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Capital Equipment Replacement Decisions

R.L. Batterham and K.I. Fraser*

This paper reviews the literature on the optimal replace-
ment of capital equipment, especially farm machinery. It
also considers the influence of taxation and capital ration-
ing on replacement decisions. It concludes that special
taxation provisions such as accelerated depreciation and
investment allowances are unlikely to greatly influence
farmers’ capital equipment replacement decisions in Aus-
tralia.

1. Introduction

The asset replacement problem can be divided into two
general classes: the (relatively long lived) appreciating
assets (typically tree crops) and (relatively short lived)
depreciating assets such as machinery. In this paper
we are considering the latter although the same asset
replacement theory is applicable to both classes.

Replacement of assets in agriculture is both a complex
economic problem and a problem of considerable
practical importance to farmers, especially those faced
with decisions involving the replacement of major
items of farm equipment. These practical asset re-
placement decisions are made under conditions of risk
and of capital rationing and may be influenced by
taxation considerations. However, no attempt is made
here to examine the effects of specific details of Aus-
tralian tax laws on asset replacement decisions.

2. Elements of the Capital Equip-
ment Replacement Problem

The objective of the firm’s asset replacement decision
is to replace assets at intervals that maximise the net
present value of the income stream from the firm.

The information required to solve the replacement
problem is as follows:

(a) The purchase price of the asset. This is known
with virtual certainty at the time the asset is
purchased, but known only within increasingly
dispersed probability distributions as a purchase
is contemplated further into the future.

(b) The trade-in price of a currently owned asset (if
any). At the time of trade, this too is known with
certainty. The further into the future that the
trade-in is contemplated, the greater is the dis-
persion of the probability distribution of the
trade-in price.

(¢) The contribution the asset will make to the in-
come earning capacity of the business. This is
both difficult to calculate (and indeed is often
ignored in asset replacement theory) and is likely
to be stochastic. In production economics terms,
the contribution of the asset can only be valued
in a multi-input, multi-output analysis. An asset
may make virtually no contribution to the output
of some potential products produced by the firm
(e.g. the influence of a wheat header on wool
production). Alternatively it may be virtually
impossible to produce particular products with-
out that asset (e.g. the influence of the header on
wheat production).

(d) The technical improvement in future assets and
hence the obsolesence of current assets. These
are assumed to be stochastic. Technical im-
provements in farm machines, for example, are
a major element in the replacement decision.

(¢} The operating costs of current and future assets
(which are generally known within fairly tight
probability distributions).

(f) The repair costs required to keep current and
future assets operating to a specified level of
service. These can be defined also within prob-
ability distributions. In farm machinery it is
often the obsolesce factor that limits repair and
continued operation, rather than the probabilistic
repair cost itself. Associated with the repair
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cost is an increasing probabilistic cost associated
with unreliability of operation, ‘Penalties’ for
not maintaining machines to a specified level
thus can be defined probabilistically.

(g) The taxation treatment of capital and operating
costs are subject to discrete changes. The taxa-
tion implications of theses costs which are com-
plex and are influenced by business and personal
tax considerations which vary with the business
structure(s) adopted by the firm.

(h) Present and future capital rationing largely de-
pends on the income earning capacity of the
business. This capacity is clearly stochastic.
Taxation implications flow from the different
methods that may be used to finance asset pur-
chase. Capital rationing is a major problem fol-
lowing a period of depressed product prices or
drought and thus is particularly relevant to the
asset replacement decisions currently being
made by Australian grain farmers, for example.

(1)  The method of acquiring services from capital
assets. Hiring contract services (e.g. contract
harvesting) is relatively common. Hiring ma-
chinery is rare in Australia as compared to the
situation that prevails in North America, but it is
increasing in popularity. Financial leases, with
various terms and conditions, have been com-
mon since the 1970s, but operating leases for
machinery are still rare. Acquisition of the serv-
ices of assets by contracting, hiring or leasing can
reduce the impact of capital rationing.

(j) Economic indivisibilities. While most assets are
available in a wide variety of ‘sizes’, technical
and economic indivisibilities do occur. The eco-
nomic indivisibilities are largely due to the need
to achieve an asset ‘size’ large enough to give
‘economies of size’.

(k) Optimum asset replacement cycles. The opti-
mum asset replacement cycles may be even or
uneven. When optimum replacement cycles are
actually calculated using operations research
methods, typically there are steeply increasing
(or decreasing), then relatively flat ‘net present
value through time’ asset earning (or cost)
curves. It may be possible to replace assets with
new assets, or replace a ‘new’ asset with an old
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one (“back-trade’) or an old asset with a new one
(‘trade-up’).

3. Theory of Asset Replacement

Replacement theory is derived from capital theory and
investment theory. The modern version of investment
theory can be traced from Bohm-Bawerk, Fisher and
Hirshliefer. Virtually everyone now working in the
area of investment theory and appropriate criteria for
investment decisions refers back to Hirshliefer’s work.
Hirshliefer’s work, and the work that has followed on
the growth of the firm, indicates that that a firm should
attempt to assemble that bundle of assets that maxi-
mises the net present value of the income stream
available from firm. Recent work by Dixit and Pin-
dyck suggests that investment evaluation should con-
sider the opportunity cost of foregoing an ‘option
value’ associated with postponing an irreversible in-
vestment. Among the implications of their work are
possible insensitivities by decision makers to changes
in interest rates and taxation policies aimed at stimu-
lating investment. Their work may profoundly influ-
ence the theory of investment and the practical
application of the theory to problems such as asset
replacement.

The literature on asset replacement is quite diverse.
Hotelling, in the most influential carly work, suggested
a replacement model maximising the present value of
the future earnings of the asset to determine the opti-
mum replacement time for a single asset cycle. Prein-
reich produced a model that again maximised the
present value of the future earnings of the asset, but
included replacement assets in a sequence of continu-
ous replacements. Terborgh and Alchian switched
attention from maximisation of the present value of the
future earnings of the asset to minimising the cost (or
the net present value of the cost) of the sequence of
replacement assets. This important change was appar-
ently motivated by the difficulty of estimating the
income attributable to individual assets controlled by
the firm. Terborgh’s work is particularly interesting,
in the context of farm machinery, in that it explicitly
considers the problem of replacement as technically
superior assets are developed.

Applied asset replacement models have been devel-
oped in many areas of economics and in operations
research. Good discussions of optimal replacement
can be found in most operations research textbooks
(Winston).



Batterham and Fraser: Capital Equipment Replacement Decisions

In agricultural economics there are a series of very well
known papers on asset replacement. Faris concluded
that the ‘the optimum time to replace is when the
marginal net revenue from the present enterprise is
equal to the highest amortized present value of antici-
pated net revenue from the following enterprise” (p.
766). Chisholm (1966) and Perrin generalised the
theory of asset replacement to account for the oppor-
tunity cost of investment in all future replacement
assets. Perrin’s replacement criteria can be charac-
terised as; replace the existing asset (‘the defender’)
with the replacement asset (‘the challenger’) when the
net returns available from the existing asset equal the
annuity of the returns available from the (series of)
replacement asset(s). This criteria is illustrated in
figure 1.

Figure 1: Replacement of a Series of
Identical Machines
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replacement age
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Burt considered the problem of replacement under risk
and suggested a dynamic programming approach to its
solution. Several authors have considered replace-
ment with technologically improved assets (Perrin;
Mateffy). McClelland et al., and Pagoutatos and
Blackwell have considered the problem of replace-
ment with overhaul possibilities.

4, Effect of Taxation on Asset Re-
placement

Chisholm (1974) modelled the influence of tax on
agricultural asset replacement (see appendix) as it was
affected by depreciation allowances and investment
incentives for Australian farm machinery and ex-
tended his analysis to the US situation. He found that
the depreciation method and existence of additional
first year depreciation or an investment credit had little
effect.

Bates, Rayner and Custace used a ‘tax adjusted re-
placement model’ to include the interactions between
taxes and inflation. They concluded that inflation
effectively increased the magnitude of costs and ex-
tended the optimal replacement age.

Reid and Bradford built on Chisholm’s work using a
multiperiod mixed integer programming model of the
farm firm to analyse the effect of the Economic Recov-
ery Tax Act 1981 on optimal replacement of tractors.
They found that investment tax credits were the most
important tax incentive to early machinery replace-
ment.

Lynne used a simulation model to re-examine the
results of Chisclm (1974) and Reid and Bradford to
explore the possibility of multiple replacement optima,
particularly in relation to the effect of tax benefits. He
concluded that ‘the profit maximization behavioural
rule needs to be supplemented with knowledge about
farmer’s objectives in order to select the correct opti-
mal reinvestment interval® (p. 179).

Moss, Muraro and Boggess considered the distortion
of farmers investment decisions by income tax provi-
sions. They found that the US Tax Reform Act of 1986
‘reduced the distortionary effects of the tax code on
capital investment decisions’ (p. 107). They identified
the main reason as being the change in the average tax
rate under the provisions of the Tax Reform Act 1956
and its predecessor, the Tax Equity and Fiscal Respon-
sibility Act 1982. Smith (1990) also examined the Tax
Reform Act 1986 as it affected agricultural asset re-
placement. He used a deterministic asset replacement
model, and found that the optimal replacement time
was inversely related to the size of the investment tax
credits and the present value of the depreciation allow-
ances. Further, it was directly related to marginal tax
rates. He found the effect of the Tax Reform Act was
to increase the replacement age for assets with short
depreciation lives (e.g. tractors) and decrease it for
assets with long depreciation lives {e.g. farm struc-
tures).

The effect of including discounting schemes and self-
employment taxes on optimal machinery replacement
was tested by Van Tassell and Nixon. With these
factors the optimal replacement interval was reduced
to periods shorter than those determined by Reid and
Bradford.
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The implications of the Tax Reform Act 1986 were also
reviewed by Innes and Carman in a study of the effects
on beef cow replacement strategy. The loss of the
capital gains exclusion and restrictions on preproduc-
tion expensing were found to have the biggest impact.
It was concluded that both the optimum age for culling
beef cows and the after tax costs of beef cow would
increase.

The trade-off between capital and non-durable inputs
(labour) due to taxes and investment incentives and the
ensuring resource misallocation was modelled by
Traill in the United Kingdom. Burrell, Hill and Wil-
liams developed a methodology to analyse the differ-
ential impact of grants and tax incentives on
investment in capital assets. The impact of changes to
the tax system in 1984 in the UK on investment in farm
machinery was modelled by Bright. His analysis used
the methodologies developed by Burrell, Hill and Wil-
liams and Traill, however it varied from previous
studies as he also took account of the possibility that
farmers cannot take advantage of tax depreciation
provisions because of insufficient profit against which
to offset allowances. The change analysed was a
reduction in the initial capital allowance on plant and
machinery from 100 per cent to 25 per cent and the use
of tax bands. He found that the incentives to invest in
machinery were considerably reduced and the use of
tax bands had a further negative effect on investment.

There does not appear to be any substantial Australian
work on the influence of taxation on optimal replace-
ment since Chisholm’s (1974) paper. However, work
by Douglas, Peterson, Kokic and Parameswaram is
under way to examine ex-post the effects of taxation
concessions on investment and the adoption of ‘so-
cially desirable’ farming practices. Inaddition, a study
of the optimal replacement of farm machinery under
conditions of capital rationing is currently being con-
ducted by the authors. The influence of Australian
taxation provisions on equipment replacement will be
included in this study.

5. Capital Rationing, Asset Re-
placement and Taxation

There are many different methods of acquiring a flow
of services from given items of capital equipment as
indicated above. The major option considered in this
paper is to acquire the flow of services by owning and
successively replacing items of equipment. There are
anumber of alternatives for financing the replacement
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of equipment and these financing methods are subject
to quite different treatments for taxation purposes. It
is relatively easy to calculate the net present value of
costs for various replacement cycles for different as-
sets for various discount rates, tax rates, business
structures and alternative tax laws using spreadsheet
or dedicated programs.

It is much more ditficult to solve a replacement prob-
lem in the presence of capital rationing. The amount
of cash available at the beginning of the planning
period, and the cash generated by the firm during the
planning period, constrain the choice of financing
methods and hence the optimal replacement period.
Weingartner showed how the optimal financing deci-
sion, including capital rationing, could be modelled
using linear programming. However it is difficult to
solve for optimal financing under capital rationing, and
simultaneously solve the optimum replacement se-
quence using linear programming because the model
size tends to explode.

In the study mentioned above, the authors are examin-
ing several methods for solving the problem of optimal
replacement for farm machinery. In addition to vari-
ous linear programming models, spreadsheet formula-
tions of iterative budgeting methods, dynamic
programming (Kennedy, p. 136-41, Pagoulatos and
Blackwell) and simulation methods are being used.

The preliminary results from the study, generated in
spreadsheet simulations, indicate that the net present
value of costs decline steeply as replacement intervals
increase from very short intervals (yearly or every two
or three years). The costs then flatten and there tend
to be multiple replacement optima. This result that is
similar to that produced by Lynne. Further, replace-
ment at a non-optimum time, on the flat part of the
curve, does not have a large opportunity cost. Costs
then rise again as the replacement interval increases.
These results are consistent with economic theory and
may, in part, reflect the operation of a well informed
market in new and used farm machinery.

6. Policy Issues

There are more important issues in considering taxa-
tion policy for the rural sector than those associated
with asset replacement. Some major issues are of
enormous importance for personal and business taxa-
tion across the whole economy (see Smith 1993 for a
historical development of these issues). Those issues
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of particular interest to the rural sector have been
considered in the past (BAE; Australian Tax Research
Foundation) or are addressed in this current forum.!

While asset replacement could be influence by broad
taxation policy changes {e.g. change in emphasis from
income taxes towards consumption taxes) the policies
that currently influence asset replacement are:

(a) the treatment of depreciation for taxation pur-
poses;

(b) investment allowances;

(c) the different taxation treatment of alternative
methods of financing the replacement of assets.

The influence of these policies can be judged against
a ‘neutral’ tax system. Under such a system asset
replacement decisions would be the same before and
after the taxation implications of the decision were
considered.

6.1 Depreciation and Investment
Allowances

A major policy question concerning depreciation is;
why does virtually every government in the western
world allow arate of depreciation for taxation purposes
that is greater than the ‘economic’ rate and do these
accelerated depreciation rates matter in an economic
sense?

There are several possible explanations for the first
part of the question, but none are very convincing to
an economist. First, accelerated depreciation rates
have been used for a long time and are now accepted
as accounting conventions. Second it is possible, for
countries such as Australia, that there are foreign com-
petition arguments, i.e. firms may not invest here if
they can get a better investment deal in another coun-
try. Third, it is sometimes argued that accelerated
depreciation represents some compensation for risk
taking. This argument can be rejected in the light of
the theory of decision making under risk. Fourth,
governments may wish to deliberately encourage in-
vestment and/or the adoption of new technology
knowing that their decisions will bias resource alloca-
tion.

With regard to the second part of the question, 1t is easy
to show that accelerated depreciation rates do matter

by simply calculating the optimum replacement age of
assets in the presence and absence of accelerated de-
preciation, or at different rates (see Chisholm 1974).
The empirical question of how much they matter is not
pursued in this paper.

The theory pertaining to the treatment of depreciation
for tax purposes is contained in Samuelson who argued
that depreciation rates for tax purposes should be the
same as the ‘economic’ rate of depreciation. Edwards
in a definitive paper, discussed depreciation for taxa-
tion purposes and investment allowances in the context
of Australian agriculture. He argued that accelerated
depreciation (which he called accelerated amortisa-
tion) will effectively result in an interest free loan to
any tax payer allowed this accelerated rate. The size
of the loan depends on the marginal tax rate of recipient
and the duration depends on the ‘the extent to which
the depreciation period is shortened for tax purposes’
(p- 24). He argued further that ‘investment allowances
provide the recipients with a "cash grant” in the form
of a reduction in income tax liability’ (p. 24). He
shows that the ‘loan’ and the ‘grant’ increase the after
tax return on investment. This argument can be ex-
tended to asset replacement in which case the ‘loan’
and/or the ‘grant’ will reduce the optimal replacement
interval.

6.2 Taxation of Alternative Methods of
Finance

Again, it is easy to show that different financing meth-
ods can influence the optimum investment and the
replacement age by making a few spreadsheet calcu-
lations. The difference in the taxation treatment of
lease finance as compared to forms of borrowing to
purchase an asset is particularly striking. Briefly, in
the case of leasing, the lease ‘rental’ and operating
expenses are regarded as expenses for taxation pur-
poses. Leasing tends to be attractive to taxpayers with
high marginal tax rates and can lead to the use of lease
finance in tax shelter arrangements. For cash purchase
and purchase using various types of loan, depreciation,
interest costs (if any) and operating costs are consid-
ered as expenses. The optimum method of financing
will vary for various marginal tax rates, discount rates

! Similar attention is given to the taxation provisions applying
to other industries from time to time. The Industries Assistance
Commission considered the problem of depreciation of capital
assets in the mining sector.
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and levels of capital rationing. Clearly the treatment
of different financing methods is not ‘neutral’ as de-
fined above.

7. Concluding Remarks

The clear conclusion that can be drawn from the review
of the literature is that taxation is influential in agricul-
tural asset replacement decisions in the USA, the UK
and Australia. Just how important it is can be deter-
mined from studies similar to the ‘farm management’
oriented ones cited, and from statistical work such as
that of Douglas, Peterson, Kokic and Parameswaram.
There is little evidence on the importance of taxation
in asset replacement in Australia. Chisholm’s (1974)
work indicates that it may be important in individual
management decision making especially for those with
high marginal tax rates. The work of Douglas, Peter-
son, Kokic and Parameswaram indicates that, in aggre-
gate, taxation provisions may not be very important in
investment decisions. Interestingly, this observation
is consistent with deductions that can be made from
the theory of investment postulated by Dixit and Pin-
dyck. It is obvious that there is scope for further
research in this area.

Many factors complicate the asset replacement deci-
sion. Risk is clearly evident in many elements of the
decision. It is also likely that many factors that are
difficult to quantify in economic terms are influential,
Capital rationing is also an important factor in the
decision. Markets catering for contract and daily hire
of agricultural services, and financial markets may
develop further to alleviate this problem.
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Appendix: The Chisholm Model

Chisholm (1974) developed a model that can be used to calculate the after tax present value cost of a single
machine and from it the the optimum replacement pattern for a perpetual chain of machines over an infinite
planning horizon. The model can be used also to demonstrate the importance of taxation in the machinery
replacement decision. The following equation gives the after tax present value cost of a single machine as:

T (1[ L] )—T

k=1 k=1

Qn=(Mo=M, [1+r])y+ 1-T {2 Ry [l+r]‘k
k=1

n n
Y Dk[I+r]_k‘ + T3, Di— Mo+ Mu[1+r]”"

where

n = replacement age in years

r = after tax discount rate

Mo = acquisition cost of new machine
My = resale value of machine at year n
Rk = operating cost of machine in year k
Dy = depreciation allowance in year k

1 = investment allowance

T = tax rate

The components of the above equation may be interpreted as follows:

(Mo —M, [1+]7 is the initial cost of the machine minus its discounted resale value
n

1-T 2 Re[1+r17* is the discounted sum of the after tax operating costs of the machine

k=1
TN+ is the tax saving associated with any investment allowance /

n
T Z Dy [1+1]°* is the discounted sum of the tax saving associated with the depreciation
k=1 allowed on the machine

n

T z Dy — Mo+ M, [1+r]™"}  is the discounted after tax value of any ‘balancing’ charge associated with
=1 difference between the depreciation allowed on the machine and its resale
value

It is a simple algebraic task to demonstrate the importance of taxation on the net present value of the cost of a
single machine using the above equation.
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