Effects of Inflation Basics

@ Inflation is a reality that we deal with nearly everyday
@ Inflation rate is sensitive to real, as well as perceived, factors of
the economy
@ Cost of energy
@ interest rates
@ political stability
@ The annual inflation rate is closely watched and historically
analyzed by government agencies and industrial corporations
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Effects of Inflation Basics

@ Inflation is a reality that we deal with nearly everyday

@ Inflation rate is sensitive to real, as well as perceived, factors of
the economy

o Cost of energy
@ interest rates
@ political stability

@ The annual inflation rate is closely watched and historically
analyzed by government agencies and industrial corporations

@ An engineering study can have different outcomes in an
environment where inflation is significant

@ It is vital that the effects of inflation be integrated into an economic
analysis.
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Effects of Inflation Basics

Inflation

is an increase in the amount of money necessary to obtain the same
amount of product or service before the inflated price was present.
Sources of inflation are:

@ Money Supply: too much money in the system decrease its value

@ Exchange rate: effects the profitability of international companies,
prices may be raised in other markets to compensate.

@ Cost-Push: Increase in cost is “pushed" to the prices by the
manufacturers.

@ Demand-Pull: With increase in demand, prices of the goods and
services rise
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Effects of Inflation Basics

To make comparisons between monetary amounts which occur in
different time periods, different-valued dollars must first converted to
constant-value dollars in order to represent the same purchasing
power over time.
@ Money in one period of time t, (> t1) can be brought to the same
value as money in another period of time t; by equation;

Dollars in period t,
inflation rate between t; and t,

Dollars in period t; =

@ Dollars in period t; are called constant-value dollars or today’s
dollars.

@ Dollars in period t, are called then-current dollars or future dollars.
@ Letf be the inflation rate per period.
@ n be the number periods between t; and t,. Then;

future dollars

/ _
today’s dollars = G
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Effects of Inflation Basics

There are three important rates:
@ Real or inflation-free interest rate: i
@ Rate at which interest is earned when the effects of changes in the
value of currency is removed
@ Represents an actual gain in purchasing power
Q Inflation-adjusted interest rate: i
@ is the interest rate that has been adjusted to take inflation into
account
@ also called market interest rate, the one we hear every day
@ is a combination of the real interest rate and inflation
© Inflation rate: f
@ is a measure of the rate of change in the value of the currency
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Effects of Inflation Basics

@ Deflation is the opposite of inflation. (use —f)

@ When deflation is present, the purchasing power of monetary unit
is greater in the future than at the present time.
@ Temporary price deflation may occur in specific sectors of the
economy due to:
@ introduction of improved products
@ cheaper technology
@ imported materials or products
@ However, if deflation occurs at a more general level, nationally
@ accompanied by the lack of money for new capital
o fewer jobs, less credit, fewer loans — tighter money situation
prevails
@ Tighter money brings less money commitment to industrial
investments
@ And could and would bring Depression
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Effects of Inflation PW calculations adjusted for Inflation

Consider the P /F factor, where i is the real interest rate. F is a
future-dollar amount with inflation built in. To convert it into today’s
dollars P;

F 1
1+f)@+i)
F . ! .

(L+i+f4if)n

If the term (i + f + if ) is defined as i, equation becomes;

1 .
P=F——=F(P/F,i,n
(1+If)” ( / f )
The symbol is is called the inflation-adjusted interest rate;
@ definedasis =i +f +if
@ i is the real interest rate

@ f is the inflation rate
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Effects of Inflation PW calculations adjusted for Inflation

The present worth of any series of cash flows can be found similarly
@ Equal (P/A)
@ Arithmetic gradient P /G
@ Geometric gradient Py

© If the series is expressed in today’s dollars, then real interest rate i
is used in the factors

@ If the series is expressed in future dollars, then inflation-adjusted
interest rate is is used in the factors
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Effects of Inflation PW calculations adjusted for Inflation

In Class Work 16

We wish to calculate a project's PW with estimated costs of $35,000
now, $7,000 per year for 5 years beginning 1 year from now with
increases of 12% per year thereafter for the next 8 years. Use a real
interest rate of 15% per year to make calculations:

@ without an adjustment for inflation
@ considering inflation at a rate of 11% per year.
|

T

i
7,000 7,840

3 6 7 8 9 10 11 12 13

Year

35,000

Y
12% ]
. _—
increase 17,331
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Effects of Inflation PW calculations adjusted for Inflation

0 1 2 3 4 1 2 3 4 5] 6 7 8 9
| Year

35,000

17,331

© Without inflation, use real interest rate i = 15%:

PW = —35,000—7,000(P/A,15%,4)
7,000[1 — (112)°]

— 0
0.15-0.12 (P/F,15%,4)

— 35,000 — 7,000(2,8550) — 7,000(7,057)(0.5718)
— $-83,231
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Effects of Inflation PW calculations adjusted for Inflation

© Without inflation, use real interest rate i = 15%
@ With inflation: i =i +f +if =0.15+0.11 +(0.11)(0.15) = 0.2765

PW = —35,000—7,000(P/A,27.65%,4)
7,000[1 — (733%:)°)
— : P/F.27.65%.4
0.2765 — 0.12 (P50 BTI 0,

— —35,000 — 7,000(2, 2545) — 7,000(4.4207)(0.3766)
= $-62,435
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Effects of Inflation PW calculations adjusted for Inflation

Inflation 10%

110

100 same Purchasing
Power

132

Inflation 10%

A I
Real Interest rate 20% 120 PW Calculations: _

132 is in future dollars

110 120 is in today's dollars

100 Same Purchasing A

Power .
PW Calculations:

132/1.32 = 100
120/1.2 =100

I
0 1
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Effects of Inflation FW calculations adjusted for Inflation

A future amount F can have any one of the four different
interpretations:

@ The actual amount of money that will be accumulated at time n.

@ The purchasing power of the actual amount accumulated at time
n, but stated in today’s dollars.

© The amount of future dollars needed at time n to maintain the

same purchasing power as today; inflation considered, interest is
not.

© The number of dollars required at time n to maintain purchasing
power and earn a stated real interest rate.

Depending upon which interpretation is intended, F value is calculated
differently.
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FW calculations adjusted for Inflation
© Actual Amount Accumulated: Is calculated using the inflation
adjusted (market) interest rate is.
F=P(1+#)"=P(F/P,i,n)
As an example, when the market interest rate is 10%, over a
7-year period, $1,000 will accumulate to
F =1,000(F /P,10%,7) = $1,948
@ Constant-Value with Purchasing Power: Accumulated future
purchasing power is calculated using the inflation adjusted
(market) interest rate i, and then deflated by (1 + f)".
(A+i)" _ S (F/P,is,n)
L+ (L)
When the market interest rate is 10%, inflation rate is 4%, over a
7-year period, purchasing power of $1,000 will accumulate to
(1.10)7 (F/P,10%,7)
(1.04)7 (1.04)7
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Effects of Inflation FW calculations adjusted for Inflation

© Actual Amount Accumulated: $1,948.
@ $1,000 at present
@ n = 7 years, market interest rate i = 10%
@ Constant-Value with Purchasing Power: $1,481.
@ $1,000 at present
@ n = 7 years, market interest rate it = 10%, inflation rate f = 4%
@ $1,948 - $1,481 = $467 is reduction in purchasing power of money
due to inflation
@ Could also be calculated using real interest rate i
o Real interest rate i represents the rate at which today’s dollars
expand with their same purchasing power

i o= i4+f+if

if—f 010-0.04 .
1+f 1.04 = Bl
1,000(F /P,5.77%,7) = $1,481

F
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Effects of Inflation FW calculations adjusted for Inflation

© Actual Amount Accumulated: $1,948.
@ Constant-Value with Purchasing Power: $1,481.

© Future Amount Required, No Interest: Only inflation is considered
to find the increasing cost at the future
@ When the inflation rate is 4%, over a 7-year period, $1,000 will be

F = 1,000(F/P,4%,7) = $1,316

@ Real Interest and Inflation: Want to maintain the purchasing power
and earn interest, market rate (i¢) is used

i = i+f+if =0.0577+0.04 + (0.577)(0.04) = 0.10
F = 1,000(F/P,10%,7) = $1,948

@ Most corporations evaluate alternatives at a MARR large enough to
cover inflation plus some return greater than their cost of capital

@ Inflation adjusted MARR(MARR;) is the combination of real rate of
return required by the corporation (i) and inflation f.

@ MARRf =i +f +i(f)
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Effects of Inflation FW calculations adjusted for Inflation

In Class Work 17

We want to determine whether we should buy now or later for
upgrading a piece of equipment. If we select plan A, the equipment will
be purchased now for $200,000. However, if the company selects plan
I, the purchase will be deferred for 3 years when the cost is expected
to rise rapidly to $340,000. The real MARR is expected to be 12% per
year. The inflation rate has averaged 6.75% per year. From an
economic perspective, decide if we should buy now or later:

© when inflation is not considered
@ when inflation is considered
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Effects of Inflation FW calculations adjusted for Inflation

© When inflation is not considered, MARR=12%

FW, = —200,000(F/P,12%,3)=$ — 280,986
FW, = $ - 340,000

Select Plan A, buy now.

© When inflation is considered,
MARR; =i +f +if =0.12 4+ 0.0675 + 0.12(0.0675) = 0.1956%

FW, = —200,000(F/P,19.56%,3)=$ — 341,812
FW, = $— 340,000

Select Plan I, buy later.
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Price change with Indexes Basics of Indexes

@ Previously, we described the effects of inflation on money over
time.

Inflation rate was given to us for the calculations so far.
But, if it is not given how do we know what inflation rate to use
What can we use to measure price changes over time?

Price Indexes are used as a means to describe the relative price
fluctuations of goods and services in our national economy

They provide a historical record of the behavior of prices over time.

@ When we understand past price fluctuations, we have more
information for predicting the future behavior of those cash flows

e 6 6 ¢

(]
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Price change with Indexes Basics of Indexes

@ Price indexes are tracked for

© Specific commodities
© Bundles of commodities

@ The two most common (bundle) indexes:
@ Consumer Price Index (CPI)
@ Producer Price Index (PPI)
@ We will start with a specific commodity index, Letter Cost Index
(LCI)
@ It records the historic prices to send a first class letter in US via
postal service.
@ The cost is given both in terms of dollars and as measured by a
fictitious price index, LCI
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Price change with Indexes Basics of Indexes

Year $ Annual | Year $ Annual
(n) cost LCI Change | (n) cost LCI Change
1970 $0.06 100 0.00% | 1985 $0.22 367 10.00%
1971 0.08 133 33.33 | 1986 0.22 367 0.00
1972 0.08 133 0.00 1987 0.22 367 0.00
1973 0.08 133 0.00 1988 0.25 417 13.64
1974 0.10 166 25.00 | 1989 0.25 417 0.00
1975 0.13 217 30.00 | 1990 0.25 417 0.00
1976 0.13 217 0.00 1991 0.29 483 16.00
1977 0.13 217 0.00 1992 0.29 483 0.00
1978 0.15 250 15.38 | 1993 0.29 483 0.00
1979 0.15 250 0.00 1994 0.29 483 0.00
1980 0.15 250 0.00 1995 0.32 533 10.34
1981 0.20 333 3333 | 1996 0.32 533 0.00
1982 0.20 333 0.00 1997 0.32 533 0.00
1983 0.20 333 0.00 1998 0.33 550 3.13
1984 0.20 333 0.00 1999 0.33 550 0.00
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Price change with Indexes Basics of Indexes

@ In every price index, the numbers used to express the change in
price over time are based on some base year.

@ The base year is always assigned a value of 100.

@ The LCI has a base year of 1970, thus 1970 is given by an
LCI=100.

@ LCl value given in subsequent years is stated in relation to 1970
as the base year.

@ LCI value changes only when the cost of the first class postage
changes.

@ These general observations apply to all price indexes.

Dr.Serhan Duran (METU) |IE 347 Week 11 Industrial Engineering Dept. 23/41



Price change with Indexes Basics of Indexes

@ How does the subsequent years stated in relation to 1970 as the
base year?

@ LClyear (n) = [S2st(N_COst19701 , 100 4 100

@ LCl year 19807?

cost 1980 — cost 1970
LCI 1980 = | T ] %100 + 100

— [(0.15 — 0.06)/0.06] + 100 + 100 = 250

@ How to calculate annual cost increase?

® Annual Percentage Increase (n) = [ {Rltrees (=01, 100

@ Annual Percentage Increase 19787

Index 1978 — Index 1977

100
Index 1977 &
— [(250 — 217)/217] * 100 = 15.38%

Annual Increase 1978 = [
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Price change with Indexes Cost/Price Estimation Using Cost/Price Indexes

@ In particular, how a cost quantity changes over time is important in
engineering economy studies

@ Using a given cost index we can estimate the cost of a commodity
atatimet:

© If we know the Index Value at time t
@ If we only know the average rate of increase over a past period of
years

@ Given the cost indexes at time 0 and and time t, Cost Estimate at
time t:

Ci=Cq (:—;) where,

C; = estimated cost at time t
Co = estimated cost at time 0
l; = index value at time t

lp = index value at time O
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Price change with Indexes Cost/Price Estimation Using Cost/Price Indexes

Example
In evaluating the feasibility of a major construction project, an engineer
is interested in estimating the cost of skilled labor for the job. The
engineer finds that a project of similar complexity and magnitude was
completed 5 years ago at a skilled labor cost of $360,000. The
Construction Skilled Labor Cost Index was 3,496 then and now 4,038.
What is the estimated skilled labor cost for the new project.

@ ty = 5 years ago, Co = 360,000, Iy = 3,496, Iy = 4,038;

4,038
3,496

C, = 360, ooo( ) — $415, 812
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Price change with Indexes Cost/Price Estimation Using Cost/Price Indexes

@ If we do not know the Index value at time t,

@ we can use the average rate of price increase (inflation) calculated
from index values over a period of time
@ and use this average to calculate the future cost at year t

@ Average yearly increase in postal prices from year 1970 to 19917
@ % increase from 1970 to 1991 = (483 — 100),/100 % 100 = 383%

@ But, what is the average rate of increase?+ 383/21 = %18.23 due
to compounding!

@ P=100,F =483,n=21,i =7
i = (483/100)%/?! —1 =0.078 = 7.8%

@ In this way, we can use a cost index to calculate the average rate
of increase over any period of years.

@ Assuming the price of the commodity will change in the future at
the same rate as the average of the previous years, we can find
the cost t years into the future.
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Price change with Indexes Cost/Price Estimation Using Cost/Price Indexes

Example

You want to buy a pony and saddle for your newly born niece at her
fifth birthday. You would like to know how much to put into your saving
account (earning 4% per year) today to purchase a pony and saddle
five years from now. But you have no idea how much a pony and
saddle will cost five years from now. A trip to library reveals that,
indeed, there are price indexes for those two items that you would like
to buy. You find out that in the last ten years the Little Pony Price Index
(LPPI) has gone from 213 to 541, and the Leather Saddle Index (LSI)
from 1046 to 1229. Then you call a local stable and obtain the current
price of a pony to be $600 and leather saddle at $350. Assuming the
prices for the pony and the saddle will change in the next five years at
the same rate as the average of the last ten years, find the amount of
money you heed to put into bank today?
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Price change with Indexes Cost/Price Estimation Using Cost/Price Indexes

© First calculate the average price changes:

541 = 213(1 + ipony)™
ipony = 0.098 =9.8%
1229 = 1046(1 + igadgie)°
isaqge = 0.016 = 1.6%

Q Inflate the costs using the average inflation rates obtained from
index numbers:

Fpony = 600(1.098)° = $958
Fsaddie = 350(1.016)° = $379

© We need 379 + 958 = $1, 337 at year 5, therefore

@ Amount to invest now = (}ff& — $1,098
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Price change with Indexes Converting Costs into Constant-Value Dollars

@ So far, the index values are used to inflate the prices to find the
actual dollar amounts in the future.

@ But index values can also be used to convert the costs given in
then-current dollars to constant-value dollars.

@ The average annual earnings of maintenance workers from 1995
to 2001 are given. Also CPI with 1994 as base given.

Year Average CPI Real Wages
Annual  (1994=100) constant

Wages, $ 1995 values

1995 142.68 104.2 ?

1996 143.64 109.8 ?

1997 146.04 116.03 ?

1998  155.02 121.3 ?

1999 155.64 125.3 ?

2000 155.68 133.1 ?

2001 157.32 147.7 ?
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Price change with Indexes Converting Costs into Constant-Value Dollars

@ First convert the CPI index to the base with 1995
@ Index 1995 =100
@ Index 1996 = 1998 ., 100 = 105.37 OR

104.2
@ Index 1996 = 192:8°194:2 . 100 + 100 = 105.37
Year Average CPI CPI Real Wages
Annual  (1994=100) (1995=100) constant

Wages, $ 1995 values
1995 142.68 104.2 100 ?
1996 143.64 109.8 105.37 ?
1997 146.04 116.03 111.61 ?
1998 155.02 121.3 116.41 ?
1999 155.64 125.3 120.25 ?
2000 155.68 133.1 127.73 ?
2001 157.32 147.7 141.72 ?
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Price change with Indexes Converting Costs into Constant-Value Dollars

@ Earnings of 1996 in 1995's dollars = 143.64 * 1502 = 136.32

@ Earnings of 1997 in 1995's dollars = 146.04 x 2% = 130.84

@ Earnings at tp in t; dollars = Ey, * L

@ Earnings of 1996 in 1995's dollars = 143.64 102 = 136.32
Year Average CPI CPI Real Wages
Annual  (1994=100) (1995=100) constant
Wages, $ 1995 values
1995 142.68 104.2 100 142.68
1996 143.64 109.8 105.37 136.32
1997 146.04 116.03 111.61 130.84
1998 155.02 121.3 116.41 133.17
1999 155.64 125.3 120.25 129.43
2000 155.68 133.1 127.73 121.88
2001 157.32 147.7 141.72 111
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After-Tax Economic Analysis Depreciation

(]

Dr.Serhan Duran (METU) |IE 347 Week 11 Industrial Engineering Dept.

Depreciation is the reduction in value of an asset.

D; is the annual depreciation amount

@ does not represent an actual cash flow
o does not reflect the actual usage pattern of the asset during
ownership

Book Depreciation: for internal financial accounting
Tax Depreciation: for tax calculations

The amount of tax depreciation is important in after-tax
engineering economy study because

Tax depreciation is tax deductible
Unless it is calculated by a government approved method

33/41



After-Tax Economic Analysis Depreciation

(*]

*]

(*]

(*]

*]

First Cost: Delivered and installed cost of an asset including
purchase price, delivery and installation fees, denoted by B.

Book Value: Represents the remaining, undepreciated capital
investment on books.

BV, : is the book value at the end of year t (BV; = B — 37} _; Dy).

Recovery Period: is the depreciable life n of the asset in years,
may be different from the asset’s estimated productive life.

Market Value: is the estimated amount realizable if the asset were
sold on the open market.

Salvage Value: is the estimated trade-in or market value at the
end of the asset’s useful life, denoted by S.

Depreciation Rate: is the fraction of the depreciable cost removed
by depreciation at year t, d;.

There a several methods for depreciating assets.
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After-Tax Economic Analysis Methods of Computing Depreciation

Straight-Line Method

@ Depreciable cost of the asset is spread evenly over the recovery
period, n.

@ Based on the assumption that depreciation only depends on the
passage of time.

@ Depreciation rate is constant over years, d; = % t=1,...,n.

@ Annual Depreciation D; = 83, t =1,....n.

Suppose that a delivery truck costs $10,000 and has an estimated
residual value of $1,000 at the end of its estimated useful life of five
years. Therefore, annual depreciation is:

- E - $10,000 — $1,000
- n 5
$1,800, t=1,...,5.
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After-Tax Economic Analysis Methods of Computing Depreciation

The depreciation for five years would be:

Depreciation Schedule, Straight-Line Method

Cost Yearly Accumu. Book
B Depreciation, Dy Depr. Value, BV;
Date of Purchase $10,000 — — $10,000
End of Year 1 10,000 $1,800 $1,800 8,200
End of Year 2 10,000 1,800 3,600 6,400
End of Year 3 10,000 1,800 5,400 4,600
End of Year 4 10,000 1,800 7,200 2,800
End of Year 5 10,000 1,800 9,000 1,000

Same amount of depreciation cost each year.
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After-Tax Economic Analysis Methods of Computing Depreciation

Sum-of-the-Year s’-Digits Method

@ Is an accelerated method of depreciation in which the years in the
recovery period of an asset are added.

@ Their sum, sum-of-years digit (SOYD = 1 + - - - + n) becomes
denominator of a series of fractions that are applied against the
depreciable cost.

@ Numerators of the fractions are the individual years in reverse
order.

@ Annual Depreciation Dy = ”56%1(8 —-S),t=1,...,n

@ Larger-than-Straight line depreciation charges occur during the
asset’s early life.

For delivery truck denominator: SOYD =1 + 2 + 3 + 4 + 5 = 15. The
fractions for each year starting from year 1 are: %, 7¢, =, &, and 7x.
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After-Tax Economic Analysis Methods of Computing Depreciation

The depreciation schedule is:

Depreciation Schedule, Sum-of-the-Year s’-Digits Method
Cost Yearly Depre. Accum. Book
B D; Depre. Value, BV;
Date of Buy $10,000 — = $10,000
End of Year 1 10,000 (5/15 % 9000) = $3,000 $3,000 7,000

End of Year 2 10,000 (4/15 % 9000) = 2,400 5,400 4,600
End of Year 3 10,000 (3/15 +x9000) = 1,800 7,200 2,800
End of Year 4 10,000 (2/15 «9000) = 1,200 8,400 1,600
End of Year 5 10,000 (1/15 % 9000) = 600 9,000 1,000

From the schedule, note that yearly depreciation is greatest in the first
year and declines each year after that.
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After-Tax Economic Analysis Methods of Computing Depreciation

Declining-Balance Method

@ Computed by applying a fixed rate to the previous year's Book
Value.

@ The most common rate is the twice the straight-line percentage,
d=2/nt=1,...,n.

@ When twice the straight line percentage is used, the method is
called the Double-Declining-Balance method.

o Dt:BVt_ldt,t:].,...,n.

Example

In the truck example, for the straight line method, the percentage was
20% (= 100/5). Therefore, under the double-declining-balance
method the percentage utilized will be 40%. The fixed rate of 40% will
be applied to the book value at the end of each year to find the next
year's depreciation.
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After-Tax Economic Analysis Methods of Computing Depreciation

The depreciation schedule is:

Depreciation Schedule, Double-Declining-Balance Method
Cost Yearly Depre. Accum. Book
B D: Depre. Value, BV;
Date of Buy $10,000 — = $10,000
End of Year1 10,000 (0.4 % 10,000) = $4,000 $4,000 6,000

End of Year 2 10,000 (0.4 x6,000) = 2,400 6,400 3,600
End of Year 3 10,000 (0.4 % 3,600) =1,440 7,840 2,160
End of Year 4 10,000 (0.4x2,160) =864 8,704 1,296
End of Year 5 10,000 296 9,000 1,000

@ Fixed rate always applied to the book value at the end of the
previous year.

@ Depreciation is greatest in the first year and declines each year
afterwards.

@ Depreciation in the last year is limited to the amount necessary to
reduce book value to the salvage value.
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After-Tax Economic Analysis Depreciation and Asset Disposal

When an asset is disposed, due to tax obligations we must check if we
have the following gains or loses:

@ Depreciation Recapture, DR: When the asset is sold for more

than the current book value (DR = MV — BV,).

@ Capital Gain, CG: When the asset is sold for more than its first

cost (CG = MV — B).
© Capital Loss, CL: When the depreciable asset is disposed of for

less than
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