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DEPRECTATION AND REPLACEMENT COST™

The sharp rise in prices in recent years has stirred up a brisk
debate on the meaning and measurement of business income. The
discussion is not limited to the question of income shown by
financial statements but also to the methods of determining taxable
income. In this regard, the accounmting treatment for two types of
assets - inventories anﬂ depreciable assets - has received major
emphasis, In the case of inventory, the generally accepted accounting
principles allow Last-in, First-out (LIFO) method to be used for
‘measuring cost of goods sold, While LIFO is not a perfect surrogate
for price level adjustments, it often provides cost-of-goods-sold
figures that are reasonable approximations of current costs, But the
generally accepted accounting principles offer mo real ralief from

the effect of inflation on depreciation charges.

Purpose of the Study

This article appraises the arguments used in the controversy
about the depreciation allowance at replacement cost, There are two
main lines of reasoning behind this ccmt:r'ovt:'ars'.;y.‘l First, the

depreciation charged against the revenue in a given period should be

*The author acknowledges the help of Mr, G, Srinivasan in completing
the project.

1A..R. Prest, 'Replacement Cost Depreciationy! Accounting
Reseaxch, I (1948-50), p., 385,



‘such that it does not simply deemed to recover the original,
historical cost of capital equipment, but in some sense or the
other, replacenent costs, Second, we have the theoretically

less clear but more popular position that depreciation at replace-
mert cost (or, more generally, enhanced depreciation. allowance)
is propagated as a means to sa\}e on taxes, We will try to
explore the various approaches to the problem of providing

appropriate depreciation allowance in measuring income.

Depreciation Methods Used

It is generally recognized thaﬁ: in times of inflation the
depreciation provided in the books is not sufficient to replace
the asset, Adccountants admit the gravity of underprovision, but
dislike to abandon traditional methods, They try to meet the
depreciation shortfall by speeding up the norml process of writing
off historical costs, Somé do so by making the amortization
period as short as possible, while others may feel that the Jength
of life used in depreciation is satisfactory, but the method of
spreading cost over this period is wrong., There is a general
tendency to switch from the straight-line to the !fixed percentage
of the declining balence! (W.D.V, Method) and similar other methods
to speed up depreciatiom They may adopt a depreciation formila

that makes heavy charges in the early part of the life of the asset



(perhaps justifying this by pointing to abnormsl physical activity
in the early years), or they may write off an arbitrary initial
allowance in the first year, 'Sometimes, a gross amount is picked
up out of the air, and a formila found which will yield that
figure.'z Other times, management keep an eye on earnings in
chooging the depreciation policy, depreciation would be speeded up
if profit equalization is the most desirable goal, The methods of
accelerating depreciation require an enormous degree of managerial
judgemernt and discrebion. In view of these considerations, it
is not surprising that regulatory bodies and tax authorities have
more or less forced companies to adopt some rigid method of

providing depreciation,

A1 such tricks for speeding up depreciation to some extent are
useful during inflation, 4 firm can set aside receipts earlier than
it would do otherwise and buy new assets before their prices go up.
However, so long as funds are accumulated via depreciatien charges
based on historical cost the recoveries are bound to be inadequate,
Faster recovery of original cost does not provide sufficient funds
to replace the asset which can now be bought only at higher prices,

Sometimes, the inadequacy of depreciation charges is taken care of

2E. Cary Brown, 'Depreciation Adjusted for Price Changes'!, Harvard
Undversity, Boston, 1952, p. 54.




by levying a special surcharge, in addition to normal historical
cost based depreciation. Most often, this is treated as an
appropriation of net income or surplus rather than as an item of
cost. Such surcharge is set aside in the form of a special
regerve to be used to replace the depreciated asset, In reality,

the surcharge becomes a part of equity.

In all these cases, it will be noticed that the depréciation
base is historic cost, Of quite a different character, therefore,
are the proposals to change the depreciation base in such a way as
to recognize differences in the price level between the time when
an agset is purchased and the time when it is being used or
replaced. One such method could be to restate in each year the
historical cost of asset using the specific price index applicable
to that asset and then providing depreciation on a straight-line
basis. We call it Straight-Line Inflation Adjusted (SLIA) method.
In this paper, we have tried to examine the relationship between
Written Dawn Value (WIV) and the SLIL method of providing deprecia-

tion.

In WDV method. the depreciation for each year is found by applying
a rate significamtly higher than a compareble depreciation rate under
the straight-line method., The WDV rate is applied to the net book value

of the asset at the begimming of that year rather than to the original
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cost of the asset, Net book value is the cost less total depre-
ciz;.tion accumulated up to that time, In SLIA method, the ammal
depreciation on any machine not only includes depreciation at
replacement cost for the current year but also allows for any
shortfall in previous allowances based on a lower replacement
cost, The earlier year's shortfall in accumilated depreciation

is known as backlog depreciation,

The important characteristic of WDV method is that the depre-
ciation is higher in the initial years and will decline as time
pesses by, whereas SLIA depreciation will be increasing progre-
sgively due to increases in gross value and backlog depfeciation.
The behaviour of cumilative depreciation curves urder the two

methods is depicted in Exhibit 1.

From the exhibit we can observe that when cumulative depre-
ciation approaches the original acquisition cost, WDV curve
flattens out, but SLIA cumilative depreciation curve go on
increasing. The slope of the LIA cumilative depreciation curve
depends upon the assumed inflation rate., Curves A and B are SLIA
cumilative depreciation curves for a machine 1ife of 10 years and
anmially compounded inflation rate of 6 per cent and 10 per cent
respectively, Curves C, D and E are cumilative depreciation curves
under WIV for a rate of 20 per cent, 30 per cent and 40 per cent

respectively. The figures for the graph are given in Table 1,



From the exhibit we wotﬂ.dzlfosgice that in the initial years
accumulatod depreciation under WOV exceeds the SLIA cumulative
depfeciation, but after a certain period WIV depreciation is .not
sufficient to equalize SLIA depreciation. In the initial years,
the additional depreciation in WIV method even exceeds theo
differential of replacement-cost depreciation over historic-cost
depreciation, In the later years, under WIV , the base (i.e., net
book value) to whicht he rate is applied becomes smaller and
éma.ller, while under SLIA dve to inflationary trends the base
increases end increasing amount has to be provided for backlog
depreciation, . . Thus, up to a point deprsciation provided urder
WDV is sufficient to equalize inflation adjusted depreciation, If
a machine is rdplaced when the WIV equals SLIA cumdative
depreciation, the funds provided under either method of depreciation
should be sufficient to meet the cost of replacememt, No doubt in
this claim, there is an implicit assumption that undepreciated
value of the assets under SLIA can be recovered as salvage value by
disposing of the used machine, or can be traded-in with new machine
by paying deprociated amounk, 4ssumption may not hold true in all

the situations, bubt is not entirely unrealistic either,

What would be the point where WDV and SLIA cumilative depre-

ciations are equal., To find this point , we have employed similation



technique using depreciation models, We have chosen this technique
because it has a mumber of-advantages. It offers substantial
flexibility; models may be varied in many ways. It enables one to
comminicate clearly the conditions and assumptions on which models
are based and, more importantly, modelling can establish norms
which can be extended to actual situvations, If one understands how
a real-world situation differs from & related model, it is possible
to adjust or modify the model-based generalization to the actual

gituation,

Specification of the Model

Models are based on assumptions and are explained and operated
by symbols. Symbols used in this study are: Py is inflation rate
for ith period, N is life of machine, and let K be the WDV deprecia-
tion rate, Inflation rate P could be general price index or
specific price index for the asset, The one year depreciation under
WIN is K mdtiplied by writtec})%rglue (i.e., net book value), The
net book velue at point n is (1-k)n proportion of the historical cost
and the accumlated depreciation would be 1-(1~K)n. Thus, we can
observe that WDV cumilative depreciation would always be less than 1
(i.e., 100 per cemt of the historic cost) and in the limit would

recover the original cost of the asset,



Under straigitt-line method, the cumilative depreciation at the
end of nth period would be egual to 11_\_}1 (proportion of expired period
to the toval useful life of the asset), Under the SLIA methad this

proportion would be applicable to the erhanced value of the asset,

It asset vrices are increasing by P in ith period, at the and
of mth period the replacement cost of the asset would be equal to

. j‘"'_%(upi) miltiplied by historical cost. For simplification, if
ve a;sume Py is the same for all the period, then cumilative
depreciabion under SLIA would be equal to[ -Ir-ql (1 -ip)rg proportion of
the historical cost, The depreciation for a year in mth period is

%\I (14p)™ plus backlog depre%ia’giz? The backlog depreciation can be
measured b}{-r-}'ﬁl p(T4p) n-j'Z Z(‘l'*p)n11 is replacement cost in the
previous period, p is the increase in the asset cost during this
period and the whole term _n_:ﬁ’_i_ p(']"p)n-1 is urder provision of
depreciation in earlier years for increase in replacement cost auring
nth period. The simpler way to calculate depreciation in nth period
is to compute differential amount in accumulated depreciation in
period n over n-1th period. This amounts to /r%l (1 -ip)i7mirms Eﬂbﬂl (14p) n"j
which is equal to nth period depreciation[-g%—(‘lﬁ’)rj plus backlog

depreciation [%l P (149) n—? .

Thus &b the end of period n, WIV cumilative depreciation is

equal to the E-(‘I-Kﬂ proportion of the historical cost, while under



the SLIA uethod cumulative depreciation is 3-1\} (1+P) ™ proportion of

historical cost.

Similetion Results

From the above formilation, we can observe that the time
period at which WOV cumlative depreciation would be equal to SLIA
cumilative depreciation depends upon the WV rate (K), the reate of
price changes in the cost of asset (p) andthe 1life of the machine
(¥) over which cost has been depreciated, In Table 2 we have
computed the values of n, time period when the WDV cumidative
depreciation equals the SLIA cumilative depreciation, for various
values of K, p and N, If the life bf machine is 10 years, for
various velues of the WDV rate (K = 20%, 30% and 40%), and of the
inflation rate (P = &%, 10% and 12% anmally compounded), Table 2(a)
indicates the time period up to which furds accumilated under each
method would be sufficient to replace the asset, 4fter that period
funds accumilated under the WDV method would begin falling short of
required funds for replacement. For example, if the asset life is
10 years, and the price of the asset is rising on an average at 6
per cent per amum, then the firm providing depreciation at 30 per
cent WDV rate, must think of replacing the asset by 6.2 years, other-
wise it has to rely on some other sources to make good the deficit.

If the firm does not intend to replace the asset by 6.2 years, then
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it would be wrong to claim that the firm is providing encugh for

replacenc: b by using the accelerated method of depreciation,

After (,2 years there will be a shortfall in the funds, and
this shortfall as a percentage to replacement cost increases
progressively. The shortfall as a percentage to SLIA cumulative
~ depreciation is approximately 13 per cent in the 7th year, 26 per
cent in the 8th year,,37 per cemt in the 9th year and 46 per cent
at the end of the life of 10 srears. Thus, after the 7th year the
WIV methed really does not take care of the need for replacement
funds. Reduction in shortfall sought by increasing the WDV rate also
is very marginal because the WIV cumilative durve is flattened around
that region irrespective of the rate. For example, if we increase
the WIV rate to 40 per cent from 30 per cemt, the shortfall in funds
at the end of 10th year would be 4.5 per cent, a reduction of 1.5

percentage point.

Table 2 (b) and 2(c) indicate the latest replacement time of
assets keeping in view the sufficiency of funds for various values of
K and P for a machine life of 15 years and 20 years respectively. A
generalization can be made that if prices are rising at 6 per cent per
anmum, and if we are providing depreciation at 20 per cent WIV rate,
after the expiry of half of the life of the asset, the WDV cumiative

depreciation provision would not keep up with the increasing replacemert
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cost. If pirices are changing at the rate of 10 per cent, then on
an average such period is reduced to 40 per cent of the life of the
asseb, The figures in the brackets in tables 2(a), 2(b) and 2(c)
indicate the percentage deficit in the funds if the asset is being

uged vatil the end of its normal 1ife.

Now, if it is the firm's policy that the asset is replaced on
or before the nth period (for illustration N = 10, P = 6 per cent,
WIV = 20 per cent, then n is 6.2 years) WIV may serve as a naive
method to take inflation inbo account. So the question is whether
thet ime period up to which the SIV exceeds or equals SLIA is the
real usage period of the asset, It is also clear that as the inflation
rate increases the effectiveness of WIV method reduces. The deficit

in the last year of the machine life increases substantially.

With the 1life of machine being 10 years and a WIV rate of R0 per
cent, for a price change of 6 per cent per ammum the shortfall is
about 50 per cent, but if price change increases to 12 per cent such
shortfall increases to 71 per cent of the replacement cost, For the
same inflation rate the deficit in WDV cumilative depreciation decreases
as the life of machine is reduced, For & 6 per cent inflation rate
the deficit for a WDV rate of 20 per cemt reduces from €9.2 per cent
when the 1ife is 20 years to 50 per cent when the life is 10 years.
So, the shorter the life of the machine the better is WDV as an

approximetion to SLIA depreciation.
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Effects of Reequivpment Policy

If the firm has to finance its own reequipment, we have noticed
that the {irm not orly has to provide for depreciation at replacement
cost for the current year but it should alsc allow for a shortfall
in previous allowance based on & lower replacement cost, The
provision for this backlog depreciation may not be necessary if we
make an assumpbtion that the company is acquiring the fixed assets in
every\period at a constant rate, In this case, providing depreciation
based on SLLL method would create a float - an accumilation of excess
fund over what is required for comtinuous replacement, If the fimm
is continuously growing in size, this float would also increase. The
size of the float depends on a varicty of circumstarnces: the
original cost of assets, the rate of growth of the cé.pital stock,
the rate of price rise, the age distribution of the stock of
eqm:i.pment.3 The price changes are not the only reason why discre
pancies may arise between funds accumilated by depreciating at
original cost and funds needed for reequipment, Such discrepancies
invariably occur when there is net investment or disirwestment

(acquisition of new assefis net of depreciation) on the existing

3h.R. Prost, op. cit., p. 394
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capital stocle, and 11" the rate of net investrent is large enough, the
‘effect of any price rise may be smcthered. It is only in the limiting
case of a constant stock of capitel that price movements have clear-
cut infiuvence, Furthermore, if accumulated depreciation is invested
in securities or other assets that appreciate in *;ra.lue, this iz yeb

another reason why the float may incresse in size.

WOV Ehnd§ Imvested in Securities

If the WIV depreciation is imvested every year in interest
bearing securities, are the accumulated furds sufficient to cover the
cost of replacement at the end? We have computed the accumijated funds
for various values of K (WIN rate), furds reirvestment rate (6%, 10%
end 15%) and different 1life period of machines (N = 10, 15 and 20
years), The simulated results are summarised in Tables 3(a), 3(b) and
3(c). From the results, it is clear that for all WDV rates, even if
the amounts are invested in interest bearing securities, the accumla-
ted funds are not sufficient to cover the replacement cost if the
inmterest rate earmed is less than the inflation rate. Secondly, as the
life of a machine becomes shorter, even the higher reinvestment rate
mey mot be sufficient to cover the replacement costs, For example, for
a WIV rate of 30 per cemt with 12 per cemt _inﬂation rate and 15 per
cent reinvestment rate, the accumilated funds are sufficient ‘o cover
the replacement cost of a machine which has 20 years of life, But if

the life of asset is only 10 or 15 years, funds accumilated may not be
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sufficient to meet the replacement cost, This is because interest
is compounded and as the years pass by the compounded interost
accrued would be a larger sum compared to the increase in replace~

ment cost if reimvestment rate is higher than inflation rate,

In Table 4(a) 4(b) and 4{c) we also present the similated
results indicating for a given WDV rate (K =20, 30 and 40 per cert)
and a given reinvestment rate (for rates of 6, 10 aﬁd 15 per cent),
what would be the meocimum inflation rate a firm can absorb without

worrylng about deficit in the accumilated furds for replacement,

From this amalysis we find that WDV method can approximate the
inflation adjusted depreciation only up to a certain period of
- machine life, If the rate of inflation is low and the usage period
of the machine is short then the WIV method can approximate the
SLIA method. If the assets are to be used for their full life then
the deficit in WDV method is very large. If a firm replaces the
asset bofore it is fully worn out then WIV can be a good approxima-
tion of SLIA depreciation if price changes are small, Rurther, if
the depreciation amount is to be invested in a fund WIV can cover the
replacement cost at the end of machine's usual life, if such

reinvestment rate is sufficiently high,
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Policy Implications of the Results

It is possible that pregmatists mey regard the foragoing
simlated results as too theoretical, tooc simple or both, but it

has severzl policy implications, Some are as follows:

Firgt and foremost, in profits réported according to gencrally
accepted accounting principles, the cosgts of labour and meterial (by
use of LIFO m;athod in computing cost of goods sold) are reflected in
current prices, but no account.is taken of the effect of price changes
on depreciation charges, Those seeking relief have two options. One
is to try to depreciate on the basis of artifisial shortened service
lives, and the second is to employ some variation of accelerated
depreciation method as an approximation to replacement cost deprecia-
tion, But this also does not solve the problem, What a firm needs is.
to adjust depreciation for changes in prices, This requires, not
faster recovery of origiml cost, but rather a recovery of replacement
cost., By undercharging for depreciation, the profits are oversta;t.ed
and it is possible that as a result the dividends declared might be
too large, the firm might fail to maintain the real investinent in its
productive capacity, unreasorable wage demands might be stimulated,

or prices might be unrealistically lOW.4

Second, these methods of accelerating depreciation require an
enormous degree of managerial judgement. There are tremendous

variations in the accelerated depreciation methods used, Indeed,

Z‘E. Cary Brown, op. cit., p. 47.
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these variations are so great that inter-firm or intre-firm compa-
rison of profits are ag difficult as they would be with replacement
cost depreciation, There is no way of converting depreciation to a
commnon basis without knowing all tﬁe facts. Replacement cost

dapreciation, on the other hand, can be tested by price indices.

Tﬁﬂ, management may not be always objective, If we do not
bese ocur depreciation charges on some objective criteria like
spreading evenly hisborical cost or the cost adjusted for price
changes, the depreciation might be speeded up because profit equali-
zation might be the desirable goal for the management. It is this
aspect of depreciation that may lead to great imaccuracies in report-

ing a firm!'s profits,

lastly, the disparity between cost of replacemert and the original
cost of facilitie® causes postponement of replacement of over-age
facilities,5- if we fail to provide for economic depreciation. The
allowance of historic-cost depreciation ignores the real economic
cost, and thus, effectively imposes a substantially higher rate of
income t axation on those comparies which have substantial investment
in fixed assets. If we continue to ignore economic depreciation in
measurement of business income, price fixation, dividend distribution,
wage negotiations, etc., we may jeoparadise the needed modernization

of productive facilities.,

5Paul Grady, !Depreciation - To Measure Income or to Provide Funds
for Replacement', N.4A.h. Bulletin, 1959.
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Conplusion

In couclusion, I must state that the urgency of the problen
whicih we have been examining is raturally proportional to the
instability of the value of money., 4s long as the inflation is
with us; resisting changes in traditiomal accounting methods are
bound to have far-reaching social, ecorpmic and political
consequences. We have examples of many sick units in various
industries mainly because the firms did not retain adequate funds
to modernize the wnita, Sufficient provisions were not made for
depreciation charges in measuring business income. As a result
-large amount of funds which should have been reinvested in the
business in order to maintain assets at the same level of produ-
ctive capacity were withdrawn in the form of dividends, higher
wages or lower prices for the company's products, An important, but
difficult regponsibility of the accountant is mot to be a prisoner

of accepted principles,
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Exhibit 1

’ﬁ Graph Showing the Behaviour of Cumlative

Depreciation Under WOV and SLI& Method

6

" YEARS ~=»
Curve A showing SLIA Cumilative Depreciation with 6% inflation rate,
B showing SLI4 Cumulative Depreciation with 10% inflation rate.
C showing WIV Cumulative Depreciation with 20% deprcciation rte.
D showing WIV cumdative Depreciation with 30% depreciation rate,
E showing WIV cumdative Depreciation with 40% depreciation rete,
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Table 1

Cunulative Depreciation Under WDV and SLIA Method

#SITA with an

' YVear WIV Mg‘thod with a rate of inflation rate of
20% 30% 0% 6% 105

1 2000 3000 4000 1060 1100
2 3600 5100 6400 2247 2420
3 4880 6570 7840 3573 3993
4 5904, 7599 8704 5050 5856
5 6723 8319 R22 6691 | 8053
6 7379 8824 9533 8511 10629
7 7903 9176 9720 10525 13641
g 8322 R4, 98| 12751 17149
9 8658 9596 - 9899 15205 21222
10 8®é6 9718 990 17908 25937

#*4ssuning a machine 1ife of 10 years.



Table 2(a)

Summary of the results ihdicating the time neriod 'when WIV
Cumd ative Depreciation is egual to SLIA Cumulative Depreciation

asset ILife 10 vears

1

W.D,V, Rats
Inflation 20 G
ine \ % 30 409
6% 5 6.2 6.6
(50.2) (45.7) (44.5)
10% 4 5.1 55
(65.6) (62.5) (61.7)
12% 3.7 4u8 542
(71.3) (68.7) (68.0)
Table 2 (b)
‘ Asset Jife 15 years
W.D,V. Rate
Inflation 20% 30% 40%
Rate
6% 7.8 8.6 8.9
. (59.7) (58.5) (58.3)
10% 6.2 7-0 703
(76.9 (76.2) (76.1)
12% 5.7 €5 648,
(82.4) (81.8) (1.7)
Table 2(c)
Agset Iife 20 Years
w’DlVQ Ra.te
Tnflation 20% 30% 40%
6% 10 10,6 10.7
{69.2) (68.8) (68.8)
10% . 7.8 8.5 8.7
(85.3) (85.1) (85.1)
12% 7.1 7.8 8.0
(89.8) (89.6) (89.6)

Note: Figures in the bracket show.the percentage shortfall in WDV fumd

if asset is replaced at bthe end of the mechine life,
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Tapblie 3 (2)

dccumlabod Funds under WV if Devprcciation Tunds are Invested

ipn Intercst Bearing Securities in Hvery Period

Jesvming original Cost of Asset Rs 10,000

—

Machine [ife ~ 10 years

WDV
Reoinvest- 20% 30% L%
ment Rate
69 12950 1,688 15520
10% 16576 192 41 20701
15% 22504 26782 29378
Funds needed for replacement if inflation rate is &% 17908
10% 25937
12% 31059
Table 3 !b)
Machine ILife - 15 years
WOV
Reinvest— 20% 30% 40%
ment Rate
&k 18164 19932 20836
10% 27614 31294 3BL4
15% 12T 54216 59175
Furds needed for replacement if inflation rate is 6% 23966
' 10% L1772
12% 54736
Tabl.e
Machine Life ~ 20 years
WIV
Reirvest- 20% 30% - 45
ment Rate
&% 24582 26720 27888
10% LUTT3 50450 53820
15% 93457 109195 119029
Furds needed for replacement if inflation rate is &% RO
10% 67275
12% 96463
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Table 4 (a)

Inflation Rate that can be Covered for a (dven WDV _rate
and a Given Reinvestment Rate

iife of the Machine -~ 10 years

WDV
Reinveste 0% 30% 405
nernt Rate
6% 2.6 3.9 L&
10% 5.18 6.76 Te55
15% 8.45 10.35 11.38
Table 4 (b)
Iife of the Machine - 15 years:
WIV
&1 Ve gt 20% 30% 40%
ent Rate
6% 4,06 470 5.02
10% 7.01 7.90 8,37
15% 10.76 11.93 12,58
Table 4 (¢)
Iife of the Machine - 20 years
WDV i
Reinvegt- 20% 30% 407 ,
piertt Rate
:
6% fre 60 5.04 5.26
1 10% 7.78 843 8.7¢
15% 11.82 12,69 13.18




