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Abstract —

This paper presents a new present value measure, the dynamic present valve, or DFY. DPY
takes into account not only the value of the realized cash flow but alse that of potentiat cash
flow. The DPY approoch enables the analyst to observe differences in the present value of the
alternatives every period over the whole time period of interest. This is the most fundamental
advantage of the DPY approoch over the traditional present velue approach in which the
present value of the alternatives is evaluated only one particular point of fime. The concepts
of the reglized ond potential cosh flows are also developed in this poper. These new concepts
are found to be useful elements in evaluating economic olternatives.

H

1. Introduction

The present value measure is one of the most generally
used criteria for economic evaluation of alternatives or
projects, We wilt refer to the process of evaluating
economic alternatives with the present value criterion as
the present value approach. In this traditional present
value approach, the present value of a project is normally
calculated only once for z given length of a project life.

The traditional present value approach, however, has
some Limitations as foltows: First, the calculation of the
present value for one particular peried is only a cross-
section exarnination of the project. In practice, the present

values of the project at different points of time may also

be of imterest to analysts. Another limitation of ihe
traditional present value approach is that the length of a
project life is determined a priori. It is, however, ofien
of nature of variable to be determined after examination
of project’s present values over time.

As a way to overcome such limitations of the traditional
present value approach, Park {2] proposed an alternative
approach to calculating the present value, in which time
is a variable rather than a fixed value. In particular. in
the alternative approach, the present value of a project is
calculated for a series of time points. This series of
present value represents the present worths of a project
over multiple time periods.

In this paper, we will call this dynamic measure
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showing the present values of a project ar various points
of time “the dynamic present valug' (DPV) measure, Thus,
PPV ar time t may be defined as the present value of
the total project worth as of time t as a variable for a
given discount rate. This concept of the dynamic present
value is different from that of the waditional present value
cpproach in two respects: One is that time 1 is a varjable
in DPV while it is of a nature of constant in the waditional
present value approach. The other is that the traditional
present value is based mainly on the cash flows that
actually take place except for the final period while DPV
takes not only the value of the actual cash but also that
cf potential ones into consideration every period. Conse-
cuently, DPV reveals the total present value of a project
every period while the waditional present value does it
cnly once for the final period.

In the previous paper, Park [2] described how 10
calculate this dynamic measure very briefly only. So more
detailed explanations for how to calculate it is necessary
10 help potential applicants use it at ease, The purpose
of this paper is to provide extended methods of analysis
and illustration about how to calculate DPV and use it in

evaluating economic alternatives under various situations.

2. Determination of Cash Flows and the
Dynamic Present Value

2.1 Determination of After-tax Cash Flows

There are many types of cash flows. However, all final
dzcisions must be based on the after-tax cash flows. A
gzneral formulation for determination of the after-tax cash
flow may be the generalized cash flow by Park and Sharp

[.] given as

After-tax (A/T) cash flow from project at time t
= - (Investment at time &, denoted by I
+ (after-tax Proceeds from sale of investment at time
1. denoted by P)
+ (bank Loan at time t. denoted by L)

- {loan principal repayment at time t. denoted by Y
taken from repayment)

+ AltiDepreciation at time t, denoted by D)

+ (1 - At} (Revenue at time t, denoted by R)

- (L -~ Alth { Expenses at time t for such items as
labor, materials, and interest, denoted by E) (1)

which may be writien as

CF(1) = -I{t) + Pty + L{1) - Y& + AGDA) + (1 - A
(IR - (1 - AUE(WD (21

where A{t) (taken from tax) represents the tax rate at

time t.

2.2 The Realized Cash Flow, the Potential Cash
Flow and the Dynamic Present Value

In order to evalvate the ‘total’ present value of
project, it is necessary to undetstand the pature of cash
flow components in FEquation (2). The cash {low
components in Equation (2) may be categorized into two
types. One type is the cash flows that actually realize at
a particular time point of interest, and the other the cash
flows that “could” potentially take place even if they
would not actually do. The former may be referred 1o as
the realized cash flow (RCF) and the latter the potential
cash flow (PCF). For example, investment, loan, depreci-
ation, revenue and expenses are usually elements of RCFs.
On the other hand, proceeds from sale of investment may
not take place every pertod. However, it should be
included in evaluation of the total present value of a
project. Therefore, proceeds from sale of investment P is
often an element of PCF. Loan principal repayment is of
the similar nature and is often a typical element of PCF,

The present values of the RCF and the PCF may be
called the present value of RCF (PVRCF) and the present
value of PCF (PVPCF), respectively. Using the concepts
of PVRCF and PVPCF, the DPV of a project at time 1

for a given discount rate i may be expressed as the sum



of PYRCF and PVPCE, or

DPV(tli) = CSPVRCF(111} + PYPCF(ti) (3)

where CSFVRCF(t 11} stands for the cumulative sum of
the present value of RCF, or

CSPVRCF(t 1) = é RCF(T)(1+i
T=0
and PVPCF(i1i) = PCEA1+i}

3. Coniputation of the Dynamic Present
Value

31 The Case with Investment, Revenue and
Expense

Alternative Al: Suppose that a graduating senior is
considering the alternative of going 10 graduate school for
two years first and then getting a job with a masters’s
degree. The yearly tuition and fees of 6,000,000 won to
be paid at the beginning of the first and second vears
ricans the investments of 6,000,000 won at =0 and t=1,
respectively. Living expense for 1=1 is 8,000,000 won and
i: will increase by two percent annuaily due to increasing
standard of living (not due to inflation). Revenue occurs
for the first time at 1=3 by the amount of 27,000,000 won.
I' is assumed to increase |5 percent per year,

According to the scenario described in Al which
includes no loan from the bank. no repayment of the loan
bence, and no depreciation, L{=0, Y{t)=0, and D{t}=0)
and it is assumed that A{t)=0. Then, Equation (2) reduces
10

CEt) = -IY + PO} + R{) - El) (4)

where I(t), R(t) and E(t) are elements of RCF, and P
{1} is a PCF.

At t= 0, 1) = 6,000,000, R(t) = E(t) = 0. Estimation
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of proceeds from sale of investment P{t) for the case of
Al is not sraightforward. To estimate it, note that the
value of Pt} can be determined by the amount of refund
for paid tuition and fees (investment) at =0. Following
Equation (3), the dynamic present value at t = 0 is the
sum of the investment {realized cash outflow) I((}), and
P(0) determined by the amount of possible refund
{potential cash inflow), or

DPV(=0) = -I(0} + PO} + RO} - E(Q) (5}

Estimation of DPV{0) does not appear to have great
bearings in practical decision making because normally
the size of DPV at t = 0 would not affect decision making
about a project. However, examination of this estimation
problems appears to be important for the theoretical
completeness of DPV and for understanding calculation
pracedure in the subsequent perids. DPV{0) can have
different values depending on the real situation and the
assumption to be made as follows:

(1) DPVI0) = 0: The present value of any project is
zero before any cash flow takes place. Once investment
is made at t = 0, the value of DPV(0) depends on the
assumption about the recovery of the invesiment. In the
case of Al, RCF(0) due to the initial investment is
6,000,000 won. If investment 6,000,000 won weuld be
refundable in its original amount, we may say that
proceeds from sale of investment would be P() =
6,000,000 and

DPV(G) = K0} + P(0) = -6,000,000 + 6,000,000 = 0.

(2) DPV(0} { 0: If, in the case of Al, the paid tition
and fees of 6,000,000 won is only partially refundable,
then P(0) { 6,000,000, and DPV{0) = -I{0) + PO} { Q.

{3) DPV(D) » 0: In the case of Al, P(0} due to refund
for the paid tuition and fees cannot normally be greater
than the paid amount. Consequently, DPV(0) can not be
greater than zero,
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It should be noted here that the size of DPV in one
period would not affect those of DPVs in subsequent
periods. Therefore, assumption velated 1o the size of DPV
{0 is not critical in evaluation of Al. Calculations of
DPVs for t= 1, 2, ... 10 for i = 0.1 can be done as
Tollows:

At t = 1. are K1) = 6000000, R(1) = 0, E(1) =
1.000.000 and PCF is P(0) = 6.000.000 (under full refund

NG = =t L

RCF{0) + PYRCE(1} + PVRCF(2) + -+
PVRCF(9) + PVRCK 10)

12613

The cash flows and DPVs of Aliernative Al are

summerized in Table 1.

DPV{i0

We may define a measure that indicates the payback

period. Tt should be recailed that the payback period is

assumption). Then determined from the equity cash flows. [n this regard. we
may define the cumulative sum of equity-based RCFs up
DPV{I) = RCF(D) + RCF(1}(1+i} + PCE(1)(1+i¥ to time t {CSERCF(D) as
= RCF(0) + PVRCF(1} + PVPCK 1}
= -6,000,000 - 12,730,000 + 5,450,000
= -13,270,000
Att=2 are [(2) = 0. R(2) = 0, and E(2) =
8.000,000x1.02 = 8,160,000, There is no potential
cash flow PCF(2) = 0, therefore,
DPV(2) = RCF@0) + RCF(1%1.1 + RCH2)/1.1* +
PCFi2) the payback period is the minimum value of 1 such that
= -6,000.000 - 14,000,000/1.1 - 8,160,000/1.1° CSERCF(t) = 0 (Park and Sharp, [1)}. We may also
+ 0 = -25470,000 define the cumulative sum of future values of ERCFs up

to time t at discount rate i (CSFVERCF(t|11} as

k
CSERCFD = ¥ ERCH(T)) (6)
T=0
where ERCF(T) represents equity-based RCFs which
contain RCFs due 1o equity and operation of the project
under consideration, excluding cash flows dug to horrow-

ing, repayment of the loan, and payment of interest. Then.

Table 1. Cash Flows and Dynamic Fresent Values of Allemative Al [in 10,000 won]

i Period
K R 3 4 5 6 | 7 | 8 9 | 10
| finvestment) 600 | 600 © 0 0 0 0 0 I 0 0
P (proceeds) | 600 :  BOO - 0 0 0. 0 90 0 0 0 0
Rirevenue) o . 0, 01 2700 i 3105 3571 | 4106 - 4722 5431 6,.245 7182
E(Expense) o | 800 | w6 | &2 | 86 86 | 883 901 | 918 937 956
RCF 800 | 1400 | 816 | 1866 | 2256 | 2705 | 3223 | 3821 | 4512 5308| 6226
PCF 600 | 600 | 0 o o o' o 0 ol ol 0
TUPVRCF(-0) | 600 | 1273 674~ 1408 1541 | 1679 1819 | 1961 2105 2261 2400
| PVPCF(-04) | 600 55 . 0 0 0 0 R 0l 0 0
DPV(i=0.1) 0 | 1308 | 2547 | 1184 | 397 | 2076 | 3896 5857 | 7,962 10218 | 12613
CSERCF 600 | 2,000 | 2816 | 948 | 1308 | 4013 | 7,206 | 11,057 | 15568 | 20,877 | 27103
CSFYERCF 600 | 2060 | 3082 | 1523 | 581 | 3344 | 6902 | 11,418 17,066 | 24081 | 32715
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1
CSFVERCF(tl1) = T RCHT) (1+ixT
Tev

(7

Then, the smallest value of ¢ sansfying CSFVERCFt11) =
3 1s the time required for the project to break even (Park
and Sharp [1]. p. 233). The smallest value of 1 making
CSFVERCF = 0 is the discounted payback period.

In caleulation of CSERCF() and CSFVERCF(1) for
Alternative Al, the RCFs are the same as ERCFs because
‘here is no cash flows due to borrowing. Figure 1
‘epresents values of DPV(1), CSERCF(t), and CSFVERCF
1 for Al for t= 1, 2, ... 10. The horizontal axis in
Figure 1 is time or vear and the vertical axis values of
vartous measures. In Figure 1, CSERCF } 0 for the first
ime at t = 4 in Figure 1, which means that the payback
seriod of Al is four. CSFVERCF % 0 for the first time
at t = 4 in Figure 1. which means that the discounted

sayback period is also four.

35,000

sttt e

32 The Case with Loan,

Depreciation  and
Proceeds from Sale of Investment

We will consider a more complex situation where
investment incurs assets carrying salvage value, and loan.
We consider a project which include purchase a machine
whose life is twelve years. For the sake of simplicity we
assurne that the tax rate A = 0. In this case the generalized

cash flow in Equation (2) would be reduced to

CFi(t) = -1ty + P(O) + L{O - Y + D) + R{t) - B
8

Alternative 2 {A2): The graduating senior considers a
startup of a small business which requires 50,000,000 won
at t = (. Of 50,000,000 won, 40,000,000 won is to be
used 1o purchase a machine, which is to be depreciated
over five years with the straight-line method. Salvage
value is assumed to be ten percent of the purchase price
at the end of fifth period. This results in

30’000 .. . . .
| -mCSERCF

25,000 —— CSFVERCE

——DPV (i = 0.1}

20,000

15,000

10,000

won (in 1,000}

5,000

0

—5,000

Figure 1.

vear

Graphs of DPYs, CSERCFs and CSFVERCFs for Alternative Al
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Dir) = 40,000,000(t - 0.1%/5 = 7.200.000 for ( = 1, 2,
- A

The graduating entrepreneur is going to make a bank
loan of 50.000.000 won at t = 0 at annwal interest rate
of 12 percent. Calculation of cash flows and DPVs 13

Jone as follows:

At t = 0, Investment H0) = 350.000.000. However,
10.000,000 won of the total investment is used o purchase
1 machine and the remaining 10.000.000 won to buy raw
naierials which can be resold ar 80 percent of its original
value at any time while the business is going on. The
machine Is assumed to matntain the same cash value as
ts original price at 1 = 0. meaning that P(0} from sale
of the machine is 40,000,000, However, proceeds from
sale of raw materials would be 80 percent of its original
~zlue. meaning that P(0) from sale of raw maerials is
3.000,000. Bank loan L(0) = 50.000.000, and it can be
veturned without any cost resulting in Y(0) = 50.000,000.

‘N summary,
RCF(G) = -KO) + L0 = -50.000.000 - 50.000,000
=0
PCFI0) = PO} - Y(O) = 48.000.000 - 50.000,000
= -2.000,000
DPV{Q} = RCFO} + PCFO} = 0 - 2,000,000
= 2,000,000

At U= 1, the young entrepreneur predicts (hat R(I} =
30,000,000, Expense is estimated to be E(1) = 55,000,000,
Proceeds from sale of investment come from two sources.
One is sale of raw material ar 80 percen: of the original
value, ie., 0.8x10,000.000 and the other the sale of the
machinz at the book value after depreciation, ie.,
40.000,000 - 7,200,000 = 32.800,000. The amount of
1epayment a1 € = | is the sum of the principal and 12
percent of interest, or 56000000 won. As results,

— I

RCF(1) = D(1} + RUL) - B()) = 7,200,000 + 50,000,000
- 55.000.000 = 2.200.000
PCFLD) = P{D) - YU1) = 8000.000 + 32,800000 -

56.000.000 = -15,200.000
DPVI1 0.1} = RCFO) + RCFUWL.1 + PCE(1)/1.1
=0+ 2.200.000/1.1 - 15,200.000/1.1
= -11,820,000

Att= 2 1(2) = 0, P(2) = 40,000,000 - 2x7.200.000
+ 8000000 = 33,600,000, L(2) = 0, and Y(2) =
1.12°x50,000,000 = 62,720,000, The revenue is expected
to rise to R(2) = 70,000,000, and expemse E(2) is
70,000,000 Based on these assumptions and estimations.

calculations for PCFs and DPVs are as follows:

RCF{(2) = D(2) + R(2) - E(2) = 7.200,000 + 70.000.000
- 70.000,000 = 7,200,000
PCF(2) = P(2) - Y(2) = 33,600.000 - 62,720,000
= -29,120,000
DPV(210.1) = RCFQ) + RCF1I1.I + RCF(2)1.12 +
PCF(2/1.1* = -16.120,000

At t =3, R(3) = 130,000,000 and expense is assumed
to be 70 percent of R(3), or 91,000,000, At 1= 4. R(4)
= 130,000,000 and E(4} = 0.7xR{4) = 105,000,000. Other

terms are calculated in the same way as for t = 2. Then,

DPV(3) = 9,720,000
DPVi4) = 37,690,000

At t = 5 note that Y(t) is not PCF any more. It is
RCF hecause it is 10 be repaid at t = 5. DX5) = 7.200,000,
R{3) is assumed to rise to 130,000,000. and E(5) =
910,000.000. Consequently. DPV(5) = 39,740,000. Note
here that DPV(3) is not affected whether it is assumed
that the principal and the interest is paid or remain due
to pay at t = 5.

For the periods of t = 6, 7. 8 9, and 10, R{6) =
90,000,000, R(T) = 60,000,000, R(8} = 50.,000.000, Ri9}
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Table 2. Cash Flows and Dynamic Present Values of Alternative A2 [in 10,000 won)

Period or time t

0 1 2 [ 3 T a 5 6 7 8 9 | 10

! © 5,000 0 0 . 0 0 0 0 0 0 0 0
P 4800 4080 | 3360 | 2640 | 1,920 | 1200 | 1200 | 1200 | 1200 | 1200 7200
L 5,000 0 0 0 0 0 0 0 0 ol ol
¥ 5000 | 5600, 6272  7.025 | 7.868 | 8812 0 0 0 0. 0
D ol 70| 7201 70| 720 720 0 0! o0 0 0
R 0. 5000 | 7000 | 13,000 | 15000 | 13,000 9000 | 6000 | 5000 | 4000 3000 :
E 0| 5500 | 7000 | 9100 | 10.500 ; 9100 | 6300 | 4200 | 3500 | 6000 6500
RCF 0| 220 720 | 4620 | 5200 | 4192 | 2700 | 1800 | 1500 | -2.000| 3500
PCF 200 | 1520 | 2812 | -4385 | 5948 | 1200 1200 | 1200 | 1200 | 1200| 1200
PVRCF 0 200| 595 | 3471 | 3565 | 2608 1524 ; 924 | 700 | -848 | -1349

" pvrcF 200 | 1382 | 2407 | 3294 | 4062 | 745 | 677 | 616 | 560 ' 509| 463,
DPV 200 | 1182 ¢ 1812 | 972 | 3769 | 5974 | 7430 | 8292 | 893% | 8037 6641
CSERCF | -5000 | 4780 | 4060 | 560 | 5780 | 10400 | 13100 | 14900 | 16400 | 14,400 | 10,900
| CSFVERCF | -5000 | 4780 | 4500 | 972 | 4811 | 9912 | 13,603 | 16764 | 19940 | 19934 | 18,424 |

20,000 —
[ l——DPV(i=01) |
15,000 | ("™ CSRCE o
i | —a— CSFVRCF (l=0.1)i*"" _____
=) . i Y |
8 10,000 i
= [
S 5,000 i -
z I
. " Y | . -
a N R 5 6 7 8 9 10
-5000 Lo
Year
Figure 2. Graphs of DPVs, CSERCFs and CSFVERCFs for Allernative A2
= 40,000,000, R{I0) = 30,000,000, Expenses are E{(6} = 0. Y(t) = 0. As a result, DPV(8) = 74,300,000, DPV(7)
63,000,000, EC7) = 42,000,000, E(8) = 35,000,000, E(9) = 82.920.000, DPV(B) = 89,360,000, DPV(9) = 80,370,000,

= 60,000,000, and E(10} = 65,000,000. D{) = 0, L() = and DPV(10) = 66.410,000, respectively.
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The cash flow ¢lements and DPVs for A2 are given in
Table 2. In Tatle 2, CSERCF(t) » O for the first time at
1 = 3, which means (hat the payback period of A2 is
three. CSFVERCF() » O for the first time ai = 4, which
means that the project balance becomes positive for the
first time at ¢ = 4. DPVs of A2 is maximum at t = 8,
which means that the optimal life of the project A2 is
eight years (cf, Park [2]) for the definition of the optimal
life of a project). Figure 2 shows changes in values of
DPV{1), CSERCF{1), and CSFVERCF(1) for Al for t =
L2 .. 10

4. Comparison of Alternatives

The DPVs for Alternatives Al and A2 are shown in
“igure 3. The horizontal axis in Figure 3 is time or year,
and the vertical axis quantity of value. For the periods
of t= 4,5 6, 7, and 8 A2 is superior to Al because
DPVs of A2 dwing the periods is greater than those of
Al However, For t = 9 and 10, Al is superior 10 A2.

== =T

As seen in the comparison of Al and A2 just above.
DPV approach enables the amalyst to observe differences
in present value of the two altematives every period over
the whole time period of interest. This is the most
fundamenial advantage of the DPV approach over the

traditional present value approach.

5. Conclusions

This paper proposes a new present value measure. DPV.
DPYV takes into account not only the value of the realized
cash flow but also that of potential cash flow. The DPV
approach enables the analyst to observe differences in the
present value of the alternatives every peried over the
whole time period of interest. This is the most fundamen-
tal advantage of the DPV approach over the traditional
present value approach in which the present value of the
alternatives is evaluated only one particular point of time.

The conceps of the realized and potential cash flows

developed in this paper are also found wseful in

15.000
——DPVolAl |
S 10.000 |- - T®DPVofA2
CD‘ e e e e e e e e e
E DR et
S 5,000
R N e
0
~ 5000

year

Figure 3. Curves of DPVs for Alternatives of Al and A2
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understanding the nature of project. In particular, the RCF York, 1990,
was shown to be useful in defining such measures as the [2] Park, Choon Yup. "Some Dynamic Measures for
payback period, discounted payback period, and the Economic Worth of Investments®, Computers and
project balance Industrial Engineering, Vol. 27. Nos. {-4, pp. 553-356.
1994.
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