3.025600 0.330513 33.759992 0.029621 11.158116 0.089621
20 3.207135 0.311805 36.785591 0.027185 11.469921 0.087185
21 3.399564 0.294155 39.992727 0.025005 11.764077 0.085005
22 3.603537 0.277505 43.392290 0.023046| 12.041582 0.083046
23 3.819750 0.261797 46.995828 0.021278]| 12.303379 0.081278
24 4.048935 0.246979 50.815577 0.019679| 12.550358 0.079679
25 4.291871 0.232999 54.864512 0.018227| 12.783356 0.078227
26 4.549383 0.219810 59.156383 0.016904| 13.003166 0.076904
27 4.822346 0.207368 63.705766 0.015697| 13.210534 0.075697
28 5.111687 0.195630 68.528112 0.014593| 13.406164 0.074593
29 5.418388 0.184557 73.639798 0.013580| 13.590721 0.073580
30 5.743491 0.174110 79.058186|  0.012649| 13.764831 0.072649
31 6.088101 0.164255 84.801677 0.011792 13.929086 0.071792
32 6.453387|  0.154957 90.889778|  0.011002]| 14.084043|  0.071002
33 6.840590|  0.146186 97.343165|  0.010273| 14.230230] _ 0.070273
34 7.251025]  0.137912 104.183755|  0.009598| 14.368141 0.069598
35 7.686087 0.130105 111.434780 0.008974| 14.498246 0.068974
36 8.147252 0.122741 119.120867 0.008395| 14.620987 0.068395
37 8.636087 0.115793 127.268119 0.007857| 14.736780 0.067857
38 9.154252 0.109239 135.904206 0.007358| 14.846019 0.067358
39 9.703507 0.103056 145.058458 0.006894| 14.949075 0.066894
40 10.285718 0.097222 154.761966 0.006462| 15.046297 0.066462
41 10.902861 0.091719 165.047684 0.006059| 15.138016 0.066059
42 11.557033 0.086527 175.950545 0.005683| 15.224543 0.065683
43 12.250455 0.081630 187.507577 0.005333| 15.306173 0.065333
44 12.985482 0.077009 199.758032 0.005006| 15.383182 0.065006
45 13.764611 0.072650 212.743514 0.004700| 15.455832 0.064700
50 18.420154 0.054288 290.335905 0.003444| 15.761861 0.063444
55 24.650322 0.040567 394.172027 0.002537|  15.990543 0.062537
60 32.987691 0.030314 533.128181 0.001876]| 16.161428 0.061876




Appendix: Interest Tables

209

[ Interest RATE = 7%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.070000 0.934579 1.000000 1.000000 0.934579 1.070000
2 1.144900 0.873439 2.070000 0.483092 1.808018 0.553092
3 1.225043 0.816298 3.214900 0.311052 2.624316 0.381052
4 1.310796 0.762895 4.439943 0.225228 3.387211 0.295228
5 1.402552 0.712986 5.750739 0.173891 4.100197 0.243891
6 1.500730 0.666342 7.153291 0.139796 4.766540 0.209796
7 1.605781 0.622750 8.654021 0.115553 5.389289 0.185553
8 1.718186 0.582009 10.259803 0.097468 5.971299 0.167468
9 1.838459 0.543934 11.977989 0.083486 6.515232 0.153486
10 1.967151 0.508349 13.816448 0.072378 7.023582 0.142378
11 2.104852 0.475093 15.783599 0.063357 7.498674 0.133357
12 2.252192 0.444012 17.888451 0.055902 7.942686 0.125902
13 2.409845 0.414964 20.140643 0.049651 8.357651 0.119651
14 2.578534 0.387817 22.550488 0.044345 8.745468 0.114345
15 2.759032 0.362446 25.129022 0.039795 9.107914 0.109795
16 2.952164 0.338735 27.888054 0.035858 9.446649 0.105858
17 3.158815 0.316574 30.840217 0.032425 9.763223 0.102425
18 3.379932 0.295864 33.999033 0.029413| 10.059087 0.099413
19 3.616528 0.276508 37.378965 0.026753| 10.335595 0.096753
20 3.869684 0.258419 40.995492 0.024393| 10.594014 0.094393
21 4.140562 0.241513 44.865177 0.022289| 10.835527 0.092289
22 4.430402 0.225713 49.005739 0.020406 11.061240 0.090406
23 4.740530 0.210947 53.436141 0.018714 11.272187 0.088714
24 5.072367 0.197147 58.176671 0.017189 11.469334 0.087189
25 5.427433 0.184249 63.249038 0.015811 11.653583 0.085811
26 5.807353 0.172195 68.676470 0.014561 11.825779 0.084561
27 6.213868 0.160930 74.483823 0.013426 11.986709 0.083426
28 6.648838 0.150402 80.697691 0.012392 12.137111 0.082392
29 7.114257 0.140563 87.346529 0.011449 12.277674 0.081449
30 7.612255 0.131367 94.460786 0.010586( 12.409041 0.080586
31 8.145113 0.122773 102.073041 0.009797 12.531814 0.079797
32 8.715271 0.114741 110.218154 0.009073 12.646555 0.079073
33 9.325340 0.107235 118.933425 0.008408 12.753790 0.078408
34 9.978114 0.100219 128.258765 0.007797 12.854009 0.077797
35 10.676581 0.093663 138.236878 0.007234| 12.947672 0.077234
36 11.423942 0.087535 148.913460 0.006715| 13.035208 0.076715
37 12.223618 0.081809 160.337402 0.006237 13.117017 0.076237
38 13.079271 0.076457 172.561020 0.005795| 13.193473 0.075795
39 13.994820 0.071455 185.640292 0.005387| 13.264928 0.075387
40 14.974458 0.066780 199.635112 0.005009( 13.331709 0.075009
41 16.022670 0.062412 214.609570 0.004660( 13.394120 0.074660
42 17.144257 0.058329 230.632240 0.004336| 13.452449 0.074336
43 18.344355 0.054513 247.776496 0.004036| 13.506962 0.074036
44 19.628460 0.050946 266.120851 0.003758| 13.557908 0.073758
45 21.002452 0.047613 285.749311 0.003500| 13.605522 0.073500
50 29.457025 0.033948 406.528929 0.002460( 13.800746 0.072460
55 41.315001 0.024204 575.928593 0.001736[ 13.939939 0.071736
60 57.946427 0.017257 813.520383 0.001229]|  14.039181 0.071229




210 Appendix: Interest Tables
[ Interest RATE = 8%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.080000 0.925926 1.000000 1.000000 0.925926 1.080000
2 1.166400 0.857339 2.080000 0.480769 1.783265 0.560769
3 1.259712 0.793832 3.246400 0.308034 2.577097 0.388034
4 1.360489]  0.735030 4506112 0.221921 3.312127] _ 0.301921
5 1.469328 0.680583 5.866601 0.170456 3.992710 0.250456
6 1.586874 0.630170 7.335929 0.136315 4.622880 0.216315
7 1.713824]  0.583490 8.922803]  0.112072 5.206370|  0.192072
8 1.850930 0.540269 10.636628 0.094015 5.746639 0.174015
9 1.999005]  0.500249 12.487558|  0.080080|  6.246888|  0.160080
10 2.158925|  0.463193 14.486562|  0.069029|  6.710081 0.149029
11 2.331639| _ 0.428883 16.645487| _ 0.060076] _ 7.138964| _ 0.140076
12 2.518170 0.397114 18.977126 0.052695 7.536078 0.132695
13 2.719624 0.367698 21.495297 0.046522 7.903776 0.126522
14 2.937194 0.340461 24.214920 0.041297 8.244237 0.121297
15 3.172169 0.315242 27.152114 0.036830 8.5569479 0.116830
16 3.425943 0.291890 30.324283 0.032977 8.851369 0.112977
17 3.700018 0.270269 33.750226 0.029629 9.121638 0.109629
18 3.996019 0.250249 37.450244 0.026702 9.371887 0.106702
19 4.315701 0.231712 41.446263 0.024128 9.603599 0.104128
20 4.660957 0.214548 45.761964 0.021852 9.818147 0.101852
21 5.033834 0.198656 50.422921 0.019832| 10.016803 0.099832
22 5.436540 0.183941 55.456755 0.018032| 10.200744 0.098032
23 5.871464 0.170315 60.893296 0.016422| 10.371059 0.096422
24 6.341181 0.157699 66.764759 0.014978| 10.528758 0.094978
25 6.848475 0.146018 73.105940 0.013679| 10.674776 0.093679
26 7.396353 0.135202 79.954415 0.012507| 10.809978 0.092507
27 7.988061 0.125187 87.350768 0.011448 10.935165 0.091448
28 8.627106 0.115914 95.338830 0.010489 11.051078 0.090489
29 9.317275 0.107328 103.965936 0.009619 11.158406 0.089619
30 10.062657 0.099377 113.283211 0.008827 11.257783 0.088827
31 10.867669 0.092016 123.345868 0.008107 11.349799 0.088107
32 11.737083]  0.085200 134.213537| _ 0.007451| 11.434999|  0.087451
33 12.676050|  0.078889 145.950620|  0.006852| 11.513888|  0.086852
34 13.690134|  0.073045 158.626670|  0.006304| 11.586934|  0.086304
35 14.785344 0.067635 172.316804 0.005803 11.654568 0.085803
36 15.968172 0.062625 187.102148 0.005345 11.717193 0.085345
37 17.245626 0.057986 203.070320 0.004924 11.775179 0.084924
38 18.625276 0.053690 220.315945 0.004539 11.828869 0.084539
39 20.115298 0.049713 238.941221 0.004185 11.878582 0.084185
40 21.724521 0.046031 259.056519 0.003860 11.924613 0.083860
41 23.462483 0.042621 280.781040 0.003561 11.967235 0.083561
42 25.339482 0.039464 304.243523 0.003287| 12.006699 0.083287
43 27.366640 0.036541 329.583005 0.003034| 12.043240 0.083034
44 29.555972 0.033834 356.949646 0.002802| 12.077074 0.082802
45 31.920449 0.031328 386.505617 0.002587| 12.108402 0.082587
50 46.901613 0.021321 573.770156 0.001743[ 12.233485 0.081743
55 68.913856 0.014511 848.923201 0.001178 12.318614 0.081178
60 101.257064 0.009876 1253.213296 0.000798|  12.376552 0.080798




Appendix: Interest Tables

211

[ Interest RATE = 9%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.090000 0.917431 1.000000 1.000000 0.917431 1.090000
2 1.188100 0.841680 2.090000 0.478469 1.759111 0.568469
3 1.295029 0.772183 3.278100 0.305055 2.531295 0.395055
4 1.411582 0.708425 4.573129 0.218669 3.239720 0.308669
5 1.538624 0.649931 5.984711 0.167092 3.889651 0.257092
6 1.677100 0.596267 7.523335 0.132920 4.485919 0.222920
7 1.828039 0.547034 9.200435 0.108691 5.032953 0.198691
8 1.992563 0.501866 11.028474 0.090674 5.534819 0.180674
9 2.171893 0.460428 13.021036 0.076799 5.995247 0.166799
10 2.367364 0.422411 15.192930 0.065820 6.417658 0.155820
11 2.580426 0.387533 17.560293 0.056947 6.805191 0.146947
12 2.812665 0.355535 20.140720 0.049651 7.160725 0.139651
13 3.065805 0.326179 22.953385 0.043567 7.486904 0.133567
14 3.341727 0.299246 26.019189 0.038433 7.786150 0.128433
15 3.642482 0.274538 29.360916 0.034059 8.060688 0.124059
16 3.970306 0.251870 33.003399 0.030300 8.312558 0.120300
17 4.327633 0.231073 36.973705 0.027046 8.543631 0.117046
18 4.717120 0.211994 41.301338 0.024212 8.755625 0.114212
19 5.141661 0.194490 46.018458 0.021730 8.950115 0.111730
20 5.604411 0.178431 51.160120 0.019546 9.128546 0.109546
21 6.108808 0.163698 56.764530 0.017617 9.292244 0.107617
22 6.658600 0.150182 62.873338 0.015905 9.442425 0.105905
23 7.257874 0.137781 69.531939 0.014382 9.580207 0.104382
24 7.911083 0.126405 76.789813 0.013023 9.706612 0.103023
25 8.623081 0.115968 84.700896 0.011806 9.822580 0.101806
26 9.399158 0.106393 93.323977 0.010715 9.928972 0.100715
27 10.245082 0.097608 102.723135 0.009735[ 10.026580 0.099735
28 11.167140 0.089548 112.968217 0.008852 10.116128 0.098852
29 12.172182 0.082155 124.135356 0.008056| 10.198283 0.098056
30 13.267678 0.075371 136.307539 0.007336[ 10.273654 0.097336
31 14.461770 0.069148 149.575217 0.006686[ 10.342802 0.096686
32 15.763329 0.063438 164.036987 0.006096( 10.406240 0.096096
33 17.182028 0.058200 179.800315 0.005562 10.464441 0.095562
34 18.728411 0.053395 196.982344 0.005077 10.517835 0.095077
35 20.413968 0.048986 215.710755 0.004636| 10.566821 0.094636
36 22.251225 0.044941 236.124723 0.004235 10.611763 0.094235
37 24.253835 0.041231 258.375948 0.003870| 10.652993 0.093870
38 26.436680 0.037826 282.629783 0.003538| 10.690820 0.093538
39 28.815982 0.034703 309.066463 0.003236| 10.725523 0.093236
40 31.409420 0.031838 337.882445 0.002960( 10.757360 0.092960
41 34.236268 0.029209 369.291865 0.002708| 10.786569 0.092708
42 37.317532 0.026797 403.528133 0.002478| 10.813366 0.092478
43 40.676110 0.024584 440.845665 0.002268| 10.837950 0.092268
44 44.336960 0.022555 481.521775 0.002077]| 10.860505 0.092077
45 48.327286 0.020692 525.858734 0.001902 10.881197 0.091902
50 74.357520 0.013449 815.083556 0.001227( 10.961683 0.091227
55 114.408262 0.008741 1260.091796 0.000794 11.013993 0.090794
60 176.031292 0.005681 1944.792133 0.000514 11.047991 0.090514




212 Appendix: Interest Tables
[ Interest RATE = 10%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP

1 1.100000 0.909091 1.000000 1.000000 0.909091 1.100000
2 1.210000 0.826446 2.100000 0.476190 1.735537 0.576190
3 1.331000 0.751315 3.310000 0.302115 2.486852 0.402115
4 1.464100 0.683013 4.641000 0.215471 3.169865 0.315471
5 1.610510 0.620921 6.105100 0.163797 3.790787 0.263797
6 1.771561 0.564474 7.715610]  0.129607|  4.355261 0.229607
7 1.948717| 0513158 9.487171 0.105405]  4.868419]  0.205405
8 2.143589 0.466507 11.435888 0.087444 5.334926 0.187444
9 2.357948|  0.424098 13.579477|  0.073641 5.759024|  0.173641
10 2.593742|  0.385543 15.937425|  0.062745]  6.144567|  0.162745
11 2.853117 0.350494 18.531167| __ 0.053963| __ 6.495061 0.153963
12 3.138428 0.318631 21.384284 0.046763 6.813692 0.146763
13 3.452271 0.289664 24.522712 0.040779 7.103356 0.140779
14 3.797498 0.263331 27.974983 0.035746 7.366687 0.135746
15 4.177248 0.239392 31.772482 0.031474 7.606080 0.131474
16 4.594973 0.217629 35.949730 0.027817 7.823709 0.127817
17 5.054470 0.197845 40.544703 0.024664 8.021553 0.124664
18 5.559917 0.179859 45.599173 0.021930 8.201412 0.121930
19 6.115909 0.163508 51.159090 0.019547 8.364920 0.119547
20 6.727500 0.148644 57.274999 0.017460 8.513564 0.117460
21 7.400250 0.135131 64.002499 0.015624 8.648694 0.115624
22 8.140275 0.122846 71.402749 0.014005 8.771540 0.114005
23 8.954302 0.111678 79.543024 0.012572 8.883218 0.112572
24 9.849733 0.101526 88.497327 0.011300 8.984744 0.111300
25 10.834706 0.092296 98.347059 0.010168 9.077040 0.110168
26 11.918177 0.083905 109.181765 0.009159 9.160945 0.109159
27 13.109994 0.076278 121.099942 0.008258 9.237223 0.108258
28 14.420994 0.069343 134.209936 0.007451 9.306567 0.107451
29 15.863093 0.063039 148.630930 0.006728 9.369606 0.106728
30 17.449402 0.057309 164.494023 0.006079 9.426914 0.106079
31 19.194342 0.052099 181.943425 0.005496 9.479013 0.105496
32 21.113777| __ 0.047362 201.137767|  0.004972|  9.526376|  0.104972
33 23.225154|  0.043057 222.251544|  0.004499|  9.569432|  0.104499
34 25.547670]  0.039143 245476699  0.004074|  9.608575|  0.104074
35 28.102437 0.035584 271.024368 0.003690 9.644159 0.103690
36 30.912681 0.032349 299.126805 0.003343 9.676508 0.103343
37 34.003949 0.029408 330.039486 0.003030 9.705917 0.103030
38 37.404343 0.026735 364.043434 0.002747 9.732651 0.102747
39 41.144778 0.024304 401.447778 0.002491 9.756956 0.102491
40 45.259256 0.022095 442.592556 0.002259 9.779051 0.102259
41 49.785181 0.020086 487.851811 0.002050 9.799137 0.102050
42 54.763699 0.018260 537.636992 0.001860 9.817397 0.101860
43 60.240069 0.016600 592.400692 0.001688 9.833998 0.101688
44 66.264076 0.015091 652.640761 0.001532 9.849089 0.101532
45 72.890484 0.013719 718.904837 0.001391 9.862808 0.101391
50 117.390853 0.008519 1163.908529 0.000859 9.914814 0.100859
55 189.059142 0.005289 1880.591425 0.000532 9.947106 0.100532
60 304.481640 0.003284 3034.816395 0.000330 9.967157 0.100330




Appendix: Interest Tables

213

[ Interest RATE = 12%
Years, n_|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/IP P/F F/A AF P/A AP
1 1.120000 0.892857 1.000000 1.000000 0.892857 1.120000
2 1.254400 0.797194 2.120000 0.471698 1.690051 0.591698
3 1.404928 0.711780 3.374400 0.296349 2.401831 0.416349
4 1.573519 0.635518 4.779328 0.209234 3.037349 0.329234
5 1.762342 0.567427 6.352847 0.157410 3.604776 0.277410
6 1.973823 0.506631 8.115189 0.123226 4.111407 0.243226
7 2.210681 0.452349 10.089012 0.099118 4.563757 0.219118
8 2.475963 0.403883 12.299693 0.081303 4.967640 0.201303
9 2.773079 0.360610 14.775656 0.067679 5.328250 0.187679
10 3.105848 0.321973 17.548735 0.056984 5.650223 0.176984
11 3.478550 0.287476 20.654583 0.048415 5.937699 0.168415
12 3.895976 0.256675 24.133133 0.041437 6.194374 0.161437
13 4.363493 0.229174 28.029109 0.035677 6.423548 0.155677
14 4.887112 0.204620 32.392602 0.030871 6.628168 0.150871
15 5.473566 0.182696 37.279715 0.026824 6.810864 0.146824
16 6.130394 0.163122 42.753280 0.023390 6.973986 0.143390
17 6.866041 0.145644 48.883674 0.020457 7.119630 0.140457
18 7.689966 0.130040 55.749715 0.017937 7.249670 0.137937
19 8.612762 0.116107 63.439681 0.015763 7.365777 0.135763
20 9.646293 0.103667 72.052442 0.013879 7.469444 0.133879
21 10.803848 0.092560 81.698736 0.012240 7.562003 0.132240
22 12.100310 0.082643 92.502584 0.010811 7.644646 0.130811
23 13.552347 0.073788 104.602894 0.009560 7.718434 0.129560
24 15.178629 0.065882 118.155241 0.008463 7.784316 0.128463
25 17.000064 0.058823 133.333870 0.007500 7.843139 0.127500
26 19.040072 0.052521 150.333934 0.006652 7.895660 0.126652
27 21.324881 0.046894 169.374007 0.005904 7.942554 0.125904
28 23.883866 0.041869 190.698887 0.005244 7.984423 0.125244
29 26.749930 0.037383 214.582754 0.004660 8.021806 0.124660
30 29.959922 0.033378 241.332684 0.004144 8.055184 0.124144
31 33.555113 0.029802 271.292606 0.003686 8.084986 0.123686
32 37.581726 0.026609 304.847719 0.003280 8.111594 0.123280
33 42.091533 0.023758 342.429446 0.002920 8.135352 0.122920
34 47.142517 0.021212 384.520979 0.002601 8.156564 0.122601
35 52.799620 0.018940 431.663496 0.002317 8.175504 0.122317
36 59.135574 0.016910 484.463116 0.002064 8.192414 0.122064
37 66.231843 0.015098 543.598690 0.001840 8.207513 0.121840
38 74.179664 0.013481 609.830533 0.001640 8.220993 0.121640
39 83.081224 0.012036 684.010197 0.001462 8.233030 0.121462
40 93.050970 0.010747 767.091420 0.001304 8.243777 0.121304
41 104.217087 0.009595 860.142391 0.001163 8.253372 0.121163
42 116.723137 0.008567 964.359478 0.001037 8.261939 0.121037
43 130.729914 0.007649 1081.082615 0.000925 8.269589 0.120925
44 146.417503 0.006830 1211.812529 0.000825 8.276418 0.120825
45 163.987604 0.006098 1358.230032 0.000736 8.282516 0.120736
50 289.002190 0.003460 2400.018249 0.000417 8.304498 0.120417
55 509.320606 0.001963 4236.005047 0.000236 8.316972 0.120236
60 897.596933 0.001114 7471.641112 0.000134 8.324049 0.120134




214 Appendix: Interest Tables
[ Interest RATE = 15%
Years,n__|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
FIP P/F FIA AF P/A AP
1 1.150000 0.869565 1.000000 1.000000 0.869565 1.150000
2 1.322500 0.756144 2.150000 0.465116 1.625709 0.615116
3 1.520875 0.657516 3.472500 0.287977 2.283225 0.437977
4 1.749006 0.571753 4.993375 0.200265 2.854978 0.350265
5 2.011357 0.497177 6.742381 0.148316 3.352155 0.298316
6 2.313061] __ 0.432328 8.753738|  0.114237|  3.784483| _ 0.264237
7 2.660020 0.375937 11.066799 0.090360 4.160420 0.240360
8 3.059023|  0.326902 13.726819]  0.072850|  4.487322|  0.222850
9 3.517876 0.284262 16.785842 0.059574 4.771584 0.209574
10 4.045558|  0.247185 20.303718| _ 0.049252| 5.018769|  0.199252
1 4.652391 0.214943 24.349276 0.041069 5.233712 0.191069
12 5.350250| _ 0.186907 29.001667| _ 0.034481 5.420619]  0.184481
13 6.152788 0.162528 34.351917 0.029110 5.583147 0.179110
14 7.075706] __ 0.141329 40.504705| _ 0.024688| _ 5.724476| _ 0.174688
15 8.137062 0.122894 47.580411 0.021017 5.847370 0.171017
16 9.357621] __ 0.106865 55.717472| _ 0.017948]  5.954235| _ 0.167948
17 10.761264 0.092926 65.075093 0.015367 6.047161 0.165367
18 12.375454| __0.080805 75.836357| _ 0.013186]  6.127966| _ 0.163186
19 14.231772 0.070265 88.211811 0.011336 6.198231 0.161336
20 16.366537| _ 0.061100 102.443583| _ 0.009761 6.259331 0.159761
21 18.821518 0.053131 118.810120 0.008417 6.312462 0.158417
22 21.644746| __ 0.046201 137.631638| _ 0.007266]  6.358663| _ 0.157266
23 24.891458 0.040174 159.276384 0.006278 6.398837 0.156278
24 28.625176| _ 0.034934 184.167841 0.005430] __ 6.433771 0.155430
25 32.918953 0.030378 212.793017 0.004699 6.464149 0.154699
26 37.856796| _ 0.026415 245711970] __ 0.004070] __ 6.490564] _ 0.154070
27 43.535315 0.022970 283.568766 0.003526 6.513534 0.153526
28 50.065612| _ 0.019974 327.104080| _ 0.003057| _ 6.533508| _ 0.153057
29 57.575454 0.017369 377.169693 0.002651 6.550877 0.152651
30 66.211772] _ 0.015103 434.745146] _ 0.002300| __ 6.565980] _ 0.152300
31 76.143538 0.013133 500.956918 0.001996 6.579113 0.151996
32 87.565068| _ 0.011420 577.100456| _ 0.001733| _ 6.590533| _ 0.151733
33 100.699829 0.009931 664.665524 0.001505 6.600463 0.151505
34 115.804803| _ 0.008635 765.365353| _ 0.001307| _ 6.609099] _ 0.151307
35 133.175523 0.007509 881.170156 0.001135 6.616607 0.151135
36 153.151852| _ 0.006529 1014.345680] _ 0.000986| _ 6.623137] _ 0.150986
37 176.124630 0.005678 1167.497532 0.000857 6.628815 0.150857
38 202.543324] __ 0.004937 1343.622161 0.000744| _ 6.633752| _ 0.150744
39 232.924823 0.004293 1546.165485 0.000647 6.638045 0.150647
40 267.863546| _ 0.003733 1779.090308] _ 0.000562| _ 6.641778| _ 0.150562
4 308.043078 0.003246 2046.953854 0.000489 6.645025 0.150489
42 354.249540 | 0.002823 2354.996933|  0.000425|  6.647848|  0.150425
43 407.386971 0.002455 2709.246473 0.000369 6.650302 0.150369
44 468.495017 0.002134 3116.633443 0.000321 6.652437 0.150321
45 538.769269 | 0.001856 3585.128460] _ 0.000279| _ 6.654293| _ 0.150279
50 1083.657442 0.000923 7217.716277 0.000139 6.660515 0.150139
55 2179.622184] _ 0.000459 14524.147893]  0.000069|  6.663608|  0.150069
60 4383.998746 0.000228 29219.991638 0.000034 6.665146 0.150034
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[ Interest RATE = 20%
Years, n  |SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
F/P P/F F/A AF P/A AP
1 1.200000 0.833333 1.000000 1.000000 0.833333 1.200000
2 1.440000 0.694444 2.200000 0.454545 1.527778 0.654545
3 1.728000 0.578704 3.640000 0.274725 2.106481 0.474725
4 2.073600 0.482253 5.368000 0.186289 2.588735 0.386289
5 2.488320 0.401878 7.441600 0.134380 2.990612 0.334380
6 2.985984 0.334898 9.929920 0.100706 3.325510 0.300706
7 3.583181 0.279082 12.915904 0.077424 3.604592 0.277424
8 4.299817 0.232568 16.499085 0.060609 3.837160 0.260609
9 5.159780 0.193807 20.798902 0.048079 4.030967 0.248079
10 6.191736 0.161506 25.958682 0.038523 4.192472 0.238523
1 7.430084 0.134588 32.150419 0.031104 4.327060 0.231104
12 8.916100 0.112157 39.580502 0.025265 4.439217 0.225265
13 10.699321 0.093464 48.496603 0.020620 4.532681 0.220620
14 12.839185 0.077887 59.195923 0.016893 4.610567 0.216893
15 15.407022 0.064905 72.035108 0.013882 4.675473 0.213882
16 18.488426 0.054088 87.442129 0.011436 4.729561 0.211436
17 22.186111 0.045073 105.930555 0.009440 4.774634 0.209440
18 26.623333 0.037561 128.116666 0.007805 4.812195 0.207805
19 31.948000 0.031301 154.740000 0.006462 4.843496 0.206462
20 38.337600 0.026084 186.688000 0.005357 4.869580 0.205357
21 46.005120 0.021737 225.025600 0.004444 4.891316 0.204444
22 55.206144 0.018114 271.030719 0.003690 4.909430 0.203690
23 66.247373 0.015095 326.236863 0.003065 4.924525 0.203065
24 79.496847 0.012579 392.484236 0.002548 4.937104 0.202548
25 95.396217 0.010483 471.981083 0.002119 4.947587 0.202119
26 114.475460 0.008735 567.377300 0.001762 4.956323 0.201762
27 137.370552 0.007280 681.852760 0.001467 4.963602 0.201467
28 164.844662 0.006066 819.223312 0.001221 4.969668 0.201221
29 197.813595 0.005055 984.067974 0.001016 4.974724 0.201016
30 237.376314 0.004213 1181.881569 0.000846 4.978936 0.200846
31 284.851577 0.003511 1419.257883 0.000705 4.982447 0.200705
32 341.821892 0.002926 1704.109459 0.000587 4.985372 0.200587
33 410.186270 0.002438 2045.931351 0.000489 4.987810 0.200489
34 492.223524 0.002032 2456.117621 0.000407 4.989842 0.200407
35 590.668229 0.001693 2948.341146 0.000339 4.991535 0.200339
36 708.801875 0.001411 3539.009375 0.000283 4.992946 0.200283
37 850.562250 0.001176 4247.811250 0.000235 4.994122 0.200235
38 1020.674700 0.000980 5098.373500 0.000196 4.995101 0.200196
39 1224.809640 0.000816 6119.048200 0.000163 4.995918 0.200163
40 1469.771568 0.000680 7343.857840 0.000136 4.996598 0.200136
41 1763.725882 0.000567 8813.629408 0.000113 4.997165 0.200113
42 2116.471058 0.000472 10577.355289 0.000095 4.997638 0.200095
43 2539.765269 0.000394 12693.826347 0.000079 4.998031 0.200079
44 3047.718323 0.000328 15233.591617 0.000066 4.998359 0.200066
45 3657.261988 0.000273 18281.309940 0.000055 4.998633 0.200055
50 9100.438150 0.000110 45497.190750 0.000022 4.999451 0.200022
55 22644.802257 0.000044 113219.011287 0.000009 4.999779 0.200009
60 56347.514353 0.000018 281732.571766 0.000004 4.999911 0.200004
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[ Interest RATE = 25%
Years, n__|SINGLE PAYMENT UNIFORM SERIES
CAF PWF SCAF SFF SPWF CRF
FIP PIF F/A AIF P/A AP
1 1.250000] __0.800000 1.000000] __ 1.000000] __0.800000] __1.250000
2 1.562500 __0.640000 2.250000 _ 0.444444] _ 1.440000] _ 0.694444
3 1.953125] _ 0.512000 3.812500]  0.262295]  1.952000] _ 0.512295
4 2.441406] __ 0.409600 5765625 0.173442| _ 2.361600] _ 0.423442
5 3.051758] _ 0.327680 8207031] _ 0.121847| _ 2.689280] _ 0.371847
6 3.814697| _ 0.262144 11.258789| _ 0.088819] _ 2.951424] _ 0.338819
7 4.768372] _ 0.209715 15.073486] _ 0.066342|  3.161139]  0.316342
8 5060464  0.167772 19.841858|  0.050399|  3.328911]  0.300399
9 7.450581] _ 0.134218 25.802322| __0.038756] _ 3.463129] _ 0.288756
10 9.313226] _ 0.107374 33.252903| _ 0.030073| _ 3.570503] __ 0.280073
11 11.641532] __ 0.085899 42.566129]  0.023493| _ 3.656403| _ 0.273493
12 14.551915]  0.068719 54.207661|  0.018448]  3.725122] _ 0.268448
13 18.189894] _ 0.054976 68.759576] _ 0.014543| _ 3.780098] _ 0.264543
14 22.737368| __ 0.043980 86.949470| _ 0.011501| _ 3.824078] _ 0.261501
15 28421709 0.035184 109.686838| _ 0.009117| _ 3.859263| _ 0.259117
16 35.527137| _ 0.028147 138.108547 | _ 0.007241| _ 3.887410] _ 0.257241
17 44.408921] _ 0.022518 173.635684|  0.005759]  3.909928] _ 0.255759
18 55.511151| __ 0.018014 218.044605| _ 0.004586| _ 3.927942] _ 0.254586
19 69.388939| _ 0.014412 273555756 0.003656] _ 3.942354] _ 0.253656
20 86.736174| _ 0.011529 342.944695| _ 0.002916] _ 3.953883| _ 0.252916
21 108.420217| _ 0.009223 429.680869]|  0.002327|  3.963107|  0.252327
22 135.525272| __ 0.007379 538.101086 | 0.001858] _ 3.970485] _ 0.251858
23 169.406589]  0.005903 673.626358 | 0.001485]  3.976388|  0.251485
24 211.758237| __ 0.004722 843.032947 | _ 0.001186 3.981111] _ 0.251186
25 264.697796| _ 0.003778 1054.791184| _ 0.000948]  3.984888]  0.250948
26 330.872245| _ 0.003022 1319.488980|  0.000758|  3.987911|  0.250758
27 473.590306| _ 0.002418 1650.361225 __ 0.000606] _ 3.990329] _ 0.250606
28 516.987883| _ 0.001934 2063.951531| _ 0.000485| _ 3.992263] _ 0.250485
29 646.234854 | 0.001547 2580.939414] _ 0.000387| _ 3.993810] _ 0.250387
30 807.793567 | _ 0.001238 3227174268] _ 0.000310]  3.995048] _ 0.250310
31 1009.741959] __ 0.000990 4034967835 0.000248] _ 3.996039] _ 0.250248
32 1262.177448] __ 0.000792 5044709793 0.000198] _ 3.996831] _ 0.250198
33 1577.721810] __ 0.000634 6306.887242| _ 0.000159] _ 3.997465] _ 0.250159
34 1972.152263] __ 0.000507 7884.609052| _ 0.000127|  3.997972] _ 0.250127
35 2465.190329] __0.000406 9856.761315] _ 0.000101| _ 3.998377] _ 0.250101
36 3081.487911| __ 0.000325 12321.951644] _ 0.000081| _ 3.998702| _ 0.250081
37 3851.859889| _ 0.000260 15403.439555| _ 0.000065] _ 3.998962] __ 0.250065
38 4814.824861| __ 0.000208 19255.299444| _ 0.000052| _ 3.999169] _ 0.250052
39 6018.531076] _ 0.000166 24070.124305| _ 0.000042]  3.999335] _ 0.250042
40 7523.163845] _0.000133 30088.655381] _ 0.000033|  3.999468]  0.250033
41 9403.954807| _ 0.000106 37611.819226] _ 0.000027| _ 3.999575|  0.250027
42 11754.943508| __ 0.000085 47015.774033] __ 0.000021] _ 3.999660| _ 0.250021
43 14693.679385| _0.000068 58770.717541] _ 0.000017| _ 3.999728| _ 0.250017
44 18367.099232| _ 0.000054 73464.396926]| _ 0.000014] _ 3.999782|  0.250014
45 22958.874039] __ 0.000044 91831.496158| _ 0.000011|  3.999826]  0.250011
50 70064.923216 | 0.000014 280255.692865| _ 0.000004| _ 3.999943] _ 0.250004
55 213821.176807 | __0.000005 855280.707230 | 0.000001| _ 3.999981| _ 0.250001
60 652530.446800 | __0.000002 2610117.787199] __0.000000] _ 3.999994]  0.250000
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