Chapter 7
L ecture # 2-3

e Cash Flow Diagrams (CFD)



Cash Flow Diagrams

= Shows money flow as a function of time

& X-axis Is time and y-axis IS magnitude of
money.

+both positive and negative payments are
shown as arrows with upward or
downward directions .
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Figure 7.2 An Example of a Representative Discrete Cash Flow
Diagram (CFD)
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Example 7.10

I borrow $1000, $1200, and $1500
from a bank (at 8% p.a. effective inter-
est rate) at the end of years 1, 2, and 3,
respectively. At the end of year 5, I
make a payment of $2000, and at the
end of year 7, I pay off the loan in full.
The CFD for this exchange from my
point of view (producer) is given to the
right.

Note: This figure is the short-hand ver-
sion of the one presented in Figure 7.2
used to introduce the CFD.

Draw a discrete cash flow diagram for
the investor.

The bank represents the investor. From
the investor’s point of view, the initial
three transactions are negative and the
last two are positive.

The figure to the right represents the
CFD for the bank. It is the mirror image
of the one given above in the problem
statement.
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xample 7.

Youborrow $10,000 from abank to buy |

a new car and agree to make 36 equal $20 320 320 20 320 520
monthly payments of $320 each to I T 1 ? \ t t Months
repay the loan. Draw the discrete CFD b2 84 3%

for the investor in this agreement.

The bank is the investor. The
discrete CFD for this investment is
shown on the right.

Notes:

1. There is a break in both the time $10,000
scale and in the investment at
time = 0 (the initial investment).

2. From your point of view, the cash flow diagram would be the mirror image of the
one shown.
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Cumulative CFD
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Example 7.12

The yearly cash flows estimated for a pro-

ject involving the construction and opera-

tion of a chemical plant producing a new ‘

product are provided in the discrete CFD Year
given on the right, Using this information, 3406878310111

construct a cumulative CFD,

The numbers shown in the worksheet

1o € {0l
below were obtained from this diagram, Units: § 10
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Cash Flow (%)
(from discrete CFD)

Cumulative Cash Flow
(calculated)
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The cumulative cash flow diagram is plotted below.

Units = $104 yd

T | !
/U//B 9 10 11 12 years
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When cash flows occur at different times, each cash flow must
be brought forward (or backward) to the same point in time and

then compared.
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Example 7.13

The CFD obtained from Example
710 (for the borrower) is copied
below. The annual interest rate paid
on the loan is 8% p.a.

In year 7, the remaining

money owed on the loan is paid
off.

a. Determine the amount, X, of
the final payment.

b. Compare the value of X with
the value that would be owed
if there were no interest paid
on the loan.
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With the final payment at the end of year 7, no money is owed on the loan. If we &5
sum all the positive and negative cash flows adjusted for the time of the transactions, this
adjusted sum must equal zero.

We select as the base time the date of the final payment.

2. From Equation (7.5) for i = 0.08 we obtain:

For withdrawals:

$1000 end of year 1: F, = ($1000)(1 + 0.08)° = §1586.87
$1200 end of year 2: Fy = ($1200)(1 + 0.08) = §1763.19
§1500 end of year 3: F, = ($1500)(1 + 0.08)" = $2040.73

Total withdrawals = $5390.79
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For repayments:

$2000 end of year 5: F, = —($2000)(1 + 0.08)* = - $2332.80
$X end of year 7: F, = —($X)(1+0.08)’ = - $X
Total repayments = — $(2332.80 + X)

Summing the cash flows and solving for X yields

0=9$5390.79 - $(2332.80 + X)
X =$3057.99 = $3058
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b, Fori=000

Withdravwals= 51000+ 51200 + 51500 = 5700
Repayments =- $(2000 + X

0= 0000+ 1
=510

Note: Because ofthe inferes paic to the bank, the borrovwer repaid a tofal of 1338 (93068 -
S1700) more than wes bortowed from the bank seven years ealer
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$5000
A
2000
$1000 ¢
vl a7
0 1 3 l
$3000

m Invest 5K, 1K, 2K at End of Years O, 1, 3,
and take 3K at End of Year 4
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m How much Is in account at end of Year 7
ifi =8% p.a.
F, =5,000(1+0.08)" +1000(+ 0.08)° + 2000(L+ 0.08)’

—3000(1+0.08)’
F, = $9097.84

m \What would investment at Year O be to get

this amount at Year 7

P = J097.84 = 5308.50

(1.08)'
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Annuities

Uniform series of equally spaced — equal value cash flows
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m What is future value F, = ?
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Discount Factor for X/Y = (X/Y, 1,n) =f (i, n)

Xand Y couldbeF, Por A
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Cash Flow Diagrams
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What should my annual monthly car payment be if interest rate is
8% p.a. compounded monthly for 60 months?

[ 1

— >

$20,000
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60
Feo = —20,000 {(1+ Ol'(z)Sj } = —29796 .90

73.47 A—-29796 .90 =0
A = 3405 .53
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Example 7.14

You have just won 52,000,000 in the Texas Lottery as one of seven winners splitting up a
jackpot of $14,000,000. It has been announced that each winner will receive $100.000/ vear
for the next 20 vears. What is the equivalent present value of your winnings if vou hal'e a
secure investment opportunity providing 7.5% pa.?

From Table 7.1, Equation 7.14, for n =20 and i =0.075

P=($100,000[(1 + 0.075)™ - 1],/ [(0.075)(1 + 0.075)™]
P =1 019,000

A present value of $1,019,000 is equivalent to a 20-year annuity of $100,000/yr when the
effective interest rate js 7.5%
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xample

Consider Example 7.11, involving a car loan. The discrete CFD from the bank's point of
view was shown previously.

What interest rate is the bank charging for this loan?

You have agreed to make 36 monthly payments of $320. The time selected for evalu-
ation is the time at which the final payment is made. At this time, the loan will be Fully

paid off. This means that the future
value of the $10,000 borrowed is equiva- BOQ
lent to a 5320 annuity over 36 payments. BOO -

CR10000)F S P, i, n)=(F3I20NF /A, {. 1) 400 +
Substituting the eguations for the dis- % 200 | 0.007%
count factors given in Table 7.1, with o /
rt = 36 months, we get: I’f

200 y
0= —(10,01(1 + 7 + (320) e —11/
{ W1+ d) (3200[(1 + /)™ —1] /4 400 | Wy

This equation cannot be solved explic- : L \ -
itly for i. We solve this equation by plot- 0.Lis Lo i sails
ting the value of the right-hand side of - nkereat rela (monthly)

the equation shown above for various interest rates. This equation could also be solved
using a numerical technique. From the graph, the interest rate that gives a value of zero
represents the answer. From the graph on the previous page the rate of interest is i
00074

The nominal annual interest rate is (12)}0.00786) = 0.095 [9.5%).
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Example 7.16

| invest money in a savings account that pays a nominal interest rate of 6% p.a. com-
pounded monthly. [ open the account with a deposit of $1000 and then deposit $50 at the
end of each month for a period of two vears followed by a monthly deposit of $100 for the
[ollowing three years. What will the value of my savings account be at the end of the five-
vear period?

26
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First, draw a discrete CFL) (shown to the right).

Although this CFD looks rather compli-
cated, we can break it down into 3 easy sub-
problems:

1. The imitial investrment
2. The 24 monthly investments of 530
3. The 36 |T14‘.-r1th|:.-' investments of 5100

- 100 —

i
Each of these investments is brought forward -~ 50—

to Ehe end of month &I, N i ‘ ‘ ‘
F = {S1000)(F /P, 0.005, 60) + (550%(F /A, 0.005, . e
24WF /P, 00005, 36) + (S100)( £/ A, (LOD5, 36) 1234 ed 20 a4

G

MNote: the effective monthly interest rate is
0.06/12 = 0.005

1.005™ = 1) ; 1005 - 1
g S (LODsY + tsmm{ }

e TN
f (S 1000 1.005) [ 350)) 0005 0.005

= F6804.16
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Example 7.17

In Example 7.1, we introduced an investment plan for retirement, It involved investing
$3000/ year for 40 years leading to retirement. The plan then provided 567 468/ year f .
twenty vears ¢ of retirement income.

a. What }n:'ar'ljg.-' interest rate was used in this evaluation?

b. How much money was invested in the retirement plan before withdrawals began?
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2. The evaluation is performed in two steps;

Step 1: Find the value of the
53000 annuity investment at the end
of the 40 years,

Step 2@ Evaluate the interest
rate of an annuity that will pay out
this amount in 20 years at G67 468/
year,

Step 1: From Equation 7.11,
Table 7.1, for A = $5000 and »n = 40,

Foo= (AMES A, n, 1) =155000)

[i1+)™=1)/1

Step 2: From Equation 7.14,
Table 7.1, for A =%7.468 and n = 24,

P=(A)NP/A, n, i) =($67 468)[(1 + ™
= 11/T(EHY + ]

GO0

- 0080
v

T 1 I T T :
0050 0055 0080 0085 0070

et Fy, = P and solve for i. From the graph above, we get i = 0.060
b, Withi= 0.060, we have from the ETHFh F-u'-'-' = 4774000




	Chapter 7 �Lecture # 2-3
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams
	Cash Flow Diagrams

