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A. Firms with positive income pay corporate taxes on profits and reduce their total tax burden by claiming various credits and deductions. Firms with negative income and
no past profits only claim tax offsets to lower future taxes payable, realizing both taxes on
production and investment incentives when they become profitable. This paper looks at the
effect of this asymmetric system of partially offsetting losses on the cost of capital. I find
changes in marginal effective tax rates depend on the riskiness of investment. Riskless investments see their corporate tax liabilities deferred into the future under a partial-loss system,
decreasing their marginal effective tax rate by between 2 and 4%. Risky investments have
higher marginal effective tax rates by between 2 and 7%, as they will pay corporate tax immediately if successful and delay receiving investment tax credits and deductions if unsuccessful.
Included in these estimates are changes in the effective tax rate due to changes in the capital
structure of firms. Loss firms are unable to immediately deduct interest payments, lowering
the optimal debt ratio and increasing the cost of financing. I estimate financial decisions under a partial loss system decrease the industry-wide debt-asset ratio between 2-5 percentage
points, but these changes have a minimal effect on effective tax rates.
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During start-up and business cycles, corporations occasionally go through periods of unprofitability. Symmetric tax treatment would dictate that unprofitable firms would receive
a direct government transfer proportional to the size of their loss, just as profitable firms
pay taxes relative to their profit. It is clear current corporate tax systems do not work under
this principle. Instead, tax systems operate under a partial loss-offset system, where rather
than receiving an immediate refund, firms reporting a loss must carry the balance of their
losses forward without interest to lower future taxable income.1 There is a clear basis for
treating firm losses in this manner: firms are prevented from immediately claiming losses
to prevent tax avoidance issues where firms artificially inflate their losses through increased
debt usage (as interest payments are tax deductible) or transfer pricing schemes, or to avoid
implicitly encouraging unprofitable businesses.
This deferral of tax payments distorts investment decisions by making the cost of investment differ whether a firm is tax-paying or not. On the plus side, any revenue from additional investment made by non-tax-paying firms only incurs a tax liability when the firm
becomes tax paying, discounting the marginal statutory taxes paid on additional revenue.
On the downside, these firms must also defer all tax benefits such as investment tax credits
and tax allowances for depreciating capital. With substantial tax credits and deductions
available for some industries, these benefits may outweigh the corporate tax payments and
the change in the marginal cost of capital due to the asymmetric treatment of losses is ultimately ambiguous.
Determining the direction and magnitude of this asymmetric tax treatment on the user
cost of capital requires a complete measure of the tax distortion on investment. This is the
objective of the marginal effective tax rate, which incorporates the statutory tax rate on the
returns from investment, tax depreciation on assets, and other tax credits or deductions to
calculate the wedge between the required rate of return from capital with and without taxes.
1

Canadian firms that paid taxes in any of the past three years are able to carry losses backwards to claim an
immediate refund. Also, tax loss offsets eventually expire if they are not used. To lower the amount of expiring
losses, Canada has extended the number of years losses can be carried forward from 7 to 10 in 2004 and up
to 20 years in 2006.
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This asymmetric tax treatment based on a firm’s tax status has important implications on
the design of tax systems. If firms were able to immediately deduct their losses, it would be
irrelevant whether a firm, industry, or country has a low effective tax rate because they have
a low statutory rate or because they have significant investment incentives to compensate
for a high statutory rate. However, targeted tax credits and deductions may be ineffective
if they are only used when firms are in a tax-paying position, and this effect should be
accounted for when comparing the competitiveness of tax systems. The more a government
relies on using additional tax benefits to spur investment instead of focusing on lowering
its statutory corporate tax rate, the greater the distortion between tax-paying and non-taxpaying firms. The direction of the tax distortion also has implications on firm investment
behaviour during business cycles. If firms with negative income must forgo significant tax
benefits, the cost of capital will increase, further affecting a business’ incentive to invest
during economic downturns.
Most effective tax rate comparisons focus on tax-paying firms, or implicitly assume the use
of a full loss offset system in their calculations. This is not simply an innocuous assumption,
as tax losses are a substantial part of the corporate tax system. Total taxable income of
Canadian corporations in 2008 was $208.9 billion, while claimed tax losses totalled $103.8
billion (Finance Canada, 2010).2 The total amount of unused tax losses available to be
carried forward in 2008, including the closing balance of unused investment tax credits and
capital costs deductions, was $236.2 billion, or more than 13% of Canadian GDP. During
the 2001 recession, there were nearly as many tax-paying as non-tax-paying firms in the
United States (Altshuler et al., 2008). Moreover, the evidence does not support tax losses
being accumulated perpetual loss firms, as over 70% of taxes carryforwards are eventually
claimed in Canada.
Using a novel Canadian dataset, I estimate the distortionary effect of this asymmetric
tax treatment on firm investment incentives. I first predict the frequency and duration of

2

This excludes unclaimed tax credits and depreciation allowances.
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non-tax-paying firms using data from federal income tax returns. The longer firms are nontax-paying, the lower the present value of their tax payments and benefits. I combine the
estimated probability distribution of firms becoming tax paying in the future with industryspecific measures of profitability and a calculated loss-adjusted marginal effective tax rate
for ten industries under a partial loss system. I then compare these results to the marginal
effective tax rate under a full loss-offset system, to find the effect a partial loss system has
on the cost of capital. I find the direction of the change in the marginal effective tax rate
between the two tax systems depends largely on the riskiness of investment. If an investment
has a certain positive after-tax rate of return then the marginal effective tax rate will decrease
under a partial-loss offset system. As the return is constant, a deferral of tax payments results
in effective tax rates to tend toward zero. However, if the return on investment is risky, then
the effective tax rate will increase for all industries. In this case, if an investment is profitable
then the tax liabilities will outweigh the tax benefits and the firm will have an immediate
tax payment; if the investment is not profitable than the tax benefits from investment will
outweigh the taxes on additional investment, but the firm will incur a loss and have to delay
its receipt of these benefits.
There has been some prior work calculating effective tax rates under a partial loss offset
system. Auerbach (1986) calculates the user cost of capital and simulates investment under a partial loss system with hypothetical income and cashflow tax systems. Auerbach and
Poterba (1987) calculate effective tax rates for different types of capital in the United States,
estimating transition probabilities of a firm’s tax status over time. They find the effective
tax rate under partial loss system compared to a full loss system are higher for industrial
equipment and lower for industrial buildings, as equipment has more generous depreciation rates for tax purposes. Mintz (1988) and Glenday and Mintz (1991) calculate effective
tax rates for Canada, using the average time for a tax loss to be used, finding the effective
tax rate to be lower under a partial loss system for all industries.
A drawback of these estimates is their treatment of firm financing decisions. Interest
from debt financing is deductible for tax purposes, making debt financing less expensive
4

than equity for tax-paying firms. Firms in a loss position are unable to claim deductions on
interest payments immediately, diminishing the value of this advantage. This raises the cost
of capital and will cause a shift away from debt due to additional costs associated with debt
financing, including potential agency costs dealing with conflicts in managerial and investor
incentives or expected bankruptcy costs of increased leverage. These previous papers have
omitted changes to financing decisions in their effective tax rates estimates. Auerbach and
Poterba (1987) abstract from this issue by assuming capital is full equity financed. Mintz
(1988) uses the fact that expected tax benefits and bankruptcy costs of debt will offset each
other at the margin, making the cost of financing constant between the two tax systems,
though this will not hold for large discrete tax changes.
The finance literature, on the other hand, has used the interest deductibility of debt
financing and the partial loss offset system as a key factor in optimal capital structure. Firms
are expected to increase debt until their taxable income becomes negative, at which point
the tax benefit of debt will decrease, and this theory can be used to explain interior solutions
of debt-equity ratios. Mackie-Mason (1990) and Graham, Lemmon, and Schallheim (1998)
show firms adjust their financial structure due to changes in statutory tax rates and the
presence of tax losses, finding firms with higher tax rates increase their use of debt to lower
their tax burden. Expanding on this point in a series of papers, Graham (2000) and Graham
and Kim (2009) show the presence of tax loss carryforwards are a significant determinant of
a firm’s debt ratio. In their models, firms estimate the likelihood of having positive profits,
and use enough debt to lower their expected taxable income. Using too much debt will
cause a firm to delay using some of its interest deductions, decreasing its present value. Still,
firms are found to be systematically under-levered in relation to the potential tax savings of
debt as bankruptcy and financial distress costs from leverage prevent firms from maximizing
their use of debt. After measuring the [tax] benefit of debt, van Binsbergen, Graham, and
Yang (2010) attempt to determine these additional costs of debt. They simulate the tax
benefit curve of debt and, using shifts in this curve and the U.S. 1986 Tax Reform Act to
identify the marginal cost curve of debt. They estimate the costs of debt to be equal to
5

approximately 7% of firm value. Korteweg (2007, 2010) uses a capital asset pricing model
and Bayesian MCMC simulations to determine the costs of using debt, finding distress costs
are a convex function of leverage, and observed debt levels amount to 11% of firm value.
To account for changes in financial structure due to the tax system, I parameterize a
functional form for the bankruptcy costs of debt, calibrating my model so the marginal
bankruptcy costs of additional leverage at the observed debt-asset ratio under the current
partial-loss offset system are equal to the marginal tax benefits accruing in the future. I then
simulate the effective tax rate under a full loss offset tax system offering immediate interest
deductibility to predict how far leverage would increase under a symmetric tax system. I
calculate the deferral of interest tax deductions results in a decrease in the debt-asset ratio
by an average of 0.03 across all industries, equal to 6% of the total debt-asset ratio. Industries
with low observed leverage ratios are expected to have the lowest change in their debt ratio
as they may already have high costs of financial distress. However, this decrease in debt
increases the cost of financing, and accounting for this change in capital structure results
in limited increases in the effective tax rate of less 1% across industries. As previewed by
these results, though a partial-loss tax system may have significant effects on the financial
structure of firms, its effect on the user cost of capital is quite small.
The paper proceeds as follows: Section 2 presents the model for calculating the user cost
of capital under the current Canadian income tax system. Section 3 lays out the empirical
approach and results estimating the duration of firm tax losses. Section 4 includes the
parameterization of the model from section 2 and presents results of simulations analysis
of different tax treatments. Section 5 concludes. Proofs for the user cost of capital are
included in the appendix.

2. T M
Consider a risk-neutral firm producing an output good in each period, with total output
given by a Cobb-Douglas production function with decreasing returns to scale F(Kt ) =
Ktϕ , (0 < ϕ < 1) where Kt is the capital stock of the firm and ϕ is the output elasticity of
6

capital. The firm is a price-taker in the output market for its good, selling its production at
a price Pt , making the total operating revenue of the firm Rt (Pt , Kt ) = Pt Ktϕ . The firm has
uncertainty about the future output price, but it is assumed to follow a simple first order
autoregressive (AR(1)) process, with pt = ln(Pt ) and
pt = ν(µ − pt−1 ) + pt−1 + σεt ; εt ∼ N(0, 1)

(1)

where ν is a persistence parameter, µ is the long run price, σ is the variance of the shock, with
εt being a normally distributed independent shock with a mean of zero and variance of one.
The choice of an AR(1) process is consistent with mean-reverting firm profitability (Fama
and French, 2000) being explained by competition in output market prices (Bhattacharya,
1978). Under this formulation, all firms move towards a long-run level of profitability. The
drift of the process is negative if the last period’s price was higher than the long-run mean
and positive if the last period’s price was below the mean.
The firm has control over capital, Kt+1 , equal to investment plus the current capital stock
net of depreciation at rate δ. Investment in capital is made at a unit cost normalized to 1,
which is constant and known with certainty.3 The firm can fund a portion bt+1 of its investment through debt at a cost of the interest rate it+1 in the next period. The equilibrium
interest rate will be determined through a capital market equilibrium derived shortly. The
per period dividend paid out by the firm is given by the equation

Dt = E(Pt |Pt−1 )R(Pt , Kt ) − (Kt+1 − (1 − δ)Kt ) − bt (1 + it )Kt + bt+1 Kt+1 − T t

(2)

The total corporate taxes paid by the firm, T t , depend on the current tax system. The tax
base of the Canadian corporate income tax system is net revenue with allowable deductions

3Given

the additional shock, the firm has uncertainty about the level of their profits between periods. This is
the only source of risk entering the firm’s decision problem, known in the literature as ‘income risk’. Other
authors have noted the importance of other types of risk, such as capital risk, manifesting itself in either
uncertainty about the depreciation rate of capital (Bulow and Summers, 1984) or uncertainty over the price
of capital (McKenzie, 1994).
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for nominal interest payments, economic depreciation and credits for current investment
purchases. Under a symmetric, full loss offset system, the tax burden can be written as

T t = u[R(Pt , Kt ) − it bt Kt − αUCCt ] − ϕ(Kt+1 − (1 − δ)Kt )

(3)

where u is the statutory corporate income tax rate, α is the depreciation rate for tax purposes (the capital cost allowance (CCA) rate), and ϕ is the investment tax credit rate. The
undepreciated capital stock for tax purposes is given by UCCt . The transition equation of
the undepreciated capital stock is equal to current investment net of the investment tax
credit4, minus claimed depreciation on a declining balance method5

UCCt+1 = (1 − ϕ)(Kt+1 − (1 − δ)Kt ) + (1 − α)UCCt

(4)

The firm chooses capital investment and debt ratio to maximize its total value to shareholders at time t. The value of equity is given by the net distribution to shareholders, equal
to the net dividend plus any accrued capital gains on the stock of equity. Assuming no
new share issues, the total discounted value of equity is given by the discounted stream of
dividends,

Et = E

∞
∑
s=t

1
[D s ]
(1 + ρ) s

(5)

and ρ being the after-tax rate of return on equity required by shareholders. Investors are
concerned with the net of tax rate of return they receive either from equity or debt.6 Debt
4The

Canadian tax system deducts the full investment tax credit from the purchase price of capital when determining the eligible depreciation base for investment, allowing the investment tax credit to be fully factored
out of the present value of the capital cost allowance. Only half of the investment is eligible for the credit in
the first year.
5Tax depreciation for most assets follows a declining balance method as shown here. This equation can
be adjustment for specific asset classes offering straight-line write-offs. Depreciation is only claimed when
an investment becomes operational, and only one half of the value can be claimed for investment that is
operational in the middle of the tax year.
6For simplification, the model presented here includes corporate taxes but excludes personal taxes, although
these are included in later simulations. In reality, investors are taxed at a rate m on nominal interest income,
yielding a return of i(1 − m). Similarly, the return on equity is ρ(1 − c) where c is the effective tax rate on equity,
including both the effective tax rate on capital gains and the personal tax rate on dividends. Further, capital
gains are taxed on a realization instead of accrual. The effective tax rate on capital gains is the equivalent tax
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contracts last one period with the promise of repayment on each unit equal to one plus
the negotiated interest rate it+1 , with the remaining cashflow of the firm accruing to equity
holders. The required expected return on debt is affected by the stochastic nature of the
output price. If the firm turns a profit, it covers all of its debt costs by paying the full interest
rate of 1 + it on its outstanding debt. However, if the firm’s revenue becomes too low it
will be unable to cover all of its operating costs, including its interest payments on debt.
Limited liability on the part of investors means they can never lose more than their initial
investment, resulting in a chance the firm is unable to fulfill its contractual obligations to
debt holders. In this case the firm will be required to declare bankruptcy. In the event
of bankruptcy, equity holders receive nothing from the firm and claim a capital loss, while
debt holders claim the remaining assets of the firm. Since the dividend given to equity
holders in bankruptcy is equal to zero, the return in bankruptcy states to debt holders is
determined by solving for the interest rate after setting equation (2) equal to zero. These
assets include all current period revenues, any remaining capital assets, and undepreciated
capital cost base, or (1 − u)R(Pt , Kt ) + (1 − ϕ)(1 − δ)Kt + uαUCCt , though these remaining
assets are less than their initially contracted return. In addition to the decrease in return
from debt, debt holders will face additional costs associated with bankruptcy, though they
anticipate these costs when negotiating the interest rate. These additional costs can be
thought of as the bargaining and transactions costs necessary to split and sell the assets of
the firm. A debt holder will spend additional resources to recoup their losses when either
the size of the insolvency increases in magnitude or the fraction of the return each debtor
will receive from their initial investment decreases. Let these total bankruptcy costs be an
increasing, convex function of the debt/asset ratio of the firm, Cb (b),Cbb (b) > 0, C(0) = 0,
and multiplicative in the capital stock of the firm, so total bankruptcy costs are equal to
C(b)K. For a given price shock, the return to each debt holder is determined by the state
of the firm and the return from each state
rate yielding the same present value of revenues, discounted at a constant personal discount rate, as the tax
rate on realizations. See Glenday and Davies (1990) to see the methodology behind converting the tax on
realizations to an accrual-equivalent rate.
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 it
i(bt , Kt , pt ) = 



 (1−u)R(Pt ,Kt )+(1−ϕ)(1−δ)Kt +uαUCCt −bt Kt
(1−u)bt Kt

if pt > pB
−

C(bt )Kt
bt Kt

if pt < pB

(6)

where pB is the threshold price where the firm is bankrupt.
All investors are assumed to be risk neutral, so a bond market equilibrium indicates the
expected return on risky bonds must be equal to the riskless return, ρ,
∫
ρ = (1 − qB )it +

pB

−∞

q(pt |pt−1 )i(bt , Kt , pt )dpt

(7)

with qB being the probability of the firm going bankrupt, and the integral indicating the
probability distribution of the price in bankruptcy states. If the firm is not bankrupt, which
occurs with probability (1 − qB ), the firm gets the full interest rate, while in bankruptcy
states the return depends on the actual shock to determine the remaining revenue. Taking
the derivative of equation (7) with respect to the debt-asset ratio bt , shows an increase in
leverage causes bond owners to demand a higher interest rate on debt,

(1 −

∂i
qB ) ∂b

1
=
b

∫

pb

−∞

q(pt |pt−1 )[i(bt , Kt , pt ) +

∂C(b)
∂b

+

1
]dpt
1−u

(> 0)

(8)

The optimal debt-asset ratio of the firm will come from the firm trading off the tax benefit
from issuing debt (as debt financing is deductible for tax purposes) against the increased
required returns from increasing leverage. To see this, note the intertemporal first-order
condition of equation (2) with respect to the debt asset ratio bt after including bankruptcy
is equal to

(1 + ρ) = (1 − qB )[1 + (1 − u)(it +

∂i(bt ,Kt ,pt )
bt )]
∂b

(9)

and substituting in equation (7) for the partial derivative of the interest rate with respect to
bt and simplifying gives
∫
ρu =

∞

−∞

q(pt |pt−1 )[(1 − u)
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∂C(b)
]dpt
∂b

(10)

The left-hand side of the equation is the marginal tax benefit of increasing debt. The right
hand side is the tax-adjusted marginal bankruptcy costs of debt (as any increase in the interest rate on debt is also tax deductible) which is increasing in the debt ratio. While the
interest rate itself is a function of the capital stock,7 the first order condition with respect
to the interest rate is not. This allows the optimal capital and financing decisions to remain
separable from each other. This allows the firm to effectively operate in two stages, first
choosing an optimal debt ratio, and then a level of investment. Taking the first order conditions of the firm maximization problem including the interest rate being a function of
the debt ratio, capital stock, and undepreciated capital cost, after simplification, yields the
user cost of capital expression
E(Pt+1 |Pt )F K (Kt+1 ) = [(ρ + C(b))(1 − u) − ρ)b + (ρ + δ)(1 − ϕ)(1 −

uα
)]/(1
ρ+α

− u)

(11)

The combined first term on the right hand side is the benefit of debt and uα/(ρ + α) is the
present value of the total tax depreciation allowances from of a unit of depreciable capital.
This user cost of capital is related to the weighted average cost of capital (WACC) from
the finance literature. The WACC is the appropriate discount rate for the cashflow of a
firm, and can be constructed by calculating the total value of the unlevered firm (a fully
equity-financed firm) and the value of the debt tax shield. If the firm uses no debt then
the rightmost term in equation (11) is the user cost of capital, and the first term is the tax
benefit of debt.
The effect of taxes on this cost of capital can be split into three components. The first is
the statutory tax rate (1−u), imposed on additional revenue and increases the required pretax rate of return. The second is the financial cost of capital, which affects the debt/equity
decision as defined above in the capital market equilibrium. An increase in the statutory
rate will increase the marginal benefit of using debt, and a shift towards debt, lowering the
user cost of capital. The third effect of the tax system is the combination of the investment
7If

the firm exhibits constant returns to scale in production, and the undepreciated capital cost base is proportional to the capital stock, as is true in a non-stochastic case, then the interest rate would be independent
of the capital stock, as the returns to debt holders and bankruptcy costs would all be rising at the same rate.
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tax credit and CCA deductions on depreciating capital, appearing as the last terms of the
numerator on the right hand side of equation (11). A higher tax credit, ϕ, a more generous
tax depreciation rate, α, or a higher statutory tax rate will each increase the value of these
investment incentives.8
The cumulative effect of the tax system on the cost of capital can be shown through the
marginal effective tax rate on capital. The marginal effective tax rate is given as the wedge
between the gross of tax user cost of capital rg , given as the right hand side of equation (11),
minus the depreciation rate, against the cost of capital without taxes, as a ratio of the gross
rate of return. This can be written as

MET R =

rg − ρ
rg

(12)

The cost of capital without taxes is defined in this model as the risk-free interest rate ρ. If
there is no tax benefit from issuing debt, equation (10) cannot hold, making the choice
of debt equal to zero.9 The extent to which the tax system distorts investment depends on
the value of the statutory corporate tax rate versus the other tax investment incentives. If
these incentives are large enough relative to the statutory income tax rate, the tax system
may actually subsidize investment.
Under a symmetric, full loss offset tax system, whether the taxable income of a firm is
positive or negative has no effect on the user cost of capital. If a firm is in a tax-paying
position, it pays corporate taxes on its production and deducts its interest payments, investment tax credits, and depreciation allowances as described above. In the event the firm’s
taxable income is negative, all of these conditions still hold. The firm is able to claim all
of its deductions and the profit generated from an additional unit of capital only decreases
the size of a loss and the user cost of capital is unchanged.
8The

investment tax credit reduces the capital cost eligible for capital cost allowances but the net effect still
lowers the user cost.
9This is true in a world without personal taxes. If the corporate tax rate on interest is less than the tax rate
on dividends and capital gains, the interest rate on debt may still be lower than the tax rate on equity even
without the corporate deduction for interest. In this case, there would still be an interior solution for the debt
ratio.
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In actuality, firms only pay taxes if their net income is positive, and are only able to claim
all of their available deductions and credits provided they do not exceed the total tax base,
R(Pt , Kt ). If their tax burden is negative then firms only accumulate offsets to lower future
(or past) payable taxes. In Canada, this offset, known as a tax loss carryforward (or carryback) can be used in any of the past 3 years if the firm has previously paid taxes, or can be
used in any of the future 20 years to lower the taxable income of a firm. This has two main
effects on the marginal investment decisions of firms. On the revenue side, if a firm is in a
loss position the additional revenue from a current investment is sheltered from taxes until
the firm has positive net income. The additional revenue decreases the stock of tax loss
carryforwards the firm has, but this only affects the tax liability of the firm in the period it
would have used the tax offset. This means the true value of corporate taxes on a marginal
current investment is the present value of taxes paid in the future when the firm becomes
tax-paying.
On the tax benefit side, a firm is only able to use interest and investment deductions and
credits to lower its taxes payable, and is therefore unable to use them while it is in a loss
position. The value of the tax credits and deductions increase the size of a loss but can be
only used to lower future taxes, making their value only equal to their discounted present
value. Whether the current period’s tax benefits outweigh the statutory tax payments will
dictate whether the cost of capital increases or decreases.
To add complexity to the tax system, Canadian firms carry forward separate balances of
tax loss carryforwards, investment tax credits, capital cost allowances, and various other
credits such as research and development tax credits. This is because a firm is only eligible
to claim tax credits if their taxable income remains positive after all other deductions and
because Canadian firms are not required to claim their capital depreciation for tax purposes
in each available year. If they do not claim their full deduction, the undepreciated capital
carries forward indefinitely, without interest, and the firms can claim the deduction in any
future year. A firm in a tax-paying position has no reason not to claim the full depreciation
in the current year and lower their current tax burden. Non-tax-paying firms can either
13

claim the deduction and receive tax loss offsets for future years or they can elect not to
claim the full deduction and keep a higher undepreciated capital cost for the next period.
The trade-off is that tax loss offsets expire after 20 years while the undepreciated capital cost
base can be carried forward indefinitely. However, if a firm becomes tax-paying in a future
period they are only able to claim depreciation allowances at the current rate (except in
the case of assets which depreciate on a straight-line basis). It may be in the best interest
of the firm to claim tax loss offsets if it anticipates becoming highly profitable in the next
few years. Firms would also be more likely to claim full depreciation even if they are in a
loss position with assets with low depreciation rates (e.g. buildings), and choose to keep
assets with higher write-off rates undepreciated. For simplicity in showing how the cost of
capital is affected by the tax loss system, I assume firms have a mandatory deduction on
depreciation allowances, interest payments, and investment tax credits (at its deduction
equivalent rate of ϕ/u), and these are claimed when the firm becomes tax-paying. This is
similar to the system of the United States that has forced deductions that increase the size
of losses carried forward. With only 11% of tax losses actually expiring with a 10 year limit
(Finance Canada, 2010) and with the limit being extended to 20 years in 2006, the effect of
this simplification is likely to be small. For a stock of carryforwards, capital, investment, and
undepreciated capital cost for tax purposes there is a threshold price, for each period, that
enables a firm to use up all of its tax deductions and credits to become tax-paying. Defining
the total stock of losses available to be used in the current period T LCFt , this threshold
price is denoted P̄, and is equal to
ϕ
P̄ = (T LCFt + it bt Kt − αUCCt + (Kt+1 − (1 − δ)Kt ))/[R(Pt , Kt )]
u

(13)

If the price is below this threshold then the firm is non-tax-paying and will change its stock of
loss carryforwards (though the stock may decrease). Above this value, the firm will be able
to use all of its tax losses and pay tax on any remaining taxable income. As the investment
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tax credits and capital cost allowances are assumed to either be claimed immediately or
added to the claimed loss, the total after-tax profit of the firm can be written as

∫

P̄

∞

∫
R(Pt , Kt )q(pt |pt−1 )dpt +

∞

(1−u)((R(Pt , Kt )q(pt |pt−1 )dpt +uT LCFt −(1−ϕ)(Kt+1 −(1−δ)Kt )

P̄

− bt (1 + it (1 − u))Kt + uαUCCt + bt+1 Kt+1 (14)
with the first integral being when the firm is non-tax-paying and the second when the firm
uses up its losses and becomes tax-paying. The transition equation for the stock of tax loss
carryforwards is

T LCFt+1





0






 T LCF − R(P , K ) + ϕ (K − (1 − δ)K )+
t+1
t
t
t
t
=

u








it bt Kt +αUCCt

if Pt > P̄
if Pt < P̄

(15)

Unfortunately, it is not possible to reach a simplified expression for the user cost of capital
for this problem. Simplifying the cost of capital requires knowledge when the firm will be
tax-paying in all periods in order to calculate the present value of all future tax liabilities and
benefits. As the firm’s decisions at time t will affect its stock of tax losses carried forward into
period t + 1, this will affect the probability of the firm being tax-paying in each subsequent
period. The user cost of capital will therefore hinge on how an additional investment will
affect the integrals around whether the firm is tax-paying or not. Though this complete
user cost of capital is saved for the appendix, some assumptions can lead to a more compact
user cost of capital equation for marginal investments. As the purpose of this paper is to
estimate the effect of the partial loss offset system on the marginal user cost of capital, the
key variable of interest is the amount of time it takes a firm to use the marginal loss once it
is incurred, even if the firm may have some control of whether it is tax-paying or not. This
has been the standard approach in this strand of literature. Mintz (1988) assumes the tax
status of the firm is determined after a firm commits to an investment plan. Auerbach and
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Poterba (1987) make a similar assumption by assuming the transition probabilities of firms
in and out of tax-paying status are exogenous when determining the marginal effective tax
rate. This approach is also implicitly used by Graham (1996), who is more concerned with
financing decisions, as he takes the taxable income of a firm as exogenous. If a marginal
loss will be used in period S > t + 1, its user cost of capital is given by the equation

F K (Kt+1 ) =

([ρ + C(b)][1 −

u
(1+ρ)S

] − ρ)b + (ρ + δ)[(1 − ϕ)(1 −
(1 −

u
(1+ρ)S

uα
)
ρ+α

)P s

+ Ã]
(16)

where
S
∑
1
1
Ã = ϕ(1 −
) + (1 − ϕ)uα (1 − α) s (1 −
)
S
(1 + ρ)
(1 − ρ)S −1−s
s=1

(17)

This equation is similar to the previous user cost with additional terms to show the effect
of the partial loss system on different tax parameters. First, the firm does not immediately
deduct its investment tax credit in the current period, and is discounted at the rate ρ until
period S. The summation term is over the period until the firm is able to use the marginal
tax losses at time S . The firm would normally claim uα in the first period, uα(1 − α) in the
next, and so on, but is only able to claim a discounted version of these. The entire stream of
deductions is not pushed entirely in the future, as the firm will expect to be able to deduct
any remaining tax depreciation allowances immediately in the periods after it becomes taxpaying. On the revenue side, the firm does not have to pay corporate taxes in period t + 1,
but in period t + 1 + s, so this delay is shown in the denominator. The actual amount of
corporate taxes paid on the additional investment is correlated with the amount of time it
takes the firm to become tax-paying. When a firm incurs a loss it must have received a low
price shock, so the marginal return on investment is lower than if the firm received a large
shock and was immediately tax-paying.
Finally, this potential delay in tax payments further complicates the financing decisions
of firms. Though the firm must still trade off against the increased marginal bankruptcy
costs from increasing leverage, it must also weight the potential for the marginal benefit of
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leverage to be discounted. Once tax deductions on interest are deferred because a firm is
non-tax-paying, the costs of using debt will outweigh the present value of benefits of debt at
the same debt ratio. Moving from a full loss system to a partial loss system should therefore
coincide with a decrease in debt usage. With higher costs of finance, the firm should move
down its cost of debt curve to the new point where the marginal costs of increased leverage
are equal to the discounted marginal benefits of interest deductibility.
Investment in capital will increase the amount of losses carried forward in the next period as in equation (15), which in turn will affect the expected amount of time the firm is
expected to wait to use any deductions on interest payments.
The equivalent optimal condition for the cost of capital under a partial loss offsetting
system is equal to
∫
u
ρ (1+ρ)
S

∞

=
−∞

q(pt |pt−1 )[(1 −

u
(1+ρ)S

)

∂C(b)
]dpt
∂b

(18)

As the delayed corporate taxes lower the marginal cost of capital while the other three
effects increase it, the effect of the tax asymmetric treatment is ultimately ambiguous. Generous early tax deductions and the investment tax credit likely initially outweigh the revenue generated from the marginal unit of capital, lowering the taxable income from inframarginal investments, and as these expire the firm will begin to pay taxes on its investment.
The duration of its tax loss and the profitability in loss states will affect whether the effective
tax rate increases or decreases.
Rather than assuming a firm knows how long it may take to become tax-paying, the user
cost of capital can be calculated by multiplying the user cost of capital from equation (18)
by the probability of a firm using a tax loss in each future year. This estimate can then be
used to determine the difference between the cost of capital between the full loss offset and
the partial loss system.
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3. E  U R  T L
Estimating the amount of time it takes firms to use a tax loss is done through a duration
analysis. The dataset used for estimation is the entire universe of incorporated Canadian
businesses for the period 2000-2010 obtained from the Department of Finance Canada.
The data comes from the standard T2 business income tax forms and the General Index
of Financial Information (GIFI), providing additional corporate information on businesses
on a largely voluntary basis, though a number of fields are mandatory for tax filing. The
use of tax data has advantages over other financial datasets as it provides information on
all Canadian firms, including small private corporations that make up a majority of the
population of firms, which may have different volatility than publicly traded corporations
(Davis et al., 2006). Using tax data also allows for an accurate measurement of the true use
of losses and a schedule of when these losses are used. No financial dataset reports the true
amount of tax loss carryforwards, but must be imputed from the tax code and observation of
firm tax payments. Also, as financial datasets do not monitor the firm from its incorporation
but from an arbitrary time period, the stock of losses at the beginning of observation is
unknown, and just set to zero. This particular tax dataset can observe the stock of losses
carried forward from a previous period, the amount of losses that have expired, losses that
have been carried backward to offset past taxable income, and the precise number of losses
that have been carried forward to be used at a later date.
The total losses by a firm may fluctuate over time, with firms using some of their losses,
claiming more losses in the next period, and then finally depleting their stock sometime in
the future. As a firm is able to use any of their past losses to reduce their current taxable
income it is still impossible to follow the lifetime of each particular loss. However, a firm has
an incentive to use the oldest tax loss first, as they have the greatest probability of expiring.
Since this paper is concerned about the use of the marginal loss in any given period, some
accounting can follow when a particular loss should be used.
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T . Firm Tax Loss Example
Time Firm Profit Stock of Losses Initial Loss Duration
0
10,000
0
1
- 60,000
50,000
50,000
2
10,000
40,000
40,000
3
-30,000
70,000
40,000
4
50,000
20,000
0
5
30,000
0
-

Once a firm incurs a loss, the total amount of losses carried forward becomes the stock of
losses needed to expire sometime in the future for the marginal investment to be taxable.
The time period when the firm has used enough losses to deplete this initial stock of losses
is then reported as the total duration. This is shown most easily through the example in
Table 1. The hypothetical firm below claims losses in period t = 1, uses a portion of these
losses backwards in t = 0, some more in t = 2, claims additional losses in t = 3, and uses its
claimed losses through periods t = 4 and t = 5. In period t = 3 when the firm claims more
losses, the stock of initial losses will remain the same. In period t = 4 the firm uses 50,000
past tax losses, enough to deplete the first stock of losses incurred in period 1 but not its
entire stock. Thus the duration of the stock of losses is 3 periods while the firm is actually
tax-paying in period 5.
The additional stock of losses incurred in period 3 will not be recorded as an additional
stock of losses. This is done in order to measure the time it takes a firm to begin using tax
losses from the time it enters a loss position. A large majority of firms experience losses
for several periods and then become tax-paying and use all of their accumulated losses in
a single period. If a firm incurs losses for five consecutive periods and then uses all of its
losses in the sixth period then the average time to use a loss would be 2.5 though the full
length of 5 years the firm is non-tax-paying is more useful in analysis that follows. Cooper
and Knittel (2006) use a similar approach to determine the duration of net operating losses
for the United States, though they are interested in the use rate of all losses and include all
new losses, even when a firm has outstanding losses.
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F . Probability Density of Tax Loss Duration

A histogram of the duration of losses incurred between 2000 and 2004 is shown in Figure
1. As the observation window ends in 2010 losses incurred after this point would have
varying levels of censoring if the losses are incurred closer to 2010 and not shown in the
figure. Losses incurred prior to 2004 still have some censoring compared to the tax system.
Prior to 2004 the maximum period of time a loss could be carried forward was 7 years,
which was extended to 10 years in 2004 and 20 years in 2006. This explains the jump in the
probability density at 8 years as these losses are shown to have duration of eight years as that
is the year they will appear as expired. Otherwise, the density follows a predictable pattern.
A significant proportion of losses are used immediately for firms that had previous profits
giving the firm the ability to carry their losses backwards, and the density of loss duration is
decreasing as time passes.
Several additional covariates are included that may affect the length of time it takes a
firm to use a loss. The age of the firm may affect the nature of the loss incurred, with
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new firms starting up and suffering losses due to large fixed initial costs while older firms
may experience losses due to economic conditions. Larger firms may also have greater
(absolute) swings in revenue and their losses may be relatively small compared to their
overall size. Other control variables include the particular year and most importantly the
industry code of the firm suffering the loss.10
Estimation of the duration of losses is done using a full parametric approach. The variable of interest in this particular paper is the baseline probability distribution of tax losses, as
well as the effect of provincial and industry dummy covariates that may influence its shape.
Non-parametric or semi-parametric approaches are able to estimate the effect of these covariates without specifying the shape of the actual hazard function. Though a Kaplan-Meier
step estimate of the probability distribution can be backed-out through these procedures,
a continuous probability distribution is much more valuable here. The presence of numerous censoring issues is also accommodated more easily through the use of a full parametric
approach.
A parametric approach requires assuming the shape of the probability density function of
the data generating process. The functional form here is taken as the Weibull continuous
probability distribution, given by
f (ti , xi , β) = κtκ−1 exp(−xi βt)κ
A shape parameter κ allows for adjustments to whether firms that have not used a loss
after some time have a greater or lesser probability of using the loss in the future, which is
not possible under a simpler exponential function.11 The distribution function shows the
probability that failure occurs at any time t in the future, given a vector of variables x and
coefficients β, looking from time 0. Vectors x and β denote the variables and coefficient
estimates.
10See

Altshuler et al. (2009) on how these variable affect the number of firms experiencing losses in the
United States
11The observed usage of losses under a relatively short window with discrete time periods makes it impossible
to identify the shape of a more flexible function form such as a generalized gamma distribution.
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The model is estimated using a standard maximum likelihood estimator (MLE), which
lends itself well to the use of censored data present here and in all duration models. The
maximum likelihood estimator aims to choose parameter values that maximize the probability (or likelihood) the observations come from the estimating equation. We are interested in the probability density of time to use a loss t, conditional on a set of parameters, or
f (t|x, β). The maximum likelihood estimator requires the joint density of observations to
be independent of each other, so f (t1,2....n |β, x) can be written as the product of individual
probability densities, which yields the likelihood function L(β|xi , ti ).
The likelihood function must also be adjusted for censored data. In this dataset there is
the standard problem of not being able to observe when firms will use a loss if they have
not used their loss by the end of the observation window of 2010. There is also a further
issue with right censoring of variables in the first few years of the dataset. Losses incurred
prior to 2004 were only eligible to be carried forward for seven years instead of the current
20 years. Rather than treating these losses as surviving seven years when they expire they
are treated as being censored. Coding duration is made more difficult by the fact there are
a number of ways for losses to be used. Losses can either be carried backwards to offset
previous taxes paid, they can expire because the firm was non-tax-paying for many years, or
the firm can exit the market. An exit in this sense can mean the firm truly goes bankrupt,
stops reporting income, or was acquired by another firm where it will become impossible
to follow the trail of losses. This leads to additional censoring easily controlled for during
estimation.
Adjusting the likelihood function for censoring is done by rewriting the probability density as the multiplication of two related functions, the hazard function h(t|x, β) and the survival function S (t|x, β). The hazard function is the probability of failure at a specific period,
given that the agent has survived until then. The survival function gives the probability of
having survived until a specific period. The probability density of failing at a time t is the
probability of surviving until that period, which is the survival function, multiplied by the
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probability of failing at time t after reaching time t, or the hazard function. The hazard and
survival functions for the Weibull distribution are

h(ti |xi , β) = exp(−xi β)κ(t)κ−1

S (ti |xi , β) = exp[−(exp(−xi β)t)κ )]

The likelihood function can then be written as

L(β|xi , ti ) =

n
∏

S i (ti |xi , β)hi (ti |xi , β)Ψ

(19)

i=1

The indicator Ψ is equal to 1 when the firm becomes taxpaying and is equal to zero when
the observation is censored because the timing of the usage of losses is not known. If the
loss observed to be used, then the observation is able to provide insight into the probability
of duration ending at time t + 1 if it has not used the tax loss in period t. If this time is
unobserved, then all the observation is able to provide is the probability of duration lasting,
or surviving, until time t.
This equation is maximized using the Newton-Raphson algorithm, taking a vector of the
first and second derivatives of the log-likelihood function and iterating on
[

β j+1

∂2 ln(L)
= βj −
∂β ∂β′

]−1 [

∂ ln(L)
∂β

]
(20)

The iteration process requires some initial coefficient values, which are estimated using a
naive ordinary least squares regression using all observations as if they were uncensored
and normally distributed. The result for β j+1 is then taken as the starting value for the
next iteration. This process is iterated on until the change in parameter estimates between
iterations is less than a threshold value of 10e−8 .
The results of the estimation are shown in Table 2. Each coefficient can be interpreted by
including it as the exponent of e and compared to 1 to determine the percentage change
in time for a firm to use a loss. Negative values imply a faster use of losses while positive
coefficients imply a slower use of losses. As expected, older firms use losses at a slightly
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faster rate than newer firms, but there is an insignificant effect of the size of firms and
their expected time to use losses. There is also a significant difference, some positive, some
negative, for each of the provinces and for each of the industries that effective tax rates will
be estimates for.
4. T M E T R  C
The marginal effective tax rate is given as the tax wedge between the gross of tax cost of
capital net of depreciation as before,

MET R = (rg − ρ)/rg
with rg taken from to either equation (11) or (18). These equations are derived for a specific type of capital, while each industry uses a variety of capital inputs that have different tax and economic depreciation rates: computers depreciate faster than some types of
heavy machinery, and land does not depreciate at all. To calculate the effective tax rate of
an industry, economic depreciation (δ) for 177 different assets classes was taken from Patry (2007), assuming geometric depreciation and assumed to be constant across industries
and provinces. Each asset class was then matched with its corresponding tax depreciation
rate (α) taken from the Canada Income Tax Act, and weighted by its capital stock for each
industry also estimated from Patry (2007).
Both statutory corporate tax rates and credit rates vary across provinces. All Atlantic
provinces have eligible investment tax credits, as do Quebec, Manitoba and Saskatchewan.
The combined statutory rate varies between provinces, from 25% in Alberta, British Columbia
and New Brunswick, and up to 31% in Nova Scotia and Prince Edward Island. Only Ontario,
Saskatchewan, and Newfoundland and Labrador offer preferential statutory tax rate deductions for specific industries. The capital stock weight of each industry across the Canadian
provinces determines the weight of province-specific tax rates and deductions.
To combine different assets for an industry, the METR for each input is calculated and
then multiplied by the estimated weight of each capital type for a particular industry. This
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methodology assumes capital stocks will not change with tax changes, or that there is zero
substitution between capital types. This lack of substitution means the effective tax rates
presented here are overstated in the full loss-offset case, as firms may substitute to goods
with faster capital cost allowance rates under a full loss offset if they are certain they would
be eligible to claim these deductions.
Finally, the net of tax risk free interest rate on debt and equity is taken as the yield on
a Government of Canada 10-year bond, and the inflation rate is taken as the midpoint
of the Bank of Canada’s targeted inflation band of 2%. Personal taxes on interest and
combined tax rate on dividends and capital gains are estimated by Finance Canada as being
28.44% and 16.5%. These personal taxes lead to a difference in the risk-free required rates
between equity and debt. It is assumed that each asset is financed in the same proportion
of debt and equity, though it is possible that different types of assets may be funded in
different proportions of debt and equity (Auerbach, 1983). The debt ratio, under a partialloss system, is taken as the total debt-asset ratio for each industry from Statistics Canada’s
Financial and Taxation Statistics for Canadian Enterprises. By taking the simple average
as the debt asset ratio this assumes that the marginal investment is financed at the same
proportion of debt and equity as the average investment. It also assumes that each capital
type is financed in the same proportion of debt and equity, but as the discount rate between
periods when the firm is non-tax-paying is the risk-free return, and by multiplying each type
of capital by its industry-specific capital weight, this does not affect the calculation of the
industry-specific marginal user cost of capital.

4.1. Statutory Corporate Taxes. Calculating the effect of the partial-loss system is primarily
done by calculating the new present value of tax credits and interest deductions. However,
the tax base subject to the statutory corporate taxes paid depends not only on how long it
takes a firm to become tax-paying, but the return on investment in states where the firm
enters a loss position. If a firm receives a very low price shock they will not be tax-paying for
a long period of time but this low price shock will also be associated with a very low return on
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additional investment. Calculating the marginal effective tax rate requires pairing not only
the probability of entering a loss, but also the marginal return in each state to determine the
expected statutory corporate tax rate. Under a full loss offset (or if the firm would always
be tax-paying) the firm will always pay additional corporate taxes, even if its taxable income
is negative, and so its corporate taxes will be equal to the simple expected value of the price
shock. Under a partial-loss offset, the firm will immediately pay taxes if its return is high
and will defer taxes if the shock is low, which decreases the expected corporate taxes paid,
but not at the same rate as other tax credits which have a fixed value based on the size of
investment and amount of debt.
Determining the expected profitability is done by parameterizing the distribution of firm
profitability within a given industry. From the model in the first section the firm price shock
is assumed to follow a lognormal distribution. This distribution is approximated by taking
the log of the ratio of firm operating profits to total tangible capital to get the distribution
of firm profitability. The distribution is assumed to have a normal distribution with a mean
of zero and an industry-specific standard deviation. Combining the distribution and the
average number of firms incurring a loss each year from 2000 to 2010 gives the critical
value price shock where the firm will become tax-paying and non-tax-paying. This gives
the probability the firm is tax-paying, and can be multiplied by the expected value of the
price shock to the right of the tax-paying cutoff to give the expected tax base if the firm
will be tax-paying. The process is repeated for the truncated distribution of firms that are
non-tax-paying. Of the firms that are non-tax-paying, the survival analysis above measures
the number of firms that will be tax-paying after one year, two years, and so on. Assuming
that firms will becoming tax-paying sooner the closer their price shock was to the tax-paying
threshold, I segment the entire profitability distribution into sections of how long the firm
will take to become tax-paying, and calculate the expected profitability for each of these
areas.
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4.2. The Cost of Debt. Estimating the marginal effective tax rate requires calibrating the
cost of debt function for each industry. To calibrate the cost of debt function, the average
debt-asset ratio for each industry is taken as the optimal debt-asset ratio under a partial loss
offset system. In addition to the weighted cost of capital term, I add an additional term, i(b),
the additional bankruptcy costs from increasing leverage, assumed to be a convex function
of leverage. Parameterization of the cost of debt function is done in a manner similar to
van Binsbergen, Graham, and Yang (2010) and Korteweg (2010). Both of these papers
assume the additional costs of debt are a quadratic function of debt, with van Binsbergen,
Graham, and Yang (2010) focusing on the marginal costs of debt and Korteweg (2010)
explicitly estimating a quadratic functional form. Furthermore, both find the linear term to
be virtually zero. The estimating equation from van Binsbergen, Graham, and Yang (2010)
has an predicted intercept to be 1/42 of their slope coefficient on debt or even negative.
Korteweg (2010) estimates the total costs or benefits of leverage, including the tax benefits,
finding the linear term approximates the tax benefits of leverage. Using this functional
form, the increase in the interest rate on debt due to additional bankruptcy costs is written
as

i(b) = ξi b2

(21)

Using this equation for the relationship between leverage and interest rates, it is then possible to estimate changes in debt structure and effective tax rates between a partial loss system
and a full loss system for corporate taxes.
The effective tax rates are calculated following a number of steps. The probability distribution of losses from the previous section is used to determine the present value of corporate taxes. This present value is taken to identify the parameter value ξi for each industry
so the optimal debt-ratio is equal to the observed debt ratio. The parameter value is taken
to be constant across provinces, while the debt ratio varies due to differences in the present
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value of corporate taxes. The capital-stock-weighted average debt ratio must then be equal
to the observed debt ratio.
After parameterizing this cost of debt, it is possible to estimate the expected benefits of
leverage and compute the marginal effective tax rate under a partial-loss system. It is also
possible to calculate the marginal effective tax rate under a full-loss offset system allowing
adjustments in the debt-asset ratio. If firms do not change their debt ratio moving from a
partial-loss to a full-loss offset system then firms would be able to obtain the same interest
rate on debt and greater interest deductibility from interest. More likely, with immediate
interest deductibility of debt, the marginal benefit of leverage increases, and the firm would
increase its debt ratio. The value of the ξi parameter allows for a matching of the new
marginal benefits of leverage to the marginal bankruptcy costs of debt. With this new debtasset ratio and interest rate, the marginal effective tax rate can then recalculated.
The main results are presented in Tables 3 and 4. Table 3 shows the calculated marginal
effective tax rate under different potential tax systems and assumptions on returns. The
first column shows the estimated marginal effective tax rates under a partial loss system
for an investment with a constant return. Regardless of whether a firm enters a loss or
not, the return on investment is always the same. This is similar to the case of ‘continuing
investment’ in Mintz (1988). The second column shows the estimated effective tax rate
under a risky investment, where low shocks will be associated with a longer period of a loss
and a low return on investment. All of these tax rates are higher than for a fixed return as the
benefit of deferring corporate taxes is lower while the cost of deferred tax credits remains
the same. The third and fourth columns show the marginal effective tax rate under a full
loss system, first without any changes in the debt asset ratio, and then with an increase in
the debt ratio associated with the additional benefits of leverage.
Omitting changes in debt usage, the marginal effective tax rate is higher under a full loss
offset system than under the partial loss offset system for all industries in the case of riskless investments. This is not entirely surprising given features of the Canadian tax system.
With a relatively small number of provinces with investment tax credits, much of the tax
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benefit come from tax depreciation allowances which only serve to reduce income taxes
paid. These investment incentives are much larger than the tax benefits of leverage, driving a majority of the marginal effective tax rate. This results in all of the industry-specific
marginal effective tax rates to be positive under a full loss offset system, and tend towards
zero if a firm takes longer to become tax-paying.12 The difference between marginal effective tax rates between the two tax systems is between 1.2% for utilities and close to 4% for
communications. With the relative size of the tax rates, the percentage difference between
the tax systems would actually be highest for the forestry industry due to its already very
low tax rate. Risky investments have predictably higher marginal effective tax rates under
a partial loss offset system than compared to a full loss system. The tax rates are higher by
between 1% for utilities to over 7% for forestry. The lowest effective tax rate under a full
loss system, in forestry, is primarily due to the use of capital which depreciates quickly and
has preferential tax treatment, and the deferral of these benefits drives up the effective tax
rate substantially.
The final column shows the results including changes in the effective tax rate after including changes in the debt ratio. Table 4 looks at changes in the debt ratio directly. The
results make it clear that although the switch to a full loss offset system has a significant
effect on the debt-asset ratio, this causes a very limited change in the overall cost of capital.
The increased present value of interest rate tax deductions are largely offset by increases in
the interest rate leading to small decreases in the marginal effective tax rate between the
two full loss offset estimates. The debt asset ratios show a sizeable change in the debt ratio
from a move to a full loss offset from a partial loss offset, with the debt-asset ratio increasing
by between 2 to 5 percentage points, accounting for between a 4% to 8% increase in the
overall debt-asset ratio of firms. These estimates are relatively high compared to previous
estimates from Gordon and Lee (2001), who found that a change in the statutory tax rate
of 10% would lead to a change in the debt-asset ratio of close to 5 percentage points. This
12Excluding changes in debt, the marginal effective tax rate will only increase under a partial loss-offset system

if it is initially negative.
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is potentially due to the fact that the sample used by Gordon and Lee had an average debtasset ratio of only around 30% (as opposed to the debt-asset ratio here of around 50%),
and significantly higher corporate tax rates. Thus their sample had a potentially greater incentive for firms to increase debt as firms had lower observed debt-asset ratios, which would
suggest a higher risk involved in increasing the debt-asset ratio than in the estimation here.
These results are still comforting on two fronts. The finance literature has been concerned with effect partial loss-offsetting may have on optimal financial structure, whereas
the taxation literature has largely assumed fixed debt-asset ratios in simulations to avoid additional endogenous variables. The results here show that both may be valid. The debt-asset
ratio would appear to have much room to fluctuate due to tax-loss provisions, but these effects may have limited economic significance for those interested in the use of effective tax
rate simulations.
Given the assumptions on the tax status of the firm, this is the only valid comparison
between capital structure and the tax system. When measuring the discounted value of the
statutory rate and deductions, it was assumed the marginal investment had no effect on the
tax status of the firm. This assumption carries over to the use of debt. Any comparisons
between different debt ratios or tax rate changes under intermediate systems between a
partial and full loss offset system should take into account potential changes in the tax status
that go along with these changes. Whether the choice of capital structure had an effect on
the tax status of the firm at the equilibrium level of debt under the partial loss-offset system
is included when calculating the tax rates. Under a full loss system, the choice of debt will
not have any effect on the tax status of the firm, as firms can always receive a refund or a
deduction even if their taxable income is negative.

5. C
This paper has considered the effect of partial loss offsetting on the marginal effective tax
rate and capital structure. I find the marginal effective tax rate either increases or decreases
for non-tax-paying firm based on the riskiness of investments. This may have important
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consequences on the distribution of capital investment firms based on their profitability,
while limiting the effectiveness of investment incentives targeted for particular industries.
With respect to financing decisions, the deferred interest deductibility of debt financing is
estimated to have a significant effect on the capital structure of firms. Though not the main
driver of capital structure, the difference in debt-asset ratios between a partial and full loss
offset system is approximately 0.03, constituting around 6% of the total debt usage of firms.
This is a substantial shift in the debt-asset ratio associated with relatively small changes in
the present value of tax payments, but has limited effects on the marginal effective tax rate,
as interest rate changes offset benefits of increased interest deductibility.
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A A. P   U C  C
Full Loss Offset. The complete dynamic problem of the firm is given by

Vt (Pt , UCCt , Kt , bt ) =

max {R(Pt , Kt ) − (Kt+1 − (1 − δ)Kt ) − bt (1 + it )Kt − T t + bt+1 Kt+1

{Kt+1 ,bt+1 }

+

EVt+1 (Pt+1 ,UCCt+1 ,Kt+1 ,bt+1 )
}
1+ρ

(22)

subject to
pt+1 = ν(µ − pt ) + pt + σεt ; εt ∼ N(0, 1)

(23)

T t = u[R(Pt , Kt ) − it bt Kt − αUCCt ] − ϕ(Kt+1 − (1 − δ)Kt )
UCCt = (1 − ϕ)(Kt − (1 − δ)Kt−1 ) + (1 − α)UCCt−1

(24)
(25)

The solution of the problem depends on three first order conditions, three envelope
conditions and the transition equations for the UCC. Denoting the partial derivative of the
value function with a particular argument as V(·) j with j ∈ (2, 3, 4) for UCCt , Kt , bt respectively, the seven additional equations are

∂V(·)
= 0 = −(1 − ϕ) + bt+1 +
∂Kt+1
∂V(·)
= 0 = Kt+1 +
∂bt+1

1−qB
2
(EVt+1
(·)(1
1+ρ

3
− ϕ) + EVt+1
(·))

4 (·)
(1−qb )Vt+1
1+ρ

(26)
(27)

∂V(·)
= (1 − u)RK (·) + (1 − ϕ)(1 − δ) − bt (1+it (1 − u))
∂Kt
∂i
bt Kt (1 − u) +
− ∂K
t

∂V(·)
∂i
= −(1 + it (1 − u))Kt − bt Kt ∂b
t
∂bt
∂V(·)
(1−qB )(1−α) 2
= uα + uα(1 − α)qB +
Vt+1 (·)
1+ρ
∂UCCt
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(28)

(1−ϕ)(1−δ) 2
Vt+1 (·)
1+ρ

(29)
(30)

Following the proof in the text, the two debt equations (27) and (29) are combined to
immediately give the firm’s financing condition (equation (10) in the text) as
∂i(bt ,pt )
bt )]
∂b

(31)

q(pt |pt−1 )(i(bt , Kt , pt )dpt

(32)

(1 + ρ) = (1 − qB )[1 + (1 − u)(it +
Using the fact that

∫
(1 − qB )i = ρ −

pB

−∞

and

(1 −

∂i
qB ) ∂b

1
=
b

∫

pb

−∞

q(pt |pt−1 )[i(bt , Kt , pt ) +

∂C(b)
∂b

+

1
]dpt
1−u

(33)

solves for the first order condition for the debt ratio that is independent of the capital stock
as in the text. To solve for the user cost, taking the first order condition of Kt+1 (26) and
the envelope condition of capital (28) together gives

2
(1 − u)E(Pt+1 |Pt )F K (Kt+1 ) = [({ρ + C(b)}(1 − u) − ρ]b − (1 − ϕ)(ρ + δ)[1 − Vt+2
(·)/(1 + ρ)] (34)

which relies on a similar substitution of the interest rate. Note here that all tax liabilities
and benefits are discounted by the risk-free interest rate and the value function with respect
to the undepreciated capital cost is still present. With a full loss offset, the firm may be
uncertain about the revenue their capital will generate, but is always able to claim their
deductions and credits or are transferred to debt holders. To get to the user cost of capital
to be equivalent to the one presented in the text is to calculate the present value of the full
stream of tax depreciations allowances over time. The equation for the transition of the
undepreciated capital cost (30) can be moved forward infinitely to get the present value of
additional investment, uα(1 + ρ)/(ρ + α), reducing this equation to

E(Pt+1 |Pt )F K (Kt+1 ) = [({ρ + C(b)}(1 − u) − ρ)b + (ρ + δ)(1 − ϕ)(1 −
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uα
)]/(1
ρ+α

− u)

(35)

□
Partial Loss Offset. Separating the revenue of the firm between tax-paying and non-tax-paying
components, the problem of the firm becomes

Vt (Pt , UCCt , Kt , bt , T LCFt ) =
∫

∞

+

∫
max {

{Kt+1 ,bt+1 }

P̄

∞

R(Pt , Kt )q(pt |pt−1 )dpt

[(1 − u)(R(Pt , Kt ) + uT LCFt ]q(pt+1 |pt )dpt

P̄

− (1 − ϕ)(Kt+1 − (1 − δ)Kt ) − bt (1 + it (1 − u))Kt + uαUCCt
+ bt+1 Kt+1 +

EVt+1 (Pt+1 ,UCCt+1 ,Kt+1 ,bt+1 ,T LCFt+1 )
}
1+ρ

(36)

subject to

pt+1 = ν(µ − pt ) + pt + σεt ; εt ∼ N(0, 1)
T t = u[R(Pt , Kt ) − it bt Kt − αUCCt ] − ϕ(Kt+1 − (1 − δ)Kt )
UCCt = (1 − ϕ)(Kt − (1 − δ)Kt−1 ) + (1 − α)UCCt−1
P̄ = (T LCFt + it bt Kt − αUCCt + ϕ(Kt+1 − (1 − δ)Kt ))/F(Kt )




0
if Pt > P̄






ϕ
T LCFt+1 = 
T LCFt − R(Pt , Kt ) + (Kt+1 − (1 − δ)Kt )+


u

if Pt < P̄





it bt Kt +αUCCt

(37)
(38)
(39)
(40)

(41)

The solution of the problem depends on similar first order conditions, with additional
transition equations for the tax loss carryforward.
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∂V(·)
= 0 = −(1 − ϕ) + bt+1 +
∂Kt+1

1−qB
2
E[Vt+1
(·)(1
1+ρ

4 (·)
∂V(·)
(1−qB )EVt+1
= 0 = Kt+1 +
1+ρ
∂bt+1
∫ P̄
∫
RK (·)q(pt+1 |pt )dpt +

∂V(·)
=
∂Kt

−∞

3
5
− ϕ) + Vt+1
(·) + Vt+1
(·) ϕu ]

(42)
(43)

∞

(1 − u)RK (·)q(pt+1 |pt )dpt + (1 − ϕ)(1 − δ)

P̄

−bt (1 + it (1 − u)) −

∂i
b K (1
∂Kt t t

− u) +

1−qB
E[(1
1+ρ

2
− ϕ)(1 − δ)Vt+1
(·)

(44)

5
(·)]
+( ϕu (1 − δ) − RK (·) + ib)Vt+1
∂i
5 (·)
(iKt +bt Kt
)(1−qB )EVt+1
∂V(·)
∂bt
∂i
= −(1 + it (1 − u))Kt − (1 − u)bt Kt ∂bt +
1+ρ
∂bt
∂V(·)
5
2
B
(·))
= uα + uα(1 − α)qB + 1−q
E((1 − α)Vt+1
(·) + αVt+1
1+ρ
∂UCCt
∫ ∞
∂V(·)
= −[u(R(Pt , Kt ) + uT LCFt ] +
uq(pt+1 |pt )dpt+1
∂T LCFt
P̄

(45)
(46)
(47)

This is similar to the form of the full loss offset, with the introduction of the probability
of the firm paying taxes and the probability of marginally increasing the size of a loss with
5
Vt+1
(·). If the firm is tax-paying in the next period the value of this equation is equal to zero

as the firm will not have any losses to carry forward. As the probability of being tax-paying
increases, the user cost of capital tends towards the equivalent equation from the full loss
offset. These equations can also be combined in a similar manner to arrive at a modified
optimality conditions.
A similar set of substitutions as above give the first order condition for the optimal debt
decision,

5
(1 + ρ) = [1 + (1 − u + Vt+1
(·))(it +

∂i(bt ,pt )
bt )]
∂b

(48)

However, note that the return to debt holders in the event of bankruptcy is affected by
whether the firm is tax-paying or not and on the value of the tax loss carryforward stock.
The return to debt holders is therefore
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it



∫ P̄






R(Pt , Kt )q(pt |pt−1 )dpt




 ∞
i(bt , Kt , pt ) = 
∫ PB





+
[(1 − u)(R(Pt ,Kt ) + uT LCFt ]q(pt+1|pt )dpt




P̄







+(1 − ϕ)(1 − δ)Kt + uαUCCt − bt Kt ]/[(1 − u)bt Kt ] −

if pt > pB

if pt < pB
C(bt )Kt
bt Kt

(49)
Substituting the identity of the interest rate yields the condition for the optimal debt ratio.
∫
ρu −

5
Vt+1
(·)

∞

=
−∞

5
(·))
q(pt |pt−1 )[(1 − u + Vt+1

∂C(b)
]dpt
∂b

(50)

This equation is now indirectly affected by the investment decision, since investment affects
5
the size of Vt+1
(·), which is the effect of the loss carried forward when the first is non-tax-

paying. When the firm is in a loss position an increase in investment will increase the size of
the loss, decreasing the probability of the firm being tax-paying in the next period, which
decreases the benefit of increasing debt. Higher investment would increase the delay in
using interest deductions, so the debt ratio should be decreasing in the future capital stock.
Combining these terms for the debt ratio and the choice of capital leads directly to the user
cost of capital, similar to equation (34) above,

5
2
F K (Kt+1 ) = {[(ρ + C(b))(1 − u + Vt+1
(·)) − ρ]b + (1 − ϕ)(ρ + δ)[1 − Vt+2
(·)/(1 + ρ)]

ϕ
ϕ
5
5
+ Vt+1
(·)( + (1 − ϕ)α)(1 + ρ) − Vt+2
(·)[( + (1 − ϕ)α)(1 − δ) − RK (·)]}
u
u
∫ ∞
5
/{E(Pt+1 |Pt ) −
uPt+1 q(pt+1 |pt )dpt+1 + Vt+1
(·)} (51)
P̄

While quite involved, each term has a natural interpretation and relationship to the user
cost of capital under the full loss-offset system. By assuming all deductions and credits are
claimed immediately and instead contribute to the size of the loss carried forward, the first
36

sections of the numerator and denominator are identical to the user cost of capital for
the full-loss offset case, with the additional terms at the end showing how investment and
debt decisions affect the future loss over time. Capital investment affects future losses in a
number of ways. It increases the amount of the loss by the deduction equivalent investment
tax credit rate and the UCC in period t+1 but affects period t+2 as well. If the firm is in a loss
position and chooses to invest in period t+2, the value of the investment tax credit and UCC
will be smaller due to the additional undepreciated capital from previous investment. These
terms are shown in the second line of the above equation. Finally, increased investment
will increase future revenue, which would serve to lower the total loss carried forward into
period t + 2. The denominator of this equation includes the probability of the firm being
tax-paying, increasing the value of loss when it is non-tax-paying. It is possible to expand the
term on the undepreciated capital cost infinitely forward, but this only serves to complicate
the expression further. As the UCC decreases over time, it still has an effect on the future
tax status of the firm in every future period, at a decreasing rate. In an arbitrary period
t + s, there will be (1 − α)t+s remaining of the initial investment in the undepreciated capital
stock for tax purposes, which will increase the size of the loss of the firm by uα(1 − α)t+s in
any future period the firm is non-tax-paying. By assuming the firm knows in what period
5
it will become tax-paying, additional investment or debt will not affect the value of Vt+1
(·),

and it is then possible to simplify the user cost of capital as in the main text.
□
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T . Regression Results
Regression Statistics
No. of subjects
1377408
No. of failures
786152
Time at risk
4416061
Log likelihood
-1557098.3

Coefficient
Agriculture
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b/se
Coefficient
b/se
-0.036∗∗∗
B.C.
.
(0.011)
Forestry
-0.115∗∗∗
Alberta
-0.098∗∗∗
(0.011)
(0.003)
Utilities
0.260∗∗∗
Saskatchewan -0.108∗∗∗
(0.031)
(0.006)
Construction
-0.182∗∗∗
Manitoba
-0.035∗∗∗
(0.003)
(0.006)
Coefficient
b/se
Manufacturing -0.017∗∗∗
Ontario
0.126∗∗∗
Firm Age
-0.001∗∗∗
(0.005)
(0.003)
(0.000)
Wholesale Trade 0.018∗∗∗
Quebec
0.101∗∗∗
Firm Assets
0.000
(0.004)
(0.003)
(0.000)
Retail Trade
0.089∗∗∗ New Brunswick 0.058∗∗∗
Constant
1.498∗∗∗
(0.003)
(0.008)
(0.003)
Transportation -0.113∗∗∗
Nova Scotia
0.072∗∗∗
κ
1.233549
(0.004)
(0.007)
-0.0011254 Communications 0.062∗∗∗ Newfoundland 0.052∗∗∗
(0.008)
(0.009)
Other Services
0.088∗∗∗
P.E.I.
0.082∗∗∗
(0.004)
(0.016)
Note: Dependent variable is the duration of a tax loss offset. Standard errors are in parentheses. Statistical significance at
the 10%, 5% and 1% levels are shown by an increasing number of asterisks. All regressions include year dummy variables
that have been omitted from the regression results but were each significant at a 99% significance level in all specifications.

T . Marginal Effective Tax Rates
Partial Loss Offset
Full Loss Full Loss Offset
Riskless Investment Risky Investment Offset +Debt Adjustment
Agriculture
23.75%
26.96%
25.69%
25.69%
Forestry
3.95%
13.14%
5.86%
5.76%
Utilities
23.58%
25.64%
24.80%
24.78%
Construction
22.16%
27.76%
25.11%
25.02%
Manufacturing
13.46%
19.89%
15.99%
15.84%
WholesaleTrade
23.54%
27.33%
25.52%
25.49%
RetailTrade
25.26%
28.41%
27.17%
27.14%
Transportation
22.49%
27.41%
25.33%
25.28%
Communication
25.28%
31.45%
29.03%
29.00%
OtherServices
30.15%
33.81%
32.57%
32.55%
Industry

T . Effects of Bankruptcy Costs
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Industry
Agriculture
Forestry
Utilities
Construction
Manufacturing
Wholesale Trade
Retail Trade
Transportation
Communications
Other Services

Observed Debt Adjusted Debt
53.01%
53.01%
56.26%
59.69%
40.48%
44.54%
45.15%
56.54%
55.12%
51.20%

55.93%
57.27%
58.82%
64.92%
43.29%
47.59%
48.01%
61.22%
58.71%
54.02%

ξi
0.007927
0.007599
0.006999
0.006111
0.01334
0.01095
0.01064
0.006594
0.007127
0.008191

Effect on Interest Rate
(Percentage Points)
0.2227
0.2135
0.2215
0.2178
0.2185
0.2172
0.2169
0.2108
0.2165
0.2147
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