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ABSTRACT

The Effect of Accelerated Depreciation on Investment
Terence John Wales

Submitted to the Department of Economics on July 1, 1966, in
partial fulfillment of the requirements for the degree of
Doctor of Philosophy in Economies,.

This thesis represents an attempt to determine the
effects of accelerated depreciation on investment. Motiva-
tion is provided by recent tax law changes which have re-
sulted in liberalized depreciation provisions. In 1954 the
sum of the year's digits and double declining balance me-
thods were permitted in place of the straight line method,
in 1958 a limited 20% initial allowance was introduced, and
in 1962 a reduction in asset life for tax purposes and an
investment credit of 7% were authorized.

In theory investment behaviour will be influenced by
the changes in present discounted value and liquidity which
result from an acceleration of depreciation. That 1is, an
acceleration of deductions not only increases an asset's dis-
counted revenue stream and hence its profitability, but also
provides a permanently higher level of cash flow for a grow-
ing firm, and to the extent that there is an advantage to
financing from internal sources the profitability of invest-
ment projects 1s increased. Although the elasticity of in-
vestment expenditures with respect to discounted value and
liquidity changes is unknown, it is nevertheless interesting
to compare such changes for different methods of acceleration
as well as for relevant parameters such as the asset life,
discount rate and growth rate of investment.

In practice the effectiveness of the two factors will
depend on the nature of the investment decision-making pro-
cess used. Interview evidence and a study of the extent of
reliance of firms on internal financing suggest that although
discounting techniques are rarely considered explicitly by
firms, the level of cash flow has a strong influence on in-
vestment decisions. For this and other reasons the liquid-
ity effect forms the basis of the empirical analysis. A
general model of investment, dividend, and external finance
behaviour is estimated which, as well as being of interest
in itself, is used to obtain estimates of the increase in
investment in the two-digit manufacturing industries attri-
butable to the 1954 and 1962 accelerated depreciation pro-
visions. The 1958 allowance is quantitatively unimportant
because of the annual limitation to §2,000.

Thesis Supervisor: Edwin Kuh
Title: Professor of Economics
Massachusetts Institute of Technology
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Chapter 1
INTRODUCTION

By accelerated depreciation is meant any change in
the timing of depreciation deductions over the life of an
asset which results in an increase in the present discounted
value (to be denoted pdv) of these deductions. This in-
crease of course depends on the discount rate used in cal-
culating the present value, and therefore a specific rate or
range of rates 1s_required in order to determine what con-
stitutes accelerated depreclation. That is, depreciation .
deductions could be alt;red in such a manner as to yield an
increase in pdv at some discount rates and a decrease at
others. For the methods of acceleration which have occurred
in practice and to be considered below, however, this is not
possible since they all involve increased deductions in
early year(s) with qorrésponding lower deductions in later
years, and the pdv of such a series is greater than zero
for all positive discount rates.

Since accelerated depreciation is defined in relative
terms, that’is, as a change from an existing to a new systen,
the existing system is itself of importancé. -The stralght
line debreciation method (to be dénoted SL) is generally
considered as the existing system or norm compared to which

the methods of double declining balance (DDB) and sum of the



1 On the

yearis digits (SYD) are said to be accelerated.
other hand, any of these methods may be taken as the exist-
ing system compared to which the introduction of an initial
allowance is said to be accelerated. An initial allowance

of b percent of cost results in an increased deduction in

the first year of b times cost, together with a corresponding
decrease in the depreciable base of the asset over the re-
mailning n-1 years.

Two methods of stimulating investment which have been
used in practice but which do not satisfy the above defini-
tion of accelerated depreciation are the investment credit
and reduction in asset life for tax purposes. The former
results in a decrease in taxes by the amount of the credit
- in the first year of an asset's life, but leaves depreciation
deductions unchanged. The latter is essentialiy different
because 1t changes the period over which deductions are
taken. However, it may be thought of in terms of the above

definition by considering the new deductions over the longer

life, that is, as deductions of i/n1 for ny years and 0 for

lynder the SL method deductions of 1/n are permitted
in each year, for an asset with a life of n years. Under
the DDB method the allowable deduction in the kP year of
the asset's life is 2/n times the undepreciated value of the
asset. Since the latter is given by (1»2/n)k=1, the DDB
deduction is (2/n)(1~2/n)k”1, Under the SYD method allow-
able depreciation in the kth year is n~(k-1) divided by the
sum of the first n digits (n(n+1)/2), and hence equals
2(n-k+1)/(n(n+1)). It should be noted that these expres=
sions are given for an asset with unit cost. In the analysis
to follow all examples will have this property unless other-
wise stated.



n,-n; years, where ny is the shorter, n, the longer life.

For convenience in the work toc follow both the credit and re-
duction in life are classified as methods of accelerated
depreciation,

The four major methods of acceleration which are
therefore to be studied in detail are a switeh to SYD, an
initial allowance, an investment credit, and a reduction in
asset life for tax purposes. This choice of methods is
motivated by recent tax law changes which have resulted in
an acceleration of depreciation in practice. The relevant
tax provisions are reviewed briefly before consideration is
given to the theoretical effects of accelerated depreciation.

Although specific methods of computing depreciation
deductions were not specified by the Treasury prior tc 1954,
methods used were required to be reasonable, to conform with
a recognized trade practice, and to be adopted by the tax-
payer in his own account. Useful lives for tax purposes
were intended to correspond to the length of time assets
were retained in use, the 1life of each asset therefore
depending on the particular cilrcumstances of its employment.
Estimated lives contained in Treasury mortality tables, such
as Bulletin F, were averages and were not meant to apply to
all assets or taxpayers.

The Internal Revenue Code of 1954 specifically author-
1zed the following three methods of computing depreciation:

the straight line method, the declining balance method at not



more than twice the straight line rate, and the sum-of-the-
years digits method. Any other consistent method was allowed,
provided the deductions at the end of each year during the
first two-thirds of the useful life of the property did not
result in a greater cumulative deduction than under double
declining balance. The option of switching at any time from
double declining balance to straight line was permitted in
order to recover the total cost of the asset. These methods
were applicable to all new assets with a useful life of
three or more years acquired or constructed atfter December
31, 1953. The 1954 Revenue Code did not include any changes
with respect to determination of useful lives for tax pur-
poses, although Revenue Ruling 90 issued by the Internal
Revenue Service at the time instructed agents not to adjust
lives used by taxpayers unless there was a clear basis for
change.

New or used property with a useful life of over 5
years acquired after December 31, 1957, was eligible for a
20% initial allowance. The allowance could bte c¢laimed on
property with a value of not more than $10,000 in any tax-
able year.

The 1962 Revenue Act required that entrepreneurs
claim a tax credit equal to 7% of qualified investment in
new or used machinery bought after December 31, 1961.
Qualified investment was defined as: zero for assets with

useful lives of less than 4 years, one=third of cost for



assets with lives greater than 3 and less than 6 years, two-
thirds of cost for assets with lives greater than 5 and less
than 8 years, and full cost for assets with lives of 8 or
more years. The depreciable base of qualified investment
had to be reduced by tne amount of the credit taken. In any
one year the credit was limited to the first $25,000 of tax
liability plus cne=fourth of any remaining tax liability.
Any unused credit could bve carried back 3 years and then
forward 5 years until exhausted.

In July, 1962, the I.R.S. published Revenue Procedure
62-61 to replace Bulletin F for the purpose of determining
ugeful lives. Use of the procedure was optional. Useful
lives were suggested in general by industry groupings, and
by certain Guideline classes that crossed industries such as
office furniture and transportation equipment. The Guide-
lines were applicable to existing as well as to new facil-
ities. The new lives could be used for three years after
which they were required to conform with actual lives as
demonstrated by reﬁirement practice. The reserve ratic test
was intended to provide an objective basis for determining

if this conformity was meta2 Table 1.1 contains & comparison

“Basically the reserve ratic for each Guideline class
is computed by dividing the total depreciation reserves for
all assets in that class by their corresponding basis
(including any assets which have been remcved from the ac=-
eounts but which are still in use). The reserve ratio cal-
culated in this manner must lie in the acceptable range pre-
scribed by the Treasury, where the acceptable range depends
on the method of depreciation, the Guideline life (n) and the
rate of growth of investment over the preceding n years,



of Guideline lives and estimates of actual average tax lives
~in use at the time of introduction of the GuidelineSOB’a

The Revenue Act of 1964 repealed the provision intro-
duced in 1962 which required the depreciable base of assets
to be reduced by the amount of tax credit taken. The depreci-
able base of assets purchased and subjected to such a reduc-
tion in 1962 and 1963 could be increased by a corresponding
amount beginning in 1964,

The two major effects of accelerated depreciation,
which will be analysed in detaill in Chapters 2 and 3, are the
present discounted value and liquidity effects. The former
refers to the change in the pdv of a single asset's net
revenue stream resulting from an accelerated depreciation
provision. That is, when depreciation deductions are in-
creased in early years, taxes are reduced and hence net
revenues increased by the amount of the deductions times the
corporate tax rate. Of course there is an equivalent de-
crease in net revenues in later years, but with a positive
discount rate the pdv of these changes ig positive. By the
pdv effect then is meant the pdv of the change in depreciation

deductions times the corporate tax rate, but since the latter

3A11 numbered tables appear at the end of their
respective chapters.

uTable 1.1 also contains for each manufacturing
industry its Standard Industrial Classification number which
will be used for reference purpcoses in the analysis to
follow.



is assumed throughout to be sonstant (at 50%), it is suffici-
ent to analyse the former.

There are a number of reasons for analysing changes
in pdv. Although the mechanism through which such changes
might be expected to result in changes in investment is un-
known, a number of hypotheses are possible. First, invest-
ment decisions may rest on pdv calculations themselves.
Second, investment declsions may be a function of rate of
return measures which are affected by pdv changes. Third,
the investment process may be formulated in terms of an
ad justment process involving a desired capital stock the
magnitude of which depends on the pdv of depreciation deduc-
tions (assuming of course a positive corporate tax rate).

There exists in the literature on accelerated dep-
reciation, a number of studies in which pdv changes are
analysed.5 There does not exist, however, a comprehensive
analysis of pdv effects such as the one presented in Chapter
2, which allows a compariscon to be made of the effects of the

ma jor methods of accelerated depreciation over a wide range

53ee for example, E. C. Brown, "The New Depreciation
Policy Under the Income Tax: An Economic Analysis", National
Tax Journal, March, 1955, in which the effect on pdv of a
switch from SL to SYD is studied; and M. M. Dryden, 'Capital
Budgeting and the Investment Credit", Working Paper 24~63,
Sechool of Industrial Management, M.I.T., June, 1963, in
which the pdv change resulting from the 1962 credit is anal-
ysed. Other relevant works include Richard Goode, "Acceler-
ated Depreciation Allowances as a Stimulus to Investment?',
Q.J.E., Vol. IXIX (May, 1955), pp. 191-220 and George Terborgh,
Realistic Depreciation Policy, M.A.P.I., 1954,




of asset lives and discount rates. This is important be-
cause it is very difficult in the absence of such a compari-
son to determine the relative iricentive to investment pro-
vided by the different methods. The effect on pdv changes
of variations in the discount rate and asset life can also
be analysed, and 1s of interest in discovering the relative
incentive provided to assets with different lives and of
different degrees of riskiness., The latter is possible to
the extent that the discount rate may be interpreted as a
measure inclusive of risk. Finally a table is presented
which allows a direct compariscn to be made of the effects
of the 1954 and 1962 provisions, for asset lives which are
intended to approximate the average lives used in the two-
digit manufacturing industries.

The second major effect of accelerated depreciation
is the liquidity effect. The liguidity measure to be con-
sidered is the ratio of teotal depreciation deductions to
total investmentaé This ratio glves the fraction of invest-
ment in any period which can be financed internally from
depreciation allowances. Such a concept is of interest if
there exists an advantage to financing investment internally.
The nature of this advantage will be discussed in Chapter 4,

Of course total casn flow consists of net profits as

well as depreciation allowances, and an increase in the

6mhis terminclogy differs from standard usage in that
the ligquidity measure defined here is a flow rather than a
stock cornecept.



latter due to accelerated depreciation will reduce taxable
and hence net profits. It is not hard to show, however, that
cash flow will increase by the tax rate times the change in
depreciation deductions. Consider the following simplified
identity in which D is depreciation, P? is net profit, P8 is
taxable profits less all deductions except depreciation, and
T is the corporate tax rate, then P = (P®-D)(1-T). Cash
flow (CF), which equals P™+D, is therefore given by

CF = (P8-D)(1-T) + D or CF = P®(1-T) + DT, which shows that

an increase in depreciation deductions, ceteris paribus,

increases cash f'low by the tax rate times the change in
deductions. This increase in cash flow is an upper bound

to the amount (depending on the fraction of profits retained)
by which the internal financing of investment can increase
as a result of accelerated depreciation. Since this increase
is given by a constant (the tax rate) times the change in
depreciation deductions, it is sufficient to concentrate on
the latter in order to determine the efféct on internal
financing.

In analysing the effect of accelerated depreciation
on liquidity it 13 necessary to distinguish between the case
of a single asset and that of a stream of assets. This
distinection is not necessary for pdv analysis, but liquidity
analysis 1s relevant only in the context of a stream of
assets. That is, the variable of interest in any period is

the ratio of total depreciation to current investment where
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the former includes depreciation on assets purchased at dif-
ferent times in the past. For a single asset of course the
behaviour of the depreciation=-investment ratio over time is
simply given by the depreciation rate itself, and any in-
crease in deductions in early years by definition equals the
decrease in later years. But for a stream of assets the
total depreciation deduction in any period is a function of
investment expenditures over the preceding n years, where n
is the average asset life, In order to determine the total
depreciation deduction then it is necessary to make an
assumption about the past growth of investment. For a posi-
tive growth rate, the increase in deductions on new or
recent assets due to accelerated depreciation will not equal
the decrease on colder assets, because the stock of newer
assets is permanently larger.

There exists in the literature a number of studies
in which the advantages to ke gained from accelerated depre-
ciation under conditions of growth are recognized. Probably
the first authors to explicitly analyse the time path of
deductions for different methods for a stream of growing
assets were R. Eisner and E. D. Domam"7 The former showed

that with a positive growth rate of investment, the aggregate

7Robert Eisner, "Accelerated Amortization, Growth,
and Net Profits", Q.J.E., Vol. IXVI (November, 1952), pp. 533-
544 ; and Evsey D. Domar, "The Case for Accelerated Depreci-
ation", Q.J.E., Vol. IXVII (November, 1953) pp. 493-519.
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depreciation-~investment ratio would increase as the length
of asset 1life decreased, under the SL method. To illustrate
the effect, hypothetical depreciation values were calculated
for the U. S. economy using actual investment figures but
assuming different SL amortization periods..

E. D. Domar studied the behaviour of the ratio of
accelerated to normal depreciation under conditions of an
exponential growth rate of investment and no initial capital
stock. The methods of accelerated depreciation studied were
the combinations of DDB and an initial allowance, SL and an
allowance, and SL with a shorter life. Advantages accruing
to new and growing firms were emphasized. But Domar's con-
ciusions (which have essentially become the commonly held
views in the literature) rest entirely on the assumption that
the most appropriate measure of advantage from accelerated
depreciation is the ratio of accelerated to normal deductions.
One important implication of such an assumption, for any of
the methods of acceleration studied here or in Domar's work,
is that the galn from acceleration will decrease (or remain
constant ) during transition to steady state conditions. It
will be argued below that the difference of depreclation
deductions rather than the ratioc of such deductions is a
more suitable measure of the advantage from acceleration, in
which case some of Demar's concelusions, and in particular the
one just noted, must be modified.

A detailed azcount of the literature on the subject

of deprecigtion deductions under conditions of growth will



not be presented. A partial list of the contributing authors,
however, would include E. C. Brown, E. D. Domar, R. Eisner,
and R. Goodeo8 In spite of the substantial number of articies
relating to the behaviour of depreciation deductions under
conditions of growth, there exists neither a comprehensive
study nor one in which the relation to liquidity factors is
clearly stated. The aﬁalysis to be presented in Chapter 3
may be considered comprehensive for the following reasons.
It allows a comparison to be made of the effects of the vari-
ous ma jor methods of accelierated depreciation, as well as of
different asset lives, growth rates, and types of growth.
The transitional effects for growing firms are studied care-
fully since their relevance for n years (the average asset
life) after introduction of the new metheds makes them
important. Steady state depreciation to investment ratios
are snalysed and shown to be egquivalent to pdv expressions
when the growth rate is interpreted as a discount rate.
Finally, the relevance of the change in the depreciation-
investment ratio resulting from accelerated depreciation is
studied in terms of the advantages to be gained from the
increased capability to finance investment internally.

The analysis of the liquidity and pdv effects outlined
and presented in detaill in Chapters 2 and 3 is straightfor-

ward in that it simply involves computing changes in the

8See Browrn, op. wit., Domar, op. ¢it., Elsner, op. c¢it.,

and Goode, op. cit.
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relevant parameters. A much more difficult problem is to
determine the manner in which and the extent to which these
changes affect investment decisions. Such a step is of
course necessary for an empirical determination of the im-
portance of the 1954 and 1962 Revenue Act provisions. If
perfect rationality could be attributed to all entrepreneurs
aﬁd’if the exaqgt manner of reaching investment decisions
were known, then the pdv and liquidity factors, which theor-
etically should affect investment, could be translated into
actual changes in investment. However, neither of these
assumptions is acceptable. First, entrepreneurs do not
always follow objectively rational practices when making
investment decisions, whether because subjective preferences
are considered more important, or because of ignorance of
appropriate methods. Second, there exists in the literature
a Widehvariety of determinants which are hypothesized to
affect”investment (to varying degrees) while attempts to
describe investment behaviour econcmetrically have not re-
sulted in general acceptance of any particular subset of
these.,

An assumption must be made therefore about the factors
which determine investment decisiocns in order to investigate
the effect of accelerated depreciation on them and hence on
investment. If these factors are influenced by pdv and

liquidity considerations then their incorporation (if pos-

sible) into an empirical model provides a means for
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determining empirically the effects of depreciation changes.
Two points should be mentioned. First, even if pdv and
liquidity changes do affect investment decisions it may be
possible to argue, in view of the orders of magnitude of such
changes, and in view of the probably rough predictions of
future revenues and costs required in making investment deci-
sions, that one or both of the effects is essentially neglig-
ible. Second, since investment declisions may be based on not
entirely rational grounds, some mechanism may exist through
which accelerated depreclation affects investment other than
the two mentioned above.

In order to gain further insight into the factors
which are considered important by entrepreneurs in reaching
investment decisions, a brief report on two recent interview
studies of corporation exzcutives is given in Chapter 4.
Attention centers on rate of return measures used by entre-
preneurs in analysing investment projects, and particular
emphasis is placed on determining whether such measures are
affected in general by accelerated depreciation. (The extent
to which such measures are affected is analysed in Chapter 5.)

In view of the fact that accelerated depreciation re-
sults in a permanent increase in liquidity (for growing firms),
Chapter 4 also contains an analysis of the advantages of
financing expenditures from internal sources, and a descrip=-
tion of the extent to which this practice 1s followed. Aside

from rational reasons for preferring internal funds, probably
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the major one of which is due to differences in tax rates

en dividends and capital gains, entrepreneurs exhibit a
strong subjective preference for them which in some cases
may not be entirely rational. Whether for rational reasons
or not, however, the existence of such a preference suggests
that the liquidity effects resulting from accelerated
depreciation méy well be important. -

Chapter 5 contains a comprehensive investigation of
the orders of magnitude involved in rate of return changes
resulting from specific accelerated depreciation provisions.
In spite of the fact that the elasticity of investment with
respect to such changes will in general be unknown, there
are at least two reasons for analysing them. Fifs%, they
are of interest in comparing the different methods of accel-
erated depreciastion, and in comparing variations in asset
lives and initial rates of return. Second, the orders of
magnitude involved are of interest. In particular, if
acceleration results in very small changes in rate of return
measures, one might be justified in assuming their influence
cen investment negligible in view of the roughness with which
such measures are likely to be constructed, being based on
revenue predictions over the asset's entire life.

There exists in the literature a scattered discussion
of changes in rate of return measures resulting from accel-
erated depreciation. 1In particular analysis has centered on

the internal rate of return. G. Terborgh has calculated the
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effect of various measures of accelerated depreciation
assuming an initial internal rate of return of 10% and a
linearly declining revenue stream.9 M. Dryden has tabulated
the effect of the 1962 investment eredit for various initial
internal rates and with a linearly declining revenue stream,
and has experimented slightly with the revenue stream
assumption.lo There exists, however, no comprehensive
analysis of rate of return changes such as the one presented
in Chapter 5. The effects on the internal rate of return
for various initial rates and asset lives, and under the
assumptions of constant and linearly declining revenue
streams are given for the four major methods of accelerated
depreciation mentioned above. The effects on a modified
internal rate of return, which avolids the assumption of
reinvestment at the internal rate, are also given. Finally
in view of the reportedly widespread use of such a rate of
return measure, the change in an asset's payout period due
to accelerated depreciation is analysed.

It 1s important to recognize the relation between the

pdv and liquidity effects discussed in Chapters 2 and 3, and

9George Terborgh, Incentive Value of the Investment
Credit, the Guideline Depreciation System, and the Corporate
Rate Reduction, M.A.P.I., Washington, D. C., 1964; and New
Investment Incentives, M.A.P.I., Washington, D. C., 1962,

10M11es M. Dryden, "How do Recent Changes in Tax Laws
Affect Investment Decisions?" Working Paper 25-63, School
of Industrial Management, M.I.T., June, 1963.
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the rate of return analysis in Chapter 5. The changes in the
internal rate of return and the modified rate of return
considered in Chapter 5 are essentially pdv changes trans=-
lated into rate of return terms. That is, such changes arise
because of variations in the timlng of an asset's (discounted)
deprecilation deductions, although the total amount of deduc-
tions remains the same. For the internal rate of return,
depreciation deductions are discounted at the internal rate
(whatever it may be), while for the modified internal rate
deductions are discounted at the firm's cost of capital.

Variations in an asset's payout period due to acceler-
ated depreciation do not depend on the pdv or the liquidity
effects as defined above. That is, since discounting is
ignored the effect is not one of present values, not is it
soncerned with the effect on the aggregate depreciation-
investment ratio of a stream of assets. Rather accelerated
depreclation alters an asset's payout period simply by
increasing net revenues in early years thereby reducing the
period of time taken for revenues to accumulate to invest-
ment cost. The payout period is strictly speaking not a
rational profitability measure, and hence is not included
in the analysis in Chapters 2 and 3 of the two major effects
of accelerated depreciation. It is 1hcluded in the discus-
sion on rate of return measures because of its reportedly
widespread use in practice.

No account is taken in the rate of return calculations

in Chapter 5 of the liquidity effect considered in Chapter 3.
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The rate of returh calculations are concerned with changes
in a single asset's revenue stream resulting from accelerated
depreciation, while the liquidity factor as defined above
is relevant only for a stream of assets. These two concepts,
may be related however, in the following manner. Since the
liquidity effect in any period after introduction of acceler-
ation reduces the cost of financing investment by allowing
more to be financed internally, then it results effectively
in an increase in the rate of return of each asset purchased
in that period. That 1s, the cost of financing each asset
may be considered reduced and hence its rate of return in-
creased. The reduction in cost will depend not only on the
extent of the increase in internal financing made possible
by the acceleration, but also on the importance of this in-
crease to the firm. The former is exactly what is analysed
in Chapter 3 under the heading of the liquidity effect and
depends therefore on the average asset'!'s life and the growth
rate of investment. The importance of this increase to the
firm, however, is not readily determinable because it depends
on the subjective preference of the firm for internal funds,
as well as on the relative costs of internal and external
funds. For this reason no attempt is made to translate
ligquidity changes into rate of return changes, and in the
rate of return analysis presented in Chapter 5 financing
costs are assumed constant.

In contrast to the many discussions which exist in the

literature on the theoretical effects of accelerated
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depreciation on investment, empirical analyses are almost
nonexistent. The author is aware of only two (as yet un-
published) papers in which an attempt is made to determine
empirically the effects of accelerated depreciation. The
first is a paper by R. E. Hall and D. W. Jorgenson. The

11 tpe

second is a Doctoral Dissertation by R. M. Coen.
analyses are very similar in that they both assume that
investment expenditures depend on the difference between the
existing capital stock and a desired capital stock. The
latter is made a function of the "user cost" of capital, and
this cost in turn depends on the pdv of depreciation deduc-
tions earned by the assets involved (assuming a positive
corporate tax rate of course). A change in the pattern of
such deductions therefore changes thelr present dlscounted
value, and hence the desired and actual capital stocks.
{(This alleged direct dependence of investment expenditures
on the discounted value of depreciation deductions provides
additional motivation for the pdv analysis of the next
chapter.)

Probably the major reason for the lack of empirical
work in this field is the fact that any such analysis will

of necessity depend crucially on the nature of the investment

11y, E. Hall and D. W. Jorgenson, "Tax Policy and
Investment Behaviour", 1966, (to be published in the A.E.R.),

and R. M. Coen, Accelerated Depreciation, The Investment Tax
Credit, and Investment Decisions, (Preliminary), Unpublished
Manuscript, December, 1965.
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function assumed. The papers mentioned above, for example,
rely entirely on the assumption that investment expenditures
respond (in a specified manner) to changes in the present
discounted value of depreciation deductions earned on fixed
assets. This means that entrepreneurs must employ precise
discounting procedures, or act as if they did, when making
investment decisions. If entrepreneurs do not in general
use discounting methods, another formulation of investment
behaviour might be more appropriate. The real problem then
lies in the fact that, as mentioned above, a wide variety of
determinants are hypothesized to affect investment while
attempts to describe investment behaviour econometrically
have not resulted in the general acceptance'of any particular
investment function.

The model of investment behaviour hypothesized in this
paper and studied in detall in Chapter 7 is oriented more
towards the profit models in the literature than towards the
Jorgenson capital model as outlined above. The assumption is
made that the firm's cash flow (depreciation plus net profits)
plays a major role in influencing investment decisions. The
motivation for making such an assumption is the preference
{some reasons for which are discussed in Chapter 4) of entre-
preneurs for internal funds. Pressure on capacity, the
availability of external funds, and the current liquid posi-
tion of the firm are also assumed to affect investment.

The investment equation is postulated to be oné of a

system of equations that involves a simultaneous determination
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of investment, dividend, and external finance behaviour.
Dividend and investment expenditures both rely heavily on
cash flow, which in turn depends on investment due to its
depreciation component. The level of external finance is
affected by investment opportunities relative to the supply
of internal funds, while investment itself is influenced by
the availability of external finance. The budget constraint
of the Firm regulires that these decisions be consistent.
Dividend behaviour in general is assumed to follow the
basic Lintner model in whieh the change in dividends in any
period represents partial adjustment towards a desired level
of dividends, with the latter being a constant fraction of
cash fl@waiz Variations from this pattern may result due to
differences in the liquid position of the firm. The cash
flow variable is used rather than net profits in view of
regent findings by several authors which suggest that cash

flow is the superior income variable.13 By far the most

12Jonn K. Lintner, "Distribution of Incomes of Corpor-
ations Among Dividends, Retained Earnings, and Taxes",
Proceedings of the American Economic Review, Vol. 46, No., 2,

—(Mayv 1956‘)9 bp. 97‘”113-

15see in particular John A Brittain, Corporate Divi-
dend Poliecy, The Impact of the Tax Structure and Other
Factors, (Preliminary Manusecript), March, 1965; R. Sutch,
“"Some Comments cn Corporate Dividend Behaviour", Unpublished
Manuscript, January, 1966: R. Gordon, "Explaining Corporate
Payout Behaviour™, Unpublished Manuscript, July, 1965, and
E. Kuh, "Income Distribution over the Business Cycle",
Chapter 8 of The Brookings Quarterly Econometric Model of
the United States, Chicago, 1965, pp. 275-273.
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comprehensive treatment of the subject is provided by J. A.
Brittain, whose basic behavioural hypothesis is that firms
are aware of the depressing effect of changing depreciation
provisions on their ability to pay dividends, and will take
this into account when making such payments. Three arguments
are offered in support of the proposition. Flrst, firms may
think of depreciation as a purely accounting charge in which
case cash flow will be viewed as one source of funds to be
distributed between dividends and investment. Second, firms
may regard stablility of dividends more important than invest-
ment expenditures, and consequently finance dividends direct-
ly from cash flow. Finally, in a period of changing depreci-
ation regulations firms will desire to utilize consistent
depreciation rules for determing dividend payments, and for
simplicity may use cash flow as an approximation.

The external finance behaviour of firms 1s analysed
in considerable detail. Such behaviour is assumed to depend
not only on current investment expenditure and the supply of
internal funds but also on the cost of financing externally,
the firm's current 1liguid position, and the relation of long
term debt to equity. The latter assumes that borrowing
decisions are influenced by the difference between an optimal
and the actual debt-equity ratio. An attempt is made to
determine whether the resort to outside funds is best repre-~
sented by past, current, or future expectations of investment

expenditure, and to determine if it depends in a nonlinear
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fashion on financing needs. The major components of external
finance, long term bank borrowing and corporate bond issues,
are analysed separately in an attempt to determine the extent
to which their determinants differ.

In a recent book by W. H. Locke Anderson an attempt
is made to explain investment in fixed assets, short and long
term borrowing, and the accumulation of cash and government
securities.iu The analysis is based on quarterly time series
data for the two-digit manufacturing industries. A major
drawback of the study 1s its failure to allow for simultane-
ity in the estimation procedure while stressing the inter-
dependence of financlial decisions in the theoretical discus-
sion.

The author is aware of only one other study in the
literature in which a simultaneous model of investment,
dividend, and external finance behaviour is statistically
estimated. It is a recent paper by P. J. Dhrymes and M. Kurz
involving a cross section analysis similar in some respects
to the time series analysis presented here.15

The reduced form of such a system of equations may

be used to determine the effect of any method of accelerated

14y, H. Locke Anderson, Corporate Finance and Fixed
Investment, Boston, 1964,

15Phoebus J. Dhrymes and Mordecal Kurz, Investment,
Dividend and External Finance Behaviour of Firms, (Preliminary),
presented at the Conference on Investment Behaviour, spon-
sored by Unlversities-National Bureau Committee for Economic
Research, June 10-12, 1965,
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depreciation. Of particular interest are the changes in the
1954 and 1962 Revenue Acts. The mechanism through which
accelerated depreciation affects the endogenous variables is
of course by changing the pattern of depreciation deductions,
and therefore cash flow, over time. Variations in cash flow
result in variations in dividend payments, the level of
external finance, and investment expenditures, with the
latter feed;ng back onto cash flow through a further change
in depreciation deductions. Using an initial set of lagged
endogenous variables and the actual values of exogenous
variables, the reduced form can be used to _generate values of
endogenous variables which are functions of ény desired
accelerated depreciation parameter.

The following identity (in simplified form) contains
the depreciation parameters which can be altered in order to
analyse the different methods.

+ v

+ C +Rt

Tt * C¢

Dy 1s depreciation, Ty is the depreciation rate applied

Dg = Dy

against current investment, Ct i1s a correction term which is
required if the depreciation method results in unequal deduc-
tions over time, {and is therefore required for all methods
but SL), and Rt is eurrent retirements of fixed assets. By
appropriately adjusting Cy and vy and then using the reduced
form to generate values of endogenous variables, any method

of accelerated depreciation may be analysed. For example,

if SYD were used instead of SL, then basically vy would be



25

2(n=k+i)/n({n+i) rather than 1/n, and C, would have to be
adjusted to take into account the fact that under SYD deduc-
tions on any asset decrease by an amount equal to 2/n(n+1)
each year. A reduction in asset life for tax purposes from
n, to n, would require that ny; be used instead of n, in
computing vy and Cy. This general method of analyslis is used
in Chapter 8 in an attempt to determine the effects of the
liberalized depreciation provisions introduced in 1954 and
1962,

A major problem in determining the effect of the
introduction of accelerated methods in 1954'arises in con-
nection with the fact that entrepreneurs did not immediately
accept such methods but adopted them only slowly over the
years. A problem arises because there is no direct infor-
mation available on the extent of use of the accelerated
methods by two-digit industry, nor is the author aware of
any estimates of their use. Clearly information on the rate
of adoption is required as a part of the parameter Vi in
the depreciation identity given above. That is, in analysing
a switeh from SL to SYD, Vi will be a welghted average of
the two depreciation rates, with weights equal to the amounts
of investment written off under the two methods.

For this reason an attempt is made in Chapter 6 to
estimate an adoption rate or learning function for accelerated
depreciation. Satisfactory results are obtained for all

industries but textiles and petroleum. Although there appears
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to be no good reason for the poor results in the textile
industry, there is in the case of the petroleum industry, in
that depletion provislons may make accelerated depreciation
less advantageous than straight line. The statistical
techniques derived and used in obtaining learning function .
estimates have not, to the author's knowledge, appeared in
the literature.

Before turning to the analysis of pdv effects in the
next chapter, a few details will be glven concerning the
different methods of accelerated depreclation. .

As mentioned above, DDB résults in a deduction in year
k of an asset's life of an amount equal to (2/n)(1-2/n)¥-1,
Since é: (2/n)(1-2/n)k-1= 1 - (1-2/n)® it is clear that at
the end of n years the asset will not be completely depreci-
ated. For this reason the law permits a switch from DDB to
SL at any time during the asset's life. Profit maximization
requires a switch when the annual deductions under the two.
methods are equal, and for an asset with life n this occurs
in year n/2+1, calculated as follows. The percent of cost
written off after t years is given by i;(z/n)(l--z/n)k'1 =
1-(1-2/n)%, leaving (1--2/n)t for later years. The switch
occurs in year k+l1 determined by equating deductions:
(1-2/n)¥/(n-k) = (2/n)(1-2/n)¥, from which k+l = n/2+1.

If complete rationality is not assumed and switching

does not occur, it can be shown that for certain values of

the discount rate (r) and asset life (n), the SL method
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results in a higher present discounted value of deductions
than the DDB method. That is, by solving for the value of r
which equates deductions under the two methods for a given
n, one obtains the discount rate below which the present
value of the deductions using SL exceeds that of DDB. For
asset lives of 5, 10, 15, 20 and 25 years respectively the
eritical discount rate is approximately given by 9, 7, 5, 4,
and 3%. Such calculations illustrate the crucial role of
the discount rate in the definition of accelerated depreci-
ation.

The pdv and liquidity computations under DDB are
complicated if switching is assumed, and the problem men-
tioned above is encountered if it is not. For this reason,
the SYD method of depreciation is used 1pvthe analysis in
Chapters 2, 3, and 4 to represent both the accelerated
methods (DDB and SYD) introduced in 1954. The error involved
in using SYD in place of DDB is small, since the two methods
(assuming switching) result in essentially the same pattern
of deductions.

An initial allowance, which results in a larger deduc-
tion in the first year with an equal reduction in later years,
1s more beneficial under SL than SYD or DDB. This follows
(for n> 2) because, although the gain is always taken in the
first &ear. the write-down of the base occurs closer to the
present using an accelerated method. For n=2 there is no

difference since the remainder of the asset is completely
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depreciated in the second year in any case. Of course the
combination of SYD or DDB and an allowance remains preferable
to SL and an allowance.

The continuous formulations of the three methods of
depreciation are used to some extent in the analysis in
order to simplify the mathematics. The SYD rate is the only
one in which a change is evident, since the SL and DDB rates
remain as 1/n and 2/n(1-2/n)¥ respectively. The continuous
SYD rate applicable at time k of an asset's life is given by
2(n-k)/n? and since ‘fiz(n-k)/nzdk = 1, the asset is complete-
ly depreciated as reélired. |

In practice the depreciable base of an asset must be
reduced by its estimated salvage value before applying the
SL or SYD methods, but not the DDB method. Since there is
little to be gained in the theoretical discussions from
assuming varying amounts of salvage (in relation to cost),
and since no relevant data exist for the empirical work,

salvage considerations are ignored in the analysis to follow.
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Table 1.1

COMPARISON OF 1962 GUIDELINE LIVES AND
AVERAGE LIVES USED IN PRACTICE (1962)

Industry Industry Current Guideline
Description Number Lives Lives
Food and Beverage 20 15 13
Textile-mill Products 22 16 13
Paper and Allied 26 19 15
Products
Chemicals and Allied 28 13 11
Products
Petroleum and Coal 29 18 15
Products
Rubber Products 30 14 13
Stone, Clay, and 32 18 16
Glass Products
Primary Metal 33 21 17
Industries
Machinery except Trans- 35 14 12
portation and Electrical
Electrical Machinery 36 14 11
and Equipment
Motor Vehicles and 371 14 12
Equipment
Transportation Equipment 372 12 9

Except Motor Vehicles

Source: Based on asset lives in the Treasury Depreciation
Survey, Treasury Department, Office of Tax Analysis,
November, 1961, Table 1, (Unpublished), and Depreciation
Guidelines and Rules, (Revenue Procedure 62-31;, U.S.
Treasury Department, I.R.S., Publication No. 456, Revised,
August, 1964, pp. 6-13. For any industry in which more
than one Guideline life appears in Revenue Procedure 62-61
the entry in Table 1.1 is a weighted average (using 1962
investment values) of these lives. All asset lives have
been rounded to the nearest integer.




Chapter 2
THE EFFECT OF ACCELERATED DEPRECIATION ON
PRESENT DISCOUNTED VALUES

As mentioned in Chapter 1 the two major effects of
accelerated depreciation are the pdv and liquidity effects.
The purpose of this chapter is to analyse the former. The
four basic methods of accelerated depreciation to be considered
are: a switch from SL to SYD, the introduction of an initial
allowance, the introduction of an investment credit, and the
adoption of a shorter asset life for tax purposes. As men-
tioned above reasons for making such calculations rest on the
assumption that investment is affected by pdv changes. Al-
though the precise elasticity of investment with respect to
such changes may be unknown, the calculations aré of interest
in that when combined with order of magnitude elasticity
estimates, they provide some idea of the orders of magnitude
involved. A comparison of incentives across methods as well
as for different asset lives and interest rates is also of
interest.

It should be recalled that the pdv:analysis in this
chapter is concerned with a single asset while the liquidity
analysis in the next chapter involves a (constant or growing)

’stream of assets. ﬂ

The Effect on PDV of é Switch from SL to SYD

Iet n be the tax life of an asset and r the rate at

which deductions are discounted. The change in net revenue

30
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in any period from using SYD instead of SL equals the change
in depreciation deduction for that period times the corporate
tax rate. Discounting these changes by the rate r and summing
gives the change in present discounted value. Assuming SL
and continuous discounting, the present value of depreciation
deductions is given by:

PDV(SL) = vf e~Tt/n a4t

[«]
and under SYD the corresponding expression is:

PDV(SYD) = \f (2(n-t)/n?)e-Ttat,

Let vy = PDV(SYD)iPDV(SL)D then Vg times the corporate tax
rate is the gain in discounted value from using SYD. Table
2.1 gives values of Vg for selected r and n.1

From the table it can be seen that ys is neither a
monotonic function of r for fixed n, nor of n for fixed r.
Considering Vg first as a function of r only, the introduc-
tion of SYD increases the present value of early deductions
and decreases the value of later ones. A higher discount
rate reduces both early and late deductions. The discount
rate for which the gain in deductions is a maximum is there-
fore the one for which a higher rate reduces near deductions
more than it reduces future ones. For each n this value of r
can be calculated by setting the partial derivative of Vs with

respect to r equal to zero, and solving to obtain r. Table 2.2

contains such values of r for n less than 40 years, although

lynless otherwise stated all such tabulations of
changes resulting from an acceleration of depreciation are
based on annual rather than continuous discounting.



values of r greater than 25% are not recorded.

From the fact that yg declines for large values of r
the conclusion is often drawn that the benefits from switch-
ing to SYD decrease for risky assets. That 1s, the discount
rate in the preceding calculations may be thought of as play-
ing a dual role -- that of discounting for time per se and
for risk. A time discount rate 1s applied because revenues
are received in the future. If uncertainty is involved in the
outcome a risk discount factor may be applied as well. Gener;Q
ally the latter will be an increasing function of time since
more risk is assocclated with distant revenues, either because .
of greater probability of not receiving them or they are pre-
dicted with less certainty. One plausible marmer in which to
discount for risk is to discount revenues in year t by (1+r)t
thus resulting in a discounted value calculation of the usual
sort.2 But since there are an infinite number of ways to dis-
count, each aepending on predictions about the future, differ-
ent conclusions from those based on Tables 2.1 and 2.2 might
be reached.

Even if the particular assumption that revenues in
period t are discounted for risk by (1+r)t is accepted, care
must be taken in interpreting Tables 2.1 and 2,2 since the
discount rate appearing in the tables combines both the time

and risk factors{‘ Let rl be the time, and r2 the risk discount

2For simplicity it is assumed (although perhaps un-
realistically) that the same risk discount rate is applied to
gross revenues &as to depreciation deductions.
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rate, then r in Tables 2.1 and 2.2 is related to these two
rates by the following equation:

(2.1) (14r) = (147 )(147,)
This means that the risk discount rates for which the benefits
from accelerated depreciation are a maximum are considerably
less than the values given in Table 2.2. For example since .
Vg for n = 20 reaches a maximum at r = .13, then for a time
discount rate of .05, the risk discount rate (r,) which
maximizes pdv may be calculated as:

(1+r2)(1005) =.1,13 or r, = .076

In conclusion, if risk is associated with discounting
revenues in period t by (1+r2)t, then for any given asset life
(n) and time discount rate (rl) there exists a value of the
risk discount rate r;, above which the gain from accelerated
depreciation decreases. Using Table 2.2 and equation (2.1)
it can be seen that for large n and a high time discount rate,
rg may well equal Zero. If this 1s the case, any discount
for risk decreases the benefit derived from accelerated deﬁ-
reciation, and the maximum incentive is for investment in
riskless assets.

If Vs is considered as a function of n only, an
analysis of the same form as above would reveal for any r, the
n which maximizes the gain. This has not been done but an |
idea of the orders of magnitude involved can be obtained from
Table 2.1. For example, discount rates of .16 and .24 yield |
the maximum advantage for assets with lives of approximately

20 and 16 years respectively.
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Present wvalue calculations for a change from SL to
DDB (assuming the switching provision is used) are not pre-
sented but it is clear that the results will be similar to
those given in Table 2.1. On the other hand, as stated in
the preceding chapter, if DDB 1s used ignoring the switching
provision then for low discount rates the SL method will have
a higher pdv than the DDB method.

The Effect on PDV of an Initial Allowance

As mentioned in Chapter 1, the introduction of an
initial allowance 1s more beneficial if SL rather than an
accelerated method such as SYD is in use. An initial allow-
ance of b% of cost results in a gain in deductions in the
first year of b, with a corresponding loss of b over the
remaining n-1 years. The discounted value of the net gain
from introducing the allowance, assuming SL is in use (and
before multiplying by the tax rate) is therefore given by:

y,(SL) = b é.e tat - b f“e ™t /(n-1) dt
The corresponding expression assuming SYD is:

ya(SYD) = b:f e~Tlat - b_f (2(n—t)/(n-1)2)e'rtdt
Note that the loss of b in deductions is spread over n-1
years in proportion to a depreciation rate applicable to an
asset of n-1 years. For this reason 1/(n-1) is the SL rate
in the second part of ya(SL) and ((n-l)-(tal))/(n-l)2 is the
corresponding SYD rate. Values of ya(SL) and ya(SYD) appear
in Table 2.3 for b = 100% and selected r and n. In order to
compare the effects resulting from an allowance with other

accelerated methods the entries in this table must be
. L 9
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m1ltiplied by the value of the allowance.

A pricri cne would expect the gain from using the
allowance to follow the same pattern with respect to the dis-
count rate as the gain from using SYD in place of SL. That
is, for a given asset life the gain should increase with r at
first and then decrease. Table 2.3 shows this to be the case,
although the effect is not very pronounced because the only
year with increased deductions is the first.

With respect to asset lives, however, there is a basic
difference between the gain resulting from an initial allow-
ance and that from a switch to SYD. In the case of an allow-
ance, the net gain increases monotonically with n for any
acceptable depreciation allowance (defined below). This
proposition is not difficult to prove.

et y_ = the increase in pdv resulting from an initial

a
allowance
b = initial allowance as a percent of cost
r = discount rate
n = asset life
T = gorporate tax rate
h(t,n) = depreciation deduction on an asset of age t with

life n. h(t,n) must satisfy the following condi-
tions for all n> 0.
(a) h(t,n)>0 for O0<¢<tgn
= 0 for ton
(b) jh(t,n) dt =1
(¢) d/dn(h(t,n))<0 for 0<t<n
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Condition (a) states that all deductions over the asset's
life must be positive, (b) requires that the total deduction
be equal to cost, and (c¢) requires that the deduction in any
year be smaller (or the same) for a longer lived asset.
Yo is therefore given by:

(2.2) y, =br | e ~Ttat - BT | h(t-1,n-1)e "Pat
and differentiating ;a with respecé to n gives:

(2.3) dy,/dn = -tT(h(n-1,n-1)e”™™ +

_fd/dn (h(t-1,n-1))e Ttat

From condition (b) above; jlh(t-l,n-l)dt = 1 and differenti-
ating with respect to n giv;sz

n

h(n-1,n-1) + [ d/dn(h(t-1,n-1)) dt = 0

. Substituting for h(n-1,n-1) in (2.3) yields:

n

(2.4) dy/dn = -bT( § (d/dn(h(t-1,n-1))) (e F’- e "TM)q¢)
But e Tt. e ™ 50 for t = 1,n and‘d/dn(h(t—l,n-l))é-o from
~condition (¢). Therefore the integral in (2.4) is negative
since it consists of all negative terms, and hence dya/dn
itself is positive.

This shows that the gain from an initial allowance is an
increasing function of n, which is a plausible result if the
allowance is thought of as an interest frge loan in the first
year, to be paid back over the life of the asset. The langer
the life the more benefit is oftained. A switeh from SL to
SYD can not be thought of in these terms because the period
during which the lcan occurs is not restficted to the first
year, but varies with the asset life.

Using ¥, as defined above in (2.2) it can be shown that



the gain from an allowance, as a function of r, increases at
first and then decreases. Differentiating Vg with respect to

~(bT/r) § e-Tttat + (bT/r) { h(t,n)e-Tbtdt

i

r gives: dya/dr
Since the second term is positive, dya/dr would be positive
if it were not for the fact that the gain is taken over the
first period and must be discounted. For small r the first
period discounting will be unimportant and dya/dr will be
positive, but for large r the first term will dominate.

This shows that for all depreciation functions h(t,n) the
gain from an initial allowance increases at first, but de-
creases for r greater than some r*, which depends on h(t,n).

The Effect on PDV of an Investment Credit

The change in discounted value resulting from an
investment credit is simply the amount of credit k discounted
by r over the first period, that is, k\f e'rtdt. This value
decreases with r and is independent of ; and the corporate
tax rate.

The investment credit introduced in the 1962 Revenue
Act consists of a 7% tax credit in the first period together
with a write-down of the base over the asset's life. The
required write-down of the base means that the pdv of the
credit will depend on the asset's life and the corporate tax
rate. The gain'in pdv resulting from such a credit is given

n

by: | ¥ = .07J e7Tfar - 077 § n(t,n)e at

(-]

As with an initial allowance dy,/dn> 0 for all n but dyk/dr> 0

only for r less than some r¥.
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Table 2.4 gives values of the change in pdv resulting
from the 1962 credit for various asset lives and discount
rates. Since the credit is applicable only to machinery and
equipment, asset lives greater than 24 years are not presented.
The required reduction in credit for lives of less than 8
years 1s taken into account in the calculations. The table
indicates that credit is more beneficial for assets with long
lives and if SL rather than SYD is in use. The absolute gain
does not appear to vary much with the discount rate, but the
pattern of increase followed by decrease, as r increases is
discernible.

The Effect on PDV of a Change in Asset ILife

Let ny be the new shorter asset life for tax purposes,
and n2 the old life, Then the increase in pdv due to using
the shorter tax life is the difference between the depreciation
deductions under the two lives. This increase in pdv may
also be thought of as resulting from a change in deductions
of h(t,nl)-h(t,nz) in the first n, years and of -h(t,ny) in
the remaining n2~n1 years, where h(t,n) is the depreciation
deduction on an asset of age t with life n. The increase in
rdv is then;l .
{ (n(t,ny)-n(tmy))e™™ at - § n(t,ny)e ™ tat

™

]

Ve

[
Ny

m
{ h(t,ng)e ™™ at - § n(t,ny)e s
(o] 0

which shows that y, equals the difference between depreciation

deductions "under the two lives.
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Since it 1s inconvenient to tabulate Ve extensively,
values are presented in Table 2.5 only for changes in asset
lives which approximate the 1962 revisions for the two-digit
manufacturing industries. Values are tabulated under the
assumption of both SL and SYD methods in use, and for wvarious
discount rates. The fact that the positive changes in pdv
precede the negative changes means that the benefit from a
reduction in asset life increases with r at first and then

decreases, as indicated in the table.

Comparison of Different Methods of Accelerated Depreciation

Before comparing the benefits obtained from the wvarious
methods, a summary 1s given of the general behaviour of such
benefits with respect to asset life and discount rate changes.
Consldering the former it appears that the maximum incentive
resulting from a switch to SYD ranges from.assets of over 40
years (with a discount rate of .04) to 12 years (with a rate
of .28). For an initial allowance and investment :credit the
gain in pdv increases monotonically with the asset's life.
.Therefore if pdv calculations affect investment gand if
substitutiblility exists among assets with different lives,
the latter two methods provide 2n incentive towards investment
in longer lived assets.

With respect to the discount rate the gain from switeh-
ing (although remaining substantial) decreases for large r.
For an initial allowance or investment credit this diminishing
effect 1s nqot nearly as pronounced since the only gain in

depreciation deductions occurs in the first year. Tables 2.3
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and 2.4 indicate that except for very large n and r, the gain
from these forms of accelerated depreciation is an increasing
function of r. The beneflit from a reduction in asset life
follows the same pattern as that from a switeh to SYD, and
falls rapidly for large r because the gain in depreciation
deductions is spread over the original life of the asset
(under SL).

The dependence of pdv changes on the discount rate is
of interest primarily because the latter generally includes
an element of risk. 1In this respect care must be taken in
interpreting Tables 2.1 - 2.6. However, if it is assumed
that revenues in period t are dlscounted for risk by (1+r2)t,
then for a wide range of time and risk discount rates, the
gain from accelerated depreciation decreases with the riski-
ness of thé asset., This suggests that for a switch to SYD
and for a change in asset life, the main incentive will occur
in less risky or riskless assets. On the other hand the
opposite incentive occurs, except for very large r and n,
following the introduction of an initial allowance or invest-
ment credlt.

’ The increase in the pdv of depreciation deductions
times the corporate tax rate forms the basis for comparing
a switch to SYD, an initial allowance, and a reduction in
assetllife.' Since the first year gain from an investment
eredit i1s independent of the tax rate only the later pdv
changes mugt be multiplied by this rate. Table 2.4 is

calculatéd in such a manner assuming a tax rate of 50%. The
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entries in Tables 2.1 (switch'from SL to SYD) and 2.5 (reduc-
tion in tax life) must be multiplied by the corporate tax
rate in order to give comparable values. Table 2.3 entries
must be multiplied by the tax rate énd an initial allowance
rate. Computations may be carried out for various initial
allowance and tax rates in order to compare the different
methods (but remembering that the credit calculations assume
a 50% tax rate).

One such comparison is presented in Table 2.6, which
contains the relevant pdv changes for the four methods (as
well as a true 7% credit to be discussed below) assuming a
tax rate of 50%, an initial allowance of 20%, and asset lives
approximating actual average lives used in the two-digit
manufacturing industries. It is assumed that SYD is in use
and that the shorter asset lijes are relevant'for the intro-
duction of the investment credit and initial allowance. The
longer asset lives are assumed to be relevant for the switch
from SL to SYD, &and the reduction in asset lives is assumed
to téke place under SYD. These assumptions are intended to
approximate conditions existing at the time of introduction
of the 1954, 1958, and 1962 liberalized depreciation pro- .
visions. For the case of the 1958 allowance longer asset
lives would probably be more appropriate, and since SYD had
not been completely adopted by entrepreneurs at that time
SL depreciation would have some relevance. On the other hand
the assumptions made above permit a direct comparison to be

made of the allowance and the 1962 credit.



L2

The final entry in Table 2.6 contains the changes in
pdv resulting from a true 7% investment credit. Since the
credit involves no write-down of the asset's base these values
depend only on the discount rate, decreasing slightly with
the latter since it is assumed that the beneflt accrues during
the first year. It is clear that the gain from a true 7%
credit is greater than the gain from any other method of
aocelerated depreciation, for the asset lives and discount
rates recorded here.

For discount rates of 8% or more the switeh from SL to
SYD results in a larger gain in pdv for all industries than
any of the other methods of accelerated depreciation, except
the true 7% credit. Industry 33, with the longest asset life
(n2 = 21), obtains the maximum benefit from the switch for
discount rates of 16% or less. For higher rates no general-
izations are possible and the gain obtained by almost all
industries 1s roughly the same; although it should be noted
that for a discount rate of 28% the maximum gain is obtained
by the industry (28) with the shortest asset life.

The benefit from the 1962 credit, which essentially
includes an element‘of fixed subsidy, does not vary much
with the discount rate or with the asset life, but does of
course increase with the latter. In this respect the maximum
benefit is obtained by Industry 33, for which n, = 17, al-
though such an advantage, relative to changes resulting from
other methods of accelerated depreciation, appears to be

very small,
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The benefit from the initial allowance follows the
same pattern with respect to the discount rate and asset life

as does the credit, but of course shows more variability.

Industry 33 again obtains the maximum benefit. It is interest-

ing to note that for discount rates in the range 16-24% the
gain from a 20% initial allowance is approximately the same
as that from the 1962 credit for most industries.

| The gain from the reduction in lives varies consider-
ably with Industry 30 obtaining the least benefit, due to a
change from 14 to 13 years, and Industry 372 the most, due
to a reduction from 12 to 9 years. The gain resulting from
a large reduction in asset life is of course partially offset
by the reduction in gain due to taking the 1962 credit on a
short life. Table 2.6 indicates that the former considerably
outweighs the latter. Industries 35 and 36 provide a good
example. The original asset life is 14 years in each case,
with a reduction to 12 years in the former and 11 years in.
the latter industry. For a discount rate of 16% the differ-

erice between the industries in the pdv increase due to the

asset life change is .0l11, while the investment credit dif-

ference is negligible.
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Table 2.1
CHANGE IN PDV DUE TO A SWITCH FROM SL TO S3YD

r i 8 12 16 20 24 28
n

b .018 .032 043 .052 .058 . 064 .068

8 .038 . 064 .081 .092 . 099 .102 .104
12 .056 . 087 .104 112 .115 114 .112
16 .071 .104 .117 .121 .119 .115 .109
20 . 084 115 124 .122 .117 .110 .103
2l .09 .123 .126 .120 112 .103 .095
28 .103 .127 .126 117 .106 .096 . 087
32 .110 .130 .124 112 .100 .090 .081
36 .116 .130 .120 .107 . 094 .083 075

Lo  .121  .130  .117  .102  .0B9  .078  .069

n = asset life in years
r = discount rate in percent
Table 2.2
VALUES OF THE DISCOUNT RATE WHICH MAXIMIZE
THE GAIN FROM SWITCHING TO SYD FROM SL
n r n r n r |
10 25 22 12 32 8
12 21 24 11 34 8
14 18 26 10 36 7
16 16 28 9 38 7
18 14 30 9 Lo 7
20 13
n = asset life in years
r = discount rate in percent
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Table 2.3

CHANGE IN PDV DUE TO AN INITIAL ALLOWANCE OF 100%
ASSUMING SL IN USE

8

131
-237
.325
.398
458
. 508
.551

618
. 6Ly

12

.178
.311
<411
487
. 547
-593
.630
.660
. 684
.704

16

.217
.365
.L68
. 542
595
0636
. 666
.690
.709
724

20

.248
Lo4
.506
. 574
. 621
.655
. 680
699
71k
727

24

274
433
.530
.591
633
. 661
.682
.698
.710
.720

28

-295
453
. 544
.600
636
.660
.678
.691
.702
.710

CHANGE IN PDV DUE TO AN INITIAL ALLOWANCE OF 100%
ASSUMING SYD IN USE

r 4
n
L .072
8 .137
12 .196
16 .249
20 297
- 24 .340
28 .380
32 A16
36 49
L0 L79
T L
n

L . 060
8 .105
12 146
16 .184
20 .219
24 .252
28 .283
32 .312
36 .338
Lo  .363

n =

T =

8

.110
.185
.249
.305
.353
.396
434
L67
497
.523

asset life in years
discount rate in percent

12

.151
.245
.322
-385
437
.481
.518
. 549
.576
-599

16

.185
.292
«375
439
490
.531
.565
-593
.616
.636

20

.213
.328
Jh12
475
.523
.560
.590
.615

635
.652

24

.236
.356
439
.498
543
<577
.603
.625
642
.656
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10
12
14
16
18
20
22
24

>HB

7

Table 2.4

CHANGE IN PDV DUE TO THE 1962 INVESTMENT CREDIT
ASSUMING SL IN USE

r 4 8 12 16 20 24 28
.012 .012 .012 .012 .012 .012 .012
.012 .012 .012 .012 .012 .012 .012

. 024 .025 .026 .026 .026 .026 .026
.025 .026 .026 .027 .027 .027 .027
.038 . 040 . 041 . 041 042 . 041 041
.039 .0&1 . 043 .043 .04l .Ol44 .043
. 040 .043 o444 .045 .045 .045 .0l45
. 041 . o4l .0L6 .047 .047 . 047 . 046
.042 .045 .047 . 048 . 048 . 048 . 047
. 043 047 . 048 .049 . 049 . 049 .048
. 044 . 048 . 049 .050 .050 .049 . 048
.04l .049 .050 .051 .051 .050 .049
.045 . 049 .051 .051 .051 .050 . 049
CHANGE IN PDV DUE TO THE 1962 INVESTMENT CREDIT

ASSUMING SYD IN USE

r 4 8 12 16 20 - 24 28
.012 .012 .011 .011 .011 .011 011
.012 .012 .012 .012 .012 .012 011
.024 . 024 .024 024 .024 .024 .024
.024 .025 .025 .025 .025 .025 .024
. 037 .037 . 038 .038 .038 .038 .038
. 037 .039 .039 . 040 . 040 . 040 .039
.038 . 040 . 041 . 041 .041 .041 041
.039 . 041 042 . 043 . 043 . 043 .042
.039 .042 . 043 .04h . oLl . 0Lty 043
. 040 .043 . 0Ll .045 . 045 . 045 . O4ly
. 041 . oLl . 045 .046 . 046 . 045 .045
. 041 . oLl . 046 . 047 . 047 . 046 . 046
042 . 045 . 047 . 047 .OM? . 047 .0L6

= gsset life in years

= discount rate in percent

corporate tax rate of 50% is assumed.
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20

22

26

28

29

30

32

33

35

36

it un

ny

13
13
15
11
15
13
16
17
12
11

12

9

industry
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Table 2.5

CHANGE IN PDV DUE TO REDUCTION IN ASSET LIFE

ny

15

16

19

13

18

14

18

21

14

14

14

12

4

.027
.019

. 040
.029

.050
-037

.028
.020

.038
.028

.014
.010

.025
.018

.048
-036

.028
.020

.042
.030

L] 028
.020

. oLh
.031

average asset
average asset
discount rate
first line of the table for each industry is based on SL
in use and the second line on SYD.

8

. 037
.029

055
. 043

.065
-053

.0l
.031
.G50
.0h0

.019
.015

-033
.026

. 060
. 049

039
.030

.060
. 046

-039
.030

. 066
. 049

r,
12

.040
. 034

.058
. 049

. 066
.058

.0L6
. 037

.051
.0Ls

.021
.017

033
.029

.059
- 053

.043
.035

. 067
.054

.043
.035

.076
. 060

16

. 039
.035

. 057
.051

.062
.059

. 046
.040

.048
. 046

.020
.018

.031
.030

.05
.053

.043
.037

.067
.058

.043
. 037

.079
. 065

20

. 037
.035

.053
.051

.057
.058

. 045
. 040

.04y
. 046

.019 .
.018

.028
. 029

. 048
.051

. 041
.038

. 064
.058

.041
.038

.078
. 067

24

.034
034

. 049
. 049

.051
-055

. 042
.040

.040
. 043

.018
.018

.025
.027

. 043
. 048

.038
. 037

'062
.058

.038
-037

075
.068

life after 1962 Guideline change
life before 1962 Guideline change

28

.031
-033

. 045
.048

. 046
.052

. 040
.039

.036
. 041

.017
.017

.022
.026

-039
. 045

.035
.036

. 056
.056

.035
.036

.072
. 067
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Table 2.6
COMPARISON OF PDV EFFECTS FOR DIFFERENT METHODS

Ind n, n, L 8 12 16 20 24 28

20 13 15 .038 .040  .O41  .O42  .OL2  ,0h2  .O42
.016  .026  .034 .039  .O43  .O46 047
.033 .050 .057 .059 .058 .057  .055
.010 .ols .o0i7 .017? .oi7 .017  .016

22 13 16 .038 . 040 . 041 . 042 .042 . 042 . 042
.016 . 026 .034 .039 . 043 . 046 . 0U7
.035 .051 .058 .060 .059 .057 . 054
.014 .021 . 024 .025 .025 .024 .024

26 15 19 .039 . 041 . 043 .043 . 043 . 043 043
.017 .029 .037 .042 - 046 . 049 .050
.041 .056 .061 .061 .059 . 055 .052
.018 .026 .029 .029 . 029 . 027 .026

28 11 13 .038 .039 .040 . 041 . 041 . 040 . 040
.014 .023 .030 .036 .039 . 042 . Oblh
.030 . 046 .054 .057 .058 . 057 .056
.010 .015 .018 .020 .020 .020 .020

29 15 18 .039 . 041 . 043 .043 .043 . 043 . 043
.017 .029 037 .042 .06 . 049 .050
.033 .050 .057 .059 .059 .057 .055
.014 .020 .022 .023 .023 022 .020

30 13 14 .038 . 040 .041 . 042 . 042 . 042 .042
‘ .016 .026 .034 .039 .043 046 047

.031 . 048 .055 .058 .058 .057 .055

.005 .017 .018 .019 .019 .019 .018

32 16 18 .039 . 042 .043 . O4h . 04l .04l . 043
.018 .030 .039 . OLly . 047 .050 . 051
.033 .050 .057 .059 .059 057 .055
.009 .013 . 014 .015 .014 .013 .013

‘33 17 21 .040  .042  ,044 044 044 044 044
.019 .032 . 040 . 045 . 049 .051 .052
.043 .058 .062 .061 .057 .054 .050
.018 .024 .026 .026 025 . 024 .022



Ind ny n, L
35 12 14 .38
- ,015

.033
.010
36 -11 14 .038
'014
.033
» .015
371 12 14 .038
.015
.033
.010
372 9 12 . 037
.011.
. 028
.015
Credit . 069

Ind = industry
n, = average asset
n, = average asset
r = discount rate

For each industry:

Line 1 =

Line 2 =

Line 3 =

Line 4 =

Credit =

Table 2.6 (Continued)

8

.040
.025
. 048
.015

-039
.023

.023

.04k0
.025

. 048
.015"

.038
.020
. 043
. 024

. 067

. 048 -

L9

r
12

.01
032
.055
017

040
.030
055
.027

.0b1:

-032
.055
.017

-039

.027

.052 .

.030
. 060

16

041
-037

. 058
.018

. 041

.036
.058
.029

041
-037
.058
.018

.039
.031
.056
.032

.065

20

. 041
. 041
.058
.019

041

-039
.058
.029

. 041

L0411

.058
.019

.039
035
- 057
-033

.063

24 28

oLl 041
JObl U6
.058 .055
.018 .018
040 . 0L4O
042 . 044
. 058 .055
.029 . 028
.041 . 0h1
oLl .04
. 058 .055
.018 .018
039  .039
.038 . 040
.057  .056
.034 .033
. 062 . 061

life after 1962 Guideline change
life before 1962 Guideline change

1962 investment credit (assuming SYD and n, in use)

20% initial allowance (assuming SYD and n
switch from SL to SYD (assuming n, in use

% in use)

1962 asset life reduction (assumifig SYD in use)

true 7% investment credit

A corporate tax rate of 50% is assumed.



_ Chapter 3
THE EFPECT OF ACCELERATED DEPRECIATION ON LIQUIDITY

The two major éffects of accelerated_depreciaﬁion afe
the pdv and the liquidity effects. The preceding section
.éontained an analysis of the changés in the pdv of én aséet's
,revenué stream resulting from the various types of accelerated
depreciation; The purpose of this éection is to analyse the
changes in liquidity. | | | |

| FOr;reasons explained in Chapter 1 the liquidity vari-
able of interest is the depreciation-investmeht~ratio for a
stream of assets, and fhe analysis involves a comparison of
this ratio before and after thé introduction of accelerated
depreciation. Clegrly éither the difference of this‘ratio,
of the rafio of its valﬁes'calculaﬁed before and afﬁer the
change,,cén be ﬁsed to measﬁre the galn from accelerated.
" depreciation. The former seéms more relevant since it gives
the actuai increase in the fraction of current invest@ent
which can be f‘inanced‘internallyv and the larger is this in-
crease the more benefit is obtained. On thevother hand the
.ratio measure essentially gives the percent increase in the
amount of 1nvesthent financeable internally, and although this
is certainly{é well-defined concepﬁ, it does not seen apprb-
priéte to make éomparative statements about ﬁhe gain from new
methods in terms of such a measure. Rellance on'theblatter
fdr example, would mean that an increase in the depreciation-

investment ratio from 50 to 100% would be considered (much)

50
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less advantageous than an increase from 2 to 5%. This is
clearly unacceptable. The decision to analyse the absolute
rather than the percent change in the depreciation-investment
ratio is not inconsequential in that it leads to some general
quantitative conclusions (particularly those relating to
transition effects) which differ from commonly held views in
the literature.

The analysis in this section involves 1ntfoducing
accelerated depreciation into a system in which investment
is growing at a constant exponential raté g. This growth rate
is assumed to remain constant when comparing the new depreci-
ation-investment ratios with values that would have existed
without acceleration. The assumption that g prevaiié after
introduction of the new method is unrealistic, at least for
the period of transition, since the purpose of such a measure
is to stimulate investment expenditures. Changes in the
depreciation-investment ratio given below will therefore be
approximations to actual changes. The steady state growth
rate on the other hand may well be the same after introduction
of accelerated depreciation as beforex

The analysis to follow centers on tracing changes in )
the depreciation-investment ratio resulting from the intro-
duction of SYD, an initial allowance, an investment credit,
and a reduction in asset life. The behaviour of the change
as a function of the asset life and growth rate, aé well as

a comparison among the different methods 1s of interest.
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The results given for the investment credit must be
interpreted carefully. Under a true credit depreciation
deductions remain the same while profits and cash flow in-
crease by the amount of the credit. For this reason changes
in the ratio of cash flow to investment (CF/I) rather than
depreciation to investment are tabulated. Changes in the
depreciation-investment ratio resulting from other methods of
accelerated depreciation may be compared with these cash flow
ratios only after being multiplied by the tax rate.

General Method of Analysing the Ligquidity Effect

Consider an investment stream (It) of assets with life
n, and the introduction of an accelerated method of depreci-
ation at time 0. Then the distinction t< n and t>n is
important since the latter represents return to the steady
state with respect to the introduction of the new method.

Assume first that It 1s constant over time. Then for
t<n the total annual deduction will be larger after intro-
duction of accelerated depreciation, since the latter results
for each asset in larger deductions in early years. The gain
will increase as long as all assets are experiencing larger
deductions under the new method, and will begin to decrease
when a lower deduction must be taken on any asset. For t> n,
the total annual deductions will be the same with the new
method as the old since the gains on relatively new assets

will cancel exactly with the losses on older assets. This

means that with a constant investment stream there is no
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permanent liquidity effect from accelerated depreciation,
although there is a transition benefit for n years. Of
course for a true investment credit there are no losses in
later years, and annual deductions will remain permanently
higher by the amount of the credit.

The case of a constant exponential growth rate (g) of
investment expenditures is more interesting. Let It = egtv

and let D_ be the total depreciation deduction from all assets

t
at time t. Assume steady state conditions prior to t = 0,
(1.e. the growth rate g has prevailed for at least n years)
at which time accelerated depreciation is introduced. 1In
order to compare D/I after the change with values that would
have prevailed if the change had not occurred, it is convenient
to carry out the calculations assuming no investment prior to
t = 0. This is permissible since the contribution of invest-
ment before time 0 to each D/I ratio cancels when taking the
difference between ratios for the two methods. In general,
ignoring It for t <0 and assuming an exponential growth rate
(g) of investment, D/I ratios may be calculated as follows.
Aggregate depreciation is the sum of all deductions
Ssince time O and is therefore given by: Dt = 5: h(t-v,n)Ivdv
for t<n. Substituting I_ = e®’ and dividing by I, eives:
Dy/I, = § h(t-v,n)e 8(t=V)av,  and letting w = t-v,
Dt/It beches: .

— -gw
(3.1) Dt/IE = \S hi(w,n)e dw for t<n,

0
For t>n, D, = \f h(tav,n)egvdv and therefore
t-n
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Equation (3.2) gives the steady state value of D/I,
which 1s of course independent of t. It is interesting to
note that if g is interpreted as a discount rate, then the
steady state expression for the aggregate D/I ratio is the
same as that for the pdv of depreciation deductions for a
single asset. Discounting by the growth rate is reasonable
in the sense that it determines the importance of recent
acquisitions to the stock of assets and weights their contri-
bution to total depreciation accordingly.

This interpretation is particularly helpful in analys-
ing the effect on D/I of asset life and growth rate changes
since the pdv analysis of the preceding chapter is directly
applicable. Values of the growth rate which are of practical
interest, however, will in general be smaller than the
relevant values of the discount rate r. Therefore to the
extent that conclusions in the preceding section are depen-
dent on the magnitude of r, they may not be of interest here.

Before analysing specific accelerated depreciation
provisions it is interesting to determine the effect on
steady state D/I ratios of variationé in growth rates and
asset lives. D/I will be a decreasing function of g by anal-
ogy with pdv considerations. Differentiating (3.2) with
respect to n shows that D/I is also a decreasing function of
n since the expression for the derivative (for t» n):

a(Dy/1,)/an = h(n,m)e™® + § (A(n(w,n))/an)e ™ aw

(2]
was shown to be negative in the preceding chapter. Therefore
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the faster the growth of investment and the longer the average
life of the asset, the lower will be the (steady state) frac-.
tion of investment which can be financed through depreciation
deductions.

The general analysis described above is useful in
determining the effect on D/I of the introduction of SYD, an
initial allowance, an investment credit and a change in asset
life.

The Effect on D/I of a Switch from SL to SYD

In order to determine the effect on D/I of a switch
from SL to SYD, (3.1) must be evaluated for each method and
the difference (denoted ys(t)) obtained. Table 3.1 contains
values of ys(t) for selected n, g, and t. Tpe value in the
table for any g, n and t=n, represents the permanent increase
in D/I from using SYD in place of SL.

The table indicates that for a given n and g (with
t<n) the gain increases at first with t as more and more
assets are subject to larger deductions under the accelerated
method, then decreases as these same assets are subject to
smaller deductions in later years. The maximum gain occurs
when deductions under the two methods are equal because after
thlis point ys(t) includes negative terms. The maximumbgain.
therefore occurs in year (n+1)/2 obtained from: 1/n =
2(n-t+1)/n(n+1). Values of t = n/2+1 are included in the
table to indicate the magnitude of this gain. (Since tabul-
ated asset lives are even, either n/2+1 or n/2 may be used to

approximate (n+1)/2.) This suggests that if the percent of
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current investment which can be financed internally is a
relevant factor in investment decisions, then the maximum
incentive from using SYD will occur (n+l)/2 years after its
introduction. For the two-digit manufacturing industries
considering machinery only and assuming immediate adoption
of the accelerated methods, the maximum inecentive would occur
roughly during the period 1959-635.

The behaviour of the gain as a function of the growth
rate for fixed t and n with t< n depends on t. For low t the
gain decreases monotonically with g, while for large t the
opposite is true (at least for the range of g glven in the
table). In particular for t < (n+l)/2 then as noted above all
terms in ys(t) will be positive, and since these terms are
effectively discounted by the growth rate, an increase in the
latter will diminish ys(t). For t» (n+1)/2, ys(t) also in-
cludes negative terms and the effect of an increase in g is
amblguous. The conclusion that the slowest growing firms
obtain the most benefit from accelerated depreciation (in
terms of the change in D/I) for a substantial number of years
after the introduction of the new method, is in contrast to
the steady state conclusion that the fastest growing firms
experience the most benefit.

Considering steady state situations it can be seen
that for the range of g and n in Table 3.1, ys(p) is a mono-
tonically increasing function of both g and n. For larger
growth rates or asset lives this does not hold since values

given by (3.2) are equivalent to pdv changes and therefore are
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not monotonic functions of g or n. The values of g for which
ys(n) reaches a maximum for fixed n may be obtained from
Table 2.2. These values of g range from over 30% for n=10

to 7% for n=40, which suggests that for all practical purposes
the advantage due to SYD lncreases with the growth rate.
Similarly some idea of the values of n for which ys(n) reaches
a maximum for fixed g may be obtained from Table 2.1. It
appears that for growth rates of 8% or less the maximum

occurs for asset lives of over 40 years.

It may be thought that the results in Table 3.1 depend
crucially on the assumption of an exponential growth rate of
investment. That this is not true is indicated by the results
in Table 3.2 which are based on a linear gréwth pattern. In-
stead of assuming that I; = egt it 1s assumed that It = I, +rt,
where Io is the initial period investment. If r 1s expressed
as a percent of I  and called g, it.e. Iy = IO(1+gt), then the
gain from using accelerated depreciation as a function of g,
n, and t may be tabulated in a manner comparable to Table 3.1.
Table 3.2 contains such calculations and a comparison with
Table 3.1 indicates that the growth assumption makeslvirtu-
ally no difference for values of t< n. However, for t >n the
gain is not conspant in the linear case but approaches zero
over time, and for this reason Table 3.2 contains a value for
t>n. From the table (and from calculations not presented)

this gain appears to approach zero very slowly.
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The Effect on D/I of an Initial Allowance

It is assumed that an initial allowance of b% of cost
is applied on assets acquired during the period t-1 to t.
Total depreciation for t< n may then be written as:

-1 t
D, = J§ (h(t-v,n)-b(h(t-v-1,n-1))eE%av + [ (h(t-v,n)+b)e8dy
[ A

jgh(t-v,n)egvdv + b\f e®%av - b_}ﬂh(t-v-l,n-l)egvdv
That 1;, total depreciatigg is calculé;ed on investment over
the preceding t years, with the current year's depreciation
increased by b% of the current year's investment, and with
depreciation from time O to t-1 reduced by the appropriate
depreciation rate times b% of the investment undertaken dur-
ing that period. The first term on the right hand side of
the equation (after regrouping) is the value which total
debreciation would take in the absence of an allowance,.
After moving this term to the left hand side, dividing by
Iy = e8% ang substituting w = t-v, the change in D/I due to
an initial allowance (denoted ¥o(t)) becomes:
(3.3) ya(t) = b j‘e-gwdw - b f‘h(w-l.n—l)e"gwdw
for t< n. The steady ;tate value f;r the change in D/I is
derived in a similar manner and is given by:
(3.4) ya(t) = ya(n) = b;f e aw - b‘f n(w-1,n-1)e " aw

for t)yn. '

Values of ya(t) for an initial allowance of 100% and
for various asset lives and growth rates are tabulated in
Table 3.3. The table is based on the assumption that the

method of depreciation in use is SYD and although analogous
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values for SL are not presented previous considerations sug-
gest that such values will fcllow the same general pattern
but will be slightly larger.

For fixed n and g the maximum gain occurs in the first
year because this is the only year in which there are no re-
ductions in depreciation on any assets. The gain decreases
monotonically with t until year n as more and more assets are
subject to a reduction in base. For fixed n and t with t<n,
the gain as a function of g depends on t. It debreases mono-
tonically for t=1 since ya(l) contains no negative terms, but
for t> 1 the direction of change is ambiguous. Although it
is impossible to determine even the general pattern of this
change from Table 3.3 because of the small number of t values
appearing, untabulated values indicate that ya(t) is a de-
creasing function of g only for a few years after introduction
of the allowance.

The steady state gain is a monotonically increasing
function of g for the range of g given in the table, and 1is

of course an increasing function of n by analogy with pdv

considerations.

The Effect of an Investment Credit on the Ratio of Cash Flow

to Investment

The effect of a true investment credit (k) is to in-
crease net profits (P) by the amount of the credit, and to
leave depreciation deductions unchanged. Letting CFt be cash
flow in period t, then the credit increases CFt/It (or Pt/It)

t |
by an amount equal to (k § e8%av)/e8% = x [ ¢"®au, which is

+-\
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a function only of k and g. The value of this expression
for a 7% credit and a 5% growth rate appears in Table 3.6,
which contains a comparison of the different methods of
accelerated depreciation, to be discussed shortly. It should
be recalled that changes in CF/I can be compared with changes
in D/I only after the latter have been multiplied by the
tax rate, since as shown in Chapter 1 an increase in D
(because it reduces P) increases cash flow by an amount
equal to the change in D times the tax rate.

An investment credit such as the one introduced in
1962 may be analysed in essentially the same manner as an
initial allowance. The only major difference is that the
calculations must include the tax rate explicitly since the
credit involves an element of subsidy (in the first year),
together with a change in depreciation deductiéné due to the
write-down of the base in later years. A minor difference
is that the latter occurs over n rather than n-1 years. In
view of these remarks and equation (3.3) above, the increase
in CF/I due to an inﬁestment credit of k% is given by:

(3.5) ¥, (t) =k g e &aw - xr fh(w,n)e‘gwdw for t< n,
where T is the corporate tax.rate. %he steady state increase
is obtained by substiﬁuting n for t in this expression.

Values of yk(t) are presented in Table 3.4 for T =.5
and k¥ =.07, and for selected values of n, t, and g. The
general quantitative behaviour of yk(t) will not be described
in detail since it 1s essentially the same as that of ya(t)

given above. The only noticeable difference is the much
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smaller variability of the credit with respect to changes in
n and g. This is due to the element of subsidy in the credit.
That is, ighoring discounting, the reduction in the depreci-
able base with an investment credit is only .5 (the tax rate)
times the first year gain, whereas with an initial allowance
it is equal to the entire first year gain. Since it is the
reduction in base which is substantially affected by differ-
ences in n and g, this reduces the variability of the benefit
from the credit considerably. (The first year gain is of
course affected slightly by g, but not by n.)

The Effect on D/I of a Change in Asset Life

In order to determine the effect on D/I of a reduction
in asset life (3.1) must be evalusted for each life and the
difference obtained. Table 3.5 contains changes in D/I for
various growth rates assuming SYD is in use, and for asset
life reductions approximating the 1962 revisions for the two-
digit manufacturing industries.

The year in which the maximum increase in D/I occurs
for fixed g may be determined as follows. Under SL it is n1
(the shorter asset life) years after introduction of the
changelbecause all assets earn larger deductions for nl years.
Under SYD larger deductions are not obitained for nl years,
and the critical year must be determined by equating deduc-
tions under the two lives. That is, assuming the continuous
formulation of SYD for convanience of computations, the year
of maximum increase in D/I is t° obtained by solving:

-

* ) K., & *
2(n1-t )/n% = 2{ny=t }/nzg from which t = nlnz/(n1+n2),
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(If annual instead of continusus discounting is assumed the
corresponding t* is (n2+1)(n1+1)(nzmnl)/(nz(n2+1)-n1(n1+1))c)
The value of D/I corresponding to t* is presented in Table 3.5
in order to provide an idea of the maximum change in D/I
resulting from the reduction in asset lives.,

Considering the change in D/I as a function of g for
fixed t< n, simi%ar reasoning shows that D/I decreases mono-
tonically with g at least for t<t . This means that the
slowest growing firms will obtain the most benefit from a
reduction in asset life for a substantial number of years
after the change (at least nlnz/(n1+n2) under SYD and n,
under SL).

By analogy with pdv calculations the change in the
steady state D/I value will not be an increasing function of
the growth rate for all g, although the table indicates that
it is for all practical purposes.

Summary and Comparison of Methods

The analysis of the effect of accelerated depreciation
on liquidity involves studying the behaviour over time of
the depreciation-investment ratio (D/I) for a stream of assets.
D/I is studied because an increase in depreciation deductions
increases cash flow (CF) by the tax rate times this amount.
With a constant tax rate, therefore, it suffices to study
changes in D/I in order to determine the effect on the.avail-
ability of internal funds. For an investment credit CF/I
rather than /I is studied because the depreciation deductions

remain constant, with the change in cash flow being equal to
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the credit. For reasons given above the absolute rather
than the percent change in D/I is used to measure the bene-
fit obtained from accelerated depreciation in comparing dif-
ferent methods, growth rates, and asset lives.

The distincetion t<n and t3n is important in the
analysis since the former pericd involves transition effects
only while the latter represents return to steady state con-
ditions. Stéady state changes in D/I are shown to be equiv-
alent to pdv changes, interpreting the growth rate as a dis-
count rate. The general conclusions to be drawn about the
effect of accelerated depreciation on such changes are there-
fore the same as those given 1in the preceding chapter. 1In
general, however, relevant values of the growth rate are
lower than corresponding values of the discount rate, and
for this reason steady state changes in D/I are for all
practical purposes increasing functions of the growth rate
(while pdv changes are nct uniformly increasing functions of
the discount rate). TFor this reason also, the gain from
switching to SYD is an increasing function of asset life, at
least for lives of up to 30 years and growth rates of up to
9%.

Transition effects are important for three reasons.
First, they are the incentive effects to investment which
are immediately available. Second, they are operative for a
substantial period after introduction, since fgr the two=-

digit manufacturing industries under study average machinery
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lives currently range from 9 to 17 years. Third, they are
in all cases much larger than steady state ¢hanges°1
The transition behaviour of D/I over time (with a
fixed growth rate) is of interest. As shown above the year
of maximum benefit (largest increase in D/I) depends on the
method of accelerated deprecilation. For an initial allow-
ance or credit (such as the 1962 credit) the maximum gain
occurs in the first year because in all later years a write-
down in the base is required. For a switch from SL to SYD,
D/I is a maximum in year (n+l1)/2 since before this time
more assets are obtaining higher deductions and none lower
deductions. For a change 1in asset life from n, to n, years,
D/I is a maximum in year ny if SL is assumed, and in year
nlnz/(n1+n2) if SYD (and continuous discounting) is assumed.
The transitional behaviour of D/I as a function of
the growth rate is alsc of interest, and depends on t and
the particular method of accelerated depreciation. In
general, slower growing firms experience a greater benefit
from acceleration than faster growing ones for a substantial
number of years after introduction of the new method, al-
though for an iriitial allowance this appears to hold for
only a few years. After n years of course, steady state

conditions prevail and the fastest growing firms obtain the

17t is true of course that in absolute terms the
additional steady state investment financeable from acceler-
ation will at some point exceed the maximum transitional
amount, simply because of the growth in investment.
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most benefit, at least for growth rates tabulated in this
study. Baslically the reason slow growing firms experience a
larger gain is because the (positive) changes in depreciation
deductions which occur in the first few years remain a rela-
tively more important determinant of the total D/I ratio for
slow growing firms than for fast growing firms. That is,
past annual increases in depreciation deductions are dis-
counted by the growth rate of investment in calculating the
change in the current D/I ratio, and the higher this growth
rate, the smaller the contribution of annual deduction in-
creases to the change in D/I.

The effect of the different methods of accelerated
depreciation on liquidity may be compared using Tables 3.1,
3.3, 3.4, and 3.5. The following adjustments are required
in order to make all entries comparable to those in Table
3.4 which are based on a 50% tax rate. Table 3.1 and 3.5
entries must be multiplied by the corporate tax rate (.5)
and Table 3.3 entries by the latter and an initial allowance
rate. Table 3.6 contains changes in CF/I (that is, D/I
changes which have been multiplied by the tax rate) for the
special case of a 50% tax rate, a 20% initial allowance, and
asset lives which are intended to approximate actwal lives
in the two-digit manufacturing industries. A 5% exponential
growth rate of investment is assumed. For the same reasons
as in the pdv comparison of the preceding chapter it is

assumed that SYD is in use and that the shorter asset lives
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(n1) are relevant for the introduction of the investment
credit and initial allowance, while the longer lives (n2)
are assumed to be relevant for the switeh from SL to SYD.
The reduction in asset lives is assumed to take place under
“the SYD method of depreciation.

Table 3.6 also contains the change in CF/I resulting
from a true 7% investment credit assuming a growth rate of
5%4. It should be noted that since the credit does not de-
pend on t there are no transition effects, and hence the
tabulated value represents the permanent change in the cash
flow-investment ratio which would result from introduction
of the credit.

There is no need to comment extensively on the steady
state values recorded in Table 3.6 since they follow the
same pattern as the pdv computations of the previous chapter.
It suffices to say that the true investment credit results
in the greatest permanent benefit by far while the other
methods, ranked in a general (since they depend on n) order
of importance, are the switch from SL to SYD, the 1962 credit,
the 20% initial allowance, and the asset life changes.

As noted above transition benefits are much larger
than steady state benefits. For all methods of accelerated
depreciation tabulated in Table 3.6 except the 1962 credit
and small asset life reductions, transition changes in some
period are larger than the (steady state) changes obtained

from a true credit. The particular transition values of t
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presented in the table correspond to the maximum increase
in D/I for the different methods. For example, in Industry
26 the greatest benefit from asset life reduction occurs in
the eighth year, while for a switch to SYD it occurs in the
tenth year. The credit and allowance of course provide the
greatest benefit for all industries in the year of intro-
duction.

Table 3.6 indicates that in general the transition
effect is greater in all years for a switch from SL to SYD
than for any other method, except for an allowance and
credit in the first few years, and for a true credit in the
last few years of transition. It is interesting to note that
although the steady state gain from switching to SYD increases
with the asset life for the range given in the table, the
meximum transition effect is approximately the same for all
industries although it decreases slightly with the asset
life. As noted above the maximum benefit from switching to
SYD occurs in year (n+l1)/2, and since the method was intro-
duced in 1954 this corresponds to the period 1959 to 1965
for the two-digit manufacturing industries.

The maximum increase in D/I due to a reduction in
asset life varies considerably across industries. Industry
372 experiences the most benefit, in the fifth year after
introduction, while Industry 30 shows almost no gain at all.
The maximum benefit from asset life reduction under SYD

occurs in year nlnz/(n1+n2) (with continuous discounting),
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and since the reduction was instituted in 1962, this corres-
ponds to the period 1968-1972 for the two-digit manufactur-
ing industries.

The 20% initial allowance provides more benefit than
other methods in the first few years after introduction but
its effect diminishes rapidly, and when steady state condi-
tions are reached it provides less benefit than all other

methods except the asset life reductions.
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Table 3.1

CHANGE IN D/I DUE TO A SWITCH FROM SL TO SYD
EXPONENTIAL GROWTH OF INVESTMENT

g

t 1 3 5 7 9
2 .188 .183 .178 A7 169
4 .188 . .184 .179 .175 171
6. .008 .022 .034 . 045 .053
2 143 .139 .136 .132 .129
I .21 .205 197 .190 .183
6 214 .205 .198 .190 .18L
10 014 .038 .056 . 071 .082
2 113 .109 .106 .104 .101
L .186 .178 .171 164 .158
8 .222 .211 .200 .191 .182
14 .020 .052 .074 .090 .101
2 .092 .090 .087 .085 .083
L .160 .153 146 .140 .135
10 .226 .212 .199 .187 .176
18 . 026 .064  .089 - .105 .114
2 .078 .076 074 072 .070
b 139 .133 .127 .122 117
12 .228 211 .195 .182 .170
22 .031 .07 .100 115 .122
2 .067 .065 . 064 .062 .060
n .122 117 112 .107 .103
14 .228 .209 .191 .176 .163
26  .036 .08k .109 122 127
2 .059 .058  .,056 .055 .053
L .109 .104 .100  .093 .091
16 .228 .206 .187 171 .157
30 . 041 .092 .117 .127 .129

asset life in years
number of years after introduction of SYD
exponential growth rate of investment in percent
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Table 3.2

CHANGE IN D/I DUE TO A SWITCH FROM SL
LINEAR GROWTH OF INVESTMENT

70

&
t 1 3

2 .188 .183

L .188 .184

6 .008 .021

8 .008 .020

2 143 140

L .21L .206

6 214 .206

10 .014 034
12 .013 .032
2 113 .110

4 .186 179

8 .223 .213

14 .019 . 0Ll
16 .018 . 043
2 .092 .090

4 .160 .153

10 .226 214
18 .024 .05
20 .023 .052
2 .078 .076

L .139 .133

12 .228 .21L
22 .028 .061
24 .028 .060
2 . 067 .065

L 122 117

14 .230 214
26 .033 . 068
28 .032 . 066
2 .059 .058

L .109 .104

16 .229 .213
30 .037 .07k
32 .036 .072

asset life in years

5

.178
.180
.031
° 028

.136
.198
-199
.048
.045

.107
172
. 204
. 061

057

.087
147
.205
.071
. 067

.074
.128
.204

-079
.076

. 064
112
.203
. 086
.083

.056
.100
.201
.092
.089

TO SYD

7

174
.176
.038
035

132
.192
193
.058
-053

.101"'
.166
.197
.072
. 067

.085
<142
197
.082
077

.072
.123
195
. 090
. 085

.062
.108
0194
. 097
.092

055
.096
.192
.102
.098

number of years after introduction of SYD
linear growth rate of investment in percent

9

.170
172
.045
. 040

.129
.186
.188
.065
. 060

.101

.160

.190
079
.073

.083
137
.189

.089
.08

.070
119
.188
- 097
. 091

. 060
.104
.186
.103
.098

.053
.093
.185
.108
103
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Table 3.3

CHANGE IN D/I DUE TO AN INITIAL ALLOWANCE OF 100%

10

14

18

22

26

30

ot 3
o

wn
)
g

t 1
2 .663
L .212
6 .022
2 .794
L 472
8 .096
10 .035
2 .850
b4 .606
12 .076
14 . 048
2 .881
4 .685
16 .076
18 .060
2 .901
by .738
20 .082
22 .072
2 .915
L 775
24 .090
26 .083
2 .925
b .803
28 .100
30 -095

g
3

.657

-235
. 064

.782
.481
.148
.098

.836
.608
.152
.130

.866
.683
.172
.160

.885
733

195
.188

.898
.768
.220
.215

.908
794
2Lk
.241

asset life in years

number of years after introduction of initial

allowance

5

.650

255
.101

771
.489
194
.151

.823
.609
215
.198

.852
.681
.248
.240

.870
727
.283
.278

.883
. 761
.316
313

.892
.785
.347
346

7

.643

273
.134

.760
496
.233
.197

.810
0610
.267
.253

.838
.677
309
.303

.855
722
.350
. 3“’7

.867
.753
.388
.386

.876
776
422
421

9

- 637
.289
.163

749
.502
267
-237

-797
.610

.310
.300

.824
674
.358
.354

.841
.716
.403
.4o1

.853
. 746
JAh2
J4h41

.861
.768
477
477

exponential growth rate of investment in percent

is assumed
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A corporate tax rate of 50% is assumed.

D

CHANGE IN CF/I DUE TO 1962 INVESTMENT

|
FOEN OOEFEN OONEN ONEND FWND o

=

o
DOONEN

2
L
20
22

1

.015
.013
.012

.034
.027
.023

-055
.0L5

.038
-035

. 057
.048
.037
.036

. 064
-053

.037
.036

.062
. 056
- 037
- 037

. 063
.058
. 037
. 037
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Table 3.4

g

3

.015
.013
.012

.034
.027
.024

.054
.0LY

.039
.036

.056
. 048
.038
- 037

-059
.052
.039
.038

.061
.055
.039
.039

.062
-057
. 040
. 040

asset life in years
number of years after introduction of investment

credit

5

.015
.013
.012

-033
.026

.024

.053
. oLl
-039
. 037

-055
047
.039
.038

.058
.052
.0lo
.039

.060
-055
041
041

.061
057
.0k2
042

CREDIT

7

.014
.012
.012

033
.026
.024

.052
. 0Ll
.039
.037

.054
- 047

.039
.038

057
.051
.041
. 040

-059
.054
. 042
042

. 060
.056
.04k
. OLl

9

.014
.012
.012

.032
.026
. 024

.051
.043

-039
.038

.054
. 046
o OL"O
.039

.056
.051
.0L2
. 041

.058
-053
.043
. 043

.059
055
. 045
. 045

exponential growth rate of investment in percent
is assumed,
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Table 3.5
CHANGE IN D/I DUE TO REDUCTION IN ASSET LIFE

g
Ind n, n, t 1 3 5 7 9
20 13 15 2 .033 .032 .031 .030  .029
L .05L4 .052 .050 .0Ls8 . 046
7 .067 . 064 .060 .057 .054
15  .006 .016 .023 .027 .031
22 13 16 2 .046 . 045 .04l .042 . 041
4 .o77 .074 .071 . 068 .065
7 .097 .092 .087 .082 .078
16  .009 .023 .033 . 040 .0bs5
26 15 19 2 .046 . 045 . 04l .043 .041
4  ,080 .076 .073 .070 .067
9 .111 .104 .097 .092 .087
19  .012 .030 042 .050 .055
28 11 13 2 .043 042 . 040 .039 .038
b . 069 .066 . 063 . 061 .058
6 .078 .075 071 .068 065
13 .006 .015 .024 .029 .033
29 15 18 2 .036 .035 .034 .034 .033
L ,063 .060 .057 .055 .053
8 .085 .080 .075 .071 .067
18  .009 .023 .032 .038 .042
30 13 14 2 .017 .017 .016°  .016 .016
L .029 .027 .026 .025 .024
7  .035 .033 .031 .030 .028
14 .003 .008 .011 .014 .016
32 16 18 2  .023 .022 022 .021 .021
4 040 .038 .036 .035 .033
9 .055 .052 .0k9 .0L6 .0L3
18 .006 .015 .021 .025 .027
33 17 21 2 .038 .037 .036 .035 . 034
L ,066 .063 .060 .058 .055
10 .099 .092 .086 .081 . 076
21

.012 . 029 . 040 . 047 .051 -
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Table 3.5 (Continued)

g

Ind n, n, t 1 3 5 7 9
35 12 14 2,037 .036 .035 .034 .033
by . 061 .058 .056 . 054 .052
7 .072 . 069 .0h5 . 062 .059

14 .006 .016 .023 .028 .032
36 11 14 2 . 060 . 058 .057 .055 . 054
4 . 097 . 093 . 089 .086 . 0873

6 .113 .011 .102 .097 .093
14 . 009 .024 .035 .043 . 049

371 12 14 2 .037 .036 .035 034 .033
iy .061 .058 .056 . 054 .052
7 072 . 069 . 060 .062 .059

14 . 006 .016 .023 .028 .032

372 9 12 2 . 082 .079 .077 .075 .073
4 .126 .120 .116 111 .107

5 134 .128 .122 ,117 .113

12 .009 .025 .037 . 046 .053

Ind = Industry
n, = average agsset life after 1962 Guideline change
n; = average asset life before 1962 Guideline change
t = number of years after introduction of the 1962

Guideline change
g = exponential growth rate of investment in percent

SYD is assumed
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Table 3.6

COMPARISON OF CHANGES IN CF/I FOR VARIOUS METHODS
EXPONENTIAL GROWTH RATE = 5%

Ind n1 nz
t =2 L 8 13 15
20 13 15 .058 .051 .042 .039 -
. 081 .059 .030 .019 -
.050 . 082 .101 .065 .039
.015 .025 .060 .017 .011
t =2 L 7 8 13 16
22 13 16 .058 .051 LOhLYy .042 .039 -
. 081 .059 .035 .030 .019 -
. 047 .079 .100 .101 .075 .040
.022 .035 . 043 .043 .027 .016
t =2 L 8 10 15 19
26 15 19 .059 .053 . 045 .042 . 040 -
.083 .063 .036 .029 .021 -
041 ,070 . 097 .100 .079 . 046
.022 .036 . 049 .047 .032 . 021
t =2 4 7 11 13
28 11 13 .056 . 049 .042 .038 -
. 079 .053 .028 .016 -
.056 .088 .102 .067 .035
.020 .032 .035 .020 012
t =2 L 8 9 15 18
29 15 18 .059 .053 . 045 .043 . 040 -
.083 .063 .036 .032 .021 -
. 043 .073 .099 .100 .072 . oLl
017 .027 .038 .037 .023 .015
t =2 L 7 13 14
30 13 14 .058 .051 .Ohly .039 -
. 081 .059 .035 .019 -
. 053 . 085 .101 .052 .037
.008 .013 .015 .008 .005
t =2 b 9 16 18
32 16 18 .059 .053 .04l . 040 -

. 084 .065 .035 .022 -
.043 .073 .100 .064 .OLh
.011 .018 .024 .014 .010
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Table 3.6 (Continued)

2 =2 4 10 11 17 21
33 17 21 .060  .054 .04  .0b3  ,0LO -
| .085 .,067 .034 .031 .023 -
.038  .065 .098 .098 .077  .048
.018 .030 .043  .ob2 ,028 .020

t =2 b 7 12 14
35 12 14 . 057 .,050  .043 .039 -
.080 .056 .032 .018 -
.053 . 085 .102 . 066 . 037
017 .028 .030 .019 .012
: ot = 2 b4 6 7 11 14
36 11 14 .056 . 049 . 043 .042  .038 -
.079  .053 .035 .028 .016 -
.053 . .085 .100 .102 . 066 .037
.028 . 044 .051 .050 .032 .017
-t =2 b 7 12 14
371 12 14 .057 .050 .043  .039 -

.080 .056 . 032 .018 -
.053 .085 .102 . 066 .037
.017 .028 .030 .019 .012

: : t =2 b 5 6 9 12

372 9 12 .054 .0l6 . 043 . 040 .037 o=
.075 . 045 . 034 .026 .014 -
.059 .092 .099 .102 .083 .032
.038 .058 .061 .060 .041 .018

Credit .068

Ind = industry

ng average asset life after 1962 Guideline change
n, = average asset life before 1962 Guideline change
t® = number of years after introduction of accelerated

method
For each industry:
Line 1 = 1962 investment credit (assuming SYD and n, in use)
= 20% initial allowance (assuming SYD and n, in use)
Line 3 = switch from SL to SYD (assuming n, in use
= 1962 asset life reduction (assumi%g SYD in use)

Credit = true 7% investment credit
A corporate tax rate of 50% is assumed.
An exponential growth rate of investment of 5 % is assumed.



Chapter 4
INTERVIEW EVIDENCE

The purposes of this chapter are first to report
on two recent interview étudies of corporation executives
describing capital budgeting procedures, and second to out-
line the advantages obtainable from, and the extent of use
of, internal financing.

The aspect of the capital budgeting procedure of
pPrimary concern is the manner in which entrepreneurs make
rate of return calculations. Interest centers on determin-
ing whether or not such measures are explicitly affected by
liberalized depreciation provisions, and in particular if it
is possible for the pdv effect of acceleration to be oper-
ative. Clearly, if entrepreneurs rarely use discounting
techniques in their rate of return calculations, then the
pdv effect (in as much as it is taken into account explicitly)
will be unimportant. However, such a finding would not
necessarily mean that the pdv effect was irrelevant, since
entrepreneurs could be implicitly applying discount proced-
ures. That is, the combination of subjective judgment and
various rules of thumb by entrepreneurs might result in
investment decisions consistent with those that would be
reached if discounting were considered explicitly. But such
a procedure, because of its very subjective nature, would be
only approximate and in fact might not be affected at all by
small accelerated depreciation changes.

7
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Donald F. Istvan has recently attempted to determine
the nature of the capital expenditure decision-making pro-
cess in large corporations by interviewing executives and
by studying the forms and manuals used by the firms in deal-
ing with investment problems.1 The interviews covered 48
firms in 10 industries, with the former being among the 10
largest in thelr respective 1industries. 1In 1959 these firms
accounted for more than $8 billion of the $33 billion of plant
and equipment expenditure reported by the Department of
Commerce.

One aspect of Istvan's work was a study of the mea-
sure of acceptability used by the corporations in ranking
projects if funds were limited, or in providing a minimum
level of acceptability if funds were not limited. The
following table summarizes the results of this investigation.
Summary of Employment of Various Measures of Aoceptabilityz

Number of Firms Number of Firms

Measure of Acceptability Using as the Using in a Supple-
Primary Measure mentary Manner
Time adjusted rate-of return 5 9
MAPI formula 2 0
Simple rate-of-return 24 8
Payback 13 21
Sub jective judgment b4 Ll
Total 48
1

Donald F. Istvan, Capital-Expenditure Decisions,
Indiana Business Report No. 33, Indiana University, 1961.

21bid., p. 96.
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Use of the time ad justed rate-of-return means either
that the internal rate of return was used to rank projects
or that present discounted value calculations (using a
minimum acceptable rate of return for discounting) were
used for the accept-reject decision. The reason for not
using discounting techniques, according to one-half of the
firms, was either that present techniques were satisfactory,
or the belief that operating personnel would never be able
to understand or apply such techniques.

The MAPI (Machinery and Allied Products) formula,
used by only 2 companies, i1s a shortcut discounted value
method based on cértain assumptions about the capital mix,
interest cost and return on equity. It is applicable only
to replacement investment.

The simple rate of return, used by 32 companies, does
not employ the present value principle. There are 2 differ-
ent simple rate of return measures, the initial and average.
The initial simple rate of return, used by 16 of the 32
firms, is calculated by averaging simple rates (over the
asset's life) or by dividing the average net revenue over the
project's life by average investment. It is interesting to
note that 25 of the 32 firms used an after-tax version of
the simple rate of return while of these 25, 11 considered
taxes correctly, 8 incorrectly, and for 6 the procedure was
not ascertained.

The payback period is the number of years required

to recover the cost of the investment. Among the 13 firms
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using the payback as a primary measure, the acceptable num-
ber of years for recovering an investment ranged from 1 to

5 years. None of the executives interviewed was able to
provide objective reasons for the set levels of acceptabil-
ity. Of the 34 firms using the measure, 16 used it correctly
after taxes, 13 failed to account for taxes and the pro-
cedure was not ascertained for the other 5.

Subjective jJjudgment was used mainly for urgent pro-
posals, in particular when it was necessary to maintain a
competitive position.

From the interview evidence it appears unlikely that
the pdv effect of accelerated depreciation will be very im-
portant, since only 7 of the 48 firms interviewed used
discounting techniques (explicitly) as a primary measure in
their investment calculations. Use of the rayback period as
a primary measure by 13 firms with probably about one-half
taking taxes into account correctly, suggests some effect
on investment through this channel. The most extensively
used measure was the simple rate of return, with the average
and initial simple rates being of about equal importance.
The average measure is unaffected by an acceleration of dep-
reciation since it is calculated in terms of revenues earned
over the life of the asset and does not involve discounting.
The initial rate, on the other hand, takes only first year
revenues into account and is therefore affected by a change

in the pattern of depreclation deductions. An initial
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allowance in particular will be extremely important since
the (first year) gain is taken into account while the write-
down in the base in later years 1s not. An allowance of b%
of cost increases the initial simple rate by bT, and hence

a8 20% allowance together with a 50% tax rate (T) provide a
(very substantial) rate of return increase of .1. Other
methods of acceleration result in much smaller gains in the
first year, and hence are less effective. The potential
incentive provided by all meéhods is diminished of course by
the fact that at least 15 of the 32 firms using the simple
rate do not consider taxes correctly.

Thomas M. Stanback, Jr. has recently attempted to
determine the effect of accelerated depreciation allowances
on modernization expenditures in the téxtile industry,3 The
investigation relied on interviews with executives of 25
textile firms, and analysis of published financial reports.
The study revealed that in general a rate of return calcula-
tion was the single most important criterion applied in
determining the acceptability of investment proposals. The
following table, drawn from a preliminary summary of Stan-
back's work, presents the distribution of firms according to

the types of investment formulas used for modernization

projects.4

3Thomas M. Stanback, Jr., An Evaluation of the Influ-
ence of Liberalized Depreciation and the Investment Credit on

Modernization Expenditures in the Textlile Industry, (Unpub-
lished Preliminary Summary), N.B.E.R., December, 1965.

H1pig., p. 18,
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Number of Firms

Pre-tax pay-back period only 16
After-tax pay-back period only 4

Combination after-tax pay-back period and
rate of return during pay-back period 1

Combination after-tax rate of return on
investment and after-tax pay-back period 1

Combination after-tax rate of return and
pre-tax pay-back period 1

Combination discounted cash flow and selected
additional after-tax formulas 2

Probably the most surprising result‘is that 16 of the
25 firms interviewed did not take taxes into account at all
in their investment formula computations. In addition an-
other firm was making calculations in such a way that tax
effects would be imperfect if existent at all, thus leaving
only 8 of 25 firms in a position to bhe explicitly influenced
by acceleration through rate of return calculations. How-
ever, these 8 firms were in general larger than the others,
and hence accounted for a relatively larger share of total
capital outlays (than given by 8/25). The table indicates
that only two firms used discounted cash flow techniques,
thus suggesting that the pdv effect of accelerated depreci-
ation (at least to the extent that it is explicitly consid-
ered) will be unimportant.

In addition to analysing investment formulas Stanback
attempted to analyse the cash flow effect of accelerated

depreciation explicitly. The procedure relied heavily on
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interview material involving the following three questions:

"L, Does the firm have a policy of limiting itself primarily
to internally generated funds?

2. Does the firm see itself as having faced financial
restrictions?

3. Is there direct evidence that the increased availability
of funds arising out of liberalized depreciation has
resulted in increased modernization expenditures?"5

The resulting information was summarized and firms were
classified in terms of probable cash flow influence, as re-
corded in the following table.6

Class Number of Firms

A, Maximum cash flow effect

B. Strong cash flow effect

C. Partial cash flow effect

D. Virtually no cash flow effect

~N ONNI\Wr

The table indicates that over one-half of the firms were
significantly influenced by a cash flow effect. But when
further classified by size. 62% of the larger firms were in
groups C and D, and 67% of smaller firms in A and B, thus
reducing the importance of such an effect. The fact remains,
however, that 18 of 25 of the firms were influenced at least
partially by cash flow considerations whereas in considering
rate of return effects only 8 used measures defined in after-

tax terms, and only 2 of thése,used rdv calculations.

5Ibid., p. 25.

6Ibid., pP. 25.
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The evidence cited here can of course not be consid-
ered comprehensive since it is based on only two interview
studies, but it does provide some idea of the type of explicit
rate of return calculation used by entrepreneurs. The most
common criteria appear to be a simple rate of return and a
payback period, neither of which involves discounting. How-
ever, to the extent that the "initial" version of the simple
rate is used, and taxes are taken into account correctly,
both the simple rate and the payback will be affected by
accelerated depreciation. The studies suggest, though, that
in many cases either pre-tax measures are. used, or taxes are
not considered correctly, thus diminishing the effectiveness
of acceleration. Discounting techniques appear to be used
sparingly in rate of return calculations, which suggests that
the (explicit) pdv effect of acceleration will be unimportant.

On the other hand, Stanback's evidence indicates that
the liquidity effect of accelerated depreciation may play
a much more significant role in influencing investment deci-
sions. The liquidity effect results in a permanent increase
in the level of cash flow (for a growing firm), and its
importance therefore depends on the extent to which internal
financing is considered advantageous. Thepretically, addi-
tional investment will be undertaken in projects unprofitable
before acceleration, but profitable after due to the reduc-
tion in cost made possible by the increased availability of

internal funds. If the latter are considered much less
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expensive than external funds, then the increase in cash flow
from an acceleration of depreciation will provide a large
stimulus to investment. 1In addition it is possible, that
internal funds will be strongly preferred to external funds
for reasons which are not strictly rational, in which case
investment expenditures may be effectively restricted to the
amount of funds generated internally. To the extent that
this occurs in practice the liquidlty effect of accelerated
depreciation will be perhaps even more important. It should
be realized that this does not mean rates of return or profit-
ability measures do not set (ultimate) bounds to investment,
but rather that the extent of investment in projects (which
may be profitable even before accelerated depreciation) is
strongly influenced by the level of cash flow.

The advantages of internal financing are outlined
briefly below in terms of the disadvantages to external
financing (where the latter includes both debt and equity
issues), and a table describing the sources and uses of
corporate funds in recent years is presented in order to
give some idea of the extent of use of internal funds.

There are at least four disadvantages to debt finan-
cing. First, debt involves a fixed interest burden which
must be met even in times of depression. Second, an increase
in debt, ceteris paribus, increases the riskiness of the
firm (that is, 1twinéreases the danger of default on debt and

raises the risks of common stock ownership), which may have
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undesirable repercussions to the extent that the firm's cap-
ital structure is taken into account by investors. Third,
debt financing may reduce managerial flexibility due, for
example, to restrictions on the use of money or the imposi-
tion of minimum balance sheet requirements. Finally, the
separation of ownerwhip and control in the modern firm makes
debt financing asymetrically risky for management. That is,
from management's point of view there is little to be gained
from debt financing a risky project, simply because manage-
ment's profit as compared with salary income is generally
small, while there is much to lose if the project fails and
bankruptecy ensues. As Meyer and Kuh point out, the converse
of this proposition is that internal financing will be advan-
tageous: "if debt financing is asymmetrically risky for
professional management, expansion out of retained earnings
is beneficial for exactly the same reasons."7
There are two major disadvantages to stock financing.
First, it often results in dilution of earnings or control.
Second, equity lssues are generally a ;elatively expensive
method of raising capital except for the largeSt firms, and
in fact éuch an option may not even exist for small firms.
Costs involved in equity financing include the necessity to

underprice the issuve, and the actual commission to underwriters

7John R. Meyer and Edwin Kuh, The Investment Decision:
an_Empirical Study, Cambridge, 1957, pp. 19-20.
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for services in marketing the securities. Also, the fact
that dividend payments are taxable while interest payments
are not, makes equity financing much more expensive in re-
lation to debt.

Internal financing is advantageous because it involves
none of the disadvantages listed above attributable to ex-
ternal sources of funds. In addition, the differential
taxation of dividends and capital gains provides an incentive
to firms to finance from internal sources. That is, earnings
paid out as dividends are subject to tax at the ﬁarginal
personal income tax rate (of the recipient), while earnings
retained and invested are subject to tax at the capital gains
rate (due to the resulting increase in value of the stock).
To the extent that the capital gains rate is less than the
personal rate there is an advantage to filnancing from reten-
tions, because under such a procedure a given value of current
earnings yields (eventually) a larger return to the existing
stockholders (disregarding the timing disadvantage of post-
poned payment). Of course the fraction of earnings retained
in any one period is limited by the preferences of stockhold-
ers (as reflected in changes in the value of the stock) for
present as compared with future income.

There is no need to present detailed documentation
in support of the proposition that internal financing plays
an important role in the investment decision process. Meyer

and Kuh cite an extensive list of studies containing empirical
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evidence relating to the preference for internal funds;
and themselves state in summarizing the empirical investiga-
tions that: "By far the most outstanding aspect of the
direct inquiries is their virtual unaninity in finding that
internal liquidity conslderations and a strong preference for
internal financing are prime factors in determining the vol-
ume of investment."8

An idea of the extent to which internal and external
funds have been used in the manufacturing industries in
recent years may be obtained from Table 4.1.9 A summary of
relevant information from the latter is presented in the
table below, which contains the ratios of external long term
to total sources of funds, and of internal to total sources
of funds. The table also contains the ratios of internal
sources to total long term sources and ratios of the former
to plant and equipment. Internal sources consist of retained
profits plus depreciation, while total long term sources

consist of all sources less short run sources.

81pid., p. 17.

ITable 4.1 gives values for manufacturing and mining
since no such (consistent) table is available for the former
alone. Although an approximate sources and uses table could
be constructed for the manufacturing industries by using
data from various sources, this was not done since accurate
data are not available on external long term financing, one
of the variables of primary interest. Further, even if the
mining industry results differ, their effect on the totals
is 1likely to be insignificant due to size considerations.
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Summary of Sources and Uses Table

year
1957 1958 1959 1960 1961 1962 1963
.22 .17 .06 .08 .11 .09 .09
.90 .86 .71 .86 .71 .76 73
.80 .83 .93 .91 .87 .89 .89

.98 1.12 1.40 1.03 1.16 1.26 1.27

Line 1 gives the ratio of external long term to total
sources.

Line 2 gives the ratio of internal to total sources.

Line 3 gives the ratio of internal to total long term
sources.,

Line 4 gives the ratio of internal sources to plant and

equipment.

The fraction of long term funds in any year from in-
ternal sources ranges from .80 to .93, while the ratio of
total internal funds to total long term funds summed over the
period is .87 (although not shown explicitly), thus indicat-
ing a predominant reliance on internal financing. Further,
in every year but one the amount of internal funds exceeds
investment expenditures, and in some years by a considerable
amount, indicating again the importance of retentions.

(Since the latter comparison involves both sources and uses,
the substantial size of the discrepancy term should be noted.)

The purposes of this chapter were to study briefly
the type of rate of return calculations employed by entre-
preneurs in the investment decision process, and to investi-

gate the advantages from internal financing and the extent
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to which such financing is used in practice. The purpose of
the next chapter is to provide some idea of the orders of
magnitude involved in rate of return changes resulting from

the different methods of accelerated depreciation.
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Table 4.1
SOURCES AND USES OF CORPORATE FUNDs!O

(Billions of Dollars)

Year

1957 1958 1959 1960 1961 1962 1963
Sources, total 18.6 17.0 25.4 19.6 23.8 25.8 28.5
Retained Profitsl 7.0 b 7.5 5.7 5.1 6.1 6.8
Depreciation 9.6 10.2 10,6 11.1 11.7 13.5 14.1
Eﬁ:ign:iui22§2 b.1 '2.9 ,1;4 1.6 2.6 2.4 2.6
Stocks 1.4 (3) .5 A .2 -6 «1.,0
Bonds 1.8 2.2 .3 .5 2.0 1.5 1.8

Short term sources® -2.3 -.4 5,8 1.2 4.5 3.8 5.1

Uses, total 17.4 14,0 22.5 16.3 22.2 22.9 25.7
Plant and )

Equipment 17.0 12.2 12.9 15.3 14.5 15.5 16.5
Inventories (book

value) .8 =2.3 4.4 1.0 1.3 2.6 2.2

Receivables and
miscellaneous assets .1 2.6 3.9 2.3 5.1 3.1 4.8
Cash and U.S. Gov't.

Discrepancy (uses
less sources) -1.2 -3.0 -2.9 <-3.3 -1.6 -2.9 =2.8

lincludes depletion
2plso includes long term bank loans, mortgages, and other
long term debt
3less than $50 Million

Includes short term bank loans, trade payables, federal
income tax liabilities, and miscellanous liabilities.

Source: U. S. Dept. of Commerce, O0.B.E., based on S.E.C. and
other financial data.

10U. S. Dept. of Commerce, O.B.E., Survey of Current
Business, Vol. 44, No. 11 (November, 1964), p. 9.




Chapter 5
THE EFFECT OF ACCELERATED DEPRECIATION ON RATE OF RETURN MEASURES

The purpose of this chapter is to investigate the
effect on the internal rate of return (to be denoted iror),
a modified internal rate (to be defined below), and the pay-
back period, of the various methods of accelerated deprecia-
tion. These effects are compared between methods, and for
different asset lives and initial rates of return. Interest
centers also on the orders of magnitude involved in the
changes, since very small changes may indicate that effects
on investment are essentially negligible. As mentioned in
Chapter 1 only the‘pdv effect is considered when analysing
the internal rate and modified rate, with financing costs
being assumed constant.

Although the analysis of the internal rate centers on
discounted value changes, a basic difference is introduced
when considering changes in rate of return measures as opposed
to pdv changes. Rate of return measures involve a compound-
ing over time, which means basically that for a fixed change
in the pdv of the revenue stream, the longer the asset's .
life the less effect this change will have on the rate of
return. This is important when analysing the effects of
accelerated depreciation as between assets of different lives
(by comparing rate of return measures) since short lived
assets derive a relatively greater advantage compared with

long lived assets from accelerated depreciation in terms of

92
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rate of return changes than in terms of pdv changes.

The following general method of analysis permits a
determination of the effects of accelerated depreciation on
the internal rate of return.

General Method of Analysis

Consider an asset which coéts C in the first period

and yields positive net cash flows of R(t) over n years.
Then the internal rate rl..assuming continuous discounting,
is defined by:

(5.1) C = fn(t)e
If accelerated depreciation is adopted thus .changing the
allowable depreclation deductions and therefore net revenues
in each period, a new internal rate T, will result. Let
w(t,n)C be the increase in revenue t years after introduction
of a particular method of accelerated depreciation. Then r,
is defilned by:

(5.2) ¢ = ja(t)e 2% + fw(t n)ce "2%t
Rewriting the latter and substituting for C from (5.1) gives:

(5.3) 1 = (fe‘rzta(t)at)/(j"e'ritn(t)dt) + { w(t,n)e 2%
which is an 1mp11;itﬁrelation inv;iving r, and r, ;nd R(t).
The relation between ry and r, can not be determined without
making an assumption about the shape of R(t). Two convenient
assumptions are constancy and linear decline. For the former
(5.3) becomes:

(5.4) 1 = (je'rz"aw/(fe'rltat) + 5w(t n)e T2%q¢

If R(t) is assumed to decline linearly to 0 after n years,
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that is R(t) = g(n-t) then (5.3) becomes:
(5:5) 1= (fe2 Pn-t)as)/( o1 n-t)as) +fw<t nje”?
Equations (5.4) and (5.5) form the basis for determining

2tq¢

orders of magnitude involved in rate of return increases due
to various types of accelerated depreciation. Before present-
ing such results, however, it is interesting to observe some
general conclusions about the relation between the gain from
accelerated depreciation and the length of asset life assumed.
As mentioned above short lived assets generally will

experience larger rate of return increases from accelerated
methods than long lived assets. For an investment credit
in particular the following argument shows that the increase
in the internal rate is a monotonically decreasing function
of n. In the case of a credit of k percent of cost, (5.2)
reduces to:

(5.2)' C = fn(t)e Fat + kcje tat
Differentiating (5 1) with resnect to n . gives:

dc/dn = 0 = e"1%R(n) + f e T1%R(t)(-t(ar,/an))at
which may be solved for drl/dn°

dr,/dn = e_rlnﬁ(n)/(\fe-r1t3(t)dt)
Differentiating (5.2)' wiéh respect fo n and solving in a
similar manner for dr,/dn gives |

dr,/dn = R(n)e "2"/( SR(t) T2%a¢ + kj 2%at)
Therefore drz/dn<:dr1/dn 1f,and only if:

R(n)e-rzn/(jpﬁ(t)e'rztdt + kj’e-rztdt) '

R(n)e'rln/(j e T1%3(¢)at)
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which after slight simplification becomes:
n n |

(er1 ™% ip(tyar ¢ [ o2 ip(p)ar + kgerz(n_t)tdt
But rzz Ty and R(t)> 0 ;or all t by assumption, and there-
fore d(rz-rl)/dnxio, which means the maximum increase in the
internal rate due to an investment credit, regardless of the
shape of the revenue stream, occurs for the shortest lived
assets to which the credit is applicable.

It 1s clear that this is true for a credit,only
because the resulting increase in the discounted value of
‘the revenue stream (kc~fe-r2tdt) does not depend on n.
Consequently for any aé;elerated method for which the change
in discounted value is an increasing function of n, the
behaviour of the rate of return increase can not be deter-

“?ztdt is out-

mined a priori. If the increase 1n\§‘w(t,n)e
welghed by the compounding factor ason increases, the short-
est lived assets will experience the most gain. Calculations
presented below show this to be the case for a switch from
SL to SYD, but not for the 1962 credit or for an initial
allowance.

As mentioned above equations (5.4) and (5.5) provide
the basis for determining the extent of increase in the
internal rate of return due to a switch from SL to SYD, the
introduction of an initial allowance, investment credit, and

a reduction in asset life.

Change in the Internal Rate due to a Switch from SL to SYD

The final term required for a solution to (5.4) and

(5.5) is the tax rate times the discounted value of the
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difference in depreciation deductions under the two methods,
that is:
- -r,t A 2 -rst
fw(t,n)e™™2%at = T { (2(n-t)/n*-1/n)e” 2"dt
(o) o

Table 5.1 gives values of r, for various initial rates (rl),

2
asset lives (n), and a tax rate of 50%, assuming both a
-constant and lineaply dgclining revenue stream. The calcula-
tions indicate that the absolute increase in the rate of
return is a monotonically decreasing function of n. This
occurs because the compounding factor consistently outweighs
the increase in 51w(t,n)e-r2tdt. The table indicates that
the gain is larger under a linearly declining revenue stream
than under a constant one, and that the absolute change in
the internal rate is larger, the larger the initial rate.
The percentage change, although not shown explicitly,

decreases slowly.

Change in the Internal Rate Due to An Initial Allowance

The term required in (5.4) and (5.5) to obtain the
change in the internal rate resulting from an initial allow-
ance of b% of cost is given by:

n 1 n
§w(t,n)eT2%at = vr [ T2%¢ - ijh(t-l,n-l)e"th
o ‘0 :

dt
The choice of SL or SYD, and of a constant or linearly
declining revenue stream gives four implicit relations con-
necting the initial and new internal rates. Table 5.2
contains values of r, for various initial rates, asset lives,
a tax rate of 50% and an initial allowance of 20%. In

contrast to the pdv and liquidity calculations in preceding
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chapters a specific initial allowance rate is required here
to obtain a solution to the problem and consequently tabula-
tions are given for the 20% rate only.

Table 5.2 indicates that the behaviour of the gain
from an allowance as a function of n depends on the revenue
stream assumption and on the initial rate of return. Only
for an initial rate of 4% is the gain monotonically decreas-
ing in all cases for the range of n given in the table,
while for higher initial rates the gain appears to first
decrease and then increase. The gain 1s larger of course
under SL than SYD and assuming a linearly declining revenue
stream. As mentioned in Chapter 1 the reason for the former
is that the write-down in the base occurs closer to the
present under SYD.

Change in the Internal Rate Due to the 1962 Investment Credit

ILet k be the credit as a percent of cost then the

term required in equations (5 4) and (5 5) is given by :
jw(t,n)e 2 kj 2%t - kTJh(t n)e T2%4¢

Value;>of r, for various initial rates and asset lives are
presented in Table 5.3. Since the credit is applicable only
to machinery and equipment, the maximum asset life given is
24 years.

The strong incentive to short lived assets provided
by a true investment credit is diminished in the 1962 case by
the reduction in credit for short lives and by the writedown

in the asset's base. When these provisions are taken into
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account the maximum increase in the internal rate of return,
as indicated in the table, occurs for assets of 8 years.
That the gain for lives of over 8 years is in almost all
cases a decreasing function of n is due to the fact that the
compounding factor outweighs the relative advantage to long
lived assets from the base reduction.

The investment credit is more beneficial under a
linearly declining revenue stream than under a constant one
and if SL is in use rather than SYD. Since most firms by
1962 were using accelerated methods, the SYD calculations
probably give a better idea of the gain from the credit than
do the SL calculations. The table indicates that for a
constant revenue stream, assuming SYD, the internal rate
increases approximately from 4 to 5, 8 to 9, 12 to 13.2, 16
to 17.3 and 20 to 21.4% for assets with lives of 8 years
(the maximum gain). Only for low initial rates therefore
does the gain appear to be significant, since for higher
initial rates, although absolute increases are larger, the
corresponding percent increases are very small. Analogous
results assuming a linearly declining revenue stream are
somewhat more favourable.

Change in the Internal Rate Due to a Reduction in Asset Life

For purposes of calculating the new internal rate, it
is assumed that the useful life of the asset remains the
same, with only the tax life and hence depreciation deduc-

tions changing. That is, the new internal rate is calculated
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over the longer life, as was the initial rate. The term
required in (5.4) and (5 5) is given by:

jw(tﬁnz)e 2% = fh(t n)e T2%s¢ - jh(t nye T2%y¢
where ny is the shorter and n, the longer life. The SL and
SYD methods of depreciation together with the two revenue
assumptions provide, once again, four implicit relations
involving the old and new initial rates. Values of r, are
given in Table 5.4 for various initial rates and for asset
life changes which are intended to approximate actual changes
in 1962 for the two-digit manufacturing industries.

The table indicates that absolute changes in the
internal rate increase very slowly with the initial rate, and
that percentage changes decrease. It appears that with a
constant revenue stream and assuming SYD in use, the change
in the internal rate is seldom greater than one percentage
point, except of course for very high initial rates. The
linearly declining revenue assumption results in slightly
higher values but in the majority of industries the increases
are still very small.

Comparison of Effects

One of the reasons for presenting the tables in this
section is to permit a comparison of rate of return changes
resulting from different methods of accelerated depreciation.
Although a detailed table such as the ones provided in connec-
tion with the liquidity and pdv analyses has not been drawn
up, Tables 5.1-5.4 provide a good indication of the different
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effects. A ranking of methods according to the general
benefit provided indicates that the switch to SYD, the 1962
credit, and the 20% allowance are all approximately compar-
able, while most asset life reductions yield much less benefit.

An idea of the overall order of magnitude involved is
provided by noticing that for a constant revenue stream the
rate of return increase is less than 2 percentage points in
all cases except for short lived assets involved in a switech
from SL to SYD, and for assets with high initial rates sub-
ject to a 20% initial allowance. With a linearly declining
revenue stream this holds for initial rates of 4, 8, and 12%
with the former exception. The maximum advantage under the
credit 1s for an asset of 8 years, and under the switch to
SYD for the shortest-l;ved asset. No such generalization is
possible for the initial allowance changes. Both the allow-
ance and the switch to SYD result in substantial rate of
return increases for certain combinations of asset lives and
initial rates, which are considerably greater than the maxi-
mum increases provided by the credit.

The gain in the internal rate is always greater with
declining than constant revenues, and for the credit, allow-~
ance, and asset life change if SL rather than SYD is in use.
The absolute gain increases in all cases with the initial
rate, while the percentage gain decreases for all methods but

the initial allowance, which shows a slight increase.
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The Modified Internal Rate of Return

There has been much discussion in the rate of return
literature concerning the advantages and disadvantages of
internal rate of return calculations as a criterion for

1 It 1s generally accepted that present

investment decisions.
value calculations, using the firm's cost of capital (to be
denoted 1) as the discount rate lead to the correct solution
of investment expenditure problems. Internal rate of return
calculations, depending on the circumstances, do not always
provide the same results.

Assume first that net cash outlays (to be denoted C)
occur only in the first period and there is no ceiling to
expenditures in this period. Under the pdv criterion all
projects are undertaken for which pdv >C, and under the iror
criterion if iror> i. These clearly yield identical results
since iror> 1 if and only if pdv > C. Assume now a ceiling
to expenditures in the current period, then under the pdv
considerations pdv/C is maximized, that is, the projects are
ranked according to pdv/C and investment continues until the

ceiling is reached. Under iror considerations projects are

lsee in rarticular the articles by A. A. Alchian,
E. Renshaw, J. H. Lorie and L. J. Savage, and Ezra Solomon
in Chapter 11, and the article by J. Hirshleifer in Chapter
IV of The Management of Corporate Capital, edited by Ezra
Solomon, University of Chicago, 1963. See also H. M. Wein=
gartner, Mathematical Programming and the Analysis of Capital
Budgeting Problems, Englewood Cliffs, N. J., 1963, and "The
Excess Present Value Index--A Theoretical Basis and Critique”,
Journal of Accounting Research, Vol. 1, No. 2, Autumn, 1963,
pPp. 213-224.
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selected according to their iror values, and this may lead
to a different set of projects. The case of mutually exclu~
sive projects is handled correctly by the iror method by
using the Fisher rate of return.2

Assuming net cash outlays in periods other than the
first it can be shown that the usual internal rate of return
calculations may give ambiguous results in that more than one
iror may result. If net cash outlays in more than one period
are combined with expenditure constraints over time the
investment decision problem becomes very complex and one must
resort to linear programming techniques such as those devel-
oped by H. M. Weingartner.3 In general then the pdv tech-
nique is superior to the iror technique although in some
cases thg latter does give correct results. For example the
iror measure will determine correctly the cut-off point for
a group of investments, 1f there is no rationing, and net
outlays occur in the first period only. For more complicated
problems, or in order just to compare the profitability of
different projects, the iror is not appropriate.

Several authors have pointed out that it i1s the im-
plicit reinvestment assumption contained in the iror formula-

tion which leads in certain cases to incorrect results.

23ee for example A. A. Alchian, op. cit., pp. 67-71.
3H, M. Weingartner, op. cit.
4See for example Ezra Solomon, op. cit.



103

This can be seen by rewriting the iror equation (5.1) as
n

(5.6) ce™ = { r(t)e(n-tlrgy
That is, r is the r;te of return on cost which compounds the
cost to equal the revenues earned over the asset's life.
This is an acceptable definition of a rate of return measure
except for the fact that the intermediate cash flows are
sssumed to be reinvested at this particular rate of return,
which will vary for each project. Ideally the reinvestment
rates to use are those which will be prevailing in years
1 to n. Assuming that accurate prediction of these rates is
not possible it seems more reasonable to allow the cash flow
for all projects to be reinvested at the firm's (current)
cast of capital (1) than to allow the flows from each projegt
to be reinvested at that project's internal rate. The modi-
fied internal rate of return (r*) defined by (5.7), incor-
porates this proposition.

(5.7) ce™ " = fﬁ(t)e(n't)idt
It should be noted tgat (5.6) and (5.7) agree except for the
reinvestment assumption,5

It is not hard to show that r* provides the correct

cut-off for investment if there is no rationing, according

to the rule: invest if r*) i. Rewriting (5.7) gives:

5Introduction of the cost of capital into the calcu-
lations means of course that the resulting rate of return can
in no sense be considered "internal". The terminology is
used solely to emphasize the similarity to the internal rate
of return.
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(5.8) T Myein = j’R(t)e“itdt/c

o
which shows that since in(t)e“itdt is the asset's pdv, then
pdvz C as r¥2 i. Mutually exclusive projects are ranked
correctly by r¥* in the following manner. Suppose there are
two projects with costs c! and c? and revenues Rl(t) and R?(t).
Let cl> ¢%, and calculate r* for the project with cost cl-c?
and revenues Bl(t) - Rz(t)o then invest in project 1 if r¥*¥>1
and if not, invest in 2. That this rule ranks as does net pdv

can be seen as follows, By the definition of r¥*:

¢t - c?= ([t - £2(6))e T ) o7
Assuming r¥*¥ > 1 then:
cl o CZ<((Lf(Rl(t) - Rz(t))e(n”t)idt)/eni =

j]ﬁl(t) - R%(t))e " Pat

n
which may be written as\jhﬁl(t)e~tidt -t JQRz(t)e‘tidt - ¢2,
That is, the net pdv of ;he first project isogreater than the
second, which is as desired. For the case of rationing in
the current period it is clear that r¥* does not necessarily
rank correctly. From (5.8) above pdv/C = er*n/ein which
shows that ranking by pdv/C is not equivalent to ranking by
r¥, and the latter will rank projects correctly only if they
have approximately the same lifetime. The internal rate of
return, however, does not rank correctly even in this case.

In summary, r* is an appropriate rate of return measure
in the sense that:

1. It leads to the correct "invest or not" decision if there
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is no rationing, according to the rule: invest if r*> 1.
2. It leads to the correct choice between mutually exclu-
sive projects.
3. 1t can be interpreted as a '"rate of return" on cost.
L, It assumes reinvestment of intermediate cash flows at a
rate equal for all assets to the firm's cost of capital.
5. When rationing exists in 1 period, it ranks projects of
approximately the same life correctly, that is according to
pdv/C.
Although r%* fails when entrepreneurs take account of rationing
in many periods or when investment projects are not independ-
ent, sé do all other simple rate of return measures and more
sophisticated techniques are required.

The effects on the modified internal rate of the
various methods are now considered.

Effect of Accelerated Depreciation on the Modified Internal

Rate of Return

The following analysis provides a bound to the change
in the modified internal rate resulting from any method of
accelerated depreciation. The bound is interesting because
it results in orders of magnitude suggestive of a very small
effect on investment. As above let w(t,n)C be the increase
in revenue t years after the introduction of a method of
accelerated depreciation. Let 1 be the firm's cost of capital
and ry and T, the modified internal rates before and after

accelerated depreciation. The two relations analogous to

{(5.1) and (5.2) are
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n

jNR(t)ei(n‘t)dt

o

(5.9) ce"1™

(5.10) ce 2" “‘J‘R(t) Lin=t)yy ein\fw(t n)ce tat
Substituting (5.9) into (5.10) and dividing by C gives:

(5.11) eT21 = 718 4 eing’w(t,n)e'itdt
This implicit relation allows determination of the change in
the modifiled internal rate due to any method of accelerated
depreciation. It should be noted that the change is indepen-
dent of the shape of the revenue stream, and that the expres-
sion jlw(t,n)e'itdt is simply the pdv of the change in
depre;iation deductions (times the tax rate) and hence is
exactly what appears in Chapter 2. An interesting bound to
the change in the modified internal rate may be determined

in the following manner. Let h = T, - rl then

erzn — er1n+hn = erln(l + hn + h2n2/2! + cocooo)

Substituting this expression for ef2n

erll’l(l -+ hn + h2n2/2! + ......) - erln + einfw(ton)euitdt
o

in (5.11) above gives

which, after dividing by erln becomes:
n
mn + h2n%/20 + ... = (X w(t,n)e ttay)eTIR
[

. n
or hn.<(elnj_w(t,n)e'itdtyerln. But r, >1i is required of

1
the project to be feasible, which gives:

¢ -1t
=Ty & éw(t.n)e dt)/n

The latter clearly shows that the relative gain accruing to

(5.12) h=r

short lived assets is larger in rate of return terms than pdv
terms, since the numerator of the expression is precisely the

gain in pdv resulting from accelerated depreciation.
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(5.12) can be used to obtain an idea of the orders of
magnitude involved in rate of return changes resulting from
the major methods of accelerated depreciation. The gain from
a true credit is easily calculated and provides an upper
bound to changes for all methods. A credit of 7% of cost
increases pdv by slightly less than .07 and hence increases
the modified internal rate by less than .07/n. Rate of re-
turn changes for assets with lives of 5 and 10 years are
therefore .015 and .007 respectively, suggesting that only
short lived assets obtain any recognizable advantage. For
the credit currently in effect of course the rate is scaled
down for assets with lives of less than 8 years. 1In general
it appears that the effects of accelerated depreciation on
the modified internal rate of return are negligible.

Effect of Accelerated Depreciation on the Payback Period

The third measure to be analysed is the payback (or
payout) period of an asset, defined as the number of years
required for revenues (gross of depreciation) to accumulate
to investment cost. Although the payback period is essen-
tially a liquidity and not a profitability measure, its
importance lies, as suggested in the preceding chapter, in
the fact that it is widely used by entrepreneurs in the invest-
ment decision process. Accelerated depreciation affects an
asset's payback period by increasing net revenues in early
years thereby reducing the period of time taken for revenues

to accumulate to cost. This effect is a peculiar one in that
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the ignoring of discounting means that the effect is not one
of present values, nor is it concerned with a stream of assets.
If the payout period is relevant it simply means that, for a
single asset, even if the time factor is ighored, accelerated
depreciation will affect the asset's rate of return. This
particular mechanism is not analysed in Chapters 2 or 3,
which include only the "rational" pdv and ligquidity effects.
In analysing the effect of accelerated depreciation
on the payback period it is necessary to make an assumption
about the shape of the revenue stream. Both constancy and
linear decline are studied. Under the fogper the payback
period (n*) is defined by the equation: \y Rdt = 1, where
R is the constant revenue per period. Un;er the latter
revenues are assumed to decline linearly to zero in n years
(the asset life for tax purposes), that is, ?(t)'= g(n-t).
The payback period 1s therefore defined by 5;g(n-t)dt =1.
An alternative linear decline assumption is that revenues
reach zero in n¥* years. But this is unrealistic (and hence
is not analysed below) because it implies no revenue is
earned after n¥* years, and therefore the asset is not earn-
ing a positive rate of return. The order in which the various
methods of accelerated depreciation are studied differs from
previous sections because the credit and allowance effects
are simpler to anaiyse aﬁd hence are considered first.

Effect on the Payback Period of an Investment Credit

Assume first a true investment credit of k% of cost,

an asset life for tax purposes of n years, and an original
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payback period of n* years. Then with a constant revenue
stream, revenue per period is (1/n%*)C, and since the only
change due to the introduction of the credit is a first year
gain of kC, the new payback period n' is given by the
relation:

k +n'/n* =1
where n'/n%* represents revenues of 1/n¥* for n' years. Solv-
ing for n' yields: n' = n*¥(1-k). Alternatively this result
may be derived by recognizing that both the credit and reve-
nue per period are expressed as a percgnt of cost. A
revenue increase of k in the first period therefore reduces
the payback period by k/(1/n*) = kn*, resulting in a new
period of n¥*(l-k). In percentage terms the reduction is of
course simply k. No tabulations are given of payback period
changes because of the simplicity of calculations, with the
change being neither a function of the asset life or tax

rate. A 7% ceredit for example, results in a change of only

.07n*, and hence if n¥ 5 this is .35 years and if n* = 10,
.7 years. The reduction as a percent of the original payback
period is of course just 7%.

The analysis is complicated by the introduction of a.

declining revenue stream. The new payback n' is defined by:

nl
k+ | g(n-t)dt = 1
J

which may be solved for n' using the definition of n%* given

6It is convenient to normalize on C by considering
revenues each period as a fraction of cost.
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nl

above: ~j g(n-t)dt = 1. Table 5.5, which contains values of
n' for szlected n and n* and a 7% credit, indicates that the
payback changes are considerably larger under a declining
than under a constant revenue stream. The following consid-
erations are important in this regard.

In analysing the dependence of payback period changes
on the shape of the revenue stream or length of asset life
assumed, the relevant factors are the magnitude of, and rate
of decline of, the revenue stream in year n¥, For a given
gain in the first year (due for example to a true credit),
the payback period change will be greater the faster are
revenues falling, and the smaller their value, in year n%.
But for a given initial payback period revenues are smaller
and are falling faster at n* under a declining than under a
constant revenue stream. This proposition concerning reve-
nues holds also for short as compared with long asset lives,
assuming declining revenues only. For these reasons, the
values in Table 5.5 exceed those for constant revenues (in
which the gain is always .07n*), and the gain for a given
payback period decreases with n.

The 1962 investment credit requires in addition a
write-down in the base of the asset. Assumiﬁg,a constant
revenue stream and SL depreciation, the payback period change
due to such a credit (of k%) may be obtained by solving
for n' in the following expression:

k + n'/n¥ - n'(Tk/n) =1
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This differs from a true credit by the term n'(Tk/n), which
represents the write-down in the asset's base over the pay-
back period. The corresponding expression for a declining
revenue st?eam is:

k + jlg(t-n)dt - n'(Tk/n) =1
which mayobe solved for n' in terms of n* and n (by using
the definition of n* given above for declining revenues).
Table 5.6 contains values of n' for various n* and n, assum-
ing SL in use, and for constant and linearly declining
revenue streams. The reduction in credit for short-lived
assets 1s taken intec account. Although not tabulated, cor-
responding changes under SYD will be slightly smaller.

With a constant revenue stieam all values are of
gcourse less than the limit set by a true credit, that is,
.07n%*, The gain for a given payback increases with the asset
life because the larger the value of n, the lower the reduc-
tion per year due to the write-down in the base, and hence
the greater the gain. This means that the larger the value
of n the less will the entries in Table 5.6 differ from those
for a true investment credit.

Payback period changes under declining revenues are
larger than under constant revenues, but smaller than the
true credit values given in Table 5.5. For a given initial
payback the behaviour of the change as a function of n can no
longer be determined, a priori, since the change, as n in-

creases will tend to decrease due to the declining revenue
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assumption, and to increase due to the base reduction factor.
It appears that for initial payback periods of over 5 years
the former effect outweighs the latter.

Effect on the Payback Period of an Initial Allowance

Assume an initial allowance of b% of cost, with a
constant revenue stream and SL in use. Then the allowance
results in increased revenue of Tb in the first year, with
a reduction in all later years of Tb/(n-1) and hence the new
payback period (n') is defined by the relation:

Tb + n'/n* - (n'-1)(Tb/(n-1)) =1
Table 5.7 contains values of n' for selected n*, n, and an
initial allowance rate of 20%. The table indicates that the
gain is an increasing function of n, which by analogy with
1962 credit considerations, is due to the fact that the base
of the asset must be written down. The limit to the gain
derivable from the allowance may be determined by considering
n indefinitely large, thus resulting in no effective write-
down in the base. The relation given above becomes in the
limit: Tb + n'/n* = 1, which is equivalent to the expression
for an investment credit with Tb replaced by k. Since the
value of Tb is .10 (that is, .2 x .5), a bound to the gain
cbtainable from an allowance of 20% is 10% of the original
payback period. The table indicates, however, that except
for large n together with small n*, actual changes will be
far below this value.

w1th‘declining revenues and SL, n' is defined by:

Tb + j}g(t—n)dt - (n*=1)(Tv/(n-1)) =1
°
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Table 5.7 contains values of n' for an initial allowance of
20%, and selected n and n%*, The table indicates that the
payback changes are substantially larger with a declining
than with a constant revenue stream particularly for short
lived assets with large initial paybacks, although such
changes are still in all cases only fractions of a year even
for large initial payback periods. The gain 1s an increasing
function of asset life, which means that the relative advan-
tage to long lived assets (in terms of a small base write-
down over the payout period) outweighs the advantage to short
lived assets arising from the declining revenue assumption.

Effect on the Payback Period of & Switch from SL to SYD

A swtih to SYD results in a change in revenue of
T(Z(n-t)/nz) in year t, and hence the new payback n', assum-
ing SL and a c?nstant revenue stream, is defined by:

n'/n¥% + if’I‘(Z(n-t)/n2 - 1/n)dt = 1
With an}inearly declining revenue stream n' is defined by:
§(s(n-t) + T(2(n-t)/n? - 1/n))dt = 1
Table ;,8 gives values of the change in the payback period
resulting from a switch to SYD for both revenue assumptions.
The gain as a function of n increases and then decreases
under a constant revenue stream, and decreases monotonically
under a declining revenue stream. The reason for the former
is that with a given 1n}tial payback only the gains from
switching to SYD are relevant ét first in the payback calcu-

lations, but as n increases the corresponding later year
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losses also become relevant. Under declining revenues the
initial advantage as n increases is outweighed by the advan-
tage to the shortest lived assets arising from the declining
revenue assumption.

It is noteworthy that almost all values given in
Table 5.7 are larger than the corresponding values for any
of the other methods of accelerated depreciation, including
a true 7% credit.

Effect on the Payback Period of a Change in Asset Life

ILet n, be the shorter and n, the longer tax life.

1 2
Since the change in revenue in any period under SL is
T(i/nl-l/nz), then with a constant revenue stream n' is
given by;

nt'/n* + n'T(l/nl-l/nz) =1
and wi?h a linearly declining revenue stream by:

‘fg(t—nz)dt +'n'T(1/n1-1/n2) =1
Table 5.9 contains values of n' for selected n%* assuming
both a constant and linearly declining revenue stream, and
for asset life changes which are intended to approximate
actual changes in 1962. The effects of the asset life reduc-
tions appear in general to be small, except perhaps in indus-
tries such as 36 and 372 which experienced large percent
reductions in lives. Excluding these two industries, all

changes are less than one-half of a year for original pay-

back periods of under 8 years.
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Summary

Three rate of return measures are analysed: the inter-
nal rate of return, the modified internal rate, and the pay-
back period. For the former two the advantage to short lived
assets, as measured in rate of return terms compared with pdv
or liquidity terms, i1s emphasized. Determination of the ef-
fects of accelerated depreciation in all cases depends on the
shape of the net revenue stream. The iror and payback period
are analysed under the assumptions of constancy and linear
decline, while an upper bound to changes in the modified
internal rate is determined which is independent of the shape
of the revenue strean.

It is of course impossible to determine the extent to
which rate of return changes resulting from the different
methods of accelerated depreciation will affect investment
decisions. However, it seems likely & priori that the ef-
fects of changes at least in the modified internal rate will
be negligible. Internal rate of return changes are somewhat
larger, but as mentioned above are less than 2 percentage
points in all cases except for short lived assets involved in
a switch to SYD, and for assets with high initial rates sub-
ject to a 20% initial allowance. This result, in conjunc-
tion with the finding in the preceding chapter that discount-
ing techniques are not generally used in practice, and in.
view of the fact that such rate of return calculations require

estimates of future revenues, which are likely to be only



116

approximate, suggests that the pdv effect of accelerated
depreciation (to the extent that it is explicitly taken into
account) will be unimportant. Further, the fact that such
rate of return changes are small may mean that their effect
on any subjective implicit discounting procedures, used in
the investment decision process, will also be unimportant.

Payback period changes are much more dependent than
internal rate of return changes on the revenue stream assump-
tion. Such changes under a constant revenue stream do not
in general seem large, being small fractions of a year for
low initial paybacks and in almost all cases smaller than
one year. But under a declining revenue stream the payback
period changes are always larger and indeed are significantly
larger in some cases. Therefore to the extent that invest-
ment decisions are influenced by a payback criterion, and
revenues are assumed to decline to zero over the asset's
life, it is possible that accelerated depreciation will
affect investment through this channel.

In the empirical work to follow the mechanism through
which accelerated depreciation is assumed to affect invest-
ment is through a change in the level of cash flow. The
only other plausible empirical formulation, and as mentioned
in the first chapter the one used by Hall and Jorgenson, and
Coen, is to postulate a discounted value mechanism; that is,
that accelerated depreciation affects investment through

changes in the pdv of an asset's revenue stream. However, in
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view of the survey evidence presented in Chapter 4, and in
view of the orders of magnitude involved in rate of return
changes calculated in this chapter, the fact that a discount-
ing mechanism is not included in the simulations can not be
considered a serious omission. The simulations of course do
not take payback period changes into account explicitly, nor
in fact does there appear to be an empirical formulation

suitable for such a purpose.
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Table 5.1*

EFFECT ON THE INTERNAL RATE OF RETURN OF A
SWITCH FROM SL TO SYD

Assuming Constant Revenue Stream

1

n 4 8 12 16 20 24

L 4.75 9.40 13.97 18.49 22.94 27.36

8 4,70 9.25 13.68 18.03 22.33 26.59
12 4,66 9.12 13.46 17.72 21.94 26.12
16 Lh.62 9.02 13.29 17.50 21.67 25.81
20 4,59 8.93 13.16 17.34 21.48 25.59
24 4.56 8.86 13.06 17.21 21.33 25.42
28 4,53 8.80 12.97 17.11 21.21 25.29
32 4,51 8.75 12.90 17.02 21.11 25.17
36 4.49 8.71 12.85 16.95 21.02 25.08
40 L. 47 8.67 12.79 16.88 20.95 25,00
Assuming Linearly Declining Revenue Stream

|

n L 8 12 16 20 24

L 5.22 10.26 15.15 19.92 a4. 59 29.18

8 5.13 9.96 14,59 19.08 23.46 27.78
12 5.05 9.73 14.19 18.52 22.76 26.95
16 L4.98 9.54 13.89 18.12 22.28 26.40
20 4,92 9.39 13.65 17.83 21.94 26.03
24 4,86 9.26 13.47 17.60 21.69 25.75
28 4,81 9.15 13.32 17.42 21.49 25.53
32 L.77 9.06 13.20 17.28 21.33 25.37
36 L.,73 8.98 13.10 17.16 21.20 25.23
4o 4.69 8.92 13.01 17.06 21.10 25.12
n = asset life in years
r{ = initial internal rate of return in percent

A corporate tax rate of 50% is assumed.
Table gives values of the internal rate of return after

switching to SYD.

*Tables 5.1-5.4 are based on continuous discounting.
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Table 5.2

EFFECT ON THE INTERNAL RATE OF RETURN DUE TO A
20% INITIAL ALLOWANCE

Assuming SL and Constant Revenue Stream

1

n L 8 12 16 20
4 4,h42 8.81 13.17 17.50 21.81

8 L. 41 8.78 13.10 17.40 21.69
12 4,40 8.75 13.06 17.35 21.63
16 L.40 8.73 13.03 17.32 21.62
20 4.39 8.71 13.01 17.32 21.63
24 4,38 8.70 13.01 17.32 21.65
28 L.38 8.69 13.01 17.34 21.67
32 L.37 8.69 13.01 17.35 21.70
36 L.37 8.69 13.02 17.37 21.73
Lo L,36 8.69 13.03 17.39 21.75
Assuming SL and Linearly Declining Revenue Stream

Ty

n L 8 12 16 20
L L, 67 9.28 13.82 18.33 22.79

8 4,65 9.21 13.69 18.13 22.52
12 4,63 9.15 13.59 17.99 22.35
16 L.62 9.11 13.52 17.89 22.24
20 L.60 9.07 13.46 17.83 22.17
24 4.5 9. 04 13.42 17.78 22.12
28 4,57 9.01 13.38 17.74 22.08
32 L,56 8.99 13.36 17.72 22.06
36 4,55 8.97 13.34 17.70 22.04
40 4,55 8.96 13.33 17.69 22.04

27

26

24

.21
26.
26.
26.
260
o
41
26.
26.
26.

88
68

57

39
37
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Table 5.2 (Continued)

Assuming SYD and Constant Revenue Stream
1
n L 8 12 16 20
L 4.31 8.61 12.89 17.15 21.41
8 4,29 8.57 12.82 17.07 21.31
12 L.28 8.55 12.80 17.05 21.30
16 4,28 8.54 12.79 17.05 21.32
20 4,28 8.54 12.79 17.07 21.36
24 L4.27 8.53 12.80 17.10 21.41
28 b,27 8.54 12.82 17.13 21.46
32 L.27 8.54 12.83 17.16 21.50
36 h.,27 8.55 12.85 17.19 21.54
Lo .27 8.55 12.87 17.22 21.57
Assuming SYD and Linearly Declining Revenue Stream
1

n L 8 12 16 20
4 L.u9 8.95 13.37 17.78 22.16
8 4,45 8.87 13.25 17.61 21.96
12 L,L4h 8.84 13.20 17.55 21.88
16 L,43 8.81 13.17 17.51 21.84
20 4,42 8.80 13.15 17.50 21.82
24 L,42 8.79 13.14 17.48 21.82
28 Lh.h1 8.78 13.13 17.47 21.82
32 L.h1 8.77 13.12 17.47 21.82
36 L.4o 8.77 13.12 17.48 21.83
L0 4,40 8.77 13.12 17.48 21.83
n = asset life in years

r

introduction of a 20% initial allowance.

1 initial internal rate of return in percent
A corporate tax rate of 50% is assumed.
Table gives values of the internal rate of return after

24

25.65
25.55

25.60
25.67
25.73

25.84
25.89
25.92

24

26,52
26.28
26.19
26.16
26.14
26,14
26.15
26.16
26.17
26.17
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Table 5.3

Assuming SL and Constant Revenue Stream

T1
n L 8 12 16 20
b 4,63 8.67 12.69 16.73 20.76
g 4,52 8.56 12.59 16.63 20.66
6 4.89 8.98 13.06 17.14 21.20
7 L.78 8.88 12.96 17.04 21.20
8 5.07 9.21 13.34 17.48 21.61
10 4.90 9.04 13.18 17.32 21.47
12 4,77 8.93 13.08 17.23 21.38
14 4,69 8.85 13.00 17.16 21.32
16 4,63 8.79 12.94 17.11 21.28
18 L, 58 8.74 12.90 17.08 21.26
20 L,sh 8.71 12.87 17.05 21.25
22 4,51 8.68 12.85 17.04 21.24
24 L.48 8.65 12.83 17.02 21.23
Assuming SIL and Linearly Declining Revenue Stream
T
n i 8 12 16 20
&4 4,95 9.00 13.04 17.09 21.14
5 4,78 8.84 12.89 16.94 20.99
6 5.35 9.48 13.59 17.70 21.81
7 5.19 9.32 13.44 17.55 21.66
8 5.63 9.83 14,02 18.20 22.37
10 5.36 9.57 13.76 17.95 22.13
12 5.18 9.39 13.59 17.78 21.97
14 5.05 9.27 13.47 17.66 21.85
16 4.95 9.18 13.38 17.57 21.77
18 4,88 9.10 13.30 17.51 21.70
20 L,82 9.04 13.25 17.45 21.65
22 L,77 8.99 13.20 17.41 21.61
24 b.72 8.95 13.16 17.37 21.58

24

.79
.70
.29
.21
A?Ll’
.61
.54

.46
bs

Jah
b
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Assuming 3YD and Constant Revenue Stream

n L 8 12
L 4,61 8.63 i2.65
5 L.50 8.53 12.55
6 4,86 8.92 12.98
7 4,75 8.82 12.88
8 5.02 9.12 13.23
10 4,84 8.96 13.07
i2 4,73 8.85 12.97
14 4,65 8.77 12.90
16 L4.58 8.72 12.85
18 4,5l 8.67 12.81
20 4,50 8.64 12.79
22 Ly 8.61 12.77
24 L,uh 8.59 12.75

20

.70
.60
.10
.01
Al
.32
.24
.19
.16
.15
.14
.13
.13

Assuming SYD and Linearly Declining Revenue Stream

Ty

n L 8 12 16

4 4.92 8.95 12.98 17.01 21
5 4.75 8.79 12.82 16.86 20
6 5.29 9.38 - 13.46 17.55 21
7 5.13 9.23 13.32 17.41 21
8 5.54 9.69 13.83 17.98 22
10 5.28 9. 44 13.60 17.75 21
12 5,10 9.27 13.44 17.60 21
14 L,98 9.15 13.32 17.50 21
16 4.88 9,06 13.24 17.42 21
18 4,81 9.00 13.18 17.36 21
20 4,75 8.94 13.12 '17.32 21
22 4,70 8.89 13.08 17.28 21
24 4,66 8.86 13.05 17.25 21
n = asset life in years
ry = initial internal rate of return in percent

1
A corporate tax rate of 50% is assumed.

Table gives values of the internal rate of return after
introduction of the 1962 Investment Credit.

.72

16
.08
N
038
.35
033
'33

.30
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Table 5.4

EFFECT ON THE INTERNAL RATE OF RETURN DUE TO

REDUCTION IN ASSET LIFE

Assuming SL and Constant Revenue Stream

Ind

20
22
26
28
29
30
32
33
35
36
371
372

Assuming SL

1

n, b 8 12 16

15 4,21 8.34 12.40 16.44
16 4.31  8.47 12.56 16.62
19 k.33 8.49 12,58 16.62
13 4.26 8.42 12,51 16.57
18 4.26 8.39 12.4k6  16.49
14 4,11 8.18 12.21  16.23
18 7.17 8.25 12.29 16.31
21 4.29 8.42 12.48 16.51
14 4,24 8.37 12.45 16.50
14 4,37 8.58 12.71 16.79
14 h.2hk  8.37 12.45 16.50
12 4.5 8.74 12.93 17.05

and Declining Bevenue Stream

Ty

n, 4 8 12 16

15 L.33 8.50 12.58 16.63
16 4,47 8.70 12.82 16.87
19 L.50 8.73 12.82 16.86
13 L.,40 8.62 12.75 16.82
18 4,39 8.58 12.65 16.69
14 L.,17 8.27 12.31 16.34
18 h.25 8.37 12.42 16.44
21 4,43 8.61 12.67 16.69
14 4.36 8.56 12.66 16.71
14 .57 8.88 13.04 17.14
i4 4.36 8.56 12.66 16.71
12 4,71 9.13 13.37 17.53

20.
20.
20.
20.
20.
20.

20.
20.
20,

21.

24,
24,
24,
24.

24,
24,
4.

24,
24,

25.

24

.65
.90
.86
.88
.69
35

.68

.75
.20

-75
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Table 5.4 (Continued)

Assuming SYD and Constant Bevenue Stream

T1
Ind n, n, L 8 12 16 20
20 13 15 L,16 8.27 12.35 16.42 20.48
22 13 16 4,22 8.38 12.50 16.60 20.68
26 15 19 L,24 8.41 12.53 16.63 20.72
28 11 13 4,19 8.32 12.43 16.52 20.59
29 15 i8 4,19 8.32 12.42 16.50 20.56
30 i3 14 4,08 8.14 12.18 16.22 20.25
32 16 i8 h,i2 8.21 12.27 16.32 20.36
33 17 21 L,21 8.36 12.46 16.54 20.61
35 12 14 L,17 8.29 12.39 16.46 20.53
36 11 14 L,26 8.46 12.60 16.73 20.84
371 12 i4 L,17 8.29 12.39 16.46 20.53
372 9 i2 4,32 8.56 12.76 16.92 21.07

Assuming SYD and Declining Revenue Stream

Ty
Ind n, n, L 8 12 16 20

20 13 15 L, 24 8.40 12.51 16.60 20.66
22 13 16 4,34 8.57 12.72 16.84 20.93
26 15 19 L.37 8.61 12.76 16.88 20.96
28 11 13 L,28 8.49 12.63 16.75 20.84
29 15 18 4,29 8.48 12.60 16.69 20.76
30 13 i4 4,12 8.21 12.27 16.32 20.35
32 16 18 4,19 8.31 12.38 16.44 20.48
33 17 21 4,33 8.52 12.65 16.74 20.80
35 12 14 4,26 8.44 12.57 16.67 20.74
36 11 14 L.40 8.69 12.89 17.05 21.17
371 iz 14 4.26 8.44 12.57 16.67 20.74
372 9 12 4,49 8.86 13.13 17.35 21.52
Ind industry
n, average asset life after 1962 Guideline change

Wofnn

n, average asset life before 1962 Guideline change
Ty initial internal rate of return in percent

A corporate tax rate of 50% is assumed.

Table gives values of the internal rate of return after
1962 Guideline change.

24

24,53
2L.75
24.75
24,67
24 .62
24,28
24.39
24,67
24,59
24,93
24.57
25.19

24

24,71
25.00
25.02
24,91
24,81
24,38
24,51
24.85

24,80

25.27
24,80
25.66
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Table 5.5

CHANGE IN PAYBACK PERIOD DUE TO A
TRUE 7% INVESTMENT CREDIT

Assuming Linearly Declining Revenue Stream

n*

n 3 b4 5 6 7 8 9 10

L 43

6 .30 .50 .86

8 .27 .40 .58 .86 1.33

10 .25 .36 .50 .68 .92 1.27 1.82

12 .24 .34 L6 .60 .77 1.00 1.30 1.71

i4 24 .33 i .56 .70 .87 1.08 1.35

16 .23 .32 L2 .53 .66 .80 .97 1.17

18 .23 .32 41 .51 .63 .76 .90 1.07

20 .23 .31 40 .50 .61 .72 .85 1.00
n* = original payback period in years
n = average asset life in years

Table gives values of the payback period change due to
a true 7% credit.
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Table 5.6

Assuming SL and Constant Revenue Stream

n 3 L 5
L .05
6 .11 .13 14
8 .18 .22 .26
i0 .19 .24 .28
12 .19 .24 .29
14 .20 .25 .30
16 .20 .25 .31
18 .20 .26 .31
20 .20 .26 .32

Assuming SL and Linearly Declining Revenue Stream

n¥*

6

.28
.31
.33
.3k
.35
.36
.37

.35
-39
a2
OL"L"

45

.46

n 3 L 5
4 .11
6 .16 24 42
8 .22 .31 43
10 .22 .30 .39
12 .21 .29 .37
14 .21 .29 .37
16 .21 .29 .36
18 .21 .28 . 36
20 .21 .28 .36

n¥ = original payback period in years

n#*

n = average asset life in years
A corporate tax rate of 50% is assumed.

Table gives values of the payback period change due to the

1962 Investment Credit.

.89
.72
.65
.62
.60
.59

.36
41
45
¥4
<49

.91
.78
.73

.68

10

10

.19
95
.86
.81
.78
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Table 5.7

Assuming SIL and Constant Revenue Stream

n
b
6
8
10
12
14
16
18
20

.11

.19
.22
.24

.25
.26

.27
.27

Assuming SIL and

.17
.24
.28
.30
.32
.33
.34
.34

Declining Revenue Stream

11
.23
.29
.33
.36
.38
.39
41

ni

6

.19
.29
.35
-39
42
Ll
46

.11
.25
.34
4o
L4h
47
.50

)
%
li

n

Table gives values of the payback period change due to a

original payback period in years

n¥%

6

b7
49
.51
.52
53
.54
-55

average asset life in years
A corporate tax rate of 50% is assumed.

20% initial allowance.

.20
31
.ho
45

.53

.11
.27
.37

.50
55

.67
.68
.70
.72

.76

10

.20
.33
43
.50
.56

10

74
75

.80
982
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Table 5.8

Assuming SL and Constant Revenue Strean

n¥
n 3 b4 5 6 7 8 9
4 .24
6 .31 Lo .36
8 .29 43 .54 .57 45
10 .27 A1 .56 67 74 .71 .52
12 .24 .39 .54 .68 .80 .89 .91
14 .22 .36 .51 .66 .80 .93 1.03
16 .20 .33 A7 .63 .78 .93 1.06
18 .19 .31 .45 .60 .75 .90 1.05
20 .17 .29 b2 .56 .72 .87 1.03
Assuming SIL. and lLinearly Declining Revenue Stream
n¥ |
n 3 4 5 6 7 8 9
L .68
6 .50 .83 1.26
8 A1 .67 .98 1.36 1.87
10 .35 .57 .84 1.15 1.50 1.93 2.50
12 .30 .50 74 1.01 1.31 1.65 2.04
14 .26 A4 .66 .90 1.18 1.48 1.81
16 24 .40 .60 .82 1.07 1.34 1.64
18 .21 .36 .54 .75 .98 1.24 1.51
20 .20 .33 .50 .69 .91 1.14 1.40
n* = original payback period in years

n

Table gives values of the payback period change due to a

average asset life in years
A corporate tax rate of 50% is assumed.

switch from SL to SYD.

10

.83
1.08
1.16
1.18
1.17

10

2.52
2.18
1.96
1.81
1.68
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Table 5.9

Assunming SL and Constant Revenue Stream

CHANGE IN THE PAYBACK PERIOD DUE TO
REDUCTION IN ASSET LIFE

°
o
°
°
o
o
e
°
°
°

1’

1.

9

40
55
53
53
b3
22
27
b3
46
73
46
00

75

n*

Ind n, n, 3 4 5 6 7 8
20 13 15 .05 .08 .12 .18 .24 .32
22 13 16 .06 .11 .17 .24 .34 o
26 15 19 .06 .11 .17 .24 .33 43
28 11 13 .06 .11 .17 .24 .33 .42
29 15 18 .05 .09 .14 .19 .26 .34
30 13 14 .02 .04 .06 .10 .13 .17
32 16 18 .03 .05 09 .12 .17 .22
33 17 21 .05 .09 .14 .20 .26 .34
35 12 14 .05 .09 .14 .21 .28 .36
36 11 14 .09 .15 .23 .33 U5 .58

371 12 14 .05 .09 .14 .21 .28 .36

372 9 12 .12 .21 .32 L6 .62 .80

Assuming SL and Linearly Declining Revenue Stream

n%*

Ind n; n, 3 L 5 6 7 8
20 13 15 .05 .09 .15 .23 .34 N Y4
22 13 16 .07 .13 .21 .31 45 .62
26 15 19 .07 .12 .20 .29 A1 .56
28 11 13 .07 .13 .22 .33 .49 .69
29 15 18 .05 .10 .16 .24 .34 A6
30 13 14 .03 .05 .09 .13 .19 .28
32 16 18 .03 .06 .10 .15 .22 .30
33 17 21 .05 .10 .16 .23 .32 Ak
35 12 14 .06 .11 .18 .28 A1 .56
36 11 14 .10 .18 .29 b .62 .86

371 12 14 .06 .11 .18 .28 41 .56

372 9 1z .14 .26 A2 .64 .92 1.29

Ind = industry
n, = average asset life after 1962 Guideline change
n; = average asset life before 1962 Guideline change

original payback period in years

A corporate tax rate of 50% is assumed.

Table gives values of the payback period change due to

1962 Guidelines.

the



Chapter 6

ESTIMATION OF AN ACCELERATED DEPRECIATION LEARNING FUNCTION

As mentioned in Chapter 1 a major problem involved in

determining the effect of the accelerated depreciation me-

thods introduced in 1954 is that there is no information

available for the two-digit manufacturing industries on the

rate of adoption of such methods.

In this chapter an attempt

is made simultaneously to estimate the fraction of invest-

ment in each year written off by accelerated methods and to

fit a learning curve to these values.

The estimation procedure is based on the following

recursive relation between the total amount of accelerated

depreciation in two consecutive years.

(6.1)

where: 2
t

Iy

Iy,

h(t,n)

B(p,n)

R(t,N)

Zt = Zt-l + ytIth(l,n) -

i yt_pIt_pB(ptn) - B(t"’l ’N)

total accelerated depreciation in year t

inveétment in year t

the (unknown) percent of I

& written off by

accelerated methods in year t

accelerated depreciation rate on assets of age

t with tax life of n years. Under DDB

h(t,n) = 2/n(1-2/n)t~1.

h(p,n) - h(p+l,n); representing the change in

the annual depreciation rate on assets of age p

as compared to p+l. TUnder DDB

p+1

B(p,n) = 2/n(1-2/m)® - 2/n(1-2/n)" .

depreciation in t on assets bought since year N

and retired in year t.

130

This factor is ignored
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in further calculations since concern centers
on years immediately following the adoption
of new methods.
N = the year of introduction of accelerated methods

Basically equation (6.1) says that the total amount
of accelerated depreciation in t is equal to accelerated
depreciation in t-1, plus the depreciation on the fraction
of current investment subject to the new method, minus a cor-
rection factor due to the fact that the accelerated method
does not provide for equal annual deductions, minus depreci-
ation on (accelerated) assets retired during t-1.

The y values are unknown, but if total accelerated
depreciation (z) is known in each year since N and an average
life (n) of assets is assumed, then the y's can be obtained
by solving (6.1) recursively. If some values of z are unknown,
however, the y's can be determined only for years prior to the
first unknown z. For later years (6.1) provides a set of
linear relations in the y's. 1In particular, if the first z
value is unknown then no value of y can be determined. This
is the case for the current problem. The total accelerated
depreciation figures (z) are available only for fiscal years
1954, 1955, 1957, and 1960.1 Since the Revenue Act of 1954
prermitted the new methods to begin in accounting periods
ending after December 1953 and since the 1954 fiscal year

began with accounting periods ending July 1954, the initial

lThe exast nature and source of all data used in the
estimations are given in the appendizx.
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accelerated depreciation value is unknown. The set (6.1)
therefore consists of 3 linear relations in the unknown y's
connecting years 1954-55, 1955-57, and 1957-60.

These relations may be written in matrix notation as
Ay = ¢, where A is a 3 x 8 matrix, y is an 8 x 1 vector and
¢ 1s a 3 x 1 vector. The matrix A is a function of investment
values (It)’ the accelerated depreciation rates (h(t,n)), and
the correction terms (B(p,n)). The y vector represents the
unknown percent of annual investment depreciated under accel-
erated methods from 1953 to 1960. The 3 elements of ¢ are:
255»254, 257-255. and 260'257’ where for example 255 is
total accelerated depreciation in 1955. The problem is to
simultaneously estimate the y values and to fit a learning
curve to them. Before proceedilng to the method of estimation
some consideration must be given t§ detalls of the data.

A timing problem exists in matching the depreciation
with the investment figures. There are three 1issues involved.
a) The Internal Revenue Code states that depreciation in
the first year of an asset's life should be proportional to
the length of time the asset is avallable, which means that
ideally all investment should be multiplied by an appropriate
time factor. Some averaging alternatives are allowed, how-
ever, and in particular the "half-year convention" is used by
some firms, although there appsars to .be no .good evidence.on
the extent of its use. Undarvthis,conventiOnmong«halrwofwa |
year's depreciation is taken in the first year of an asset!'s.

life. The approximation used in the current analysis, which
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is essentially a compromise between the two methods, is to
assume that investment is centered in each gquarter.
©) Depreciation can not be taken on an asset until it is
ready for use, therefore investment figures may not represent
the true base for depreciation in the year. For machinery
this may not be seriocus since the discrepancy between invest-
ment figures and installed equipment is probably small. A
lag certainly exists for plant, but there seems to be no
information on its magnitude. The fact that the weight given
to plant in the calculations is small helps to make this
assumption on timing less crueial. (Plant life is 40 years,
arrd the fraction of investment which is in plant is approxi-
mately .3.)
¢) The annuval depreciation data must be felated to the quar-
terly investment data. The accelerated depreciation value for
vyear t includes corporations with accounting periods ending
July t to June t + 1. The assumption is made that investment
expenditures are distributed among these firms in the same
proportion as total assetg. The latter are used since neither
the depreciation nor the depreciable asset data are classified
Wy aceounting periods. This means that if w2 is the fraction
of total assets atitributable to firms whose accounting periods
end in the second quarter of each year then it is assumed
thatfthe fraction of total investment in any quarter accounted
for by these firms is also LPY

In the numerical calculations involving the set (6.1),

the DDB and SYD deprecistion figures are combined and referred
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tn as accelerated depreciation, with the DDB rate being used
&as the accelerated rate to be applied on investment. Invest-
ment in each year is divided into plant and equipment expendi-
ture. The tax life for the latter is taken from a U. S,
Treasury Department Release (1961) estimating actual life

in practice, while a life of 40 years is assumed for plant.

Fgtimation Procedure

As mentioried sbove, (6.1) may be written in matrix
form as Ay = ¢, where the y's represent the (unknown) percent
of annual investment depreciated under the accelerated methods,
The problem is to simultaneously estimate these y's and to
fit a learning curve to the;n° However, before considering the
special case represented by equation (6.1), a general solution
to the problem will be given. Stated generally, the problem
ig to fit a curve to y = f(x) + e subject to the restriction
that Ay = ¢, where:
y is an wnknown T x 1 vector
f i3 a function of x whose parameters (pf) are to be
estimated
X is a known matrix, with dimensions T x n where n is
the number of parameters to be estimated in f
¢ 1s a known k x 1 vector
A is a known k x T matrix

e iz a T x 1 vector of disturbances, the elements of

]

which are assumed to be normally distributed independent

random variables with E(e) = 0 and E(ee') = J¢ I.
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Two methods of solution are considered.2

Method L
A straightforward maximization of the likelihood func-

tion requires a minimization of e'e or (y-f(x))'(y-f(x))
subject to Ay = ¢. Letting m be a k x 1 column vector of
Lagrange multipliers, then the problem is to minimize
g = (y-r(x))"(y-f(x)) + 2m'(Ay-c) over m, p,, and y.
Equating first partial derivatives of g with respect to m,
pf, and y to zero glves

(6.2) Ay = ¢

(6.3) df(x:)/dpf (y-f(x)) =0

(6.4) y - f(x) +A'm =0
If f is not linear in 1ts parameters, then df(x)/dpf will be

a funection of p. and these k¥ + n + T equations (in m, Prs

f
and y) will not generally be solvable in a straightforward

manner. A nonlinear minimization procedure is then needed
to determine the estimates of y and Pp-

Linear Case

I f is linear in its parameters, that is, y = xb + e
with b an n x 1 vector of unknown parameters, then (6.2),
(6.3), and (6.4) can be solved as follows. Setting f(x) = xb

and p, = b, {6.3) and (6.4) become respectively

2‘I‘o the author's knowledge this problem has not been
dealt with in the literature on restricted regressions. The
latter deals with restrictions of one form or another on the
parameters of f, with the y values assumed known, while the
current problem involves restrictions on the (unknown) y
values themselves.
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(6.5) b = (x'x)nlx'y

(6.6) y -xb +A'm=20
Premultiplying (6.6) by A one can solve for m = (AA')'l(Axb - Ay)
and substituting back into (6.6) gives

(6.7) 3 = xb + A'(AA") "1 (Axb - Ay) = 0
Since from (6.5) and (6.2) x'y = x'xb and Ay = ¢, then pre-

~ - -
multiplying (6.7) by x' yields b = (x'A'(AA')'le) 1X'A’(AA') 1c.

% is now in terms of observables and § is obtained by substi-
tuting b into (6.7) to give ¥ = xb - A'(AA") L (Axb - o).
Method II

An alternative method of solution, which 1s essentially
a generalized least-squares procedure, is to suppress the
unobservable y values first. In the general case of y = f(x) + e
gsubject to Ay = ¢, this requires premultiplication of y by A
to give ¢ = Ay = Af(x) + Ae which is in terms of observables.
Maximization of the likelihood function requires a minimiza-

ion over pf of the generalized sum of squares

(coAf(x))'(AA')'l(c-Af(x)), which provides estimates of p,
tut not of y. The following considerations show that these
estimates of p, are the same as those that would be obtained
under method I.

Method I involved a minimization of
g = (y=-f(x))*(y=-f(x)) + 2m'(Ay~c) over m, Pes and y; yielding
the first order conditions (6.2), (6.3) and (6.4). Premulti-
plying (6.4) by A gives m = (AA')-lA(f(x)-y). which when substi-

tuted back into (6.4) gives y-f(x) = A'(AA')'lA(y-f(x))e
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Premultiplying by (y-f(x))' yields
(6.8) (y-£(x))'(y-£(x)) = (c-Af(x))'(AA1) " (c-Af(x))
since Ay = ¢. The values of y which minimize g must satisfy

(6.8) and hence minimization of g over m, p_, and y is equiv-

f
alent to minimization of (csAf(x))'(AA')-l(c-Af(x)) over pe.

Linear Case

In the linear case the estimation of b reduces to a

more familiar generalized least-squares problem. Given

y =xb +e, Ay = ¢, E(e) = 0 and E(ee') = &'I, premultiplying
by A gives Ay = Axb + Ae or ¢ = zb + u, where
z = Ax and E(uu') =02 AA'. The generalized least-squares

estimate of b is therefore

(Z'(AA')le)'lz'(AA')-lc

(xrar(an) tax) " txrar(aar)-te

A

b

li

as before. The §'s may now be estimated by minimizing
(y-yb)'(y-yb) + m'(Ay-c) where Vp = xg. The estimates of y
so obtained are the same as those obtained under method I.

Estimation of Specific Functions

The first relation to be considered is Ve = 1 - vbt 4+ ey
where the parameters to be estimated are v and the y's, ey
is the disturbance term, and t takes on values 1 through 8,
starting in 1953. In the notation of the preceding section,
v corresponds to pf, the t values to i; and 1 =~ vt to f(x).
The estimates of y, denoted 9. are restricted to satisfy the
set of 3 linear relations described previously. There are a
number of reasons for considering the above curve. It is.

monotonic, increases rapidly at first, passes through the origin,
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is asymptotic to 1, and contains only one parameter to esti-
mate. Description by one parameter permits easy comparison
between industries of the extent of adoption of accelerated
methods. A nonlinear minimization algorithm recently devel-
oped by Goldfeld, Quandt, and Trotter, has been used to
obtaih the estimates,3

A linear relation of the form Yy = by + bpt + ey 1is
also estimated. In the notation of the preceding section‘b1
and b2 correspond to pf, the t values and the constant term
correspond to x, and by + byt corresponds to f(x). This
curve should prove superior to the nonlinear form for indﬁs-
tries in which the percent of investment subject to acceler-
ated methods has remained essentially constant since intro-
duction, at some level other than 100%. The linear estimators
derived in the previous section are used to obtain the values

of b,, b. and the ¥'s.

1’ "2
Discussion of Results

Table 6.1 contains estimates of linear and nonlinear
learning functions for 12 two-digit industries. The estimated
y values (¥), generated y values (yv and yb), learning function
parameters (v, bl” and bz) and the standard errors of the
latter are presentedy Standard errors of the §'s, although

not tabulated, are respectable for all industries but textiles

33. M. Goldfeld, R. E. Quandt and H. F. Trotter,
"Maximization by Quadratic Hill-Climbing", Princeton University,
Econometric Research Program R. M. #72, January, 1965 (to be
published in Econometrica).
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and petroleum, with values in most cases being less than one-
sixth of their respective coefficlents.

Since the §'s are restricted to satisfy a set of rela-
tions such as (6.1) there is no way to ensure that they lie
between O and 1. However, they will if there are no errors
of observation in the data and if the learning functions are
correctly spegified. In the nonlinear case the values of §
are less than 1 in all but 2 industries, and in the linear
case in all but 3 industries. On the other hand the estimates
generated by the nonlinear learning,functionsi(yv) will lie
between 0 and 1 if the estimates of v are themselves in this
range. The estimates of v in Table 6.1 range from O to .94.
In the linear case the values of ¥y need not lie between O
and 1, and indeed for large t will probably lie above 1 if
the true learning function is nonlinear.

Measures of Goodness of Fit

Two measures of goodness of fit appear in the table.

B2 is defined as:

y T o 2
Y (§-¥,)°/(T~(n+T-k))
-2 ‘ a
R =1 =
y + 5.2
Y (§-F)° /(T=(T-k)-1)
where T = number of observations
n = number of estimated parameters in the learning
function
k = number of linear relations (number of rows of A)

qQ = b in the linear, and v in the nonlinear estimations

n + T - k degrees of freedom are lost in calculating the sum
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of squared residuals since n learning function parameters are
used together with T - k independently determined y values.
In the denominator the latter plus one degree of freedom for

estimation of § are required.

2
y

account that part of the problem concerned with estimation of

The ma jor drawback of R, is that it does not take into

the y values themselves. This is well illustrated by the

nonlinear estimation in the electrical machinery industry.

2
y

are constant and hence the sum of squared residuals is larger

The negative value of R results because the values of Vv
than the sum of squared deviations of y about its mean. In
spite of the negative value of §§ the estimates are of interest
since the problem is to determine the y's as well as to ap-
proximate them by a curve, and in this case the y's appear to
be constant at 1, suggesting that accelerated depreciation
was immediately adopted.

A second measure of the goodness of fit which avoids

this problem and which is wholly in terms of fits to observ-

2

ables is defined as Rco

}T:(c“-cq)z/(k-n)

3 (e-8)2 /(k-1)

where ¢, = qu and n, T, k, and q are as before. ﬁi indicates

q
how well the estimation is doing in explaining variation about

the known vector ¢. n degrees of freedom are lost in calculat-
ing the sum of squared residuals since the n estimated para-

meters of the learning function are required to calculate yq,
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and hence qu or cq. In the denominator one degree of free-
dom is lost in calculating ¢, the sample mean.

As can be seen from Table 6.1 the results in terms of
Ei are respectable for all industries except textiles and
petroleum. The fact that for these two industries the esti-
mates of the y's are very low suggests that even after seven
years firms may not have adopted the accelerated methods.
There is a good reason for expecting a low adoption rate in
the petroleum industry. Depletion allowances are important,
and under the percentage method, allowable depletion is com-
puted as 273 percent of annual gross income from the property,
but cannot exceed 50 percent of net income. Since accelerated
depreciation reduces net income, SL might be advantageous
under certain circumstances. This line of reasoning is sup-

ported by statistics in the Treasury Depreciation Survey&

of 1961. According to the latter, accelerated methods have
been applied to approximately 37 percent of total investment
since 1953 in the "oil and natural gas production and refin-
ing" category while for all other manufacturing the figure is
74 percent. The fact that circumstances may exist under which
accelerated depreciation is not advantageous makes estimation

of a learning function for this industry less meaningful.

uTreasury Department, Office of Tax Analysis, Treasur
Depreciation Survey, November 1961, Table 14, (unpubliched).
The survey does not provide information by two-digit industry
or by year, but presents the total amount of accelerated
depreciation claimed by broad industrial classes bhetween

1954 and 1959.
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A possible hypothesis concerning the poor results in
the textile industry is that they are due in part to the in-
ability of firms to abscrb the larger allowances resulting
from accelerated depreciation. That is, a basic assumption
throughout the analysis is that firms earn sufficient profits
to warrant using the accelerated methods. If this assumption
is violated in any given year SL will be more advantageous
than SYD or DDB since it results in a larger total deduction
in later years. It is difficult to determine the importance
of this hypothesis but the following calculations suggest that
if it is rele#ant at all then of the 12 industries under
study, the textile industry is the one most likely to be
affected.

Data are available both for corporations with net
income and for those without net income. The fraction of an
industry's gross sales or total assets accounted for by firms
with net income is a rough measure of the profitability of the
industry. Although a great deal of significance cannot be
attached to the values of such ratios, a comparison across
industries is of interest. For fiscal years 1954 to 1960 the
percent of each industry's gross sales and total assets ac-
counted for by firms with net income has been calculated. For
1954 to 1958 inclusive both ratios were lower in the textile
industry than in any other industry. The average value of the
sales ratio for these years was .844 for textiles and .917 for
all manufacturing. The analagous total asset values were

.840 and .923. According to these measures of general industry
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profitability the performance of the textile industry was
much inferior to that of the other manufacturing industries
from 1954 to 1958.

Asset Life Assumptions

The above estimation procedure requlires the assumption
of a fixed asset life for machinery from 1953 to 1960, and
to the extent that this assumption is violated the results
will be biased. Unfortunately there is very little evidence
available on the behaviour of asset lives during the period.
However, according to the preliminary report of the Treasury

Depreciation Survey of 1961 (covering over one-half of total

depreciable property accounts of corporations) there has
been essentially no change in tax lives since 1953. The
survey states "Questionnaire responses by both large and
small firms indicated relatively few material changes in
service lives . . . . . during the period since 1953."5
Only one-sixth of large firms reported a material change, and
only one-third of these reported shorter lives. The average
values since 1953 reported by the survey are the ones used in
the above estimations.

It is important to determine the sensitivity of the
parameter estimates to the (constant) asset life assumed. If
the estimating procedure is such that a small change in the

asset life produces markedly different results, then little

5Treasury Department, Office of Tax Analysis, Prelim-
inary Report on Treasury Depreciation Survey, January 1961,
page 3, (unpublished).
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faith can be put in the learning functions presented above.
For this reason the nonlinear equations were rerun with all
asset lives arbitrarily increased by two years. The results
appear in Table 6.2. The fits as measured by Eg, and the
values of v are very similar for most industries.

The Treasury Survey notwithstanding, a shortening of
asset lives may have occurred in the period, in which case
the results will be bilased. No attempt is made in the paper
to test explicitly for this bias, mainly because there exists
no‘good evidence on the extent or rate of decline of lives.
The following reasoning, however, suggests that such a bias,
if it exists at all, will probably not be serious.

Assume for the moment a constant asset life over the
period. From 6.1 it can be seen that the adoption rates (y)
are determined essentially by dividing accelerated depreci-
ation changes by the product of investment values and depre-
ciation rates. A reduction in the latter due to an increase
in asset life (n) will therefore basically result in larger
y values. For an increase in n the behaviour of the correc-
tion term, involving B{(p,n) and past investment and adoption
rates, is not determinable. It will tend to increase due to
the higher adoption rates and decrease due to B(p,n), but
since it only involves terms in 1/n2 its effect willlbe’of
second order in any case. In the estimation prbcedure9 of
course, the y values are also affected byAthe form of the
learning function assumed, but for a small increase in asset

life the effect should be to increase the estimated rates of
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adoption. The re-estimation of the learning functions with
all asset lives increased two years supports this line of
reasoning. For every industry the estimate of v 1s lower,
implying a faster adoption of accelerated methods.

If asset lives are allowed to decline during the period
from n+t2 to n, where n is the original life, then the same
intuitive reasoning as above may be applied. The values near
n+2 at the beginning of the period will tend to drive the
adoption rate estimates above those given in Table 6.1, while
the values near n at the end of the period will tend to drive
the estimates below those given in Table 6.2. Without re-
estimating it is imposible to determine whether the results
will actually lie between those given in the two tables, but
intuitively it appears plausible. In any case i1t appears
unlikely that the results will differ substantially from
those given in the tables.

No account has been taken in the analysis of the dis-
persion of asset lives about the average life. Clearly if
information on the distribution of capital expenditures by
asset life were available for each quarter it Would.be used.
The lack of such information and the necessity to use an
average life results in errors in the estimated parameters.
The following analysis provides some idea of the error in
effective depreciation rates which results from assuming an
average life, under steady state condit;ons and a uniform
distribution of assets. The steady state assumption is of

course unrealistic but the analysis nevertheless provides an
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insight into the problems involved. Further, although this
too may be unrealistic, it can be shown that exactly the
same results hold if the steady state assumption is replaced
by the assumption of constant net investment.

Assume that steady state conditions prevail and that
the stock of assets is distributed uniformly with respect to
asset lives, with ny the minimum and n2 the maximum.lifec
Let k(n) be the stock of, and I(n) investment in, assets of
life n. Then in order to maintain the steady state I(n)
must equal k(n)/n. Total investment I, is therefore jyl(n)dnﬂ
which reduces to klog(nz/nl) since k(n)=k, a constantnfor all

n. Depreciation (assuming DDB) on assets of age t 1s then

given by:

Dep(t) = | (2/n)I(n)(1-2/m)* lan

((1-2/n)% = (1-2/n)%)/(tlog(ny/n )Ty = £(t)Ig,

where r(t) is the effective depreciation rate on total invest-
ment for assets of age t. Alternatively if depreciation is
calculated by applying the average asset life (n) to total
investment, then since h = i?n(l(n)/IT)dn = (nz-nl)/log(nz/nl)p
total depreciation becomes:

Dep' (t)=(21og(n,/n, )/ (ny=n,)) (1 - 2log(n,/n )/ (ny-ny))"

= r'(t)IT where r'(t) is the effective depreciation rate on
total investment for assets of age t. Table 6.3 contains
values of r(t)-r'(t) for capital stocks which are uniformly
distributed with respect to asset lives, and which have distri-
bution means of 12, 15 and 18 years.

Since 1960 is the 7th year after introduction of DDB
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(1gnoring the last half of fiscal 1953), Table 6.3 values are
given for t <7 only. The table indicates a rapid reduction
in error after the flrst year with even the latter error
appearing small. Considering a set of equations such as (6.1)
it can be seen that the only error of any consequence is in
this first year rate. The other term in (6.1) involving
depreciation rates is given by giyt_plt_pB(p.n), where B(p,n)
i1s the difference in depreclation rates for two consecutive
years. The error in B(p,n) will therefore be given not by
the values in Table 6.3, but by first differences of such
values. ‘I'nese first differences are in general negligible,
and even the sum of such differences (up to a maximum of 7
terms) appears negligible. It should be noted that although
r(t) as given above is not valid for t‘>n1, this does not
seriously affect the current problem since values of t greater
than 7 are not of interest.

Possibility of Switching to SL

Under the DDB method of depreciation the option exists
of switching to SL. Profit maximization requires a switch
when the annual deductions under the two methods are equal,
and for an asset with life n this occurs in year n/2+1, as
was shown in Chapter 1. To the extent that switching has
been used in practice the adoption rate estimates given above
will be biased downward. This results from the fact that the
1960 accelerated depreciation figures will not include depre-
ciation on assets subject to switching between 1957 and 1960.

Since these figures are used in the estimation prodedure,
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together with the assumption of no switching, the adoption
rates will be underestimated.

A revision of the procedure to account for switching
1s not possible since it would require knowledge of the age
distribution of the investment series. However, the follow-
ing considerations suggest that the error from switching may
not be serious. First, switching 1s not permitted in group
accounts, which apparently are in common use, although there
is no good evidence as to what extent. Second, switching is
not possible under SYD, and although the DDB rate represents
both methods in the estimations, to the extent that SYD is
used in practice, the bias will be reduced. Third, the amount
of investment subject to switching willl be small compared to
total investment since only relatively short lived assets .
purchased in the first few years after introduction of the
new methods will be eligible.

Additional First-Year Depreciation

As mentioned in Chapter 1, a 20 percent additional
first-year depreciation allowance of up to $ZQOO, applicable
on assets with a life greater than five years, 1s permitted on
property acquired after December 31, 1957. Since the base of
such assets must be written down by the amount of the allowt.
ance, and since the DDB and SYD depreciation figures exclu&e
the additional first-year depreciation, then the investment
figures used in the above calculations and considered eligible
for the accelerated methods should be reduced by an amount

equal to the write-down in the base of such assets. This
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correction has not been made because the data are unavailable.
Data do exist, however, on the amount of first-year depreci-
ation taken in 1960. The ratio of the latter to total invest-
ment gives the fraction of investment in 1960 which, in the
analysis, is wrongly considered eligible for the accelerated
methods. The maximum value of this fraction is .0037 (for the
food industry) indicating that the error involved in ignoring
the allowance 1s negligible.

5-Year Amortization Provisions

No consideration has been given in the above analysis
to the extent of use of the 5-year amortization provisions,
applicable mainly to grain storage and emergency facilities.
According to the 1954 Revenue Code, amortization includes
deductions taken in lieu of deprecliation for emergency facil-
ities and grain storage facilities, (erected after December
31, 1952) deductions taken for experimental expenditure cap-
italized but not subject to depreciation, and certain organ-
izational expenditures, and mine exploration and development
expenditures. The investment figures used in the current
study include capital outlays subject to these amortization
provisions, and a slow adoption rate according to the learn-
ing function may Just reflect extensive use of such provisionsok

In order to compare the rate of adoption of accelerated
methods the learning functions should be re-estimated excluding
from investment that portion eligible for the amortization
allowances. Unfortunately no direct data exist on the amount

of investment subject to amortization. Estimates of the latter,
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however, may be obtained by using the following recursive

relation.
Am Am
(6.9) Am = Am_ . + (I{ - Ip_g)/d
where: Amt = the total amortization deduction in year t
Iﬁm = investment subject to amortization at rate 1/d
d = amortization period, in this case 5 years

In order to construct the 1nv§stment series using (6.9) Amt
must be known for all years since the introduction of the
amortization allowances. Since Am1954 is unavailable and can
be estimated only roughly, the learning functions were not re-
estimated. The following calculations, however, provide some
idea of the orders of magnitude involved.

Amortization taken on emergency facilities only, is

6

available in the Quarterly Financial Reports. This series

is used to estimate Am1954 by interpolating linearly the

ratio of amortization on emergency facilities to total
amortization between 1953 and 1955. Equation (6.9) then
provides an investment series (Iﬁm) representing expenditures
subject to amortization. The percent of total investment not
subject to amortization (It - Iém). written off by accelerated
methods, is then given by y,I./(I,-Iz"), where y_ is the
original learning function estimate of the percent of total
investment written off by accelerated methods.

Using this expression learning function values changed

6Federal Trade Commission - Securities and Exchange
Commission, Quarterly Financial Report for Manufacturing
Corporations, 1953 - 1955.
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by less than .05 in all industries but paper, chemicals,
primary metals, and other transportation, and only in the
latter two did the values change substantially. These rough
revisions, of course, are different from those that would be
obtained by re-estimating the learning functions. The latter
procedure was felt to be not worthwhile because of the
possibility that the constructed Iém series are not accurate.
As mentioned in Chapter 1, an empirical analysis of
the 1954 accelerated depreciation provisions requires for each
industry not only the estimation of a learning function for
the accelerated methods, but also the estimation of a model
of investment, dividend, and external finance behaviour. The

following chapter is devoted to a study of the latter.
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- Estimated Depreciation Learning Functions

for U. S. Mahufacturing Industries

Percent of Investment Written off by Accelerated Methods
1954 1955 1956 1957

FPiscal Year

Industry

Food and
Beverage

Textile-mill
Products

Paper and
Allied Products

Chemicals and
Allied Products

Petroleum and
Coal Products

Bubber
Products

il

]

]

]

H

Nonlinear Form

53
49

v

.28
.22

v

A1
.38

v

.23
.24

—
4

(

(

(

.66
.63

.72
.015)

.52
.31

.88
.053)

.56
.51

79
.017)

33
.33

.87
.002)

.30
.17

.94
.020)

.52
.53

.78
.039)

.70
.74

—-2
R
y

Yy ©

.79
.81

.96

.54
46
-'9“’

.69
.70
.89

.50
.49
1.00

.33
.27
-.86

077
.71
.71

1958 1959

1 - vt + e

.86

.87

=2
Re

.36

]

t

.90
.90
1.00

.37
.58
-.19

076
.81
.97

.61
.61
1.00

.25
.36
-.14

.73
.83
.86

1960

.93
.93

46
.63

.82
.85

.66
.66

.34
Lo

.81
.86



Percent of Investment Written off by Accelerated Methods
1954 1955 1956 1957 1958

Fiscal Year
Industry

Stone, Clay,
and Glass
Products

Primary Metgl
Industries

Machinery
except Trans-
portation and
Electrical

Electrical
Machinery and
Equlpment

Motor Vehicles
and Equipment

Transportation
Equipment,
except Motor
Vehicles
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Table 6.1 -- Continued

<>

Nonlinear Form

= .59 .68
= .55 .70
v = .67
(057)
= .34 .47
= ,38 .51
Ty
= .49 .68
= .59 .74
v = .64
(.052)
=1.09 1.01
=1.00 1.00 1.
v = .OO'
(.456)
= .76 .82
= .53 .68
v = .69
(.151)
= .38 .48
= .33 .h5
v = ,82

(.022)

.64
.80

EZ
y

.59
.62

ﬁ2
y

.96

1959

_ t
yt =1 - v + et
.84 .98 1.05
.86 .91 .94
=2
= .78 R, =
.71 .80 .85
.70 .76 .81
- T2 _
= .97 RS =
.96 .93 .95
.89 .93 .96
=2
= ,85 Rc =
.87 .91 .88
1.00 1.00 1.00
=2
= -.68 B =
.72 .71 .68
.85 .90 .93
— 52 _
= =-9.19 Ro =
.58 74 .81
.63 .70 .76
= .87 B =

1960

1.

.92

.99

.97

1

.56

.81

.96

03
.96

.88
.85

.97
.97

.00

.78
.95

.83
.80
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Table 6.1 Continued

Percent of Investment Written off by Accelerated Methods
1954 1955 1956 1957

Fiscal Year

Industry

Food and
Beverage

Textile~mill
Products

Paper and
Allied Products

Chemicals and
Allied Products

Petroleum and
Coal Products

Rubber
Products

Linear Form

.56
.57

429
(.020)

.37
.52
. 548
(.382)
A5
49

.372
(.102)

.23

.25

.107
(.052)

.19
.28

.275
(.201)

.36
.48

.358
(.314)

.63
.63

b

\V)

e
.51

AN

-53
.55

.32
.33

.26
.28

.49
.55

it

1959 1960

1958

yt = bl + bzt + et
.72 .78 .84 .90
.70 .77 .84 .91
=2 —2

.068 ®% =1.00 R
(.oo4) ¥ ¢
.76 .58 .42 .39
49 .48 46 45
_2 _2

-.014 R =-.91 ®&
(.070) ¥ ©
.68 .69 .71 .76
60 .66 .72 .78
-2 =2

.058 ®° = .84 R
(.0o19) 7 °
Al b9 sk 61
Lo .48 .55 .62
=2 —2

074 R’ = .97 R
(.009) Y | ¢
A2 .35 .26 .25
.28 .28 .29 .29
002 ®2 = -.99 &2
(.o38) Y e
.83 .76 .70 .7h
61 .67 7L .80
—2 —2

.063 B = .15 R
(.058) ¥ ¢

i

i

.97
.98

.00

-39
Ny

.33

.83
.84

.97

.69
.70

.99

.27
.29

42

.82
.86
.71
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Table 6.1 -- Continued

Percent of Investment Written off by Accelerated Methods
1954 1955 1956 1957 1958 1959 1960

Fiscal Year

Industry

Stone, Clay
and Glass
Products

Primary Metal
Industries

Machinery
except Trans-~
portation and
Electrical

Electrical
Machinery and
Equipment

Motor Vehicles
and Equipment

Transportation
EQquipment,
except Motor
Vehicles

o g <> o q <
Lo =

<>

Linear Form

= .61
= .56

= .377
(.115)

= .35
= .37

= .172
(.050)

= 052

482
(.288)

1.09

1.02

1

1.08
(.169)

= .82

= .859
(.075)

i

35

Q182
(.126)

it

.67
.65

b

2

L6

a7
b

b

Vg

.66
.74

= .092
(.021)

.60
.57

= .099
(.009)

.98
.78

= 074
.054)

.84

= -.030
.032)

.83
.78

= -.020
.014)

i

<53

= ,086
(.023)

—~

o~~~ 4

= b, + bt + e

1 2 t

.81 94 1,04 1.12
.84 .93 1.01 1.11
=2 _ =2 _
Ry = ,91 Rc = .98
.69 .76 .86 .96
.67 77 .87 .97
52 =2 -
Ry .98 Rc 99
.94 .89 .95 1.05
.86 .93 1.00 1.08
=2 2

Ry = .41 Bc = .86
89 .92 . .90 .86
.93 .90 .87 .84
_2 -2
By = ,02 Rc = .74
77 .73 .70 .69
.76 .74 .72 .70
=2 =2
RS = .41 Hg= .98
'57 071 ¢81 088
.61 .70 .78 .87
52 _ 52 _
Ry = ,89 Bc = 97
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Table 6.2

Comparison of Nonlinear Estimates Using Original Asset

Lives and Original Lives Increased by Two Years

Origlnal Asset Original Asset

Lives Lives plus
2 years

2 2
Industry Rc v R, v
Food and Beverage 1.00 .72 .99 .66
Textile-mill Products - .19 .88 - .20 .87
Paper and Allied .97 .79 .98 .76
Products
Chemicals and Allied 1.00 .87 1.00 .86
Products
Petroleum and Coal - .14 .94 - .03 .93
Products
Rubber Products .86 .78 .88 .74
Stone, Clay, and Glass .92 .67 .90 .62
Products
Primary Metal .99 .79 .99 77
Industries
Machinery except Trans- .97 .64 .96 .57
portation and Electrical
Electrical Machinery .56 .00 .79 .00
and Equipment
Motor Vehicles and .81 .69 .84 .53
Fquipment
Transportation Equipment .96 .82 .96 .79

except Motor Vehicles
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Table 6, 3

Error in Effective Depreciation Rates

due to Assuming an

Average Asset Life

A =12
t n, = 10 n, = 14 n, = 8 n, = 16 n =6 n, = 18
1 .0015 .0070 .0191
2 . 0007 .0032 .0077
3 .0002 .0008 ,0010
L .0000 -.0006 -.0027
5 -.0002 -.0014 -.0044
6 -.0003 -.0017 -.0050
7 -.0004 -.0018 —
7= 15
t n1 =13 n2 = 17 n1 = 11 n2 =19 | n, =9 n. = 21
1 .0008 .0034 . 0086
2 .0004 .0019 . 0048
3 .0002 . 0009 .0021
4 .0000 .0002 . 0002
5 .0000 -.0002 -,0008
6 ~-,0001 -.0005 -.0016
7 -.0001 -.0007 -.0020
n =18
t n, = 16 n, = 20 n, = 14 n, = 22 n =12 24
1 .0004 .0019 . 0047
2 .0003 .0012 .0030
3 .0001 .0007 .0017
L .0000 .0003 .0007
5 .0000 . 0000 .0000
6 .0000 -,0001 -.0004
7 . 0000 -,0002 -.0007
where: n is the mean of the uniform distribution

describing the stock of assets

n, and n_ are the minimum and maximum asset

1 2

lives respectively

t is the asset's age

DDB is assumed




Chapter 7
INVESTMENT, DIVIDEND AND EXTERNAL FINANCE BEHAVIOUR

The purpose of this chapter is to investigate the
investment, dividend and external finance behaviour of firms.
As mentioned in dhapter 1 a simultaneous model of behaviour
is hypothesized which, as well as being of interest in it-
self, provides the means for determining empirically the
effects of various accelerated depreciation provisions.

The data are quarterly with all regression equations
based on 50 cbservations, running from the second quarter of
1952 through the fourth quarter of 1964.1 The level of
aggregation follows the two-digit industry classification.

The model contains the following variables, equations,
and identities. |

Endogenous Variables

1! = investment in fixed assets2
Dep = depreciation of fixed assets2
Div = dividends
EFl = external finance in the form of long term debt
EF? = external finance in the form of new stock issues

1The sources of these data are given in the appendix.

2The notation used in this chapter for investment
and depreciation differs from that of precedlng chapters.
Investment in fixed assets is here denoted I* instead of I
and depreciation is Dep instead of D. The latter symbol is
used to represent the amount of long term debt outstanding.
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cash flow
change in the current position of the firm
gl subject to a lag distribution (defined by identity 4)

EF2~§§bject to a lag distribution (defined analogously
to EF*:)

CF subject to a lag distribution (defined analogously
to EFl)

Exogenous Variables

Pe

MI
LTBR
Sy
DC
WCI
WCI
C+GS

C+GS

T
v
R

C

il

gross profits (before deduction of depreciation or
texes)

Moody's industrial bond rate

the rate on term loans from banks
seasonal dummies

a measure of debt capacity

Wharton School capacity utilization index

WCIﬂﬁg?ject to a lag distribution (defined analogously
to EF4

stock of cash and government securities at the begin-
ning of the quarter

C+G§,§ubject to a lag distribution (defined analogously
to EF*)

effective tax rate on corporate profits
depreciation rate on current fixed investment
retirement of fixed assets

constant term

All variables are current unless otherwise stated.

Structural Equations

10

I

- ¢ (58l 52, G . we
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2. Div, = fZ(CFt, Dlvt«l” C+GSt, sl, sz, 33, c)

i 2

2 1 = [ I
_)a EFt fB(Ito Cth Eth C+Jst’ MIt, LTBBt’ DCt, 0)
h. EF® = r (I}, CF,, EFL, C+GS., DC., ¢)
° t 4r7g? t’ t’ t’ t’
Identities
i. CF = Dep + (1=T)(P8~Dep)
z Dept = Deptw1 + Itvt + It-lvt-l - Rt

2 1 2

3, Div + I + I® = EF" + EF® + CF

~~

i ¢ 1
b, EF, = Z;4Ethiwi

Values for the weights w, are assumed a priori and are not

i
estimated. It should be noted that P" = (1-T)(P8-Dep) is
after tax profits but since it is not used explicitly it is
combined with Dep to form CF.

Fquation 4 is not estimated because obsefvations on
EF2 are available only by subtraction using identity 3.
Such a procedure, however, has the undesirable property of
attributing to EF2 errors of observation from all the other
variables in the identity. Another drawback is that the data
are not ail from thé same source, and as a result any vari-
able obtained as a residual will contain an additional
"statistical discrepancy" error. For this reason also, it

is not appropriate to use EF2 (obtained by subtraction) in

the structural equations.
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Two alternatives are to drop EF2 entirely from the
equations or to replace it by a proxy, namely, all the other
variables in identity 3. The problem with the latter pro-
cedure is that estimation of equations 1 and 3 is essentially
reduced to estimation of an identity, thus obscuring the
structural parameters. That 1s each equation will contain
all the variables in identity 3 except for EF2, and if the
latter is of minor significance or of small variability then
the structurél estimates obtained will reflect in part the
relation described by identity 3. In view of the fact that
post-war values of EF2 for the manufacturing industries have
been small compared to valuesaof EFl, structural equations
1 and 3 are estimated omitting EF2 entirely.3

The question arises as to whether 12, which represents
all short term changes, can be assumed exogenous without
serious specification error resulting. Thaﬁbis, a basic
assumption throughout 1is that the fixed investment, external
finance, dividend decision-making process, may be thought of
in long run terms, leaving inventory fluctuations .and .the .
meeting of short term obligations to be financed by short

term means such as bank loans, commercial paper, etc. On the

other hand to the extent that short term factors interact

3Since this results in inconsistent estimates of the
structural coefficients, an attempt is made at the end of
the chapter to determine the direction of inconsistency to
be expected for each goefficient. The effect of estimating
the equations with EF“ replaced by the proxy suggested
above is also discussed.
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with and are affected by decisions to invest, finance ex-
ternally, or pay dividends, thlis represents a misspecifi-
cation, For example, if short and iong term borrowling are
substitutes in financing investment, or if current invest-
ment or dividend payments result in a cut back in (intended)
inventory accumulation, then 12 will not really be exogen-
ous and a specification error will exist.

There 1s, however, a more compelling reason for con-
sidering Iz as endogenous. Among other things it consists of
changes in holdings of cash and government segcurities. To
the extent that long term borrowing results in temporary

2 will be directly affected by

increases in such holdings, I
borrowing and hence must be considered endogenous.

The model to be estimated then consists of 6 endogen-
ous variables (ignoring EF'2 and those variables defined by
lag assumptions), 3 identities, and 3 structural equations

(1-3). The latter will now be considered in detail.

Investment Equation

Investment expenditures are hypothesized to depend on
the level of cash flow (CF), the amount of external finance
(EF), a measure of quick liquidity (C+GS), and the rate of
capacity utilization (WCI). A priori one would expect these
factors to have a positive effect on investment.

Little need be sald concerning inclusion of the cash
flow variable in the equation in view of the discussion on .

internal financing presented in Chapter 4. The overwhelming
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preference of business for filnancing from internal funds
suggests that the level of cash flow will strongly influence
investment expenditures. But resort to external funds will
of course be necessary in some instances, and for this rea-
son the aggregate of long term bank borrowlng and corporate
bond issues is included in order to reflect the avallability
or ease of obtaining such funds.

The rate of capacity utilization, as measured by the
Wharton School Index, is included for obvious reasons. Other
things being equal increased pressure on existing facilities
will result in attempts to expand capacity. The C+GS vari-
able is intended to measure the current liquid position of
the firm at the end of the previous quarter, and hence should
affect investment positively.

Dividends are excluded from the investment equation on
the grounds that thelr only effect on investment decisions
arises from their role as a competing use for funds. That
is, the cash flow constraint of the firm implies than an

increase in dividend payments, ceteris paribus, will result

in a decrease in investment expenditures. But this is not a
sufficient reason for including dividends in the structural
equation for investment behaviour since any "competing use"
considerations are taken care of by the cash flow identity
itself. Inclusion of dividends in the investment equation is
permissible only if it is hypothesized that 1nvestﬁent expend-

itures are affected by the level of dividend payments through
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some mechanism other than the cash flow constraint. Since
no such mechanism appears to exist, dividends are excluded.

The problem of a lag between investment determinants
and expenditures is met by assuming the existence of an aver-
age relationship between capital expenditures and capital
appropriations. The latter represent the appropriation of "
fundé for investment projects, and hence may be thought of
as the essential investment declision variable. Capital
appropriations are assumed to depend on current values of
determining variables, with the fixed relation between appro-
priations and investment linking the latter to its determin-
ants.

The assumption that appropriations depend on current
determinants 1s of course an arbitrary one. The following
remarks suggest, however, that it is probably the most feas-
ible in tnat the choice of an alternative assumption is made
difficult by the necessity to specify the direction as well
as the time span of the dependence. That 1s, to the extent
that investment decisions lag changes in the determining
variables, some lag pattern will be relevant. This may occur,
for example, because it takes a continued pressure on capa-
city or build up of liquidity through large cash flows bhefore
the decision to invest i1s made. On the other hand to the
extent that the pattern of future expenditures resulting
from current appfoprlations is recognized,by,businessmeﬁ,,

expected future values of cash flow and external funds will
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be relevant, thus suggesting leads rather than lags.

Although the fixed relation between appropriations
and investment is assumed to hold on the average, it is
clear that the distribution of investment expenditures re=-
sulting from capital appropriations will vary from one pro-
ject to another due to such factors as the start-up time
involved, the possibility that waiting lines for construc-
tion materials may be encountered, and the construction per-
iod of the project itseif. Use of the average 1s clearly an
approximation to these conditions, but as long as there is
no systematic bunching of (for example short‘run) prajects,
then the error involved in making the assumption will be
small. Perhaps a more serious problem is the possibility
that the pattern of investment payments may itself be a
function of the level of cash flow and availability of ex-
ternal finance. To the extent that this results in large .
changes in the relation between appropriations and invest- .
ment over time, the results given below will be in error.

The above considerations lead to the assumption of a
relation of the form:

(7.1) At =X b +u

t t
where: At = capital appropriations in period t
It = capital expenditures in period t
Xt = the determinants of At
w; = the fraction of A, resulting in investment

expenditure in period t+i

fd
]

disturbance term in period t
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Further, assuming that current appropriations result in
investment expenditures over the next s periods, (including

the current period) according to the weights w, gives the

i
relation:

S
(7.2) I, = éat_iwi
where iﬁi =1, Substituting (7.1) into (7.2) yields:

iro

Iy = (Z:oxt-iwi )b + Zut-iwi which may be written as

t=o

(7.3) It = th + u,

using the notation that it = é%xt-iwi and ﬁ£ = i%ut-iwi’

The welghts wy; are assumed to follow an inverted-V
distribution over 8 quarters. This choice of weights is
motivated by consideration of recent empirical findings by
Shirley Almoncu The latter has estimated a relation between
appropriations and investment for each two-digit manufactur~
ing industry (for the 1000 largest firms). Her estimated
weights involve lags ranging from 5 to 10 gquarters, and the
number of industries with welghts running for 5 to 10 quar-
ters respectively are 1, 1, 1, 3, 4, and 2. A goodness of
fit measure and the existence of no negative welghts are the
essential criteria used for determining the length of lag.
In this respect the author reports that after a lag of

AShirley.Almon, "The Distributed Lag Between Capital
Appropriations and Expenditures," Econometrica, Vol. 33,
No. 1 (January, 1965).
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sufficient length is reached there is little change in the
goodness of fit for distributions with longer lags, and
misually by the time 8 or 9 quarters are included.....a smooth
curve takes shape."5 Further, although the Almoq’procedure
does not restrict the distributions to be symmetric, they
are approximately symmetric in most industries. These consid-
erations suggest that there is little to be gained by using
a specific distribution for each industry rather than a sim-
plified symmetric distribution ranging over 8 or 9 gquarters
for all industries. For this reason the inverted-V distri-
bution of 8 quarters length is used, resulting in weights of
.05, °10,4,15, .20, .20, .15, .10, and .05 respectively over
the preceding 8 quarters (starting with the current quarter).6
It should be noted that Almon's estimations are for

the 1000 largest manufacturing firms, while the analysis
here involves all firms. The possibility that the appropri-
ation-investment process may differ for small firms makes
the decision to use a standard distribution for all indus-
tries (rather than the specific one chosed by Shirley Almon
for each industry) even more acceptable.

The petroleum industry exhibits the shortest Almon lag

(of 5 quarters). In order to test the appropriateness of an

5Ibid., p. 184,

6prank de Leeuw, "The Demand for Capital Goods by
Manufacturers: a Study of Quarterly Time Series," Econometrica,

Vol. 30, No. 3 (July, 1962), pp. 407-423.
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8 quarter lag in this industry, the investment equation is
also estimated using an inverted-V distribution over 4
guarters.

Specification of the model in terms of an average
relation between investment and appropriations suggests that
serial correlation will be a serious problem. That is, if
it is assumed that the basic error term uy satisfies the
usual Markov assumptions, then the composite error term

P

U, = i;wiutwi will not, since its successive values contain
many of the same u values (s-1 to be exact). Since the
welilghts w, are known, estimation of the investment equation
by generalized least squares 1s possible, thereby taking into
account the nonspherical distribution of ﬁto The problems
invelved in such an estimation procedure are now considered.

Assume for the moment that the investment equation is
not part of a simultaneous system. Then considering relations
(7.1) and (7.2) above it is clear that the following relations
must hold for ﬁtg if it is assumed that for ug itself E(u) =0
and E{uu') = ol I,

E\ﬁt) = 0

S=j-4)

Bl al) = Z;Wkwk+jwi for all i, and J = i,.....1+8-1

= 0 for all i, and jJ = 1i+8,6e00.T
In short, E(ﬁtﬁ%) =0 (L, where {1 is not diagonal, but is a
known function of the weights wia Under these conditions,
the best linear unblased estimate of b in relation (7.3)

A ol =l
above is given by: b = (¥U'¥) 1%,
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Assuming now that the investment equation is part of
a simultanecus system, it is not hard to show that the (sec-
ond stage) estimation is of the same generalized least sgquares
form as above, that is, the appropriate weighting factor is (L.
Let the structural equations be given by:

(7.4) YPr+ XB+ U=0

where the Y's are endogenous and the X's exogenous variables
and the disturbances U satisfy the usual assumptions. As-
sume that in the mth equation the bth endogenous variable
is appropriastions (A). The coefficient of the latter is
normalized to give: A = meﬁ + XmBm + Um, where Ym represents
all the endogenous variables in the mth equation (except the

th

bth)g Xm are the exogenous variables, and U is the m col~

umn of Uo7 Replacing appropriations by investment (denoted

y now for convenience) gives:

{(7.5) z;AtaiWi =y = ime + iﬁBm + pm

t=0

where the variables with a ~ are as before (subject to the
~~ ) ~

lag distribution), and E(UTU~) = () di. The Y are endogenous

and should be regressed on the exogenous variables X. But

for each variable in Ym” say the first, we have §t 1=
: 2

r~

S
Z;ytaigiwi and therefore it is appropriate to regress Yﬁ on

X defined analcgously, which gives:

r~

(7.6) Ym = XP + Vi

7In the analysis to follow subscripts,denote a group
of parameters or vectors while superscripts denote a single
parameter or vector.
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The estimation of equation (7.6) using ordinary least sgquares
(OLS) is inefficient compared to using the unweighted X and
Y values for two reasons. First s observations are lost,
and second the disturbance term is not spherical. ThHe latter
problem can be overcome by using generalized least squares,
but such & procedure is not necassary since a (more efficient)
estimate of P may be obtailned by OLS using the unweighted X
and Y values. That is, equation (7.6) implies the following
reduced torm between X, and Y :
(7.7) Y, = XP+ Vp
and under the usual assumptions concerning error terms in a
structural model (since the reduced form disturbances V are
linear combinations of the structural disturbances U), we
heve B(V') = 0, and E(v'v1') = k;I for 1 = 1 to m, where V!
is the vector of disturbances from the regression of the 1th
endogenous variable on all the exogenous variables. P can
therefore be estimated by OLS from (7.7) and then used to
, A A ~ S A x
give ¥ = XP, and ¥ . = Zoym”t_iw.l. Substituting Y  into
(7.5) gives the equation to be estimated as:
(7.8) y = §m2(m + XBy + (T + T 0)

It remains to be shown that E(U™ + V ¥,) (U™ + V¥p) =Qlst
where s' 1s a scalar and (1 is as above.

The reduced form of (7.4) is given by Y = XP + V,
where P = -BP'" and V = -U"'. Rewriting the latter after
postmultiplying by [’ gives VI = -U, which shows that in

general the disturbance from any structural equation is a
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linear combination of all the reduced form disturbances, with
the weights being the coefficients of the endogenous vari-
ables in that structural equation. This holds for Vanda U
as well thus giving VI = -0, and for the m'P structural
equation in particular = -~ﬁ*Xﬁ*, where m* represents all
the endogenous variables in the equation. Now the term ?mxh
in (7.8) includes all but the bPh variable and hence ﬁh*xm* =
ﬁth + VbXb, where Vb is the vector of disturbances from the
reduced form equation with Iy the dependent variable. Using
this expression and recalling that Xb = 1 from the mormaliz-
gtion rule, the error term in (7.8) may be simplified as
follows: U + ¥ y = -y - ¥¥° + Gy, = -7°. But

E(Vb) = 0 and E(vab3 = s'] because Vb is a vector of reduced
form disturbances. Therefore E(Nbﬂb ) ={)s' since VE
z;vE_iwi (which defines () ). This shows that the disturbance
from equation (7.8) is such that E(T0 + ¥ X’)(ﬁm + 7 Zﬁy =
E(Vbe ) = (ls' and the equation should be estimated at the
second stage by a generalized least squares procedure using

Q.

Dividend Equation

Dividend behaviour is determined (basically) according
to a Lintner-type model. That is, an optimal payout ratio
r¥ is assumed, together with the usual partial adjustment
process, thus giving:

. _ *
(7.9) ADiv, = a, + a,(Divg - Divy ;) + a,(C+GS)y

0

where Divz = r*CFt. The equation is actually estimated in
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the following form, which may be obtained by moving Divt_1
to the right hand side.®
= * -
Div, a, + a,r CF, + (1 al)Divt_1
The term involving C+GS permits variations from (partial

+ a2(C+GS)t

ad justment towards) the long run desired level of dividend
payments, depending on the current liquid position of the
firm, and a2 is therefore expected to be positive. Since a4
represents a reaction coefficient it is expected to be posi-
tive and less than one, and hencé the coefficient of Divt_1
should be in the same range. The coefficient of CF (alr*)
will of course be positive, and an estimate of the desired
payout ratio r* may be obtained by dividing it by a,.

As mentioned in Chapter 1, CF 1s used instead of net
profits because in similar studies other authors have found
it to be the superior variable in terms of reasonableness
of parameter estimates.

An aslternative to including C+GS as a separate term
is to assume that it affects the desired payout ratio r¥%,
Such a formulation is plausible only if r¥* is interpreted
more in short run than long run terms. That is, if r¥ is
intended to represent the long run desired payout ratio, then
it 18 not appropriate to assume that it varies in each quar-
ter with the liquid position of the firm. On the other
hand if it is interpreted as the payout ratio which is de-

sired in any particular quarter, then quite possibly it will

8The parameter estimates are the same of course for
both forms.
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vary with C+GS. This leads to estimation of the following
equation.
A Div, = ag + al(r§CFt- Divt-l)
=a; +a,((ay + §3(0+GSt))CFt - Divy_4), if it is

assumed that rt =a, + a3(C+GSt)°

E. Kuh has recently noted that inclusion of the con-
stant term in the first dividend equation given above, but
without C+GS included, is inconsistent with the underlying
theory.,9 That is, if 1t is hypothesized that ADivt =

#*
0 t

agp even when actual dividends in the preceding period are

a, + al(Div - Divt-l)’ then the change in dividends equals
at the desired level, which is not appropriate. Theoretically
this problem does not arise if C+GS is included as a separate

variable because then even if Div: = Div s Short run

t-1
fluctuations in dividend payments (about the long run de-
sired level) can occur as a result of variations in liquidity
conditions.

The dividend equation is estimated both with and with-
out the constant term, with C+GS excluded, in order to deter-
mine the effect of the latter on the parameter estimates and
to study the explanatory power of these alternative specifi-
cations.

A further test of the validity of the dividend model

and one which arises because of possible serial correlation

9Edwin Kuh, Capital Stock Growth: A Micro-Econometric
Approach, Amsterdam, 1963, p. 17.
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of the disturbances is the following. Suppose that lagged
dividends do not affect current dividend payments, and that
the dividend equation is subject to serial correlation, thus
implying the relatlions:

{(7.10) Div, = &4 + a1CFt + aZ(C+GS)t + ey
and e, = Ne, 4 + eg where e§ may or may not be serially
correlated. Then it is clear that if Divt_1 1s included in
the equation it will be correlated with €t and since Divt_1
iz considered predetermined in the estimating procedure it is
possible that it will take on a spurious significance.

Z. Griliches has recently suggested the following
test to distinguish between models such as (7.9) and (7.10)910
Substituting Aegy_q + e% for e, in (7.10), and then replacing
er.q Py the expression for ey _q obtained from equation (7.10)
lagged cnce, givess

(7.11) Divt = aoiiah) + a CFp = afACFtwl + aZ(C+GS)t

i

*
- aZA(C+GS)tQ1 +‘ADivt_1 + ey
If (7.10) is the correct specification then the coefficients
of the variables will be related as suggested by this equation.
For example, the coefficient of CF‘,Ca_1 will equal minus the

product of the coefficients of CF, and Divi.1, with a similar

t
relation holding for C+GS. On the other hand if the original
model is more appropriate these relations will not hold, and

insignificant coefficlients on CFg 4 and C*Gstmi are to

10z, Griliches, "Distributed Lags: A Survey",
Unpublished Manuscript, 1965.
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be expected. The dividend equation is estimated in form
(7.11) in order to check the possibility that the alternative
specification (7.10) is appropriate, and that lagged divi-
dends appear significant simply because of the serial cor-
relation of the disturbances.

External Finance Equation

External finance (EFl) is defined as the first differ-
ence of long term debt ocutstanding. The latter consists of
long term bank loans and "other long term debt", mainly
scorporate bond issues. External finance is hypothesized to
depend on the demand for funds as represented by fixed
investment expenditures, the supply of internally generated
funds (CF), the liquid position of the firm (C+GS), the cost
of borrowing as represented by an interest rate series, and
a measure of the debt capacity of the firm (DC). The vari-
able which appears to be the most consistent determinant of
borrowing behaviour is the latter, and is defined in the
following manner.

It is assumed that an optimum debt-equity ratio d4¥*
exists, and that the discrepancy between d* and the actual
debt=-equity ratic affects long term borrowing behaviour.

Let D be debt outstanding aﬁd E total stockholders equity,
then the desired debt level at the beginning of period t,
which corresponds to the existing equity level Etmlg is
given by d*Etm1° It is further assumed that the change in

debt in the period arising from considerations about the
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debt-equity ratio is a fraction a1 of the difference between
this desired debt level and the actual debt level Dg_j.

That is, a partial adjustment process similar to the one
given above for dividends is hypothesized.

The following basic difference, however, exists between
the dividend and external finance models. In the former it
is possible to hypothesize that the change in dividends is a
function of one term only, namely the difference between de-
sired and actual dividends. In fact as noted above, if no
other determinants are assumed to affect dividends, then éven
the inclusion of a constant term in the equation is at odds
with the underlying thecry. In the external finance model
cn the other hand it is unreasonable to hypothesize that the
difference between the desired and actual debt levels is the
only determinant, since this would rule out further borrow-
ing cnce the desired debt-equity ratio were reached. Inclu-
sion of other terms such as investment expenditures, cost of
borrowing, and availability of internal funds is therefore
required, and conseguently there can be no '"constant term"
problem as in the dividend case.

The above consliderations lead to the estimation of an

equation of the foilowing form:
4

= RPT = *q -
DDy = BF = a, + ai(d o Dt_l) + other terms
ES : *7 o
a, + ald Ey .1 aIthl + other terms

In prineiple such an equation can be estimated directly to

provide estimates of a,, ajd*9 and therefore d¥, but in
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practice Dt and Et are so highly collinear that it is diffi-
cult to determine their separate effects. Simple correlation
coefficients between Dt and Et are greater than .95 in 8 of
the 12 two-digit industries. If an extraneous estimate of

d* were available then the composite variable (d*Et-l - Dtnl)
could be formed and used to represent debt capacity. A
natural candidate for d*, barring any good a priori informa-
tion on its magnitude, is the average debt-equity ratio over
the period. Use of the average as an estimate of d* requires
basically that the short run fluctuations about the desired
ratio cancel in the averaging process. An examination of the
behaviour of D/E over time, however, indicates that in most
industries the ratio has been steadlily increasing over time.
This suggests a changing desired debt-equity ratio, in which
case the trend value of D/E would be more appropriate than
the average value. The debt-equity ratio for each industry
18 regressed on time and a constant term, and the estimated

values of D/E are used to represent d* in calculating (d*E-»D),11

1

The other variables appearing in the EF~ equation re-

quire little explanation. The cost of obtaining external
funds is represented by an interest rate series. Since the

EF1 variable includes long term borrowing from banks as well

11This is of course a very superficial treatment in
the sense that no attempt is made to explain changes in the
desired debt-equity ratio in terms of economic factors such
as the relative costs of debt and equity financing.
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as proceeds from corporate bond issues, both the interest
rate on term loans from banks and the rate on Moody's Indus-
trials are analysed. The availability of internal funds 1is
represented by the cash flow variable, while general liquid-
ity conditions are given by the stock of cash and government
securities at the end of the preceding quarter. The demand
for funds, of course, is hypothesized to depend on investment
expenditures.

In the above formulation, the explanatory variables
enter in current terms. It is possible, however, that the
true relationship is more of a long run affair with increased
financing resulting from a continued bulld-up of investment
opportunities, a prolonged low interest rate, or a continued
large debt capacity. To test this hypothesis the equations
are also estimated with the explanatory variables averaged
over the preceding three guarters together with the current
quarter,

Alternatively it is possible to hypothesize the exist-
ence of leads rather than lags in one or more of the explana-
tory variables. This seems particularly relevant for the
case of investment expenditures. Under the assumption of an
average lag between appropriations and investment the firm
knows at any point of time what past appropriations will be
spent in the coming year, and may also have a good idea of
the amount of funds to be appropriated within the year. This

estimate of expenditures together with profit predictions for
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the year ahead may well be an important determinant of ex-
ternal financing. Actual values of 11 and CF totalled over
the current and succeeding three quarters are used to repre-~
sent current expectations of the two variables. For the
reason Just indicated investment expenditures will probably
be predicted with more accuracy than profits and hence use
of actual values as proxies for expectations will be more
justifiable in this case.

The possibility that EFl is responsive to investment
relative to cash flow 1s explicitly tested by using various
combinations of Il, CF, and Il/CF in lead form. The square
of the latter is also included in an attempt to test the
hypothesis that EF1 depends in a nonlinear fashion on fin-
ancing needs (Il/CF). That 1s, if 1t 1s assumed that external
financing occurs only when expected investment becomes large
in relation to expected internal funds, or if it is assumed
that the effect of I/CF increases in importance as I/CF
itself increases, then inclusion of a nonlinear term will be
more appropriate than the straight linear formulation.

As mentioned above the external finance variable in-
cludes both long term bank loans and other long term debt,
the latter consisting mainly of corporate bond issues.

Since data are avalilable on both these series and since there
are reasons for believing that they may behave differently,
the series are also analysed separately. The belief that

the two components may vary independently rests on the
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following considerations.

Banks in general supply long term funds to business
in essentially two ways: through intermediate term loans
and through interim credits of one or two years maturity.
The former are attractive to small firms that do not have
ready access to the securities market, and to all firms in
as much as they represent a quicker and perhaps cheaper
source of funds than bond or equity issues. Such loans may
be of an initial maturity of anywhere from 4 to 8 years, be-
ing repaid generally from internal cash flows. Interinm
credits on the other hand, of one or two years maturity, may
be used by business when embarking on a heavy capital invest-
ment project reduiring funds at various stages of construc-
tion. Firms may be reluctant to borrow the entire sum at
the outset, preferring to use interim funds to finance the
project during construction. These funds are then repaid
from the proceeds of new bond issues obtained at or shortly
after completion of the project, or at a time when the cost
of such issues is relatively low.

In view of these remarks it seems reascnable to
hypothesize that the bank locan component of external finance
will be affected mainly by investment pressures in relation
to the supply of internal funds, debt capacity considerations,
and perhaps the cost of obtaining funds as measured by the
rate on term loans from banks. The timing of corporate bond

issues, on the other hand, may well be affected more by cost
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considerations and less by current pressure on funds. There
are at least two reasons for the latter. First, it will re-
sult to the extent that firms can rely on interim financing
until a time when the relative cost of borrowing in the bond
market 1s low. In this connection, it has been estimated
that from 1959-1962 in the manufacturing industries interim
financing by banks covered about one-quarter of the capital
expenditures eventually financed in the securities marketol
Second, even if interim financing from banks is not used,
firms may pend to float larger bond issues when costs are
low, then are immediately required for investment projects,
simply because of cost considerations. Of course in the
case of an unpredicted or continuing boom, it is possible
that investment opportunities will make direct resort to the
bond market appropriate even at a time of high interest rates.
In general though the above reasoning suggests that the cost
of bond issues, as measured by an average industrial bond .
yield, may well be the most important factor in determining
the extent and timing of their use. It alsc suggests that
long term bank loans of the preceding few years may be a
relevant determinant of bond financing. |

When bank loans and bond issues are combined and

analysed as one external finance variable, it is clear that

12George Budzeika, '"Commercial Banks as Suppliers of
Capltal Funds to Business," Federal Reserve Bank of New York;
Monthly Review, Vol. 45, No. 12 (Dec., 1963), P. 186.




182

their movements will in some cases be offsetting. That is,
to the extent that corporate bond issues are used to refund
interim loans, the net effect on the aggregate will be zero.
This may tend to reduce the importance of the industrial
bond rate in explaining the behaviour of the aggregate ex-
ternal finance variable.

Method of Estimation

An instrumental variable approach is used to estimate
the three structural equations. For the dividend and borrow-
ing equations, the set of instruments is chosen to be all
the exogenous variables together with endcgenous variables

of 1 lag or more if they appear in the model. The variable

gt Z%CFt

the latter term consists entirely of predetermined variables

~ ~

CFt (and similarly EFt) is broken into CF e where
and hence can be conslidered as one predetermined variable
for estimation purposes , call it aﬁaio In this way no
instruments are omitted and the procedure is two-stage least
squares. The set of instruments used in the estimation of

the dividend and borrowing equations is therefore:

WCI S, Dep_,
~ ~
c+Gs Div_, CF_4
C+GS MI EF,
1
5, LTBR I,
82 pé o

DC
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Certain variables listed as exogenous in the model as outlined
at the beginning of the chapter are not used as instruments
for the following reasons. The tax rate variable T is not
used since it represents the effective tax rate and is there-
fore not truly exogenous, Rt is omitted because no indepen-
dent observations exist on it, and Vi 18 not included since
it is available only annually.

A different set of instruments is required in
estimating the investment equation because of the problems
involved in using lagged endogenous variables as instruments.
Since the disturbance in the investment equation (2) consists
of a weighted average of disturbances from the appropriations
equation (u) dating back s periods, it is clear that any
endogenous variable lagged s or fewer periods will be cor-
related with the current disturbance from the investment
equation.l3 For this reason only exogencus variables are
included as instruments in the estimation. The procedure
used involves replacing the two endogenous variables in the
equation (CF and EF) by CF and EFg obtained as follows. CF
(and similarly EF) is regressed on all the exogenous vari-
ables in the system (Z) using OLS to give é% = ZP. These
estimated é% values are then weighted using the LA to give

s

A
CF = ZLCFt i g As mentioned above an alternative estimation

~ —~ r§—
of P, by regressing CF on Z (where Z_ = 2 Z_ . w,) is
t w20 t-1 i

13The exact relation between the disturbance and a
lagged endogenous variable is given in a short note at the
end of the chapter.
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inefficient for two reasons. First the regression involves
s fewer observations than the first method, and second the
(reduced form) disturbance term is not in the correct form
for least squares estimation.

The results of estimating the three structural equa-
tions by the instrumental vgriable method are given in the
tables at the end of the chapter. For each equation esti-
mates of the coefficients and their standard errors, the
value of RZ and the Durbin-Watscen statistic appear. RZ for
the simultaneous estimations is obtained by calculating the .
variance of the residuals after substituting the structural
estimates back into the original egquation, and hence nust
necessarily be less than the RZ which would be obtained by
using ordinary least sgquares on the original equation. It
should be realized that R2 calculated in this manner is not
generally appropriate for measuring the goodness of fit of a
structural equation. For this reason it is used in the
analysis to follow only in comparing the original estimates
of the investment eguation with the generalized least squares
estimates. In this case the fact that the generalized least
squares estimates yield negative 32 values in one-half of
the industries suggests that they are inferior to the origin-

al estimates.

Discussion of Results

Investment Equation

The results of estimating the investment equation by

the instrumental variable method described above (but not the
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generalized least squares method) are given in Table 7.1.
Out of 12 industries signs of coefficients are as expected
for the WEI, C;ES, 6? and é? variables in 9, 9, 10, and 7
industries respectively. Since the sampling distribution

of the parameter estimates obtalned by using instrumental
variable techniques is unknown for small samples, no signifi-
cance tests are avallable. However, the values in brackets
below the estimated coefficients are the asymptotic standard
errors, and to the extent that these reflect significance

of the estimates, the cash flow variable appears to perfornm
much better than the others.

The fact that the é% variable does not perform as well
as the others in terms of the number of correct signs or as
measured by the ratio of the coefficient to its standard
error may rest on considerations mentioned above in discus-
sing the EF equation., That is, to the extent that the timing
of long term herrowing in the form of bond issues 1s governed
strictly by cest considerations, the relation between I and
é? will be a locse one, and could conceivably be inverse, |
with berrowing ocourring predominantly in slack periods when
interest rates are low. On the other hand to the extent that
this is true, it is difficult te interpret recent results of
other investigators in which the interest rate on industrial

bonds (or Moody's saa rate) is found to be a significant
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determinant of investment.14 Supposedly such formulations
are condensed versions (and incorrectly specified if behav-
jour is simultaneous) of the model spelled out explicitly
here. That is, changes in the cost of external financing
result in changes in the rate of borrowing, which in turn
are reflected in increased investment expenditures. This
problem is further analysed below in connection with the
results of estimating the EF equation.

As menticned above the investment equation for the
petroleum industry is also estimated using an inverted-V
distribution over 4 quarters. According to Shirley Almon's
calculations this industry has phe shortest lag between
appropriations and investment (5 quarters), and appropriates
the majority of funds in the first gquarter of each year.
Although the results of re-estimating the investment equa-
tion are not recorded here, it appears tﬁat there is nothing
to be gained from the shorter lag. CF enters positively,
but C+GS and EF are negative, while coefficient to standard
error ratics remain approximately the same.

The very low Durbin-Watson statistics (to be denoted
DW statistics) in Table 7.1 indicate the existence of posi-

tive serial correlation, which as mentioned above is to be

11’LSeee in particular R. W. Resek, "Investment by
Manufacturing Firms: A Quarterly Time Series Analysis of
Industry Data, Unpuplished Manuscript, Tables I and II;
Frank de Leeuw op, cit., p. 419; and E. Kuh and J. R. Meyer,
"Investment, Liquidity, and Monetary Policy," Research Study
Three in Impacts of Monetary Poliecy, C. M. C., Englewood
Cliffs, N. J., 1963, p. 381.
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expected in view of the formulation of the model. It 1is not
difficult to determine the approximate value of the DW statis-
tic to be expected under the assumption that the uts from
equation (7.1) satisfy E(u) = 0 and E(uu') = o. I, and hence
the ti's of the equations to be estimated satisfy the rela-
tions given on page 168 above. It is well known that the
Durbin-Watson statistic is approximately equal to 2(1-7)
where T is the sample correlation coefficient between ﬁt and
U _,- The true correlation between u, and U, _, assuming
stationarity in the u's is given by r = E(ﬁ£ﬁ£_1)/E(ﬁi).
which becomes (i%wkwk+1)/(2;wi) using the expression for
E(ul') cited above. Under the assumption that the w's follow
an inverted-V distribution over 8 quarters, this expression
equals 14/15 and hence the DW value should be close to 2/15
or .13. The DW values in the table are larger than this but
are based on the fitted residuals from an equation, and also
the equation takes no account of the form of the residuals.
That is, & more efficlent estimate of the correlation of the
residuals will be obtained in conjunction with the general-
ized least squares estimation of the equations given below.
The results of applying a generalized least squares
procedure to the investment equations appear in Table 7.2.
The purpose, as outlined above, is to obtain more efficient
estimates of the parameters. The estimates, however, do not

(on g priori grounds at least) appear superior. The values

N

of R” are much lower in all, and negative in one-half of the
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industries, and the coefficient to standard error ratios of
almost all the variables are much lower, and in fact close .
to zero in many cases. It is true that one would expect
higher standard errors and lower values of R2 after removal
of serial correlation, but the results given above seem to
be extreme. Further, considering signs of coefficients, al-

1 is now positive in 9 rather than 7 industries as

- thdugh ﬁ?
before, WEI is positive in only 3 instead of 9 industries.
Estimates of the cpefficient of CF are now greater than one
in 5 industries, which does not seem reasonable. On the
other hand the Durbin-Watson statistics are closer to the .
value of .13 mentioned above. Although not recorded in Table
7.2, the only variables for which the coefficlient to standard
error ratio increases significantly are the seasonal dummies.
The question arises as to whether the generalized
least squares procedure is removing the serlal correlation
as intended. A reagsonable test is to calculate the DW
statistic for the investment equation after multiplylng the
entire equation by P, where P is the matrix such that
POP' = I. The following table contains the DW values cal-
culated in this manner, and the fact that most of them are
near 2 suggests that the procedure 1s appropriate.

Durbin-Watson Statistics for Transformed Investment Equation

Industry DW Industry DW Industry DW
20 2.0 29 1.7 333 1.7
22 2.0 30 2.1 36 2.4
26 2.4 32 2.1 371 1.8

28 .2.4 331 1.4 372 2.6
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The generalized least squares procedure is of course
intended to remove not only the first-order (serial) cor-
relation between the @'s but also the correlation of other
orders. The DW statistic tests only for flrst-order correla-
tion, and to the extent that the procgdure is not removing
other correlations the parameter estimates can not be con-
sidered more efficient. It is not practical (or possible)
to test for the correlation between the disturbances of all
orders, but the following procedure is intended to provide
an estimate of the fourth-order correlations. The latter is
chosen for study because of the possibility that annual
factors are important thus resulting in a positive relation
between disturbances four quarters apart.

The first line of Table 7.3 for each industry contains
values of the DW statistic obtained by estimating the invest-
ment equation for each guarter of the year separately. The
results suggest that the generalized least squares procedure
is not removing the fourth-order correlation as intended.

For the fourth quarter in particular the DW values are low
for all industries but two. The second line of the table

for each industry gives the DW values for the original invest-
ment equations, that is, before the attempted removal of the
correlation from the disturbances. The approximate DW value
to be expected in this case may be calculated in a manner
similar to that given above for first-order correlation.

Since the correlation between ﬁt and ﬁt-n is given by



190

r = E(ﬁtﬁt_u)/E(’u'i), which becomes Zwkwkw/ :Zowlz{ = 1/3, the
DW to be expected is approximately 1.33. Tabled values are
in general higher.

An admittedly very rough measure of the extent to
which the generalized least squares procedure is removing
the correlation is to calculate the number of industries in
which the DW value is closer to 2 after the method is applied.
Considering the 12 industries, this occurs for the first to
fourth quarters respectively in 4, 6, 4, and 4 industries,
or in 18 of 48 cases. These results together with parameter
estimates which are less acceptable on a priori grounds, cast
doubt on the intended increased efficiency of the general-
ized least squares procedure. The ultimate test of the
investment model in the present context, however, is the
ablility of the corresponding reduced form to generate sen-
sible values of endogenous variables over time. For this
reason both investment models are used in the attempt to
analyse empirically the effects of accelerated depreciation

in the following chapter.

Dividend Equation

The results of estimating the first model of divi-
dend behaviour formulated above (7.9) are given in Table 7.4.
Out of 12 industries signs of coefficients are as expected
for the CF, Div_l, and C+GS variables in 12, 9 and 9 indus-
tries respectively. The cash flow variable outperforms the

others in terms of the number of correct signs and the ratio
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of coefficient value to standard error. Table 7.5 contains
estimates (in columns 1-3 respectively) of the reaction coef-
ficients (ai), and of the desired long run payout ratio (r#¥)
obtained from the equations, as well as the ratio of total
dividends to total cash flow which prevailed during the period.
The latter 1s included for comparison with the estimated r#*
values, and may be considered an approximation to the desired
payout ratio if it is assumed that over a long period of time
actual dividend payments equal desired payments. This may not
be an appropriate assumption, however, if the cash flow vari-
able is essentially a steadily increasling series over the
period, since then the partial ad justment process will result
in permanently lower actual payments than desired, and the
average payout ratio will underestimate the desired ratio.

Estimation of the equation wlth the desired payout
ratio a function of C+GS provides very simllar results in
terms of reaction coefficients and payout ratios and for this
reason the results are not tabulated here.

From Table 7.5 it can be seen that in three industries
the reaction coefficients are greater than 1, indicating an
overad justment to desired dividend levels. Although this
behaviour ¢an not be ruled out as irrational it is not what
one would expect. The fact that, as indicated in Table 7.4,
thesé industries are also the ones with the lowest coefficient-
standard error ratios for lagged dividends, gives one cause

to view the results skeptically. The values of r* obtained
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by estimating the equations for these industries omitting
lagged dividends (and thus arbitrarily setting the reaction
coefficient at 1) are almost identical with those given in
Table 7.4. A reaction coefficient of 1 of course implies
that short and long run adjustments to changes in desired
dividends are identical. This seems unrealistic for a quar-
terly model even in view of the fact that the depreciation
component of cash flow makes the latter a sluggish series,
thus increasing the probability of a high reaction coeffi-
cient.

The desired payout ratio is less than the average
over the period in all but one industry. As mentioned above
this is contrary to expectations in view of the nature of the
cash flow variable and the partial ad justment process as-
sumed. Explanations for this discrepancy are not obvious.
One possibility is that systematic overestimation of the
reaction coefficient is resulting in underestimation of the
desired payout ratio (since the latter is obtained by divid-
ing the coefficient of CF by the reaction coefficient). If
any bilases are present in fhe estimation of the reaction
coefficient, however, one expects them to be in the opposite
direction in view of the possibility that serial correlation
is a problem. Assuming it 1s, then to the extent that part
of the effect of the serial correlation is being attributed
to lagged dividends, the coefficient of the latter (1-a1)

will be overestimated, the reaction coefficient (al)
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underestimated, and hence the desired payout ratio overesti-
mated.l5 This is clearly not the case. Further, in Table
7.5 there is no obvious relation between high reaction coef-
ficients and the discrepancy of actual from desired payout
ratios as would be expected under the hypothesis.

The possibility that the C+GS variable is influencing
the estimate of the long run payout ratio 1s tested by omit-
ting the former from the equations. As mentioned above this
results in a problem of interpreting the constant term, and
therefore the equation is estimated both with and without
the interoept.l6 The values of r# obtained from these equa-
tions appear in columns 4 and 5 of Table 7.5. The exclusion
of C+GS makes very little difference to the calculation of
r* (as is eipected under our hypothesis about C+GS) and in
only two industries (331 and 371) does it substantially
increase.

Suppression of the constant term, on the other hand,
provides markedly different results, and in fact the esti-
mates of r¥ are now extremely close to the dividend cash

flow ratio in all industries, with the maximum discrepancy

15z, Griliches, "A Note on Serial Correlation Bias in
Estimates of Distributed Lags," Econometrica, Vol. 29, No. 1
(January, 1961), pp. 65-73.

161t should be realized that suppression of the con-
stant term while retaining the seasonal dummies involves
estimation of an equation in which the latter sum to zero.
This is accomplished computationally by using 3 dummies (S )
and no constant term, where S; = 1 1in the 1th quarter and
-1 in the fourth quarter, for i =1, 2 and 3.




194

being 3 percentage points. The corresponding reaction
coefficients, given in column 6 of Table 7.5, are lower in
every industry than in the original model, and in only one
instance is the coefficient greater than 1. Clearly this
form of the model is a better representation of the hypothe-
sized desired-payout partial-adjustment process of dividend
behaviour than the others. Table 7.6 contains the complete
set of estimated parameters and statistics for the equation.
Signs of coefficients are as expected in all industries ex-
cept 371, in which the coefficient of lagged dividends is
negative. Because of the marked superliority of this equation
in terms of the model of dividend behaviour hypothesized, it
is used in the accelerated depreciation analysis in the
following chapter.

As mentioned above the dividend equation is estimated
including CF and C+GS lagged one period in order to test the
model against the alternative specification that lagged
dividends are irrelevant. Values of the coefficients are
not presented because they in no way support the alternative
formulation of the modei° In fact the lagged cash flow vari-
able enters positively in all but 1 industry and the lagged .
liquidity variable in all but 4 industries. If the alterna-
tive formulation were valid both variables would have nega-
tive coefficlents. 1In the analogous test involving the form
of the equation in which the constant term and C+GS are ex-

cluded, the lagged cash flow variable enters positively in
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all cases, thus refuting the alternative specification.

External Finance Equation

Before analysing the results of estimating the EF
equation it is appropriate to consider the debt capaclity mea-
sure (DC) in more detail. As mentioned above DC is calcu-
lated by regressing the debt-equity ratio for each industry
on time and a constant term, and the estimated values of D/E
are used to represent d%* in calculating (d*E-D). The re-
gression results appear in Table 7.7. 324 is the wvalue of
the desired debt-equity ratio at the end of 1964 obtained
from the equations, while initial values are of course given
by the constant term. The coefficient of time in the equa-
tions is over twice its standard error in every industry
but rubber (30).

The rubber industry is the only one in which there
appears to be no trend in the debt-equity ratio. For this
industry the average debt-equity ratio over the period is
used rather than the trend value in calculating the debt
capacity measure, although the small magnitude of al(-.QQOZ)
indicates that these two methods would yield very similar
results. In 10 of the other 11 industries the debt-equity
ratio 1s an increasing function of time, with only the pet-
roleum industry ratio showing a slight decline. Values of
the desired debt-equity ratio vary considerably across .indus-
tries with the average peing .224 in 196&. The automobile

industry has the lowest ratio (.114), and the "transportation
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except automcbile" industry the highest ratio (.306).

The results of estimating the external finance equa-
tion are given in Table 7.8. Only one interest rate (Moody's
Industrial rate) is included because of very high collinear-
ity with the long term bank rate. Out of 12 industries,
signs of coefficients are as expected for the MI, DC, C+GS,
11 and CF variables in 7, 12, 10, 9 and 8 industries respec-
tively. Both in terms of the number of correct signs and .
the ratio of coefficient value to standard error, the measure
of debt capacity outperforms the other variables.

Estimates of the reaction coefficients for the debt
relation, which appear as the coefficients of the DC variable,
are fairly uniform across industries. The reaction coeffi-
cilent represents the fraction of the gap between the exist-
ing debt level, and the one desired in terms of the amount
of outstanding equity, which is closed by resort to external
financing in the period. Ignoring the automobile industry
(371), values of this coefficient range from .15 to .58 with
an average valus of ,30. For the automoblile industry the
value is .03 but this carries little weight in view of the
fact that the debt-equity ratio in the industry is much lower
than in all other industries, suggesting that debt consider-
ations are unimportant.

Although the signs of coefficients are generally as
expected, the coefficient to standard error ratios of the

variables (excluding DC) are not particularly impressive.
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Efforts to obtain more significant representations of ex-
ternal finance behaviour center, for reasons mentioned above,
on testing the appropriateness of the lag assumptions in-
volved, as well as analysing the bank loan and other long
term debt series separately.

The results of estimating the EF equation with the
right hand variables averaged over the preceding 4 quarters
are not tabulated since they in no way represent an improve-
ment over the coriginal mocdel. Out of 12 industries signs
of coefficients are as expected for the MI, DC, C+GS, I1
and CF variables in 5, 12, 7, 10 and 8 industries respective=-
ly, while coefficient to standard error ratios appear in
general to be lower.

The results of estimating the equation with the cash
flow and investment variables averaged over the succeeding
4 quarters do not differ much from the original model. 1In
terms of signs of ceoefficients the only change is one more
industry with a negative CF variable, while coefficient to
standard error ratios are generally about the same.

Since there appears to be nd advantage in either the
lead or lag version of the EF model, the analysis to follow
will be restriated to the "current" version. It is possible
of course that more sophisticated computational techniques
would result in the establishment of a lead or lag in the
equation. However, such experimentation is not considered

worthwhile in view of the fact that there are really no good
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a priori reasons for deciding on even the direction of the
dependence, and in view of the fact that the preliminary
results given here are in no way encouraging.

Attempts to determine nonlinearities in the external
finance equation by considering the investment to cash flow
ratio and its square explicitly lend no support to the
hypothesis, and for this reason the results are not tabulat-
ed here.

As mentionied above there are reasons for belleving
that the bank loan and corporate bond components of the ex-
ternal finance series mlight react differently to the deter-
minants which are hypcthesized to affect the aggregate. 1In
particular it is hypothesized that bank loans will tend to
be relatively important when investment opportunities are
large relative to existing internal funds, whereas corporate
bond issues may well tend to be influenced more by cost con-
siderations (as represented by an interest rate series) than
by pressure on funds.

The results of the regressions of the two different
series (to be referred to as bank loans and bond issues) are
not given in detail but the following discussion presents
the points of interest. In general it appears that, although
the results certainly do not run contrary to the hypothedes
mentioned above, neither do they clearly support them. Con-
sidering signs of coefficients, the investment variable is

positive in 10 industries for bank loans and 8 for bond issues,
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cash flow is negative in 6 and 5 industries respectively for
these categories, and the interest rate is negative in 8
industries for both. Althcugh these slight differences in
sign for 11 and CF are in accord with our hypotheses, the
generally low coefficient to standard error ratios involved
suggest that a great deal of welght should not be attached
to then.

C+G3S is the only variable whose sign clearly indicates
a difference in determinants for the two series, being neg-
ative in 11 industries for bond issues but negative in only
6 for bank loans. The basic rationale for the hypothesized
negative coefficient on C+GS is of course that a temporary
depletion of liguid balances can substitute for external
funds. A priori, there appears to be no reason for such a
substitution to be more relevant for bond issues than bank
loans, and in fact just the opposite might be expected.
That is, the running down of liquid balances as a substitute
for interim financing from banks seems more reasonable than
as a substitute for bond lssues, especially if the latter are
determined primarily by cost considerations and are planned
in essentially long run terms.

A comparison of goodness of fit measures indicates

2 is higher in exactly one-half of the industries for

that R
the bank loan series, thus implying that the relatively low
Bz values for the aggregate series are not a result of one

component being essentially random (in the sense that it can
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not be explained by the hypothesized determinants). In view
of the fact that there is no compelling evidence to suggest
that the separate series are affected differently by the
explanatory variables, the aggregate EF series is used in the
empirical analysis of the affects of accelerated depreciation,
in the following chapter. Before turning to the latter, how-
ever, three points mentioned earlier in this chapter are
discussed. First an attempt 1s‘made to determine the direc-
tion of inconsistency to be expected in the estimated coef-
ficients of the external finance (EFl) and investment equa-

tions due to omitting EFz. Second the effect of including

12 and Div in the structural equations is analysed, and fin-

ally the procedure of using lagged endogenous variables as
instruments in the investment equation 1s considered.

2 from the investment and external fin-

Omission of EF
ance (EFl) equations results in inconsistent estimates of the
structural parameters. An expression for the inconsistency
may be obtained by considering the auxiliary regressions of
EF2 on the variables included in the structural equations.17
Let the coefficient of EF2 in the correctly specified invest-
ment equation (for any particular industry) be b*, and the
regression of EF2 on the other variables in the investment
equation be as foilows:

1

+ b,CF + b EF + b3(C+GS) + by WCI,

2 =
EF° = Db, L 5

175ee for example H. Theil, Economic Forecasts and
Policy, Amsterdam, 1961, pp. 212-215,
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then the inconsistency in the estimated CF coefficient, for
18

-1

It is of course impossible to obtain values for b#

example is given by b¥*b

and the b's, and even conjectures about their orders of magni-
tude will be very approximate (although b* can probably be
assumed to be less than 1). On the other hand predictions
about the signs of b*'and the b's are likely to be more ac-
curate, thus revealing the direction of inconsistency in the
estimated structural coefficients. Assuming that b¥ 1s posi-
tive, only the signs of the b's need be studied. By analogy

. with the EF2 equation b, and b3 will probably be negative,

1

while b2 will be positive to the extent that equity and debt

issues are substitutes. The slign of b4 may be positive but
in any case the relation between WCI and EF2 is likely to

be a weak one. This reasoning suggests that the coefficients
of CF and C+GS will be underestimated, and those of EFl and
WCI overestimated in the structural equations for investment.

One implication of the underestimation of the CF

coefficients is that the simulated changes in investment

1881nce the structural equations are part of a simul-
taneous system the appropriate form of CF and EF- to use 1n
the auxiliary regressions is the one obtained after regres-
sing these variables on all the instruments. Further, al-
though the equation is written above without time subscripts,
the auxiliary regression for the EFl equation will be in
current terms, while all variables in the auxiliary regres-
sion for the investment equation will be lagged according
to the inverted-V distribution.
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attributable to accelerated depreciation (which appear in
the following chapter) will be too small. On the other hand,
the very limited use of equity funds by most industries in
recent years suggests that the relation between EF2 and the
right hand variables may be a weak one with the level of EF@
being determined more by sﬁbjective factors, in which case
the inconsistencies will not be serious. Similar reasoning
applied to the structural equations for EF1 suggests that the
coefficients of CF, C+G3S, and DC may be underestimated and

1

those of MI and 1~ overestimated.

As mentioned above the alternative to omitting EF2
from the structural equations is to replace it by a proxy,
namely all other variables in identity 3. This procedure
involves including 12 and Div in the investment and external
finance (EFl) equations, and although the detailed results of
such estimations are not presented here, in general the invest-

1

ment equations improve only slightly while the EF~ equations

improve considerably. For the latter the R2 values more
than double in 8 industries, the coefficient to standard

error ratios of I1

v

and CF increase while DC loses sighifi-
cance, and 12 enters positively in 9 industries with a coef-
ficient to standard error ratio greater than 3.

However appealing these results may be at first sight,
a little consideration reveals that they are not the desired
structural estimates. The result of using I2 and Div in the

EFl equation (and the investment equation too, of course) is
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to essentially reduce the problem to estimating an identity.
The equation to be estimated is:

1 1

grl = £(1%, Div, I', CF, C+GS, MI, LTBR, DC, c)

and identity 3 may be written as:

EFl = I1 + Div + 12 « CF = EF2
The equation to be estimated contains all the terms in the
identity except for EFZ, and if the latter is of minor impor-
tance or of small variability compared with the other vari-
ables, then what 1s being estimated is essentially identity

2 values double in 8

3. It is not surprising then that the R
industries, and that the variables which also appear in iden-
tity 3 become more significant. There are a number of reasons
why the B2 values, although much larger, are not near one.
The estimation procedure is not ordinary least squares since
a structural equation is involved, the EF2 variable is omit-
ted, and as mentioned above, the data are from different
sources, thus resulting in a "statistical discrepancy" term
in the identity. Probably the most reasonable interpretation
to be placed on the highly significant 12 variable is that
borrowing results in a temporary increase in the stock of
cash or government securities (included in Iz), and hence
the causation is not from 12 to EFl, but the reverse.

As mentioned above estimation of the investment equa-
tion requires strictly speaking that no endogepous variables

of s or fewer lags be used as instruments. The following

analysis shows that the error committed in'using such lags as
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instruments decreases as the lag increases. What is of in-
terest i1s the correlation between the error term in (7.8)
~b
which was shown to be Vtg and a lagged endogenous variable
S
yt-j where V- -3 ﬁ:'Z:yt -j- iWi’ and y is any endogenous vari-
able. We have therefore cov(Vt,yt j) = cov(?i Vt 1Wis z:yf - j-K k)

But VE is a reduced form disturbance and hence all terms are

zero unless t-i

fi

t=j-k or k = i~j, which gives:

<
&b ¥ = E
cov(thytaj) = iaUOV(Vt 19V )W, Wi_j

il

{ 2; WyWy _ j)cov(V )
i

it

cince oov(VEgyt) ¢ov(VP,y) independent of t. Also var(¥, )=

o/

i=0 L=o

2 by _ & .2
( Z wi)dz and var(vt) = { Z wy )02, , and therefore
Jb ~ - S 9
r(V LoV J = Z;wiwi-j/'Z;wi)r(Vb,y)
) L=0b

where r(ﬁb ) is the correlation between Vg and ¥

£ 743 t-3°

This shows that the correlation between the error term
in (7.8) and a lagged endogenous variable used (incorrectly)
as an instrument depends not only on the correlations between
all the structural disturbances and the endogenous variable
¥y (since VP is a linear combination of all the U's) but also
on the w's. The correlation decreases as the lag increases since
_ there are fewer terms in the expression contalining the w's,
and if the lag is s periods the correlation is zero and the
instrument is legitimate. No lagged endogencus variables are

used as instruments in estimating the investment equation be-

cause 1t 1s assumed that the explanatory power of endogenous
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variables lagged 8 or more quarters is essentially negligible.
To the extent that this is not true, of course, the estimates

of the coefficients will be less efficient.
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Table 7.1
REGRESSION RESULTS-~INVESTMENT EQUATION

I% = ag + a1w51t + aZ(C;(J}S)t + ajégg + abégt

Industry a1 a2 a3 a,+ RZ DW

20 285.40 -.0346 .2555 -.4179 .70 .70
(366.26) (.0585) (.0652) (.1997)

22 - 53,71 -.0089 .8781 1.8490 .58 .30
(203.93) (.0369) (.2262) (.4410)

26 339,12 . 0867 .8222 -.0637 .91 .79
(179.58) (.0264) (.1913) (.0732)

28 1241.80 -.0299 .2385 .9438 .68 43
- (335.86) (.0714) (.0568) (.3010)

29 5038.70 .1259 -.0626 -.3363 .71 .63
(1194.40) (.1225) (.0821) (.5336)

30 49,65 .0488 4292 .0679 .85 .97
(24.45) (.0195) (.0528) (.1285)

32 -166.92 .3111 .1984 -.9209 74 65
(124.73) (.0739) {(.0842) (.2831)

331 143.26 .1618 .3188 .6575 A4 .30
(143,.60) (.047h) (.2119) (.8543)

333 20.17 .1131 .6560 .5579 .78 .55
(65.42Y  (.0335)  (.0794)  (.1189)

36 175.37 L0146 .1686 .2597 .85 .54
(78.93) {(.0133) (.0261) (.1086)

371 1056, 40 .0383 -.1824 .8292 .69 46

{208.86) (.0411) (.0899) (1.4159) ,

372 -85.20 L0787 L6616 -.1221 .72 .39

(70.13) (.0414) (.0911) (.2768)

For each industry:

Line 1 gives coefficlent estimates.

Line 2 gives asymptotic standard errors of coefficients,

DW is the Durbin-Watson statistic.

Quarterly seasonal dummies, although not shown, are included
in the equations.

Va§iab1es appearing in the regressions are defined on pages
158=-159.

Based on 50 observations, 1952:3--1964:4,
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Table 7.2

REGRESSION RESULTS=-~INVESTMENT EQUATION
(Estimated by the Method of Generalized Least Squares)

It = ao + alext + az(ciés)t + a36§t + auéft
Industry a4 a, a3 a4 Rz
20 -4957.6 .8345 1.1772 1.4318 -2.22
(5881.8) (.8486) (1.1320) (2.4499)
22 - 167.9 -, 0760 .9632 - .0791 .63
(1284.2) (.3036) (1.6568) (3.4789)
26 - 398.5 .1499 2.0365 . 3747 .65 .25
(2056.8) .3810) (2.2781) (1.0179)
28 -i613.2 .7570 .6244 .9108 140,17
(3906.4) .5361) (.5943) (4.0582)
29 3899.4 L1757 -1.4753 7053 .80 .20
(14230.0) .8545) (1.8196) (9.6566)
30 - 242.8 .2336 1.1445 - .8032 .53 .26
(530.1) .4200) (1.0859) (2.2896)
32 522.2 .7635 1.2850 .2052 .68 .14
(1434.2) .8908) (1.3672) (4.1986)
331 - 294.1 L1142 .9227 -.7261 .08 .22
(1389.5) 4709)  (1.5537)  (4.8294)
333 - 239.1 .2918 .3367 L4296 A4 25
(645.7)  (.4672)  (1.4267) (1,7053)
36 - 627.0 -, 0843 L4148 .8712 .00
. (1245.5) (.2081) (.5465) (1.9494)
371 74,0 L1482 -.1623 3.3189 .01 .27
(1830.6) (.3066) (1.0484) (15.237)
372 - 119.7 .1285 1.5458 .2252 -.30
(521.8)  (.6558)  (1.2574)  (4.4789)

For each industry:

Line 1 gives coefficient estimates.

Line 2 gives asymptotic standard errors of coefficients.

DW is the Durbin-Watson statistic.

Quarterly seasonal dummies, although not shown, are included
in the equations.

Vagiables appearing in the regressions are defined on pages
158-159. ‘

Based on 50 observations, 1952:3--1964:4,
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Table 7.3

DURBIN-WATSON STATISTICS FOR THE ORIGINAL AND
TRANSFORMED INVESTMENT EQUATIONS--BY QUARTER

Industry Qy Qy Qy Q
20 2.4 1.5 1.4 1.0
1.6 1.3 1.3 1.4

22 1.7 1.7 3.4 1.2
1.3 1.2 1.1 1.0

26 1.4 1.9 2.2 1.3
2.9 3.1 1.6 1.8

28 1.0 1.7 2.5 1.6
1.7 1.5 1.7 1.6

29 1.6 1.2 1.5 1.4
.9 1.4 1.2 1.2

30 1.1 1.9 e 5 1.6
1.4 2.3 3.0 2.2

32 2.7 1.3 .8 1.8
2.5 2.6 2.3 2.7

331 .9 1.6 1.2 1.3
1.6 2.1 2.7 1.8

333 a? 293 108 1.2
2.2 2.9 2.6 2.6

36 1.4 1.4 2.5 2.2
1.6 1.6 1.8 1.4

371 1.6 1.2 2.4 .8
2.7 2.8 2.4 2.6

372 1.9 1.4 1.9 1.3
205 20‘“’ 291 201

For each industry:

Line 1 gives the Durbin-Watson statistic for the transformed
investment equation, by quarter.

Line 2 gives the Durbin-Watson statistic for the original
investment equation, by quarter.

Q is the 1th quarter for 1 = 1-4,



Industry

20

22

26

28

29

30

32

331

333

36

371

372
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Table 7.4

REGRESSION RESULTS~--DIVIDEND EQUATION

Divt =

& 1
.1236
(.0371)
L0374
(.0107)

.0552
(.0288)

.2428
(.0435)

.1654
(.0409)

.2051
(.0386)

.0720
(.0458)

.0270
(.0130)

.1860
(.0474)

. 0478
(.0317)

. 3744
(.0683)

.0902
(.0260)

2o

+ a,CF

1“%¢
&
.3951

(.1730)

4399
(.1309)

. 7081
(.1395)

2402
(.1310)

L4738
(.1211)

-.1183
(.1726)

L4206
(.1784)

.8501
(.0565)

-.1482
(.1479)

. 7927
(.1254)

~,2093
(.1534)

3195
(.1305)

+ a

2

Div

t-1

a

3

. 0039

.0146)

.0115

.0045)

. 00136
. 0041)

.0248
.0138)

.0215

.0192)

.0145
.0118)

.0324

.0166)

. 0032

.0041)

.0279

.0124)

.0026

.0049)

. 0439

.0216)

.0256

(

Line 1 gives coefficient estimates.
Iine 2 gives asymptotic standard errors of coefficients.
DW 1is the Durbin Watson statistic.

Quarterly seasonal dummies, although not shown, are in luded

in the equations.

Variables appearing in the regressions are defined on pages

158-159.

.0099)

Based on 50 cbservations, 1952:3--1964:4,

+ a3(C+GS)t

r2
.93

.87
95
.92
.95
.74
.82
.90
.64
.93
.69

.71

DwW
2.3

2.6

2.9

2.1

2.6

2.2

2.5

2.6

3.0

1.7

2.3
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Table 7.5

ESTIMATED REACTION COEFFICIENTS AND DESIRED
PAYOUT RATIOS FOR DIVIDEND MODELS

Industry (1) (2) (3) () (5) (6)

20 .60 .20 .29 .17 .29 .19
22 .56 .05 .24 .06 .23 .11
26 .29 .19 ;28 .20 .30 .13
28 .76 .31 .38 .33 .38 .61

29 .53 «30 .28 .30 «29 45
30 1.12 .19 <23 .20 23 .97
32 .58 .13 .29 .16 .28 .32
331 .15 .12 .29 .20 .30 .12
333 1.15 .16 <37 .17 «35 .78
36 021 023 .34 .24 « 37 .09
371 1.21 .30 43 <39 .40 1.07

372 .68 .13 .29 .14 27 .31
Column Description

(1) Estimated reaction coefficient with C+GS and
intercept included '

(2) Estimated desired payout ratio with C+GS and
intercept included

(3) Actual ratio of total dividends to cash flow
(1952:3-1964:4)

(&) Estimated desired payout ratio with C+GS
excluded and intercept included

(5) Estimated desired payout ratio with both C+GS
and intercept excluded

(6) Estimated reaction coefficient with both C+GS

and intercept excluded



211

Table 7.6

REGRESSION RESULTS--DIVIDEND EQUATION
(Intercept and C+GS Excluded)

Divt = a1CFt + azDivt_l

Industry a a, B2 DW
20 . 0569 .8119 .91 2.6
(.0317) (.1093)
22 .0262 .8858 .83 2.9
(.0086) (.0376)
26 .0390 .8704 .94 3,0
(.0264) (.0946)
28 .2297 .3930 .91 2.2
(.o447) (.1211)
29 L1314 . 5L6L .95 2.6
(.0335) (.1206)
30 L2267 .0263 .70 2.3
(.0380) (.1647)
32 .0916 .6781 .76 2.9
(.0494) (.1754)
331 .0340 .8840 .89 2.4
(.0112) (.0361)
333 .2701 .2162 .48 2.2
(.0479) (.1380)
36 . 0346 .9059 .93 3.1
(.0288) (.0920)
371 4273 -.0713 .66 1.8
' (.0550) (.1392)
372 .0829 .6938 .59 2.5
(.0291) (.1098) -

For each industry:

Line 1 gives coefficient estimates.

Line 2 glves asymptotic standard errors of coefficients.

DW is the Durbin-Watson statistic.

Quarterly seasonal dummies, although not shown, are indluded
in the equations.

Variables appearing in the regressions are defined on pages
158-159,

- Based on 50 observations, 1952:3--1964:4,
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Based

REGRESSION RESULTS--DEBT-EQUITY RATIO EQUATION

Industry
20
22
26
28
29
30
32
331
333

36
371
372

212

Table 7.7

(D/E),

20

.1583
. 0864
.1653
.1629
.2048
2774
.0982
1476
<1477
1325
.0535
. 0665

= ao + alt

%1
.0010
.0019
.0016
.0012

-.0009
-.0002
.0015
.0015
.0025
.0018
.0010
L0041

R
L9
.89
.51
42
.82
.01
.86
.59
.65
.57
45
.93

time in quarters, beginning in 1950:3

estimated value of D/E in the fourth quarter of 1964

(ag + 8, X 58)

on 58 observations (1950:3-1964:4),

a2
.217
.195
.258
.235
.151
.263
.187
.234
.290
.237
114
.306



Ind
20

22

26

28

29

30

32

33

333

36

371

372

Ind =

EFy

~~ i

(

213

Table 7.8

REGRESSION RESULTS--EXTERNAL FINANCE EQUATION

+ a3(C+GS) + a I1 + a,CFy

= + M +
a al.It aZDC uls 5

0 t

a R2

ai 8.2 8.3 au 5

1412 a7l L0542 .1798 1854 .34
.2085) (.1378) (.0659) (.5483) (.1327)

U168 .1534  -.0673 .0395 .5166 .22
.1661)  (.0847) (.0529) (.3013) (.3413)

.2346 .5825  =,0520 6613 -1.3853 .31
4884)  (.1283) (.1379) (.6035) (.6418)

.2588 L2197 .0003 . 5620 .1253 .33
.4878) (.0986) (.0480) (.2203) (.1292)

.0086 .2576  -.,0849 L0491 -.0247 .15
A4263)  (.1134) (.0653) (.1650) (.1218)

. 5761 ook f.0366 1.2302 . 0702 .33
.1565)  (.0929) (.0516) (

.0920 .2333  -,0910 .1753  -,0612 .19
.1019) (.0922) (.0577) (.2518) (.1269)

. 0658 .3430 -.1694 -.0673 -.0329 .36
2544)  (.0919) (.0416) (.2406) (.1167)

.6945) . (.2489)

. 0853 , 1844 -.0089 .3825 -.3814 ,22
.2633) (.0959) (.1005) (.3588) (.3182)
. 0896 2374 -.1311 ., 0164 L1660 .10

4113)  (.1019) (.0749) (.5905) (.2777)

.1390 .0284  -,0092 1753 -.0926 .14
.2073)  (.0549). (.0180) (.1312) (.0586)

,2908 . 1683 -.0186 -.3704 -,0510 .08
J1564)  (.0939)  (.0793) (.4595) (.2904)

industry

For each industry:

Iine 1 gives coefficlent estimates.

Line 2 gives asymptotic standard errors of coefficients
DW is the Durbin-Watson statistic.

Variables appearing in the regressions are defined on pages
158-159. v
Based on 50 observations, 1952:3--1964:4,

DW
2.2

2.3

1.9

.19

2.1

2.5

1.6



Chapter 8
SIMULATION RESULTS

The model of investment, dividend and external fin-
ance behaviour estimated in the preceding chapter forms the
basis for determining empirically the effects of accelerated
depreciation. The procedure involves using the reduced form
of the structural system to generate values of the endogen-
ous variables under different assumptions about the depreci-
ation parameters. That is, actual values of exogenous vari-
ables are used together with initial values of endogenous
variables (corresponding to the time period immediately pre-
ceding the introduction of the accelerated methods) to gen-
erate over time a new set of endogenous variables. This
procedure is followed both for depreciation parameters which
are intended to represent existing conditions, that is, with
depréciation accelerated, and for parameters which represent
no acceleration. The difference in these sets of values
represents the effect of accelerated depreciation. Both the
1954 and 1962 changes in depreciation provisions are studied,
but the 1958 initial allowance is not, because as mentioned
in Chapter 6 the annual limitation to $2,000 makes its effect
negligible.

Values generated under conditions which are assumed
to actually exist represent a stringent test of the model

since such values are anchored to actual values only through

214
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the exogenous variables, and the initial set of endogenous
variables. To the extent that the model is not a good rep-~
resentation of behaviour these generated values will diverge
from actual values. TFor this reason it 1s appropriate to
measure the effect of accelerated depreciation by comparing
the two sets of generated values rather than the actual.

That is, a divergence from actual values reflects both the
introduction of accelerated depreciation and the inability

of the model to predict exactly, and since the purpose of the
Simulation is to isolate the former, the effect of the latter
must be suppressed. Of course if values generated under the
assumption of actual conditions differ greatly from actual
values then 1little faith can be put in such a procedure, and
the effects of accelerated depreciation will probably not be
determined accurately.

The set of structural equations estimated in the pre-
ceding chapter, together with the identities of the model
used in calculating the reduced form, are presented again
for convenience. |
Structural Equations
t =8y, + alzégt + a13§§i + aluﬁEIt + als(C:aS)t +

seasonal dummies

1. I

a21CFt + a.zzDivtm1 + seasonal dummies

i

2. Divt

3. EFi =a  +a 1%+

31 3214 aBBCFt + aBu(C+GS)t +a,.MI. + a ,DC

3577t 36t
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Identities

1. CF = Dep + (1-T)(P%-Dep)

2. Dept = Deptm1 + Itvt + It~1vt-1 - Ct - Rt

2
3. Div + I} + 1° = 5EP! + EF® + CF

~ 1 _ 1
4, EF* = i; Ethiwi

S
—

5. CF, =7} CF__,w,

Co

This set of equations and identitles in matrix form,
omitting the disturbance terms, may be written as: yt =
Byt +[2zt + ?ilcuiyt_i, where the y's are the endogenous
and the z's the exogenous variables. The expression
if{laiytai contains cash flow and external finance values
Wgéh lags of up to 7 quarters, due to the inverted-V welght-
ing assumption. The expression also involves investment
values, resulting from the Ct term in identity 2 (to be ex-
plained below), which run from t-4 back to the time of
introduction of the accelerated method (year N). Solving
this set of equations for y glves the reduced form which is
used to generate the endogenous X%riables:

(8.1) y, = (I«B)ulf’f:zt + Z fo_1¥t-1)

It should be noted that tgg nonlinearities in identi-

ties 1 and 2 do not present a problem in computing the re-

duced form since they involve products of endogenous with

exogenous variables, and not products of more than one
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endogenous variable. The fact that they occur in current

terms, however, means that the matrices B and (I-B)-1 will
not be constant over time but will be functions of v and

the T (the exogenous variables involved in the nonlinear-

ities), and therefore different for all periods.

A problem arises in declding on the set of structural
equations and identities to use in the simulations. If the
model is used exactly as outlined above, then the cash flow
constraint (identity 3) is essentially inoperative, in that
since 12 appears in no other equation it takes up all the
slack in the system. The reduction of 12 to residual status
is not in accord with the dividend-investment competing use
behaviour outlined above.

One solution to the problem is to consider I2 as exog-
enously determined, in which case ldentity 3 may be used to
determine one of the other endogenous variables, thus making
its structural equation redundant. A natural candidate for
this variable, in view of the problems encountered in the
previcus chapter of obtaining a reasonable representation of
external finance behaviour, is EFl. Such a procedure makes
the cash flow constraint operative, in a statistical sense
because EFlappears also in the investment equation, and
economically in that dividend and investment expenditures
cannot be financed at will from liquid balances. The pro-
blem with the procedure, however, is that 12 is considered

as exogenously determined while the model itself (as evidenced
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by the I1 and EF1 equations) postulates that investment
expenditures can be financed through depletion of liquid
balances, and that the latter can substitute, temporarily
at least, for external funds.

A more reasonable solution, and one in accord with
the basic tenets of the model, is to recognize explicitly
the feedback mechanism from I2 to the other endogenous vari-
ables. That 1s, to the extent that 12 includes changes in
the stock of cash and government securities, future values
of toth 11 and EF1 are affected by changes‘in 12. This
propesition is incorporated into the model by breaking 12
into a component which equals the change in cash and govern-
ment securities, and one which is to be considered exogenous
(T) in the simulations. Identity 6 expresses this relation:

s

£ _ 32
It = If + (Can-GS)t‘,g”1

longer simply a residual since it appears both in identities

- (C+GS)t. It is clear that 12 is no

3 and 6. On the other hand (C+GS)t+1 takes on a residual
status because it appears only in identity 6, but the depend-

1 on lagged values of C+GS means that a

ence of I1 and EF
cash flow constraint mechanism is in effect operative. For
examplie, abnormally high current dividends may be financed
from cach and government securities in the current period,
but this results in increased EF1 and decreased I1 in future
periods due to the dependence on C+GS lagged. This appears

to be a reasonsble formulation of behaviour, and in partic-

ular is more in accord with the implications of the structural
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equations and the concept of a cash flow constraint, than the
alternative formulations given above.

The specification of C+GS as endogenous for simulation
purposes reguires an identity (7) linking 0;65 to C+GS, of
the same form as identities 4 and 5. The 3 structural equa-
tions and 7 identities are used in an attempt to determine
the effects of the different methods of accelerated depreci-
ation. Identity 2 forms the basis for analysing a switch
from SL to DDB or SYD and a change in asset life, while
identity 1 forms the basis for analysing a true investment
credit.

Before studying the simulation results it is appro-
priate to consider whether any general statements can be
made about the behaviour of the model over time, without
actually simulating. For example, it would be interesting
to determine the behaviour of the percent change 1n invest-
ment resulting from the introduction of SYD or an investment
credit. The analysis given below shows that even for a
simplified version of the model it is not possible to deter-
mine the behaviour of the percent change in investment for
the former, although weak statements can be made about the
latter.

Consider a system involving an investment equation
and a profits identity, with the latter incorporating ex-
plicitly the effects of an investment credit. That is, let

It = Ai + bpt and Pt = A, + kItg where It is investment,

2
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Pt is net profits, k is the credit rate, and A1 and A2
represent variables assumed exogenous in the simulations.
With no credit the investment series (It) is given by:

I, = A1 + bAZ“ and with a credit introduced at time 0, the

t
resulting investment series (Ié) iss Ié = Al + (A2 + kIé),
The difference between the series t years after introduction
(ALt) is then simply ka;9 while the percent difference is
bk/(1-bk). That is, the percent increase in investment is
constant, and depends only on the coefficient of profits in
the investment equation, and on the magnitude of the credit.
A serious drawback of this formulation, however, is
that it ignores the additional depreciation resulting from
an increase in investment, which in turn further affects
investment expenditures through changing the level of cash
flow. Clearly the inclusion of such a feedback in the model
will result in a larger percent change in investment. The
following depreciation identity incorporates this proposition:

Dept = Dep + vIt - Bt” where R, is retirements and v is

t-1 t

the effectiveﬂdepreciation rate on current investment. If
it is assumed for simplicity that SL depreciation is in use,
then no "correction term" is needed in the identity, and the
value of v is 1/n, where n is the average asset life. Since
the credit is introduced at time 0 it is convenient to‘ex-

press current depreciation as a sum of t terms, and then sub-

stitute it into the investment equation to obtain, for t< n:
e +

I, = A

& 1+b(Pt+v2__Ij+Depo-ZRj)

J“.‘—e j=°



221

!
The corresponding investment series (Iy) generated with the
. credit in effect is given by:

t
+ Depy - LR for t<n,

t
iV ]
I, = A, + b(P, + kI, + v 2 I )
\t t jcoj J:OJ

t 1

<
from which AT, = bv }AI; + bkI, and

»

J=o

t-1
AIy/Ty = bk/(1-bk-bv) + (bv ) AL )/((1-bk-bv)I;) for t< n.t

Therefore the percent change, altKZugh not constant, is
always greater than bk/(1-bk-bv), which 1s slightly larger
than the previous model value of bk/(1-bk). It is impossible
to determine the behaviour ofAIt/It over time without sim-
ulating, because 1t depends on It and all previous values
onkIto The fact that I, appears in the denominator on the
right hand side of the equation, however, suggests that the
percent change will decreaée if It is growing sufficiently
rapidly.

Of course the simplified model presented here differs
considerably from the one used in the simulations, and for
this reason nothing definite can be said about the latter.
The simplified model, does, however, provide an idea of the
general behaviour to be expected from the type of accelerated
depreciation mechanism under study. Similar reasoning sug-
gests that no general statements of interest can be made

concerning the long run behaviour of the percent change in

lFor ty n the lower limit of the summation becomes

t ’“n+1 °
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investment following the introduction of SYD or DDB. 2

Before considering the simulation estimates of the
effects of accelerated depreciation on investment, it is
interesting to study the predictive ability of the model it~
self. As mentioned earlier, a simulation over 44 quarters
(1954-1964) provides a stringent test of the equations since
the endogenous variables are anchored to actual values only
through the exogenous variables (and the initial set of
endogenous variables). Two formulations of the model are
tested, both involving the 3 structural equations, but in
one the C+GS variable is assumed endogenous in the simula-
tions, (to be referred to as the constrained case) while in
the other it is exogenous (the unconstrained case). As
discussed above the former is thought to be a more realistic
interpretation of entrepreneurial behaviour.

Simulation results are available for only 10 of the
two-digit industries under study.3 Industries 371 and 29
are not analysed because, contrary to expectations, the coef-
ficient of cash flow in their respective investment equations

is negative. Since the principle mechanism through which an

ZConsequently the only manner in which to determine
the steady state effects of accelerated depreciation is to
simulate for a large number of periods using extrapolated
values of the exogenous variables. This remains as an inter-
esting possibility for future work.

3Furtherg industry 33 data on asset lives, the learning
function, and the investment credit are used in the sim-
ulations for industries 331 and 333 since appropriate data
are not available for the latter separately.
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acseleration of depreciation is hypothesized to affect invest-
ment behaviour is by changing the level of cash flow, and
since the effect is hypothesized to be positive, a simulation
involving a negative relation between cash flow and invest-
ment is not of interest. This represents an unfortunate
failing of the model in the case of the motor vehicle indus-
try since there is no apparent reason for the negative cash
flow coefficient or for assuming that depreciation allowances
are not important. For the petroleum industry on the other
hand extensive use of depletion allowances renders depreci-
ation considerations less imﬁortant and determination of the
effects of accelerated depreciation on investment less mean-
ingful., Of course the predictive ability of the equations in
both of these industries could still be tested, but this has
not been dcne since the primary purpose of the model is to
determine the effects of accelerated depreciation.

A summary of the predictive ability of the model ap-
pears in Table 8.1. For the cash flow, investment and divi-
dend variables, the annual percent deviation of actual from
predicted values for 1954-1964 has been calculated. Al-
though these annual deviations are not presented, the aver-
age (over 11 years) of their absolute values appears in the
table for both the constrained and unconstrained simulations.
Prediction of cash flow is of course not difficult since it
depends only on the generated depreciation values. The

fairly accurate dividend predictions are not unexpected for
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the following reasons. First, dividends are a smooth series
in general. Second, most of the estimated dividend equation
parameters imply reasonable payout ratios and reaction coef-
ficients, and all but one of the estimated coefficients has
the correct sign. Finally asymptotic standard errors are
generally low in relation to coefficient values in these
equations.

Investment predictions on the other hand, particularly
for industries 22, 331, and 333, are not impressive. A
study of the annual percent changes indicates that in 7 of
the 10 industries the model overpredicts investment expend-
itures in 1954 and 1958, and in many cases the maximum annual
deviations occcur in these years. Further although expend-
itures are not generally overpredicted in 1961, they are un-
derpredicted in 8 industries in 1962. A comparison of the
simulated and actual investment series reveals that the
model generally predicts turning points correctly, but under-
estimates the magnitude of the swings, and for this reason
large deviations occur in years such as 1954 and 1958. It
should be mentioned that for the steel industry (331) over-
predictions in the strike years of 1956 and 1959 contribute
to the high average deviation, with the discrepancy in 1959
along being 40%.

In spite of the fact that the model does not predict
investment accurately for certain industries, it is note-

worthy that there is no tendency for the predictions to
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drift over time. That is, deviations in later years are not
generally larger than those in early years.

Table 8.1 indicates that in industries 20 and 22 the
constrained estimates are greatly inferior to the uncon-
strained estimates. The basic reason is that the coefficient
of C+GS in the investment equation for these two industries
is negative (and hence contrary to expectations). The intro-~
duction of a cash flow constraint under such circumstances
yields perverse results in that an initial increase in the
stock of cash and government securities causes a reduction
rather than an increase in investment expenditures, and this
in turn results in a further increase in liquid balances and
reduction in investment. The omission of the cash flow con-
straint in the simulations for these two industries, and for
industry 28 in which the C+GS coefficient is also negative,
seems preferable to assuming such unrealistic behaviour.

Analysis of the 1954 Depreciation Provisions

The effect of a switch in depreciation methods, say
from h(w,n) to h*¥(w,n) may be determined in the following
manner. Assume that by is the fraction of investment in
period t which is depreciated under the new method (h*) and
that n is the average asset life, then the coefficient of cur-
rent investment in identity 2 may be written as : Ve =
b h*(1,n) + (1-by)n(1,n). If the investment series is also
classified by plant and equipment, then the coefficlent of

total investment is the weighted average of two such terms,
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one involving the average life of plant and the other of
equipment. The weights of course are the fractions of invest-
ment in each category. The coefficient of lagged investment

(Ve 1
itself appearing because of the assumption that investment

) in identity 2 is calculated analogously, the term

is centered in each quarter and that depreciation is taken
on one-half of the investment occurring in the quarter. The
correction term for accelerated depreciation (Ct) in iden-
tity 2 is basically (as given in Chapter 6 but with different

t-N

notation): C, = Z; bt-pIt-pB(p’n) where N is the year of
introduction of the new method and B(p,n) = h*¥(p,n) - h¥*(p+l,n).
The term is required because accelerated depreciation does not
involve equal annual deductions.

In the 1954 case of a switch from SL to DDB or SYD,
(DDB will be used to represent both methods) h*(w,n) =
2/n(1-2/n)""" and h(w,n) = 1/n. Estimates of by, the frac-
tion of investment written off by DDB, gre the ones derived
in Chapter 6. Values of the endogenous variables are gener-
ated from 1954 to 1964 first with b, taking actual values
and then with b, = 0. The difference between these sets of
values represents the effect of the introduction of acceler-
ated methods in 1954,

The simulation results are summarized in Table 8.2
which contains the estimated annual percent increases in in-

vestment from 1954 to 1964 due to the introduction of accel-
erated methods in 1954. The first line of the table for
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each industry is based on the assumption that the C+GS vari-
able is exogenous in the simulations (the unconstrained case)
while the second line assumes that it is endogenous (the
constrained case). The former assumption is thought to be

a more realisitc interpretation of behaviour in general,
although for reasons suggested above the uncénstrained esti-
mates are more appropriate for industries 20, 22, and 28.

For industry 26 also, the unconstrained estimates may be
considered more appropriate in view of the unreasonably large
coefficient of cash flow in the external finance equation

(a value of -1.39). Since this coefficient is greater than
minus one in absolute value an increase in cash flow will
result in a correspondingly larger decrease in external fin-

ancing, and ceteris paribus will result in a reduction in the

stock of liquid balances. Such behaviour is certainly a fac-
tor contributing to the samll change in investment in the
constrained simulation, and for this reason the unconstrained
estimate may be more representati%e of actual behaviour.
Similar reasoning suggests that even the constrained
results in industry 22 will be overestimates of the actual
effects of acceleration. For this industry the value of the
coefficient of external finance in the investment equation is
greater than one (a value of 1.85), which seems unreasonably
high. In addition the cash flow coefficient in the external
finance equation is positive, which means that an initial

increase in cash flow will result in an increase (of almost
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the same magnitude) in investment due simply to the fact
that external financing has risen. The result of this in-
appropriate feedback mechanism will probably be to attribute
larger investment changes to acceleration than actually
occur red.

In general the simulations involving the cash flow
constraint will provide larger estimates of investment
changes than the unconstrained simulations if in the latter
case the simulated values of 12 (which are generated using
identity 3) are greater after the introduction of acceler-
ated depreciation. Imposition of the cash flow constraint
under these circumstances results in a further increase in
investment due to the fact that the larger values of I2
(and hence correspondingly higher levels of C+GS) are allowed
to affect investment.

Considering the unconstrained estimates for industries
20, 22, 26, and 28, and the constrained estimates for the
other industries, Table 8.2 indicates that, except for the
first years after introduction of accelerated depreciation,
there i1s no general pattern to the percent changes in invest-
ment. This is not surprising since as mentioned above no
conclusions could be drawn concerning such changes even for
a very simple model of investment behaviour. For industries
20, 22, 26, 30 and 372 the percent changes appear to be
slowly lncreasing, while for the other industries there is no

clear trend. Of course the fact that investment expenditures
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display a high variability means that percent changes will
fiuctuate even if absolute gains from acceleration increase
steadily over time. In addition to the investment base
itself, however, the percent changes depend on many factors,
including the rate of adoption of the accelerated method,
the industry's average asset life, the fraction of invest-
ment in machinery, and the coefficients of the variables con-
sidered endogenous in the simulations. The latter include
the coefficient of cash flow in the 3 structural equations,
the coefficient of investment in the external finance equa-
tion and of external finance in the investment equation, and
the coefficient of the stock of cash and government securi-
ties in the investment and external finance equations.

On the other hand, there are several reasons for
expecting the percent change in investment to increase for a
number of years following introduction of the accelerated
methods. These include the fact that the methods were not
immediately adopted, the use éf an inverted-V lag distribu-
tion for investment expenditures covering 8 quarters, and
the fact that in the first few years after introduction all
assets are subject to higher depreciation rates under SYD or
DDB than under SL.

Alternative estimates of the investment equation
were obtained in Chapter 7 using a generalized least squares
procedure, and although they appeared inferior on several

grounds, their ability to explain investment behaviour (in
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a reduced form context) was suggested as a further test of
their appropriateness. Constrained simulations analogous to
those in Table 8.1 have been carried out with the original
investment equation replaced by its corresponding general-
ized least squares estimate. The two investment equations
are compared using a statistic based on the sum of squared
deviations of the actual investment series from the series
generated by the reduced form in each case. More sophisti-
cated and comprehensive measures of the ability of the equa-
tions to explain all the endogenous variables could be
considered, but since the investment equation is the only
one that differs between simulations and since interest
centers on investment behaviour in particular, the simple
measure suggested above seems adequate. Table 8.3 contains
values of R% calculated for the original investment esti-
mates, and the generalized least squares estimates. R? is
defined as l-var(e)/var(I) where e is, as above, the devi-
ation of the actual investment value from its estimated wvalue,
and var(I) is the variance of the actual investment series.
In all industries but textiles the origingl investment equa-

tion is supericr to the generalized least squares equation.

Anealysis of the 1932 Asset Life‘Beduction

The 1962 tax life reduction was applicable to both
0ld and new assets. The effect of the reduction applied to
new assets may be determined for simulation purposes by us-

- ing the shorter lives in calculating v and C in identity 2.
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The difference between the values of the endogenous variables
generated with the two lives represents the effect of this
method of accelerated depreciation. The lncrease 1in depreci-
ation resulting from applying the shorter lives to old assets
is much more difficult to determine since it depends on the
magnitude and age distribution of the existing capital stock.
An estimate of such an increase in depreciation may be ob-
tained by applying the change in average life to investment
incurred during the preceding n2 years (where n, is the long-
er, and n, the shorter life). Using this procedure the gain

1
in depreciation for assets subject to SL is given by:

Ny
G(SL) = (1/ny-1/n,) ;;It_J
and the corresponding gain for assets subject to DDB is:

G(DDB) = ) (2/n-2/n,)(1-2/n,)°

=

It-j
The term (1-2/n2) is required because under DDB the reduc-
tion in lives is applicable to the undepreciated base of the
asset, which is (1-2/n2)J after j years.

For the two-digit manufacturing industries values of
G(SL) and G(DDB) have been calculated using investment
series dating back the minimum of n, or 17 years. The latter
is chosen since 1946 is the first year of reliable investment
data. The results appear in Table 8.4. The total for each
industry is an estimate of the potential increase in depre-
ciation available in 1962 as a result of applying the new
tax lives to the existing stock of assets. The effect on

investment of the increase may be obtained by comparing values
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of endogenous variables generated first with the depreciation
gain included in identity 2 and then with it excluded.

Such a procedure for estimating the effects of the
Guideline revisions assumes that the shorter lives were
completely adopted. Although it is difficult to determine
the validity of this assumption, there is evidence to sug-
gest that it may not be appropriate. In particular, data

appearing in the Statistics of Income for 1962 reveal that

in only 4 of the two-digit industries did the amount of dep-
reciation taken under the Guideline lives exceed one-half of

4 Although these data suggest that

total 1962 depreciation.
the Guidelines were not readily accepted, such a conclusion
is unwarranted in view of the fact that an average (pre-
Guideline) life of n, years is consistent with use by some
entrepreneurs of lives as short as, or perhaps even shorter
than, the Guideline lives. For this group there is no ad-
vantage to using the latter, and hence an adoption rate of
less than 100% is to be expected. For purposes of the sim-
ulation model it is necessary to know the extent to which
nonguideline users were influenced by reasons other than that
there was no advantage in terms of a reduction in lives.
Since no such evidence exists, the simulations presented be-

low are based on the assumption of complete adoption of the

Guideline lives.

uU. S. Treasury Department, I.R.S., Statistics of
Income 1962, Corporation Income Tax Returns, Table 33, p. 314.
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It should be mentioned that a guestionnalre survey
conducted by the Office of Business Economics in April and
May of 1963 presents data on the extent of use of, and ad-
ditional depreciation due to using the Guidelines, as well
as date on reasons for not adopting them.5 Since the esti-
mates of the extent of use of the shorter lives differ wide-

ly from those given in the 1962 Statistics of Income, and

since the latter is generally considered a reliable and
comprehensive source of data, little faith can be put in the
results of the survey. A comparison of the percent of 1962
depreciation taken under the Guidelines for the two sources
is presented in Table 8.5. The latter indicates that not
only are the estimates of Guideline use larger for all indus-
tries in the 1963 questionnaire survey, but in many cases are

half as large again as the Statistics of Income estimates.

The tax law incorporating the Guideline revisions
was passed in July 1962 with the shorter lives being applic-
able to depreciation claimed in all accounting periods end-
ing after that date. For simplicity the simulations are
based on the assumption that all assets purchased in 1962
were eligible for the shorter lives at the time of purchase.
This is an understatement to the extent that certain 1961
investment expenditures may have been eligible for the

credit (but this is likely to be a vefy small amount), and

5Lawrence Bridge, "New Depreciation Guidelines and
the Investment Tax Credit", Survey of Current Business,
July, 1963, Table 1, p. 4.




234

is an overstatement in that it permits the influence of shor-
ter lives to begin in January rather than July of 1962 (al-
though the total depreciation change 1s of course approxi-
mately the same). The simulation results given below pro-
vide estimates of the (hypothetical) effects on the endogen-
ous variables of the Gulideline lives applied to new and old
assets separately, as well as estimates of the (actual) com-
bined effect.

Analysis of the 1962 Investment Credit

Identity 1 forms the basis for analysing the 1962
investment credit. A true credit of k% of cost increases
after tax profits by kI® where I® is investment in machin-
ery, and its effect may therefore be taken into account by
simulating with kI® added to the right hand side of identity
1. Since the 1962 credit when first introduced involved a
write-down in the asset's base, 1t is also necessary to ad-
Just C in identity 2. As mentioned in Chapter 1, however,
the base reduction stipulation was repealed in the 1964
Revenue Act, and depreciation not claimed in 1962 and 1963
because of the requirement, could be claimed in 1964. For
simplicity the simulations given below are based on the
assumption that a true credit was introduced in 1962, and
although this attributes too much additional depreciation
to 1962 and 1963 and correspondingly too little to 1964,
the amounts involved are likely to be negligible.

The effect of the 1962 credit is diminished by the

lower rates applicable to short lives, and by the limit on
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the amount of credit which can be taken in any one year.

It is possible to estimate roughly the importance of these

two factors from data appearing in Statistics of Income for
1962. Data are available oﬁ the total cost of property on
which the credit would be applied if there were no limita-
tions (CT), and on the cost of property actually used in
caluclating the credit (CU), where the latter differs from
the former to the extent that short lived assets are taken
into account.6 Unfortunately data on the total cost of
property exclude investment in assets with lives of less than
4 years, and investment in used assets exceeding $50,000
(neither of which qualifies for credit). Consequently the
rate given by .O?(CU/CT), when applied to all investment in
machinery, overestimates the actual effective credit rate
somewhat, but is certainly a closer approximation than .07.
Data are available on the tentative (Crt) and actual
(Cr®) credit for 1962. The former is 7% of cU while the
latter is less than this amount to the extent that firms are
prevented from claiming the credit by the absence of net in-
come or by the upper limit to the credit. The latter is
$25,000 plus one-quarter of any tax liability above $25,000.
The effective 1nvest£ent credit rate used in the simulations,
which takes both the short life and the income limitation

factors into account, is therefore given by .O7(CU/CT)(Crt/Cra)°

6U. S. Treasury Department, op. cit., Table 1, pp. 50-
52 and Table 14, p. 192.
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Table 8.6 gives values of cU/cT, crt/cr® and products of
such values for 1962.

Since data are not yet avallable on these ratios for
1963 and 1964, the 1962 ratios are used for all years. A
priori this is a satisfactory assumption for CU/CT as there
is no reason to expect it to vary. The behaviour of Crt/cr?
on the other hand is more difficult to predict since unused
credit carried forward from 1962 must be taken into account.
Preliminary data for 1963, available only for the category of
"all industrial divisions", suggest that 1962 values may be
good approximations at least to 1963 values. The 1963 ratio
of actual to tentative credit, where the former includes the
amount carried forward from 1962, is .78, while the corres-
ponding 1962 ratio is .?4.? A possible explanation for the
approximate equality of the ratios is that the credit carried
forward could not be used in 1963 for precisely the same
reasons as in 1962. This hypothesis is supported by the
preliminary statistics for 1963 which show that (for all ind-
ustrial divisions) although the cost of property used for
the investment credit increased by 23% over 1962, the unused
credit increased by 106%.

The investment credit was introduced in October 1962
with all assets purchased after December 31, 1961 being
eligible for the credit. PFor simplicity the simulations

7U. S. Treasury Department, I.R.S., Statistics of
Income 1963, Corporation Income Tax Returns, Preliminary,
Table C, p. 3.
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given below are based on the assumption that all assets
obtained in 1962 were eligible for the credit at the time of
purchase. This involves an error in timing in that the cre-
dit becomes effective in January rather than October, but
of course the amount of credit taken will be approximately
the same. Further the error will be less serious to the
extent that entrepreneurs anticipated the eredit, and the
possibility of such an anticipation was (ostensibly) one
of the main reasons for making the credit retroactive.
Simulation results given below are based on the assumption
that the credit was taken on all investment in machinery.
Table 8.7 contains estimates of the increase in 1964
investment attributable to the 1962 accelerated depreciation
provisions. The (hypothetical) effects of the separate com-
ponents of the 1962 change as well as the total (actual)
effects are presented. A true 7% credit is also studied.
Due to the simultaneity involved, addition of the separate
effects of the 1962 revision will provide slightly different
results from those obtained by considering the total (actual)
depreciation change. This is evident in industries such as

22 and 26 experiencing large percent increases, although for

81t should be noted that in the empirical analysis the
difference between the true and actual credit is due to the
lower rates on short-lived assets and the annual limitation
to the amount of credit. On the other hand, in the discus-
sion of pdv, liquidity, and rate of return effects in previ-
ous chapters the difference between the true credit and the
"1962 credit" is due to the lower rates on short-lived assets
and the reduction in the asset's base.
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small increases the results appear to be almost identical.

Both the constrained and unconstrained simulation
results are presented, and are of course much more in accord
than for the 1954 change since the time period involved is
3 rather than 11 years. For the same reasons as above, how-
ever, the unconstrained estimates for industries 20, 22, 26
and 28 may be considered more appropriate than the constrained
estimates, and the summary statistics to follow are based on
this assumption. Further, although reasons are given above
which suggest that the effects of accelerated depreciation
will be overestimated in the textile industry (22), the
extremely high percent changes recorded in Table 8.7, re-
flect as well an unreasonably large effect resulting from the
application of the asset life reduction to the existing cap-
ital stock. Consequently the results for this industry
should be viewed skeptically.

The table indicates that in all but one industry (30)
the effect of the asset life reduction when applied on both
existing and new assets is greater than the effect of the
actual credit, and that this holds for all but three indus-
tries if a true credit 1s considered. Moreover the reduction
in lives appears to be much more important when applied to
the existing capital stock than when applied on new assets,
with the latter in general resulting in percent increases in
investment of approximately one-fourth the magnitude of the

former. In contrast to the gain on new assets, however,
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which increases in importance as more assets are subject to
the shorter lives, the gain in depreciation on old assets is
a transitory effect which can only exist (and in diminishing
importance) for fewer than n, years. It should be recalled
that the simulations are based on the assumption of complete
adoption of the Guideline lives, that is, the change in
average life (from n, to nl) is applied to all investment in
machinery, and to the extent that this overestimates use of
the Guidelines the simulation results will overestimate
their effectiveness.

In view of the transitory nature of the application
of Guidelines to the existing capital stock, and in view
of the possibility that this effect is overestimated, it is
interesting to determine changes due to the more permanent
aspects of the 1962 provisions, that is, those resulting
from the credit and application of Guidelines to new assets.
This may be accomplished (approximately) by adding columns
1 and 3 of Table 8.7. It appears that in most industries
the combined effect of these two measures is comparable to
that of a true 7 % credit, with the average increase in 1964
investment being 2.6%.9

In most industries the incentive provided by the

investment credit is substantially reduced due to the lower

9The average is calculated by welighting industry changes,
excluding textiles, with 1964 investment values obtained from
simulations under the assumption of no acceleration. All
aggregate percent changes in investment reported below are
calculated in this manner.
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rates on short-lived assets, the income limitation, and the
restriction on the amount of credit in any one year. The
extent to which the incentive is reduced of course depends

on the ratios given in Column 3 of Table 8.6, and (very close)
approximations to the actual credit effects may be obtained
by applying these ratios to the results for the true credit
which appear in Column 2 of Table 8.7. Since the (unweighted)
average of these fractions for the industries under study

is .73, the actual credit is, roughly speaking,.73% as
effective as a true 7% credit. Estimates of the effects of

a credit involving only one of the limitations listed above
may be obtained in a similar manner using the appropriate
ratios in Columns 1 and 2 of Table 8.6.

The combined effects of the 1962 libaralized depreci-
ation provisions appear to have resulted in fairly substan-
tial increases in investment. For the industries undef
study percent increases in 1964 investment range from approx-
imately 1 to 11% with the average being 5.1%. In all cases
the application of Guideline lives to new assets provides
the least benefit, with the application to old assets and
the credit providing, in general, approximately equal incen-
tives. Guideline application to old assets is of course only
transitory, and excluding this effect the average increase in
investment is 2.6%. The actual credit is approximately
three-quarters as effective as a true 7% credit due to the

lower rate applicable to short lives, the possibility of no
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net income and the 1limit to the amount of credit taken in

any year.

Summary

In summary the various mechanisms through which an
acceleration of depreciation might be expected to affect
investment, both in theory and in practice, are reviewed and
the relative merits of the four major methods of acceleration
under study are compared.

In theory investment behaviour will be influenced by
both the pdv and liquidity effects of accelerated depreci-
ation. Under the former a change in the pattern of depreci-
ation deductions increases the asset's discounted revenue
stream and hence its profitability. Under the latter the
change in depreciation deductions resﬁlts in a permanently
higher level of cash flow for a growing firm, and to the
extent that there is an advantage to financing from internal
sources the profitability of investment projects is in-
creased. It is a straightforward matter to calculate the pdv
and liquidity changes (the latter in the form of depreciation
to investment ratios) resulting from the introduction of
different methods of acceleration. The magnitude of these
changes may be compared for the different methods as well as
for relevant parameters such as the asset life, discount
rate and growth rate of investment. The response of invest-
ment expenditures to such changes, however, is not determin-

able since it depends also on the relative costs of financing
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from internal and external sources, and on the volume of
investment projects which becomes profitable as a result of
the depreciation change.

In practice therefore the effectiveness of the pdv
and liquidity factors will depend on the nature of the invest-
ment decision-making process used. In this respect the
interview evidence summarized in Chapter 4 and a study of
the reliance of firms on internal financing suggest that al-
though discounting techniques are rarely considered explic-
itly by firms, the level of cash flow has a strong influence
on investment decisions. The interview evidence also indi-
cates that a payback period criterion is in common use, sug-
gesting that investment may be affected through a mechanism
other than changes in liquidity or pdv.

The liquidity effect forms the basis of the attempt
to determine empirically the influence of accelerated depre-
ciation on investment. The decision to rely on a cash flow
rather than a pdv mechanism rests not only on evidence Just
cited concerning the relative importance of these factors in
practice, but also on orders of magnitude involved in internal
rate of return changes resulting from an acceleration of
depreciation. That is, even if discounting techniques are
relevant, to the extent that they are employed in the form of
internal rate of return calculations, thelr effect 1is likely
to be small. Computations suggest that internal rate of

return changes due to most methods of accelerated depreciation
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will be negligible in view of the fact that such rate of
return calculations must rely on revenue and cost predic-
tions bver the entire asset's life. Therefore the fact that
a discounting mechanism is not included in the simulations
cannot be considered a serious omission. Although payback
period changes may influence investment decisions independ-
ently of cash flow considerations (in the sense that cost
reduction due to the increase in cash flow is not the deter-
mining factor) no account is taken of this effect in the
simulations since there does not appear to be an empirical
formulation suitable for such a purpose.

The four methods of accelerated depreciation studied
are an investment credit (both with and without a write-
down in base), an initial allowance, a switch from SL to
3YD, and a reduction in asset life for tax purposes. The
relative merits of these methods are compared below in terms
of their effect on pdv, liquidity and rate of return measures,
and in view of the empirical results just presented. The
relative incentives provided by the different methods to
short and long lived assets, and to slow and fast growing
firms are reviewed.

The true investment credit (of 7%) is in many re-
spects the most effective measure studied. It differs from
other types of acceleration in that it involves a direct sub-
sidy and not just a change in the timing of depreciation

deductions, and consequently increases in the level of cash
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flow resulting from a credit are due to an increase in net
profits and not depreciation. Qomparison of the credit with
other methods of accelerated depreclation rests on the as-
sumption that changes in cash flow regardless of their ori-
gin are treated comparably as far as investment decisions
are concerned.

The pdv and steady state liquidity changes resulting
from a true credit are in most cases greater than those for
any other method. Both effects are independent of the asset
life, although the former decreases slightly with the dis-
count rate and the latter with the growth rate of investment.
Assuming a constant revenue stream and SL in use a credit
of k% decreases an asset's payback period by k% of the orig-
inal payback, while under a linearly declining revenue
stream the change is somewhat larger. The simulated effect
of a true 7% credit introduced in 1962 is to increase 1964
investment in the manufacturing industries by approximately
2.8%4. Although the future behaviour of the change in invest-
ment cannot be predicted it should be noted that at least in
the simplified model studied above the percent change remains
permanently positive.

The effectiveness of a true investment credit 1is con-
siderably diminished by a write-down in the asset's base,
and by a reduction in the credit rate on short-lived assets
such as the one required of the 1962 credit when first intro-

duced. For such a credit the pdv and liquidity changes are
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smaller than those provided by a switch to SYD for a large
range of discount rates, asset lives and growth rates; and
are smaller than those attributable to a 20% initial allowance
in a few cases. In contrast to a true credit, both the pdv
and liquidity effects vary with the asset's life, being mon-
otonically increasing functions of the latter. Steady state
liquidity changes increase uniformly with the growth rate
(for plausible rates), while pdv changes decrease slightly
for high discount rates. Internal rate of return changes
are of approximately the same order of magnitude as those
due to a 20% initial allowance and a switch to SYD. The
maximum internal rate of return increase occurs for asset
lives of 8 years, and in only a few cases are such changes
greater that 2 percentage points. Payback period changes
are of course less than those arising from a true credit,
(k% of the original payback for a constant revenue stream).

For reasons given above simulations involving the
1962 credit do not assume a reduction in base, although the
lower rates for short-lived assets are taken into account,
as are the restrictions arising from the annual limit on the
amount of credit and the possibility of no net income.
According to the simulation results the actual credit is
approximately three-quarters as effective as the true credit,
providing an increase in 1964 of 2.1%.

The initial allowance is similar in many respects to

the 1962 credit (as first introduced) and although the
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empirical effect of the 1958 allowance is essentially neg-
ligible due to the annual limitation to $2,000, it is inter-
esting to compare pdv, liquidity and rate of return changes
with those of other methods, particularly the credit. As
mentioned in Chapter 2, for discount rates in the range of
16-20% the change in pdv from a 20% allowance is approximately
the same as that from the 1962 credit for asset lives pre-
vailing in the manufacturing industries. The galn increases
monotonically with the asset life, and in fact for large
values of the latter (and high discount rates) exceeds the
benefit from all other methods including a true credit.
Liquidity changes resulting from an allowance are large in
the first few years after introduction, but when steady state
conditions are reached, are smaller than for all other me-
thods except certain asset life reductions. Internal rate

of return changes are approximately equal to those from the
1962 credit and switch to SYD, although they are larger for
high initial rates and long asset lives. Payback period
changes are larger than those from the 1962 credit for low,
but not for high initial paybacks.

The switch from SL to SYD is studied primarily be-
cause of the introduction of such an accelerated method in
1954, A comparison of effects with other methods is of
interest, however, in view of the possibility that a future
policy measure might incorporate a change in methods approxi-

mately comparable to the change from SL to SYD., In general
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pdv and steady state liquidity changes resulting from a
switch to SYD are second only to those of a true 7% credit,
while transition liquidity effects far exceed the latter.
Both effects increase at first and then decrease with the
asset life, although for a plausible range of growth rates
the liquidity effect is a monotonically increasing function
of the asset life. Steady state liquidity changes increase
uniformly with the growth rate, but pdv changes do not with
the discount rate. Internal rate of return changes are
comparable to those due to the 1962 credit or 20% allowance,
except that short-lived assets obtain a significantly larger
benefit, which is in fact far greater than that provided by
other methods. Payback period changes are larger in almost
all circumstances than for any other method of acceleration,
including the true credit.

A simulation of the introduction of accelerated methods
in 1954 yields an increase in 1964 investment of 3.7%. Al-
though it is not possible to predict future changes, a study
of Table 8.2 indicates that in most industries the percent
increases have been either rising or have remained approxi-
mately constant from 1960-1964, and in only one or two
industries have they been declining.

Asset life reductions approximating those introduced
in 1962 provide in general less benefit than any other me-
thod of accelerated depreciation studied. In fact, barring

the few industries with the largest percent reductions (such
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as 36 and 372), pdv, liquidity and rate of return changes
are uniformly lower than for any other method. In view of
this fact it is not surprising that the simulated effect of
the reductions is to increase 1964 investment by only .6%.

A reduction in asset life applied on existing assets
differs from other methods studied in that it results in a
transitory effect which can only prevail, and in diminishing
importance, for fewer than n, years (the shorter life).
Determination of the effectiveness of such a reduction is
difficult since it depends on the magnitude and age distri-
buticn of the capital stock. Analysis of the 1962 provision
is further hampered by the fact that no accurate data are
available on the extent of adoption of the new lives. How-
ever, a simulation assuming complete acceptance of the
Guidelines yields an increase in 1964 investment of 2.4%.
This value can be expected to decline rapidly in view of the

transitory nature of the acceleration.
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Table 8.1
MODEL TEST SUMMARY

Percent Deviation of Simulated from Actual Values

Industry Investment Dividends Cash Flow
20 4,1 1.3 .3
19.1 1.4 1.1
22 18.7 6.0 2.0
69.6 6.9 8.6
26 6.3 2.7 ol
7.6 2.8 .6
28 9.0 L.3 .7
11.2 .3 .9
30 7.6 b.5 o
6.3 L.s .3
32 7.2 3.0 .6
15.6 2.9 .5
331 19.4 8.5 1.4
19.1 8.5 1.3
333 16.3 6.5 1.1
22.4 5.8 .6
36 7.8 4.5 «5
7.7 4.6 .5
372 14,7 8.6 1.6
11.6 9.1 .9

Table gives the average (1954-1964) annual percent devi-
ation of simulated from actual values.

For each industry:
Line 1 is based on simulations assuming C+GS exogenous.
Line 2 is based on simulations assuming C+GS endogenous.
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Table 8.2

PRRCENT CHANGE IN INVZSTMENT DUE TO
1954 ACCELERATED DEPRECIATION PROVISIONS

1963 1964

1962

Ind 1954 1955 1956 1957 1958 1959 1960 1961
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Line 1 values are based on simulations assuming C+GS is

For each industry:

exogenous.
Line 2 values are based on simulations assuming C+GS is

endogenous.
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Table 8.3

COMPARISON OF THE ORIGINAL INVESTMENT EQUATIONS WITH
THOSE ESTIMATED BY GENERALIZED LEAST SQUARES

Industry (1) (2)
20 -959.31 -1.53
22 .68 -2.11
26 .29 .86
28 -9.59 .62
30 .02 .85
32 *® .22

331 .71 .79
333 .38 .67

36 -.01 .84
372 .03 .41

2
Table gives values of R = 1 - var(e) /var(I), where I is invest-
ment and the e's are the deviations of actual from simulated
investment values.

Column 1 values are based on the generalized least squares
estimates of the investment equation.

Column 2 values are based on the original estimates of the
investment equation.

% Less than -1,000
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Table 8.4

ESTIMATED POTENTIAL INCREASE IN DEPRECIATION ON
EXISTING CAPITAL STOCK RESULTING FROM
1962 ASSET LIFE REDUCTION

Industry n, 1, G(SL) G(DDB) Total
($ Millions)
20 13 15 38.7 375 76.2
22 13 16 4g9.2 39.6 88.8
26 15 19 42.3 49.1 91.4
28 11 13 98.5 62.3 160.8
29 15 18 183.3 60.0 243.3
30 13 14 5.4 6.5 11.9
32 16 18 15.3 24 .9 40,2
331 17 21 70.1 72.1 142.2
333 17 21 20.7 21.1 41.8
36 i1 14 26.6 69.0 95.6
371 12 14 50.9 60.6 111.5
372 9 12 22.1 30.1 52.1
n1 = average asset life after Guideline change
n, = average asset life before Guideline change
G(SL) = (1/n) - 1/n) LT,
G(DDB) = (2/n, - 2/n,) ¥ (1-2/np)’1
Total = G(SL) + G(DDB)
I, = investment

Cf
I
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Table 8.5
COMPARISON OF 1962 GUIDELINE DEPRECIATION

Percent of 1962 Depreciation taken under the Guidelines

Industry (1) : (2)
20 32.3 60.0
22 23.0 57.6
26 59.6 87.1
28 52.6 88.4
29 41.0 na
32 L42.5 64.4
33 68.6 na
36 b7.7 72.8

371 73.4 96.7
372 29.6 36.8

Column 1 Source: Statistics of Income,1962, Table 33, p. 314.
Column 2 Source: 5.C.B., July 1963, Table 1, p. 4.
na: not available

Table 8.6
1962 INVESTMENT CREDIT STATISTICS

Industry cU/cT crt/er®  (¢Y/¢T) (crt/cr®)
20 .84 .82 .69
22 .93 .86 .80
26 .89 .81 72
28 .93 .88 .82
29 .91 il .40
30 .89 .89 .79
32 087 i 075 065
33 .95 .88 .83
36 .78 .89 .70

371 .89 .9k .83
372 .68 .81 .55

Cg total cost of property qualified for the credit
C cost of property used in calculating the credit
Cr; tentative credit '
Cr actual credit taken

Source: Statistics of Income, 1962, Table 1, pp. 50-52 and
Table 1k, p. 192.
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Table 8.7

ESTIMATED EFFECT ON INVESTMENT OF THE
1962 ACCELERATED DEPRECIATION PROVISIONS

Percent Increase in 1964 Investment

Ind n; n, (1) (2) (3) (4) (5) (6)
20 13 15 .6 .8 .2 .6 .8 1.4
-7 -1.1 - -.9 -.9 -1.7
22 13 16 8.9 11.2 2.3 14.3 16.8 27.3
6.6 8.4 1.9 11.0 13.1 20.8
26 15 19 3.8 5.4 1.5 5.2 6.7 10.9
2.7 3.7 1.3 3.5 4.8 7.7
28 11 13 2.2 2.7 .5 2.2 2.8 5.0
1.6 2.0 .5 1.6 2.0 3.7
30 13 14 2.0 2.6 .3 1.0 1.3 3.3
3.0 3.8 .3 1.5 1.8 4.9
32 16 18 o7 1.1 2 .7 .9 1.6
3.7 5.7 .7 3.7 4.4 8.2
331 17 21 1.4 1.7 iy 1.9 2.3 3.7
1.8 2.1 .5 2.4 2.9 4,7
333 17 21 2.2 2.7 i 2.0 2.3 4,7
2.5 3.0 A 2.1 2.5 5.1
36 11 14 i o7 .3 .8 1.1 1.6
«3 A .2 .5 .7 1.0
372 9 12 1.8 3.3 1.7 3.6 5.4 7.3
2.0 3.8 1.9 L,o 6.0 8.2
Colunmn Description
1 Actual Credit
2 True Credit
3 Asset Life Reduction on new assets only
4 Asset Life Reduction on old assets only
5 Asset Life Reduction on old and new assets
6 Asset Life Reduction on old and new assets plus
Actual Credit
Ind = industry
n, = average asset life after 1962 Guideline change

n, average asset life before 1962 Guideline change
Linie 1 values are based on simulations assuming C+GS exogenous.
Line 2 values are based on simulations assuming C+GS endogenous.



APPENDIX

SOURCES OF DATA

The sources of all data used in the analysis (except

those feor which sources appear in the text ) are classified

below under the chapter in which the data are first discussed.

Chapter 6

1‘

The investment data are from various issues of the

Survey of Current Business, U. S. Department of Commerce,

0.B.E.

The accelerated depreciation data are from the following

sources:

1954 - Supplementary Depreciation Data from Corporation

Income Tax Returns (Statistics of Income 1959),

U. 3. Treasury Department, I.R.S., June 1965,

Appendix, Table 11, p. 118.

1955 - , Appendix, Table 6, pp. 103-105,

1957 - Statistics of Income, Corporation Income Tax
Returns, U. 3. Treasury Department, I.R.S.,
1957-58, Table 23, p. 115.

1950 - Supplementary Depreciation Data from Corporation

Income Tax Returns, Appendix, Table 4, pp. 90-96.

It is assumed that "returns showing depreciation
methods”" account for the main part of accelerated depreci-
ation and these values are used as estimates of total
accelerated depreclation in all years. The 1954 acceler-
ated depreciation figures (available only for firms with

255
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accounting periods ending December 1954 through June 1955)
were blown up by the ratio of total investment to invest-
ment attributable to firms with accounting periods end-
ing in these months. The distribution of investment over
firms according to accounting periods is as described
above.

3. The fraction of investment in machinery and equipment for
1946-1962 is from an unpublished study prepared for the
Department of Commerce, O.B.E., by Michael Gort. Datsa
for 1963 and 1964 are from the 16th and 17th annual

McGraw-Hill Survey of Business' Plans for New Plants

and Fquipment.

4. The distribution of assets by accounting period is an

average of such data from Statistics of Income, Corpor-

ation Income Tax Returns, 1954-55, Table 14, pp. 88-94,

and from the same publication for 1958-59, Table 12,

pp. 110-116.

5. Amortization data are from various issues of Statistics

of Income, Corporation Income Tax Returns, and the F.T.C.-

S3.E.C. Quarterly Financial Report for Manufacturing

Corporations.

Chapter 7

1. The Quarterly Financial Reports for Manufacturing Cor-

porations (F.T.C.-S3.£.C.) are the basic sources for data
used in the regression analysis. Variables obtained from

these reports are: depreciation, dividends, proflts
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before and after tax, long term debt, total stockholders!

equity, cash, and government securities. All data are

spliced in 1951 and 1956 using the method employed by

W. H. L. Anderson, and in 1958 by multiplying pre-1958

values by a correction factor,1 The latter for each

series is the ratio of revised to unrevised 1958 values.
2. Moody's industrial bond rate is from various issues of

the Survey of Current Business.

3. The interest rate on term loans from banks is from an
unpublished memo: "Rates Charged Customers on Long Term
Commercial Loans,'" provided by Mr. James Eckert of the
Board of Governors of the Federal Reserve System, Wash-
ington, D. C.

4, The capacity utilizaticn index is an unpublished series
provided by Mr. F. Gerard Adams of the Wharton School

of Finance and Commerce.

1w, H. Locke Anderson, Corporate Finance and Fixed
Investment, Boston, 1964, p. 29,
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