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PART I

INTRODUCTION



CHAPTER I
OBJECT . OF INVESTIGATION

The search for new methods whereby depreciation
can be estimated has produced an extensive literature in
which many of the fundemental aspects of depreciation
theory are presented in an unrelated manner, The need
for e complete discussion of these fundamentals is ap~
parent and the present dissertation is an attempt to pre-
sent such a discussion,

The history of the concept of charging for the
use of long~lived properties reveals a division of opin-
ion about its application even before the term "deprecia-
tion" was used., In part, the present concept of depre-
ciation is confused because of the ambiguous terminology
which permeates much of the writings. The interpretation
of the meaning of the word depreciation by the courts in
the regulation of public utilities has contributed its
share of trouble to a clarification of the application
of depreciation, The ends which can be achieved by dew
preciation policies have been intermingled with menager-
ial or political ends to which depreciation has only‘an

evanescent relationship.



The objective of this dissertation is to pre-~
sent a detalled discussion of the history and the elements
of depreciation, Within this aiséuasion the goals which
have been set forth as ends toward which depreciation
policy has been directed will be indiecated., It 1s not
the intent of the author to present a new theory; in-
stead, the presentation of a smell part of an integration
of present thinking on depreciation is all that is hoped

for.



CHAPTER II
ORIGIN OF THE PROBLEM

The development of the concept of depreciation
arose when it wag necessary to determine profits or
losses, and to meke monetary adjustments for periods of
time which were shorter than the life of the property.
The fundamental problem has been & result of relative
time intervals in which the indivisible interval of prop-
erty life, although it 18 a prime quantity, must be éuh~
divided because of business conventions, The problem in
an aoctual firm is complex éince different properties have
lives which may vary from a few seconds to a century or
more, Seldom does the length of these property lives co-
incide with the arbitrary business intervals of a month,
& year, or a production unit,

Frequently it is assumed that all property
ﬁhieh is consumed during a business period can rightfullyl
be charged to that period. The consumption of properiy

refers to either the physical transformetion of materials

or the economic transformation of a long-lived property

: lTha basis for deciding whether this is right
mist awalt an examination of the ends to be achieved by
depreciation. ‘ '



into the subsequent products, Overtly these charges refer
only to the fact that when a ton of steel is consumed it
may be charged as "one-ton-of-steel,” This assumption
does not state what the relative pecuniary charge is.
Herein lies another question., Whenever the price of a

ton of steel varies during the business period, what should
be the price used for accounting purposes? According to
the recent accounting procedures the steel could he charged
at the latest purchase price. This is the last-in~first-
out, LIFO, method of calculating the cost of consumable
materials. It would be just as feasible to use a first-
in-first-out method, or an average. The choice between
these methods depends upon the ends to be attained,l i.e.,
whether costs should reflect the current market, be based
on the actual money outlay, or rely upon an average or
standard price.

‘The cost of a property which is long lived rele
atlve to the business period should be allocated over
several periods. Thus, the additional problem of allo-
cating a portion of the property to a specific period is

added to the previous pricing problem encountered with

1A good disoussion of the LIFO, FIFO, and
weighted average methods of valuing lnventories is pre-
sented by W. A, Paton, Advanced accounting. New York,
The Macmillan Company., 1941. pps 138-169,



consumable supplies, The basis of allocation may be time
or production., It may be on & cost or value basis, Since
allocations will be distributed throughout time, interest
may enter the problem, Long~lived property which is
partly consumed during & period retzins the pricing prob-
lem and in addition propounds meny additional problems,
The choice between the various alternatives still depends
upon the end in view, Therefore, it may be helpful to
examine the possible goals which allocation and pricing

methods can be expected to achieve,



CHAPTER IIT
THREEFOLD! CONCEPT OF DEPRECIATION

Ambiguity in the use of the word "depreciation”
is one of the major errors whieh must be rectifled before
any discussion of depreciation can be intelligible, De~
preciation may represent entirely different ideas when
used with reference to "eost", to "value", or to phys-
ical condition, Cost as used hereinafter is the actual
cash outlay or its equivalent necessary to purchage or
feabricate the property and place it in operating condi-
ticﬁ, Value is the monetary equivalent at any instant
of the anticipated future benefits to be received from
the ownership af tne.praperty. Physical condition is
the ratio of the observed condition? of the property to

1y fourth soncept of replacement cost of the
service minus present value of the property is sometimes
included but 1is sctually a eambinatian of the c¢ost and
value concepts.

 “rhe ratio of observed conditions may be the
result of a qualitative inspection of the property.
However, it is also the ratio of physical characteris-
tics which can be measured, e.g., the ratio of the depth
of pitting in e cast iron pipe to the meximum permisgs-
ible depth, the decrease in the maximum pressure in an
internsl combustion englne cylinder to the maximum allow-
able decrease,



that of new property of the same kind, Cost 1s based
upon recorded transactions, Value is based upon anticie

pated returns. Physical condition is based on observa-

tion.

Cost and value are equal only for the marginal
purchaser, The specious interpretation of this principle
is that cost and value are equal at the time of purehaea.l
Generally value is greater than cost and cannot be less
than cost at the time of purchase, The specious equal-
ity of cost and value to the buyer at the time of pur-
chase 1s the result of the inadeguate consideration of
the significance of supply and demand curves, Supply and
demand curves which establish the price of any good are
the composite of all of the individual's pupply and de-
mand curves,

The price, or cost to the purchaser, is deter-
mined in the market in which the demand curve represents
the composite prospective bids based on anticipated re-

turns of all purchasers, whereas the supply curve repre-

13‘ B., Canning. Economies of accountancy,
New York, The Ronald Press. 1929. Chapter XII. M. R.
Scharf, ¥.J. lLeerburger, Joseph Jeming. Depreclation
of public utility property. 285 Madison Avenue, HNew
York, M.R, Scharf. 1940. Part III, p. 2. "If the
money has been prudently spent, then we may assume that
cost and value are synonymous at the time of installa-
tionis « o " ‘



sents the composite offerings of all sellers, Thus, the
prospective bids include many which are higher than the
Tinal price. 8ince the price will be established which
nets the seller the greatest profit,l many purchasers
will obtain property for less than the anticipated re-
turns., Thus for these individuals the cost is less than
the value. This increment is the counsumers's surplus.2
A simplified illustration of this situation
night be as follows, Bach éf fifteen firms wishes to
replace its present machines with a special turret lathe}
One firm is willing to pay $20,000 for a lathe; two firms
are willing to pay $18,000; four, $17,000; and eight,
$15,000. The cost of manufacture plus a normal return
is §$15,000 and is constant over thls range of output.
If the lathes are made by a single manufacturer he should
set the price at $17,000 to maximize hls profit when a
single price 1s guoted to all purchasers. However, if

there are many manufacturers each attempting to underbid

lpyrofit is used in the sense commonly employed
in business in which both the risk and Interest are in-
cluded, not in the sense generally employed in economics
wherein it is a payment for risk. -

2A1fred Marshall. Principles of economics,
London, Macmillan and Co,., Ltd. 1938, pp. 124, 830,

J+R, Hicks, Value and capital, Oxford, The
Clarendon Press. 1939, pp. 38-39,
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nis rivel, the price will be $15,000, In either case
several purchasers will be able to buy the maéhine for
less than its value to them,

The meaning of the word depreciation must be
clearly stated whenever it is used because it may refer
elther to desb, to value, or to physical condition.

Hereinafter that differentietion will be made by using

the terus gost-depreciation, value-depreciation, and

physical condition., The only exceptlions to this conven-

tion will be 1n direct quotations, in the general his-
torical review of the evolution of the concept of depre-
clation, and in a discussion encompassing all of the
meanings. The definitions of cost-depreciation and
value-depreciation differ in that the former 1g an arbi-
trary allocation while the latter is a result of the
change in anticipation of future benefits. Cost-depre-

ciation is the allocation of the purchase price over the

P

life of the equipment, Value-deprecistion is the change
in anticipated benefits between two points in time,
Depreciation may also connote a relative phys-
ical condition, Whereas cost and value are measurable
in dollars, physical condition is an estimate of the per
cent of the tangible &aaay of a property. It may be a

factor in either of the previous concepts of cost-depre-
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clation or value-depreciatlion but it is generally insufl-
Ticlent to attribute all of either ¢ost or valus depre-
ciatian‘ta the physical condition., This concept has
given rise to the "good us new”, "plant lmmortality”, or
the “since it is 1004 efficient there 18 1o depreciation”
claimg in velustions. |

In order to understand the significance of the
three meanings of depreciation and bhe confusion which
has resulted from the failure to recognize the distinetion,
it 1s helpful to examine the historical development of

these ldeas,



PART II

EVOLUTION OF THE CONCEPT OF DEPRECIATION



CHAPTER IV
GROWTH OF THE CONCEPT OF CHARGING FOR
THE USE OF LONG-LIVED PROPERTY

The word depreciation was not used in account-
ing until avout 1838, However, the recognition of the
diminution of the utility of long-llved assets has been
recorded in pre~-Christian documents. Since most refer-
ences to the early history of wasting assels are gener-
ally found in bookkeeping iexts, most of the evolution
of depreclation is recorded in early works on bookkeepw
ing. The present brief account of the evolution prior
to 1900 relles heavily upon A, C. Littleton's Agcounting
7Evglutian\§g.;22g,l Perry Mason's "Illustrations of the
EBarly Treatment of ﬁeyreciation,"z and E, A, Baliers'
Depreciation Principles and ggylieatians.B

iA.G. Littleton. Aecounting evolution to 1900,
New York, American Institute Publishinmg Co. 1933,

QParry Mason. JTllustrations of the early
trgatment of depreciation. Accounting Review., 8:209
218, 1933.

EE‘A‘ Baliers, Depreciation principles and
applications, New York, The Ronald Press. 1939. pp.8-36.
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The anclient psoples had little need for accu-
rate bookkeeping. The nomsdic 1life of many of them meant
that long~lived property was rare. If long-lived property
existed at all it was owned by a family or tribe. This
made annual reckouing of gains or losses unnecessary.
Even after these people settled in agricultural comnuni-
ties properiies were still owned by the family, The
rulers of the communities levied taxes but the calcula-
tion of income, as we think of 1it, was not involved since
these levies were pald in kind.

Although bookkeeping was still a matter of
1ittle concern, the sale of properties presented a prob-
lem whenever joilnt ownership oceurred. In an architec~
tural manuscript of abhout 27 B.C, the followling statement
about the allocation of the original cost of a masonry
wall is found: |

He, therefore, who 1s desirous of pro~-

ducing a laating structure, ls enabled,

by what I have lald down, tc choose the

sort of wall that will sult his purpose,

Those walls which are built of soft and

smooth«looking stone, will not last long,

Hence, when valuations are made of ex-

ternal walls, we must not put them at

thelr original cost; but having found,

from the register, the number of lettings

they have gone through, we must deduct

for every year of their age an eightieth

part of such cost, and set down the re-

mainder or balance as thelr value, inas-

much as they are not calculated to last
more than eighty years. This is not the
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practice in the case of brick walls,

which whilst they stand upright, a

always valued at their first cost,

“Although the Romans of from 0-500 A.D, are re-
pubted to have had some mesthod of bookkeeping which re-
sembled the double~entry meihod, there ls little evidence
that 1t contained any organized system of double-entry
agcounts. |

There is very little of importance to note
"From the Fall of the Western Empire until the Norman
conquest of England, when the English Exchequer, with
its elaborate gystem of finance and its famous Pipe-Rolls,
first ocomes to notice,"<

The development of accounting awaited the ad-
vent of writing, arithmetie, private property, money,
eredit, commerce, and capital, The emergence of book=
keeping as a first step toward accounting was closely
ellied to the development of arithmetic. The first well

organized treatise on double-entry bookkeeping appeared

Lihe architecture of Marcus Vitruvius Pollio
in ten books translated from the lLatin by Joseph Gwilt,
Febshey FoRshoeBs Loudon, Lockwood & Cos 1874. (From
manuseripts dated 1552, 1649, and later.) Book the
Second, Chapteyr VIII, ps &7

2y ,H, Woolf, A short history of accountants
and accountency. London, Gee and Co. 1912. P She
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as a small part of a much larger work on mathematics,

Summe di Arithmetice Geometria Proportioni & Proportion-
alita (1494), by a monk, Lueca Paocioll,t '
The first reference to a charge for wear and

tear appeared in a textbook, A Briefe Instruction and

Maner How to Keepe Bookes of Accompis After the Grder‘gg

Debitor and Creditor, written by John Mellis in 1588;2

The following entry was made on the credit side of the
ledger account "Implements of householde™:

Implements of householde here
agalnst 1s due 10 have xl.xs and

is for so much as I doe finde at
this day to be consumed and worn,
which said xl.xs8 for the decay of
the said household stuffe is borne
to profit and losse in

Debitor (15) « « + ¢ » « 10 10 O

The profit-and loss account was debited with the follow-
ing: '
More xl.xs. for so much lost by

decay householde stuff as in
creditor (06) « o & o » 10 10 03

1ﬁomp1atﬁ title from Instiiﬁﬁa'bf Chartered
Accountants. Library Catalogue, Vol, II, The Biblio-
graphy of Bookkeeping. London, Gee & Co. 1937,

zﬂampleta title from source in footnote 1.
Title followed by note: "Text of the bookkeeping pore
tion adapted by Hugh Oldcastle from L, Pacloli.”

3A.C. Littleton, op. c¢ite, DPe 223,
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A century later, 1683, in Stephen Monteague's
Debtor and Creditor Made Easie the deterioration of live-

stock was included as a "valuation of stock unscld,"”
Bulls were velued at 15 shillings less at the end of the
accounting period than st the beginnirg of the period,
Cows were valued the same at the end as at the beginning
of the accounting periocd. 1In a lster edition of the
same book the illustration was changed, The entry was
"o Horses impaired by & yearts use uézwzw“.l Thﬁs in
1683 the ocharge for the diminution of utility of long-
lived assets was made on s value basis,

In the middle of the eighteenth century a book,

The Gentlemen and Lady's Accomptant (17Lk, author not
given), refers to the loss by "wear and tear" and to the
balance as present value.

In the Jjournal: 'Income and
Expence Debtor: To Housew
Purniture for Ware and Tare

©a e » » 10/10/0.
In the ledger account:
March 25, 1742, By the Income
and Expence charg'd for Ware
end Tare, . «' The balance of
the House Furniture account is 2
referred to as 'the present value'.

Lrpid., p. 224.

aperry Mason, op. oit., p. 209.



18

The recognition of the consumption of long-
lived assets was still not universal, In 1757, the fifth
edition of John Malir's Book-keeping Methodiz'd was pub-

lished, Throughout the book there was no mention of any
charges f0r~§he deterioration of long-lived anssets. The
metﬁa&s of accounting for these assets were similar to
those used In the merchandise accounts, l.e., the inven-
tory was recorded and the remainder in the account was
debited to profit snd loss., At the same time (1764) a
report of one John Smeaton on the "Canal from Forth to
Clyde" reccr&g& An estimate that the locks would need
new gates in 20 years. For this purpose he set aslde

320, In William Jackson's Bock-keeping in the True

Italian Form (1801) a "Ship” account wes credited "By

Profit and Loss, for Wear, Age, etc." and the balance
brought forward was called "present value.” The inven-
tory method similar to that used by Malr was prescribed
as follows:

l. Credit the account by balance

for the value of the ships or the

part you own thereof.

2« OClose the mocount with profitv

and l?ss for the remaining differ-
GHOE o

1mvig., p. 211,
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No mention of a charge for wear end tear appears in a

book Thé Elements of Boox-keepggg {1805} by P. Kelley.

In 1830 the estimmte of the cost of operating
a ten horse power steam boat inecluded a charge for a de-
erease in value,

30 per cent. on the cost of the boat

and engine, valued at $3500,for in-

terest, decrsase in value, hezard,
renewals, and repuirs, allowing only

300 working Gays « « s « o s o s 0+ s %3;501

The use of interest as a factor in the calcuw
lation of the ennuel charge appeared in the Annual Report
of the Baltimore and Ohio in 1833,

Baltimore & Ohioc Railroad, 7th Annusl
Report. One section was devoted to
the presentation of estimates of the
cost of construction and of repairs
snd renewals of rail way. The cost
of replecing different parts wag es-
timuted in detall, the same unit costs
being used as were incurred in the
original construction, For instance,
the total renewsl cost per mile for
ok sills and sleepers, and yellow
pine string pieces was $3,342 and

the estimated life was 12 years., The
annval provision was expressed in
terms of an annuity: VYAn ennuity of
equivalent value {(to $3,342 due 12
years hence) to commence at the end
of one year, to continue 12 years,
reckoning compound interest st 5 per
cent. 18 $209,97."

Trvid., pe 21l.

2Ibid., P 211,



From the earliest record of the recognition of
the gradual consumption of long-lived property until the
early nineteenth century when the word depreciation was
first used to indicate a charge for wear and tear, ete,,
these charges have been made on both a cost and 2 value
basls. In the earliest reference the charge was strictly
an slloecation of the original cost over the life of the
wvallg, In most of the subseguent insteances until 183%
the loss In value during the accounting period has con-
stituted the charge, Many authors have attributed this
confusion of cost anc value to the word depreciation,
However, the concept of the c¢harge for the consumption
of the long-lived property clearly had two meanings bhee

fore the term depreclation was used,



21

| CHAPTER V
THE WORD *DEPRECIATION" USED TO SIGNIFY THE
CHARGE FOR WEAR AND TEAR OR LOSS IN
VALUE OF LONG-LIVED PROPERTY
Careful accounting of the charges fdr weay and
tear on long-lived property was of little importance un-
$1l the time of the industrial revolution., The consew
quence of the development of new sources of power and
new machines to utilize the power was a new kind of busi-
neas organization which required divided ownership of
single enterprises,

. With the invention of the reciprocating steam
engine by James Watt in 1769 ample power beceme available
to run several machines at a time. With the discovery
by Abraham Darbys and Henry Cort of a process using coal,
instead of charcoal, in blast furnaces, the pig iron in-
dustry expanded and more machines whioh had long lives
could be made,. These two discoveries, plus the ingenuity
of men like John Kay, who invented the flying shuttle in
1733, Hargreaves, Arkwright, and Crompton, who perfected
textile weaving gave rise to large investments in long-

lived machines, For example, the pig iron output in Eng-
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land inoreased from 25,000 tons in 1720 to 1,396,000
tons in 1840,

Railroads rapidly grew in size so that by 1848
5,000 miles of railway line had been laid in England,
The invention of the electric generator required addi-
tional investment in long~lived power generation equip-
ment. The large expenditures of money with whieh to
finance these new industries demanded a new kind of com~
mercial financial structure,

Corporations were established with consequent
division of ownership. The New York leglslature in 1811
enacted ploneer laws enabling corporations to be formed
without a special act of the legislature for each corpor-
ation charter. S8oon there were many corporations owning
large amounts of long~lived property. These corporations
were in turn owned by many individuals who were contine
uelly buying or selling their interest in these firms,
It was now necessary to reckon the profits correctly in
order to provide equitable treatment of the stockholders,
Although the equity of each stockholder was of eoncern to
himself, many corporations were concerned very little
about the individual stockholder and soﬁe further stimu-
lus was necessary to spur on the study of depreciation.

It was necessary to await the advent of govermmental
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supervision and control before the depreciation issue be-
came critical.

One of the first instances where wear and tear
or loss in value was referred to as depreciation appeared
in a report of "a committee to shew the prospects of &
company established in London for the condueting of the
inland navigation of India by steam":

In Auge. 1835, the ‘'Lord Williams
Bentinek,' after having been six-
teen months in the water, was
hauled up on the patent slip, and
no marks of corrosion were visible.
With this protection 20 years are
confidently assumed for the dura-~
tion of an iron vessel, The annual
depreciation, therefore, on the
vessels as well as on the engines,
has been assumed at five per cent,.,
and cﬁ the boilers, at twenty per
cent,

The following year the American Bailrbaﬁ Journal cone-

tained an analysis of some of the costs of the Readlng
Railrcoad including: "Repairs and depreciation of engine
and tender estimated at 25 per cent on cost, $8000 . .
* ¢"2 Perry Mason cited more instances where &épreaian

tion appeared in the annual reports of various rallroads

11p1d,, p. 211.

?Intd., p. 211,
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from 1836-1867 including a serles of annual reports of
the Boston and Wcréeater Railroed from 1838 to 1848,
Government control of rallroads was uncommon
and vacillating., In 1846 the laws of the State of
Massachusetts required reilroads to submit annual re-
ports of expenses. One section required:
Estimeted depreclation beyond
renewals viz:~
Koads and bridges
Buildings
Engines and cara.l
Thirty years later the rallroad commissioners of
Magsachusetts issued instructions calling for the
aep&rate‘reycrting of "new locomotives charged to
operating expense to meke good original numbers,”
in which they falled to mention dapreeiatian.z
Concurrently the additional concepts of depre-
ciation as it related to replscement and maintenance ap-
pearéa in the literature. The idea of providing a depre-
ciation fund adequate to replace the present equipment
was proclaimed by Mr, Glyn in a speech which later was
published in the April 1, 1848, lssue of the American
Railroad Journal as an article tltled "Depreciation of

Rallway stock." He said:

1 .c. Littleton, op. cit., p. 235,

2Tp1d., p. 235.
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« &« « your directors have thought
£it, not only to take the usual
course in regard to the relaying
of the rails . . . but conceiving
that, in the course of some fif-
teen or twenty years, the existing
rails will, from the working upon
them, require necessarily to be
replaced by others, they have
thought it their duty to ecall
upon you to sanctionithe annual
appropriation of 15,000 pounds
for the purpose of forming a fund
to meet that §9n$ingenay from
time to time,

The other ildea that 1f a plan®t is well maine
tained 1t suffers no depreciation appeared in the
"Berkshire Railroad, 12th Annual Report® which explained
the omission of any depreciation by the comment "to be
kept in perfect repair by 1@359&5";2 This same idea of
the "plant immortallity” or "good as new® concept of de-
preclation appeared in a book by Dionysius Lardner,
Railway Economy (1850). He wrote, "If time has deter-
lorated some portions, new portions have been infused so
that on the whole the value in use remains the ﬁama."B

In addition he stated:

lPerry Mason, op. clt., pe 213,
2Ibid., D« 213,

3ﬂienyaiua Iardner, Rallway Economy. New
York, Harper & Bros. 1850, p. 117.
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Its movable capital exlstence is
perennial, and it is in a oconstant
state of rejuvenescence,

This point having been conclusively
established, the companies very
properly discontinued to set aside
from revenue any fund for the future
reproduction of stock; but they
would have besen Juatifia&, in strict
equity, in going further, and in
taking back from the capital, and ‘
placing to the eredit of revenue, ...
all the sums whieh, in previous
years, they had @rrmneaualy brought
to the credit of capital, to repre-
sent a deterioration which dild not
exist, and to pay for % future want
which ¢an never arise,

The use of the sinking fund methed of provid-
ing for depreciation appeared in the 1856 report of the
Rasghville and Ghatt&nooga road.

From the foregoing, you will be

able to form a very correct idea

of the rate our rails and machinery
are wearing out; and in so dolng,
you cannot fail to see the pro=
priety, and, indeed, absolute neces-
sity of ereeting an adequate sinking
fund to provide gor this large item
of depreciation.~

Bookkeeping texts still had not completely ag-

cepted depreciation as an important expense. A Practical

System of Book-keeping by Single and Double Entry (1853)

L1via., p. 115,

zPerry Mason, ops. cit., pe 215,
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by Ira Mayhem avolded the subject of depreciation by ig-
noring fixed assets. Common School Book-keeping (1861)

by H. Bs Bryant and others geve no specific discussion

or illustration of depreciation, In the same year Book~
keeoping by W, Inglls illustrated depreciation expense by
the entry "By Depreciation, 5% carried to Trade Expemaaa“‘l

Iater in 1871, Book-keeping and Business Manual by H. W.
Ellsworth used the inwentary method but did not mention
depreeiatian.z
The analysis of the service life of long~lived
property was an outgrowth of the controversles between
the a@vecates of the "good as new" and those who believed

in the inevitable wearing out of these properties., In

1870, there was published in the Proceedings of tha.;hatgu
fution of Civil Engineers (England) a "thorough analysis
of the life of locomotive parts™, From this analysis the
investigators concluded ‘

that even full renewals of parts did
aot prevent final depreciation, because
a day would come when the timing of

the expiration of parts having differ-
ing lengths of service life would so
goincide as to leave the lgaqmative
pracgtically beyond repair.

i1bid., p. 215,
2Ibid., ps 217.

3L1ttlstcn§ ope 0it., pe 223-4,
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Deprecistion as a replacement cost reappeared
in correspondence to the Railway Gagzette in 1879, The
correspondents were opposed to arbitrary maintensnce
charges baged on current income, Instead they favoured
the establishment of a Yrenewal fund"™ to be debited for
all repairs and renewals,

Monthly there would be a deblt to

operatling expense and a credit to

renewal fund. The sum thus trans-

ferred is to be “the proper amount®

to cover depreclstion and repairs,

or according to another correspon-

dent, to cover the szverage depre-

ciation and natural decay caused

by the sction of the weather and

movement of trains,.

The followlng year, a version of the good-as-
new interpretation of depreclation again appeared in an
article "Value of Railroad Property",z The author pointed
out that since the net income of the company fluctuated
between 56% and 10% during the first five months of 1879
“there seems to be little basls for depreciating railroad
property when it 18 honestly mansged.”

The determination of the costs of operation be-

came & bigger problem when in 1876 the states were upheld

l1pia., p. 230.

Yalue of Railroed Property. Commercial and
Financial Chronicle, 31:29-30, July 10, 1880.
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In thelr aittempt to fix maximum rates., The Graunger lavs
and the subsequent decision of the U, H. Suprsme Court
upholding bthese laws made business "glothed with publie
interest” subject to state controls In the first of
Vhese decisions, Munn v, Iliinois in Qctober, 1676, Mr.
Chief Justlce Wwalte sall:

When therefore, one devotes his prop-

erty “o the use in which the public

hes an interest, he, in effect,

grants to the public an interest

in that use, and must submit to

be controlled by the publiec for

the common good, %0 the extent Qfl

the interest he has thus created,

This right applied only to intrastete business,
After a later decision when the same oourt in the case
of the %Wabash, St. Louis, and Paclflc Raillway v. Illiaois,z
in October, 1886, declared that a state could not regulate
even that portion of interstate commerce which was within
its borders, the Congress of the United States passed the
Interstate Commerce Act of 1887,

The appolntment of the five Interstate GCommerce

Commissioners began a new eéra in government regulation,.

Altvpough the original duties of the Commission were prine

Iunn v, Illinois, 94 U.8. 126 {1876).

2Waba3h, Bt. Leuiss and Pacific Rallway v,
F

Illinois, 118 U.8., 557 (1886
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cipally those of a referee, it asked the railroads to
report the costs and value of their property. Unfortu-
nately depreciation was not mentioned in spite of previous
experience of legislatures, e.g., Massachusetts, and
business, Since the government was in a position to

help lmprove the inadequate financial practices of the
railroads, the omission of a regulrement providing for
depreciation was a costly one.

The size of this serious problem which con«
fronted the state and federal regulatory commissions can
best be judged by a report which appearsd in December,
1896, in an article "The Street Railway Problem in
Cleveland,”

These reports to investment houses
that over $7,000,000 has actually
been invested in lines and emphasize
"the unusually large mergin in cash
investment in the plant over and
above the bond issue", In view of
the fact that many sireet railways
are pald for almost entirely out

of theilr proceeds of thelr bonds,
this last statement is not without
welght, although it may seem to
come strangely from a corporation
which professes to have a pald-up
capital stock of $12,000,000.

Seven millions represents the ex-
treme claim of the company as to its
bona fide investment. . . « But
when we examine what is meant by '
ap Yactual cash investment of over
$7,000,000," we shall f£ind that
this does not necessarily mean the
lines are worth that sum -~ it may
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mean the entire sum spent upon the

line from the beginning of its hise

tory to this moment., And this sum

may include vast sums whioh should

long ago have been written off for

depx&aiatian‘l

The right but not the basis of regulatloa had
been decided in the Grunper cases. The railroads had
grown nearly sixtyfold from 1840 to 1890, ¥hen in 1893
Nebraske pasgsed laws regulating the mazimum rates to be
charged by the railroeds, the stockholders of the Union
Pacific challenged these lawe, The United States Suprems
Court, Smyth v. Ames,? ruled that these laws were consti-
tutional provided the retes were based on the "falr
value of the property belng used by it for the conven-
ience of the publlc.”

Although in the United States the basis for
regulation of rates had been established ms a fair return
on the falr value of the property used, depreclation was
not yet recognized as an operating cost. The Jowa Bupreme

Court, Cedsr Rapids Water Co. v, Cedar Rapids,> on

lwiﬂ. Hopkins., The street railway problem in
Cleveland. Economic Studies. 1(no. 5~6):318. Dec,, 18%6.

“Smyth v. Ames, 169 U.S. 466 (1898).

38@@&? Rapids Water Co. v, Cedar Rapids, 118
Ia. 234 (1902).
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October 27, 1902, overruled an allowance for depreciation

by saying:

e« « « to hold otherwise is to say

that the public must not only pay

the reasonable and fair value of

the services rendered, but must in

addition pay the company the full

value of its works every forty years,
Similarly, the U. S, Supreme Court, San Diego Land and
Town Co. V. Easpar,l on April 6, 1903, overruled the
contention "of the appellant, that there should have
been an allowance for depreciation, over and above the
cost of repairs, when the annual rate of return was
calaulatad.“z

The English courts had recognized the propriety
of a charge for depreclation somewhat earlier. In 1879,
an injunetion was granted, Davison v, Gillies,3 to pro=
hibit the payment of dividends before adequate charges
for depreciation had been made., Ten years later in

Glasier v. Rolls¥ the court said:

1ﬁan.n1aga Land and Town Co, v. Jasper, 189
U.8. 439 (1903).

2Far similar rulings by the U.S. Supreme Court
gee; Eyster v, Centennial Finance Board, 94 U.8. 500,
1876, and United States v. Kansas Pacific Rallway Co,,

99 U.S. 459, 1878,
dpavison v. Gillies, 16 Ch.D. 347 (1879).

kgiasier v. Rolls, 42 thﬁ. L36 (1869),
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Ought a deduction to be made for
depreciation? There are two good
reasons for an affirmative answer,
First, profits must be deemed to

be calculated as a prudent man of
business would calculate them, after
making a fair allowance for depre-
ciation., Secondly, apart from mere
prudential reasons an allowance is
necessary because ., 4  bthere is a
oconstant consumption of capital that
ought not to enter into profits,

More detalled methods of bookkeeping were re-
gulred to cope with the growing industries, John Q.
Pilsen, in the Complete Reform in Book~keeping (1887),

recommended the use of separate inventories for business
properties., He mentioned fixtures, furniture, equipment,
livestock and leases as classifications. Furthermore he
advised that one should "take off a percentage rate of
total cost for wear and tear."l

The first book to be written on the subject of

depreciation was The Depreciation of Factories by Ewing
Matheson in 184L4. In this book he disaussed the englineer-
~ ing aspects of depreclation as they related to the life
expectancy of physical properties, the relation between
meintenance and depreciation, and the relation of depre-

ciation to sound financial management. Although his con-

lsaliars, 0P« cits, Ps 15,
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cept of depreciation was based on the change in value of

properties, he had a good understanding of the necessity

for inoluding depreciation as an expense, For example,

his rebuttal to those who claimed that there was no need

for including depreciation in the expenses incurred by

municipal works was as fellcws:l

It is sometimes argued that as all
such municipal works are fully main-
tained out of the rates, there is
no need to write down their value

or agcumulate funds for their re-
newal, It is however well known
that no system of maintenance will
provide for the wasting of assets
which tekes place from many causes
or contingencies,

Protection of the shareholder in a corporation

was recognized as a reason for accurate deprecistion

accounting. He said:

And though, in course of years, the
expenditure for repairs and renewals
must almost of necessity balance the
deterioration if traffie is to go on,
there is room for muech error in the
accounts for particular years; and,
in the case of constantly changing
sharaholﬁerg, of an unfair allotment
of charges,

ies,

Lth

lﬁwing Matheson, The depnﬁciaticn of factor
ed,wLendan, E:, & F.C. Spon, Ltd, 1910¢ Pe ke

glbiﬁ;, pt 16'
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Cost mccountants of the same periocd gave little
consideration to depreclation, Garcke and Fells, in
Factory Accounts, Fourth Edition, 1893, sald that in
practice the amount of the depreciation charges was varied
with the firm's business and that the allocation to de-
partments or operations was rare,* J, S. Lewis in The
Commerciasl Orgenization of Factories stated that suffi-
¢lent funds shoula:be set aside out of revenue to pur-
chase new maehines in a given number of years.a

During the period from 1838 to 1908 the concept
of the charge for the use of long~lived property became
more ambiguous., The contention was introduced that no
depreclation was incurred if adequate maintenance was sup-
plied. The use of the inventory method was being replaced
in a few instances by the overt allocation of the cost
over the life of the property. WWriters were gradually
substituting the word "depreciation" for "wear and tear,
ete.” The literature became filled with articles in which
the word “depreciation® was not properly delineated with
the result that different meanings were implied by the

same author in a single article. The disagreements which

1.0, Littleton, op. ocit., D 239.

2Tpid., p. 239.
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have followed have been due in part to misunderstanding
of the sense in which the word was used.

Progress in the application of depreeciation
to operating expenses had been made bubt awaited addi-
tional impetus. Large quantities of long-lived assets
owned by corporations whose stockholders were continuslly
changing should heve made it necessary for the corpora-
tions to caleculate thelr profits accurately. Although
the stockholders should have demanded e proper accounting
for depreciation, at least iwo reasons existed for the
ignoring of this expense, First, the early stookholders
would benefit greatly if dividends were declared before
depreclation wag accounted for 1f they planned to sell
their stock within a short time, Second, profits in many
of these expanding enterprises were very high and depre-
ciation expense was not as important to the continunance
of an enterprise as it was when competition became keener,

Businesses in whieh profits were reiatively
sméll or closely watched by public authority wefe the
first to realize the ecritical problems presented by the
ownership of long-lived property. Railroads were the
first of this group. Thus, much of the literatﬁra about
depreciation during this period was concerned with rail-

roads. The railroads in the United States today {(1949)
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are gtill suffering from inasdequate depreciation policies
developed during this era.

As the period from 1838 to 1909 drew to a close
the states of New Jersey and New York recognized the
necessity of accounting for depreaiatinn*l However,
with the ambiguous concept of depreciation as it had
developed it was unlikely that the court declsions which
ensued oould be other than reflections of past inconsist-

ent word usage,

Iwnittaker v, Amwell Nat'l Bank et al, 52 N.J.
Eq. 400 29 Atl. 203 (1894); Jemaica Water Supply Company
:. 3§?te Board of Tax Commissioners, 112 N,Y. Supp. 392
1908) . , ~
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CHAPTER VI
DEPRECIATION BECOMES A MAJOR PROBLEM

The industrial revolution and the establish-
ment of the corporate form of business created a need
for the acourate accounting for depreciation, but the
impetus to analyze it carefully awaited the time when
the corporations! incomes were vitally affected by the
application of depreciation to utility regulation and
income taxation., The Knoxville v, Knoxville Water Co.
casel established depreciation as a part of the costs
to be considered when rates for public utility sérviees
were determined. Shortly thereafter the excise tax of
1909 and the Revenue Act of 1913 inecluded depreciation
as a deduction from gross income in the determination
of taxable income.

The United States Supreme Court reversed its
- previous rulings on depreciation in the Knoxville case.
The Court, besides recognizing the consumption of the.
long~lived properties, injected the concept of a charge
for replacing the property. It stated:

1Kn0xville v, Knoxville Water CQ,; 212 UuBe 1
{1909).
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A water plant with all its additions
begins to depreclate in value from
the moment of its use, Before coming
to the guestion of profit at all the
company is entitled to earn a suffi-
clent sum annually to provide not
only for current repairs but for
making good the depreciation and
replacing the parts of the property
when they come to0 the end of their
life, The cocmpany is not bound to
pee its property gradually waste
without mmking provision out of
sarnings for its replacement, It

is entitled to see that from earn-
ings the value of the property in-
vested is kept unimpaired, so that,
at the end of any given term of
years, the original investment rey
mains as it was at the beginning.

The Court embodied within thim statement three

ideas whiech have caused much confusion in recent years,

The guotation included & charge for depreclation pre-

viously described in this decision as the “"lmpairment

of value", a charge to maintain the original investment,

The latter statement in a broad sense was consistent with

the value basis of depreciation, although without quali-

fication it could have meant the maintenance of the

"dollarsg" invested which has been the more recent inter-

pretation by accountants of the proper basis for deprecla-

1101d., p. 13.
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The Revenue Act of 1913 which followed the pas-
sage of the Sixteenth Amendment {February 25, 1913) pro-
vided that "a reasonable asllowance for depreciatlion by
uge, wear and tear of property, if any” could be deducted
from gross 1ﬁéome. The difficulties encountered in ad-
ministering the 1913 and 1916 laws caused the phrase "in-
c¢luding a reasonable allowance for obsolescence" to be
addedﬁl The basis for the deduction of depreciation in
this and subsequent revenue acts has been cost,

The centrast between the base upon which the
courts and the Treasury Department caloulated deprecia-
tion was a logical result of the development of the poli-
cies of the two groups. The Court had already established
"value"™ as the proper basis for regulation of utilities,
whereas the calculation of taxes was based on "facts",
i.,e,, recorded transactions,

The recognition of depreciation by the courts
was not confined to rate determination., The New York
courts in a tax case stated:

The net income of a corporation

for dividend purposes cannot be
determined until all taxes,

lseliers, op. oit., p. 25.
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depreciation, maintenance, and

ggggggeaxfandituraa have been

Public utilities were immedistely affected by
the Court rulings. Their concern over better methods
for the determination of deprecistion was cause for em-
ploying consulting engineersz to aid in this task. As a
result of experience gained in this work, Paul Q, Campbell
developed a depreciation method based on the present |
worth of future services.2 The inmportance of deprecla~
tion in engineering practice was recognized by the Ameri.
can Society of Civil Engineers which published & major
contribution to depreciation literature in the 1917 re-
partB of the Soclety's depreclation committee. In both
of these englneering contributions the veluation approach

was taken.

iPacgla ex rel Jamaica Water Supply Co. v.
&tata Board of Tax Examiners 128 App Div 13 at 17-18,
112 N,Y., Supp 392 at 395 (34 Dept 1908) fram.Banbright,
0P @it*, P 933,

2paul C. Campbell, ﬁepraeiatinn by the present
worth method. Unpublished Mﬁﬁ, Thesis, Ames, Jowa, Iowa
State College Library. 1916,

3rinal Report of the 8peclal Committee to Forme
ulate Principles and Methods for the Veluation of Rail-
roed Property and other Publie Utilities, American Society
Civil Engineers Trensactions. 8l: 1311~1626$ 1917,



42

Economists were aware of the effect of depre-~
ciation on income and the vagaries of the methods of cal~
culation, Alfred Marshall stated: "But i1f we look
¢hiefly at the income of a country we must allow for
the depreciation of the sources from which it is derivad."l
As for the methods of calculation, Marshall said:

Almost every trade has its own dif-

ficulties and its own customs connected

wlth the task of wvalulng the capital

that has been invested in a business,

and of allowing for depreciation which

that capital has undergone from wear

and tear, from the influence of the

elements, from new inventions, and

from changes in the course of trada.z

World War I necessitated the increase of income
taxes from the 1% of 1913 and 24 of 1916 to 12% for 1918
and 10% for 1919, 1920, and 1921, As a result of this
rige in tax rates more interest in the subject should
have occurred. However, the number of publications on

depreciation listed in two technieal indexes’? did not in-

, ;Alfred E, Marshall, Principles of economics,
8th ed, London, MecMiilan and Co. Ltd. 1920, reprinted
1938, p. 81.

21pide, De 35k

QEnginesring Index, New York, Engineering
Index Ine., 1913 to 1922; Industrial Arte Index, New
York, H, W. Wilson Company. 1912 to 1922+
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crease aignificantly between 1913 and 1922, Apparently
the impact of these taxes was insufficlent to warrant
great concern by those affected,

Accountants no longer omitted depreclation from
thelr manuseripts but confusion stemming from the pre-
vious usage of the word depreeiation was still evident.

Bennett, in Advanced Accounting, confused depreciation,

replacement, and efficlency. For example, he wrote:

"As a matter of practice no asset should be kept when
its condition drops below 75 to 65 per cent . ., . repairs
and renewals become axaeasiv&;"l

P. D, Leake, in Depreciation and Wasting Agsetis

(1924), confused value and cost in his definition of de-

- preciation.

In its true commereial sense, the
word "Deprecistion” means fall in
exchangeable value of wasting assets,
computed on the basis of cost ex-
pired during the period of their

uge in seeking profits, 1n¢r@§sa

of value or other advantages,

Hatfield, in Mbd&rn:&aequnting {1922}, in an

oft quoted remark aptly set forth the reeson why depre-

1George E, Bennett. Advanced accounting,.
New York, McGraw-Hill Book Company. 1922, Dp. 229,

QP.D. leake, Depreciation and wasting assets,
4th ed, London, Sir Isaac Pitman and Sons Ltd, 1924. p. 1.
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ciation must be considered, He said: ™All machinery
is on an irrestivle merch to the junk heap, and its
progress while it may be delayed cannot be preventsd by -
repairs,"l He elso used the word value when later his
calculations were based on cost, e.g.,

Depreciation should cover all de-

¢line in value due to the use of

productive assets. . . « Deprecis-

tion itself means that there has

been a decline in the value of

certain assets,?
A previous statement that the purpose of depreciation
was a part of a plan for the equalization3 of annual eXx-
penses would apparently justify either the use of the
straight line method or retirement accounting, €.g.,
the reeemmﬁn&ation of the National Association of
Railroad and Utilities Commissioners (hereinafter called
NARUC ) o

The confliect of ldeas was not confined to text-
books or eourts. The two organizations responsible for
the promulgation of depreciation poliecies for the ralle

roads and public utilities were also advocating divergent

13.3; Hatfield., Modern accounting, WNew York,
D. Appleton and Company. 1922, p. 121,

2Ivid., p. 137,

BIbiﬁ" Pe 13he
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methods for the aecounting for depreciation. In 1920
the Interstate Commerce Commission was required by Con-
gress to determine "the classes of property for which
deprecistion charges may properly be included under
operating expenses and the percenteges of depreciation
which shall be charged with respect to each such classes
of property." (Section 20, paragraph 51 1In 1922, MARUC
in its standard classification of amceounts approved re-
tirement reserve accountlng, It stated:

An account is provided in which to in-

clude charges made in order that cor-

porations may, through the creation of

adequate reserves, equalize from year

to year as nearly as is practicable

the losses incident to important re-

tirements of bulldings, dams, lines,

or of definitely identifiable units

of plant or eguipment.~
The 1nclusion of the word "losses™ connoted a financial
hardship which d4id not exlst. This concept of the burden
of long-lived properties further beclouded the signifi-
cance of the allocation of charges for these properties,

Confronted with these various initerpretations
of depreciation, the United States Supreme Court essen-

tially approved the "observed" or physical-depreciation

1a.0. May. Financial accounting. New York,
Macmillan Company. 1943, p. 131.

2Ibid., p. 131.
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concept. An example of this idea is found in the Pacifie
Gas and Electrioc Co. v, City and County of San Francisco,
in 1924. Mr. Justice Reynolds said:

Appellant objects to the application

of this method [modified sinking fund)
and insists that deprecistion should
have been ascertained upon a full con-
sideration of the definite testimony
given by competent experts who examined
the structural units, spoke concerning
observed conditions and made estimmtes
therefor. » « We think the criticlam

is not wivhout merit. Facts shown by
rellable evidence were preferable to 1
averages based on assumed probabilities,

Studies in the Economics of Overhead Costs by

Jde¢ M, Clark provided one of the first discussions of the
broad concepts of overhead costs in which depreciation
consisted of only one phase of the totel problem., It was
an integr&fion of the studies of the various overhead
costs to show thelr effect upon business profits and the
consequent policles of both husiness and govermment, His
observations on value and cost were significant in light
of the confusion of the terms at that time, He ssid:

The back bone of the sclence of

economics is the balancing of value

ageinst cost, . « . Economic effi-

cienoy consists of making things
that are worth more than they cost,

lPaeiric Gas and Eleoctric Co. V. City and County
of San Franciscc, 265 U.S. 403 (1924).
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and it is a peculiar characteristie
of private business, under a com-
petitive system to seize and explolt
any appurtun%ty to achieve this de-
sirable end.

Of depreciation he said:

The physical deterioration of a

plant goes on whether it is made

good or not; and obsolescence re-

duces its value whether it is pro-

vided for or not. It is not the

cost, but the making of 1t §ood,

that is really postponable,

Despite these clear statements of the nature
of depreciation and the relation between value and cost,
the muddled writings continued, However, now and then
statisticians interested in economics appllied thelir
methods to depreciation studies.

A synthesis of the many variables which in-

fluence depreciation awaited the develdpment of mathe-

lJ. Maurice Clark, 8Studies in the economics
of overhead costs. Chicago, The University of Chiecago
Press., 1923¢ Pe 170

szida ¥ Po 551
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/

matical theories by Taylor,l Hotelling,? and Roos.3
These theories were able to explain meny of the reasons
for the conflicets which existed by showing how deprecia-~
tion, profits, Ilnterest, original "value", and scrap
"value" were interrelated and what assumptions hed to
bé made in order to reach a particular conclusion. It
was unfortunate that the advanced mathematics which was
necessary to understand the theories relegated them to
obscurity for many years,

For some time the settlement of fire insurance
claims had included the determination o: the physical
condition or the usefulness of the praperty.b Frequently

it was held that "the measure of the cash value under

1J.$. Taylor. A statistlcal theory of depre-
ciation, Journal of the American Statistical Association,
18:1010-1023, 1923.

2Harold Hotelling. A general mathematical
theory of depreciation., Journal of the American Sta-
tistical Association. 20:340-353. 1925,

3c,F. Roos. The mathematical theory of depre-
ciation and replacement, American Journal of mathematics.
50:147-157. 1928; and The problem of depreciation in the
calculus of variations., Bulletin of the American Mathe-
matical Soeclety. 34:218-228, 1928,

“Brinley v. National Insurance Co., 1l Metc.
195 {Mass, 1846); Aetna Insurance Co, v. Johnson, 74 Ky.
587 (1875) from Bonbright, op. c¢it., p, 385,
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standard policy was replacement cost minus physical de~-
preciation”, However, in a later case a New York court
reversed a lower court for not considering obsolescence,
The case involved the settlement for a brewery which was
damaged by fire after the passage of the National Prohi-
bition Act.l Speaking for a unanimous court the judge
said:

In the case at bar the trier of
fact, in considering cost of re-
production was required by the
policy to meke proper "deductions
for deprecilation”. The word
{(depreciation) means by deriva-
tion and common usage "a fall in
value, reduction of worth" . . .
It includes obsolescence, . . .
An obsolete thing is a thing no
longer in use, In determining

the extent t¢ which these bulld-
ings had suffered from deprecia-
tion the trier of fact should

have been permitted to consider
that, owing to the passage of the
Rational Prohibvition Act, they
were no longer useful for the pur-
poses to serve which they were
erected., It should have been per-
mitted to consider their sdapt-
ability or 1nadaptab%lity to other
commercial purposes.

lsmith v, Allemania Fire Insurance, 219 Ill,
App 506 (1920) from Bonbright, op. c¢it,, p. 387.

2&&Anarney v. Newark Fire Insurance Co. 2,7
ﬁ‘Yht 176 at 183 from Bﬁnbright, OP« @itt, P» 391;
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Even the United States Supreme Court In its
deecisions fluctuated between cost and value, Whereas
for years annual depreciation had been based upon cost,
the Court wavered in 1929, In the United Rallways case
it held that annual depreciation should be based on value;
i.e,,

The allowance for annual deprecla-

tion made by the commission was

based on eost, The Court of Appeal

held that this was erroneous and

that it should have been based upon

present value, The court's view of

the matter was plainly right.-

Life expectancy of physical properties occupied
a strategie place in the proper determination of depre-

" clation credits during the preparation of income tax cal-
culations. In an effort to aid the businessman in his
tax preparation the Treasury issued Bulletin "F" in 1928
and revised it in 1931 and in 1942. This publication of
estimated lives of hundreds of kinds of properties has
had a vital part in the determination of individual bdusi-

ness depreciation pnli@ies.z 8ince relatively few

lﬁn1ted Railways and Electric Company of
Baltimore v, West, 280 U.,S. 234 (1929).

2y.S. Treasury Department, Bulletin "F",
Income tax depreciation and obsolescence estimated use-
ful lives and depreciation rates. Wash., U.S. Government
Printing Office, 1942.
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statistical studies of property lives had been made, and
no supporting evidence was included in Bulletin "Fv, it
is probable that many of the life expsctancies were basged
on the opinions of either the men ia the Bureau or on
lists of properties published by various authors. It
is unfortunate that these same figures were later to be
used as a factual basis for the sdministration of income
taxes.,l

The application of statistical methods to the
determination of the 1life expeetaﬁey of long-lived pro-
perties developed from studlies of individual kinds of
properties into general methods applicable to all pro-
perties. An early statistical study was made by Alvord
in 1903 on the mortelity charascteristics of water pumps,
It was not until the advent of three publiecations in 1928,
1930, and 1931 that the general theories were available
to everyone desiring the information, In 1928, the tes-
timony of the American Telephone and Telegraph Company
before the Interstate Commerce Commission, Docket No.
14700, included a dliscussion of the CGompertz-Makeham
method of curve fitting as it was used to determine the

average life of the company's equipment., In 1930, Kurtz,

lﬁnited States Treasury Decision LL22. 193L.
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in Life Expectancy of Physical Property,t collected a

number of previous mortallity studies of properties and
clasgsified them into seven "typs survivor curves.®* In
1931 the Iowa Engineering Experiment Station published
Life Characteristics of Physical Properties? by Winfrey

and Kurtz. In this study more data was availahle and

the type curves were increased to 13, A continuation

of this project resulted in what is probably one of the
most authoritative publicatlion on the subject of physical
property mortality characteristics, Statistiaal‘Analyses

of Industrial Property Retirements.? The latest publi-

cation in this series extended the previous work to in-
clude the depreciation analysis of group properties,b
Kester, who had written a monograph on the sub-

jeet of depreciation, later included most of it in his

1Edwin B. Kurtz., Life expectancy of physical
property. New York, Ronald Press, 1930.

“R. Winfrey and E,B, Kurtz., Life characteris-
tics of physical property. Iowa State College Eng, Exp.
Sta. Bul., 103+ 1931,

BRabley Winfrey, ©Statistical analysis of
industrial property retirements., Iowa State College Eng.
Exp. Sta, Bul. 125. 1935,

hﬁablay Winfrey. Depreciation of group prop=-
erties, Iowa State College Eng. Exp. Sta., Bul, 155, 1942,
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accounting textbhooks, He explained the Inconsistent
treatment of the subject in the following way:
The subject of depreciation has been
greatly misrepresented, because de-
preciation, which is a financial re-
sult, has been confused with obsoles-
cence which is an sconomic process,
and with deterioration which is a
physical condition, ZEither of the
latter brings about depreciation and

the physical process happens to b?
more rapid than the economic one,

A definition of depreciation which has become
a classic was stated by Mr. Chief Justice Hughes in the
United States Supreme Court decislon Lindenhelmer et al
v. Illinois Rell Telephonag in april, 1934, He sald:

Broadly speaking depreciation is

the loss, not restored by current

maintenance which is due to all

factors causing the ultimate re-

tirement of the property.
The significant point in this definlition is that the word
"loss" was ungqualified. The sume objection, as previously
noted, to the connotatvion of the word loss was applicable
here but in addition the vagueness as to whether it re-

ferred to value, cost, or physical condition has contrib-

uted to the econflict over the meaning of depreciation.

lRoy B. Kester., Aceounting theory and practice.
New York, The Ronald Press. 1933, p. 218,

2lindenheimer et al v, Illinois Bell Telephone,
292 U.S. 151 (1934).
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In the same year the Treasury Department lssued
TD. LL4L22 which, coupled with the subsequent tax increases,
hag had a marked effect upon the importance of deprecia
tion, This decision reversed the previous position of
the Treasury Department wherein the individual had the
privilege of ehoosing his own depreciestion rates with lit-
tle restraint from the govermment, Under T.,D., LL22 he
was requlired to prove all depreciation rates which he
claimed or accept those specified by the depsrtment in
Bulletin "F*, Compare the following:

From Artiecle 205 of Regulation 77 =~

While the burden of proof must rest

upon the taxpayer to sustain the

deduction taken by him, such deduc-

tion will not be disaliowed unless

shown by clear and convineing evi-

ence to be unreasonsble.
%3nﬁerffﬁfﬁg suppiied., )

From T.D. L4422 - The burden of
proof will rest upon the taxpayer
to sustaln the deduction claimed,
(Note the omission of the qualify-
ing phrase.)

This ruling was issued during the depression in an effort
to inecrease the tax collections,

It was the belief of the Treasury
Department that by changing the
administration of the law, an
additional $85,Gﬂg,096 of revenue
could be secured,

1E.A, Saliers, op. eit., p. 201,
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It is still an open guestion to what
extent the previous practice of the
tax department as to allowances for
depreciation will be modified under

a '"new poliey," announced by Treasury
Decision 4422 (approved February 28,
1934) and elaborated in the reviased
Treasury regulations (Reg. 86, Art.23).
Under pressure from Congress to secure
more revenue from the income tax, the
Treasury promised to meke drastic cuts
in its depreciation allowances, which
it conceded to have been overgenerous
in many instances. With this object
in mind, it declared its intention to
take much more seriously the rule that
the burden of proving depreclation
must fall on the taxpayer. It apparently
propoged to meke it more difficult for
a taxpayer to offset an inadequate de-
duction in prior years by an accelerated
rate o{ depreciation in subsequent
years,

The continuation of the policies started under
T.De 4L22 coupled wlith the large increase in profits
during the war years has made the depreciation problem
one of primary importanceé., Thus, the high profits taxed
on a graduated tax scale with these profits subject to

tax rates which increased from 20 to 36 percent of the

national income between 1940 and l9ha2 made businessmen

1Jamﬁs‘c. Bonbright. Veluation of property.
New York, McGraw-Hill Book Co. 1937. bp. 1006,

zn.a. Musgrave and H,L. Seligman, The wartime
tax effort. Federal Reserve Bulletin, 30:16-27., Jan.
1944 P« 19,
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depreciation consclous, It has heen estimated that in
1949 a dollar of allowable depreciation results in a sav-
ings of from 38 to 4O cents for many publie utilities,
8ince the lives recommended by Bulletin "F" were overall
averages probably based on opinions, many companies have
made meticulous studlies to prove shorter lives and higher
depreciation rates. Other companies and business organi-
zatlons have suggested substitute methods for the straight~
line method now used by the Bureau of Internal Revenue,
Most of these suggestions were an attempt to accelerate
depreciation charges to permit larger deductions during
the early life of the equigment‘l

Fluctuating prices and consequent devaluation
of the dollar presented an important problem in the cal-
culation of depreciation. The "dollar", which was the
basis upon which investment was recorded and depreciation
calculated, was not a constant but a variable gquantity.
H.W. Sweeney recommended s system of stabilized mccount-
ing in a book by the same name, In this book he described
the method of determining depreciation as follows:

« ¢ « 8tabilized accounting values

the fixed asset at 1ts replacement
cost. But bscause stabilized

%Burnham Finpney. Needed: a sensible deprecla~
tion policy. American Machinist, 90:111-118, 1946,
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accounting is primarily concerned
with the maintenance of capital on
the basis of general purchasing
power, it depreciates original cost
adjusted for any intervening change
in the general price level instead 1
of depreciating cost of replacement.

Engineers were more ooncerned with the valua-
tion of and depreclation of public utility properties.

In 1936, Marston and Agg, in Engineering Valuetion,
stated that:

Depreciation is negative value;
its fundamental bagis, also, is
pravailing opinion as ge the
prebeble future operation returns
yet to be earned by physicel prop-
erty units during their probable
future service lives.<

One of the most searching and comprehensive
books on the subject of waluatlon was published in 1937.
The Valuation of Property by James C, Bonbright contained

a ¢ritical review of many different situations in which:
depreciation was a problem, His ¢ritical analysis o:

the controversies was a milestone in depreciation litera-
ture., He classiflied the four basic concepts of deprecla-

tion as follows:

Iﬁenry W. Sweeney, Stabilized accounting. New
York, Harper Brothers Publishers. 1936. p. 51,

Zanson Marston and T,R. Agg. Engineering
valuation. New York, McGraw-Hill Book Co. 1936. p. 77.
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(a) impeired serviceableness,

(b) fall in value, (¢) difference

in value [between the present value

of the o0ld property and the present

value of a hypothetical, new pf@p«

erty], and (4) amortized cost,

Another important contribution to\the depre~
clation literature was mede by G.A.D. Preinreich in a
number of articles and notes which appeared In Econome-
trica. The first of these was "The Theory of Deprecia
tion."? This article contained the mathematieal approach
begun by Taylor and Hotelling.

The following yeer, 193G, Walter Rautenstrauch,
professor of industrial engineering st Columbia University,
wrote: "The term depreciation is now generally used to
express the decline in value of an asset due to all
causes, . . ."3 This statement was made in spite of the
excellent discussion by Bonbright, also of Columbia
University.

A recent {(1941) intermediate economics text by

Boulding presentsd the same Interpretation: ™The value

;Bonbright, ope ¢lt., p. 183,

2§w&qu Preinreich. Annual survey of economic
theory: the theory of depreciation, Economeitrics.
63219”2h1& 1938&

Jwalter Rautenstrauch, The economics of
business enterprise, New York, John Wiley and Sons,
Incs 1939. p, 136,
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evidently declines . . ., and the problem of depreciation
is that of constructing a formula to show how this decline
ocours,"t In his defense it should be noted that he pre-
‘sentea this as an application of the theory of valuation
but he did not present any other dilscussion or qualifi-
cation of the~statamﬁnt.

The NARUC committee on depreclation reversed
its stand in the 1938 Report, and in the 1943 Hesport pre-
sented a distillation of five years of work, trying to
clarify the use of deprecilation in public utility rete
cagses, This report was not adopted by the Association,
but nevertheless hag been the target for many criticiems
by many of the professional and business organizations
affected by its suggestions. The committee introcduced a
slightly different definition by saying: "Depreciation
ig the expiration or consumption in whole or in part, of
the service life or utility of property. . .72 This
definition based on consumption of service life waes con-
trary to previous ideas, Actually this definitionrwaa a

derivative of other definitions when they were qualified

lgenneth E. Boulding, Economic analysis., New
York, Harper and Brothers, 1941. p. 7ih.

2Report of the Committee on Depreciastion -
1943, Netionsl Association of Railway and Utility
Commissioners. OState Law Publishing Co. 1943, p. 30,
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by an assumption that service capacity was directly re-
lated to service life,

Other modern writers are still adding to the
confusion by defending concepts which were dlscarded at
1eastra decade ago., Men who have been eminent consulting
engineers or utility executives continue to publish books
and articles based on biased viewpoints. For example,

- a recent book, The Anatomy of Depreciation by L. R. Nash,l

i8 an instance in which publiec utility propaganda on de-
preciation can be found, The book denied the validity
of adequate reserves solely on the basis of numerical
quantities, i.,e.,, a reserve was too large because it conw
tained several million dollars. Tha book deprecated the
use of mortality statistics by saying they were little
used but did not mention the trend toward increased usage
by the telephone companies, railroads, Bureau of Internal
Revenue, electric utllities and some private competitive
enterprises,

Other examples of recent statements which por-
tray & simllar attitude are those of Ferguson and Dorau.

Samuel Ferguson, a utility executive, wrote:

1L.B. Nash. Anatomy of depreclation. Washing-
ton, D.C.,, Public Utilities Reports. 1947.
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This pronouncement [by the Court,
271 U.8, 23-31, 1925 that customers
have an equity in the depreciation
reservel] would seem to fully Jjustify
the stand of such companles as have
resisted all claims for any customer
equity in depreciation reserves. .

« +» However, such companies forget
one essential faet that the bullding
up of such reserves is possible only
because the regulatory bodies which
have c¢ontrol over earnings see fit
to permit inclusion in the costs of
the companies of certain annual
charges for depreclation in excess
of retirements actually made, just
as though thega charges were actual
expenditures,

H., B. Dorau, professor of economiocs, wrote:

"The problem is dual and aggravated.
The consequences of, (1) the accumu-
lation of a reserve equal to theoreti-
cal accrued depreciation on & straight-
line~unit-of-property~life~expectancy
basis, which will approach 35 to 45
per cent of the cost of the property,
or from 54 to 82 per cent of the
capital contributed by the investors,
and (2) the threat of imputing an
invalid economic meaning to such a
resserve in order to justify its de-
duction from accounted for original
cost, are justifiably exgr@mely dis~
turbing to the investor.

lgamuel Ferguson. The bearing of the interest
factor on reinvestment of depreclation reserve funds.
Edison Electric Institute Bulletin. 9 (nmo. 5):175. 194l.

2Herbert B. Dorau., Economic implications of
public utility depreciation aceounting. The New York
Certified Public Acocountant, 14 (No., 9):klhe 19k. An
excellent rebuttal to this article was writtenby John
Bauer in the October 1944 issue of this magazine,
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The evolution of the concept of a charge for
the use of long-lived property in cost accounting, taxa-
tion, fire insurance, the law of dividends, public utility
regulation, bankruptoy, and eminent domain has resulted
in at least three distinet meanings of the word deprecia-
tion. The lack of & common concept of deprecistion today
is amply illustrated by the guotations from Ferguson and
Dorau and from the following recent sources,

In The New York Certified Public Accountant

Bauer used depreciation in the sense of cost.

It is true that the consumers, through
rates pald for service, make regular
contributions to cover the aceruing
depreciation. But these contribvutions
do not constitute a return of capital
to the Iinvestors, Like corresponding
provisions for labor and materials

- charged to operating expenses, they
are reimbursements to the company for
costs incurred through the depreciation
which has taken place; they prevent
impairment of capital, and praiarve
fully the private investments,

In an instruction pamphlet a description of physical con-
dition is referred to as depreciation. ™Another indica-
tion of depreciation may be dark rings slightly brownish

in color at one end or bcth;"z Personal correspondence

1rohn Baver. The function of public utility
depreciation aceounting., The New York Certified Publio
Accountant., 14 (No. 14):604. 1944,

2Instructions -~ How to operste and maintain
flourescent lights. Montgomery Ward and Company. (Re-
ceived with purchase, February, 1949.)
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from a financial executive to Robley Winfrey confused
income and depreciation:

I do not know of a single manufactur-
ing enterprise that is using the
ainking fund method, There have
been a few cases in which we advoe
cated the use of the method due to
the faet that the income from the
enterpriss apparently followed that
method, but this auggestign was not
followed in any instance,

In 2 public address by an eminent engineer depreciation
is used as & synonym for physical wear:

This year the total maintenance gosts
are estimated, for state, county, ocity
and local roads at 1,103 millions of
dollars., This amount represents 72
gents for each dollar expended for
construction., Kven such & comparison
does not reveal the cost of keeping
the present road system in operation,
hecause s large percentage of the
construction expenditure of 1,531
millions of dollars goes for recon-
struction of roads depreclated gaycnd
the possibility of maintenance.

The study of the development of the goncepts
of depreciation indicates the following probable origins

lﬂoblay Winfrey, Ames, Iowa, Personal corres-
pondence., 1949.

ZT.H. MacDonald, Hlghways in public service.
Address presented to the 4L6th Annual Meeting of the Road
Builders Conference, February 7, 1949.
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of these Qancepts‘l The original cost basis probadbly
developed from the inventory methods applied in early
accounting practice; the replacement cost basls probably
developed from the businessman's endeavor to maintain
the same ownership pattern during periods of rising
prices, The physical condition basis probably developed
from the association of this charge with the "wear and
tear" on property as it is commonly used 1@ definitions
Qf depreciation. Many of the controversies about the
subject of deprsciation could be more intelligible if
the objectives agssumed by the various writers were clearly

stated. This lack of a clear statement of objJectives by

the parties involved in discussions is one of the major

reagons why the subject of depreciation is still contro-

versial.

lTh@ best bibliography of the literature on
depreciation written during the last century is The
Accountant's Index, New York, American Institute of
Accountants, 1921 (with supplements to date,)
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THE FUNDAMENTAL CORCEPT OF DEPRECIATION
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CHAPTER VII
CURRENT CONCEPTS AND DEFINITIONS

The development of the concept of depreciation
hes resulted in an ambiguous meaning of the word depre-
ciation which is associated with cost, value, replace-
ment, and efficiency. The definitions which are in
current use provide adequate evidence that such ambige
uity is still one of the major obstacles in the rational
discussion of the subject. Some of the most often quoted
definitions of depreciation have thelr origin in publie
utility rate cases in which the value of the property
was sought. Consequently the word depreciation was de-
fined in terms of value. However, this definition was
then applied to situvations in which the evidence was
cost, The first acceptance of depreciation by the United
States Supreme Court in the Knoxville v. Knoxville Water
Company case stated that: YA water plant, with all its
additions begins to depreciate in value from the moment

1

of its use,” A frequently quoted definition by the same

lknoxville v. Knoxville Water Co., 212 U.S.

13 (1909).



67

Court appears in the Lindenheimer v, Illinois Bell Tele-

phone Company case:

Broadly speaking, depreciation is
the loss, not restored by current
maintenance, which is due to all

the factors causing the ultimate
retirement of the propsriy. These
factors embrace wear and tear, decay,
inadequacy, and ebsoleseenae,i

The above definltion did not specify the nature of *"the
loss.” It has been variously interpreted as the loss in
value? and 1loss in usefulness,>

The federal commissions have modeled their
definitions after the qpiniona of the courts., The Federal
Communications Commission uses the following definition
of deprecistion of telephone properties:

Depreciation, as applied to depre~

ciable telephone plant, means the

losg in service value not restored

by current maintenance, incurred in

connection with the consumption or

prospective retirement of telephone

plant in the course of service from
causes which are known to be in

1Linﬁenhaimer vs Illinois Bell Telephone CoO.,
292 U.8. 167 (193L).

ZLnK‘ Howson, Depreciation faect or theory.
Water Works and Sewerage. 91 (No. 3}:164~5, 1944 In
this article Mr, Howson incorrectly inserted the word
value in the definition,

3prercival ¥. Brundage. Depreciation -« an old
subject with 2 new importance, Harvard Business Revliew,
13:334=43. 1935. ‘
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current operation, against which the

company 1s not protected by insurance,

and the effect of which can be fore-

cast with a reasonable approach of

agecuracy. Among the causes to be

given conslderation are wear and tear,

decay, action of the elements, inade-

guacy, obsolescence, changes in the

art, changes in demand_ard requirements

of public authorities.
A similsr definition 1s used by the Federsl Power Com-
mission for the accounts of electric utilities.? The
Interstate Commerce commisaien,B in an opinion in 1931,
used essentially the same definition as that quoted from
the Federal Communications Commission report., In gen-
eral, these definitions which were stated in terms of
value have been applied in terms of cost.

In 1943 the NARUC committee on depreciation
suggested the following definition:

Depreciation is the expiration or
consumption, in whole or in part,

;?adaral Communications Commigsion, Uniform
system of acgcounts for telephone companies, Washington,
D.C., Govermment Printing Office. 1935. Ds L.

2Faﬁeral Power Commission, Uniform systsm of
accounts for electric utilities, Washington, D.C.,
Govermment Printing Office, 1936, 7p. 5,

BInterﬁtate Commerce Commission, 177ICC, 351~
50(;i Docket Nos 14700 and 15100 at page 422, July 28,
1931.
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of the service life, cepaclty, or
utility of property resulting from
the acticn of one or more of the
forces operating to bring about
the retirement of such property
from service; the forces so oper-
wting include wear and tear, decay,
action of the elements, inadegyuacy,
obsolescence, and public require-
ments,., Depreciatlion results ina
cost of service,l

Much eriticism wes aroused by the substitution of "life,
eapacity, or utility” for value in the definition. The
substitution was only a recognition in wmrdé of that
which had been practiced for years.

In the same year the American Institute of

Accountents defined deprecistion sccounting (instead of

depreciation} as follows:

Depreciation accounting is a system
of accounting which aims to distri-
bute the cost or other hasic value
of tanglible capital assets over the
egtimated useful life of the unit
{which may be a group of assets) in
a gystematie and rational menner,

It is a process of allocation, not
of valuation. Depreciation for the
year is the portion of the total
charge under such a gystem that 1s
alloeated to the yesr, Although the
allocation may properly take into
ageount occurrences during the year,
it 18 not intended to be a measure-
ment of the effect of all sueh ocour-
rences, 2

INARUC Report (1943), op. cit., p. 30,

Zpmerican Institute of Accountants, Bulletin
20, Jourmal of Accountancy. 76:48L. 1943.
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Unfortunately this definition is & description of the
application of depreciaticon in accounting rather than a
statement of the concept of depreclsiion in geperal, In

the Cost Accountants' Heundbook the following quotation

is pr@santéﬁ ag an explanation of the concept of deprew
ciation:

Himmelblau (Third International
Congress on Accounting) refers to
depreclation as the process “of
gpreading the velue of a flixed
agset over the accounting periods
comprising ite service life.®
Aecording to Montgomery (Auditing
Theory and Practice) depreciation
is "an allocation cf the entire
cost of deprecisbls assets to the
operating expenses of s series of
fiseal periods." J.B. Bailey
{Journal of Accountaney, vol. 74)
describes depreciation as "the
accounting for the consumption or
the wasting of luvested capital.”
In all of these statementa the
essential conception is that of
assigning the cost of property to
the accounting Eﬁricﬁs included
in useful life,

Individual muthors have expressed a variety
of ideas about the concept of depreciation. Schultz, in

an economiec dissertation, presented the following idea

under the heading *The Meaning of Depreciation®:

1%heed@re lang. Gost accountants' handbook,
New York, Ronald Press Company. 1944L. Pp. 1193,
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There seems to be no dissgreement
as to that faet that all of Mant's
creations inevitably and irresist-
ably tend, as individual items,
toward ultimate decay or disuse.
The element of change is & matter
of fact luherent in every materlal
thing. Whether the time elapsing
in which the change is effective

is Infinitestimally small or infi-
nitely lerge is immsterial, the
faect remsing that change does oveour.
This change from its originel iden
tity can be referred to as wastage.

If now a value be sstablished for the
coriginal article and a value llkewige
established for the result of the
changs (in many cases that final value
can be consldered as zero), then the
difference bhetween the originsl and
final values will be the complete
measure of depresiation.

We may, however, consider depreciation
dynamically or statically, and it is
there that interpretations diverge
sharply. If we view it dynamiocally,
we may consider the foreceg bringing
about depreeletion as being in con-
gtant operation, Corrsctive action,
though it may delay, ocannot eternally
defer an inevitable wagtage as being
pusceptible to constent checking and
interruption and even to resovery,
hence depreclation ils non-existent
until it sappears completely and finally
as a non-oontrovertible fact.?

lgovert Schultaz, Depreciation and American
railroads, Philadelphia, Robert Schultz. (Dissertation
published by authar«f 1934 DPe 9o

*Tbid., pa 10
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Bonbright has stressed the wvariocus meanings which have
been associated with both value and depreciation., Cone
cerning depreciation he wrote: ‘

The standard, lexicographer's defi-
nition of depreciation is "fall in
value,” Far more frequently, howe
ever, the word is used in speclal
senses by accountants and appraisers.
Substantially all of these technical
meanings are variants of four basic
concepts, which may be designated
(a) impaired serviceableness, (b)
fall in value, (¢) difference in
value, and {&3 amortized cost.

One of the most succinct discussions of de-
preciation appears in a recent textbook on auditing by
Kohler. This discussion recognizes the way in which
depreciation is applied betier than any other statement

which has come to the author's attention,

Depreclation is expired utiliﬁz.

It refers to part or all of Lhe
services that a limited-life asset
will no longer yield, regardless

of whether such services have
actually been ylelded, or if yielded,
whether they have benefited producw
tion. Depreciation is commonly re-
garded as a function of use, but
because it is also a funotion of
disuse, maintenance, changes In

&Banhright, op. ¢it., p. 183,
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production, and progress of the arts--
Interrelated and inseparable causes
that are magnified by the age of the
asset--~it generally finds expression,
in accounting, as a function of time.
Thus, a machine wears out because of
use and it wears out faster if it is
usged sixteen hours a day rather than
eight., A machine that stands contine
uously idle also becomes potentially
less and less useful as time goes on;
in faect, certain machines age more
gpeedily from disuse than from use,
Agein, from lack of maintenance or
from unskilled maintenance, a machine
will deteriorate rapidly. Or 1f the
productive process in whieh the machine
is altered, the machine may not be
adaptable to the change. And when
new devices have been perfected and
another machine is avallable that will
perform the same operation more simply,
more quickly, or more cheaply, a
machine's future usefulness may be
severely diminished, All of these

- factors are present to some extent

in every manufacturing enterprise

but it should be recognized that they
may be measured compositely more ag-
gurately than individually, not only
vecause of thelr interrelated character,
but also because the collective exper~
ience from which future estimates of
usefulness are necessarily derived
links depreciation with periods of
time, By the same token, the measure-
ment of depreciation in a large group
of fixed assets tends to be more ag-
curate than the mﬁﬁﬁur&mani of depre
eciation in a single asset,

;EﬁL,'Kahler‘ Auditing. New York, Prentice-
Hall Inc. 1947.. p« 137, o |
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The above quotation might well serve as the basic state-
ment of the concept of depreciation as it is used today.

The many opinicnsl about the nature of depre-
clation generally have two ldeas in common, First, de
preciation is related to service, Second, although the
definitions of the word depreclation, when ummodified,
may mean cost~depreciation, value-~depreciation, or physi-
cal condition of the property, the application of the
concept to monetary problems is almost always in the
sense of cost-depreciation, Indeed, it is difficult to
imegine a case wherein depreclation is calculated for a
useful monetary purpose when it is not based on cost.
Cost~depreciation may refer to either a periodic or an
acorued charge.

Either the periodiec or accrued charge generally
corresponds t0o the usefulness or service capacity which
is expended during the perlod under consideration if it
is to be consistent with the charges made for the use of
éensumable supplies, e.g., coal, steel, lumber, The
charges for long-lived properties and consumable supplies

should be conslistent since only an arbitrary time re-

;A more complete summary of the definitions of

depreciation mey be found in Summary of Definltions Cover-
ing Depreciation and Related Terms, Edlson Kiectric in-
stitute, New York, 59?9, 800D,
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striction provides the basis for the classification of
assets as elther consumable supplies or long-lived assets,
i.e., & property is long-lived whenever it is not totally
consumed during & span of tiﬁa equal to the accounting

periaﬁal

lﬂartain kinds of assets are not totally con-

sumed during the accounting period but because of arbi-
trary rules they are not included in the fixed {long-
lived) assets, e.g+, prepald insurance.
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CHAPTER VIII
RECOMMEINDED DEF INITIONS

The recognition of the common ideas expressed
in the various definitions and discussions suggests the
following definition of depreciation and the sub-defini-
tions which apply to the application of the general
definition, Since depreciation may be determined in
units of service without recourse to dollars as a dimen-
sion it 1s convenient to define depreciation without
reference to s monebtary unit.,

Depreciation is the decrease in the number of
avallable units of service which a unit of property or
group of property units can be expected to render,

Cogt-depreciation is the deerease in the avall-

able units of service expressed as a function of the cost

of the property. Annual cost~depreciastion ig the coste

depreciation for one year. Agorued cost-depreciation is

the total cost-depreciation from the date of installation
to any point in time.
Unallocated cost is the cost of the existing

property minus the acocured cost-depreciation., Cost-

depreciation reserve for a single unit is equal to the
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acerused cost-depreciation; for a group of units it is
the acorued cost-depreciation on only the existing units
of property.

Value-depreciation is the change in the present

worth of the antlioipated returns from the services to bhe
rendered by a property. Value-depreciabion can be deter
mined only after a valuation is completed and cannot be

a factor in the calculation of the value of a property.
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CHAPTER IX
DEPRECIATION AS A FUNCTION OF USE

Depreoiation 1s the consequence of use., It
is also the conseguence of idleness, If a property has
a finite life, i.e., the number of units of service which
can be rendered by the property l1s finite, the rendering
of a unit of service will decrease the total number of
units of service which are available, A unit of service
is available if it is reasonable to anticipate that the

property in its present environment will render the serv-

ice. Likewlse, a property is partially idle when 1t is
being utilized at a lower rate, either with respect to
quantity or quality, than was anticipated at the time of
its application to a particular prmjeat.l In many ine-
stances, the services which idle properties could have
rendered becoms unavailable services. This is particu-

larly true of properties in which the service is related

‘por example, a mechanical corn picker which
was purchased by an Jowa farmer who anticipated using it
during the fall harvest season is not "idle" during the
remainder of the year, A steam turbine which 1s neces~
sary for standby service is not "idle" in the above sense,
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to the point of time at which they can be used. Real
estate which stands vecant is a good example of this.
The advent of the unavailability of services depends not
only upon the idleness of property but upon external
forces which determine how the property can be utilized.
¥hen time, the elements, and the economic forces have no
effect upon the abllity of the property to yleld the
optimum amount of service, then idleness has no effect
on the availability of the services., However, when any
of these forces affeot the optimum output deprecistion
of the property resulis.

A parallel concept of depreciation may be oOb-
tained by considering the reletion between the units of
service rendered by the property and the products of that
property, It was previously stated that many individuals
consider depreciation as a function of use., Thus, it may
be helpful to visualize a process of transformation
whereby & unit of service contributed by the property
is removed from the property and caused to become a part
of the product of that property. lerner, in a recent
economics textbook, expressed this ldea as follows:

Bquipment can be considered as "ime

prisoned” factor services. All

existing squipment {except thet

provided by nature) has been made
by factors of production applised
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in the past and (since the equipment
is not yet worn out) devoted to cone
gumpbtion in the future. The exist-
ing equipment may be considered as
incorporating these factor services
applied in the pest and holding them
until the egquipment is worn out in
the course of producing the final cone
sumption goods., At that point the
past factor services will be released
from the equipment where they have
been imyrisegaﬁ since their first
application.

The transformation of units of service into products
which can be utilized 18 a desirable transformation.
However, not all of the potential services of a prop-
erty contribute to a product which can be utilized to
advantage, Some of the services become unavailable be-
cause wf physical and economliec forces whieh reduce the

number of available services by an undesirable transfors

mation.

The ecyele of events which oceurs in any busie-
ness enterprise which is ¢mntiﬁuous in its operation is
gcomprised of the purchase of consumable supplies, labor,
and long-lived property; the transformation of these
m&te?ial& and services into a product which can be sold;
sale of the product; and the return of the money to worke

ing capitel, The ldeal of cost-depreciation should be

;A.P, Lerner, The sconomics of eontrol, New
York, The MacMillan Company. 194k. P« 325.
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the evaluation of the transformation of the services of
the cost of the long-~lived property into its component
part of the salable product.

Examples of such a transformation have been
utilized in other discussions of this process. TFor examw
ple, & 1&&5 p@neil4rend@r$ gervice and is consumed,., This
is not an apt illustration of deprecistlion in the usual
gsense because the pencll does mot exist when it has renw
dered its totel service,l Cost-depreciation 1s directly
proportional to the per cent of the length of the pencil
consumed, A better example is an internal combustion
engine built £ifty yesrs ago which has been meintained
in the best possible condition. This englne is no longer
capable of yielding services which are of any use for a
majority of power installations because the cost of the
gervices is too high to permit thelr sale. Thus these
gervices are no longer available, If the engine had been
allowed to deteriorate physically the net result would
have bheen that the services would become unavallable be~
cause the engine would no longer run, The cholce betwsen

maintenance policies 1s one of considerable importance in

l?he lead pencil 1s an example of depletion
which 1s not considered in this dissertation because the
problems encountered are chiefly prohlama of valuation
and not alleaaﬁi@n.
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the determination of the number of units of service which
are available.* The cost-depreciation of the engine
whether it is maintained or not should be bused on the
total avallable services at the time of purchase and the
transformation thereof whether it be of a desirable or
undesirable nature,

The transformation of the investment® in longe
lived property may occur in either a desirable or unde~
sirable manner. The desirable transformation results in

a useble product, The undesirable transformation yields

lmaiﬂm@nance policy should be based on an en-
gineering economy study of the costs involved. It is
recognized that maintenance policles are influential in
determining the life of the property and should be care-
fully studied, but it is outside the scope of this study
to discuss the factors which determine the optimum meine
tenance program,

R, Amoroso, The transformation of value in

the productive process, Econometrice, 8:11, 19L0.

"So we conclude that the transformstion of
value which ocours in the dynamics of the productive
procesgs can be likensd to the transformation which is
effected in a mechanical process and like the latter is
governed by a principles analogous to that of the conw
servation of energy, with this fundamental difference:
that the conservation of energy in the mechanical process
represents a natural law which teaches us how certain
facts occur, while, on the eontrary, the transformation
of value which is effected in the productive process
represent a rule of conduct, which tells us how the facts
ococur, if the conduct of the individuel 1s affected by
a eriterion of rationality,"”
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nothing which is usable, The undesirable transformation
of long»livaﬂ‘yrap@rty may occur as a result of the pas-
sage of time in two ways., ¥First, the physical materials
of the property may deteriorate because of the action of
time and the elements., The services which were avallesble
ne longer exist bul have disappesred, il.e¢., transformed
into an unavsilable form, Such deterioraticn is similar
to that which cccurs during storage of coal when it oxi-
dizes, or of wood when it rois, or of steel when it rusts.
Second, long-lived properties are more likely to be ine
fluencsd by the introduetion of competitive services which
cost lees because of technieal advancemenis in either the
properties or processes which provide the same service.
The transformation of the usefulness of a prop-
erty into its component of a wusable product represents
the optimum conversion of the original investment. How-
ever, the investment in 1dle property experiences an
economic transformstion becauss of both physical deter
ioration with time and the increase in the cost of pro-
duction relative to newer methods and properties which
might be c¢alled "economy deterioration.,” This latter eco-
nomiec transformation is a econversion of the original ine
vestment 1nto & form which cannot he recovered. The

probablility of this undesirsble transformation oceuring
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is reflected in the risk and uncartaintyl associated with
& business.

A complex situation arises when an invaatment‘
in a machine whieh is producing a useble product is there-
by undergoing a desirasble transformation and may be simule
taneously experiencing an undesirable transformstion be-
cauge of physical and "economy deterioration.,® This come
bination always occurs whenever the machine is only
partially utilized, i.e., partially ldle. This combina-
tion of transformationg may also ococur when & machine is
producing at the anticipated output but is producing a
product which is inferior to the products of improved
machines,

The distinoctlion between easb~&epr&eiation'ana
obsolescence in the current usage is that cost-deprecia-
tion includes the charge for the desirable transformation

and the transformation due to physical deterioration and

1Risk and uncertainty are applied in the sense
used from Frank Knight in Risk, Uncertainty and Profit,
and by David A, Kosh in "Uncertainty and the Provision
for Depreciation in Public Utility Industries," Journal
of Business of the University of Chicago, 16{no.k):209-
218, 1943,

*®e shall conslder s 'risgk' to exist when we
anticipate not a single unique event but rather a proba-
bility distribution with known parameters.. An funcer-
tainty' will be held to exist when we anticipate a prob-
ability distribution for which the parameters themselves
consist of provabilities.” Kosh,«0p. ¢lt., P« 211,
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risk--not including uncertainty. Ordinary obsolescence
is the charge for the transformation because of “economy
deterioration.” Ordinary obsolescence cannot logically
include & charge for uncertainty because an "uncertain
event®™ is by definition that event in business toward
whiech no planned action can be taken. 'The current prace
tice is to distinguish these "uncertein" events leading
to retirement by the term “extraordinary obsolescence,”

The undesirable transformation of the invest-
ment in long~lived property is c¢losely related to the
proflt required to Jjustify an investment. In competi-
tive business the undesirable transformation affects the
overall business policiles related to departments in which
the undesirable traneformation is high but unrecognized,
causing them to report higher net returns than other de-
partments in which little undesirable transformation
occurs., This may cause a maldistribution of productive
effort and fin&naial losses or smaller profits to the
business, However, competition will tend to alleviate
any faulis which might creep into pricing policies from
this source, In monopolies, particularly regulated
monopelies, this check is not operative,

Public utilities are generally permitted to

establish rates which are adequate to cover all costs,
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Thus, all transformations are charged as a cost of the
product. Kosh has suggested that the inclusion of those
factors which have been shown to contribute to an unde
sirable transformation should be elimlinsted from causes
of deprediation which are included in the definitions of
depreciation, These factors are among those stated in a
New York Public Service Commission definition of depre-
clation which includes the following: |

Among the causes to be given consid-

eration are wear and tear, decay,

action of the elements, inadequacy,

obsolescence, changes inrthe art,

changes in demand and fequiremants

of public authorities, |
Kosh objects to the inclusion of obsolescence, changes
in the art, and changes in demand because these are a
part of the reason for the profit allowed a utility. Thus,

a fair return is msde up of two parts: "pure interest,

or the wages of ocapltel; and profit, the payment for
bearing anaartainhy‘"z To summarize he states that:

The term "depreciation,™ because of
the connotations it bears, has at
present too wide a scope and embraces
too many unlike factors., If depre-
clation 1s to be understood in its

L1b1d., p. 209,

2Ibid., p. 210.
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everyday sense of lessening in service
valus, then we should clearly recoge
nize that there are two groups of fac-
tors causing depreciation, gna group
contains factors which are predictable
and which will become more so as the
statistical data become more complete;
the other group contains factors that
are uncertainties, The first is pald
for by consumers above the line as
part of operating expenses; the second
is also pald for by consumers, but
below the line, as profit. Hence, a
"depreciation reserve” affecting face
tors from the sSecond group is a contra-
diction in terms and shows an imper-

feotly thought-out concept of depresia-
tion. nderlining aﬁ&ed.)lm'““iL“““““

Although the elimination of these factors from

the causes which are lncluded in the definitions may bve
possible, it generally is not feasible to try to separate

these causes from the ocauses of retirements upon which

to modify the fair return to correspond with the lessened
amcunt of uncertainty, if any, which 1s occasioned by the

inclusion of changes in the arts, and demand in the esti~

mate of the life of the property.

It would seem better

The undesirable transformation corresponds to

the risk and uncertainty associated with long-lived prope
Since it is the possibility of this undesirable

11bia., p. 218.
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transformation occurring which necessitates a fair return
greater than pure Interest, any gusrantee of thﬁ return

of the total cost of a property is in effect mr decrease

in the risk or uncertainty which faces a business and could
be recognized by a reduction in the sllowable return,

In an individual competitive business the charg-
ing of the undesirable transformation to the cost of a
product is a burden to the product. The undesirable trans-
formation is in general a function of management and
soclety and is a charge against them, not against the
product of a property. The firm whiceh recognizes this
overtly should be able to anticipate 1its costs and profit
requirements in a more enlightened manner.

The cost~depreciation reserve is an account in
which is recorded the total annual cost-depreciation ale
locations, As such it contains an allowance for whatever
elements influence the prediction of the 1life of the prop-
erty. It does not contaln provision for any uncertainties,
An uncertainty is unpredictable and the only adequate re-
serve in such a case is 100 per cent of the cost of the
property. Thus, such things as radical changes in teche
nology, demand, or action of the public authority are not
properly considered as component parts of the allocations

of c@stwaagrasiationa
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Thafaéneept,ar depreciation would be incom~
plete unless the faot that it is solely a "paper and
pencil® ldea were stressed., Within a firm, depreciation
can neither increase nor deorease the financial gains or
losses before taxes except as it 1s an aild in understand-
ing these gains or losses. In relation to taxas, the de-
preciation allocation can influence the net income avail-
able after taxes for a single year and does not influence
the total net income available after taxes for the life
of the business only if taxes are not progressive,

In conclusion, an excerpt from an article by
Hatfleld concerning the common erroneous concept that
"the primary obleat of the depreclation allowance is to |
preserve the dollar investment in the business,"l In his
opinion "the primary object of any accounting entry is
to state what has occurred."? In reply to those who he-
lieve that "the long term drain on working capital due
to failure to make adequate reservation for depreciation
is almost certain to lead to insolvency"”, he says:

The statement 1s triply misleading:
(1) it is the disbursing of cash, not

%H.R. Hatfield. Pinancial aspeots of deprecia-
tion. The Journal of Accountancy. 69(no.l):48. 1940,

21p1d., p. 4L8.



90

the failure to write something in the
ledger, that weakens the Tinancial
position, (2) there is no basis for
agsuming that a long term policy of
recording depreciation means an ag-
cumulating fund of current assets. . .,
{3) in many corporations the avoid-
ance of exaggerated statement of
profits is to a considerable extent
secured without any reservation, or
speclific recognition of depreciation,
by treating recurring replacements as
expense,

‘Ibid., p. 48.
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CHAPTER X
INTEREST ARD THE CONCEPT OF DEPRECIATION

The considerstion of the relation of interest

to ﬁepx@ci&tionl

is necegsery if the concept of depreocia-
tion is to be removed from a static system and placed in
a dynamic system, & system wherein all transactions are
dated, In general, the relation between Interest and
depreciation has been attained through a valuation of the
anticipated future returns, This valuation approsch is
not generally applied in business beoause the depreclation
considered 18 a cost element,

The concept of depreciation as the measure of
the utilization of the services which a long-liived prop-
erty renders implicitly includes a concept of the distri-
bution of these services over a period of time. Since

the investment of money in any asset which is not the

equivalent of cash requires a payment for the lesser

1s aifferent aspect of the relation between in-
terest and deprecistion is discussed by P,T. Bauer and
P.R. Marrack in "Depreciation snd Interest"™, The Economic
Journsl, 39:237-43, London, 1939. In this article the
authors discuss the effect of a change in the rate of
interest versus a change in the rate of depreciation upon
the incentive to invest.
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liquidity of the asset plus any risk, an investment in
services to be delivered in the future requires a return
of interest in addition to the money invested in these
services, Thus the purchase price of a property includes
an implieit discount of the cost of future services, The
overt statemaent of the rate of interest may never be made
but the fact remains that no rational businessman would
purchase a servios to be delivered in the future without
some compensation for the investment of his funds, If
speculation and hedging are assumed to be negligible, the
compensation will be in the form of interest.,

A simplified example in which ten identical
units of garviee are available at the beginning of each
of tenwyears will be considered., The price established
in the market today for the first unit of service is $§p.
What price should the purchaser pay for the gontract to
deliver the ten units of service? The first thing which
is apparent 1s that the purchaser will have to anticipate
what the market price of esch of the units of service will
be during sach successive year. Then in order to express
these prices in terms of mmﬂay today he will have to dis=-
count these estimates. If he is metlculous he should
‘examine the discount rate applicable to each year. The

risk that the service may not be desireble when it is
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delivered increases as the date of delivery becomes far-
ther removed, Thus, the discount should be greater, l.e.,
the interest requlred greater, for later years, After
careful consideration a price could be established and
from this an average rate of interest could be caloulated.
However, if the same machine would have delivered the ten
units of gservice over a five-year perliod the price of the
machine would heve to be different even though the prices
of the units of service and the same respective discounts
would have been applied. The resultant average interest
rate would be different. Thus, the concept of the inter
est rate as a unigue cuantity whieh can be applied to all
property 18 a fictitious concept the use of which will
result in no clarification of the cost of the services,
The market 1s only an imperfect analyzer of the average
anticipation ineluding the discounts, Thus, although the
original cost is the discounted anticipated prices at
which these services can be purchased, the reduction of
this cost o a specific average iInterest wlll generally
imply an agcuracy ané uniformity of the rate of interest
which probadbly does not exist,

In actual cases, since there is no reason to
agssume equel anticipated prices of the units of service

or equal rates of discount, the utilization of a system
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based on dlscounted anticipated prices in cost-deprecia-
tion accounting 18 meaningless because the estimates of
futurelgriaaa discounted at various estimated rates of
interest for estimated lives of the property resulis in
an estimate of doubtful accuracy in which the assumptions
on which the estimstes are based depend upon the indi-
vidual and cannot be checked., The obvious sssumptions
which have been necessary to standardlze these estimates
are that the prices of homogeneous units of service when
delivered are the same, and that the Interest rate is
constant, If the anticipated price at which the unit of
gervice could be purchased when it is to be delivered is
a constant and the antieipated Iinterest rate is a constant,
the following relation between the cost of the property
énd the cost of the unit of service can be developed
assuming the units of service are delivered at the end
~of each year beginning after the date of purchase,

= Cost of property

¢
p = anticipated price of a unit of service
i = rate of interest

Py P, P ~ P
= + e + 0+ Y4
C = ITTT TR LT przmil

Since py = Py = P3 ss» = Pp by assumption and
il = 1, = i3 ene = in by assumption,
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gn = 4--&*—-‘ 1 4 wew
P % 1) u.+:x.)§+<z+75 T

If both sides of the above equation are multiplied
by (141i) and then the first eguation subtracted

from second equation the result is

g— mm:-&ﬂ },, MM
P

P (-1)*
p = CLFUP L1 - g;+1z g;lgé+xz”
(1+1)" (1+1)

If the prioce at which the homogeneous units of
service can be purchased 1s assumed to be constant, the
anticolpated price, p, of each unit of service nmust be
greater than the quotient of the original cost of the
property divided by the total number of antieipated unita
of service., The assumption of equal cost of each unit of
service at the time of delivery of the service is more con-
sistent with the intent that the performence of identical
services should evoke the same cost and that identical
services which are to be delivered at different future
dates should eost the seme at the time of purchase., The
recognition of the necessity of discounting future services
assumed to0 he mqﬁaily priced results in the ¢oﬁ§ku&ian
that if the allocation per unit of service equals cost/

total units the units of service are unequally priced at
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the tiwme of the purchase of any long~lived property. If
the price of the unit of sesrvice, p, is charged as the
cost of that unit when the service is rendered, the net
income will not include the interest om the investment
in the gervices. Also the price of a unit of service,
P, 18 greater than the cost of the long-lived property
divided by the total number of services,

The cost of a unit of service ag indlcated by
the cost of the property is dependent upon both the estle
mate of the years of life of the property and the Interest
rate required to induce the investment, The calculation
~of the cost of a unit of service by dividing the brigin&l
cost by the total estimated output assumes elther that
the price af}the unit of service varies such that the dige
counted amounts are equal, or that the interest rate is

zero. In elither case the above equatliong reduce to

original cost of the propert .
p= number of units of aarvgaa

The assumption of complete divisibility of the

services of the property is obviously unreal. The units
of service of a property can bve purchased only in groups
according to the design of the property. Investors do
not have the choice of purchasing one or two units of
service, BEBven 1f they did the cost of installation and

interruption of production in many instances would make
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such divisibility undesirable, The situation could arise
in which it is anticipated that the services could be pur-
chased in small groups, i.e., in more fragile machines,

at a lower price next year than they can be purchased now,
but management will choose to pay more for the future
gservices now to prevent interruption of production in

the future. The consideration of convenience and cost

of installetion may affect the cost of the property apart
from the anticipated price of the units of service.

The further sssumption that all units of service
from a single property are homogeneous leads to serious
errors, Many propertles throughout thelr life yield a
variety of services some of which could be obtained by a
substitute means, For example, & locomotive originally
used on main line hauls is finally relegated to switching
duty which could be performed better by sn engine specifi-
cally designed for such service., The price of the services
rendered by the locomotive on long hauls is different from
the price of the services necesgsary for switehing. The
allocation of the cost of such a property on the basis
that all services are equal results in a psuedo obsoles-
cence in later life.

Although the concept of depreciation as s guantity

in a dynamic economic system requires the recognition of
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interest, the inclusion of interest in the ordinary cal-
culations of cost-deprecistion requires so many assumptions
to meke it appliceble that the benefits of the application
are apt to be an illusion. The use of a single interest
rate which is applled to a series of anticipated prices
whieh ore assumed eqgual ylelds no pertinent information
about specific properties, The advantage of assuming zero
Interest rate, if the cesumption is acknowledged, 1s that
additional consideration and application of judgment to
each case, which merits it, is required. Only in theow

retical 5%u&ieal

in which the assumptions are stated
clearly and results qualified Iin accordance with the
'assumgtianﬁ should interest be included, 8Since the come
paun&ing effect of the interest formulas generally causes
large errors 1n the annual depreciation estimates in the
later years of the property life even though actusl esgti-~
mates of life and salvage value are only slightly in error,
it is usually better to omit interest in the estimation

of cost-deprsciation,

;Hg?, Fowler, in Depreciation of Capital, London,
PeA, King Ltde, 1934, in an economic analysis arrived at
the following conclusion:

"We can now see 1f we sssume conditions of come
petitive stationary eguilibrium, the Sinking Fund Method
is the only ome which is compatible with these conditions."
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CHAPTER XI
DEPRECIATION AND REPIACEMENT

Replacement 1 the beginning and the end of
the process of depreciatlon in a continuous property
except for the original installation, The time at which
the retirement of the old property and the consequent
repluacement by new property takes place 1s a point of
discontinuity iu the investment process. The exact time
when thls occurs is dependent upon the replacement policy
of the firm. Replacement or retirement is the end of the
ugeful 1ife of the o0ld property. Thug the replacement
policy of a firmm affects the depreciation policy by 1ln-
flueneing the date of retirement, i.e.,, the useful life,
of a property.

The relation bhetween cost-depreciation pracw
tices and replacement policies resulis from the dependence

of depreciaticon theory upon the theory of economic lifel

16,40, Preinreich (The economic life of indus-
trial equipment. BEconometrica., 8 (no.l):37. 1940.)
states that: *All rules of ecomomic life are alsoc rules
of depreciation, since each suggests the apparently most
logical way (out of innumerable other possibilities con-
forming to the terminal condition) in which costs ought
to be distributed in the corresponding circumstances,®
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which is a function of replacement policy. Thus, replace-
ment pollcies of a firm influence deprecistion practice,
The sequence of financisl events related to the use of
long-lived property, i.e., purchase, depreeclation, retire-
ment, replacement by snother purchase, may have occasioned
some misunﬁ@rstanding as to the relation between deprecis-
tion, retirement, and replacement., Statements to the
effect that depreciation is to provide for either retire-
ment or replacement of the present property are evi&enaa
of a misunderstanding., In a recent article following &
discussion of the 60 per cent price incremse since 1939
this opinion was recorded: "Business men have been prone
to Introduce a new concept, Depreciation reserves, they
say, should provide funds for the replacement of fixed
agsetss o« o *"1 Blough commented on & sgimilar ides as
follows: ™It has algo long been recognized that the pure
poge of depreclation accounting ls to allocate cost of
exlsting facllitles, not to provide funds for repl&eemﬁntu"z

The article in Portune continued:

N 1?ha depreciation dilemma, Fortune, 39 (no.l):
0bs 1949,

2cermen G. Blough. Replacement and excess con-
struction costs, The Journal of Accountancy. 8L (no.k):
335+ 1947.
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Actually, depreciation and replace~

ment are two separate and distinct

considerations and the practice of

lumping them together is responsible

for much of the confusion and muddled

thinking on the subject of deprecia~

tiﬂnal

Another misunderstanding about the relation
between depreciation and replacement is the belief that
the dollars recorded in the depreclation reserve are
available for purchase of replacements, In the mlde
thirties a study made by Fabricant on the capital struce
ture of the economy of the United States? was widely dis=
cussed, Based in part upon Fabricant's survey, the testi-
mony of A, H, Hansen before the Temporary National Economic
Committee maintained that reinvestment of depreclation
allowances c¢ould be made only by expanding thavyroﬁuctiva
capacity of the sconomy. In reply to this, May asked the
following question: "Do substantial depreclation and dew
pletion allowances become avallable for replacing units

or for returning the capital represented thareby?"3 After

i7he depreciation dilemma. Fortune. 39 (No.l):
66, 1949.

250lomon Fabricant, Capital consumption and
adjustments, New York, National Bureau of Economic Re-
search. 1938. 271 pp.

3@;0‘ May. The relation of depreciation provi-
sions to replacement. The Journal of Accounbancy.
69(no.5):341. 1940,
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examining the records of several companies for the years
of the depression he ooncluded that depreclation allow-
ances are not necessarily avallable for replacement.

ﬁeigal

in 1945 arrives at the same conelusion, i.e.,
only current appropriastions are avallable.

Closely related to replacement studies 1s the
efficlency of the property. In the current literature
efficiency is generally used loosely but it 1s Iimplied
that efficiency is an lndex of the performesnce of the
property relative either to its performsnce when new or
to the performance of extant properties which provide
the same service. The relation between efficiency and
depreciation is that an inefficient property will have
high costs of operation which may encourage replacement.
However, it 1s possible for a property to operate as efw
ficiently as 1t did when new and be near the end of its
eogonomic 1life because of technological improvements which
meke the cost of alternative means of providing the serve
ice less. Many engineers have yet to divorce depreciation
from efficiency. |

Replacement of a property in competitive
businesses must generally be justified by showing that

anJ¢ Melgs. Are depreciatlon reserves avail-
able for improvements., Public Utilities Fortnightly.
35(130'1) 3LP6"3¥9¢ 1945.
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& money savings will result from the replacement, In
regulated industries, the effect of the replacement upon
the rate base must also be considered, Since a discussion
of replacement analysis in a dbroad sense is beyond the
seope of this dissertation, the reader is referred to a
text such as that of Grant.! As an illustration of a
correct replacement analysis and some of the vegaries
which are encountered in such an anelysels the following
examples and quotatlions are presented,

The comparison of the anticipated annual costs
of operation of two or more properties is one approach
whereby the feasibility of replacement can be studied,
An integral part of a proper replacement study is the
concept of a "sunk cost.," Crant emphasizes thls point
as follows: k

This difference between the "gost"

of owning and operating a machine

not yet purchased and the "gost" of

conbtinuing the same machine in

service after it has been purchased

exists to s much greater degree in

economy studies relative to the

services of machines or structures

which have no active secondhand

market, or which have substantial

costs of installation and removal.

The point of view that an invest-
ment onee made in physical property

1E¢L.’Grant* Kngineering economy. New York,
The Ronald Press. 1938, p. 182.222,
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may be partially or entirely & "sunk
cost,” in the sense that it is not
recoverable through the sale of that
property, is one that is essential

in many economy studies, particuwlarly
in those dealing with proposed re-
placement ,l ~

According to the above ldea, the cost of continuing an
0ld property in service for an additional year 18 based
solely upon the anticipated change in the resale value
or salvage value of the old property during that period,
not upon any arbitrary alloestion of the original cosgt,

and not upon the amount recorded in the depreciation

reserve. The comparison must be set up in such a way
that the two or more proposals are acceptable alterna~
tives, An example of a comparison of annual costs follows.

An industrial firm operates its own power plant
which has a maximum demand of 3500 kw. AtV present the
demand 1s met by a eamhinatién of a new high pressure and
temperature steam power plant and a 1000«kw low pressure
and temperature turbo-generator supplied by an old steanm
generatai serving as a supplementary power sourcs. The
management is considering whether to discard the 1000-kw
Jow pressure turbine and its steam generator and purchase
a 1000«kw Diesel powaradlunikg! The following data were

agsenbled:

Imvia,, p. 20,



105

1000-kw steam

turbine
Cost new $72,000 (1929)
Fuel cost 1.5 mills/kw hr
labor & Buperinten-
dence J 1.5 v

Repairs & Supplies 0.6 "

Taxes 0,25 "
Insurance Qe ¢
Probable life 25 years
Depreciation

Reserve $1,6,000

Average hours per
year of operation
per year for the

past 4 years 1800 hours
Estinated kw output

per year 1,400,000
Present bid for

turbine $7000
Egtimeted salvage

"yalue® $3000 (5 yrs.

hence)

1000-kw
Diesel

$125,000 (1949)
0,88 mills/kw hr

1.5 "
0.3 "
0.25 "
0.2 7

20 years

1,400,000

$5000

It is company polley that all investment in

replacements must pay for themselves in ten years and

earn at least 5 1/2% interest,

Assume sirsight-line depreciation.
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Comparison of Estimated Annual Costs

Diesel Power

Depreclation (based on company pol-
icy of repayment in
10 years)

120000 = 3,000

Average interest

120000 (0,055)(%%§+—5000(0,055) = 3900
Total = 12000 + 3900 = 15,900
Fuel 0.0088 (1,400,000) = 12,300

Capital Raaavaryl

W Py Ty, i, AP, O,

Labor & Super-
intendence Omit in comparison
because it is the same

for both alternatives

Repairs 0,003 (1,400,000) = 4,200
Insurance omit, see above labor
Taxes omit, see above labor

Total estimated annual cost $32,400

leapital recovery is composed of two parts:

{1) the allotment based on the dollars which must be ex~
pended in the future to purchase the property or which
can be realized from the sale of the property today, and
{2) the interest on these dollars., The above caloculation
is based on an approximetion in which straight line cost-
depreciation and an approximation of the average interest
is used, (Grant, op, eit., p. 85.) If the capital re-
covery factor or its equivalent the sinking fund factor
is used, the total of the allotment and interest would be
$16,175 instead of the $15,900, i.e., (120,000)(0.13267)
+ {5600)(‘:%;655) = lﬁ,l’?ﬁy@rant; op. ¢its, pe 413. The
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Steam Plant
Capital Recovery (Depreciation (based on bid for
turbine)

{ 5
(Average interest

(7000-3000) %ﬁa%éi%,ég}

+3000(0.055) = 297

Total » 800+ 297 = 1,097

Fuel 0.015(1,400,000) = 21,000
Repairs 0.006(1,400,000) = 8,400
Total estimated annual cost | %$30, 500

L(ocontinmed from page 106)
error in the approximation becomes greater eas the time
interval is extended, e.g., Grant (p. 87) shows that for
8 per cent interest the error is 3 pér cent for 10 years
and 10 per cent for 20 years. Thus the average Iinterest
method should be used for short time intervals only.
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The principles which are illustrated in the
foregoing replacement study and those which should be
considered in conjunction with such a study follow:

1. The period for the recovery of the investw
ment is dependent upon management's judgment, not upon
the eastimated 1ife of the equipment.

2« The investment must earn adequate 1ntarea%
during the recovery period to justify itself.

3. Items for which the cost is the samﬁ'in
each alternative may be amittad»

L+ The original cost or "supk cost™ of the
0ld eguipment has no bearing upon the replacement study.

5. The amount of money allocated for depre-
ciation to the aceount for the old equipment hes no
Bearing Upon Lhe replacement Study.

6, Tha amount of depreciation chargeable to
the old equipment is determined by the decrease in
"gecondhand” or salvage value, If the salvage value
is zero, there is no depreciation charge for the o0ld
equipnment,

7. If the estimate of the life of new equip-
ment is decreased because of foreseeable obsolescernce,
the life of the old equipment should not bs longer than
that of the new egqulpment.

8. The decision {0 replace is based upon ine
tangibles which cannot be evaluated in terms of money,
8.8, the avallable funds for replacement, Jjudgment as
to the trend of business over the short term, other
posgibilities of investing the same nmoney.

It should also be noted that an analyslis favore
ing the Diesel would have resulted if the capital recovery

cost of the old property had been determined by allocating
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the original cost less salvage over the probable life,

A total capital recovery charge of approximately $3000
by the average interest method or approximately $5500 by
the compound interest capital raaévery method would have
been obtained, In either case the annual cost of oper-
ating the steam plant over the next five years would have
besn equal to or greater tham that for the Diesel, i.e.,
steam plant $32,400, Diesel $32,400 using the average
interest method or steam plant $34,900, Diesel plant
$32,4,00 using the capital recovery factor.

The use of the unallocated cost of the old
property as a part of the cost in a comparison is made
to sppear more plausible by arguing that the new machine
should be charged for the unrecovered cost of the machine
which it replaces., OQOtherwise money will be lost on the
mechine which is retired without any way of recovering
1t. The rebuttal to this argument is inherent in the
idea of "sunk cost." Thus, whenever a new machine can
be anticipated to perform the same services at a lower
cost tham an old machine (when the cost of paying for the
new machine plus interest on the investment is included
as part of these lower costs) the differential between
the higher costs of the o0ld machine and the lower cost

of the new machine is a return which will be foregone to
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the business if the replacement ls not made regardless

of the amount of the original investment in the old prop=-
erty which has been allocated. Thus, the fact that the
cost of continuing an 0ld machine is greater than that

of a new machine, c¢an be camoflouged by charging the new
machine with the unrecovered cost of the old machine when
the cost of the 0ld machine has not been completely ale
located., Another example will illustrate thls latter
polnt. ,

An air compressor 1s 15 years old and 1t is
estimated that the annual cost of the power consumed is
$500, The average repair costs for the past four years
have been $210 per year. The original cost of the air
compressor was $3200, The present amount in the depre-
clation reserve is $2000, The company can sell the com-
pressor today far’$h00, The net salvage value at the
end of five years will be zero.

A centrifugal air compressor which will perform
the same service will cost $2000. Its estimated life is
18 years, The company requires all replacements to pay
for themselves in 6 years and earn 7 per cent on the money
invested. The annual cost of operation is estimated at
$280, The cost of the repairs for the first 9 years will
be about $50 per year. Only the above items of cost will

be affected by a replacement of the compressor.
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Comparigson of Annual Costs
014 Compressor
Capital Recovery (Depreciation:
{ hgﬁawo

(Average interest:

Mg&% . $16.80

Total s 96,80
$ 97
Cost of operation 500
Repairs (assuming past average will
continue for 5 years) 210
Total annuel cost $807
New Centrifugal Compressor
Capital Recovery (Depreciation:
2000 = $333
(Average interest:
Total = $415
Caatraf operation 280
Repairs 56
Total annual cost 75

The replacement of the compressor is financially

advisable since 1t will pasy for itself in 6 years while
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earning 7 per cent on the investment and 1t can be oper-
ated at $62 a year less than the old compressor. This
savings is equivalent to a return of about 3 per cent
above the 7 per cent required. However, if the $800

which was unallocated (assuming the old cémpreaaor was
80ld for $4L00) had been considered as an sdditional burden
upon the new gompressor the additional charge would have
been $800/6 or $133 per year., This additional cost would
have revealed the old compressor to have a lower annual
cost. When the result of a comparison inecluding this
additional burden is considered, the fallacy is &yp&rant*I
Assume the old compressor is retained. The annual cost
is $807 and at the end of 5 years the old compressor is
retired, At the end éf 4% years the company hag had an
expense of £310 more on capital and operation costs than
it would have had had it purchased the new compressor and

in sddition the cost of the new ocompressor would have been

lﬁélthaugh authorities on equipment policy are
by no means unanimous on the point, the prevailing view--
with which we agree--is that replacement decisions should
not be influenced by the book value, or unrecovered cost,.
of the asset consiiered for retirement, Not infrequently
there is marked unwillinguess to 'take & loss' on the
disposal of assets with substantial remaining book value,
and their replacement is handicapped asccordingly.”
George Terborgh, Dynamic eguipment policy. New York,
MeGraw-Hill., 1949+ Do Le
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five~gixths allocated Lo expense. Thus, at the end of
5 years, the company must invest approximately $2000
most of which would have been returned by now had the
new compressor been purchased and has $310 less funds
avallable with which to purchase the new compressor.
Th& disocussion of the two previous examples illustrate
how replscement analyses may alter the time at which a
unit is retired,

Footors in a replacement study which may ine
fluence menagement to retire a property are: (1) the
period of repayment ("pay off" period) required by the
company or the economic life of property, (2) the rela~
tive amounts and cost of fuel, power, repairs, and
supervision, (3) the interest rate required to Justify
an investment, (L) the intensity of use, (5) the “second-
hend" market, (6) maintenance policies. Undoubtedly one
of the most significant factors is the "pay offY period
for an investment. Most companies require thaet an invest-
ment pay off in 5 years or less. A recent survey found
that 32 per cent of the manufacturers requlire a pay off®
period of 3 years or less and 76 per cent require 5 years

or less»i If the seonomic life is less than the "pay off"

JBusiness' needs for new plants and equipment,
1949~53. New York, MeGraw-Hill., 1949. p. 1ll. See also
MAPI survey of replacement policies, Washington, D.C.,
?%m%in@ry and Alllied Products Institute Bulletin No. 2119.
1948¢ Do b
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period, the economiec life will deterwmine the date of
retirement. When replacement situdles are made on the
bugis of & "pay off" period, the rwaulté should not be
interpreted as a csmparisan of the cost of production
between the old and new properties, The relative amount
and cost of fuel or repalrs become more influential with
an increase in the intensity of use., In the first exemple
an increase in the number of kilowatt hours by 20 per cent
would have made the annual cost of the Dlesel less than
that of the steam power plant. A decrease in interest
retea reguired generally favers the new propsriy snd thus
shortens the life of instelled equipment, The proximity
of similer industries mey lanfluence the "secondhand”™ blds
on old properties, Industries located in rural areas
should expeect longer property lives because the deprecliaw
tion based on resale approaches zero rapidly after the
property is constructed or purchased and installed, Main-
tenance policles affect the cuantity of labor and supplies
end In addition the efficiency of operation of the property.
Thus meager malntenance may increase fuel costs for power
Instellations or heating instellaetions but apparently re-
duce direct sxpenditures on labor and supplies. BSuch
meager maintenance whiceh increases fuel costs mey shorten
the economic life even more than 1t shortens the physiesl

lifs of the property.
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Recent publications by reputable sources have
based parte of their depreciation analysls upon replace-
ment policies which consider either the original cost or
the unallocated cost as a factor in the comparison of
two alternatives or in the determinstion of the cost of
operating the new property. Several examples of these
faulty analyses follow:

Obsolescence becomes effective only
when production can be carried on
more cheaply by replacing a given
unit, the undepreciamted or unresovered
gost of which unit is counsidered 5%

e

a part of the cost of replacemen

Another way of putting the matter is
to say that all costs of wasting
assets must be recovered through
deprecilation rates based upon the
natural physical life of such assets;
and that whenever the cost of any
agsgset 1s not so returned during the
period of its usefulness because of
the shortening of life from obsoles~
cence then such unrecovered cost
gshould be recovered during the
natural physical l%f& of the asset
which replaces it.4

If displacement of ¢apital goods l1s
being contemplated, it must be de-
¢ided whether the remsining invest-
ment of installed equipment may be
amortized out of the antlcipated
reduction in costs or increase in

1$aliars, Ope ¢it., De 5b.

sziﬁa; Pe 57
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profits from utilization of the ime-
provement .l

Considering only the financial or
profit aspect, when does it pay to
serap the old and substitute the
new? In general, it pays to scrap
a8 particular machine or process
when the additional profit that

can be obtained by the use of the
new machine or process will be
gsufficient to provide for interest
on the unexpired value of the old
machine or technique, together with
the repayment of that value over
the expected period of enjoyment of
such excess profit,.?

Professor Saliers and others have
argued that the undepreciated
balance should be added to the

cost of the asset acquired, « +

It seems obvious that future

veriods should benefit from the

use of the more efflolent asset,

and it seems to follow that theaa
future perlods should bear the
obsolescence on the inefflcient ana.3

‘ IQ,EQ Troxel, Messurement of obsolescence
of capital goods, Journal of Business of the University

of Chicago. lﬁ:l&7* 1939,

2rewis H. Kimmel. nepracmmen policy and
postwar expansion, Washington, .&,, Brooklings Institu.
tion. 1946, P 35,

BGarl T. Devine, Deferred maintenance and im-
proper depreciation procadureag The Accounting Review,
22(&@11)&39* 19‘#7* :
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These examples emphasize the need for a competent analy-
sis of replacement, The life of a property is justly de
pendent upon management's Judgment but in addition it may
be Influenced by improper application of the judgmant;l
Replacement pollcy affects cost-depreciation policy by
influencing the economic life of the property on the basis
of anticipated costs, not on the'basia of the cost-depre~

clation allocations of the original cost of the property.

lVic%or He S8tempf, Trends in accounting pro-
cedures, The Journal of Accountancy. 69(no.6):452.
1940, Stempf stated: "Inherently, industry is loath,
if not in fact unable, to discard the old and install
the new equipment before the investment has been recouped
and unless competitive extremity forces the issue.”



PART IV

ELEMENTS OF COST-DEPRECIATION
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CHAPTER XIX
cost

The evaluation of the cost-depreciation in-~
curred during any time interval less than the life of

the property depends upon the following items: (1) the
cost of the property, (2) the useful or service life of
the property, (3) the salvage value, (i) the basis of
allocation of the cost less salvage value (deprecieble
cost). The proper determination of each of these items
has provoked many controversies. Of the four items, only
"the basls of allocation”™ is not subject to a confirmation
by a reasoneble estimate after the property is retired,

_ 8ince the word cost does not have a unigue
meaning, the definition which was stated in the intro-
ductiont should be recognized as pertaining only to the
problems of allocating the expenseg incurred when a prop-
8rty is acquired, The meaning of the word cost is depen~
dent upon the situation, Cost in the sense in which it
is applied here means the outlay of money, goods or serv-

ices by the present owner. The general application of

1
SﬁPm' Pe 7»
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this meaning of cost assumes a constant value of the @oilar,
and nelther collusion nor cuestionable financial manipue
lations during acqgulsition of the property. The above
viewpoint eliminates the problem of whether cost implies
the sum of the expenses incurred in the manufacture, the
price to the wholesaler, the list price, or the price
arrived at after heggling. Cost in nearly every casel
dégen&s upon what was the outlay by the present owner
when he purchased the property.

0f the two assumptions which qualify the defi-
nitlon of cost, the assumption that the value of the dol-
lar is constant needs the greatest empheasis., It is the
varlation in the value of the dollar which is provoking
the most controversy among those who use cost-depreciation
methods today, i.e,, original cost vs., reproduction cost
as the depreciatlion base, The validity of the argument
for reproducstion cost depends first, upon whether it 1s
important to preserve the real savings of previous genera-
tions, and second, whether reproduction cost 1s a good

index of the change of the dollar value,

lﬁh&er publiec utility regulation by the federal
government the utlilities are reguired to interpret cost
as the cost not to themselves but to the first firm using
the property in publiec service,
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The dollars invested by any individual repre-
sents goods and services foregone, i.e., values foregone.
The return of these dollars should be equivalent to the
values foregone plus a compensation for foregoing them,
J. By Clark summarized society's obligation to protect
property values as follows:

Socisety, then mekes 1t one of its

primary ends to protect for owners

the values that repregent and re-

ward their personal secrifices. . .« «

The rights that center in the forms

of property ere trivial, those that

center in the velue of the property

Vit&lil
If these dollars do not have the same value,® then higher
rates of interest should be necessary to provide an incen-
tive for savings. The experience in recent years has
~shown that these high rates of interest and profits are
an invitation for govermment, labor and even the stock-
holders to demand more from business and the investor,
They demand more because they do not appreciate the ef-
fect of the change in the dollar value on the apparent

profits, Evidently, one better way of assuring the

15,8, clark. Capital and its earnings. Pub=-
lication of the American Economic Association., 3({no.l):
61~-62, 1888,

QWalter Rautenstrauch., The ecopnomics of busli-
ness enterprise. New York, John Wiley and Sons. 1939.
P 153.
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investors prmtectienl of their perscnal sacrifices is to
devise a flexible cost~depreciation base which will fluc-
tuste in direect proportion to the dollar value, If it

1s desirable to protect the personal sacrifices of the
investors, the use of reproduction cost as o means of
compensating for the fluctuation of the dollar merits
consideration.?

Reproduction cost may mean either the cost of
purchasing an ldentical unit of property or the coat of
purchasing a unit of property which will produce the
identical services in the most economical manner. EBach
congept will show a change in the cost of the services
rendered by a unlit of property. Nelther concept will
necessarily be proportionate to the change in the value

of the dollar.

l?rmt@otinﬂ i3 not intended to imply a guaran-
tee of the return of the investment., Instead it is a
protection of the investor against being compelled to
accept a devaluated dollar as compensation for personal
sacrifice in the past which would today be equivalent
to a greater number of dollars. If the investment cannot
earn this inecreased number of dollars it 1s a poor invest
ment and should be recognized as such,.

?& method of accounting using a stabilized dol-
lar to compensate for this fluctuetion has been proposed
by H. E, Sweeney, op. cit.
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The cost of purchasing an identical unit of
property is 2 function of the present prices of the fac-
tors of production and the present production function
for the manufacture of the property unit, Thus, the
change of the cost of an identical unit depends upon
changes in prices of labor, materials, and management's
services modified by the changes in the proportionate
combination of these factors. Since technologlcal ad-
vances may have eliminated the manufacture of similar
property units, the reproduction of an identical unit
can well yield a @urgly fictitious cost.

The cost of replacing the services by the most
economical method may imply the use of the pricea?t fund-
amentally different equipment, In this case tha;iost of
‘reproductien has little relation to the original cost of
the outmoded equipment. For example, the cost of replace-
mant of ten 5000-kw turbogenerators opersting on low
pressure and low temperature steam by a 50,000~-kw turboe-
generator operating on high pressure and high temperature
steam is dependent upon the cost of a different steam
design, different materials, different turbogenerator
design, and different maintenance and service costs, l.e.
a different production function for the services, Since

each of these factors is different than that of the old
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power plant, the composite cost can have little relation
to the change in the value of the dollar. Apparently
neither concept of reproduction cost provides an adequata'
method for adjusting the original cost to correspond with
the change in the value of the doller.t

The value of the dollar is & funoction of the
changing prices of all elements in the economy. The
cohange in the "price level®™ is an indication of the change
in the value of the dollar, The quantitative determina-
tion of a factor denoting the change in price level {or
the value of the dollar) is different because the prob-
lems discussed in c¢onnection with reproduction cost also
influence the construction of index numbers, For example,
identicel unlits of property dc not exist over long periods
of time as a basis whereby prices may be weighted, Thus,

2

gome arbitrary lndex number” which closely corresponds

leﬁarge Terborgh, in "Depreciatlion Policy and
the Postwar Price Level," (Machinery and Allied Producis
Institute, Chicago, 1947, 22 pages) arrives at the same
conclusion:

*If this view is correct, it follows that spe-
eific replacement or reproduction cosgt is lrrelevant to
the adjustment of deprecistion poliecy, and that we must
falyle? gome measurs of generallized purchasing power.”

Dell.

g& gimilar suggestion was made by C. Frank Smith,
Depreciation technliques and changing price levels, Iowa
Business Digest, 20(no.k):1l-3. 1949,
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to the variation in the value of the dollar should be
used, €.g., an index similar to the construction cost

index of the Engineering News-Record or the cost of liv-

ing index of the Bureau of Labor Statistics.
Carmen G, Blough, research director of the AIA,
suggested a similar procedure in a recent article:

It is possible, however, and indeed
highly probable, that the solution

to this problem is not in changing
accounting proecedures. Maybe accepted
business concepts ¢f profits are at
fault. + « «» Perhaps we should begin
a gystem of measuring business ac-
tivity in terms of index numbers.
Maybe existing accounting procedurss
would be most effective for report-
ing basic deta if a plan for measuring
profits in terms of counstant units

of value were developed and supple-
mentary statements in terms of such

a constant unit were adopted.

lCarman G, Blough, op. eit., Dp. 335-6.
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CHAPTER XIIIX
SERVICE LIFE

Useful 1life and service life, or probable use-~
ful 1life and probable service life generally connote the
time interval during which the property has been or is
expected to be used as a productive agent., The signifi-
cance of each of these property lives is dependent upon
the method end data used in its determination.l Property
lives whether in terms of years or service units are
generally determined by (1) the use of the property ac-
counting records, (2} the use of actual installation and
retirement dates, (3) arbitrary estimates, and (4) the
analysis of the optimum economie¢ life.

The useful life basged on accounting records re-
veals the time interval during which the property unit
is recorded in the property records. This is the most
frequent basis of an analysis., The property life s0 de

%An extensive study of the various methods of
estimating service life was made by the American Gas
Assoclation and the Edlson Electric Institute under the
title YAn Appralsal of Methods for Estimating Bervice
Lives of Utility Properties,.,” It was prepared under the
direction of cooperating committees on depreciation in
1942, »
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termined 1s dependent upon the accountant's methods of
retiring properties, In some instances, property is re-
tired from the accounts when the original cost has been
written off regardless of the retirement of the property
from production., Conversely, property which has been re--
moved from service may be retained on the regords until
its cost 18 wholly allocated to expense, In other cases
the records correspond exsctly with physical life.
| The useful life based on work orders to install
and remove propérty reveals the time interval during which
the property has been Installed, This analysis fails to
reveal whether the property has been used throughout the
entire period, HNevertheless, it is probably a better
indication of the life during which a property is used
than the life based on accounting records,

The useful life based on arbitréry estimates
whether pure guesswork or based on tabulated sstimates
in published form, e.g., Bulletin "F", have little rela-
tion to actual property life. Although arbltrary esti-
mates are likely to be regarded as of little value when
it is realized that the estimates do not correspond to
actual life, many Iindividuals rely on arbitrary estimates
of general probable lifavwhen they are tabulataa in various

sources., This reliance on published estimates 1s probably
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worse than the use of a rough estimate based on past
exparience,

While the use of probable 11fe based on Bulletin
"Fr 1istings 18 not appropriate, 1t is compulsoryl on most
businesseg for income tax purposes, It is unfortunate
that a large percentage? of these businesses use these
same values for thelr own records and policles, As pre-
viously noted, many of the estimates of the probable lives
in Bulletin "FY were originally arbitrary estimetes col-
lepted from various sources and revised by the BIR. Since
that time the BIR has made some use of mortality statistics
but only in a limited number of cases.’ Even though the

1gince the issuance of T.D. 4422 in 1934 it has
been necessary for the Iindividusl to prove those probable
lives which do not elosely correspond to Bulletin "F"®
egtimates, Most businesses elther lack the data or per-
sonnel to meke adequate studles to prove their claims.
Thus, use of Bulletin "F" estimates is mandatory. In an
article, "Trends in Acecounting Procedure,” by Victor H,
Stempf (op. ¢it., Ps L451-460), he also expresses the be-
lief that the Treasury may foster low depreciastion rates
by recommending long lives,

2A MAPI survey revealed that 84% of 182 firms
surveyed used the same depreciation rates "for book and
for income tax purposes." MAPI Survey of Depreciation
and Replacement policies, op. eltu, p« 7.

3Philip Donham, in "Some Qbservations on Depre-
ciation Allowances,” The Accounting Review, 21(no.k):Ll5-
418, 1946, expresses the idea that because management is
reluctant to replace eguipment which has not been fully
depreclated the insistence of the BIR upon longer lives
than business uses to justify the purchase of egquipment
h?s given rise to statisticael evidence to support longer
lives, '
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probable life of an item of property as stated in Bulle-
tin "F" were representative of the average property life
throughout the United States, each firm is subjected to
pro&uétian and c¢limatic conditions which differ suffi-
ciently from the average to warrant a separate estimate,
For example, the estimate of the composite probable life
Tor freight train cars in Bulletin vpel §g 28 years. Yet,
recent studles of freight train cars have shown s disper-
gion ranging from liL years to 30 years according to the
types of cars, vintage of cars, and location of car's
usage, and from 19 to 26 years on composite accounts of
all freight train cars of a single railroad,” Consequently,
the cost of making these estimates of probable life might
reimburse a company within one or two years by tex savings
alone., Thus, all of the additional advantages to manage-
ment would be extra returns from such a study.

Optimum economic 1ife? of a property unit 1s
generally considered as that period of time beglnning with

lBulletin "Fv, op: clt., pe 654

zRobley Winfrey, Amee, Iowa, Personal corres-
pondence concerning the analysis of statistics from three
Cless I railroads. 1949.

3Gptimum economic life may also be defined as a
period during which the profits of the entire business are
maximlzed or a period during which the welfare of society
is maximized, {(The possibility of meximizing the welfare
of ﬁaci?ty was suggested by an unpublished article by J.A.
Nordin.,
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the purchase and ending whenever 1ts anticipated cost of
producing the service for an ensuing time period exceeds
the cost of producing the service by a feaslible slterna-
tive or the cost of terminating the service, Thus, the
end point of the optimum 1ife is based upon replacement
poliecy. Bince cost of operation ineludes maintenence cost
and maintenance has considerable influence on the probable
life, maintensnce policy is pertinent to the optimum eco-
nemic life, Although replacement policy and maintensnce
poliey are faetors determining the end point of not only
the optimum but of the actusl physiesl life, cost-deprecla-
ﬁien is not a provision for either retirement or replace-
ment of sny or eall of the property of a firm. ,
A systematic d@tarminatian of the probable l1life
of property based on past experience may be pursued by
using the methods of statistical anslysis. A method whiech
may be easily and quickly applied to give results which
are ag accurate as most data will werrant is desecribed in

the bulletin, Btatisticael Anelysis of Industrial Property

Betlirement, by Winrrey,l Whatever the source of dats a

proper statistical anslysis of the date modified by studies
of the past end forecasts of the future will yield the

1w1nfrey, Bulletin 125, ops cit., p. 82.
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best possible estimate of the useful life., Such an
analysis will yleld results superlor to intultive ssti-
mates because it will require that the factors which af-
fect the life of the property be recorded in s systematic
manner. These factors may be treated by msthematical
methods which can be relied upon to minimize preconceived
ideas about the 1ife of the property. Modificetion of
the mathematical results by factors of Jjudgment will in-
C¢icate more clearly what additional factors should be cone
sldered. Jeming has proposed a means of determining the
standard deviation of these estimetes, thus providing a
criterion by which the estimates of mervice lives may be

Judged 0’1

lJasegh Jeming., Estimates of average service
life and life expectancies and the standard deviastion of
such estimetes. Econometrica. 1l:141-150. 1943,
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CHAPTER XIV
SALVAGE VALUE

The salvege wyalue®l of & property is that pore
tion of the original cost which is not expended within
the useful life of ﬁhe property. The determination of
the salvage "value"” depends upon the disposition of the
property when it is retired.? Properties are generally
disposed of in one of the following ways: {1) by sale
outside the firm, (2} by reuse within the firm, and (3)
by demolition or discard as refuse. Since it is neces-
s&ry to ascertein the salvege "value" before the part of
the origlnal cost which is to be allocated is determined,
selvage "velue" is & forecast,

The salvege "value” of properties which are to

be sold upon retlirement is dependent upon a forecast of

l"Value" ag used here means the price which will
be established in a market at a future date, not ithe
present worth of future services.

2Phe importance of an accurate estimate of the
salvage value is discussed by Joseph Jeming in "Depreciae
tion and its Relation to Plant Accounting end Property
Records,” Proceedings of the National Conference of Elec
tric and CGas Utility Aecountants, Edison Electric Insti-
tute, American Gas Assoclation, Detroit, Michigan, April
11-13, 1949, p. 257-263.
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the price to be received. If the property is to be sold
as a unit, the problem is strictly one of forecasting
the price of the unit at the time when the useful life
terminates, If the property is to be dismantled before
selling, the quantity of material resulting from the dis-
mentling is estimated, In the latter case experlience
will be a good guide as to the quantity of material, but
the unit prices should be determined by forecast, not
necessarily by averages of past sales,

The salvege "value® of properties which are to
be reused within the firm presents another forecasting
problem. It is different from the case of a sale in‘that
the final dlsposal of the property from its present func-
tion will not result in a payment of money to the firm,
Thusg, the possibility of checking the estimate is elimi-
pated, The importance of this estimate is deyéndent upon
its influence on the replacement of the machine., Salvage
"yvalue", replacement or retirement pollcies, and useful
life are o closely related that the determination of
salvage "value"™ oan materially influence the other t&o
items. For this reason it is preferable to establish the
salvage "value” at the cost of a feasible substitute
rather than at the value (present worth) of the future
services, If this poliey is followed the declsions hased
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upon such an estimate of salvage "value"” would have been
reasonable whether that property were reused or not.

Comparisons of salvage "values" or useful lives
of similar properties should always include coguizance
of both quantities, Yor example, freight train cars
which are to be rebullt have shorter lives and higher
salvage than similar cars wiich are used until they are
sold for scrap. Thls varistion of property life with
salvage and reuse polleles is another reascn why tables
of provable lives are not universally applicable.

Retlred propertles whlch are of no furthsr use
to a company or to anyone else cbviously represent a case
where the original cost has been entirely expended, In
most instances these same properties require an outlay
of money 1to remove them. The questlion then arises whether
gsaulvage "value™ can be negative.

Salvage "value” In the scnse that it was orie-
ginelly defined as the remminder of the original cost can
not be negative, Nelther can it be negative when it is
used in the computation of cost-depreciatlon when coste
depreciation is considered as an allocation of a prepaid
expense, However, the cost of removal of this useless
property is an expense attributable to the &arvicéa TEnm-

dered by the property and this cost should be allocated
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to the producta., It can be allocated by creating a spe-
cial item or account, The use of a special item or ac-
count differentisites between prepaild expense and costs
which have not been incurred. For the purpose of allo-
cating eosts to the products of a property the result will
be the same. On the other hand for the purpcaas‘af the
balance sheet the former, negative salvage, would imply
an expenditure of funds which has not been made, Paton's
opinion is:

Where, however, removal or demolition

cost is expected Lo exceed gross re-

coverable value by a substantial amount

it is technically preferable to acerue

the estimated net oubtlay at retirement

through a separste reserve or to label

the allowance for depreciation in sueh

a Way as tf disclose its composite

character,-

The subtraction of forecasted salvage "values"
from the original cost presents the same anomaly of
dimensions as was previously dlscussed in reference
t0 cost, i.e., original eost, $ (1949} - salvage "value"”
$ (1959) = depreciable cost, § (?)s The rectification
of this snomaly can be atteined in & similar manner to

the one in cost except that the index numbers would have

1
W. Ay Paton. Advanced accounting. New York,

The Meemillan Company. 1941. D. R61.
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to be forecasted, The use of current prices will not

help since the change in market conditions for property
to be retired will differ by the time of the retirement
of the present property. Thus, the estimate of salvage
*yajue® is one which 1s at best subject to considerable

ETTOT.,
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CHAPTER XV
ALLOCATION OF DEPRECIABLE COST

The allocation of the depreciable cost of a
long~lived property is generally an arbitrary assigmment
of a portion of the total cost of the property tc the
cost of production either on the basis of the services
rendered by the property or the time elapsed during the
accounting period. Beocause the evaluation of the cost-
depreciation is always an estimate and it is not sus-
ceptible to the same degree of accuracy of measurement
which characterizes the cost of labor and consumable
supplies, it is frequently sald that the assumption of
a method of cost-depreciation allocation is equivalent
to the mssumption of the profit,l Thus the limit of
arbitrariness of allocations is controlled only on any
author's assumptions about profit. A survey, Table I,

made in 1938, indicated that 122 out of 126 companies

lpreinreich stated this as follows: YNo mate
ter how far analysls and conjecture are carried, it is
necessary to assume the form of the profit runotian
either deliberately or by doing-~perhaps unwittingly-.
something equivalent., Any deprecistion method ever de-
vised amounts merely to BUGh &N aSSUMDLiON." G eDe
Preinreich, Annuai survey: the ‘theory of depreciation.
Econometrica. 6:237. 1938,
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Table I

Tabulation of Opinions Regarding the Relation
of Depreciation to Volume of Production
and Profits

Should Depreciaw- Should Depreciaw~
tion Charges be tion Charges be

Claggification Related to Vol- Related to Profits?
‘ yue of Production?

Yes o Total Yes o Total

Light machines
& metal work
Heavy machines
& metal work

Food products
Autos, acces-
sories, ete.
Extractive
indusiries
Heavy chemlcals
Textiles
Printing, eto,
Light chemicals,
drugs
Btesls & metals
Paper, paper
products, ete.
Sugar
Shoes & eclothing
Tobaocso
Glass
Miscellaneous

s
o
oy
w0
0y
*x

28 30

14 14
14 1l

bt o
w o

ot
L -3

MNP e R0
RMMMEME W OO

WRMNRE O RS
bt

|

I MR O W AW W e
| 3

|

’ ROOMOW v WP~ & PO

|
|

= ! ODOOCVDO0O0 OO COMO = O n

o
o
o
Pl

127 122 126

Table reproduced from Wyman P. Fiske, The Controller,
January 1938; reprinted in Rautenstrauch, ops cite., P. 16k,
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answered "no" to the question "Should depreciation charges
be related to profits?? It is difficult to believe that

a peremptory division of time makes a cost determinuste

or indeterminate and that the allocation of cost-deprew
ciation in prefersnce to other costs should be awarded

the responsibility of determining profit. Paton summar-
ized his position as follows:

In this connection the unreasonable~
ness of focusing attention peculliarly
upon depreciation in interpreting an
unfavorable operating result should
be noted, If revenues are less than
expenses this does not mean that some
echarges are earned in full and others
are earned in part or not at all;
each dollar recovered should be
viewed as representing proportlonate 1
recoupment of all applicable charges.

It is conceivable that the means of determining the proper
cost-depreciation is unknown but being unknown does not
necessarily mean that it is multl-valued, Another comment
by Paton concerning a similer accounting problem wasg:

It is a common error of humen

thinking to assume that essential

prineiples are inoperative when-

- ever conditions are sufficiently
involved to obscure their‘mparatianmz

Vlw.a. Paton, op. eit., ps 275.

EW,AQ Paton, op. cit., p. 306,
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Cost-depreclation ie generally considered to
be an allocation of investments which have already been
made, In this respect it has been sald that the effects
of any deprecletion policy is solely an effect on the
book entries. However, these book entries are a part of
the information upon which mansgement bases its pollcies
and 1nve$téra form their opinions. If the problems of
depreciation were only of historical significance, there
would be less reason to discuss them, The policies and
opinions which are based on deprsciation allocations af-
fect consumers, investors, and taxpayers directly and

forcibly.
Classification of Allocations

The methods of allocation of the cost of prop-
erties may be classified according to the property which
they encompass, i.e., & single property unit, group prop-
erties, or a composite group. The earller dilscussions of
depreciation generally considered the singla‘unit of
property. More recently the group and composite group
methods of analysis have become equally important. In‘

a recent surveyl L9 per cent of the companies surveyed

1&&?1 Survey of Replacement and Depreciation
Policies, op. eit., P« 6. '
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had most of their equipment in unit depreciation accounts
and 51 per cent used group or aampeait&‘grcup accounts,

Group accounte and composite accounts are alike
in that in each the account contains many single units.
They are unlike in that group property accounts contain
similar units of property whersas composite accounts con-
tain heterogeneous units of property, perhaps all of the
properties owned by a firm, The group account is capable
of ylelding more accurate results than either single or
composite group methods because the prediction of prob-
able life is less likely to be in error for a group than
for a single unit and the composite method introduces an
a2dditional problem of the gtatisticel welghting of the
various types of property in the composite group.

The methods of allocation alsc may be classi-
fled according to the process of distributing the ocost
over the service life, i.e.,, the stralght-line method,
the interest methods, the declining halance methods, and
the unit of production method, These methods of distri-
bution may be applied to any of the classifications which
were made on the basis of the property encompassed. The
use of the various methods of distributing the cost is
shown in Table II. The survey was concernsed with unregu-

lated business and does not mention interest methods
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Table I1II

Classification of Methods of A§portioni§g '
Depreciation Drawn from Cases Studied

Clagsifica~
tion 1 2 3 L 5 6 7 & 92 motal

Light machi-
nery & metal

work 33 - 3 - 1 2 2 - 1 L2
Heavy machi~

nery & metal

work 18 2 - 2 1 1 « = @ = 254
Food products 19 - - - - - - - - 19

Autos, acces-
sories, ete, 16 =« =~ = 1 « 1 - = 18
Extractive in-

dustries 12 « e b e e e e 18
Heavy chemiw

cals 9 - - - 2 - - - - 12
Textiles 9 w w 1 e = 1 1 - 1l
Printing, etc,l0 =« « « « « « « - 10
Light cebhmi~

cals & drugs 9 = - - . am e e e 9
Steels &

metals S N 9
Paper, paper '

products,etoe 7 2 =« . = . e - - 9
Sugar 5 . - - - 5
Shoes & oclothe-
Tobageo 2 - - - - - - -« - 2
Glass 2 - - - - - -~ - - 2
Miscellaneous 19 1 « &« « 1 2 =« = 23

Total 178 5 &K 9 7 A 6 1 1 215

1ﬁaatenatraueh, op. oilt., p. 164,

2pities of column headings, 1 to 9.

1. "Straight-line Time.,” In this classifica-
tion wers included all companies apportioning the net cost
of the assets in terms of time, with equal charges in
every equal time period, regardless of conditions.
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(Footnote 2 continued)

2. "Diminishing Belance.” The companies in
this group took as their annual depreciatlion charge a con-
stant percentage of the net depreclated value of fixed
agsets, The method assumed some salvage value, as it could
never completely amortize the cost of sny asset. It also
resulted In higher depreciation in the earlier years of use,

3. "Straight-Line Time with Arbitrary Rate
Changes.” This claszification was basically straight~line
time, but with some arbiltrary variations, such as: (a)
reduction of rate in depression years; (b) arbitrarily
higher rates for the first 3 or L years.

4L YUnit of Production,® Under this method a
unit depreciation charge was set up for each unit of proe
duction--as ton of iron, barrel of oll, case of canned
goods, machine hour, and the like, The annual deprecla-
tion charge was computed by multiplying the unit charge
by the number of units produced during the year.

: 5s "Per Cent of Normal Factor.” The straight-
line basis was followed to determine a charge for a year
¢f "normal production,™ which was set in terms of producw
tion units of capaeity. In any year the actual depreciaw
tion charge was that percentage of the "normel"™ charge
which actual production bears to "normal"” production,

b, ”Elatlchargeﬁ“ The officers set up an en-
tirely arbitrary charge, frequently based on what earnings
could stand,

7+ "Remaining Useful Life Based on Periodie
Appraisals.” Companies in this clagsification made per-
iodic appraisals of thelr assets and redetermined depre-
ciation charges on the basis of such appraissls., This
was the method suggested in T.D. L4422,

8. "Constent Wear and Tear with Fluctuating
Ohsolescence,” Wesar and tear was covered on a straight-
line basis., FHeservations were made for obsolescence on
a fluctuating, arbitrary basis,

9« "Obsolescence Constant, VWear and Tear a Per
Cent of Normal,." Depreclation was firat computed on a
straight-~line basis, The annual charge was then divided
to cover obsolescence and wear and tear, The obsolescence
portion was taken regardless of conditions., The wear and
tear part was allowed to fluctuate as under (5) "Per Cent
of Normal Factor.,”



Lhdy

because their stronghold is in the public utility fileld.
Bince the application of these distributive processes to
the gingle unit provides the simplest illustrations it
will be ex&ﬁin&& first, Before an adeguate comprehension
of the results of these methods can be obtained, the ef-
Tect of any errors of estimated life and salvage "value"
and the consequent adjustments should be considered,

It should be rememwbered that nmearly all allo-
cations are based on predietions, Thus, considerable
error in the probable life at age zero can be expected
when single unit accounts are used, The physical prope-
erty studies of Winfreyl indicate the minimnm and maximum
actual life of units in a large m&jcrlt& of the 18 types
of properties clagsified according to their mortelity
characteristics are at lesst plus or minus 50 per cont
of the aversge life of similsr properties, Thus, actusl
date indicate that the life of a single unit of property
may be either much longer or shorter than the average life
of similer properties. The best forecast of the probable
life of & single unit is the average life expectancy of
similar units of the same age modified by any changes which

are foreseen, Therefore, for any single unit the forecast

lpobley Winfrey, Bulletin 125, ops elt., pe 142~
149.
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of probable life may be in considerable error unless re-
visions of the original forecast are made st reasonable
intervals, These revisions necessitate adjustments of
the cost-depreciation allocation. Common practice a

decade ego (Table II) was to disregard revisions.

Adjustment of Allocations

Adjustments of cost-deprecistion allocation may
be made in one of the following three waya.l First, the
periodic allotment is changed to correspond to that which
ﬁeulﬁ have been made wnd the surplus (deficit)} is adjusted
to compensate for the cumulative error. Second, the same
&djustmﬁnm of the periocdic allotment is made ss in the
first case but the cumulative error is adjusted by & oOm=
pensating change in the single periodic allotment at the
time the prediection is changed., Third, the periodic al-
lotment is adjusted so that the remeining undepreciated
cost is spread over the remaining years of life (the ex«
pectancy)of the property. No adjustment of the other ac-

gounts is necessary in the second and third methods.

;A&juatm&nt of aceounts necessitated by retire-
ment of property before it is fully depreciated generally
affects only the accounts of the year of retirement, Fure
ther discussion of such adjustments may be found in Funda-
mentals of Accounting by Perry Mason. Chicago, Foundation
Press. 1942.
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Bach of these methods of adjustment has been
suggested by recognized authorities, The first method
{hereinafter called the surplus method) is suggested by
Mason and Patonl es technically correct. The sesond
method (hereinafter called the single period method) is
suggested by Marston ané.ﬁgg,z The third method (herein-
after called the spreading method) is suggested by the

Bureau of Internal Revenue,-

1W‘&, Paton, op. eit«, De 342, and Perry Mason,
Fundamentals of accounting, op. o¢it., p. 287.

“Marston and Agg, Engineering valuation., New
York, MeGraw-Hill Co. 1936. ©p. 83,

3Bulletin "F' (1942), ops eit., De 9s
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CHAPTER XVI
METHODS OF ALLOCATION -~ SINGLE PROPERTY UNIT

Straight-line Method

The straight~line method when applied to a
single property unit allocates equal amounts of the de-
preciable cost to equal periods of time throughout its
service life only in the most restricted case, i.e.,
when the life of the property and salvage "value"™ are
predicted accurately at age zero. This is evident from
the formulas for the periodie allotment and for the un-
allocated cost., When Dy represents the periodic allot-
ment, C, the cost of the property, S, the salvage "value"”
and n, the probable life, the equation of the annual
.allotment is

D C -8

e s *
y = n
When U represents the unallocated cost and x, the age

of the property, the equation of the unallocated cost

at age x is

U = C«x(C.=8)
n
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These equations will represent a straight line from the
time of purchase to the retirement of the property only
when S5 and n are oconstant, figure 1.

In the series of charts, figures 1 to 16, the
annual cost-depreclation allotments are presented in s
column chart in order to emphasize the periodicity of the
bookkeeping entries, The unallocated cost 1ls presented
a8 a line chart in preference to & column chart in- order
to portray the results more in harmony with the concept
of cost-depreciation as s continuous consumption of ser-
vices, When the forecast of the probable life 1s revised
from time to time the result is s serles of straight lines
of different slopes,

In order to illustrate the effect of the afore-
mentioned adjustments on each of the distributive processes,
two assumed modifications of the forecasts are applied
to these processes, The first modification assumes that
the probable life is¢ forecasted to be 12 years when the
property is new, ny, = 12, 10 years when the property is
three years old, n3 « 10, and 9 years when the property
ia seven years old, n; = 9. The second modification ase
sumes the probable life is forecasted to be as follows:
n, = 9, ny = 10, ny = 12, The first modification illus-

trates the cases in which the successive forecasts of



800

600

400

200

Anrnual Cost-deorec/iat/on Dolflars

149

/I 2 3 4 5§ 6 7 8 9 /0
Age, Years L

a Annual Cost-deprecratiorn

10000
9
y
Y s000 A
§ \
3 6000 AN
Q \
]
“g $000 \\
Q
NI
Salvage
o Y Value
o ¢z 4 ] 8 /0

Fig /. Annual

Age, Years

b, Unrnallocated Cos?

cost-depreciation and wunallocated

cost, srraight line merhod| probable life consrant
Case A: cost /0000, salvage value, S (500, n, Oy



150

~ probable life indicate a decreased probable life. The

séaand‘maéifiaatian illustrates the cases wherein the
successive forecasts of the probable life indicate an
inereased probable life, The cost of the property is
assumed to be $10,000 and the salvage "value” $1500,
Although the forecasted salvage "value" will wvary in
the actual application, 1t is assumed constant and the

effect of the assumption discussed,

Adjustment to surplus

When the stralght-line method is adjusted by
debiting or crediting surplus and accrued cost-deprecia-
tion, the following equations may be developed for the
annual allotment, unallocated cost, and the adjustment,

Symbols |

x = the age of the property

X, = the age of the property at the
time the kth forecast is applied

n, = the forecasted probable life
during the period in which the
kth forecast is applicable

ey = the expectancy during the kth
period, m = X + e

ﬁy,k = annual emst»depreciation during
the kth period

Uy = unrecovered sost during the
kth period

Zy = adjustment at the time of the
- kth period
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The equation for the annual allotment during the kth
pericd is

C -8
I}Y’k b nj

The equation for the undepreciated cost during the kth

Bk - Gm—%ﬂw .

The eguation of the adjustment of the sarplus and ag-

period is

crued cost-depreciation at the time of the kth forecast
is

Ze = T A0 =8k) _ Tk (C = Sk.a)
T Ty -1
and since the salvage "value" 1is constant

s o0 [ g

The adjustment will be a credit to the surplus account,
when Z is positive. Table III and figures 2 and 3 illus-
trate the application of the above equations to the as-
sumed conditions,

When the first revision of the probable life
forecast is made, the book entries for the adjustment of
the accrued cost-depreclation in Case A-l are:

Dr. Cr,

Surplus 425,00

Acorued Cost-deprecia-

tion., (Reserve
Account) 425,00
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To correct accrued
cost~depreciation to
correspond with the
revised estimete of
probable life,

Jan, 15, 1940,

The corresponding entries for Case A-II are:

Surplus 283,33
Accrued Cost-depre~

eiation, (Reserve

Account) 283,33

To correct accrued

cost-depreciation to

correspond with the

revicged estimate of

probable life,

Jan, 15, 1940,

Ad justment by varying single periodic allotment

When the adjustment of the cost~depreciastion
is achleved by varying the allotment to a single period,
8 large deviation from the edjacent allotments is genw
erally the result, The impact of such ﬁn adjustment may
be sufficient to cause a negative depreclation book entry
for that period., In order to avold this negative dapﬁa»
clation entry Marston and Agg have suggested that zero
depreciation be entered untll the cumulation of allotments
will offset the adjustment,

The "aingle period” method of adjustment ageome

plishes the same results as the "surplus™ method of ad-
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Justment except that the periods when the adjustment 1s
made by the "single period” method will experience an ex-
cessive fiuctu&tian of reported costs and net inaome.l

The adjusted annusl allotment in this "single pericd"
method 1s equal to the "surplus" method annual allotment
for the year following the application of the revised fore
cast plus or minus the surplus adjustment. Thus the equa-
tions for the two methods are the same with the above
modification, The similarity of these methods can easily
be seen by comparing the two illustrative examples as

shown in Table III and IV and figures 2 to 5. 8Since these
two methods are similar, the subsequent illustrations

applied to the gingle unit of property will not consider
the "slngle period® adjustment,

Adjustment by spreading undepreciated cost

The adjustment of the cost-depreciation by
spreading over the remaining service life that portion
of the depreciable cost whieh has not been charged baaea

future calculations on the unrecovered cost which includes

lIﬁ this method of adjustuent ls used, adequate
supplementary notes concerning the caleulation of the costw
depreciation for the periods affected should be included
80 that anyone using theme figures can properly lnterpret
them. .
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Table III

Annual Cost-Depreciation and Unallocated Cost,
Forecasts of Probable Life Revised at Ages

3 and 7, "Surplus Adjustment"®

Casgse B-I
ng, = 12, ng = 10, ng ~79

Cagse B~II

Age Annual cost- Unallocated
aapree%atian, Cost, $

Annusl cost-
depreagation s cated

Pnallo-

Cost, &
0 10000.00 10000.,00
708.33 ‘ Olly o ily
1 9291.67 9055456
| 708,33 bty o b5
2 8583434 8111.11
708,34 Olidy o byly
3 ' 7875.00 7166 .67
850.00 #25 850,00  #2g
k 6600,00 6600,00
850,00 850,00
5 5750.00 5750,00
850,00 850.00
6 4900,00 4L900.00
850,00 850,00
7 4050.00 4050,00
Dl o bl #%3 708.33 #ay
8 bl o ly5 4333.33
hleuls5 708433
9 1500,00 3625.00
708,34
10 #ad justment 2916.66
‘o= 425,00 708.33
11 3= 661,11 2208.33
12 7083 e0.00
Total ~7h13.80 Total ~987ks09
Sample application of #ad justment:
formulas Case BI, Age 1 B, = -233.33
- Bq = - lgé
Dy,1 = 20000-1500 . 0,3 3 ¥ "991.66

22 - 3(_@%3%) *3(.35%%3 = 125,00



1000

doo

600

400

Anﬂya/ Cosr-okepreciation

/o0co

8000

S000

4000

Unallocated Cost, Dollars
S
O

200 }

155

rheoretica/ annual
allotment? based orn
realzed e R __

1115
I

aebrt agqyustmernt

annual allotmen?
based on forecosrs

e

NN NN

¢
¢

/ &2 3 4 56 7 8¢9
- Age, Yeors ; )
a. Annual Cost-depreciation

/
/
/
’
/

N

\ based o

; N |forecasts

N
§
N

based on age
AN
W Sa/V&ge
- Volue

at retiremen
0 F-3 4 & & /0

Age, Years
b Unallocated Cost

Fig.2. Annual cost-aepreciation and wunallocared
cost, straight line rmefhod, dowrnward revisior

of probable
Cost, § /9000,

lite adjusted to surplus. Case B-I:
salvage value, ,f 1500, n=leyr. r_),-;/O//; 7,:8yr:



156

theoretical annual allotment

u
3 based on Qm/zzed lite
~ .
g /000 n
: ‘ credif adjustment
5 V] $of surplus
% &S00 A
3 ﬁ ' annual
] :; ,‘ _allotment bascd
g 600 ; i on forecasls
. s
3 <00 -
™~
3 ’ /
3 200 4 /
g / 7
< /A ’
o LI / 4
! 2 3 4 56 7 89 1014 12
Age, rears
a. Annual Cost-qepreciation
/0000
\ L
¢ 8000 R
:? N, based on age
8 : \\é ot retirement
e 6000 ' o
3 basea or N
BN forecosts
N 4000 ‘ ™
P - N
3 NG
L 2000 N
S ;
N Salrage volue
S ) L] g 2

07} ¥} 4 6 . 8 0 /2
Age, Vears '
b. Unalfocoted Cost

Fig. 3. Annual cost-depreciotion and wrallocated
cost, stralight line method, upward revision of
probable [ife odjusted fo Surplus. Case 8L :
Cost, § 10000, salvage value, 8500, n,9; N, 10;n, 12y



157

Table IV

Annual Cost-Depreciation and Unallocated Costl,

Straight~Line Method, Probable Life Revised
at Ages 3 and 7, Adjustment Made by
Change in Single Period Allotment

Cage CwI : Cage C-II

Age Annual cost- Unallocated AnnuAl COBtw- UnAllOo-

depregiation, Cost, § depreciation, cated
$ Cost, %
[) T10000,00 16000.0
708,33 : Ohly o byly
1 _ 9291.67 90554 56
708,33 9Ll b5 ‘
2 8583.34 8111.11
708,34 Obly o Luly
3 7875400 ' - 7166.67
1275.00 566 .67
L ; 6600,00 6600,00
850,00 850.00
5 | 5750400 5750,00
850,00 850,00
6 4L900.,00 4900,.00
850,00 850.00
7 L050.,00 4050.00
1605.55 | (-183.33)#
8 2hll L5 4333.33
hly o 15 708,334
9 1500,00 3625,00
708,33
10 2916 .66
708.33
11 2208,33
708.33
12 ' 1500,00
Bample calculatlon: ‘ #If this 1 entered
Case C-I, age L 88 zero the nlnth

year allotment would
Py,1 = 8500 [gk - I%ﬁ” 1275, be $525.00. |
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the cumulative errors of the past forecasts. The equa-
tions representing this adjustment are more complex than
those of the previous methods. For the perlod when the
second revision of forecasts applies and if the estimates
of salvage “value" are constant, the equations for the

annual uostwaepreciatian and unallocated cost arse:

Dy, = [c - ﬂ[l'_'ﬂ _ 3y -3 (eg "'El)] ’

and
x X - xl)(e - xl)
Uz = c~(cns)i§§; Sy -
Note: {x . %’2} ra«_.. %, (&, - e, - 5;) }
n = x:e 3 € " BCIC)
ngz aQ 2 ° 0’1

If the dapreeiatimn rate for the kth periea 18 Ry, Lee.,

Ry = 1 [% - X (X -E)(eg ~ %) } , the equation
o2 ®o 8001 -

for the annual allotment and the unallocated cost during

the kth period when the estinmate of salvage has been con-~

stand can be reduced to

E}y’k ] » g—-geﬁg’; [ 1 bl xlﬁ - (X2 fad 3!:1 - (xg had xz )RR
sen - (Ik e xk*-l )Rk“l } " and

X (x - %)RK]
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The equations indicate that in this method all
previous forecasts and ages at which the forecasts were
made must be known before either the annuel allotment
or unallocated cost can be calculated., Actually the
calgulation requires only the last entry in the books
and the salvage "value™ to be known since thglterm in

square brackets in the equation for D X is the summation

v
of all previous apnu&l deductions as recorded In the books.
The equations @mpﬁasize the dependence of the future
allotment and the unallocated cost on the paet forecasts.
Pable V and figures 11 to 14 illustrate the application

of this adjustment.

Summayy, streight-line method ,
A comparison of the three methods of adjusting
the straight-line distribution of the depreciable cost
of a single item shows that the method of adjustment
materially affects the pattern of distribvution. If the
adoption of the stralght-line method is based on the
desire to distribute the depreciadble cost In equal per-
iodic allotments over the service life of the property,
the first method utilizing the surplus account will al-
ways provide the best approximation to this distribution,

In addition, the "surplus"™ method of adjustment bases
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Table V

Apnual Cost-Depreciation and Unallocated Cost,
Straight-Line Method, Probable Life Revised
at Ages 3 and 7, Adjustment Made by
Spreading Undepreclated Cost Over
Remaining Life

Case D-II
n,® 9, an 10, n7ﬂ 12

Annual cost~ Unello=-
dapr&aéation, cated

Cage D-I

n, =12, n, = 10, n, ® 9

Age Annual cost.~ Unallocated
depwe;iatian, Cost, §

Cost, §

0 10000,00 10000,00
708.33 by a bl

1 9291 .67 9055456
708,33 Okl 45

2 8583.34 8111.11
708,34 Olydy o lily

3 7875.00 7166 .67
910,71 809,52

ko 6964429 6357.15
910.71 809.53

5 6053.58 5547.62
910,72 809,52

6 5112.86 4738,10
910@?1 839*53

7 | 4232,15 3928.57
1366,07 485,71

8 2866.08 3442 .86
1366,08 L85,72

9 1500.00 295714
L85.71

10 257143
L85,72

11 1985.71
4L85,71

12 1500,00

Example of the appllication of the formuls TOY LHE GALOU~
lation of the annual depreciation in Case C-~I at age 8:

ﬁ?az =

(10000-1500)

[1 ~ 13%~1 - 11?%%{%%§21]~ 1366.07
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cost-depreciation allocations on forecasts of the future
not on prior forecasts which have been discarded as the
*gpresding” method of adjustment does,

The spreading method has two advantages ~- first,
1t 1s simpler than either of the other methods, in spite
of the equations, Second, the total of the annusl allot-
ments at retirement will equel the cost except when
extraordinary ciroumstances ceuse sudden retirement,

The second advantage 1s shared by the "single~period"
method but not by the "surplus" method, However, the
differences between the objectlve of equal periodic al~-
lotments of the straight~line method and results occasioned
by the "spreading” adjustment are great enough to warrant
recommending the "surplus"” adjustment, The adoption of
the "surplus" method by the Bureau of Internal Revenue
would necessitate the acceptance of an amortization of
the "surplus” adjustment over a reasonable time in order
to counteract the effect of the large fluctuations in re-
ported net income on the income tax of the periods in
which the revisions are made,

The comparison in Table VI of the numerical ex-
amples reveals how these adjustments affect the straight-
line distribution in two specific casés. Table VI pre-

sents the perventage deviations of the book entries from
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Table VI

A Comparison of the Deviation of the Allotments
Based on the Straight~Line Method Using Assumed
Forecasted Probable Lives and the Allotment Which
Would Have Been Made Had the Age of Retirement

Been Known at Age Zero

Average of the
difference between

Minimum and maximum
difference between

Case forecasted allot~ forecasted allotment
ment and stralght- and the straight-
line allotment line allotment based
based on ageﬁgt on age at retirement,
retirement, %f

B~I, "surplus® 13 0 & 25

C-I, "single

periodn 15 0 & 35

D-I, "spreading" 20 3.6 & 45

B-II, "surplus" 16 0& 33

C~IX, "single

period” 25 0 & 1007

D-1I, "spreading" 26 Le7 & 33

;Eauh of the percentage values for the three
adjustments can be caloulated from Tables II, IV, and V.

aﬂaae& on zero depreclation instead of negative
depreciation,
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the straight-line distribution which would have been
made had the reallized mge of retirement been known at
age zero, The percentages in Table VI are not intended
to indicate the megnitude of the discrepancies which can
be expected from these adjustments. The magnitude of
the discrepenciee also is dependent upon the length of
life of the property snd the time interval between re-
visions. Nevertheless, the trend in the discrepancies
will be the same,

In genersl when the forecasts of probable lives
are too long and the forecasts are revised downward, the
annual cost-depreciation will be too low initially and
will increase ag the retirement age approaches, This
tendency for the annual allotment to lnerease will be
augmented by the use of the third method, If the forecast
of probable life is too short the converse will follow,

The revision of the estimete of the salvage
"value"” will affect each method similar to the revision
of the probable life. The intensity of the effect of a
revision will depend upon what proportion the salvage "value"
is of the cost, In the equations which were developed
agsuming the salvage "value" constant, the quantity (C-S)
could not be factored out if the salvage "value" varled,

but would appear with the respective terms in the equations,
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For example, the equations for caleculating the annual
cost-depreclation for the kth year using the "spreading”
adjustment and revising the estimate of salvage "value"
would be

Oy * “%ﬁg [(c - 8x) - (€ - 8p)FRg -

(C = SHE,E) )Ry = avs = (C = By ) (BT Ry
where Sy 1s the forecast of the salvage "value” at the
time of the kth forecast of probable life. Since the net
salvage "value" for many properties 1s approximately zero,
it has been suggested that the allocation be based on
zero salvage "velue” and the return from salvage when
it is received be treated as income., For those cases
in whiech the salvage "valueY is an appreciable percentage
of the cost of the property this suggestion will lncrease
the apparent cost of using the property and might result
in high cost estimmtes., Otherwise, in those cases where
the salvaege "value" is only a few per cent of the cost,
this suggestion will eliminate one of the unknowns in the

allocation process and merits consideration.

Interest Methods

The development of the interest methods of al~

locating depreciation has relied on the accepted investment
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and valuation mathematical principles, Three processes
using interest whereby depreciable cost of a single unit
of property is allocated are: (1) the sinking fund, (2)
the present worth, and (3) the annuity. The sinking ruﬁd
method is based upon the accumulation of an equal annual
deposit which when compounded at & glven interest rate over
the service life of the property will equal the original
cost of the property. The present worth method (sometimes
called the compound interest method) is based upon the
discounting of forecasted future operation returns., The
annuity method is based upon the premlse that an invest-
ment of a given sum of money may return an equal annual
payment including interest on the remaining invesiment
throughout its life, While each of these methods accom-
plishes a reasonable purpose by accepted mathematical
procedures, none has e&s its purpose the allocation of
cost. Thus the use of any of these methods in the allo-
cation of cost is questionable, However, since the use
of the sinking fund method is considered frequently, it
will be examined in detall.

The mathematical formula which result from either
the sinking fund theory or the present worth theory are
identical., In the present worth formula the assumption

of equal annual operation returns ig adjusted by the use
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of the PFORR! factor. Thus if the FFORR is assumed to
be unity and the same rate of interest used, the results
will be the same, In the usual application of these two
methods the sinking fund method generally utilizes a rate
of interest comparable to that which 1s earned by conserw
thive investments, two to four per cent, whersas the
present worth method utilizes the rate of return which
the business earns, generally somewhat higher then four
per cent. In the following examples six per cent will
be used.

The sinking fund method is based on the follow-
ing equation where A represents the equal annual deposit

and 1 the rate of 1nterﬁst.2

(C-8) = A {(l+1)?~1}

The annual allotment which is equal to the annual deposit

plus the interest sccrued during the period on all past

deposits may be expressed a8’

Dy = (C - 8) [ (1+1)% ~n(1+ 1)%-1
(1+1) ~ 1

lProbableafutura*oparation«raturn ratio.

Marston and Agg, op. ¢it,, p. 161-2,

2The development of this formule may be found
in many textbooks on the mathematies of Investment or in
Bulletin 155 by Robley Winfrey, op. ¢it,, p. 23.

3131&” Pu 23-
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The unallocated cost, U, may be represented by the equa-

tion

U = C-A[(l+1},x”1} .

When these formulas are applied to the property used in
the straight-line illustrations with a service life of
ten yearé, Table VII and figures 15 and 16 will result.

If the two modifications of the forecasts of probable life
which were used in the illustrations of the straight-line
method are applied to the sinking fund method, the same
adjustments can be made., However, only the "surplus" and
"gpreading” method will be examined, The salvage "value"

is assumed constant unless specifically stated otherwise.

Adjustment to surplus
The "surplus” adjustment of the sinking fund

method permits the present and future cost-depreciation
charges to be based solely on current forecasts., The
equations for the annual cost-depreciation and unallocated
cost during the kth forecast period and the adjustment

at the time of the kth forecast are:

Dy

| -1
Dy x = (C - 8) \‘““x"ll*i—)x J,
(1r1) -1
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Table VII

Unallocated Cost and Annual Cost-Depreciation
Using the Sinking Fund Method with 6% Interest
and 9-, 10~, and lz2-Year Life
{(C = $10000, 8 = $1500)

Case E
Age Nine-year life Ten-year life Twelve-year life
Unallo~ Annual Upallo- Annual Unallo- Annual
cated co8t- cated cost- cated cost~
cost, deprecia~ cost, depreci-cost, depre-
$ tion, & $ ation,$ & clation,$
0 10000 10000 10000
739 645 504
1 9261 9355 9496
784 685 534
2 aL77 8670 8962
. 832 725 568
3 7645 7945 8394
880 765 599
b 6765 7180 7795
930 815 635
5 5835 6365 7160
995 865 675
6 L840 5500 6485
; 1045 910 715
7 3795 4590 5770
1108 980 755
8 2687 3610 5015
1187 1030 805
9 1500 2500 210
1080 850
10 1500 3360
900
1l 24,60
960
12 annual annual 1500
deposit = $739 deposit = $645 annual depo~
- git = $504

Semple calculations:
For nine-year life, age 1 0.06
A = (10000 - 1500)[(1'56)9 - i]” 739

For twelve-year life, age &
Dy = (10000 - 1500) [11.06)8 - (1;06)7J = 755
(1.06)12 - 1
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U = C- (C-8) {(1+1)’-1}, and

(Led) < -1
Z = (c~s)[u+xﬁ—-ﬂp~ih1g- 1 }-
(1+1) (1+1) &1

The book entries to record the adjustment will be of the
same form as those shown in the straight-line method; page
151, Table VIII snd figures 9 and 10 illustrate the ap-

plication of these formulas,

Adjustment by spreading
The "spreading” adjustment of the sinking fund

method may accentuate the increase of charges as the prop-
erty ages or it may cause the charges to fluctuate severely.
The equations for the annual cost-depreciantlon and the
unallocated cost for period after the second revision of

the Torecast are:

XX XX ,-1
Dy o= (C=8)[1~u~ (1-M)(N)] [(l+ 1) 35- (L+1) "2 J
' - (1+41) 2 - 1
where M = (l+-i)xl - 1 and
(1+1)© - 1
N = (1+_1}T2~x1 - 1
(1+1)°1 -1

Uy = C~ (C=- 8 {[M+ (1-u)(N)] 5

v [l - M- (1-M) (N)] .Ll_i_i_l_s___:_.&” .
(L+1) 2 -1
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Table VIIIXI

Annual Cost~Depreciation and Unmllocated Cost,
Sinking Fund Method, Probable Life Revised at
Ages 3 and 7, Adjustwent Made to Surplus
{C = $10000, S = $1500)

Cage Fwul Case F-II
ng = 1z, hg = 10, Ly = 9 ng= 9, n3= 10, no= iz

Xge LAnnual cost- Unallocated  Annual ¢ost- Unallo-

depreciation, Cost, § depreclation, cated
] Cost, &

4 10000 10000
504 739

1 94,96 9261
534 78l

2 8962 8L77
568 832

3 # B394 # 7645
765 765

b 7180 7180
815 815

5 6365 6365
865 865

6 5500 5500
910 910

7 #H 1590 ## 4,590
1108 755

8 2687 5015
1187 805

9 1500 4210
850

10 3360
#debit surplus $449 900

11 ##debit surplus $795 50 24,60

9
12 1500

#eredlt surplus $300
##ioredit surplus $1180

Sample oalculation of annual cost-depreciation between
ages 3 and Lt

? 6
D 1.06)7 = (1,06
2 ® 10000 [luauulunm.{uzq~L_] n
Vs (1.06)%0 - 1 910

Sample calculation of adjustment at age 7 in case F-~II:

Z, = (10000-1500) [(1.06)7 1] L L ]
(1,06)12-1  (1.06)™"-1

~1180

[l
)
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The equations for the kth period are:

and

D = (0, -s8)[(2:)* . (y_;.)x'l
Tk K [ (1+4)% - 1

U, = T - (G - 8) [(hi):"’k - l] ,
(1+1) k-1 = 3
where Uy is the undepreciated cost at the time of the
kth forecast,

An examination of the latter two equations dis-
éloaaa that each equation 1s dependent upon all previous
forecasts. A8 in the same adjustment of the straight-line
method, the calculation of the kth entries are no more
complicated than the initiel calculation if continuing
property records are kept. However, since the estimates
of probable life enter these equations as exponents the
effect on the annual charge of small errors in forecasting
probable lives during the early life of the property is
large, whereas a large errcr of estimate in the last few
years has only a small effect on the annual charge. ‘Thus
the need for accuracy of forecasting 1sg the greatest when
forecasting is the least reliable, Table IX and figures
11 and 12 illustrate the application of this method of
adjustment to the sinking fund distribution.
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Table IX

Annual Cost-Depreciation and Unallocated Cost,
Sinking Fund Method, Frobable Life Revised at
Age 3 and 7, Adjustment by Spreading Over

A Remaining Life

Case G-I Case G-II
ng * 12, ng = 10, Dy & 9 ng= 9, nq= 10, D= 12
Age Annual cost- Unallocated Annual cost- Unallo-
depreciation, Cost, $ depreciation, cated
. Cost, &
0 10000 10000
504, ' 739
1 9L96 9261
534 781,
2 8962 877
568 832
3 839L 7645
822 732
L 7572 4 6913
863 776
5 6709 ' 6137
935 822
6 5774 5315
995 870
7 k779 Lih5
1592 522
8 3187 3923
1687 | 556
9 1500 3367
586
10 2781
621 ,
11 2160
660
12 : 1500

FBample ealculation, Lase Geil, age 11

Dy 5 = {(10000-1500) [1 277 -

3
where M = ﬁ;:gzgg 3 = 0,277, and

1,06)% -
N = 1~4-17-~l 0.521
(1.06)7 ~ 1 0%
Uy » 10000 ~ (8500) {[ 0,277 +(1-@‘277)(o.521ﬁ

[140,277 = (1=0.277)(0,521)] [ {2e 06) ] = 2160
(1.06)°
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Summary, sigking Fund method
If the sinking fund method 1s to be considered

as a method of allocating costudqprsciation and 1f cost-
depreciation is related to the consumption of services,
the use of the method implicitly assumes one of the fol-
lowing things: (1) the services are equally priced and
the consumption of services increases according to a com-
pound lnterest curve as the property ages, (2) the serv-
ices are consumed at a oconstant rate and the price of suc-
cessive services increases according to a compound interest
curve as the property ages, or (3) the composite change
| in both the consumption of services and the price of those
services corresponding to a compound interest curve occurs
as the property ages, If the distribution of cost-depre-
ciation should follow the sinking fund curve, the "surplus®
method of adjustment Introduces the least error into the
allocation when it is compared with the allocation which
would have been made if the actual service life had been
known inltially.

The eampariéen in Teble X of the previous numeri-
cal examples reveals how these adjustments affect the sink-
ing fund distribvution in the two illustretive cases, Table
X presents the maximum, minimum, and average per cent de-

viations of the book entries from the sinking fund distri-
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bution which would have been made at age zero had the

age of retirement been known for certain. These percent-

ages may be calculated from Tables VII, VIII, and IX,

Table X

A Comparison of the Deviation of the Sinking
Fund Allotments Using Forecasted Probable
Lives and the Allotments Which Would Have

Been Made if the Age of Retirement Head

Been Known at Age Zero

Case Average of the Minimum and maxi.
per cent devia- mum difference
tion of the fore- between forecasted
casted allotments allotment and the
from the sinking allotment bvased
fund allotuents on age at retire-
based on age of ment, %
retirement, %

F-I, "surplus” 16 0 & 32

G-I, "spreading® 23 5 & L3

F-II, "surplus” 21 0 & L7

G-1I, "spreading"® 32 22 & 47

Again as in the gtraight-line comparisons these numbers

- have only gquelitative significunce. The magnitude of the

deviations depend upon the rate of interest as well as

the length of life of the property and the interval be.

tween revisions.
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Forecasts of the probable life which are too
long or too short followed by compensating revisions have
different effects upon the allocations made by the sinking
fund method, When the forecast of the probable life is
too short and is revised upward, the equations show that
the allotment for the following year must always be less
than the previous allotment, This decrease produces a
fluctuation in the annual allotments when the forecasts
are successively revised upward. When the forecast of
the probable life is too long and is revised downward the
following annual allotment is increased., This increase
augments the increasing characteristic which the sinking
fund inherently possesses, The revision of forecasts will
be best adjusted by the use of the "surplus" method be-
cause it will more c¢losely correspond to the allocation
which would be made by the sinking fund method if forew
sight were perfect,

\ The effect of revising the estimate of the sal-
vage "value® depends upon the method of adjustment of the
allocations and 1ts magnitude upon the interest curve
{rate of interest) which is assumed, If the "surplus”
method 18 used the effect of a revision of the forecast
of salvage "value™ at any given age will be proportional

to the change in the deprecilable cost, but even if all
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other estimates remain the same, a given error in the
forecast salvage "valus" will cause a greater credit or
debit to surplus and corresponding error in unallocated
cost a8 the property gets older. Again the need for the
greatest acouracy of forecasts arises in the early life
of the property when the forecasts are least accurate,
Bince in the "spreading” adjustment all future
calculations depend upon all prior calculations, the errors
introduced by the prior estimetes of the salvage "value"
will be increased by a compound interest factor and in-
cluded in present allotments and unallocated cost, Thus
errors in the early forecast of salvage "value™ will have
a more noticeable effect on the annual allotment, the
longer the life of the property. A premium 1s placed
upon accurate forecasts of salvage "wvalue" during the

carly life when such forecasts are difficult to make,

Declining Allocation Methods

The declining sllocation methods when they are
used as a means of allocating the depreclable cost of a
single unit of property allot a larger amount of the de-
preciable cost to the early periods of 1life of the prop-
erty than to the later periods of life., Several methods
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whereby declining annual cost depreclation can be obtalned
have been suggested. These methods include the fixed
percentage of the remaining balance, sum of the digits,

and other methods such as the method suggested by Ashbaughl
designed to meet particular specifications,

The most common of these methods is the fixed
percentage of the remaining balance, It is used by the
Inland Revenue< (Great Britain), and a few companies in
the United States. The formulas for the rate, r, unallo-
cated cost, U, and annual cost-depreciation, Dy,k’ when
the method is applied to & single unit of property with

a known life and salvage "value" are:

1
r 8 1 - %r
P
U = c[%b
x=1
Dy = crfg)”
X-1 X

L —

(@ - [

1W.L« Ashbaugh. Declining balance depreclation
can work under T.D. 4422 plus I.T., 3818, The Journal of
Accountancy. 83 (no.5):399-401. 1947.

u

aﬁe reclation allowances. The Economist (London).
14 (no. 5184):17-18. 1943,
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The application of these formulas is illustrated in
Table XI and figure 13, The salvage must be a positive
number in thisz method since a zero salvage "value" will
yield a zero unallocated ¢ost at any age greater than
zero and a negative salvage "value™ will yield an imagi~
nary number,

The revislon of the estimates of probabls life
will naeassitate the adjustment of the cost-depreciation
allocations. These adjustments may be mede in the same
way that was explained in the dlscussion of the straight-
line method., As in the other methods, the salvage "value"

is assumed oconstant.

"Surplus” adjustment
The equations based on the "surplus" adjustment

which represent the unallocated cost and the annual coste

depreciation during the periog after the kth revision are:

e x off]
x=1 z
kK

by o] - (8] nk}
X X
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Table XI

Unallocated Cost and Annual Cost-Depreciation
Using Declining Balance Method for 9, 10,
and 12 Year Service Life

(C = $10000, 8 = $1500)

Case H
Age 9 Year Life 10 Year Life 12 Year Life
Unelio- Annual Unello- Annual Unallo- Annual
cated cost~ cated coBt~ cated COBt~
cost,$ deprecia. cost, § depre~ ocost, depre-
tion, & eiation,$ ciation,$
0 10000 10000 10000
1900 1730 14,60
1 8100 8270 8540
1540 1440 1250
2 6560 6830 7290
1250 1180 1070
3 5310 5650 6220
1010 980 910
L L300 L670 5310
820 810 780
5 3480 3860 L4530
660 660 660
6 2820 3200 3870
540 ; 550 570
7 2280 2650 3300
430 k70 L80
8 1850 2180 2820
350 370 410
9 1500 1810 2410
310 350
10 1500 2060
300
1l 1760
260
12 1500

Sample calculation:

1
- 00)10
1 f%gﬁg%) 2 0.173

Dy = 10000(0.173)(1-0.173)® = 977, 1.e., $980 approx.

Ug,), = 10000(1-0.173)% = 4670
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The application of these equations to the specific ex
amples 1s 1llustrated in Table XII and figures 14 and 15,

Spreading adjustment
The equations based on the "spreading" adjust-

ment representing the unallocated cost and the annual cost-~
depreciation in the period after the kth revision are:

| {m (l«m)(xéik)J

U = cff] —oE—
where m 18 the exponent which was applied during the
(k-1)th period, when the age is X and

Py = (Uglyy = (Uydy

where (Uyp), represents the unallocated cost at age x
during the period after the kth revision of the forecast.
The application of these formulas to the specific cases
is 1llustrated in Teble XIII and figures 16 and 17,

Summary, declining balance method

The declining balance method which 18 most fre-
quently used for a single unlt of property is the fixed
percentage of the remsining balance method. In this method
annual allotments for the early years are much greater
than those for the last years of a property's life. For
example, in Table XI for a lO-year probable life over
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Table XII

Unallocated Cost and Annual Cost-Depreciation,
Declining Balance Method, Probable Life Revised
at Ages 3 apnd 7, "Surplus*® Adjustment.

(C = $10000, S = $1500)

Case J«I Case J-II
By = 12, ny = 10, Oy = 9 5= 9, n,= 10, D= 12

Age Annual cost- Unallocated  Annual cost- Unallo=

depreciation, Cost, § depreciation, ocated
$ 3 Cost, &
0 10000 10000
1460 1900
i 8540 8100
1250 1540
2 7290 6560
1070 1250
3 6220 5310
980 # 980 #
b 4670 1670
810 810
5 3860 ' 3860
660 | 660
6 3200 3200
550 540
7 2650 2650
430 # 1,80 #
8 1850 2820
350 410
9 1500 24,10
350
10 2060
#7Surplus” adjustment: 300
1l 1760
By= 570 260
i2 1500
o= 370 #"Surplus” adjustment:
%; = 340
2, = 650

Sample calculation at age 7:

U 10000 imAQQQI%O
1 (10000) ™ 2650

Dy,1 = 10000 [(e‘xs)%o - (o.as5)T0] = 550
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Table XIIX

Unrecovered Cost and Annual Cost-Depreciation,
Declining Balance Method, Probable Life
Eevisad at Ages 3 and 7, "ﬁpreading" Ad justment,
(C = &lOOOO S = $1500)

Case K~I Case - II
ng *= 12, ng = 10, ny = 9 no= 9, n3® 10, now 12
Age Annual cost- Unallocated Annual cost- Unello-
depreciation, Cost, § depreciation, cated
Cost
[V 15600 Toosst
1460 1900
i 8540 8100
1250 1540
2 7290 ‘ 6560
1070 1250
3 6220 5310
1170 879
k 5050 Lhh31
955 732
5 LOG5 3699
775 611
6 3320 3088
628 510
7 2692 2578
682 265
8 2010 2313
510 237
9 1500 2076
213
10 1863
197
1l 1672
172
12 1500

Sample calculation at age 8, Case J-II:
Exponent during period at age 3 = g = 0,333

 After 1st ravision-5+(l )(%) " %. %(5) = 71

After 2nd revision = (%) l 3 -3-% [ ]
0.714 + (0,285) (-15-) = 0.771

U, = 10000(0,15)°+771 = 2310
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twenty per cent of the cost is allocated to the first
yvear and legs than four per cent to the last yvear of the
ten-year life, The first annual allotment is five times
the lagt annual allotment, If the life of the property
were 25 years, the first allotment would be about six
times the last allotment, However, if the life were 25
years and the salvage "value™ were only $100 instesd of
$1500, the first allotment would be over eighty times
the size of the last allotment.

If the allocstion is related to the consumption
of the service of the property, the declining balance
method implicitly assumes a riglid pattern for the consumpe-
tion or prieing of servieces, l.e., either that the quan-
tiﬁy of service consumed éaclinéa with the age or that
the price of the services consumed declines with age,
Whereas many properties are used more during their early
life than in later years or the quality of their products
is greater in early than later life, the extreme differ=
ences whieh are imposed upon the annual allocations by
this method seem highly unreal, particularly when the
salvage "value” is only & nominal amount,

The illustrative exanrples of the applications
of the fixed percentage method indicate that for these

cases the "surplus" adjustment is the better means of
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ecorrecting errors in prior forecasts. Table XIV sum-
marizes for the numerical examples the variatlons between
the allocations based on the forecasts and the allocation
which would heve been made hed the age of retirement been
known at age zero.

The estimate of the salvage "value"™ is influen-
tial in establishing the percentage depreciation rate
which is multiplied by the remaining balance to determine
the annual allotment. For example, the percentage used
for a ten-year life property when the cost 1s $10,000 and
the salvage ir $15C0, $1000, §$500, and $100 18 17.3%,
20.1%, 26,0%, and 37% respectively. The forecasts of
the salvage "value™ and revision of these forecasts are
important particularly during the early yeers of the prope-
erty's life., As the property spproaches retirement the
variation in dollsr allotments caused by a revision of
salvage "value" forecasts is small because only a small
portion of the cost is unallocated by the time the property
resches approximately 65 per cent of its age at retirement.
Thus, relatively large varistions in the percentage depre-
cistion rate when applied to the small remeining balance
alffect the annual sllotment conly a little, In this method
an even greater need for accurate forecasts of salvage

#yalue” and probable life in the early life of thne property
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Table XIV

A Comparison of the Deviations of the "Spreading®
and "Surplus” Adjustment of the Declining Beslance
Allotments from the Allotments Which Would Have

Been Made i1f the Age of Retirement Had Been
Known at Age Zero

Case Average of the % Minimum and mexi-
deviations of the mun % dilfference
forecagted allot- between forecasted
ments from the allotments and
allotments which allotments based
would have been made on the age at re-
if the age at retire- tirement
ment were used

H-I, "™Surplus® 7 0 to 23

J-I, "Spreading” 25 16 to 53

HJ=II, "Surplus™ 7 0 to 30

§-II, "Spreading” 2l 3 to k2
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than 18 necessary in either of the previous methods of

allocation,

Unit of Production Method

In the unit of production method (use method,
unit of service method) of distributing the cost of a
single ltem of property over its lifs, the allocation of
the cost is based on the services rendered by the property.
In general the application of this method tecitly assumes
the following: (1) all service unlits are similar and
are equally priced, (2) cost-depreciation is only a func-
tion of these service units, and (3) the antensity of the
use has little influence on the cost-depreciation alloca-
tions, With these assumptions, the following formulas
may then be developed. The cost of a unit of service,
Uys when the forecasted total service units is N will bel

m gc"s ]
u N

Tha‘fcrmula for the unslloceted cost after X units of
the total serviees have been used isl

U = c«%{c-s) .

iThe algebralce form of these formulas 1s iden-
tical to the algebraic form of the stralght-line formula,
In elther case, the unit of l1life 1ls allocated equal in-
erements of cost tharoughout the life of the properiye.
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The principal difference between the unit of
production method and the previous methods ls the dimen-
sions ih which the life of the property is recorded. In
the unit of production method, the life of the property
is measured in terms of the dimensions which have an in-
fluence upon the retirement of the property whereas in
the previous methods the life is measured by a lapse of
time, The unit of production method should utilize the
most apt measurement of life which may include time,
number of products, physical properties or a combination
of these.

The measurement of the quantity of the apparent
produet of a property unit may not be relevant in deter-
mining the cost allocation., The proper measurement may
be entirely unrelated to the total produection or total
sales, For example, the life of a telephone pole is a
function of the years of exposure to the elements, not
the number of telephone calls., The life of a ball or
roller bearing is more direetly related to the load-hours
than time interval alone., The use of dimensions such as
psi~hours or hp-hours still falls to recognize the effect
of intensity of use upon the quantity end quality of the
services of the mesohine because it does not give proper
welght to the periods when a machine is overloaded and

thereby excessive wear oceceslioned.
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The conversion of the cost allocation based on
the unit of production method to a time allocation may
result in a wide variety of the time distribution of cost
including the streight~line, sinking fund, and declining
allocation distributions., If N is equal to Qu where ¢
is a dimensional constant, the unit of production method
will yield a straight~line time distridution., If

N = q[.(.w)“ =1 }
(1+4)F = (1e1)*
the unit of production method will yield a sinking fund
time distribution, Likewise, if

N ol

1
X~1 % |!
@ -@"

the unit of production method would yield a fixed per-

centage of the remaining balance time distribution,

| The allocations based on the revision of the
forecasts of a property's life can be adjusted by either
the "surplus" or the "spreading"” method regardless of
the dimensions in which the life 1s forecast, The 1llius-
trative examples of the three time distributions of cost
also provide spseific 1llustrations of the unit of produc-
tion method when the above relations between N, 1, S,

and C are valid, As in the prevlious instances the "surplus"
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method will always provide the best means of correcting
past errors of allocation when forecasts are revised,

If the assumptions regarding the homogeneity
of service units, the relation between output and cost-
depreciation, and the effect of the intensity of use are
removed, the equation for that portion of the cost of a
service unit d, which varies with cutput is

d, = f£(C,8,N, ,s)

o
where « 1s a factor dependent upon the quality of the
gservice and P 18 a faetor dependent upon the intensity

of the use basged upon either a normal or rated output of
the machine. The remasinder, dg, of the cost-depreciation
is dependent upon conditions which are a function of
variables other than the use of the property, e.g., the
rusting, decay, or aging of materlals to the detriment

of their physical properties, and the development of al-
ternative means of obtaining the same service, The total
cost of & unit of service may be expressed as the vector
sum of the costs attributed to the economic forces caused

by age and invention. The cost of a unit of service 1s

then
Du " Ee + EO
when d, and d, are the vector notations for the values

d@ and doa
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The sdvantage of the unit of production method
is that it places the emphasis on the factors which should
be considered before a forecast of life is made. Since
this method recuires n determination of the number of
service units consumed during sny period of time, either
an overt assumption of the consumption of services or a
determination of the consumption of service based on plant
records 1s necessary. In contrast, the time distribution
methods, i.e., straight-line, sinking fund, tacitly as-
sume the rete at which services are consumed.,

Opinions as to the desirability of using the
unit of production method vary. Sallers believes that
the production method introduces asdditional uncertainties
into the allocations,

At the outset 1t must be recognized
that there are certain difficulties,
theoretical as well as practical,

in the application of this plan,

The depreciation charge aims to
return the cost of the asset less
salvage, and this can be accomplished
more easily when the return is se-
cured by means of some mathematically
determined method than when it is
made to depend upon the fluctuations
of produection. In any event the
future length of life of the asset

in question is more or less uncertain,
and when the production method is
employed an additional element of
uncertainty is introduced,.l

lSaliers, (] 1 Qittg P 367&
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Canning indicates thet under certain conditions the unit

of production ("service") formula provides a better method
of allocation thaen the other methods. All of Cenning's
arguments are based upon the postulates that the cost of
all service units from a unit of property iz equal and

that the depreciadble cost allotment is in direct proportion
to the outputb.

Whether or not this method presents
anything novel for coansideration--~

the others being before us-~is of
little conseqguence. Yhat is of vast
consequence is the introduction of

a system of service measures in lieu
of a slngle arbitrary measure. There
i8 no more reason why we should
struggle along with one common service
measure, the year of use, than that we
should try to get along with one, unit
of puhyslical measure for objeets.l

Aside from the one great merit noted,
substitution of a better service
measure, this rule has another great
merit. It disregards n probable life
altogether except to the extent that
the rate of exploitatlion must be con-
stant or that mere exposure rather
than exploitation fixes the amount

of service to he had, These excep-
tional cases are not the ones in which
n is difficult to estimate. On the
contrary, it is for the exposure-
limited and the constent-service types
that n can be most nearly ostimated.

iJ,B. Canning, The sconomics of accountancy.
New York, The Ronald Press. 1929. p. 28l.



206

Where wear, which 1s always a func-
tion of exploitation rate, is the
effective or predominant csuse of
operating outlay, n 1s very difficult

to estimate, Errors in the estimate

of n are one of the most serious kinds,l

n cannot be intelligently determined
for any formula without regard for
the emounts of O [operation outlays)
and of 8 [units of service] that may
be anticipated., + « .+ It i8 not legi-
timate to argue that 0 and S cannot
be sccurately foreecast or forecast at
all; for the straight~line method and
every other involving n as an effective
gymbol implies willy-nilly that sowme
particular trend is expected, Within
the limits of ocur ability to forecast
at all, this method has much more to
recommend it than ang other simple
method yet proposed.~

The unit of production method of ocost-deprecia-
tion is the most flexible of all the methods. With proper
application it will undoubtedly provide the best approach
to the analysis of cost allocation problems. This method
may oconsider not only the time distribution of the consumpe-
tion of services but the variation in the quality of the
services consumed, Of considersble importence is the em~
phasis placed upon the use of the dimensions whioch are ap=-

propriate to the measurement of the life of the property.

Imia., p. 282,

2Toid., ps 283,
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An often neglected factor in the life of piopu
erty is the intensity of use, A machine which operates
at or above the design siress is generally more likely
to fail then one which is not loaded to that point,.
Similarly, materials, e.g., concrete pavements, which
are subjected to repeated stresses and fatigue will carry
“less total load hours if the frequency of repetition is
increased, Cost-depreciation may be even more a function
of the intemnsily of use than of the total guantiiy of
usage., 7The determlination of the effect of the intensity
upon the life of a property should be relegated to e
gpecialist,

Although every property cannot be subjected to
the scrutiny which the unit of production method requires,
the use of this method should prdvide a solid foundation
for a study of the c¢ost allocations of major property
units, If the complexity of the applicutions is too great
for convenient use, approximstions can be Geveloped whieh
conform more closely to the general characteristics of

the allocations based on use methods,.

Summery of Single Unlit Methods

The alloocation of the cost of a single unit of
property over its useful life by the methods just presented
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result in a wide variety of annual allotments, The choice
of a method depends upon the objectives, If a fimm dew
sires to distrivbute the cost of a property over time in
some pattern either thé straight line, sinking fund, or
fixed percentage methods might be used, However, if a
firm desires to allocate the cost of a machine on the basis
“of use the unit of production basis wlll provide the best
basis of allocation.

The adjustment of allocations which are neces-
sitated by a revision of the forecast of elther the life
or salvage "value™ have an important bearing uporn cost
ailacatinug. The adjustment of the allocations by proper
entries in the surplus acecount and the appropriate prop-
erty soccount obtains a better correlation between the
ellocations bagsed on the forecasts and the pattern of
allocation initlally chosen than the spreading method
obtains, In fact, the 1llustrative examples show that
under certain conditions the pattern obtained from the
spreading adjustment is considerably different from the
pattern suggested by one of the standard methods of allow-
cation,

The above opinion is not shared by all writers.

For example, XKohler selects the spreading method as "most
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accurate,” Without stating a eriterion of accuraey,

he wrote:

The above three formulas are S0~
called "straight~line formulas,
as are also the following two
variantsa:

d = (C-8) x %.(L») and

a = (C-8-R} x & ,(5)

Y1
where R is the balance of depre~
ciation accumulated in prior years,
and ¥Yj the estimated number of
years of remaining life including

the current vear,., Xach of these

variants has its advocates, but

in most instances they yield sube
stantlally the same results, note
withstanding their theoretical
distinctions. Of the five formulas,
{5) is probably the most accurate,
provided its application can be
accompanied by periodic remaining-
1ife studies leading to the corrsc-
tion of Yid

In falrness to Kohler, it should be repeated that the

sum of the annual allotments by the "spreading™ method

always equals the cost. In contrast, the sum of the an-

nual allotments by the "surplus" adjustment never equals

the cost unless the sum is corrected by the entries to

the surplus account.

1E¢A. Kohler, ops cit., pe 139-140,
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The importance of considering the adjustments
ag an integral part of the method of allocation was
atressed by the ATA and repeatcd by George May.

The Research Department of the Insti-
tute has recently invited oriticism

of a definitlion of depreciation which
emphasizes the fact that it is a charge
resulting from the epplication of one
of a number of conventional methods

of allocation of the cost of property
to accounting periods, and suggests
that the essentlal and common charac-
teristics of acceptable methods of
allocation are that they distribute

a total actual or estimeted gost over
an estliwted 1iife In a rational and
systematic manner and that they pro-
vide for any revisions that g%z e
found necessary of estimetes ipitially

made, ~ (Undsriining su@pliea.T%

The method of adjustment has such an important
bearing on the distribution of cost based on forecastis
that the method of adjustment deserves as oareful con-

gideration as does the choice of the method of allocatlion,

_ ‘ 1&;0. May, ¥Financial asccounting, op. cit.,
P 3.62*163; .



CBEAPTER XVII
METHODS OF ALLOCATION FOR GROUP PROFPERTIES

Group property metheds of allocating the cost
of long-lived properties were developed after many of the
single unit methods had beoome established., As a result,
instesd of a group of property units being considered
as an entity which served some functional purpose, the
group was considered as a number of separate units each
of which contributed its ahare to the operstion of the
enterprise., Evidence of the individual unit concept in
group property methods is found in the identification
of all the addltions and retirements in a group. Thus
instead of devising group methods for financial aceounting
which eliminate concern over the individual units, most
group methods require that careful attention be given to
Individual property units which are added to or retired

from the group.l

lcontinugus property records have been adopted

by many industrial concerns as an aid in financisl ace-
counting and for other reasons. A survey of the methods
uged by several large corporations is presented by CuV.
Armstrongs Industrial property records for accounting
and valuation uses, Jowa State College. Eng. Expe. Sta.
Bul, 160 " 1914,14- .
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The compositlion of a group of property units
may range from an aggregation of lndustriel unlts to an
aggregation including all the properties in the business,
Such property groups are generally identifiled as Eggggl
properties or composite ﬁggggz properties respectively.
The clegasification of property into groups of like units

may be based on either physical or functionsl characterw

1&rauy rates in effect are special types of
composite rates. According to Carroll (N.A.C.A. Bulle-
tin, vol. 23), the group system assumes:
le An sggregation of homogeneousg
depreeiable units.
2+ Determination of deprecistion
periodically for the entire group
of assets as though it were a unit,
3. Msintenance of a single deprecistion
reserve account for the group,

Theodore Lang. Cost sccounts' handbook. New York, The
Ronald Press, 19LL. De 121k, .

3& composlte rate 1is one based on the average
life of & plant. More specifically, according to Carroll
(KQAQGﬁAQ, Hull@tiﬂ, vol, 23):

The composite life system con~-

temnlates depreciation as a unit,

a number of mixed assets assembled

to perfom 2 partlcular service,

but with each such unit heving a

different life expectancy. A slaple

illustration would be that of a

£111ling statlon with bvullding,

structures, and runways taking one

rate, tanke and pumps another, grease

racks perhaps another, and office

eguipment etill another.

Ibid. 3 Pe 12}.39
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istics and demands careful attention to obtain the meximum
information about all properties at a minimum cost,.

The cost-depreciatlon rate of gomposite groups

generally is less stable over a period of time than the
cost~depreciation rate of group properties, composité
group rates may be determined by referring to Bulletin F
or to a handbook, To be reasonably acocurate composite
group rates require an estimate of the life characterisg-
tics and number of each kind of property units in the group.
If these separate analyses are made, the advantage of the
simplicity of caloulations for the composite group is
 minimized, Since the composite group requires a weighting
of the life characteristics of the various kinds of prope
erty by the number of units of that kind, subsequent
changes in the proportionate number of properties affects
the composite group rates, Composite group rates are
widely used without considering their limitations, because
the group methods are not well understood and an under-
standing of group analysis is a prerequisite to proper use
of composite group rates.

Group yropefty analyses may be classified either
as original group or continuous group studies. An origi-~

nal groupl consists of an aggregetion of property units

1w1n£ray, Depreciation of group properties.
ops ¢it., ps» 12.
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a1l installed at the same time, All units have the same
age throughout the life of the group., A continuous grouplt
is an eggregation of units which have been installed at
various times, A contlinuous group may be maintained at

a constant number of units. It may be increasedz, or
decreased in the total number of units included in the
group., Since the continuous group analysis is an exten-
sion of the original group analysis, the original group
will be considered first,

Original Group

The fundamentel life characteristics of an
original group mey be presented elther in the form of
a8 frequency distribution of the retirements or a dise
tribution of the property units in service throughout ’///f
the life of the group. The frequency distribution is
generally presented as a frequency curve., The units

in service are represented by a survivor curve. These

curves ara illustreted in figure 18, The survivor curve

4Ipid,., p. 12.

2Wa¢. ¥Fitch, The influence of growth on the
condition per cent of physical properties, Unpublished
¥‘§§ Thesis. Ames, Iowa, Iowa State College Library.
939.
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may be obtained by summing the area under the frequency
curve from the maximum age to age zero, or what is equi-
valent, subtracting the area under the frequency curve
from the original number of units im the group.

The probable life can be obtained from these
fundamental curves, The probable life of the original
group at age zZero is also the average life of the originsl
group, The average life can be calculated by dividing
the area under the survivor curve by the number of units
in the original group., When the number of units is ex-
pressed in per cent the area under the survivor curve
divided by 100 per oent is the average life. The probable
life is squal to the age plus the expectancy., The expec~
taney of the group at any age 1s equal to the area under
the survivor ocurve from that age to maximum life divided
by the number of units in service at that age. The
provable life (figure 18) varies from the average life
at age zero to the maximum life of the group., The ex-
pectancy varies from the average life at age zero to zero
at the maximum life of the group.

In order to daterminé the life characteristiocs
of group propertlies the number of units retired at each

age must be studied. Several methods of analyzing ree
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tirement data are presented by Winfrayl, 8.8+, the 1indi-
vidual unit, original group and annual rate methods., Since
the sigunificance of these methods ls adequately covered

by Winfrey, they are not discussed hereiln,

Burvivor curves to be of use in forecasting
the average life of a group must be approximated before
the group has been retired. The survivor ocurves of prop=-
erties in current use will be incomplete, stub, curves,
These curves must be extended to maximum life before the
life characteristics can be calculated. Winfrey suggests
the use of the 18 "type curves" which were developed by
the Jowa Engineering Experiment Station and published in
Bullatinllzﬁt Others have suggested the use of the
Gompertz-Makeham and Gram-Chalier methods of curve fitting
ag an aid in the extrapolation of the stub curves. An
extensive ocomparison of the results of these methods is
presented in Bulletin 125,

The discussion of the application of the probe
able life or average life to the methods of cost alloca-
tion generally provokes more controversy than the selection
of the proper statistical determination of the probable

1ife or average life, Since the reasonableness of the

Awinfrey, Bulletin 125, op. cit.
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estimate of probable life or average life can be verified
after the group has bheen retired, errors in forecasting
can be ascertained, However, because the reasouableness
of any method of allocation is bussed upon judgment, 1.e.,
conformity with the oplaion of individual business men,
the propriety of a method of allocation is not subject

to the same factual check as the statistical determination
of probable life or average life.

A% least five methodsl of allocating the cost
of the original groun huve been applied. The two most
frequently used are the average life method and the unit
summation method,., Less frequently used are two modifi-
cations of the average life method in which (1) the total
cost of the group is allocated over the average life of
the group and (2) the cost of the survivors ls allocated
at a rate equal to the reciprocel of the average life,
‘only over the averasge life of the group. The fifth
method is the probable 1ife method in which the cost of
the group is allocated in proportion to the ratic of the
expectancy to the probable life.

AiPreinreich considers the first four of these
methods in his article The Practice of Deprecistion, op.
eit, He identifles the methods &3 the true straight-
line method, the method of weighted life units, the
economistst straight-line method, and the accountants®
stralght-line method respectively.
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The last three methods c¢an be rejected on the
basig that they violate the accepted bases upon which
cost 18 allocated, i.e., on the basis of service rendered
or property consumed., The first modification of the
average life method, figure 19, allocates the cost over
the average life, but it allocates no cost to elther the
property unites in existence or services rendered after
average life is reached, The second modification allo=-
cates the cost of the survivors at a rate equal to the
reciprocal of the average life of the group over only the
averags life of the group, flgure 20, It does not allo-
cate the total cost of the group which is ample reason
for rejecting it. 1In addition, the same objection can
be raised against it as against the first modifiecation,
Thus, both modifications are rejected because they do not
correlate the allocation of cost either to the consumption
of the physical property or to the services rendered by
the property.

The probable life method allocates the cost
of the group over the total life of the group. The
equation for the unallocated cost by the probable life
method is:

unallocated cost = ocost new (_eXpectancy
(prnbable 11fa).
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8ince expectancy = probable life -~ age,
, . age
unallocated cost = cost new (1 Srobable Tife

allocated cost = cost new { age )
probable life

}

Whatever the units of age and probable life, the inorease
in age 18 in part offset by the increase in probable life.
Thus, instead of relating the allocation of cost to either
the number of property units or to services originally
inherent in the group each of which ls a constant, the
allocation of cost is related to the variable, probable
life. Although the probable life method allocated the
oost of the group over the life of the group, it must

be rejected because the allocation does not conform to

any of the acoepted bases of allocating cost.l

Average life method //// ,,,,,,, a
A significent advantage of the average life

mathéd is its ease of application, An allocation for
a 1life period of the group can be made by determining
the average investment during that period and dividing
it by the average life of the group., The average investe

;&lthcugh this method has been rejscted on
other grounds it should be noted that it is one of the
few in which the individual unit in the group is not con-
sidered, It is strictly a group method,
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ment may be approximated by finding the arithmetic mean

between the investment at the beginning and the end of
the interval, The correct everage investment must be
equal to the area under the survivor curve for that life
period, flgure 21b,. The arithmetlic mean will be gresater
or less than the area depending upon the shaps of the
segment of the survivor curve during that interval. The
survivor curves in figure 21 represent the same original
group expressed in dollars and in physical units. Thus
at any age the ratio of the corresponding ordinate on

ecurves 21a and 21b is the cost of a property unit,

¢ [
6 3 ‘ ’
S % 4%6
7 9 <N
%E\ (qg‘ 7 9
Y
&5 35
/| 5| 8/ /181 &0
Age Age
a b

Fig. 2l An illustration of average investment and
equal allocation per urvt of service as used in the
average life mettod,

The charge per unit of service is equal to the

allocation per period divided by the number of units of
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gservice utilized during the period. Since the area under
the survivor curve in rigﬁre 2la represents the units of

service and the area under the curve in figure 21b during
any single age period equals average investment, the cost

of a unit of service is

s ror
Area 1v2'375'" (average lilie]),

but Area 1'2'3'5' = cost of a property unit x Area 1235

which results in a unit of service cost of

1
(cost of a propertywmit) X (average Life)
The cost of a unit of service during any other perlod

mey be determined in the same way, €.g., 4
Area %682 =
ATrea Y5V) x (average Life)

1
(cost of a property unit) X (average life)

Thus, 1f the average life is forecast accurately, the
cost of a univ of service for all periods will be equal,

Thus, when the average life is expressed in service units,

the average life method of sllocating the cost of an
origzinal property allocaves equal cost to each unit of

service, Therefore, the claim that the average life
method results in egual cost per unit of service ls besed

on two assumptions. First, the averuge life is expreasad
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in service units., Second, the average life can be fore-
cast accurately at age zero.

The fact that the average life method may allo-
cate cost equally to a group of homogsneous service units
is presented as ample reason for its acceptance, Disre-
garding the two restrictions, it is doubtful whether this
constancy of cost necessarily corresponds to the trends
in the costs of other factore of production which are not
subject to cost-depreciation policies. For example, con-
sumable supplies and labor costs do not remain constant
throughout the period of time which many of these long-
lived properties exist even though these supplies and
labor services might be the same throughout the period.
However, it is a matter of judgment whether this equality
of cost of homogeneous services is representative of the
conditions extent. In general, it appears to be a plau-
sible first approximstion.

The average life method may be represented

graphlcally in either of two ways, The usual applioationl

lwgnder the 'tgroup method! an average service
life is estimated for an entire group of similar plant
units, and the rate indicated by such estimate 1s appllied
to the cost of units in use for the period of average life,
or until the amount to be depreciated has been fully ac-
crued, With the emphasis on average life the balance of
depreciation allowance at any point is considered to apply
to the group as a whole rather than to the particular
units of the group. When a retirement occurs, accordingly,
the gross book value less salvage i1s charged to the allow-
ance account with no recognition of retirement profit or
loss."” W.,A, Paton, op. cit., p. 267.
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of a constant rate (equal to the reciprocal of the average
life) to the averasge investment is illustrated in figure
22, In this illustration the cost of those units which
are retired before average life which is unallocated is
compensated for by the allocation of more than the original
coat of the units which live longer than the average l1life.
In figure 22 the cost of a group of 10 egually priced prop-
erty units (with zero or equal salvage values) is repre-
gsented by 10 equal increments placed one above the other
- such that the ordinate at age zero represents the depre-
giable cost of the group and the shaded ordinate at any
age represents the unallocated cost, In figure 23 the
average life method i1s represented in a different manner
by a group which is assumed to follow a stralight-~-line sur-
vivor curve,l

The average life method allocates the toital cost
of the property over the maximum 1life of the group regard«

less of the shape of the survivor curve, From the defi-

;a detailed discussion of the properties of

the siraight-line survivor curve is presented by J.C.
Hempstead in Derivations of Renewals and Condition Percent
Curves for the Straight-line Survivor curves and investi-
ations of Normsl Condition, unpublished professional C.E.
%hasis. Ames, lowa, lowa State College Library. 1942,




227

Average /ife ~

[ _ T 1T T
e 2 FPortiory of origrrnal
P~ cos? allocated before
//r. wurert 18 prefired

ORI

—
SR
N R N N RN

Partiorm of origrnal
- wratiocared by rime

it /s \.mi\.\d\-\

\,\

l
S |
Nore: Surm of wunallocored
(| porPions equals 1he sum
/
/
[
|
i
|

7
A

VA

M

of the ewxcess ollocared

\

Cos? of & .s‘;ng/o writ

{

L
Cost in excess of original
cos? of unt aflocared

ol T
TN

| 1
RIS

Q
L)

7oral cost of group conforing ter: urnits

N DY

K

Ags, Jears

Fig 2. Customary average /ie rraettrod i
wtnch 1he annual allocaliorn bosed or /e average
lite is gootied over rhe life of 1he wurnit



R23

nition of average life the following relations can be

wrlitten:

Total allocations = ziavera,e investment ,
. average 111e

when average life 1s constant;

total allocations = 1 E: v
(average life) . averags

investment per unit of timxe,

but in figure 21b

average investment area under survivor curve
for a unit of time for that unit of time;

o

vivor curve for = ourve;
a unit of time
[+]

and average z &res under survivor ocurve .
nd average life cost new of the group

}i area under surs area under the survivor

Thus,

3

Total allocations

1
(agea under survivor curve)
cost new of the group

(area under survivor curve)

i

¢cost new of the group.
Regardless of the shape of the survivor ocurve, i.e.,

the distridbution of retirements, the total cost of the
group will be allocated over the maximum life of the
group if, at age zero, the average life ls forecast cor-
rectly, The following quotation from a recent textbook
in advanced accounting demonstrates that this principle

of group property accounting is not yet well understood,
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This procedure [average life method]

clearly Iinvolves the assumption of

a retirement curve of such a nature

that the underdepreciation on early

retiremente will bs offset by the

overeccerual on units remaining in

gervice beyond the average life term,

To validate such an essumption the

rotirements must be uniform through-

out a perlod of which average life is

the midpoint, or show a symmetrical

or irregularly offsattinf gourse on

each slde of such point,

Kimball? suggested that the average life
method could be represented by considering that each
unit in the group was repriced in proportion to its
service capacity. Then the cost~depreciation charges
are made according to the expiration of the units of
gservice. If the average life is stated in the dimen-
slons of the service rendered and the consumption of
gservice is the basis of allocation, the variation in
the unallocated cost of each property unit will be rew
presented by a straight line,

The graphi¢ representation of Kimball's sug-

gestion in figure 23 assumes that the group 1s composed

lW,A. P&‘tﬁﬁ, ops cits., D 268,

%Q.F, Kimball, The failure of the unit summe-
tion method as a group method of estimuting depreclation,
Econometrica., 13:229. 1945,
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of 25 unites whoss retirement characteristios correspond
to a straight line survivor curve, The cost of each unit
after it has been repriced to correspond with 1ts service
capacity 1s represented by the ordinate at age zero,

The unallocated cost of the group at any age is equal

to the sum of the shaded ordinatesz,

Unit summation method

The unit summation method is based upon the al-
location of the cost of sach Individual unit within the
group over its life, The ellocation of the cost of the
group 1s the sum of the allocaticns of the cost of the

individual units. The unit summation method has the sig-

nificant attribute of ylelding the same result as though

the property unlts are considered singly when the forecast

of the lives of the individual units gorresponds to the

mortality charascteristics of the group. Since many firms
uge both individual property accounts and group property

aceounts, this group method yilelds cost-depreciation
dollars which are based on the same principles as the
methods appllied to individual units,

The allocation of cost over the life of the

individual units mayv be made according to any of the



232

methods which can be applied Lo the individual units,l
If the allocations are based on the straight-line method
and the group retirement cheracteristics follow a straight-
line survivor curve, figure 2 repregents the unit summa-
tion method applied to a group of equally priced units
in a group. The costs of the property units are repre-
sented one above the other on the zero ordinate, The un-
allocated cost at any age is equal to the sum of the shaded
ordinates., Conversely, the accrued deprecistion is equal
to the sum of the unshaded ordinates, Regardless of the
method of allocation, the cost which is allocated 10 pro-
ductlon for the unlts of service from the property which
is retired before average 1life will always be greater than
the cost whieh is allocated to production for the units
of service rendered by the properties which are retired
after average life. Consequently, the units of service
from the group will cost more during the early life of
the property group than during the later life,.

The justification of the unit summation method

or the average life metlhiod is a matter of Jjudgment as to

lﬁne of the original studles on a method of
-ealeulating thls allocation was madas by M.R. Good in
Method of Determining Condition Percent of Physlcal

roperties. npubliehed M.S. Thesis. Amvs, lowa, Lowe
State College Li‘b:mry » 1927.
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whether each property unit of the group should have its
cost allocated over its life or each unit of service should
be allocated equal increments of cost, The basis upon
which Kimball advocates the average life method and Winfrey
advocates the unit summatlion method are as follows:

Kimbell states his eriteria for group methods as:

The polnt of view for testing the
valldity of a group method of es-
timating deprecistion which will
be uged in this article will be
that of regarding depreclation as
a measure of the proportion of
production capacity of a group

of machines that has been expended
at the time that the depreciated
value is determined. » + + The
essential requirement will be that
at the time a given unit of servw.
jce is performed, it is to be con~-
sidered irrelevant which machine
performs this service, and at what
age the machines performs the
service,l

Winfrey states the following criteria by which he sup-
ports the unit suwmation method:

The unit-summation procedure ...
(48] the only mathematically correct
procedure (whichl results in the
average condition percents of the
survivors because it considers
separately each surviving unit,?

Ig F. Kimball, op. cit., p. 225.

gﬁabley Winfrey. Depreciation of group propw
erties, op. cit., p. 71,
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A comparison of the average life method and
unit summation method of allocating the cost of an ori-
ginal group reveals certain general relations, First,
the cost per unit of service is constant when estimated
by the average life method whereas the cost per unit of
service decreases in the later 1life of the group when the
unit summation method is used. Second, when the unit sum-
mation method i8 used the estimated annual allotment durirg
the early life of the property is greater than the esti-
mated annuel allotment using the average life method,
During the later years this relation is reversed. This
relation of the annual allocation is true regardless of
the retirement characteristic of the group. Figure 24
is a comparison of the two methods when the property re-
tirement characteristies follow a stralght-~line survivor
curve and the cost of the individual units is allocated
by the straight-line method, Figure 25 is a similar come
parison of a group property whose frequency curve of re-
tirements is symmetricel, and S, type curve.l Figure 26
applies to a property group whose frequency curve is

skewed to the right, an RB type curve.z Filgure 27 applies

]‘Ibid. y P 130.

2Tbid., pe 131.
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to a property group in which the retirement characteris-
tics correspond to an Sz type curve, the same as in figure
25, but the allocation of the cost of the ipdividual units
is assumed to follow & ocurve similer to a six per cent
sinking fund curve, The effect of the retirement chare
scteristics on the distribution of the annual cost by
either method is apparent from figures 24, 25, and 26 in
which a straight line, symmetrical and skewed distridbution
are illustrated. In sddition, the effeot of a varlation
in the allocation of the cost of the individual units
over their livea acoording to elther the straight-line
or sinking fund curve as applied to an S, type curve is
apparent from a comparison of figures 25 and 27

A comparison of flgures 28 to 31 of the unallo-
cated cost of the various property groups which have been
discussed previously reveals that the unit summation
method always produces a smaller unallocated cost at
any age than the average life method, This relation
oceurs because the unit summetion allocates enough funds
to cover the cost of each property unit by the time it
18 retired plus the cost-depreclation of the property in
service, but the average life method does not allocate

enough funds to cover both the cost of all property units
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retired and the agstmdepreaiation of the units in service
until the group is retired. Conversely, the depreciation
reservel is always greater when the unit summation method
is used, Figure 32 is a reproduction of Winfrey's com-
parison of the reserves for the 82 type curve,

The use of a group method in preference to the
Individual unit method has advantages other than the
savings In accounting time, The grouping of similar prop-
oerties provides a systematic means of providing for the
anticlpated variation of the lives of the units within
the group whereas the llves of similar units considered
separately will be assumed to have equal probable lives
until the property hes aged sufficlently to accentuate
the differences between the units. At the same time the
inspection of individual units for accounting purposes
can be replaced by the analysis of retirement data sup-
plemented occasionally by a personal inspection of the
property. When a group of property units is considered

as an entity, the resultant allocation of cost to

iéhe depreciation reserve at any age is equal
t0 the total past cost-depreciation allocations of the
cost . of the group up to and ineluding that age less the
sum of the cost of all units retired up to that age, i,.e.,
the upallocated cost of the group and the cost of the
retirements subtracted from the original cost of the group.
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successive periods generally will decline throughout the
1ife of the group in a manner which can be predicted more
reliebly than the resultant sum of the allocations based
on the cost-depreciation of each unit separately. The
unit summetion method will always allocate more of the
cost to the early periods than elther the average life
method or the use of separste allocations for sach unit
of the group, In many instances the sum of the allocaw
tions of the cost of the units trested separately will
approximete more closely the allocations based on the
average life methodl than the unit summation method,

The usge of group methods and individuel unit
methods for different sccounts under the same accounting
management necessitates careful considerstion of the sig-
nificance of the result which is desired. If the combi-
nation of group methods and unit methods is to have any
reasonable interpretation, both the group method and in-
dividual unit method should utilize the same basis of al-

location, If the allocations are to be based on the equal

,1Tha gum of the allocations of the separate
units 1s based on the average investment but the rate
will change whenever the estimeste of the probable lives
of the individual unitis is revised, In the average life
method the base is the average ilnvestment but the rate
remains constant,.



247

cost of a unit of service, the average life method will
yvield equal cost per unit of service for group properties
and the unit of production {(use) method will yield equal
cogt per unit of service for a single property. However,
when a few similar units are present, either they should
be treated as a group or the allocations of the cost of
the individual units should be averaged before including
the allocations with those made by the averége life group
method and unit of production method. If the allocations
are to be based on the allocation of the cost of each
property unit over its life, the unit summation method
will produce this result for a group of property units,
The results of the unit summation method will be compatible
with the allocations of any number of similar or different
kinds of individual property units provided the same

basis of allooation of the cost of the individuel units

is utilized in the calculation of the unit summetion con-

stants.

Adjustment of group propserty acoounts
The correction of the error in forecasting the

retirement characteristics for group properties necessl-
tates tne adjustment of cosi-depreciation allocations.

These allocations may be affected by both the forecast
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of the "type curve" and the average life of the property
group. Thus, the adjustment of accounts may be caused
by evidence that the average life is changing or the re-
tirements are not following the predicted mortality curve
or a combination of these, The accuraey of the foreoest
of nmortality characteristics is comparaﬁively easy to
cheok by comparing the realized survivor curve of the
original group with the predicted survivor curve. Since
the average life, the retirement frequeney curve, and the
survivor curve are all interdependent, a deviation from
the predicted survivor curve would indicste an error in
the forecast and proper adjustments could be made, Con-
sequently, it should be easier to detect an error in the
forecast of the life characteristics of a group property
than of a single unit.

Ostensibly, the a&juatment of the stcounts may
be made by methods similar to those described for the
individual unit, The two methods which will be considered
are the surplusg method and the spreading method. The
surplus method retains the same general characteristios
which were presented in the discussion of methods appli«
cable to slingle units. However, the appllication of the
"gpreading method"® to group properties, while retaining

the characteristics of the average life method or unit
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gsummation method, is Ilmpossible, Since errors in fore-
cagting the retirement of property units cannot be cor-
rected by spreading, because the number of units in serve
ice is a physical fact, this error must be either adjusted
abruptly upon discovery or igrnored, This 18 true whether
there is an error in the prediction of the average life
or the survivor curve. Thus, the spreading adjustment
cannot be eppllied to the unit summetion method unless
surplus (or profit and loss) adjustments are made at

the time of the revisgion in which case 1t reverts to

the surplus method., The spreading adjustment when applied
to group properties can have slgnificance only if the un-
allocated cost of the actual units remsining in service
is "spreed"” over the forecasted remaining life., The
spreading adjustment when applied to the average life
method adjusts the cost-depreciation rate (which is de-
termined by the revislon of the forecast of the averege
life) but this revised rate cannot be applied to the
average investment in the units in service during the
aveounting period and distribute the unallocated cost
over the remaining life., Thus, the spreading method,

as originally conceived for the adjustment of allocations
pertaining to single units, is not appliceble to the

aéerage life method,
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The failure of the spreading method of sdjust-
ment to provide a satlisfaciory means of distributing the
unallocated cost over the remaining life of a property
group can be established by an examination of figure 33.
Survivor curve A represeunts the original forecast of the
survivor curve, Burvivor curves B and C represent two
possible revisions of the forecast at age x., First con-
sider the affect of discovering at age x that the prop-
erty was following survivor curve B, i.e,, that they are

actually r units in service at age x, not q units,

/

N
|

bts or Dollors Scrviiabxg

|
|
!
X1y

Age

Fig. 33. An illustration of why the spreading merhod is rof
applicable when the forecast of the mortality characreristics
of @ group /s revised,

If the average life method 1s belng used, the
average life of the remaining units should be hased on

curve B but a cost-depreclation rate based on this

average life will be sufficient to allocate r dollars
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over the wemaining life instead of g dollars, Thus,

the, ad justment on this bhasis allocates more than the
remaining cost over the rest of the llfe of the group.

If the revised forecast at sge x had been curve C the
reverse will be true, i.e., the rate will be sufficient

to distribute g dollars over the remaining life and there-
Tore will allocate less than the totel cost over the life
of the group. Another possibility would be to awalt age

v before applying & depreclation rate based on curve B
from y to m, However, if the revision had been to curve

C this alternative would wvanish, Even though the revision
is to eurve B, the cessatlon of alloecating cost for any
period is the equivalent of an adjustment to surplus
through the proflt and loss statement and should be recog-
nized overtly as such,

If the unit summation method 1s being used the
Inapplicability of applying a rate based on the average
life and number of units et r or g to q dollars 18 even
more apparent than in the average life case, The reason
Yiis conflict in the spreading adjustment appears in a
group property when it does not appear in the single unit
method is thet the phyalcal units whieh exist at each
age 1s a fact which can be established, whereas the un-

allocated cost of a single unit cannot be contradicted
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except by Jjudgment. Thus, the spreading method which
was shown to be undesirable when applied to a single
unit ceases to have meaning when applied to a group of
units.

An illustrative example of the effect of re-
vising the forecast of the probable average life of a
group when the type curve remalns constant is presented
in Table XIV and figure 3L. The revision of the forew
casts at ages 5 and 10 are sccompanied by the following

book entries:

Age 5
- Average life method;
Burplus 2110,00
Depreciation Reserve 2110,.00

To adjust the depreciation
regerve to correspond with
the revised forecast of the
average life,
Unit Summation method:
Surplus 2110,00
Depreciation Reserve 2110,00

To adjust etc,



Annual Cost-Depreciation and Unallocated Cost.

Method.

TABLE XV

Forecasted Average Life = 11 yr. from age 1-6; 12 yr., age 6-11; 10 yr., are 11-20

Averagce Life Iethod

Unit Jurnetion (ethod

rverarse Life ifethod and Unit Surmation
Forecast of Averare Life Revised and idjusted by Surplus ZEntry

Age  Investrient Deprecia- Unallo- .nnual Condition Unallo- Ainnual cost-

Ir. Surviving,% tion Re- cated , cost-depre- ner cent cated ~ depreciation
serve Ratio, Cost, ciation i Cost,s allocation,

allocation,y

0 100000

1 20990 9.09 90910 9090 89.70 89700 10300

2 99990 18.18 81820 9020 79.45 79450 10250

3 99960 26.85 73150 8670 69.52 €9500 9950

4 99900 35.15 64790 8360 60,16 60100 9400

5 99770 42,80 56670 8120 51,58 51460 8740

5% 97320 59.70 58780 55,02 53570

6 94550 46,53 5056044 8220 47.65 450504 8520

7 90300 52.060 42800 7760 41,006 37060 7670

8 84730 58.05 35540 7260 35.85 29€70 7210

9 77600 62,94 28760 6780 30.19 23430 6440

10 69260 67.25 22680 6020 25,79 17860 5370

104 50000 74.66 2670 18,73 9360

11 38230 78439 8260444 4410 15.33 5860 2500

12 27320 78,74 5000 3260 12,40 3470 2460

13 17960 81.71 2750 2250 10.02 1800 1600

14 10620 87.40 1340 1410 7.92 840 960

15 5450 89.88 550 790 6.12 330 510

16 2290 92,17 180 370 4.56 100 230

17 710 94,30 40 140 3420 20 80

18 125 96.29 10 30 2.00 0 20

19 6 98,16 0 10 0.94 0 0

20 0 0 0 0.00 0 0

fentry based on revised forecast #adjustnent of surplus,
Fffadjustment of surplus, credit ..2110 credit ..2110
Ff##adjustnent of surplus, debit {510,100 #'adjustnent of surplus,

aDepr.Res.Ratio

_ uUollars in Reserve

bUnallocated cost = Investrient surviving (1-Derr.es.2tio)

debit 8500

(Values fron unpublisined calculations by

Sy Y : . = bl
Cost of Survivors wobley .irfrey, Iowa [tate Jollcre, ..nes, Iow

3
~ o

)

63
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Urit Summation
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fig 34. A comparison of 7hHe arnual cost-depreciation ond
urrallocated cost! calculated by the average life method and

unit summation metfiod using a surplus adjusirnent to comp ensalte
for a revision of the forecast of the average /ifTe of arn original
group with S, mortality characteristics; cost of group:3/0900C;
my:llyr, mg12yr., m /0 yr.
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Age 10
Average life method:
Surplus 10100.,00

Deprecistion
Reserve 10100,00

To adjust ete.

Unit swmetion method:
Surplus 500,00

Depreciation
Reserve £500,00

To adjust etec,

Similer conditions will be encountered 1f the revision
involves a change of type curves or both a c¢hange of
average life and type curves,

The alloecstion of the cost of an original group
may be based on elther of the two following prineciples,
{1} the allocation is direectly proportional to the serve
ices rendered compared to the totel services rendered or
(2) the allocation of each of the physical units by the
vame 1t is retired, 1In either case the edjustment of the
allocations to successive periods of time and of the de-
preciation reserve must be mede by an adjustment of the

surplus {or its eguivalent) i1f the alloecations based on

the revisions are to gontinue to be based on the same
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principles which govern either the average life method

or unit method.

Contipuous Group

A aontinumua»group of property is any group
of units in whieh the installation of individual units
is mede over a period of years, The continuoug group
is a better representation of most of the group accounts .
in the average business than the original group. Busi-
nesses in general are established on the presumption
that they will continue indefinitely. Thus property
units are replaced upon their retirement unless a better
means of obtaining the same service is dlscovered or
the seyvice is no longer needed,

Even though the analysis of a continuous group
involves an original group analysis as an integral part
of any study to determine the allocations of the cost of
the group, the continuous group has certain inherent_ad»
vantages., F¥irst, the number of accounts reqguired to list
the property is reduced, Second, the larger size of the
group may ald in forecesting. Third, for stabllized
aontinuoua property groups the annual allocation of cost

is dependent upon fewer variables,
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The size of the contlnuous group may vary in
many different ways. The varlations may be caused either
by a fluctuation in the number of units, by a fluctuation
of the price of the units, or by a combination of these,
The variations in the size of the group are classified
as non-growing, growing, and declining property groups,
Each has its counterpart in the buslness organizations
of today. These trends may be discovered by a study of
the placenments and retirements which sre a matter of record
in the acoounts of many companies,

The theoretiecal study of a continuous property
group reguired the development of a method whereby the
retirement of the property could be predicted from the
original survivor and frequency curves., In order to
gimulate various conditions which affect the group it
i8 necessary to utilize a technique whereby the size of
a8 property group may bhe caused to respond to whatever
assumptions are Iimposed upon it, Two ways in which thils
mey be accomplished have been set forth by Preinreich and

Winirey.l A renewal functlon based on the calculus was

;A method similar to Winfrey's is presented by

E.B. Kurtz in The Science of Valuation and Depreciation,
New York, The Ronald Press, 1937, Ds 02«7l
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introduced by Preinreich.” Prior to this A,J, Lotka cone-
trivuted much to renewal theory. Preinrelch proposes

the sclution of a Volterra integral equation as a means
of representing the remewale of industrlial properties.
Lotka advocated a Hertz series as an approximation of |
the renewal geries.

A tebular form representing the arithmetical
calculation of the renewals based on a known survivor
curve 1s presented by Winfrey.z The e¢alculation of the
renewals at any period of 1life by the tadbular method
requires the calculation of all the previous renewals,

The tabular method and calculus method of re-
newal c¢alculations have their chief application in
theoretical studies, Winfrey's tabular method can be
understood by anyone ac¢quainted with algebra, Preinreich's
calceulus method requires an understanding of advanced
calculus, Preinrelich's method has the advantege that
the renewals functlion c¢an be represented ﬁy a relatively

short equation allowing greater ease in manipulation.

lﬁ.A.D4 Preinreich, The present status of

the renewal theory. Baltimore, Waverly Press Inc. 1940,
29PD,

“Winfrey, Bulletin 125, op. cit., p. Al-i7,
and Bulletin 155, op. cit., ps L4~48,.
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Winfrey's method is laborious and time consuming to mani-
pulate, Howsver, if the cholce hetween ths methods 1is
to be made 1t will be on the basis of the background of
the person using 1t, the average person will choose the
tabular form and the skilled mathematician will choose
the integral equation form,

The nongrowling or constant size continuous
group provides the simplest approach to a study of con-
tinuous property groups. As a first approximation it
is assumed that all retirements are replaced by identical
units which have the same life characteristlcs as those
retired, Yor example, If the original units follow an
8, survivor curve with 10 years average life, the replace-
ments also follow en 8,, l0-year average life survivor
curve (figure 35). Calculations of this nature for each
of the 18 type curves have been made by Winfrey, From
thesse calculations it is possible to determine at various
instants in time the ége distribution of all of the prop-
erty units in service, From these same calculations the
n1location of the cost of the group by any of the methods

can be made,l Also the everage age of the property in

Lwinfrey has calculated the cost-depreciation
allocations, depreciation reserve, and possible net return
by the average life unit summetion, declining balance, and
progable life methods in Bulletin 155, op. o¢it,, pp. 107~

116,
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service can be determinec, When these calculatlons

are carried through seversl asverage life cycles, from

2 to LbL Tor the 18 type curves depending upon the shape
of the frequency curve, the retirements (end renewals)
approach within 0,1 per cent a limitiang value, In the
1init when the retirements have reached this constant
the property is said to be stabllized. The stabilized
property will have & normel average age, pormel uncllo-
cated cost (normal cost-depreciation roccerve), normal
annual alloecation for cost-depreciation,

The normel annual allocation for a stabilized
nongrowing property ls equal to the guotient of the cost
divided by the average 1ife which 18 equal to the original
cost of the retirements,! Tnis follows from the defini-

tion of a stabilized property and is true regardless of

shape of the survivor curve or the method of allocation.

Bince the normal annual alloeatlion equals the cost of
the reﬁiremants and the cost of the retirements squals
the cost of replacement, a continuous property group can

be maintained at a constant number of dollars only by

lTha normal annual allocation is equivalent to
the Tirst modlification of the average 1lifs original group
method whieh Preinreich called the economist's method,
It should be noted that this method is applicable only
to stabillzed nongrowing property groups.
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allocating to cost-depreciastion an amount equal to the
cost of the replacements., It is because of this inde-
pendence of the annual allocation from all the variables
except the average life or retirements that it 1s conven-
lent to consider similar property units as a continuous
property group. Preinreich arrived at this conclusion
in his study of the calculus of“dapraaiation theory:

In the entirely statlic case, any

‘method of depreciation will ulti-

mately produce the same charge to

operations, . .+ » The amount of

profit reported by the books will

ultimately be 1ndapefdent of the

depreciation method,

The normal average age of a continuous property
group 1s also a constant, This follows from the condi-
tions necessary for stability since the age distribution
of the units in service must remain constant before the
retirements will remain constant, The average age at
which a group will stabilize depends upon the retirement
characteristics of the group. The normel average age will
be 50 per cent of the average life for & square type sur-
vivor curve, i.e,, the "one~hoss shay" variety of property
which ig all retired simultaneously., The normal average

age of the 18 type survivor ocurves varies from 50.3 per

lPrainreiah, Annual Survey, op. cit., p. 323,
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cent of the average life for a high modal 8, type curve,
which approaches the square type, to 69 per cent for a

low modal Lg type curva.l

Unit summstion method

The normal unallocated cost or cost-deprecla-
tion reserve? is dependent upon the method of allocation,
The normal unallocated cost or cost-depreclation reserve
which 1s consistent with the unit summetion method is
independent of the life characteristics of the group.
The normal unallocated cost or cost~depreclation reserve
which 18 consistent with the average life method of alloe
cation is dependent upon the life characteristics of the
group. Kimhalla has presented an excellent discussion
on the limits of the reserve ratio (the ratio of the de-
preciation reserve to the original cost of the group) in
a recent article on continuous property. In this discus~
sion he presents and yrdves twelve theorems concerning

the plant accounts of a continuous property.

IWinfrey, Bulletin 125, op. eit., p. 8l.

2phe cost-depreclation reserve of a stabilized
group 1s equal to the coat of the group minus the unallo-
cated cost,

3kimball, The general theory of plant accounts
subject to constant mortality low of retirements, Koo~
nometrica., 11:61-82, 1943.
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The normal unallocated cost of e nongrowing
continuous group consistent with the unit summation
method is 50 per centl of the original cost of the group.
The criterion of a 50 per cent reserve has been misintere
preted and offered as proafz that the unit summation pro-
cedure is the only mathematically correct procedure,
whereas the 50 per cent criterion should be applied only
to those methods which attempt to depreeciate the units
1n&1v1dually within the group over their respective lives.

Average life method

The per cent of the normal unallocated cost
of the original cost of s stabilized nongrowing contin-
uous group which is consistent with the averége life
method is equal to one minus the ratio of the average
age of the survivors to the probable life of the surviv-
ing units, The probable life of the survivors is the
| average llfe of the survivors., This ratio is equivalent

t0 & ratio of the units of service given up by the survi-
vors, to the total units of service available from the

survivors when new, i,e.,

lJiﬂt Hempstead, op. olt., p. 71

2w1nrxey, Bulletin 155, op. 8lt., p« 50-+59;
Kimball, The failure of the unit summation method, op.
eit., p. 228,
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average age of

| , . survivors ’
% noxmel unalloceted cost = 1} Probable 11fe of

the survivors

age X number of units

gurviving at each age ,
average age of survivors = §3g§%~§%§5;;“3?“§5153

surviving

total service available
from surviving units

| = at_age zero
probable life of survivors ~€3¥EI—§§§53§"3?“§§I€§”'

surviving
thus,

% normal unallocated cost = 1 = Wﬂ
otal service availe

able from surviving
units at age zero

gervice available in
future from survive

units
=1 - fotal servioe avall-

able from surviving
units at age zero

service of surviving
= units alraad¥ consumed .
" gervices available from
surviving units
This ratio of the units of service consumed to the‘total
services available is the reserve ratio or one minus the
ratio of the unallocated cost calculated by the average
life method to the original cost., This relation between
the average age and reserve size is verified by the ocal-

culations made by Winfrey for the 18 type ocurves. The
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average age ag a per cent of average life varies from 50
to 70 per centl and the reserve ratio varies from 50 to
30 per cent? of the original cost, The sum of the re-
spective average ages as a per c¢ent of average life and
reserve ratio is 100 per cent in each case, The develop-
ment of the relation between average age, average life
mf:hhe survivors and the unallocated cost or cost-depre~
ciation resexrye is not restricted to stabilized properties
- but holds true regardless of the conditions imposed upon
the group, Kimpall? demcnstrates that the cost-depre-
ciation reserve baged on the average life method is a
function of the dispersion of the retirements and is
egual to 50 per cent for a square type survivor curve,
This relation ie confirmed by Winfrey's calculation in
whiech the reserve approaches 50 per cent as the disper-
sion decreases, i.e,, the type frequency curves have

higher modes,

Size of reserve
In the past most of the interest in the size
of the reserve haa been displayed by the public utilities.

lwinfrey, Bulletin 125, op, c¢it., p. 81.
Winfrey, Bulletin 155, op. ¢it., p. 78.

BKImball. The general theory of plant accounts
» + o3 Ops cit,, p. 82,
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However, the ilncreases in tax rates since 1940 and the
use of the size of a reserve as evidence of the adequacy
of the annual allocations has tended to increase the’
number of persons interested in the size of the reserve,
'?wo schools of thoughtl concerning the size of the re-
serve of a stabilized group of property exist. First,
there are those who belleve that at stebility the reserve
should equal the 50 per cent of the survivors., Second,
there are ;hos@ who belleve that a stabllized continuous
property reguires very little or no depreciation reserve.
Many instances of easch of these positions can be found
'1n the literature. A few instances where each is sup~
ported are quoted in the following paragraph.

The concept of a 50 per cent reserve is held
by men in all the professions concerned with deprecietion.
In the first book written on valuation by Matheson, an
engineer, he states:

A company owning twenty steemers,

bought at an average cost of 18%

per ton will not be deemed finan

oclally sound, if the average book
value at any time exceeds 12&£

iThara is 1little evidence of a general recog-
nition that the size of the reserve is dependent upon
the method of allocation or that it may be a function of
the mortality distribution of the property group.
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per ton. . « their final disposal

may be at 6£ per ton or even at
2% per tON. « ql

(If the salvage value is 6£f per ton the reserve ratio

would he 6418~6) = 0,50 or if the salvage value is 2£
the ratio would be 37.5%)

An economist recently wrote the followlng:

Agsuming straight-line deprecletion
acoounting, the depreciation reserves
of a stable, mature utilities should
theoretically spproximate fifty per
cent of the depreciable property.?

An asccountant expressed hls view on the size of the

reserve ag follows:

After the plant has seasoned, the
depreciation units are on the
average one half depreclated and

the §inor parts are one half worn
outs

An investment adviser stated that a 50 per cent reserve

was an easlily demonstrated result of straight-line de-

preclation:

3’!&&%93011, op. cit., pe 109.

ZE,%. Clemens, The oritical issue of depre-

clation in public utility property. The Southern Economic
Journal, 9{noc.3):252. 1943,

BUarl T« Devine, Defsrred maintenance and ime
proper depreciation procedures. The Accounting Review,
22(5001) shde 1947
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It is easily demonastrated that a
utility whioh is static in growth,
stralght-line depreciation under
this theory will result in a 59
per cent Depreclation Reserve,

An engineer who has helped develop "the sclence of . « .
depreciation” stated:

The per cent remainder service life
of a system composed of a large
number of new units of property

18 not constant during its =arly
life history, but on the contrary
oscillates violently, From its
initial wvalue of 100% it drops
rapidly to below 50%, efter which
it rises above and drops below

50% alternately until after many
1ife oycles it gradually approaches
the 50% value., At thet time the
property has reached its ultimate
condition, as well as a state of
constant normal annual renewals, =

Thege quotations ere representative of a widespread bhellef
in the 50 per cent reserve at stebility, In general,
these oplinions which are based on the cost allocation
theory of individual units represent intuitive Jjudgment
concerning property groups. Generally, these opinions
are'atatad without qualification regarding the method

which is used to determine the allocations and reserves,

lPhilip L. Werren, Depreciation accounting
innovations from the vlewpoint of the investor, Edison
Eleoctric Institute Bulletin. 12(no.8):263. 1944,

%6,B, Kurtz, The sclence of valuatlon and de-
preciation, op. cit., Ps 75,
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On the other hand, many men have upheld excep-
tionally low depreciation reserves, l.e., high unallo-
cated costs, for stabilized properties. Bonbright has
called this the "plant immortality theory,"l The claims
for high unallocated costs are to be found in the recent
writings of such men as Ferguson2 and Packman,’ In a
recent study of public utility depreciation prectices
Clemensh states that ", . . enginsers easily fall into
& practice . 4 . that of identifying accrued depreciation
with physical condition and cperating efficiency.” He
amplifies this by saying:

In fact the same enginesers will

testify both that the property

is in near perfect operating

condition and hence subject to

no deprecistion for the purpose

of veluation and also that the
property has but a limited 1life

: wjﬁBcnbright, ope 0it., ps 1127-28; several cases
clited,

23. Ferguson., The significence of the term
*net property' as applied to public utilities., Edison
Electric Institute Bulletin. 12(no.l):6-10. 1944,

BGﬁﬁ. Packman, The depreciated originsl cost
base, Edison Eleotric Institute Bulletin. 15(no.6):
169-192. 194,

“m,w. Clemens, The critical issue of depre-
eistion in public utility property. The Southern Economio
Journal. 9{no.3):255, 1943,
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expectancy and must tharefore be

rapidly depreciated by large allow-

ances in operating expenses.l
As evidence of this he cites among the references the
testimony in Carey v. Corporation Commission, 33 Pac (2d4)
788 (Oklahoma 1934) in which an established corporation's
ongineers claimed the property had a 92 per cent condition
but asked for an 8 per cent snnual cost-depreciation.

In many of these artlicles and books the rela-
tion between the annuual allocation and the unallocated
cost is vague because the term *depreciation” is used in
an ambiguous sense, 1.¢., in terms of cost for the annual
allocation and value for the reserve, In most books and
articles the effect of the method of allocation upon the
size of the stebllized cost-~depreciation reserve is
neglected, Thus, it 1s not uncommon to read an article
by an individual using the average life method of deter
mining the annual allocation and expressing the opinion
that the reserve will stabllize at 50 per cent,

The effect of the growth or decline in the size
of the reserve is of major importance, By elither method
of allocation the reserve will decline when & group of

property grows and inerease when & group of property

1Ivid., p. 257.
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declines in size., The slze of the reserve resulting
from the average life method is proportional to the ratio
of the average age to the probable life of the survivors.
The size of the reserve resulting from the unit swmmation
method is a functionl of the average age but not a direet
proportion as in the previous instance of the average

life method.

"Adjustment of a continuous group account

The revislon of an evaluation of the life char-
acteristics of a stabilized nongrowing group will always
affect the size of the "average life" cost-depreciation
theoretical reserve, The gsame revision will not affedt
the size of the theoretical "unit summetion" reserve.

A change in the forecast of average life should not affeot
the annual allocations which at stabllity are hased upon
the retirements. A change in the forecast could affect
the calculated allocations which are based on the average
life., Property group saccounts may require adjustment dbe-
cauge of improper analysis of the retirement data or be-
cause influential factors controlling the use of the prop-

erty c¢hange.

1WOC¢ Fitﬁh, OPDe Qitq, P 5L~8l o
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The adjustment of the cost-deprecistion for
a conbinuous group should be made by a revision of the
annual allocation, if necessary, and a surplus adjuste
ments, The surplus method ls preferred for the same rea-
sons 1t was preferred in the original group method. The
spreading wethod would present the sams anomaly when
applied to the continuous group as 1t did in the original
group method., An adjustment which is similar to the
gpreading adjustment and which is widely used 1is the
arbitrary increase or decreage of the rate until the
reserve is of proper size, Since the annual allocation
of a stabllized property is fixed, the arbitrary change
of rate is equivalent to an amortization of the error
over whatever period is required to bring the reserve
to the proper amount. In such eases, an overt statement
of the change and the amortization policy would present

a clearer pleture of the adjustment.

Summayy, continuous groups

The cost of a continucus property group may be
allocated by sither the average life or the unit sume-
tion methods depending upon the objective of the manage-
went's policy. For a nongrowing group the annual allo-

cation is unaffected by the method of allocation, The
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method of allocation affects only the size of the reserve.

For a continuous nongrowing group the reserve resulting
from the use of the unit summation method will be 50 per
cent of the cost of the surviving units regardless of

the 1lifs characteristics of the group. The reserve de-
ternined by the unit summation method is a reserve basged
on the cost-depreclation of each unit of the select group
of property in service, whereas its reserve determined

by the average life method indicates the service capacity
of these units compared with the group originally pur-
chaged, Thus, the property in service is not 2 random
grour upon which the market price was based but a defi-
nitely superior group of units which were purchssed with
the expectation of a greater mortality rate than will
oseur now that the "wesker" properties have been replaced
in part by the "stronger”™ units,

The accountants apparently subscribe to the
principle upon which the unit summsition method is based.
In the manual "Contemporary Accounting® which was pub-
lished in 1945 as a refresher courge for public sccounte
ants who had been engaged in World War II, the following
statewent wasg made concerning group accounts:

Vhen daﬁreciation was calceulated on

individusl units, the accumulated
reserve as to esch unit was always
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determinable, This, of course, was
not usually true with respeot to units
included in a group with an over-asll
depreciation rate, However, untll
recent years, 1t was quite generally
the prsctice to adopt the convenilent
assumption thet, at any given date,
the same percentage of cost had been
sccumulated in the reserve for depre-
clation with respect to esch unit in
a group. When any unit was retired,
an ad justment was made 1ln the current
profit and loss to cover the defi-
¢lency or sgurplus in the sceumulated
reserve on the item retired on the
basis of that assumption. It wes
later recognized that depreciation
rates estimated for any group, even
a group consisting of units having
identical charscteristlics, must re-
present estinates of the average use-
ful l1life of all units in the group,
rather than an identical estimate

a8 to the life of esch separsie unit;
further, when the units did not have
identical characteristics, that an
estimate for the whole group must,

in addition, represent an averaging
of the average lives of the wvarious
types of units included in the group.
Reocognition of these facts made a
different procedurs necessary with
reapect to units retired, Except

in unusual circumstences, a strong
presumntion existed that a unit

had been fully depreciated when

the time came for its retirement,

In such cage no profit-and-loss

ad justment was reaquired, The Buresu
of Internal Revenue insists on this
view,

lwilliam‘b. Cranstoun., Tangible fixed assets,
In Thomaes L, Leland., Contemporary accounting, New York,
American Instltute of Accountants. 1945, Chapter 7, Pp.9.
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The growth or decline in the size of a con-
tinuocus group affects both the snnual sllocation and the
size of the ressrve, The growth of the property will
tend to decrease the cost-depreciatlion rate and increasge
the ratio of the unallocated cost to the original cost
{decrease the ratio of the roserve to the original cost)
by either method of alloecation. If the property 1s in-
creasing in size st 2 constant rate the annual alloeation
and size of the reserve will stabilize, The dseline in
the size of the group will have the opposite effect on
the slloecation and reserve. The unallocated cost should
decreage to zero when the last unit of the group is re.
tired. The reserve should approach 100 per cent of the
cost of the property surviving as the average age approaches
the maximum life of the group. Thus, the size of the
reserve for a continuous group may vary from O to 100%
with the reserves for the nongrowing property groups
gensrally stabilizing bstween 30 and 50% of the original

cost of the group,



PART V-

APPLICATIONS OF DEPRECIATION
PRINCIPLES
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. CHAPTER XVIII
PIELDS OF APPLICATION

The manifold applications of depreciation
principles may be classified into the following func-
tional groups: managerial policies, govermmental regu-
lation, govermnmental taxation, legal equity, and
governmental and quasi-govermmental ownership. The
evolution of depreciation includes many specific illus-
trations where these applications of depreciation were
considered, The evaluation of depreciation policles and
the methods whereby they are applied depends upon an

understanding of the objectives of these functional uses,

Managerial Policies

Managerial policies of private corporations
depend upon statistics which include many applications
of depreciation principles, ¥Financing and dividend poli-
cles depend upon proper accounting of the income and
expenses and a statement of the assets and liability
of the company. Decisions to purchase new machines and

retire o0ld ones depend upon competent replecement studies.
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The choice between alternative processes or materials
depends upon comparable statistics, The pricing of pro-
ducts depends in part upon a knowledge of the cost of
manufacture, Each of these depend in part upon cost-
depreciation.

Accurate financial statements ald menagement
in the formulation of good policies and provide the in-
vestor with a means of checking the results of management,
The correct statement of income includes a charge for the
cost-depreciation whioh the corporation has experlienced
during the period. The statement of investment in fixed
assets In the balance sheet is most significant to the
investor if the assets which have been partially used
are credited with the cost-depreciation which correaponds |
to the service capacity which was consumed during the
fiscal period,

Management's decision to replace an 0ld machine
requires an estimste of the future cost-depreclation of
both the old and new machines.l! Similarly, a comparison

between the costs of slternative processes requlres an

%?requently the cost estimate of s new machine
is baged upon an amortization of the original cost over
the "pay off" period instead of cost-depreciation,
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estimate of the cost-depreclation to be experienced by
the properties in both processes,

The determination of the price of goods requires
a knowledge of the constant and variable portions of
cost-depreciation, A firm may be faced with a decline
in demand and wish to cut prices. It may be able to sell
in two markets at different prices and wish to know the
ineremental costs of production. A utility which has an
incremental rate schedule has this opportunity. United
States Steel has recently cut prices on export steel
while reising it on domestic steel, In either case a
firm should know what its variable costs are because it
cannot afford to sell its goods at less than the incre-
mental cost of producing the goods., Since cost-deprecia-
tion is a function of production, it would be desirable
to determine the effect of production upon cost-deprecia-~
tion.

The division of cost-depreciation into fixed
and variable elements can be made on the basis that the
total cost-depreciation is a function of the amount of
the transformation caused by those economic and physical
forces which are incident on the property regardless of

the amount of use plus the transformation caused by the |
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economic and physical forces which are a result of use.t
It has been suggested that the unit-of-preduction method
provides an estimate of the part of cost-depreciation
which is variable, Although the unit-of«production method
provides a way of varying cost-depreciation within any
time period, it does not differentiate between the con-
stant and variable portions of cost-depreciation which
mey be attributed to any production unit, Such a division
of cost-deprecistion into variable and fixed parts is
extremely difficult because the effects of the various
forces which cause deprecliation are not subject to simple
addition, Much investigation of this subject remains to

be done,

1It hes been argued that obsolescence and wear
and tear are not additive in causing retirement, (J.S.
Bain, Depression pricing and the depreciation function.
Quarterly Journal of Economics., 51:705-15, 1937.)
However the retirement of property is based upon the
costs of the old vs. the new property. The costs of
the old property are definitely influenced by the degree
of wear and tear which the old machine has experienced,
Failure to understand the principles of replacement has
influenced many individuals to meke similar stetements,
For example, E.A, Saliers (op. e¢it., p. 279) states:
"Much accounting literature, . . infer that both depre~
ciation and obsolescence may be operative at the same
time. This is impossible, since one or the other is
greater, and the greater can be the only effective cost."
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Government Regulation

Whether governmental regulation of utility
rates is based on fair value, prudent investment or any
other bvase utilizing an estimate of the dollar investment
in the property, an allowance for accrusd depreciation
should be made in ocomputing the falr rate of return., In
addition, the calculation of the net income should include
a charge for annual cost-depreciation as an expense, In
elther case the basis for depreciation must be cost if
the charge 1s to be dimensionally consistent with the
charges for the other factors of produection., Charges
which are dimensionally consistent are essential 1f the
totals are to have any significance, The dimension of
dollars is not necessarily sufficient evidence that the
sum is valid, 1.e., the dimension of the book entries
may be both dollars-cost and dollars-value and by the
rules of addition one of these may not be added to the
other,

Government regulation of depreciation practices
also may be affected by the Securities and Exchange Com-
mission through its legal responsibility to certify the

finenecial conditions surrounding the issue of securities,t

lBernard Greidinger. Accounting requirements
of the Securities Exchange Commission, New York, The
Ronald Press, 1940, p. 202-228 and”Appendix p. 15-17.
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Obviously these financial statements ineclude depreclation
entries in both the profit and loss statement and the
balance sheet, However, since there has been little con-
troversy about deprecilation regulations promulgated by
the SEC since 1ts oreation by the Securities Act of 1933,
l1ittle evidence of the SEC's position is available,

Income Taxes

The revenue laws which authorize the taxation
of incomes also provide for the deduction of expenses
including cost-depreciation on "property held for the
production of income.” The use of cost-depreclation is
in accordance with the BIR rulings that depreciation ex-
penses must represent actual outlays of money, goods or
services, and that no more than the ecst of an asset may

be deducted for depreciation.

Legal Equlty

The law of damages and eminent domain utilizes
the concept of depreciation to aid in the establishment

of an equitable measure of the damages whioh the property
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owner has or will suffer. In general,l the maximum
amount whioch is allowed for business property is the
reproduction cost new less cosi-~depreciation based on
the age and life of the property in question, When any
property has a sentimental value or is valued without
regard to cost, the subject of depreciation does not
pertain to the valuation, Vsalue is first determined
from the anticipated events, Value-depreciation could
then be determined but would contrivute little to any

settlement.,

Government Ownership

Government ownership, whether federal, state,
local, or by any agency created by one of these, seldom
has recognized the need for overt depreciation charges,?

Although as early as 1834 Matheson3 stressed the necessity

lynusual ecircumstances may oceur in which the
business ocannot continue because the location or environ-
ment is destroyed; in such cases a relumbursement based
upon earning value is a more eguitable bvasis for settle-
nent,

zaarman G+ Blough. Depreciation accounting for
educational institutions., Journsl of Accountancy. 83:
329”30r 19h7¢

3Matheaon, ope cite, Pe ke
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of accounting for depreciation in publiely owned prop-
erties, depreciation costs of government properties have
generally been ignored, The justification for this
failure to consider depreciation ie that the method of
financing govermment property does not depend upon the
recovery of the investment, For example, licensing
policies for motor vehicles generally have disregarded
the effect of the trafflc of the various classes of vew
hicles upon the cost-depreciation component of the expense
of operating a highway., Elsctriec rates for power from
government dams presents the problem of determining the
cost-depreciation of the dam, power housse, reservolr con-
struction costs and many other items before the cost of
elsctricity can be estimated, With the increass in gov-
ernmental ownership of productive properties which com-
pete with private companies,the need for careful consid-
eration of the cost-depreciation of such properties 1s

becoming imperative,

Indirect Effects of CosteDepreciation Policles

The indairect effects of the application of a
method of allocation of cost-depreciation mey be more

important than the manifest effect of a variation in the
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annual statement of income and the balance sheet. The
possible effects of the cost~depreciation upon management's
Judgments and pollcies provide evidence of the importance
of these indirect influences, Whereas book entries of
cost-depreciation have no bearing upon the gross income

of the past fiscal period, the business decislons based
upon elther the unit costs, including cost-depreciation,

of the products and the reported net income of the busi-
ness affeet the quantity, quality, and price of future
producte, The change in any of these has a direct effect
upon future income, Similarly, decisions concerning the
replacement of property may be influenced by estimates

of ocost-depreciation. These replacements affect the work-
ing capital immedistely and in the future affect the ex-
penses of operation. Recent surveys of management indicate
that past depreciation policies, which determine acorued
depreciation, influence the opinions of management about
replacement in spite of evidence from replacement studies
to the contrary., Another indireet effect of the estimate
of cost-depreclation is its effect upon the declaration

of dividends. The dlsbursement of funds as dividends may
vitally affect the flnancial stability of a business whereas
the estimate of cost-depreciation without further action
can have no effect upan the finencial course of the busie

ness.
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CHAPTER XIX
,COST~DEPRECIATION AND THE FEDERAL INCOME TAX

The direet effects of the estimate of cost
depreciation have caused more controversies than the
less apparent effects discussed above, In recent years,
the high income tax rates have centered a major part
of the dlscussions about depreciation on its effect
upon the tax., In the past, the effect of the estimate
of depreclation upon the rates for services rendered by
regulated business was the primsry concern of those in-
terested in depreciation. In either instance the var-
iation of an estimate of cost-depreciation results in a
determinable change in the guantity of money available
to the business, For example, an additlonal dollar of
cost-depreciation deduction from individual net incomes
of over $200,000 (before the deduction) results in a
saving of 91 cents in tax payments. High lncome tax
rates on both individual and corporation incomes during
the past decadse have placed cost-depreclation estimates
under the careful sc¢rutiny of many people.

Two phases of interest in the application of
the methods of estimating cost-depreciation to the oom-
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putation of the income tax are discernible in the lltera-
ture, First, the desire of business to be permltted to
establish whatever rates of depreciation they consider
appropriate for their properties, Second, the proposal
that replacement cost instead of original cost be used
a8 the base to be allocated. A third phaese in the com-
putation of the tax which has aroused little interest but
which is of considerable Importance is the adjustment of
the cost-depreciation estimates to provide for the change
in the forecast affecting any of the elements which de-
termine the size of the allocation, It was shownh pre-
viousgly that the method of adjustment can be as lmportant
in the determination of the size of the allocation as the
method of ellocation. More study of the means of making
this ad justment applicable in tax computation is imperative,
The following observations upon the effect of
the present Bureau of Internal Revenue policy regarding
depreciation rates (or the equivalent, the probable life
of the property) are based upon the assumptions that
future taex rates will remain constant, the net income be-
fore deprecietion will remsin constant, the company will
have gome net income after deprecilation and taxes, and
that taxes should not be peld from cepital., Although

some of these assumptions are unrealistic in the short
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run, an attempt on the part of business to manipulate
depreciation allocations in such a way that some advantage
is gained from the fluctuations of elther income or tax
rateé amounts to speculation and hardly represents an
estimate of depreciation based upon the services rendered.
The evaluation of the policy of the BIR 1s based upon the
effeot upon the total taxes pald by a business over the
life of its property and upon any indirect effects which
the poliey hes upon the conduet of the businesses affected
by 1t,

Probable Life and Depreciation Rates

The policy of the BIR with regard to the accept-

ance of probable lives other than those recommended by

the Bureau only when supported by adequate proof is un-
necessary to assure the government that all income will

be taxed, The continuance of the policy started under
ToDe 4422 will cause taxes to be paid out of capital if
the agents of the Bureau insist upon requiring estimates
which are longer than the realized life of the property.
The prerogative to establish depreciation rates should

be returned to buslness within the restrlictions which al=-

ready exist, In general these restrictions are: first,
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the taxpayer 1s allowed to deduct only the cost of the
}praperty;l second, the texpayer must msintain a consistent
cost-depreciation policy; third, the deduction of "allow-
able” cost-depreciatlion may be made only at the time it
ocecurs (the cost-depreciation which is c¢leimed and "allow-
ed" may be less than the Yallowable") and the texpeyer
may not claim cost~depreciastion whieh was "allowable® but
not dedwcted in the past as a present or Tuture ﬁeduction.z
The result of e policy permitting business to
use estimates of property lives which 1t considers approe
priate shoulé encoursge these estimates to approach the
realized life of the property closely., Eilther an over-
estimste or an underestimete of the 1ife of a'pr0perty
usually will lncrease the totel taxes pedd during the life
of the property. If a concern underestimates the life of
a property the immediste effect is a degremse in the taxes.
However, when the property is fully depreclated the texes

will inorease by an amount more than the original decorease

lﬂatfoit Bdison Company vs8. Commissioner of
Internal Revenue, 319 US 98 (1943).

ZWith regard to allowed and allowable deprecia~
tion as a deductlon in inocome tax returns. Columbhia Law
Review, 4O0:540-544, Als0 see the following court cases:
Washburn Wire Co, v. Commlssioner of Internal Revenue,
No., 2834, CCA 1st, 1933; Virginian Hotel Corporation v,
%flva§1ng, Commissioner of Internal Revenue, 319 US 523

943}
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because of the progressive tax rates, If a concern over-
estimates the life of the property, the taexes will ob-
viously be greater than necessary throughout the life of
the property with the possibvle exception of the last year
when the concern mey be able to claim a loss., The possi-
bility that a loss will be allowed is smsell unless the
taxpayer can show unusual clrcumstances which could not
be foreseen whlch ceused early retirement.

An exanmple of the effect of various estimates
of probable life upon the tax payments of an individual
who owns a single unit of property can be observed in
the following sltuastion. An individual receives $150,000
per year texable lncome before a deduction for deprecia-
tion from a bullding whose original cost was $1,300,000,
Depreciation 1s calculated on the stralght-line basis
of allocation and zero salvage value, Assume that esti-
mates of probable life of 20, 25, and 26 years are ap-
plied during the entire life of the property or until
the property is fully depreciated, and that the realized
life of the building is 25 years. The annuzl tax baged
upon the indlvidual income tax rates for 1949 will be as

followa:
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20-year probable life -

Annual tax for the first

20 years 50,420
Annual tax for last
5 years $111,820

Total tex for 25 years $1,647,500
25-year probuable life -
Annual tax for the life
of the property - $60,360
Total tax for 25 years $1,509,000
26-year probable life -
Annual tax for the life
of the property $67,300
Total tax for 25 years &1,680,000
If interest is considered the results will
generally have the same relation which existed sbove,
For exsmple, 1f the taxes in the 20~ and 25-year examples
were invested at two per cent they would yleld $2,070,000
and $1,930,000, respectively., Such & relation would be
maintained because the rapld increase in the progressive
tax rates more than compensate for the interest earned
by the early taxes.
An example of the effect of estimates of cost-
depreciation based on group property methods upon the
size of an ipdividual's tax payments depends upon the

kind of group method used. The use of original group

methods will result in a veriation in tax payments similar
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to the single unit method examined above, This similar-
ity obtains from the conerete evlidence of under or cover
cost-depreciation at the time of the retirement of the
last unlt of the group. If either the unit summation
method or the average life method is used the anticiputed
anpnual cost-depreciation will be greater during the early
life of the group than if eacth unit were considered
geparately., The sprsading adjusimsnt becomes progres-
sively a legs desirable meang of correcting an error when
the forsesst of the probable life 1s too short because
the high early charges leave only e small amount to be
spread in the later life of tﬁe ZTroup.

SBince continuous groups more closely represent
many of the business propertles, the use of continuous
group methods of allocations for estimating the cost-~
depreciation deduction in lncome tax computations l1s
desirable. The use of a contlnuous group method intro-
duces the additional complication of determining whether
the cost-Gepreciation rates are correet without recourse
to hindsight at the tise of retlirement. The rates must
be judged sccording to thelr effect upon the size of the
reserve,

The proper size of the cost-depreciation re-

gerve 1s dependent upon the method of allocation which
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is dependent upon the choice of the basic unit to whioch
cost-depreciation is assumed to be related, For example,
if the cost of each physical property unit in the group
is to be allocated over the 1life of the unit the unit
summation method should be used. When the unit summation
method is used the cost~depreciation reserve for a non-
growing continuous property group is 50 per cent. If the
cost of each unit of service rendered by the group is to
be equal, the average life method should be used, When
the average life method 1s used the cost-depreclation
reserve for a non-growing continuous property usually
varles between 30 and 50 per cent depending upon the morw
tality characteristics of the property. Elther the in-
crease or decrease in the size of the continuous group
will result in a decrease or increase respectively in the
slze of the reserve. Thus, the basis upon which cost-
depreciation rates for continuous properties is judged

is complex, and without agreement as to the fundamental
basis upon which cost is to be allocated, agreement upon
the proper size of the reserve is unlikely. Without
sgreement on the proper size of the reserve, there is no
criterion whersby the cost~depreclation rates can be

Judged until they result 1n some absurd reserve size,
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When it 1s apparent that a cost-depreciation
rate, as applied to a continuous group, is in error, the
change in the rates and consequently the taxes is depend-
ent upon the method of adjustment, The adjustment using
a surplus entry will provide the best estimate of the
current taxable income., The adjustment which spreads
the remalnder of the unallocated cost always incorrsctly
estimates the current taxable income because the adjusted
retes must always compsnsate for past errors, i.e., when
past rates are higher than the realized rate, future
rates must be lower than the realized rate, Because of
the compensating method of determining rates and the im-
pact of progressive tax rates, the size of the total tex
payment over one life cycle of the property will generally
be a minimum when the average life is forecast correctly.

An example of a simplified cese in which the
effect of various estimates of average life of a contine
uous group follows. A nongrowing stabilized continuous
property composed of many units originally cost &1,300,000
and bas a net income excluding cost-deprecliation and
taxes of $150,000, Assume that the reserve for cost-

depreciation should be 50 per cent of the original
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cost.+ Consider the effect of estimating the average
life of the group to be either 20 or 30 years when the
realized average life is 25 years. Since the annusal al-
lotment should equal the retirements, this allotment
should be $52,000, If the 20-year average life is used,
the annual allotment will be $65,000, If the 30-year
average life 1s used the annual allotment will be
$4,3,333, The size of the reserve will increase when the
20-year life is used and decrease when the 30~-year life
ia used, If the error in the estimete of average life
is discovered after 10 years and the compensating spread-
ing rate is based upon distributing the correction over
the following 10 years, the followlng tax payments for
the 20-year period will result if the computations are
based upon the 1949 tax rates for individual incomes:
20«year forecasted average life -

Annual tax first 10 years Sk, 420

Annual tax next 10 years $77,120

Total taxes for 20 years $1,315,400

25«-year realized average life -

Annual tax first 10 years $65,580
Annusl tax next 10 years $65,580
Total tax for 20 years $1,311,600

‘lThe assumption of a 50 per cent reserve is not
intended to imply the author's preference for the unit
summation method, but 1t 1s a matter of convenience because
the reserve size for this method is independent of the
mortallity characterlistica of the group.
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30~year forecasted average life -

Annual tax first 10 years $73,250
Annual tax next 10 yeers $58, 340
Total tax for 20 years $1,315,900

The cholee of the period over which the adjustment is
nade will affect the size of the adjusted rates and
therefore the size of the tax payments., The same mini-
mum total tax for the realized life 1s apparent in this
example as obtained in the example of the slngle unit
of property.

From a cursory examination of the abdve situa-
tions 1t appears that the government cannot lose if busi-
ness is allowed to select its own rates of depreciation
within the stated restrictions. However, business will
be foreced to estimate depreciation rates (probable lives)
as accurately as possible to minimize the income tax pay-
ments., JIf business uses any fector of safety in these
esbimates, 1t should operate to reduce the estimate of
probable lives because an error of estimating the probable
life to be less than the realized life usually results in
a lesser lncrease in the tax than the corresponding per-
centage overestimate of probable life, Whenever cost-
depreciation is underestimated and the estimated net income
1s entirely disbursed as taxes and dividends, either the

taxes, the dividends, or both are paid out of capital.
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Whenever either taxes or dividends are paid from capital,
both businessg and government may lose,

The present policy of the BIR inaugurated by
TeDe hh22, requiring business to Jjustify depreciation
rates other than those acceptable to the Bureau, should
be revised and returned to the status whereby business
is sllowed to fix Iits own rates under the three restrlc-
tions previously mentioned. The result of such a revision
would be to inorease the flexibllity of the application
of cost-depreciation throughout the nation without de-
creasing the total revenue available to the govermment,
It would minimize the payment of taxes out of capital,
It would free business from operating under the arblitrary
rates imposed by Bulletin FP. Indirectly it might encourage
modernization of industry by removing the psychological
barrier of unellocated costs extant on properties which
are economically unfit for further use but not fully

depreciated.

Originsl v, Replacement Cecst

~The cholce between a replacement cost or an

original cost base for the allowance of cost~depreciation
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in the federal Iincome tax should be Jjudged with respect
to the purpose of the tax. The overt purpose of the in-
come tax is to levy taxes on the ability-to-pay principle,
The base should also be Judged on its indirect sffects.
The effect upon the managerial decisions as to the level
of production should be examined, as well as the effecct
upon the stability of governmental ilncome,

The sffect of short run and long run considera-
tions on the abllity to pay may differ. In the short run
the ability to pay will have little effect on the cholce
of original or replacement cost as a basis for deprecia-
tion except as it mey indirectly affect menagerial deci-
slons, The money available to pay taxes in any particular
year 1s the same regardless of the deprecietion allowance
since thiayallowanee is a book entry which involves no
transfer of cash outside of the business. In the long
run the use of abllity to pay presents & better cese for
the adoption of the replacement cost basis. The use of
the replacement basis will mitigate the possibllity of
taxes being paid out of cepital since during either in-
flation or deflation a firm will be sble to provide a
substitute plant from the cost-depreciation allowances,

'If the gross income minus all other expenses

except depreciatlion is greater than either a depreciation
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charge based on reproduction or original cost, the cholce
of original cost would permit business to recover its in-
vestment in terms of dollars but during the perlods of
inflation would necessitate outside financing if the
identical plant were to be replaced. Howsver, 1f replace-
ment cost were allowed, the firm would be able to allocate
sufficient funds to replace the identical unit at present
prices. (Replacement cost is used throughout this dis-
cugsion in the sense of the present cost of an identical
unit.) It would be possibvle for an inflation (or defla-
tion) to change the value of the dollar to such an extent
that an extremely small (or large) dollar allowence based
on original cost would actually be causing e payment of
taxes out of capital (causing an evasion of texes). For
example, if the business were liquidated during an ine
flationary period, the owners, although they had recovered
their dollar investment, might actually be paupers. The
fact that the standerd of value, the dollar, does not
have a constant value causes much of the trouble in attack-
ing this problem, The question of whether it 1s fair to
tax an individual's property on the basis of reel or var-
lable dollar values is the one which must be declded.
Another argument for a replacement cost base

is that it more nearly approesches the conditions of com-
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petition since the entry or exit of firms from & market
is based upon current and future prices, Similarly, in-
cremental costs which mey include cost-~depreciation are
based on spot prices,

The effect of using & replacement cost basis
on managerial declisions with regard to the expansion of
production is more difficult to determine, However, if
profits are to be wmuximuwm in the long run and deprecia-
tion were the only cost item, it would be wise to buy
property in periods of low prices and decrease new invest-
ments in periods of high prices. The reverse is generally
the situation since the much larger demand for goods when
prices éra high makes expansion desirable, and inversely
80 when prices are low, The effect of interest also may
be infiuential. If the properties are purchased at a
low price and held for couslderable time it 1s possible
that the addition of interest might offset the advantage
of the earlier purchase, One result of a replacement
cost base would be that it would place most companies in
a better financlal vosition during periods of inflation.

The stability of tax receipts will depend upon
the manner in which gross Ilncome and replacement costs
vary., It is conceivable that the replacement cost basis

eould provide a stable income return if the gross income
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and replacement costs were closely correlated. For ex-
ample, if during periods of recession gross income de-
¢lines and prices of replacement declines, there would
be less violent fluctuations of receipts if the replsce-
nent base were used. Here again it is hard to predlet
what the result would be without extensive study of these
relations,

| The administrative ease of fixing a tax on an
origzinal cost base probably will continue to outweigh
these less real advantages (if they prove to be advanta-
geous) of replacement cost. Certainly the frequent esti-
mation of replacement costs would be more expensive. It
would undoubtedly result in more litigation which would
increase goveroment expenses,

This brief survey of the applicetions of cost-
depreciation is intended to emphasize the need for a more
careful consideration of the concepts which have been
discussed previously. The application of the elements
of cost-depreciation methods in a manner which 1is of
greatest significance demands a thorough understanding
of the implications of the basic methods and the assump-
tions which have been made in order to apply these methods,
This dissertatlion has attempted to provide a small part
of the background upon which the theory and application
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of depreciation is based im the hope that future investi-

getlons may further clarify and extend these observations.
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CHAPTER XX
RECAPITULATION

In conclusion, the significant aspects of de-
preclation theory and its application which have been
discussed are summarized wlthout ampiification.

(1) ‘The concept of a charge for the use of
long-lived property was ambiguous long before the word
"depreciation” was introduced to signify this concept.

(2) An individual's concept of Gepreciation
is generally influenced by his business environment and
the application in which depreciation is used,

(3} The meaning of the word "depreciation”
must be set forth elearly in all cases where it is used
in a specific sense,

(4) The objectives which depreciation is in-
tended to accomplish should be clearly stated,

(5) The methods used to estimate depreciation
should be compatlble with the objectives,

(6) Depreciation is mearly always used in
reference to an allocatlon of cost. Tepreclation in

the gense of value has little use,
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(7) Service rendered by the property is gen-
erally regarded as the best basis for the allocation of
the cost of the property.

{8) Cost-depreciation is the proportionate
cost of the property whlch corresponds to the service
rendered by the property.

(9) Annual and accrued cost-depreciation are -
interdependent,

(10} Retirement of property 1s the resultant
of many economie forces, The separation of the effects
of the individual forces caused by wear and tear, ob-
solescence, inadequacy, and changes in demand has not
been achieved.

(11) The inclusion of interest in the alloca-
tion of the cost-depreciation through a method involving
an intereast rate suggests a degree of refinement in the
caleulations which even though 1t may be desirable is
not warranted by the data avallable.

(12) If interest is included in the method of
allocation based unron equal chorpes for similar units of "
service, the allotment per unit of service will be grester
than if interest is neglected.
| {13) Replacement is related to depreciation
only because the decislon to replace determines the date

of retirement of properties,
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(1k) The method of allocation is the most con=
troversial of all elements included in the estimation of
cost-depreciation because it is least susceptible to any
verification.

{15) Group methods generally will provide a
better estimate of the cost-depreciation allotment than
somparable single unit methods for the same propertles,

{16) Comparable results from single unit
methods, and group methods require careful consideration
of the assumptions upon which each of these methods is
basged.

{17) The average life method of allocating

the cost of a group property allocates equal cost to

each unit of servige.

{18) *The unit summation method allocates the

gost of each unit within the group over its own life.

{19) The annual cost-depreciztion of a stabi-
1ized continuous property group will be the same regard~'

less of the method of alloecation.

{20) The reserve for cost-depreciation for a
nongrowing stabllized continuous group resulting from the
uge of the unit summation method is always 50 per cent

of the depreciable cost of the property.
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(21} The reserve for cost-depreciation for
a nongrowing stabilized continuous group resgulting from
the use of the average life method varies between 30 and
50 per cent of the depreciable cost of the property de-
pending upon the mortality characteristics of the group.

{22) The ircrease (decrease) in the dollar
gize of a continuous property group will either decrease
{(increase) the ratio of the reserve to the original cost.

(23) 'The pattern of sllocations way be affected
as much by the method of adjustment of errors in the fore-
cast of probable life and salvage "value" as by the method
of allocation.

{24) The adjustment of errors in forecasting
by adjusting the gurplus more nearly corresponds to the
anticirated pattern of allocation resulting from the
method chosen than if the adjustment 1s made by spreading
the remaindeyry of the urellocated cost over the remaining
1life of the property.

{25) The policy of the BIR wilth regaerd to the
acoeptance of the probable lives recommended by business
only when supported by asdeguate evidence should be re-
examined.

(26} If the taxeble income excluding cost-

depreciation and tax retes remain constant, the total
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income taxes paid by the businesses generally lncreases
when the life of the property is incorrectly estiluated,

(27) The use of original cost as the basis for
the allocation of cost-depreciation results in an income
tax pald from capital during inflation and an exclusion
of some taxable lnocome durlng periods of deflation,

(28) Since the Buremu of Internal Revenue
depreclatlon pollcies ars followed by business for other
than tax purposes, the Bureau has a responsibility for
using the bvest avallable depreclation pelicies.

{(29) 0f prime lmportance in the application
of cost-deprecilation methods 1s the consistent anplica-
tion of whatever method is selected.

Mr. Justlce Jackson, in s recent dissenting
opinion, 8o aptly stated the necessity for a consistsnt
application of deprecliation policies that it is a fit-
ting conclusion to this dissertation.

I am lesgs lnclined to lay down v

rule that will permit the Government

to make inconslstent corrections in

the matter of deprecliation because

consistency in the matter of depre-

ciation is one of the few important

principles of its applicatlion. « «

What is important for the protection

of revenue 18 that the accrual for

depreciation be applied to property

that is properly depreciable, that

it be stopped when the property is
fully depreciated, and that the
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rate be consistently applied so
that the taxpayer cannot choose

to take only a litile depreciation
when he has a little income and a
lot of &epraciation when he has a
large income,

lVirginian Hotel Corporation v. Helvering
Commission of Interunal Revenue, 319 U.S. 523, 1943,
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