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Abstract

Following Auerbach, King and Benge, we develop a model in which the firm maximises the value of its shareholder equity, taking account of: company and personal income taxes; capital-gains taxes (including a treatment of realisation-based capital-gains tax); depreciation allowances; investment allowances; and interest rates on debt linked to financial leverage.  We derive a function for the user-cost of capital to the firm.  By embedding this in a dynamic CGE model, we can simulate the effects of tax changes on the user-cost of capital and thus on investment.  Our ultimate aim is to analyse the effects of reforms to business taxation such as the recent Ralph proposals.

Preface

Title of Thesis:
The Cost of Capital and Investment Behaviour in a CGE Model.

Supervisor:
Professor Peter Dixon.

This paper reports on the development of an investment structure for a CGE (computable general equilibrium) model that explicitly incorporates business taxation.  Motivated by a desire to enable a direct analysis within a CGE model of the effect of changes in a corporation’s tax environment, my thesis attempts to contribute to the existing approach in two ways.

Following an approach developed by King (1974, 1977), and applied more recently in Australia by Benge (1997, 1999), we develop an expression for the value of the firm to its shareholders.  This approach assumes a given level of before-tax profit and seeks to determine how changes in various tax rates and allowances might impact on the firm’s value and, thus, the rate of return available to those holding its equity.  With the before-tax income streams fixed, movements in the value of the firm and the after-tax income flows tell us something about this rate of return.  As well as gaining some insights into the effect of policy changes on the value of equity, we can readily infer from this the impact of policy adjustments on the willingness of investors to provide funds as stakeholders.  This approach might be called the “easier” method.

The second approach, which we can perhaps call the “harder” method, is to solve a constrained optimisation problem for all of the firm’s choice variables, using the expression for the value of the firm as the objective function.  We develop a set of expressions to constrain the firm’s ability to maximise the after-tax return on equity to its shareholders, and solve for the cost of capital and, thus, the level of investment, for an optimising firm.  This approach enables us to generate a time path for investment and the level of demand for the firm’s other factors of production (provide a solution to the “producer problem”).  In this framework, we can see how taxation can influence both the choices the firm makes and the outcomes it can expect given those choices.

We are also developing a method of accounting for a realisation-basis capital gains taxation (CGT) in these models.  This paper reports on work in progress on this topic, and outlines a simplified methodology that forms the basis for work currently underway.

My thesis aims to apply these two methodologies to a dynamic computable general model such the MONASH model of the Australian economy, to enable detailed analysis of changes in business taxation on the user-cost of capital and thus on investment.  Part of the focus in developing these models is to incorporate them into a CGE model in such a way that makes a sensible and tractable CGE analysis of such policy issues available to the user without specific expertise in financial economics or investment modelling.  Work yet to be done includes the construction of a data base and the calibration of the investment model with the CGE model itself.

1.  Introduction

A key determinant of the behaviour of producers is the cost of capital.  Microeconomic theory tells us that, in the presence of diminishing returns, optimising producers will increase their usage of primary factors until the nominal benefit derived from the marginal unit (its marginal revenue product) falls to equal its price.  As such, the growth of the firm, the level of its profit and its value to shareholders are all heavily dependent on the cost of capital.

Modigliani and Miller (1958) showed that in the presence of perfect certainty and in the absence of taxes, the firm will be indifferent between the various sources of capital available to it.  Stiglitz (1973) showed that, assuming real economic depreciation is deductible and investment is financed at the margin by debt, the cost of capital is the rate interest.  King (1974) developed an optimising framework to analyse the financial incentives of firms in both classical and dividend-imputation company tax system, and showed that taxation can act to make the costs of various capital sources diverge.  Under these circumstances, it is not possible to determine a generic cost of capital function for a firm, because this is then dependent on the firm’s financial policy.  Auerbach (1979) provide further support for the concept of the relevance of the source of finance for determining the firm’s cost of capital.  Benge (1997) analysed the financial incentives facing firms under Australian tax conditions, and found that the introduction of full dividend imputation should have removed any debt–equity biases, except in the presence of inflation with capital gains tax indexing.

The model described in this paper follows an approach developed by King (1974 and 1977) and Benge (1997 and 1998).  We develop an expression for the value of a corporate enterprise to its shareholders under various conditions, including the presence of a realisation-based capital gains tax, and solve a constrained optimisation problem to determine the firm’s cost of capital.

2.  The Value of the Firm

2.1.  No Taxes

We begin with the idea that a firm will need to provide some minimum rate of return to attract equity capital.  With a broader definition of capital, we can relate this idea to the required rate of return used in CGE models to help determine investment.  This rate of return is required to at least satisfy the investors marginal rate of time preference or discount rate, and thus to entice them to forego consumption in the current period in return for consumption in a future period.

Further, because firms always have the option of issuing new equity to acquire capital in any period, we need to allow for the dilution of pre-existing owners’ equity.  The total value of equity in the firm at any point is
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where

· 
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is total equity in the firm at the beginning of period t,

· 
[image: image3.wmf]O

t

V


is pre-existing equity at the beginning of period t, and

· 
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is the total value of new share issues in period t, which always occur at the beginning of the period, and occur ex-dividend.
In the absence of any taxes, shareholders’ earnings Et at the beginning of period t are denoted by
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where

· 
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 is the dividend payable at the beginning of period t on the previous periods operations.

Earnings are defined in this model as after-tax receipts by shareholders.  This does not include un-realised capital gains, but does include capital gains tax liabilities where applicable (at this stage we choose to abstract from them).  We also assume that profits generated in period t are distributed as dividends at the beginning of period t+1.

In a one period problem in the absence of taxes, arbitrage behaviour in financial markets ensures that equilibrium is characterised by
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(3)
where

· 
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 is the cash rate in period t which reflects a riskless required rate of return.

Expression (3) says that, in equilibrium (i.e. after all arbitrage opportunities are exhausted), the rate of return on holding equity (dividends and accrued capital gains) will equal the investor’s discount rate.

Extending this, and using (1) and (2), we can set up a discrete time, multi-period problem with perfect certainty and solve for V0.
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where 
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 is the value of the firm today.

The terminal constraint on the firm (the value of 
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) is the value of the firm at the “end” of the time horizon.  As we are considering the value of equity in a corporate enterprise, it seems sensible to remove the issue of a terminal value completely and assume an infinite horizon.

In a typical inter-temporal model of investment, the terminal constraint is assumed away by the application of a transversality condition which states that, as long as 
[image: image12.wmf]T

V

 remains bounded as 
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, the right-most term of (4) approaches zero.  This can probably best be understood by understanding what behaviour it rules out.  According to the arbitrage condition implied by (3)¸for the firm’s value to grow at a rate faster than i requires the payment of negative dividends.  Thus, the transversality condition rules out the possibility of a firm growing faster than i for ever while paying negative dividends.
(4) becomes
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(5)
Expression (5) says that the present value of equity in the firm is equal (in equilibrium) to the sum of all future dividend streams minus any new share issues.

2.2.
Company and Personal Income Tax

Shareholders face income taxes on income streams they receive from holding assets.  These come in the form of company (CIT) and personal (PIT) income taxes on dividends, or personal income tax on interest receipts.

Dividend taxation takes two basic forms:

2.2.1.  Classical CIT System

In this system, dividends are taxed at the company level and again at the individual level, but carry no tax credits for the shareholder.  Therefore, the after-company-tax dividend received is taxed again at the shareholder’s full marginal rate of personal income tax.  If we denote the firm’s before-tax profit as 
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Following this, (5) becomes
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(6)
2.2.2.  Dividend Imputation CIT System

Dividend imputation refers to the transfer of tax credits to the shareholder for tax paid at the firm level.  This change in the method of taxing income was a significant move toward a Haig-Simons-Carter style comprehensive income taxation system, and was part of a series of base broadening and rate reduction reforms that were introduced after the Draft White Paper on the Australian taxation system in 1985.

In this paper we will abstract from the issue of foreign ownership.  This assumption allows us to abstract from complications that arise from the tax treatment of foreign sourced income.  These issues will be addressed at a later time in my dissertation.

Under the dividend imputation system, shareholders can receive franked or unfranked dividends.

Unfranked dividends are distributed with no tax credits, and the shareholder is liable for the full marginal rate of personal income tax on each dollar.

Franked dividends are a little more complicated.  To simplify the analysis, let’s begin by assuming that the shareholder can claim credit for the entire amount of corporate income tax paid on the franked dividend, as would occur under a full dividend imputation system.  Company income tax is paid on the before-tax profit, and the after-company-tax profit is paid as a franked dividend,
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Effectively, then, the shareholder receives (t in full;
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Shareholder after-tax earnings with full imputation are
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While Australia (for example) currently allows full dividend imputation, many other countries only allow partial credit for tax paid at the company level.  To allow us to choose the “degree” of dividend imputation, we introduce a new variable,

· 
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, which denotes the proportion of total tax paid at the company level in period t that can be claimed as tax credits for personal income tax.

To make sense of this variable we can run a simple thought experiment, as follows:

With partial imputation, the firm generates (t and pays 
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 in tax credits.  The shareholder then pays tax on the sum of these two amounts, in which case shareholder earnings are
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denotes full dividend imputation,
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denotes partial dividend imputation, and

· 
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denotes zero imputation, or alternatively, a classical CIT system.

Combining franked and unfranked dividends into a single expression, we have
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, and denote the share of unfrankable and frankable earnings paid by the firm.

The value of the firm in equilibrium over an infinite horizon is
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2.3.  Capital Gains Taxation

2.3.1.  Taxing Accrued Capital Gains.

Accrual-basis CGT systems require an asset holder to pay CGT at the end of every period on gains accrued during that period.  This type of CGT system is almost always assumed in theoretical modelling due to its convenience.

Taking account of the periodical outflow of funds required to pay the accrued CGT liability, the expression for shareholder earnings becomes


[image: image34.wmf](

)

(

)

(

)

[

]

(

)

1

1

1

1

1

1

-

-

-

-

-

-

-

+

-

=

t

o

t

t

t

f

t

t

t

t

t

t

t

t

V

V

c

D

D

E

y

t

t

g

q

q


where

· ct is the rate of the capital gains tax in period t, and

· 
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 is the proportion of the total capital gain that is taxable.

We include (t because only a proportion of capital gains are taxed under some CGT regimes.  Two examples are Australia (50% of the nominal gain, post Ralph) and Canada (75% of the nominal gain).

With this definition of E, the value of the firm over an infinite horizon is
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The capital gains tax terms in the denominator of (8) dilute the shareholder’s receipts over time by the value of CGT paid in each period.  Each dollar that is paid in capital gains tax has an equivalent present value in terms of dividends, and thus the payment of CGT is equivalent to losing a proportion of the total holdings at any point in time.

2.3.2.  Taxing Realised Capital Gains

The essential difference between the accrual- and realisation-basis CGT systems arises from the timing of CGT payments, and therefore their present value.  With a realisation-basis CGT, the payment of the CGT liability is delayed until the asset is realised, and thus the liability is discounted at the rate applicable to the period of the sale, which may or may not be the period in which the capital gain was incurred.

To capture this essential difference we need to account for the timing of CGT payments.  In equilibrium, the value of the shareholder’s earnings in a single period problem are
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where

· 
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 is the proportion of the shareholder’s total equity in the firm realised in period t.

Notice how we divide the value terms into three components for expositional purposes:
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, the CGT payable on the realised capital gain, and
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The specification in this paper reflects work in progress.  Given a value of 
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, the realisation system drives a wedge between the value of holding equity and its realisable value.  The value of the firm to the holder is the present value of all future income streams minus any tax payments, including CGT payments.  The realisable value of the firm is the price that another individual is willing to pay, which will be given by the present value of the income streams and that individual’s tax liabilities.  Assume that the holder purchased the shares in period t, and is looking to realise some proportion of them in period t+1.  The value of each share to the holder in period t+1 is the after-tax dividend streams from period t +1 onwards, minus any capital gains tax that must be calculated against period t values.  From the potential purchaser’s point of view, the shares are worth the present value of after-tax dividend streams from t+1 onward minus any CGT liabilities that are calculated against period t+1 values.  Therefore, as long as these shares appreciate in value, their value to a buyer is always greater their value to a seller.  In this paper we simplify somewhat by assuming that the value of shares to a seller and a buyer are equal, and thus we underestimate their value to the original owner in period 0 by overestimating the present value of capital gains tax payments.

At the beginning of period 1, the shareholder holds a proportion 
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 of the shares held at the beginning of period 0.  From this point on (assuming no more share realisations), the shareholder will receive a proportion 
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 of the distributions (dividends and capital gains) paid each period relative to the original entitlement.  However, the price the seller receives for the proportion 
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 that was realised is, by definition, equal to the present value (at the beginning of period 1) of a proportion 
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 of all future distributions.  Thus, although 
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 of the original holding has been sold, the shareholder has a claim over 
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 of all future distributions plus cash from the share sale equal in value to 
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 of all future distributions.  The shareholder has transformed part of the original total asset holdings, originally comprised entirely of claims over future income flows, into cash equal in present value to the proportion of the claim sold.  Most importantly, the value of the shareholder’s total asset holdings has not changed (i.e. 
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This point is important when we move to a multi-period problem.  The shareholder will only receive 
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 of next periods distributions, but is, in a sense, already holding as cash the value of the residual 
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 we also need to add back in 
[image: image55.wmf]1

e

 of these distributions to take account of the value of the cash generated by selling 
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 the previous period.  In the accrual case we noted that the capital gains tax has the effect of diluting the shareholders future earnings, because the cash due on the CGT liability has an equivalent present value in terms of future distributions.  The same is true in this case, only now the dilution is due to a tax calculated on the realised capital gain 
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 above, it is clear that it is the capital gains tax itself that dilutes the value of the shareholders equity at time 0 and not the sale of shares themselves.

Solving across an infinite horizon we obtain
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(9)
where 
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The difference between the accrual and realisation based systems is evident in comparing (8) with (9).  In (8), the impact of the capital gains tax paid in each period is captured by the term 
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 in the denominator.  Because the tax is payable on a single period’s capital gain, and is payable at the end of that period, simplifying produces a comparatively simple expression that calculates the present value of the CGT liability with reference to a moving base (always the previous period).  In (9) the present value of any CGT liability needs to be calculated with reference to a constant base (always the period of acquisition), and summing these is dealt with by 
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2.3.3.  Real vs. Nominal Capital Gains.

Allowing for inflation indexing in this model is quite simple, and we use a method which follows Benge (1997 and 1998).  In the accrual system, we modify shareholder earnings to be partly a function of real or nominal capital gains, depending on the value of a dummy variable which allows us to switch a price index on or off.  Solving for the value of the firm over an infinite horizon we find
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(10)
where

· 
[image: image65.wmf]t

p

 is the proportionate growth in a general price index, such as a GDP deflator, and

· 
[image: image66.wmf]a

 is a dummy variable which the takes the value 1 for real capital gains taxation and 
0 for nominal capital gains taxation.

With 
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 set at zero, 
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p

 falls out of the expression and the nominal change in the value of equity is taxed.  When 
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 is set at one, the value of the firm’s equity in the base period is inflated to take account of the price level.

Repeating this for the value of the firm in a realisation basis CGT system produces
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where 
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Combining (10) and (11) into one expression and using a dummy variables, (, as a switch where

· 
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 imposes accrual-basis taxation, and
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 imposes realisation-basis taxation,

we have
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with 
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3.  Constraining the Firm’s Behaviour

3.1.  Cash Flow Constraint

The firm’s sources and uses of funds are summarised in the expression
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where

· 
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 is the firm’s CES production function, where

· 
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 is an efficiency parameter (always positive) which says something about the state of technology,

· 
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 is a distributional factor (always positive) denoting input shares, so 
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 is a parameter taking a value greater than or equal to –1 but not equal to zero
 and which embodies a constant elasticity of substitution 
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L

 is the firms total employment of labour in period t,

· 
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w

 is the price of labour,

· 
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 is the firm’s effective total usage of capital in period t, due to the capital stock available to it at the end of period t-1, being some function of capital of types 1 to N, distinguished by tax status (allowances and deductions),

· 
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Q

 is the firm’s effective total intermediate usage of goods, 

· 
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P

 is the purchaser’s price of intermediate goods,

· 
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p

 is the producer or basic price of the firms output in period t,

· 
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B

 is total issues of one period bonds in period t,

· 
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r

 is the interest rate on the firm’s debt, to be discussed below,

· 
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I

 is the level of real investment in new capital goods,
· 
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q

 is the asset price of capital goods,

· 
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u

 is the rate of payroll tax in period t, and

· 
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T

 is corporate income tax payable in year t.

3.2.  Tax Liabilities

Tax payable in period t is
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where

· 
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 is the deductible capital allowance (investment expenditure and depreciation allowances) on a dollar of capital purchased in period s, payable t-s periods later.

3.3.  Growth in the Capital Stock

The firm’s capital stock in any period t will increase in size by the level of real investment, 
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, and depreciate at a constant geometric rate (, and so
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(15)
Depreciation in this context is physical depreciation, and differs from the accounting principle defined in (15) above.  The firm’s capital stock at the end of period t is equal to the depreciated value of the previous period’s capital stock plus investment.  With the firm using the capital stock available at the end of period t-1 in production in period t, this specification implies that there are time or “gestation” costs involved in installing capital.  Investment decisions in period t are based on an analysis of the revenue streams produced by the marginal unit of capital starting from period t+1.

3.4.  The Cost of Debt

A standard assumption in finance and financial economics is that the cost of debt increases with a firm’s financial leverage.  Simply put, as long as the net rate of return on the firm’s capital is greater than the net cost of debt, increasing the proportion of debt in the firm’s financial structure will increase the profitability of the firm and, therefore, the rate of return to shareholders.  However, because debt service obligations do not vary with the firm’s profitability, an increase debt commits the firm to larger fixed funds outflows.  Thus, from the point of view of investors, higher leverage tends to be associated with greater risk.

In applying this concept to our model, we effectively incorporate a very basic type of uncertainty.  It is certainly true that the cost of debt is related to many more things in a much more complicated way than a simple appeal to risk associated with financial structure might imply
, but as a component of a practically-focussed CGE model it seems an attractive proposition to make some allowance for this in a relatively simplified form.  Further, in seeking to analyse the optimal financial policy of the firm, assuming such a relationship will tend to promote interior solutions that better reflect the financing choices we observe in real-world firm behaviour.

Firstly, we define a ratio to capture the firm’s financial leverage:

leverage
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where we define leverage to be the firm’s total debt liabilities as a proportion of the nominal value of its capital stock.

In effect, what we are attempting to do here is to formulate an active supply side to the market for debt.  We formulate the equation as a non-linear function with an intercept term given by i, which we now define as the required riskless rate of return, and so
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(16)
The exponent, bt, determines the shape of the function.  Increasing the size of bt acts to “focus” investor reactions into relatively large values of rt.  The intercept term also insures against the unrealistic situation of the firm being offered a zero interest rate if it is borrowing for the first time.  st is a parameter that enables us to scale the impact of changes in the firm’s leverage on the cost of debt.  Making appropriate substitutions in (13) and (14) provides
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3.5.  Inequality Constraints

Finally, we had a few more constraints on the firm’s behaviour.  Firstly, we assume that investment, unfranked dividends, franked dividends, outstanding debt and new equity issues must be non-negative,


[image: image103.wmf]0

³

t

I

,










(19)

[image: image104.wmf]0

³

t

D

,










(20)

[image: image105.wmf]0

³

f

t

D

,









(21)

[image: image106.wmf]0

³

t

B

,










(22)

[image: image107.wmf]0

³

N

t

V

.









(23)
Constraining investment in this way stops the firm from liquidating its productive capital in order to finance any use of funds (paying dividends, servicing debt or funding new capital).  This sign restriction limits the rate at which the firm’s capital stock can shrink to the rate of depreciation, 
[image: image108.wmf]d

.

The payment of negative dividends is constrained by corporations law.  For example, incorporation and limited liability for public companies caps the liability of shareholders for company debts to, at most, their paid-up capital..  Further, market pressures make it unlikely that firms would ever attempt to force shareholders to contribute more capital for no return.  On the matter of new equity issues, in the context of our analysis it seems sensible to assume that firms are not interested in share buy-backs, let alone that a firm’s ability to re-purchase its own equity is usually restricted by corporations law.

Under a dividend imputation regime, it is illegal for a firm to issue franked dividends over and above the balance in its franking account.  This constraint is effectively brought to bear when tax deductions cause a dichotomy between the statutory rate of CIT and the actual amount paid.  Therefore we impose an inequality constraint, following Benge (1997 and 1998),
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(24)
which requires that the firm has a dollar in its franking account for every dollar of franked dividends it issues.

The firm’s optimisation problem is thus defined as the maximisation of (12) subject to (15) through (24).

4.  The Firm’s Optimal Financial Policy

The firm’s optimal financial policy is crucial to the solution.  Because of different tax treatments, the firm’s potential sources of capital have different costs.  Further, because of the way we have endogenised the interest cost of debt, the level of output also has a role and, thus, so does investment.  As will be discussed in more detail below, the firm’s investment is a decreasing function of the cost of finance, and thus an analysis of the cost of the firm’s alternative sources is required.

4.1.  The Cost of Retaining Unfrankable Earnings

When the firm retains a dollar of unfrankable earnings in period t, the cost to shareholders is the after-tax dividend that they forego in that period, 
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4.2.  The Cost of Retaining Frankable Earnings

The cost to shareholders of retaining frankable earnings is the after-tax dividend forgone, which is equal to 
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4.3.  The Cost of Issuing Equity

Assume for now that there are no issue costs involved in raising equity finance.  In order to convince a potential investor to provide a dollar of capital to the firm, the firm must offer this individual an income stream with a present value of one dollar.  Because we assume that the investment and its associated revenue stream are given, the value of the firm to existing shareholders (inclusive of the income streams generated by the new investment) must fall by a dollar.  Existing shareholders therefore bear a cost equal to a dollar minus the capital gains tax that would have been payable on that dollar.  Therefore the cost to shareholders for the case of nominal capital gains tax (ignoring realisation issues for now) is 
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When we allow for inflation indexing, the equity issue still costs the firm the net-of-CGT value of the issue, but now with the basis of the CGT calculation adjusted for inflation.  The investor would have received a dollar before tax, on which there would be a CGT liability of 
[image: image113.wmf](
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, the second component taking account of the CGT that is not payable due to indexing.  Thus, the cost of a dollar of equity (one dollar minus the CGT liability) issued in period t, is 
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.  Compared with the case of a nominal CGT, inflation indexing in the presence of inflation will cost the shareholder c( more per dollar issued, because the tax saved on the implicit capital loss is less.

If we assume a realisation-based CGT system, the answer is not quite so clear.  Once we allow for CGT payable on realisation, the net of CGT value of the dollar of equity to the new shareholder becomes dependent on the shareholder’s behaviour.  If the entire dollar is realised at the end of the period, the net value is the same as for the accrual-based case.  On the other hand, if the asset is never sold, its net value is one dollar, because no CGT will ever be paid.  The term “value”, however, seems to lose some meaning when no consumption benefits are ever enjoyed by the shareholder from the capital gains component of these earnings.  For the investor who falls somewhere in between these two extremes, the net present value of this equity is dependent on when CGT liabilities are settled.

The cost of an equity issue of one dollar in period t with a realisation based-CGT in place is equal to one dollar minus all the CGT payments that would have been made.  Therefore, we have 
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Intuitively speaking, this says that the cost of issuing one dollar of equity in a realisation-based CGT system is equal to one dollar minus the present value of all CGT payments on that dollar in the future, discounted appropriately.

4.4.  The Cost of Issuing Debt

To simplify a little, think of a firm that issues a perpetuity and commits itself to an infinite stream of interest payments, but is never required to repay the principal.  Using a dividend imputation income tax system as a basis, shareholders forego


[image: image116.wmf](

)

(

)

[

]

(

)

(

)

(

)

(

)

[

]

t

t

t

t

t

t

t

t

t

t

i

i

t

g

q

t

t

t

g

q

-

-

-

º

-

ú

û

ù

ê

ë

é

-

-

-

-

1

1

1

1

1

1

1

1


per annum.  Therefore, a perpetuity issue of one dollar costs shareholders
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for an accrual-based CGT system and
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for a realisation-based system.

The issue of a perpetuity in the presence of a full dividend imputation system creates an interesting result.  In the nominal CGT case, or in the case of a real CGT with no inflation, the cost of debt issued as a perpetuity is exactly equal to the cost of issuing equity.  With full imputation, 
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 is set at 1, and an infinite income stream of 
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 per annum has a present value of one dollar.  The change in the value of the firm is the after-CGT value of this dollar.  This result has already been discussed by a number of authors including Benge (1997).

In a classical company tax system, the after tax cost per annum to shareholders is 
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for an accrual-based CGT system, and
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for a realisation-based CGT system.

5.  The Cost of Capital

5.1. Some Methodological Issues

The firm’s cost of capital is now attainable from the solution to a constrained optimisation problem where the firm seeks to maximise 
[image: image124.wmf]0
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 subject to the constraints discussed above.  Details of this process are given in Appendix 1.

The cost of capital expression is derived from a manipulation of the first order conditions.  In its “raw” form, the first order condition for capital provides some useful insights.
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(25)

This expression tells us about the costs and benefits of increasing the firm’s capital stock in period t by one unit, and implies that the firm should continue to increase its usage of capital until these costs and benefits are equal at the margin.  The benefits of an extra unit of capital are
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the net-of-company-tax value of the revenue generated by the marginal unit of capital,
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the reduction in the (tax deductible) interest rate the firm must pay on debt due to a reduction financial leverage caused by the increase in the capital stock by one unit, and
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the residual value in period t+1 of the marginal unit of capital installed in period t.  This captures the present value of the product of this marginal unit of capital measured in period t+1.

The cost of this marginal unit of capital is given by
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the net monetary cost of purchasing a unit of capital.

The Lagrangian multipliers 
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,
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 and 
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 denote the sensitivity of the solution to an extra unit of capital via its effect on the firm’s cash flow, tax liability and capital stock constraint respectively.  We solve for the values of these multipliers under two scenarios (to be discussed below) in Appendix 1.

In equilibrium, we can assume that the firm determines its optimal capital stock by equating the marginal revenue product of capital with the dollar value of its marginal cost.  Solving (25) for the marginal revenue product of capital, we obtain
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(26)
Simply put, when the firm increases its capital stock by a unit when behaving optimally, its ability to pay dividends is reduced by the cost of purchasing that unit of capital (determined by 
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), but increases its ability to pay dividends via the extra net-of-tax revenue this capital generates, the impact of a lower net-of-tax interest rate on debt, and by the residual value of the unit of capital available for production in the subsequent period.

The left hand side of this expression is effectively the firm’s investment demand curve.  Solving this expression for each period generates a time path for investment.  In this paper, we have no exogenously imposed structural changes in the firm’s economic environment, and thus the firm does not have any reason to grow or shrink.  This firm, under the conditions assumed in this paper, will find an optimal, profit maximising capital stock which it will seek to attain every period.  Knowing this, and using expression (15), we can deduce that
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and therefore
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This says that investment in new capital in every period will be that amount required to restore that portion of the capital stock lost through depreciation.  Growth is easily imposed on this firm, most obviously via exogenous technical change (via the parameters A and a in the CES production function) or by imposing a change in the prices of the firms product and/or inputs.

Provided below are cost of capital expressions for two firms; one operating in the current Australian taxation system, and one operating in the taxation system currently in operation in the United States.

5.2.  An Australian Firm

The derivation of the following expressions is given in Appendix 1.
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(27)
It is instructive to analyse this expression by making sense of the various terms.  Firstly, the common multiplier term on the right hand side of (27),
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This is found by solving the term 
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 in (26).  This term “grosses up” the right hand side of (27) to allow us to define the left hand side of the expression as the before-tax value of the marginal revenue product of capital.  An increase, for example, in the personal income tax rate of the shareholder in period t+1 will increase the cost of capital to the firm, because it increases the required before-tax rate of return on the new unit of capital needed to satisfy the shareholder’s arbitrage condition.  Next,
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This term details the net-of-tax-allowances purchase price of a unit of capital in year t.  The purchase of a unit of capital in period t requires funds.  Whether the new capital is financed internally or externally, the opportunity cost of these funds is the franked dividend that would otherwise have been paid.  From a shareholders point of view, the cost of these funds is the after-tax dividend they would have received and, due to dividend imputation, the only tax rate that is relevant to the shareholder is the personal income tax rate.  Therefore, as the personal income tax rate increases, the opportunity cost of the funds used to purchase the capital is reduced, and thus an increase in the personal income tax rate reduces the cost of capital via this channel.  Keep in mind, however, that an increase in the personal income tax rate will also reduce the value of the alternative investment that we assumed in the arbitrage condition (one period bonds) and, thus, in the investor’s discount rate.  Thus, as the personal income tax rate increases, the rate at which investors discount cash flows will also decrease, and so the cost of the purchase will again be reduced – as seen from one period ahead.

The new unit of capital will also cause an appreciation in the value of equity, because it increases the value of future income streams.  The higher is the capital gains tax rate, the higher is the capital gains tax liability that this imposes on the shareholder.  Thus, as the CGT rate gets larger, so too does the cost of capital.  The reason that the personal income tax rate and the capital gains tax rate have different signs in this expression is because the shareholder forgoes a dividend and receives a capital gain due to the capital purchase.  Thus, an increase in dividend taxation reduces the net loss to the shareholder, while an increase in the capital gains tax reduces the net gain.

The role of the deductibility of depreciation and investment allowances operates as follows.  These deductions are strictly related to the rate of company taxation, but have a dual impact via an effect on revenue and the firm’s ability to distribute franking credits.  That is, the deductions cause the firm to pay less company tax, but also reduces its ability to pay franked dividends.  Further, the transfer of tax credits to the shareholder by the imputation system passes these deductions onto the shareholder dollar for dollar – just as tax paid at the company level is credited to the shareholder for personal income tax calculations, any deductions are effectively tax not paid that is passed onto the shareholder.  In effect, a tax deduction reduces the payment of franked dividends, increases the level of retained unfrankable earnings, increases the value of the firm via the effect on firm’s balance sheet (an increase in the asset side, however recorded), and thus causes this “income” to bear capital gains tax rather than income tax.  As such, an increase in deductions causes a reduction in the cost of capital by reducing the loss to shareholders due to a reduction in dividends that could have been paid if not for the purchase, while there is an increase in the cost of capital because the increase in retained earnings due to lower tax payments causes a larger capital gain and thus larger capital gains tax payments.

In the presence of the realisation based capital gains tax, the capital gains component of this calculation is partly dependent on the rate of share realisations.  As shareholders increase the rate at which they realise shares, the value of capital gains tax liabilities increases, an thus so too does the cost of capital.  This compounded by the fact that, as shareholders increase the rate at which they realise their shares, the value of 
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 increases also.

Also implicit in 
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 is the role of inflation.  If the CGT is indexed, an increase in inflation will reduce the present value of CGT liabilities, ceteris paribus, and thus reduce the cost of capital.
The second term on the right hand side of (27),
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captures the net residual value of the new unit of capital at the end of period t+1 after it has been depreciated through use.  This term tells us something about the ongoing benefits of a unit of new capital.  An increase in the rate at which capital physically depreciates will increase the cost of a new unit because it implicitly increases the capital component of the cost of production each year, which is equal to
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Notice also that the asset price of capital in period t+1 enters this expression.  Asset price inflation between periods t and t+1 will decrease the cost of capital to the firm, because the residual value of the capital left over at the end of period t+1 increases.  From another perspective, if the firm was to liquidate its assets at the end of period t+1, it would receive more for the residual of the marginal unit of capital than otherwise.

With respect to the tax terms and the tax allowances, a similar logic to that used in our discussion of the previous term explains their role.  To a potential purchaser of this residual capital, a change in any of these parameters has the same affect as it did for the original purchaser when that decision was being made.

The third term in (27),
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captures the role of the increase in the capital stock on the firm’s financial leverage and, thus, the cost of capital via the cost of issuing debt.  We have assumed that – if a firm finances a unit of capital in period t by a debt issue in period t – it will benefit from the revenue generated by the new capital in period t+1.  Further, we have assumed that the interest rate payable on this debt issue in period t is partly determined by the capital stock available in period t (i.e. 
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), but is payable in period t+1.  Thus, the reduction in the cost of debt caused by an increase in the capital stock needs to be discounted by two periods, because it effects the cost of debt two periods hence.

Also, note that an increase in the price of capital goods in this context acts to reduce the cost of capital, because it increases the nominal value of the capital stock and thus reduces the financial leverage of the firm as we have defined it.

The tax rates in this component of the cost of capital expression simply capture the idea that – due to the deductibility of interest – any savings the firm makes on interest are net of tax.  Further, due to the transfer of tax credits resulting from dividend imputation, any company tax savings made on interest deductions are passed on dollar for dollar to the shareholder who then benefits from the after personal income tax value of this saving.

It is important to remember that this term relates to decisions regarding debt that are made in period t+1.  Our analysis of the firm’s cheapest financing sources showed that this firm will retain unfrankable earnings and issue debt before it resorts to a bond issue, given the conditions it faces in period t.  The change in the capital stock in period t will impact on the cost of bonds issued in period t+1 by effecting the interest rate it pays to service this debt in period t+2.  Therefore, while at first glance it might seem inconsistent to say that the firm will not issue debt but still enjoys a benefit from an increase in its capital stock due to a fall in the cost of its debt, an appreciation of the timing issues inherent in (27) solves this conundrum.  Further, if the firm does not issue debt in period t+1, 
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 in (27) takes the value zero and the whole term vanishes.

Finally, consider what would occur if we imposed some growth on this firm.  As the firm retains earnings and issues equity to finance growth in its capital stock, its financial leverage continually declines and its potential cost of debt falls.  Once it fall far enough, the firm will choose to issue debt rather than equity and the process reverses itself.  Thus, we could see the firm issue both debt and equity as the dynamic consequences of its financial policy flow through into the cost of debt.

If the various tax rates and allowances do not change, (27) simplifies to
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(28)
This highlights the role of potential tax rate and behavioural changes that occur between period t and t+1.  In (27), the common multiplier term that grosses-up the right hand side contains tax and realisation rates for period t+1, while the term that captures the net purchase cost of a unit of capital contains rates for period t.  The multiplier accounts for the after tax value of the income stream that flows from the new capital, and these flows do not occur until one period after the purchase is made and one period before it has an impact on the firm’s cost of debt.  Changes in tax rates between these periods will cause movements in the firm’s cost of capital.  This highlights the dynamic nature of tax policy and supports the idea that expectations of policy changes will effect economic outcomes.  This is an area for further research in my thesis.

5.3.  A U.S. Firm
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The difference between this expression and (27) above is found in the tax coefficients in each of the three terms on the right hand side, and the way in which deductions are incorporated into the capital cost structure.  This is not surprising – Modigliani and Miller showed that it is the differential taxation of financing sources that is solely responsible for differences in their costs.

Without dividend imputation available to shareholders, we see the company tax rate appear in each case, whereas it was entirely absent in (27).  In the common multiplier (the “grossing-up” term discussed above), we see that the company tax rate now appears in the denominator, and acts to increase the cost of capital.  The lack of tax credits, and the resultant double taxation of dividends, increases the rate of return that shareholders required in light of the arbitrage condition (expression (3) and its variants).  The alternative investment – one period bonds – is not subject to the company tax, and thus double taxation of dividends raises the value of the return on capital at the margin that an investor requires to be enticed into providing equity capital to the firm.

The term that denotes the purchase cost of the new unit of capital is
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 are identical to that explained above for the Australian firm.  However, we now see that 
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 enters the expression in a different manner.  Without any provision for the transfer of deductions via the imputation system, the shareholder benefits directly from any deductions available at the company tax level.  Thus, the opportunity cost to the shareholder of cash used to purchase a unit of capital is after tax value of the dividend foregone, with account made for deductions.

Unlike in the case of the Australian firm, the capital gains tax does not appear in the numerators of any of these coefficients.  This is because  - given our assumption about the firm’s financial policy - the firm always distributes dividends.  Further, because of the lack of dividend imputation, the firm never faces a situation where it can pay franked dividends and retain unfranked dividends, and thus never faces a trade-off between tax deductions and its ability to pay franked dividends.  For this firm, the interplay between deductions and the tax system will not move the taxation of distributions from income taxation to capital gains taxation.

The logic behind the remaining terms in (29) is given in the discussion of the Australian firm and the role of the tax coefficients in (29) immediately above.

If tax rates remain constant, (29) simplifies to
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(30)
6.  Concluding Remarks

In this paper we have outlined the theoretical underpinnings of two approaches to incorporating business taxation into an investment problem for a corporate enterprise.

The first and simpler method allows us to analyse the role of taxes and allowances on the value of the firm, assuming that its investment decisions and before-tax profit streams are given.  We saw that the interplay between taxes and the value of the firm can be quite complex, especially when we apply a dividend imputation system and a realisation-basis CGT system.  Understanding the impact of a policy shift on the firm enables us to infer something about the required rate of return on investment and, thus, the level of investment undertaken.

The second tells us something about investment and the cost of capital to the firm under optimising assumptions.  We set up a constrained optimisation problem and solved for the optimal level of investment and its associated cost, as well as the levels of all of its choice variables.  In this way, we determine the optimal level of investment to maximise the firm’s value to its shareholders, and generate an expression that tells us how the tax system effects the cost of funds to the firm in equilibrium.  Compared to the first approach, this allows us to actually maximise the value of the expression that we discussed in the first section and then generate a time path for investment.  For applied CGE modelling, this second method has more intuitive appeal.

We also introduced a simplified formulation of realisation-basis capital gains tax.  We simplified somewhat by assuming that, effectively, the CGT is calculated against a constant base period.  The next step is to derive an expression that incorporates the full effect of the timing issues discussed above, most notably the fact the firm is worth more to the buyer than the seller for any given future transaction.  This occurs because, from the point of view of the original shareholder in period 0, the CGT liability of any future buyer is calculated against a future base period.  This shouldn’t be taken to mean that the shareholder should therefore sell all current holdings in every period, because this point requires that we assume a given sale of shares in some period.  If we allow the shareholder to choose how much and when to sell, the value of the CGT liability can be reduced by delaying the sale of the shares.  We are currently working on a method of modelling a realisation based CGT which allows the investor some choice about when and how much to sell, and which takes account of the timing issues discussed above.
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To simplify matters, assume
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The problem that the firm attempts to solve is a profit maximisation problem.  The objective function defines the present value of the firm’s profit streams, in this case called dividends (which is simply a label we attach to lows distributed to the firm’s residual claimants – the owners of its capital).

The Lagrangian function is
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The solution requires

(a) a set of first order conditions,
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(A1.11)
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(A1.12)

(b)
a set of non-negativity restrictions,
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(A1.18)
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(A1.19)

and, (c) a set of complimentary slackness conditions,
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(A1.25)
The Lagrangian multipliers 
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 act as slack variables.  For each variable, the value of this multiplier is set at 0 if the constraint is slack.  The Kuhn-Tucker conditions (a set of “first order” conditions for non-linear mathematical programming problems) include a set of complimentary slackness conditions that state that for any variable x subject to a non-negativity constraint
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This effectively means that the solution involves a non-negative stationary value of x or, as the alternative is a negative stationary value, the value of x must be zero.  The addition of the slack variables means that
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These complimentary slackness conditions allow for the possibility that the stationary value of x might be negative, and so at the boundary (where x=0) the first derivative of L with respect to x might not be zero.  These slack variables allow us to set-up all of the first-order conditions as equalities.

Solving for the nominal wage rate,
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(A1.26)
This simply says that the wage rate will equal the marginal revenue product of labour in equilibrium.

Repeating for Q
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(A1.27)

and for K,
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(A1.28)
The Cost of Capital

Australia

We have assumed the following in analysing the cost of capital for Australian corporate enterprises:

· CIT rate 30%,

· PIT rate 33% (mean),

· CGT rate 16.5% (PYT*0.5),

· No indexing,

· No averaging,

· Underlying riskless interest rate 6%,

· Interest is deductible for firm and individuals,

· Full dividend imputation,

· Annual realisation rate of 0.1.

Analysing our firm’s cheapest financial sources at the margin, we find that it will always issue franked dividends when in a position to do so, and equity is a cheaper source of capital than debt.  In fact, under the realisation based CGT, the cost of debt can fall below that of retained franked earnings as ( falls.  However, because we have assumed that the cost of issuing equity is constant, firms will retain all available unfranked earnings (available due to tax allowances) and then issue equity to finance investment.  Therefore,
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(A1.29)
From (A1.7)
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Because we have assumed that the firm will always pay franked dividends when it is in a position to do so, this becomes
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In Australia, full dividend imputation is available to shareholders receiving franked dividends, and so we set 
[image: image220.wmf]t

g

at 1, and this becomes
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(A1.30)
Again, under the assumption that firms always pay franked dividends if they have the franking credits available, substituting (A1.30) for 
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in (A1.4) provides
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(A1.31)
Following Benge (1997), we denote the present value of all tax allowances arising from It as 
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Therefore, from (A1.5)
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If I is strictly greater than 0, we can set 
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 at 0.  This seems sensible, as otherwise we would be implying that the firm could possibly maximise the value of shareholder capital by reducing the size of the capital stock at a rate determined by 
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 year-on-year.  Therefore
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(A1.32)
Taking (A1.28) and making the appropriate substitutions,
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(A1.33)
If the various tax rates do not change, then this becomes
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(A1.34)
United States

We have assumed the following in analysing the cost of capital for a US corporate enterprise:

· CIT rate 35% (US corporations face a progressive CYT scale, with the top rate of 35% coming in at levels of taxable income over $18,333,333.  The lower rates are effectively tax concessions to small business, and do not apply to the majority of US corporations.  Assuming the top rate seems sensible),

· PIT rate 30% (mean),

· CGT rate 20% (for assets held longer than 12 months),

· No indexing,

· No averaging,

· Underlying riskless interest rate 6%,

· Interest is deductible for firm and individuals,

· Zero dividend imputation,

· Annual realisation rate of 0.1.

An analysis of the costs of the three potential sources to US firms reveals that (under our assumptions) the ordering from most to least preferred is new equity issues, debt issues, and retained frankable earnings.

This implies that the firm will issue debt or equity to finance investment at the margin and always pay unfranked dividends.  These results are quite sensitive to the assumptions we make about the various tax rates.  Let’s assume for now that the firm will issue equity and – because it has a constant cost – will do so to finance all investment.  The impact of this on the firms leverage via the capital stock will not effect the interest rate on debt until the following period.  Therefore, in deriving a cost of capital expression, we set
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and remove all franked dividend-related variables, including setting
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because the franking account constraint is effectively not binding (i.e. it doesn’t exist in a classical CYT system).

Taking (A1.6), we obtain
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(A1.35)
Taking (A1.4), we obtain
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(A1.36)
From (A1.5),
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(A1.37)
which includes setting 
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 because we assume that they firm’s investment is always strictly non-zero and positive.

Taking (A1.28) and manipulating,
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(A1.38)
If tax rates remain constant, this reduces to
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(A1.39)

� We also introduce here the deductibility of interest on personal account, which enters the discount rate of expression (6).


� As ( approaches zero, the CES production function approaches the form of a Cobb- Douglas production function with an elasticity of substitution equal to 1.


� A few examples are the investor’s confidence in the firm’s management, the state of the economy in general, the state of the firm’s product or factor markets, and the likelihood of unfavourable policy changes in the future.
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