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INTRODUCTION

In any prediction of mortality behavior there 1s an
element of fact and an element of Jjudgment. The baslc fact
is the historic record of the property as experienced under
the conditions imposed by such things as economic trends,
managerial policles, maintenance procedures, etc. The judg-
ment is principally represented by the extent to which the
engineer believes the facts will be duplicated in the future
and by the additional conditions he feels are needed to com-
plete the prognosis. In some instances, e.g., on relatively
stable property with complete historic records, the facts can
be considered a reasonably valld description of the future.
In other instances, the historic facts are meager and, hence,
cannot be relied upon too heavily. Here, judgment 1is
essentially the only consideration. It would seem to be an
acceptable--but not an indisputable--truism that the more
complete the factual information, the more realistic the pre-
diction, regardless of the extent to which judgment 1s re-
quired. The present investigatlion is concerned with the
development of these factual data.

While the historic record of a propertyt!s retirement ex-

perience 1s factual, it is not particularly useful in its

original form. That 1s, the number of dollars remaining each
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year from the 1936 installation of centrifugal gas pumps is

of little help to the engineer trying to decide what mortality
experience to expect from the investment in equipment presently
being installed. Likewise, the records of all the other

years'! installations are of little help unless their ex-
perience can be aggregated in some way so that an interpretable
result 1s obtained.

Consequently, the study of the mortality behavior of
industrial properties has drawn heavily upon the techniques
developed by life insurance actuaries in their presentation
of human life characteristics. 1In reporting some of the
first analysis work with industrial retirement, Kurtz (27)
pointed out the early recognition of the similarities between
the two areas. Basically, it was seen that by gathering in-
dustrial or similar property units into single accounts,
group behavior could be analyzed and predicted by statistical
procedures in which the retirements were related to the age of
the property. While these results could not be said to be
applicable to a particular unit, they did represent the ex-
pected experience for the group as a whole with a certaln
degree of assurance.

Present day analysis techniques as well as the available
data represent considerable improvement over those used in
the earlier attempts, yet, the confidence the engineer may

put in his result 1is still far less than that which the
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actuary is able to assume. The tremendous difference in the
amount of experience avallable for analysis is an obvious
factor here.

A more basic consideration, though, is the fact that
property units not only "die", 1.e., wear out or become in-
operative, but they also are "fired". In other words, a
machine may be retired because of inadequacy or obsolescence
while still in perfectly good running order. A recent report
indicates that in some industries as high as 80 per cent of
the retirements were due to other than "natural causes" (14).
Inadequacy snd obsolescence were mentioned as the principal
causes for removal from service.

Consequently, management pollicy and technological change
are generally more important in determining the time and the
amount of industrial equipment retirement than the propertyt!s
age or its physical condition. Any behavior summarization
based upon the analysis of past experience is bound to be in-
fluenced by these previous policies and factors. To use these
same mortality representations as a basis for predictions of
future behavior would be improper unless the influence of
changing policy and of technological developments is fully
recognized.

One consideration that might tend to minimize this
particular difficulty is that in some instances time 15 a

fairly good indication of obsolescence, e.g., automobiles or
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aircraft. It might be that a good relationship between
obsolescence and age could be found in a number of other
property groups. In such cases, some of the objections to
using the so-~called age~1life approach of the actuary would be
eliminated.

Thus, while the adoption of actuarial methods has proved
to be extremely helpful, it has not done away with all the
problems, Industrial property experience, admittedly, does
not meet too well the normal specifications for data sub ject
to statistical analysis. That 1s, the fundamental "laws" or
trends are not consistently maintalned due to shifts in such
things as equipment replacement policies. Frequently the
experience may not cover a long enough period to give a sig-
nificant measure of any mortality characteristic, or the ex-
perience itself may be questionable due to the accounting
procedures followed by the firm.

Many of these problems can be handled by the selection
of an appropriate analysis procedure as well as a judicilous
choice of the portions of the experience to analyze. But,
these difficulties do tend to emphasize the importance of

judgment in interpreting the measures of historic record.



PRESENT INVESTIGATION AND ITS OBJECTIVES

The study reported in this dissertation was undertaken
with the objective of providing information regarding the
reliabllity and consistency inherent in some of the techniques
used to analyze retirement data. Further, some indication
was desired as to the extent to which the use of these
methods may influence the financial records of a firm.

Numerous analysls procedures have been proposed but two
seem to be used most frequently. They are, first, the use of
the Iowa type curves and, second, the fitting of retirement
ratios by least squares. It was belleved that these two
me thods represent the moast logical choices to be subjected to
a comparative investigation. The desirability of their
selection is also based upon factors other than their
acceptance. Normally, they are found in "opposite camps" in
discussions on appropriate forms of life analysis. That is,
the Iowa type curves represent the graphical, curve matching
aporoach while the retirement ratios are fitted by the use of
mathematics. Likewise, the Iowa curves are applied directly
to a representation of the observed mortality dispersion
while in an orthogonal analysis the retirement ratios are

first fitted to a mathematical expression which is then used



to develop a smoothed version of the mortality dispersion.

The objectives of this investigation may now be stated
more specifically as follows:

l, To determine an indication of whether either the
Jowa type curve method or the use of orthogonal polynomials
consistently gives better estimates of industrial property
mortality patterns.

2. To determine an indication of whether either method
gives better results when applied to certaln dispersion types,
and to data varying in degree of completeness.

3. To determine in particular whether the use of the
Iowa type causes any significant bias or error in mortality
dispersion estimates made of property retirement data varying
in shape, length of stub curve, or average service life.

Since predictions of mortallty dispersion are used
principally for depreciation considerations, it was desired
to represent, or at least interpret, any significant indica-
tions in terms of the two phases of depreciation, i.s., the
annual accrual and the accrued reserve.

It 1s therefore believed that any conclusive findings re-
sulting from this investigation will be of value to most de-
preciation engineers. Those men who work with the Iowa type
ocurves or those who choose to fit retirement ratios may find
the information particularly pertinent. But the results
should prove of general interest to the engineer employing



any of the other actuarlal approaches as well. This is be-
cause the divergent philosophies of data analysis present in
the two methods considered in this study embrace those ideas
upon which most of the currently used procedures are based.
The present investigation is only the first of a series
that should be conducted to determine the characteristics of
the many life estimating techniqueas. Those methods designed
for firms which do not have complete retirement experience
suitable for an actuarial analysis should receive particular
attention. The companies using these mothods are quite
numerous because of the expense necessary to maintain suffi-
cient property records. Admittedly, there are few firms out-
side of public utility industry that could provide the aged
retirement experience needed for the analysis procedures used

in this study.



RELATED CONCkPTS AND PROCEDURES

The practitioner will recognize that the question of
mortality characteristics referred to in this investigation
is only one of many that need to be considered by a company's
management--and perhaps a regulatory body--in arriving at a
realistic depreciation policy covering future operations. In
order to put the problems discussed in this dissertation in
their proper perspective, the following discussion of relative

terminology, concepts, and procedires is presented.

Mortality Dispersion

The percentage or number of an original installation
that would be remaining in service as of any age is the
mortality characteristic of an industrial property group which
is of most interest to the depreciation engineer. This basic
trait of the group is known as its mortality dispersion and
it 48 normally represented either in tabular form as a life
table or graphically as a survivor curve. An alternative
graphical form is the frequency curve which shows the per-
centage or number of units retired at each age. This form 1is
rarely used, however, since it is not as conveniently derived

from the retirement data as the life table or the survivor



curve,

A measure of the total amount of service to be expected
from the group can be developed directly from the mortality
dispersion by the successive addition of incremental service
contributions. That 18, the amount of the service rendered
by a property group over any small time interval would be the
product of the number of units in service multiplied by the
length of the interval. The summation of the service from
all such time intervals extending from installation to the
date the last unit 1is expected to be retired is the total

service expected. Mathematically, this may be represented by

(¢]
Total expected service = ‘f/'f(x)dx
n
expression for per cent or number surviving in

where f(x)
terms of age x
n = maximum age of any unit.
Since f{x) represents the equation of the survivor curve, the
integration determines the area under the curve. Thus, this
area is the basic measure of total expected service from any
installation assuming the property follows the particular dis-
persion pattern.
The amount of service expected may be approximated

satisfactorily by the numerical integration of the life table

values. In most cases these entries are stated as of ages 3,

13, 2%, etc. This is because property records are normally
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balanced and closed as of the end of the accounting year. On
the other hand, all additions and retirements are assumed to
be made as of the mlid-year date. Thus new units are con-
sidered to be one-half year old at the end of the first year,
one and half year old at the end of the second, and so on.
wWith this half-year convention the total service
rendered by the units which are retired as of any age x would
be (x) (L&_% - ¥x+%) where L represents units or percentage
in service at the ages indicated in the subscripts. There-

fore, the total service to be expected from a property group

at installation would be given by the following:
(.,)(100%'11;«‘:) + (1)(1%-5%) + (2)(1'1%'4‘2%) + o o o
+ (n-l)(Ln_3/2°Lh_%) + nlh-é

or,
Total expected service = 25% + 3/uL§ + 11§ + LQ%
+oooo+%_;;0
Following a similar analysis one may express the expected
future service as of any date subsequent to installation as

Expected remaining service at age x = .7; £(x) dx
n

in the case of a survivor curve, and for the life table:

=Lk-% + §x+§ + Remaining 1ife table terms.

The expected service from the average unit at installa-

tion or as of some other date is of more interest, usually,

than the total service expected from the group. These
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measures are merely averages and are indicated in terms of
length of life. Thus at installation the expected 1life of
the average unit, l.e., the average life of the group, 1is
found by dividing the total expected service by the number of
units installed or by 100 per cent if percentages are used.

Thus,
Total expected service as of age O
Average service 1life, E = 100% or number of units installed

It 1s interesting to note that the total service rendered by
the group behaving according to the expected mortality dis-
persion is the same as that which would be given by the group
had every unit remained in service until the average age was
reached and then all were retired as a group at that time.
The expected life of the average survivor as of some
date other than that of installation is termed the expectancy

of the group. In equation form this becomes

Expectancy, Ex, age x =

Expected remaining service at age x .

Per cent or number surviving at age x
By themselves these measures of service are of little conse-
quence, but when one considers their impact upon the depre-
ciation policies of an industrial firm, they are seen to be
of considerable importance. Most all of the allocation ppo.
cedures in use today relate the annual charge to depreciation

directly to the average service life.® ILikewise, in many

&Infra, p 37-U3.
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cases the adequacy of past depreclation policies as repre-
sented by the depreciation reserve can be established by
using expectancies.?

Consequently, it is extremely desirable to have as com-
plete knowledge of the mortality dispersion as possible when
establishing depreciation policy. The major difficulty is
that this information is needed at the date of installation
or at least while the property is still in service. However,
the actual dispersion for a particular group is never known
until all the units have been retired. Thus, mortallity dis-
persion is something that must always be predicted for depre-

clation purposes.

Mortality Dispersion and Service Life Analysis

Some type of analysis of past experlence is a desirable
preliminary to the effective prediction of future mortallty
behavior. While it is generally recognized that past ex-
perience may not be a good indicator of future happenings, it
is believed that the trends shown by even sparse data are
better than guesses or hunches in this initial phase.

The various analysis procedures avallable have been
classified as actuarial, turnover, and forecast (2). Each
general category can be distinguished from the others by the

amount of information required. The actuarial methods, for

1nfra, p 4b.
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example, need the age and amount of all survivors additions,
and retirements while the turnover techniques can be per-
formed with only the amounts of the retirements and survivors
for each year. Frequently, the informatlon required by even
the turnover methods are not obtainable, In situations of
this sort the only basis for a mortality prediction 1s Jjudge-
ment based upon personal experience and a study of factors
related to retirement behavior. This 1s the essence of the
forecast method.

Any of the techniques generally considered to fall under
the above categories will produce an indication of service
life. However, with one exception, only the actuarial
approaches will result in a measure of mortality dispersion.
The exception is the simulated plant-record method which,
while not functionally similar to the turnover group, 1s
some times classified with them because the data requirements
are the same. Conceivably, it would be possible to arrive at
a predicted dispersion under the forecast method by some sub-
jective means, such as a free hand survivor ocurve. A much
more likely assumption would be that the analyst using the
forecast method would refer to a series of actuarial analyses
in an effort to discover one which, in his opinion, represented
property sufficiently similar to that with which he was con-
cerned. The same approach would have to be adopted when using

moat turnover methods.
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Thus, if complete information is desired concerning the
behavior of the property, it appears that the actuarial
approaches are to be preferred. The turnover procedures do
have a consliderable appeal in that they require less involved
calculations and place less stringent specifications upon
the retirement data. However, if there is a choice vetween
the two approaches, the actuarial seems to be more desirable
(2).

The principal techniques in the various analysis cate-
gories referred to have been described at length (2, 20, 30,
32, 48). Therefore, they are presented only summarily at
this time.

Actuarial

Any statistical summarization or prediction with regard
to mortality behavior is, obviously, no more representative
than the retirement data subjected to the analysis. Thus,
accurate and consistent property accounting is the key to
meaningful retirement analyses. Unfortunately, most plant
records do not meet these qualifications and so they fre-
quently have to be adjusted in some way to compensate for dis-
crepancies, omissions, or errors caused by changes in
classification of accounts or in accounting practice, etc.
There are not many literature sources that provide help in

handling these problems but the Ldison Electric Institute has
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presented some specific suggestions in two of their bulletins
(2, ).

Once the data are deemed appropriate, they are normally
analyzed by one of two approaches. The first is called
"original group". A succession of survivor ratios are
determined by noting the percentage of an initial installa-
tion still in service at each age. It is recognized that
this series of percentages is an exvression of the mortality
dispersion directly. The initial installation may be a
single year's additions or those from a group or band of
years. This method is particularly useful in denoting any
characteristic change in mortality behavior between vintages
installations.

The second approach, "retirement rate" or "annual rate"
is much more widely used. In this procedure a series of sur-
vival probabilities or ratios are found for each age interval
by noting the retirement behavior of all the units of that
particular age during a specified experience band of years.
These results are quite significant because all units cur-
rently in service contribute experience to the determination
of one or more survival ratios, depending upon the number of
years included in the experience band. It might be sald that
a ocross-section of the entire account'!s behavior was sampled
during a representative time interval. Careful selection of

this experience band is quite desirable since if conditions
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prevalling over this period are Jjudged to be simllar to what
1s expected 1n the future, the subsequent modification of the
results for a mortality prediction is minimized. Theoreti-
cally, an instantaneous observation period is the 1deal ex-
perience interval since this would measure the most recent
past, reflecting current policies and conditions. However,
in an actual analysis even bands of two years in width are
not normally recommended for fear of encountering extenuating
circumstances which would not be representative and which
could distort the results. Marston, winfrey and Hempstead
(30, p. 154) suggest a minimum of three years.

‘ The survivor rates obtained from an original group
analysis constitute the life table and a graphical representa-
tion of these values produces an unsmoothed survivor curve.
If all the units of the initial installation were not re-
tired during the period of the study, the values for per cent
surviving would not go to zero and corresponding plot would
be a stub curve.

The data from the retirement rate analysis do not
represent a life table in theilr initial state. To make the
conversion the per cent surviving at age zero, i.e., 100 per
cent, is multiplied by the survivor ratio for the first
interval. This determines the percentage still in service at
the end of the first interval or the beginning of the second.
Likewise, this figure 1s multiplied by the survival ratio
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over the second interval and so on. The succeassive multipli-
cation is continued until the life table is complete or all
the survival ratios have been used. The graphical presenta-
tion of these data is an unsmoothed survivor ocurve that may
or may not be stubbed. The next step in the case of elither
analysis procedure is to smooth the data and to extrapolate
them where needed to complete the 1life table.

An alternate approach is available in the case of the
retirement rate method. The analyst may prefer to smooth and
extend the survival (or retirement) ratios themselves before
developing a survivor curve. The proponents of this second
approach argue that:

(The techniques based upon smoothing a life table

or survivor curve) are open to the serious objec-

tion that the manipulative treatment of the data

by the successive multiplication of "observed"

survival ratios to obtain an "observed" 1life

table, before the fitting process can be begun,

destroys to a large extent the independence of

the individual observations. (33, pe. 79)

The process of smoothing or fitting survivor data has

received considerable attention and, as a result, numerous
procedures have been proposed. They are based upon the
premise that each property has some "fundamental law" of re-
tirement which must be recognized from the stub data. This

"law" or trend forms the basis for the smoothing and the data

extrapolation,
For the purpose of this discussion these methods have
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been classified according to whether the life table or the
survival ratios are smoothed.

Life tables. Two general procedures are used to fit
life tables. One is to use statistical means to express the
avallable data with a mathematical equation. The other 1s to
plot the data in the form of a survivor curve and fit it by a
comparison to standard curves. The former technique has been
used by the Bell System for many years. The valuation
engineers of this company prefer to fit the observed life
table to the Gompertz-Makeham equation (20):

L =K §% g
where I& = per cent surviving at age x
K, S, g, ¢ = constants determined from the observed
data.
The engineers of the California Public Utility Commission

recommend the use of the Gompertz equation which is simply:
(L6)

Iy = Eg e
when the symbols are the same as those used above, The solu-
tion of this last equation from the observed data is given by
Mills (31). Brennan has done considerable work with this
method of curve fitting (6). Probably his most interesting

proposal dealt with the determination of the unknown in the

equation in the use of a power series (7).

The use of standard curves involves considerably less
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caloculation time but may not be quite as objective as the
mathematical spproach. The standard curves as developed by
the work of Kurtz and Winfrey (27, 48, 51) at the Iowa
Ingineering Experiment Station are the most widely recognized.
These so-called Iowa type curves represent standardized mor-
tality frequency curves based upon the analysis of actual in-
dustrial experience. The final set, as issued by the
Station, contained 18 ocurves which were classified according
to the location of the mode of the frequency cwrve with res-
pect to the average life as well as the height of the maximum
ordinates.

Since a life table or survivor curve is the most common
and convenlent way to represent mortality experience, the
standard frequency curves were each integrated to produce the
corresponding survivor curves for average lives ranging from
5 to 50 years in five-year intervals. The resulting curves
for each type were then plotted on a single sheet of paper to
a standard scale.

The accepted procedure in the use of the curves is to
plot the observed life table to the standard scale on a sheet
of transparent graph paper. This unsmoothed curve is then
laid over each of the type curve sheets. Normally, the type
and average life which best fit the data are det ermined by
eye with weighting of the individual points done by Jjudgement.

However, a sum of the least squares of the deviations has
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been suggested by the Depreciation Accounting Committee of
the Edison Electric Institute (14, p. 17).

Kimball proposed a system of standard curves based upon
a truncated normal curve (25). His purpose was to develop a
series which responded to mathematical analysis much more
readily than the lIowa types.

The increasing use of stored program electronic com-
putors has lead Caunt to suggest a series of curves based on
the probability function (1l). Variation in ocurve shapes was
accomplished by expanding and shrinking the abscissas to the
right of the mode, and by changing the starting and stopping
point of the cwrve.

The so-called Patterson series of standard curves
appeared in the 1938 Keport of the Cormittee on Depreciation,
National Association of Railroad and Utility Commissioners
(33). Jeming (22) also proposed a series of standard curves
in which the retirement ratios would be represented by

Ry = ex’

retirement at age x

where R
a,n = constants determined from the data.

None of the above systems, however, have been developed or

recognized to the extent that the Iowa types have.
Retirement ratios. The simple assumption behind this

approach is that the older the property becomes the more

likely it is to be retired. Consequently, retirement ratios
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are nomally expected to 1ncrease with age. The trend of
this relationship 1s established by fitting the observed data
with either a straight or curved line.

Since the values for the ratios are essentially inde-
pendent, the least squares concept of fitting 1s generally
used. The most elegant application of this approach was per=-
fected by Fisher (18) and was suggested for the analysis of
retirement experience by Mr. Beverly Benson of the New York
Public Service Commission (33). The form of the final equa-
tion relating the retirement ratios or (survivor ratios) to
age would be

R=a+bx+ ¢+ dx3. « «
wvhere R = retirement ratio at an age x
a, b, ¢, etc, = constants determined from the data.
Mathematically, the procedure makes use of the orthogonal
polynomials of Tchebychef and, hence, the technique 1is com-
monly referred to as orthogonal polynomial fitting.

The principal advantage of this method is that the
analyst 1s able to start with a first degree equation and
evaluate how well the computed values agree with the original
data. If the results are not satisfactory he can develop
the second degree expression from the first by merely com-
puting an additional term. In a similar mamner one 1s able
to go on to the third and the fourth degrees, etc. Experience
has shown that the smoothing of retirement data rarely
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requires an equation above the third degree. The use of the
various equations have been summarized by Benson as follows:
The stralght line 1s occasionally the best;

the second degree 1s usually the best; the third

degree fits a number of kinds of property which

show rapidly decreasing probablility of survival

at early ages, then a slower decrease for some

years, and then a resumption of rapid decrease;

there appears to be little justification for

ever using equations of higher degree than the

third. (33, p. 79-80)

A second advantage gained in the use of this approach 1is
that the smoothed values may be determined directly without
having to solve the appropriate equation for each term. A
series of simple summing operations which yield all the
points on the smoothed retirement ratio curve has been
developed and may be used when a complete life table is
desired.

No weighting of the data is possible in this method
other than the omission of the retirement ratio values based
on the experience of the older units. If these values appear
to be erratic and deviate from the trend established by the
younger units, they may be ignored. Some judge ment needs to
be exercised at this stage however.

The ratios may also be fitted to the same equation form
by the conventional least square methods as described in a
19,2 publication of the Edison Electric Institute (2). In
these particular methods it 1is possible to weight each point

with the amount of property in service at each age. However,
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unless the weighting question has been deemed coritical, the

orthogonal solution is most frequently used.
Turnover

The basic principle of the turnover methods 1s relatively
simple. It is merely that in any static but continuing
property, i.e., one in which there are additions which
essentially replace the retirements, the number of years re-
quired to replace completely the plant, one turnover period,
is equal to the average life. These studies are normally
carried out on a dollar basis so that what is actually
"turned over" 1s the plant investment. Thus, the basic data
required are the additions, the retirements and the total
Plant in service in dollars as of each year. What was sald
above concerning the reliability of the property records must
also be emphasized for these methods. No analysis techniques
will correct faulty data.

The turnover period may be determined by plotting the
cumulative gross additions and cumulative retirements on the
same chart. The horizontal distance between a value on the
additions curve and one on the retirements curve represents
the turnover period for those units retired as of the date
considered on the retirements plot. Another procedure would
be to accumulate retirements back from some date until the

total would equal the plant balance at an earlier date. The
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elapsed time interval would be the turnover period. Still
another approach would be to accumulate gross additions back
from any date till they equalled the balance in the account
as of that date. The time difference again is the turnover
period.

Jeynes (2) and Jeming (22) have presented modifications
of the original turnover methods. Each of these techniques
has considerably more mathematical foundation than the cum-
lative methods described above.

A very unique analysis technique called the simulated
plant-record method has been proposed by Bauhan (). This
method merely requires the data needed for a turnover analysis
yet it solves for both the average life and the mortality
dispersion. The analysis is accomplished by first assuming
some known mortality pattern such as one of the Iowa type
curves. Next an estimate of the total dollars in service at
any date is made by multiplying the cost of each year's
additions by the successive percentages swrviving at each age
as given by the assumed mortality dispersion. The sums from
each year's installations which are indicated as being in
service during a specified year are added and the resulting
represents a predicted plant balance for that year. A summa-
tion is acoomplished for each year and the values are com-
rared with the actual account balances. This whole procedure

is normally repeated for 20 or 30 mortality approximations.
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The behavior pattern giving the least sum of squares of de-
viations from the actual plant balances is assumed to be the

best description of the mortality dispersion.
Forecast

In many cases the data necessary for the methods
described above are not available. Either the records are
not complete or the units are so few and long-lived that
little or no experience is obtainable. In instances such as
these, the forecast method is the only possible procedure to
use for tne estimation of service life. This particular
approach involves Jjudgment based upon experience, analysis
of related economic and policy trends, and any other factors

deemed relevant,

Summary

It should be emphasized that every analysis procedure
will indicate a slightly different estimate of average service
1ife or mortality dispersion. Likewise, any particular
mothod will also show varying results for the same basic
property if different experience periods aroe considered. The
careful analyst must be aware of these factors and try to
consider all the reasonable solutions before he finally exer-

cises his Jjudgment to choose the most representative answer.
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Depreciation

When approaching the discussion of depreciation, one is
likely to experience some trepidation for as Kuhn has
indicated:

Throughout the entire history of the public

utility industry there seems to have been confu-

sion, fear, and misunderstanding on the subject

of depreciation. (26, p. 199)

However, a closer look at the problem discloses that to a
great extent the confusion 1s due to the fallure to delineate
the various concepts of depreciation. Bonbright has very
carefully specified what he terms the "four basic concepts"
as (a) impaired serviceability, (b) fall in value, (c) dif-
ference in value present value and present replacement cost,
and (d) amortized cost (5). PFitch agreed in essence but
preferred "physical condition, value-depreciation, and cost-
depreciation”, indicating that (c) above was "actually a com-
bination of the cost and value concepts™. (19)

Thus, the term depreciation may describe the state of
physical deterioration of property, the difference in value
or monetary equivalent of an asset as of two different dates
(negative as well as positive differences possible), or the
extent to which the cost of a piece of equipment has been
allocated to production costs. With these possible interpre-

tations in mind, the problem of determining an acceptable
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definition 1s somewhat clarified.
Definition

Probably the most quoted definition of depreclation
appeared in a United States Supreme Court decision of 1934.
It read as follows:

Broadly speaking, depreciation is the loss, not

restored by current maintenance, which is due

to all the factors causing the ultimate retire-

ment of the property. These factors embrace

wear and tear, decay, inadequacy, and

obsolescence. (u;B’ Pe 167)

This definition has been criticised for the fallure to
specify what it is that is lost through depreciation (30).
Federal agencies, in general, have patterned their definitions
after the one quoted above and in many cases they have added
the terms "value" or "cost" to indicate that which was lost
because of depreciation (13). The inclusion of either of
these terms does not make the expression comvletely satis-
factory because it then becomes limited to the specific con-
dition, 1.e., value depreciation or cost depreciation. Any
definition ought to be sufficiently general to embrace all
the concepts of depreciation.

After an exhaustive study Fitch (19) proposed the fol-
lowing terminology which seems to be usable and acceptable:

Depreciation is the decrease in the number

of avaI%aETe units of soervice which a unit of

property or group of property units can be ex-

pected to render.
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Cost-depreciation is the decrease in the
available units of service expressed as a func-
tion of the cost of the property.

Value~depreciation is the change in the

present worth of the anticipated returns from

the services rendered by a property. Value-

depreciation can be determined only after a

valuation is completed and cannot be a factor

of the value of a property.

The significant feature of these definitions is the
specification of service rather than some monetary designa-
tion as the basic measure. This permits a perfectly general
expression for the term, depreciation, and also allows
appropriate sub-definitions by merely relating service to the

desired concept, i.e., cost, value, or physical condition.

Cost-depreciation

The proposition that manufacturing costs rightfully in-
clude some increment of equipment investment representing the
proportionate consumption of the avallable service in the
productive plant is generally accepted. The Depreciation
Committee of the National Assoclation of Railroad and Utility
Conmissioners pointed this out as followss

A proportionate part of the cost of the
sewing machine is as much a part of the cost of
the pair of trousers as 1s the cloth of which
they are made or the labor expended thereon.
The economic life of the blast furnace is con-
sumed in turning out iron; the locomotive, ton-
and passenger miles; the generator, kilowatt
hours; the §as retort, cubic feet of gas.

(32, p. 5S4



29

This allocation of plant investment to production costs 1is
cost-depreciation.

The present study has been designed with cost-depreciation
concept in mind. Therefore, all subsequent reference will be
to this particular interpretation unless otherwise

indicated.

Depreciation Accounting

Current depreciation accounting

The objective of current depreciation accountancy is to
produce a realistic statement of production costs experienced
over the acscounting period. Since these costs include some
provision representing the dissipation of the abllity of the
plant to produce, current depreciation accountancy and cost-
depreciation are integrally related.

Under this system an estimate of the annual coste
depreciation is needed for each accounting period. This sum
is then charged to production expense and credited to the de-
preciation reserve. If the annual charges have been estimated
correctly, each year's production costs will be representative
and the balance in the reserve will show the extent to which
the service capacity of the surviving plant has been consumed

as of any particular date.

It is apparent that the critical factor is the
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determination of the annual depreciation accrual. Since
the basic measure of depreciation was defined as the consump-
tion of service, the number of units produced or the amount
of service rendered would provide the most logical basis
upon which the evaluation of the annual charge could be made.
Such an allocation procedure has been used and is known as the
unit of production or use method. It has had very limited
application, however, because of the difficulty in deter-
mining the proportionate service consumption, particularly
when a number of machines are used in varying amounts on a
number of products or services. Another difficulty of this
approach is that of making a reasonable estimate of the total
expected service in terms of production units. Despite
these handlcaps, certain firms, e.g., the Canadlan Pacific
Railroad, have had considerable success with this method of
allocating depreciation expense (47).

Most all industrial organizations prefer to express ex-
pected service in terms of service life. This convention is
normally referred to as age-life depreciation. Two general
approaches are available: (a) whole life in which the year's
cost-depreciation is related to the portion of the average
service life consumed that year, and (b) remaining l1life in
which the annual depreciation is determined by that part of
the average remalning life or expectancy consumed during the

year. The whole life concept is most commonly adopted but
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the remaining life procedures have received considerable
attention from certain groups, e.g., the California Public
Utilities Commission (9) and others (10).

Depreciation base

Original Cost, replacement cost, and value have been
proposed as the correct sum to be recovered through the de-
preclation charges. Whichever 1s adopted is called the de-
preciation base.

Original cost. The original cost baslis 1s most always
used for accounting purposes as it 1s the only one that is
fully compatible with the concept of gost-depreciation.. All
depreciation determinations for income tax purposes must be
made on this basis except in the case certain special
property acquisitions (34, ).

Value. Fair value has been frequently presented as the
most appropriate basis for the depreciation charge. One of
the most notable arguments in behalf of this approach was
given by the Special Committee of the American Soclety of
Civil Engineers in their review of the 1943 report of the
Committee on Depreciation of the National Association of
Railroad and Utility Commissioners. They summarized their

conclusions as follows:

In the opinion of the society's committee it
(the 1943 Report) fails to present adequately the
fundamental conception that loss of value to
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property through age and use is inescapable and

that the extent of that loss of value at any date

should be the basis of all accounting and finan-

clal policles with reference to depreciation.

(3, p. 890)

Dean T. R. Agg, who was a member of this reviewing committee,
and Dean Anson Marston used the value basis in thelr develop-
ment of the present worth theory of depreciation (29). Scharf
and Leerburger (38) have also presented numerous papers in
support of this approach.

The principal objection to the use of value as the de-
preciation base for accounting is that the annual charge would
not reflect that which was actually spent to produce the
service. The National Association of Railroad and Utility
Commissioners argued that:

With fair value depreciation base, the re-

corded cost of utility service becomes a hybrid

quantity comprised of actual costs for labor,

materials, etc., and a portion of the value of

the property. The result is neither cost nor
value. (32, Pe Sh.)

Replacement cost. Interest in the replacement cost
basis seems to increase whenever the nation's economy ex-
periences a definite trend of rising costs. One of the main
arguments in support of this approach is that original cost
depreciation charges are not enough to replace the old
equipment when it is retired. Rising costs make any accrued
funds inadequate. Another contention is that the low depre-
clation charges result in overstated profits and, subsequently,

too high tax assessments.
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The major objection to replacement cost is essentially
the same as that expressed against the value basis. Thils 1s
simply that the cost of production should reflect the actual
expenses incurred. The depreclation charge is not made,
fundamentally, to supply new plant but rather to allocate
the investment in the present plart to operating expense.

In a recent publication Brown (8) estimated that, had
replacement cost depreciation been used instead of original
cost, depreciation charges would have been increased by
about $2 billion in the early postwar years and $25 billion
in 1950 and 1951. This in turn would have caused a P$l-y2
billion decrease in tax receipts "in recent years". It was
believed that the switch in depreciation methods would have
reduced profits after taxes in 1948 by 30 to 50 per cent in

most industrial manufacturing groups. Prof. Brown concluded

(p. 17):

Our general conclusions are that historic-
cost depreciation is more desirable than replace-
ment-cost depreciation for tax purposes. In our
view, tax equity should be based on differences
in real income. Replacement-cost depreciation
ignores these differences by providing a speclal
exemption for certain tax payers (depreciable-
asset owners as opposed to financial-asset
owners). Our analysis of the effects of the two
methods on the stability of economic activity
points to a slight favoring of historic cost de-
preciation. From the long-view viewpoint, historio
cost depreciation in a period of inflation 1is
likely to result in a smaller amount of capital
formation than would replacement cost depreciation.
Here we must weigh future against present consumer
needs and consider the implications of this method
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of financing opposed to alternatives. Finally, the
problem of a satisfactory measure of replacement-
cost depreclation seems unresolved.

Item or group acgounts

Separate property accounts may be kept for individual
units or composite properties such as a building or a large
piece of machinery. These are known as item accounts. More
frequently the records for similar or like units are
gathered together into a single account and handled on a
group basis, If a new account is onened for each year'!s in-
stallations, the property in the account constitutes a vin-
tage group. When similar or like units of all ages are
grouped together, the account is termed a continuous group
or "open-end" account. This last form is by far the most
common,

The principal difference between item and group depre-
ciation 1s based upon mortality dispersion. Actually, there
is no dispersion in the item account since the unit is 100
per cent surviving until its retirement drops the figure im-
mediately to zero. In a group account a mortality pattern
will probably develop in which some units will be retired
quite early and others will remain in service a much longer
time. Under the item method the annual depreciation charge
is based upon the expected probable life of the property unit
80 that the unit's cost will be recovered completely by the
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date of retirement. Under the group method the annual charge
is based upon a representative average life which 1s a func-
tion of the mortality dispersion expected of the property.
The depreciation charges are continued in behalf of the
group until the last unit is retired.

Grant and Norton (20) contend that an overwhelming majority
of group accounts is due to Internal Kevenue Service policy.
They note that prior to 1934, provision was made for a com-
pany to fully recover the original cost of unit whioh was re-
tired before being fully depreciated. However, on April L,
1934 the Treasury Department issued Mimeograph 4170 which
said in part:

Where an account contains more than one item

it will be presumed that the rate of deprecilation

is based upon the average life of such units.

Losses claimed on normal retirement of units in

such an account are not allowable, inasmuch as the

use of an average rate contemplates the normal re-

tirement of assets both before and after the

average life has been reached and there is, there-

fore, no possibility of ascertaining any actual

loss under such circumstances until assets cone-

tained in the account have been retired. (45)

This policy is amplified further by the following statement
from the 19,2 edition of the United States Treasury Depart-

ment!s Bulletin "F'":

Accounting losses from the normal retirement
of assets are not allowable under any method of
depreciation accounting unless, in the case of
classified or group accounting, the depreciation
rate 1s based on the expected life of the
longest~lived asset in the group, and in item
accounting only when the maximum expected life of
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the asset 1s used, since correct item accounting
requires an accurate determination of the life
of each individual asset, which is a practical
impossibility until near the end of its life.
“-lJ-I-a Pe 7"8)

These requirements obviously make anything but group ascounts

most impractical in all but a few instances.

Unit and dollar designation

Complete property accounts will generally indicate the
number of units in service at any time as well as an exten-
sion showing the original cost investment in those units.
Estimates of service life and mortality behavior can be
determined from either of these designations. However, the
dollar basis is most always used for accounting purposes.
This is because the unit 1is rather difficult to define in
most group accounts. For example, an account for centrifugal
gas pumps will not only carry all such pumps but also may
include such accessory items as foundations and baseplates,
lubricating systems, power transmissions (shafting, pulley,
couplings, etc.), platforms, ladders, stairs and railings
(when an integral part of the pump). Under these conditions
the dollar basis is the only practical way to summarize the
amount of property involved.

Howard (21) has shown that dollar and unit designations
may produce varying mortality estimates if the property has

experienced price changes over the placement period. The
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analysis of retirement experienced based on the number of
units in service is unaffected by price fluctuations. How-
ever, if the data are expressed in terms of dollars, the
behavior of the newer equipment is welghted differently from
that of the older units which might have had lower or higher
installation costs. While the variance in the estimates
appeared to be fairly small, no attempt was made to determine

its significance by statistical or other measures.
Allocation techniques

Ideally, cost-depreciation should be accomplished
acoording to the consumption of a plant's capacity to produce.
However, it is extremely difficult to get a valid measure of
the expiration of service capacity. Consequently, the
acoount ant assumes the annual decrease follows one of three
patterns. They are, first, a straight line, second, a curve
indicating decreasing annual increments, and, third, a curve
showing increasing annual increments. These assumptions were
all originally conceived for item depreciation but they have
been applied to group accounts with fairly satisfactory re-
sults. However, the graphical interpretation of a straight
line or a particular curve are not appropriate when the
methods are applied to continuous or "open-end" accounts be-
cause the additions and retirements change the depreciation

base, and, hence, the relative size of the successive annual
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charges.

Straight line. The average life procedure for the

stralght line assumption is by far the most common method in
use today. It is equally applicable to item or group
accounts. The depreclation rate is a constant for any given

measure of service life and salvage value and may be defined

Estimated salvage value
1.00 - Depreciation base

Probable l1life or average life

as

Straight line rate =

where the probable life is used for item accounting and the
average life for the group computation. The concept of a
straight 1line allocation suggests equal annual accruals.
This is the case for the depreciation of a single unit since
the charge, d, for any year, x, 1is

d, = (Item depreciation rate)(Depreciation base).
For group properties the expression for the annual accrual at
any age, X, becomes
d, = (Group depreciation rate)(Average fixed asset balance,

year x).

The average fixed asset balance 1s assumed to be one-half the
sum of the account's beginning and ending balances for the
year. This calculation appropriately allows a half-year's
charge for those units retired or added to the property during
the year. It is to be noted that the variable nature of a

continuing asset balance prevents the equal annual accruals
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normally expected of a straight line method.

Since the group rate given above 1s a function of the
oxpected average service life, it is obvious that those
units retiring before average life will not be fully de-
preciated when they are removed from service. Likewise,
those remaining longer than average life will be over-
depreciated. However, if the estimate of average life 1s
correct, the total original cost of the group will be fully
recovered as the last unit is retired.

Some authorities have disapproved of this delayed re-
coupment. It is the feelings of these men that each unit of
the property should be fully depreciated at its retirement
(29, 39, 49). The allocation procedure which would theo-
retically assure this recovery ia termed the unit summation
approach. To compute the annual depreciation expense by the
straight line unit summation method, the engineer must pre-
dict the complete mortality dispersion of the property. This
is necessary since the units at any specified age within the
property group will be expected to have varying lives de-
pendent upon the dispersion. Likewise, each length of life
will have a different straight line rate. Hence, the
appropriate depreciation rate for any age is a weighted
average of all the individual straight line rates necessary
within the group.

The complexities of the rate determination considerably
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1limit the use of this procedure. Winfrey (49, 50) has ex-
ylained the method thoroughly and Fitch (19) has presented
‘tha theoretical development of both the average life and the
unit summation straight line methods.

Decreasing annual charge. The principal allocation

technique in this category is called declining balance.
Mathematiocally, the annual accrual for an item of property at
age x is defined as

d, = (Declining balance rate)(Undepreciated book balance
at beginning of the year x)

where the undepreciated balance is the depreciation base less
the balance in the depreciation reserve at the beginning of
year x. The declining balance rate has been frequently ex-
pressed in terms of the depreciation base and expected sal-

vage (20, 30). That is,

n
B

where f = declining balance rate
n = probable or average life

Vg = estimated salvage value at age n

w
n

depreciation base.

This expression is normally of little consequence, however,
since the rate, f, is limited to twice that of the straight
line rate when the depreciation is computed for income tax
purposes.

The annual charge for a group property is found in
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exactly the same way as the item acorual if there are no
additions made to the account during the year. In case new
units are added, a half year's char