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1. Introduction

There is a general feeling in some segments of the business press in Canada that taxes are too
high in Canada and that this is reducing our competiveness. Our contribution at this conference
will be an attempt to determine empirically what the efficiency costs of taxing capital in Canada
are.

It is very difficult to explain to the layman what exactly are the efficiency costs of a tax. In
section 2 below, we attempt to explain why taxing the return to capital can be expected to reduce
the real output of an economy in the context of a very simple production function model. This
explanation will still probably not be very convincing for a layman but it should be helpful for
the economists present at the conference.

In section 3, we discuss another problem that is not that straightforward: namely, how should we
allocate the cost of a durable input across the useful life of the input? This leads us into a
discussion of the user cost of capital.

Sections 4 to 6 are more technical. These sections gradually relax some of the restrictive
assumptions made in section 2. In particular, we need to generalize the model explained in
section 2 to cover the case of many (noncapital) inputs and outputs and many capital inputs. We
also need to extend the model to an open economy.

Section 7 introduces our preliminary econometric model which is based on relatively recent
developments in the theory of flexible functional forms. However, in section 8, we discuss a
technical problem with the functional form that is suggested in section 7: namely, it will tend to
generate somewhat artificialy trending elasticities in many data sets. Given the importance of
getting accurate elasticity estimates for the computation of excess burdens, we address this

! Our thanks to the Canadian Donner Foundation for partially funding this research over the
years.
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problem in section 8. We suggest a new functional form that is completely flexible at two data
pointsinstead of the usual single data point.
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Section 9 presents our empirical estimates for a Canadian model estimated using data for the
period 1974-1998. Our model has 8 commodities: a domestic output, an export commodity, an
import commodity, an aggregate market sector labour input and three reproducible capital stocks
(nonresidential structures, machinery and equipment and inventories). Thelast input island.?

Section 10 uses the elasticity estimates presented in section 9 and the theory of excess burden
measurement developed in section 6 to present empirical estimates of the marginal excess
burdens of capital taxation in Canada for the years 1974-1998. However, we regard our
estimates as being only very preliminary: there is much more work to be done both on
developing better estimates of the alocation of taxes in Canada and in estimating more
disaggregated econometric models.

Section 11 concludes.

2. The Excess Burden of Capital Taxation

We illustrate the efficiency costs of taxing capital by considering avery ssmple model of a closed
economy (i.e., we neglect the effects of international trade in goods). We suppose that units of
private sector reproducible capital are combined with factors that are held fixed during the short
run to produce units of aggregate output that can be used for either consumption C or investment
I. Letting L denote the number of units of labour and other factors that are fixed in the short run
we have:

(1) Y=C+I=1f(K,L)

where f is the production function, Y denotes output and K denotes the beginning of the period
capital stock. Note that we are assuming that units of the investment good | are perfectly
substitutable with units of the consumption good C. We also assume that investment goods
produced during the current period are added to the reproducible capital stock at the beginning of
the following period. Thus, investment goods can be viewed as intertemporal intermediate
inputs into the private production sector: | is produced this period so that it can be used as capital
input next period and offset this period’ s depreciation of the capital stock.

2 Our data set is basically an update of the data described in Diewert and Lawrence (1999). Of
course, we have made heavy use of Statistics Canada data.
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We assume that each unit of the capital stock has a physical decline in its efficiency over the
period at therate § ; ie if K units of the capital stock are in place at the beginning of the period,
only @L- 8 )K units are available for further use at the end of the current period.

We consider a steady state capital optimisation problem where investment is set equa to
depreciation; ie we replace | in (1) by 8K and maximise C = f(K,L) - I = f(K,L) - 8K with
respect to K. Another way of viewing depreciation in this formulation isto regard it as a cost of
production; the capital used at the beginning of the period, K, should be assessed a charge equal
to the decline in value of the capital stock due to deterioration and a shorter life. Another charge
that should be assessed against the starting capital stock is the opportunity cost of capital; ie the
interest cost which will be just sufficient to induce owners of the capital stock to hold the capital
stock through the period. Thus, if the real interest rate is r*, then the optimal long run capital
stock K° is the solution to the following maximisation problem:

(2 max{f(K,L)- (r*+5)K}.

Since we are regarding L as fixed, write the production function f(K,L) as f(K). Then the first
order necessary condition for K° to solve (2) is:

(® fqK)=r*+d

where f ¢ denotes the first derivative of f. We assume that the following second order sufficient
condition is also satisfied:

4)  f®K°)<o.

The geometry of the unconstrained maximisation problem (2) is illustrated in Figure 1 below.
The curved line through the origin represents the production function constraint, C+1 = f(K),
while the straight line through the origin represents the depreciation and interest cost of capital.
The difference between the two lines represents sustainable consumption (after interest
payments) or surplus as a function of the beginning of the period capital stock K. The maximum
sustainable surplus S is achieved at the capital stock K° where the slope of the production
function equal s the slope of the capital cost function.
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Figure 1: Stylised Loss from Capital Taxation
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When capital is taxed, private producers will face the price r *+d +t * per unit of capital used,
where T * is the capital tax rate expressed as a fraction of the asset value of capital.®> Thus,
instead of solving (2) in the long run, private producers will be induced to choose the capital
stock K* which solves:

(5)  maxg{f(K)- (r*+35 +T*K}.

We may regard the K* which solves (5) as a function of the tax rate T *; ie K¥ = K(t *). This
solution to (5) will satisfy the following first order necessary condition:

6) fEK@E*)] =r*+ +1*.

The fact that producers must pay capital taxes to the government increases the cost of using
reproducible capital as an input and the resulting steady state capital stock K(t *) is smaller than
the optimal capital stock, K° = K(0), which solved (2). Thetax distorted surplus, St © f(K*) — (r*
+ 0)K* is smaller than the optimal surplus S° ¥%af (K*) - (r*+3)K"; (see Figure 1).

¥ We use r* to distinguish the real interest rate from the nominal interest rate r and we use t* to
distinguish the capital asset tax rate from the capital income tax rate t. In the following section,
we will consider more precisely how to define t*.
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Figure 1 illustrates qualitatively the effects of taxing reproducible capital — the higher the level
of taxation, the lower will be the long run level of capital utilised and the corresponding surplus.
In what follows, we indicate how a quantitative estimate of the decline in the sustainable surplus
can be obtained.

First, differentiate equation (6) with respect to T *. We obtain the following equation for the
change in capital due to asmall increasein the tax rate, K&c*):

(7) K&*) =1/ f¢K )],

where f® is the second derivative of the production function and will be negative under the
usual assumptions on the production function. Now define producer surplus (or sustainable
consumption after interest payments) as a function of the capital tax rate t * asfollows:

(8) SE*) Yaf[KEx*)]- (r*+d) K{x*).

Differentiating (8) with respect to T * and using (6) yields the following formula for the rate of
change of surplus with respect to the level of capital taxation:

(9 S&*)=[fgKE*)]- (r*+3)] K&™*) =t *K&>).

Evauating (9) at Tt * = 0 yields

(10) S&*) =0.

Differentiating (9) with respect to T * and evaluating the resulting derivativeat t * = 0 yields
(11) s#p)=kdp)=1/ ek (0)]<0

where the second equality in (11) follows from (7) evaluated at t* =0 and the inequality

follows from K° = K(0) and (4). We now use (10) and (11) to form the following second order
Taylor series approximationto S(t*):

12) Ss@*) @S()+ sq)k*+ (1/2)sU)x *?
=5(0)+ @2x** 1 1 4 0)]

Define L(t*) astheloss of sustainable output as a fraction of optimal output Y (0):

(13)  LE*)¥s@)- se*)/Y().

Using (12), a second order approximationto L(t*) is

(14)  A@*) Y- /2% *2 1 Y(0) f 4K (0)).
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We need to provide an economic interpretation for the second derivative of the production
function, f K (0)], evaluated at the optimal capital stock K(0). The first derivative of the
production function, f{§K (0)], is the optimal return to one unit of the capital stock or the rental
price of capital, Pk =r*+d . Thus, the second derivative can be interpreted as the change in
the rental price dueto asmall changein the use of capital, dpk (K)/ dK :

(15) dpk [K(0)]7 dK = f 4K (0)] = f¢K°] <0

where the inequality follows from (4). We convert dpk / dK into a non-negative (inverse)
elasticity of demand for capita e by changing the sign of fG{K(O)] and multiplying by
KE)/ pk [k @)=k 0)/ 4K O):

(16)e v& T4 Q) K )/ fqk0)]=- f4k ) K )/ (r +5)

where the second equality in (16) follows from (3).

It is also useful to define the economy’s optimal capital output ratio g as the ratio of the optimal
capital stock K(0) to the optimal gross output Y (0)= f [K (0)]:

(17)y vK(0)/Y ().

Substitution of (16) and (17) into (14) yields the following formula for the approximate loss of
producer surplus as afraction of optimal output:

(18) Ae*) = (L/ 2t *?y 1 e(r*+8) >0,

For advanced industrial economies, a typical range for the capital tax rate T * is 0.01 to 0.03 (ie
one percent to three percent of the asset value of capital), for the capital output ratio gis two to
four, for the inverse elasticity of demand for capital e is 0.5 to 1.0, for the real after tax rate of
return r* is 0.01 to 0.05 and for the depreciation rate d is 0.04 to 0.08. If we substitute the
midrange values for these parameters into the right hand side of (18), we find that the
approximate output loss due to capital taxation at the rate T = 0.02 is A(0.02) = 0.0089 or 0.89
percent of gross domestic product. Table 1 below indicates how the approximate loss of output
A(t*) varies as each parameter varies between the low and high values of its assumed range
while letting the remaining parameters equal their midrange values.

Table 1: Percentage Loss of Output

Parameter Midrange T* r* Y 0 €
Value Values 001 003 001 005 200 400 004 008 050 100
% loss 0.89 022 200 114 073 059 119 114 073 133 067
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Note that the approximate loss of output increases as the square of the capital tax rate T * so if
T * increases from 0.02 to 0.03 and the other parameters remain at their midpoint values, the loss
of output due to capital taxation increases from 0.89 percent of GDP to two percent of GDP.
These output losses persist year after year so that the present value of these annual output losses
is substantial.

It should be emphasised that the above efficiency losses induced by the taxation of capital are
entirely avoidable: equivalent amounts of revenue could be raised by taxing the final outputs of
the private production sector or by taxing primary inputs. We note that the latter two forms of
taxation do not involve a loss of productive efficiency for the economy whereas taxing an
intermediate input like capital invariably involves aloss of productive efficiency.*

The efficiency losses listed above in Table 1 are likely to underestimate substantially the actual
losses that are induced by capital taxation in an industrialised economy. The above model
assumes only one capital stock with an average tax rate of T * which is applied to the asset value
of reproducible capital. In actual economies, the system of business income taxation invariably
taxes lightly some components of the capital stock and taxes other components very heavily.
The efficiency losses associated with the differential taxation of each type of capital will grow
approximately as the square of the tax rate. Thus, the large losses associated with the heavily
taxed components will not be balanced by the small losses associated with the lightly taxed
components and the total loss will be much larger than the loss obtained by applying an average
tax rate to the total reproducible capital stock.”

Another diagram may be helpful in illustrating the efficiency costs of capital taxation. Note that
K(t*), the capital stock solution to equation (6), can be regarded as the long run demand for
reproducible capital as a function of the tax rate t *. Now rewrite equation (6) as follows:

(19) fEK(r*+d +t*)] =r*+d +t *

ie the demand for capital K(r*+3d +t*) which solves (19) can be written as afunction of the tax
distorted rental price of capital, r*+d +t *. In Figure 2 below, the inverse of this demand for
capital function is graphed as the curve DD. If there were no capital taxes, capital would be
supplied to the private production sector at the rental price r *+d which would just cover the
real interest and depreciation costs of using a unit of capital for the period. This horizontal

* See Diewert (1983a) (1983b) for the productive efficiency approach to tax policy. Although
capital taxation cannot be justified on productivity or efficiency grounds, it still can be justified
on equity grounds.

> Reproducible capital stocks are stocks produced by the production sector. There are no
efficiency losses associated with taxing capital stock components that are fixed (such as land).
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supply of capital curve intersects the demand curve at the point A. The imposition of the capital
tax T * shifts the supply of capital curve up and this tax distorted supply curve intersects the
demand curve at B. Note that the equilibrium level of capital used has decreased from K° to K*.

Figure 2: Alternative Representation of Capital Tax Loss
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Equation (19) can be integrated to obtain an expression for the gross change in output; ie the
change in gross output produced due to capital taxation before deducting depreciation and
interest costs; ie we have

(20) f(K°) - f(K") = d; f K JK = Area BAK°K ™.

The efficiency cost of capital taxation is defined to be the net change in output after deducting
depreciation and interest payments:

(21) S(O)- S@*) Y[ F(K®) - (r*+8)K] - [f(K") - (r*+3)K’]
= f(K%) - f(K")- (r*+5) (K° - K")
= Area BAK°K™ - Area CAK°K"
= Area ABC.
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Thus, the area of the shaded triangular region under the demand curve is a measure of the
efficiency costs of capital taxation. Thisisa producer surplus measure of deadweight l0ss.®

We now linearise the demand curve around the undistorted equilibrium point A and use the
triangle AEF as an approximation to the exact deadweight loss ABC. From (15) and (16), it can
be verified that the absolute value of the slope of the linear approximation to DD at A is
e(r*+8) / K°. Thevertica distance EF in Figure 2 is equal to T * so the horizontal distance of
the triangle AEF, AF, will equal the vertical distance t * divided by the slope ¢(r *+8) / K°.
Thus,

(22)  Area AEF = (L/2)[c */ {e (r*+5) / K}t *

=@/2)t*? K° [ e(r*+3)

=Y (0) A@)
where we have used (18) to derive the last equality in (22). Thus, the area AEF in Figure 2 is
equal to the approximate loss A(t*), defined earlier by (18), times optimal GDP, Y (0) We note

that for small tax rates t *, the approximate loss measure AEF should be quite close to the exact
loss measure ABC.

The approximate total efficiency loss or excess burden of capital taxation defined by (22) is not
the most interesting number from the viewpoint of economic policy. A more interesting concept,
initiated by Browning (1976) (1987), is the marginal excess burden of capital taxation. We
explain this concept in the context of our highly ssmplified model in the following section.

The approximate total efficiency loss or excess burden of capital taxation defined by (22) is not
the most interesting number from the viewpoint of economic policy. A more interesting concept,
initiated by Browning (1976) (1987), is the marginal excess burden of capital taxation. This
concept compares the increase in efficiency loss due to a small increase in the level of capital
taxation to the increase in tax revenue that can be attributed to the tax increase. Another diagram
may be helpful in explaining the concept.

In Figure 3 below, we have reproduced the approximate deadweight loss triangle AEF as in
Figure 2 and this triangle corresponds to the efficiency loss when the capital tax rateist *. We
now increase the capital taxation rate by a small amount At * and we note that the increase in
efficiency loss is equal to the triangle EIJ plus the rectangle EFKJ. The initial tax revenue is
equal to the area of the rectangle EFNM and the new tax revenue is equa to the area of the

®Note that our loss measure does not contain a consumer surplus term. For analogous consumer
surplus measures of deadweight loss, see Browning (1976) (1987) and Findlay and Jones (1982).
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rectangle IKNL. Thus, the change in tax revenue is equal to the area of IJML minus the area of
EFKJ. Thischangein tax revenue (the incremental benefits of the tax increase) can be compared
to the increased efficiency loss, EFKI, (the incremental costs of the tax increase). Note that if the
initial level of taxation T * is very high, then the incremental tax revenue can be negative; ie the
induced reduction in the use of capital can outweigh the increased tax revenue per unit of capital
used by private producers.

Figure 3: Marginal Excess Burden of Capital Taxation

Pk

r*+0 +t*+Ar* | L |

r*+9 +t* E

r*+39

We now provide an analytic formulation that corresponds to the marginal excess burden measure
described by Figure 3. Equation (18) describes the approximate efficiency loss At*) as a
fraction of optimal output Y(O). Differentiating this function with respect to T * gives us the
following formulafor the marginal efficiency loss (as afraction of Y (0)):

(23) AGe*) =t*y /e(r*+5) >0,
Define tax revenue as a function of the capital tax rate t*, T (t*) asfollows:
(24) T(@E*) Y *K(x?*).

Note that T(0)=0 and the first and second order derivatives of T(t*) evaluated at the no
distortion point t * =0 are:

(25) T40)=K()
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(26) Td0)=2KdD).
Thus a second order Taylor series approximationto T (t*) is
(27) T @KO)*+ K @)+

Define the approximate benefit function B(t*) as the right hand side of (27), divided by the
optimal output Y (O):

28
29) Bx*) va[K(Q) * + K'(0X *2]1/ Y (0)
=yt + K'0x* /Y() using (17)
=yt *- yr* [ e(r*+9) using (7) and (16).

Now differentiate (28) with respect to T * which gives us a formula for the marginal benefit of
increasing capital taxes B&*) (asafraction of optimal output Y (0)):

(29) B@*) =y[l- 2t */ e(r*+d)].

Finally, define the (approximate) marginal excess burden of capital taxation MEB(t*) as the
ratio of the marginal efficiency cost A& *) defined by (23) to the marginal benefit B&c*)
defined by (29):

(30) MEB@*) = AGt*) / BGe*) =t* / [e(r*+d) - 20*].

Note that MEB(t*) depends not only on the rate of capital taxation t * but it also depends on the
inverse elasticity of demand for capital ¢ , the real interest rate r* and the depreciation rate d.
However, MEB(t*) does not depend on the capital output ratio g, in contrast to our earlier
formulafor the approximate total efficiency loss (as afraction of optimal output), A(t*), defined
by (18).

In Table 2 below, we evaluate MEB( *) defined by (30) at our midrange estimates for the
capital tax rate (t * = 0.02), the real interest rate (r* = 0.04), the depreciation rate (6 = 0.06)
and the (inverse) elasticity of demand for capital (£ =0.75). We also table MEB(x*) as each
parameter varies between the low and high values of its assumed range, while letting the other
parameter values equal their assumed midrange values.

Table 2: Marginal Excess Burdens of Capital Taxation

Parameter Midrange T* r* ) €
Values Values 0.01 0.03 0.01 0.05 0.04 0.08 0.50 1.00
MEB 0.727 0211 4000 1600 0471 1600 0471  4.000 0.400
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From Table 2, the marginal excess burden of capital taxation when t* =0.02, r* =0.03,
0 =0.06 and € =0.75 is 72.7 percent. This means that if the government is contemplating
financing a new recurring program expenditure by increasing capital taxation, then for each
dollar of tax revenue spent on the program, its benefits should exceed 1.727 dollars; ie the loss of
productive efficiency that is induced by a tax increase that yields an extra dollar of revenue is
72.7 cents. In contrast to the rather small numbersin Table 1, the numbersin Table 2 are rather
large. For example, if the level of capital taxation increases from two percent to three percent,
then the marginal excess burden increases from 72.7 percent to 400 percent; i.e., the marginal
benefits that accrue to an incremental program that is financed by the increased level of capital
taxation should exceed five dollars for each dollar of revenue raised. Of that five dollars, one
dollar of benefits is required to make up for the one dollar of tax revenue that is diverted from
private uses and the other four dollars of benefits are required to offset the loss of output that the
increased level of capital taxation induces in the private production sector.

Table 2 indicates that the marginal excess burden of capital taxation is very sensitive to the
parameter values that were inserted into formula (30). Thisis unfortunate, because it is difficult
to determine t*, r*, d and ¢ with great precision in actual economies. Hence relatively small
errors in these parameters can trandate into relatively large errors in the associated excess
burdens. However, our qualitative assessment of the numbers presented in Table 2 is that the
margina excess burdens generated by the taxation of reproducible capital are likely to be
considerably larger than the marginal excess burdens generated by taxing consumption or
labour.” Our reason for this a priori expectation is that even though t * is a relatively small
fraction, it is a relatively large proportion of the undistorted rental price of capital r*+d and
hence has arelatively large effect on the allocation of resources.

3. TheUser Cost of Capital

In the national accounts, interest (or more generally, the return to capital) is treated as a transfer
(or as a distribution out of surplus) and not as a cost of production. Thus, the only cost
associated with the use of reproducible capital in the national accountsis depreciation. The costs
of using nonreproducible capital inputs like land are totally ignored in the national accounts.
However, economic theory regards interest as a cost of production — it is the cost of inducing

" Diewert and Lawrence (1994) (1996) found that the marginal excess burdens for labour and
consumption taxes were in the 10 percent to 20 percent range for the New Zealand economy.
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investors to defer consumption for the period under consideration. Thus, an appropriate cost of
capital from the viewpoint of production theory and the measurement of deadweight costs is the
user cost of capital which includes both interest and depreciation costs. This concept dates back
at least a century to the economist Walras (1954; 269) and the industrial engineer Church (1901;
907-908). In more recent times, it was generalized to deal with the complications of the business
income tax by Jorgenson (1996). We review this literature below.

We begin by deriving the user cost of capital in a world without the taxation of capital. We
suppose that a firm purchases a capital asset (or durable input) such as a machine, a computer, a
building, an inventory item or a plot of land at the beginning of an accounting period at the price
P. Since a durable asset by definition lasts longer than one period, the firm cannot ssmply charge
the entire cost of the asset to the first accounting period: it must distribute the cost over the useful
life of the asset. During the period, the asset declines in value according to the depreciation rate
0, so at the end of the accounting period, if there were no inflation during the period, the asset
would be worth (1-8)P. However, normally there will be some change in the price of the asset
over the period. Let the inflation rate for a unit of the asset be denoted by «, so that the end of
the period price for the depreciated asset will be (1-0)(1+a)P. Now we are ready to work out
what the net cost of using the asset is for the first accounting period. The beginning of the period
user cost of the asset, B, is defined to be the asset’ s purchase cost P minus the discounted end of
period market value of the asset:

(3) B = P—(1-8)(1+a)P/(1+R)

where Ris the average cost of capital that the firm faces during the period; i.e., it is an average of
the bond interest rate and the equity cost of capital that it faces at the beginning of the accounting
period.

The above user cost of capital is the one that economists are most familiar with since they are
used to working with discounted values. However, it is also possible to work with the end of the
period user cost U, which simply multiplies B by 1+R:

(32) U = P(1+R) — (1-9)(1+a)P

(33)

[R—a + d(1+a)]P.

Formula (32) for the end of period user cost of an asset should be intuitively appealing to
accountants. As part of the cost of using the asset during the period, we need to charge not only
the purchase price P of the asset, but also the direct bond interest costs associated with financing
the purchase of the asset plus the opportunity cost of tying up equity capital in the asset (thisis
the cost RP). However, these costs are partially offset by the fact that at the end of the period, we
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have an asset that could be sold for the amount (1-0)(1+a)P. Thus, the net cost of using the
asset during the period (including the opportunity costs of the equity capital that istied up in the
purchase of the asset) is the right hand side of (32). Note that the end of the period value of the
asset, (1-0)(1+a)P, becomes next period’ s beginning of the period value of the asset.

Formula (33), which is ssmply arearrangement of (32), also has a nice intuitive interpretation. It
says that the user cost of an asset has an interest/opportunity cost of capital equal to RP less a
capital gains component oP plus a depreciation component that is indexed for asset inflation
O0(1+a)P. The first two components of this formula can be combined into the term (R — a)P
which can be interpreted as areal interest rate term.

The user cost of capita plays a fundamental role in any economic approach to modeling
producer behavior. It plays the role of a period specific price for a durable capital input and is
analogous to a wage rate (as the price for a unit of labour) or an output price (as the price for a
unit of output).

We now bring business income taxes into the picture.

Unfortunately, the business income tax does not treat capital costs in the manner indicated above
by formulae (32) or (33), which is an economic approach based on current opportunity costs.
Most systems of business income taxation use the conventions of historical cost accounting to
define period by period capital costs that are to be used in defining income for tax purposes.
Thus, for tax purposes, an accounting user cost A for the asset described in the previous section
might be defined by something like the following formula:

(34) A = [fR+d]P

wheref isthe fraction of interest and equity cost that istax deductible (typically interest costs are
deductible but equity opportunity costs are not so that f would depend on the firm’s debt-equity
ratio) and d is the depreciation rate for the asset that is prescribed by the tax code. The actua
formulafor A istypically alot more complicated than the right hand side of (34) due to various
incentives and exceptions that are invariably written into the tax code and due to the lack of
indexation of depreciation allowances for inflation.

We continue to suppose the firm uses only one capital input, say the one described in the
previous section. Suppose further that the firm purchases K units of this durable input at the
beginning of the accounting period and has a cash flow (the value of outputs produced during the
period minus the value of nondurable inputs used during the period) of CF during the period.
Then the firm’'s profits before income taxes would be CF — UK where U is the user cost
described by (32) or (33) above. The firm’s profits after business income taxes, = , are equal to
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before tax profits, CF — UK, minus the business tax rate, t, times taxable income as defined by
the tax code, CF — AK; ie we have the following definition for after business tax income:

(35) m = [CF—UK] —t[CF - AK]

(36) = (1-7)[CF-UK] +t[A-U]K rearranging terms
(37) = (1-7)[CF-{U+[t/(1-7)](U-A)}K] rearranging terms
(38) = (1-7)[CF —-{U + W}K] using (39)

where the business tax wedge W is defined as:
(39) W =[t(1-1)](U-A).

Note that if either the business income tax rate t equals O or if the no tax economic user cost U
equals the tax accounting user cost A, then the tax wedge Wis 0 and the tax distorted user cost of
capital U + Wis equal to the undistorted user cost of capital U.

The tax distorted user cost of capital U + W was first derived by Jorgenson (1963) and it is
widely used by economists when they model the effects of the business income tax. In order for
us to use it in our study, we would need a time series of business tax rates t and a time series of
accounting user costs A for the various types of asset in our model.

However, the (business) tax distorted user cost of capital, U + W, is not the end of the story when
we want to calculate the deadweight cost of taxes on capital, because the above material neglects
the fact that capital is not only taxed at the business level, it is also taxed at the personal level. In
addition, there are various specific commodity taxes that fall on various capital stock
components, like property taxes and sales taxes on purchases of machinery and equipment and
structures.

The return to financial capital (i.e., interest and dividends and realized capital gains) is taxed at
the personal level. The user costs developed above assumed that the firm faced the average cost
of capital R. However, the individual investor does not receive this entire return to capital: the
dividends and interest received by the domestic investor are subject to persona taxation at the
rate t say (foreign investors are typically subject to interest or dividend withholding taxes at rates
which approximate the personal tax rate). Thus, the individual investor receives only the after
personal tax rate of return r wherer isrelated to R as follows:

40) r = (1-tR

Thus, removing the tax distortions on capital would involve eliminating both the business
income tax (or setting A equal to U) as well as the personal tax on the return to capital. To find
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the completely undistorted user cost of capital, we need only replace Rin (32) or (33) by r. Thus,
define the undistorted user cost of capital U* by:

(41) U* = [r—a+d(1+a)]P.

Using (40), it can be seen that the relationship of our initial economic user cost of capital U
defined by (33) and our new undistorted user cost of capital U* defined by (41) is:

(42) U = U* +[t/(1=)]rP

(43) = U* + W
where the personal taxation wedge W* is defined as:
(44) W = [t/(@A-1)]rP.

In words, taxation of capital income at the personal level causes the undistorted user cost of
capital U* to increase by the persona taxation wedge, W*. This analysis has neglected the
effects of the business income tax. However, the analysis presented in the previous section is
still valid but in order to determine the distortions due to both the business and personal taxation
of capital, we need to replace U in (38) by U* + W*. The resulting formulafor after business tax
income becomes:

45 = = (1-7)[CF-{U* + W +W}K].
Thus, the total tax wedge created by taxation at both the business and personal levelsis:
(46) T =W +W

where the personal tax wedge W* is defined by (44) and the business tax wedge W is defined by
(39).

Unfortunately, we did not have an accurate information base that would have allowed us to
construct the above personal and business tax wedges defined above. However, there is little
evidence that businesses actually rearrange terms as was done in (35) to (38) above to obtain the
Jorgenson tax adjusted user costs U + W. There is, however, some evidence that firms do use the
user costs defined by (32) or (33) (see Diewert and Fox 1999). Typically, the business income
tax isignored entirely in cost allocation models and simply treated as a charge against earnings.
In this case, a sophisticated business might treat the amount of business tax that it pays during
the accounting period as a capital charge that should be spread evenly on its assets. Following
thisline of thought, turn to our one asset example again. Define the business asset tax rate t* as:

(47) t* = (businessincome taxes paid during the period)/PK
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and the tax adjusted user cost becomes:

48) U = U+7P

(49) = [R—o + 1 + 8(1+a)]P using (33)
(50) = U* + W + 7P using (43)
(51) = U* +t*P + T*P

where we have converted the personal tax wedge W* into a tax wedge as a fraction of the asset
value; iet* can be defined as:

(52) t* = (personal capital taxes paid during the period)/PK.

The user cost formula (51) is the user cost formulathat we use in this study. From the viewpoint
of real life firm accounting practices, the case for using this user cost formulais just as strong as
the case for using the Jorgensonian user cost formula U* + W* + W. Essentially, we have
replaced the Jorgensonian tax wedge W by the aggregate business and personal tax wedge (t* +
™)P.

The approach we adopt in this report to calculating the capital tax rate is to assume that the tax
rate is the same across the various asset categories. It is calculated by taking the ratio of actual
capital tax payments to the value of assets. This produces an estimate of the average capital tax
rate for each year.

Using the average capital tax rate has the advantage of being based on relatively ‘hard’,
observable data and, for most countries, it will provide a reasonable approximation of the capita
tax burden faced by producers. However, an argument can also be mounted that deadweight loss
studies should use estimates of the effective marginal tax rate (EMTR) producers face as this will
be a closer approximation to the rate producers respond to in making investment and other
production decisions. While the use of EMTRs may be desirable, their construction is
informationally very demanding. We hope to implement this approach in the future. In the
meantime, we use the average tax rate on capital to proxy the tax burden producers face and to
test our producer model.

To summarize: we assume that the undistorted user cost of capital for each of our three assets has
the following form:

(53) U* =uP° [R- a +d(1+a)]P
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where P is the beginning of the period asset price, R is atax free opportunity cost of capital®, a is
an anticipated asset inflation rate’® and d is our assumed geometric or declining balance
depreciation rate. The assumed depreciation rate for nonresidential structures was 3.5% (i.e.,
dyg © .035), for machinery and equipment was 12.5% (i.e., dy,z ° .125) and for inventory stocks
was0 (i.e, dg° 0). Thenominal interest rates or opportunity costs of capital R are tabled below
in Table 4 along with our estimated asset inflation rates, a,z, a,: and a5 for nonresidential
structures, machinery and equipment and inventory stocks respectively. The beginning of the
period asset prices, Pyg, Pye and P are tabled in Table 5 below. The undistorted user costs in
percentage form, theterms u in (53), are tabled in Table 4 below for each of our three assets.

To obtain the final tax distorted user cost for each asset, we need to add the total distortion
wedge, WP, to the undistorted user costs defined by (53). These wedge terms w for each asset
are defined as follows:

(54) WNROt*+t*+tPNR+tCNR;
(55) WME0 t* +t* +tCME;
(56) w,g © t* +t*

where t* + t* is the combined (asset) business and personal tax rate on capital, tp is the
property tax rate on nonresidential capital, and t s and t .,z are the commodity tax rates times
the undistorted user costs u,, and u,,: respectively.”® These tax rates and are listed in Table 3
below aong with R, the nominal opportunity cost of capital, and the three (anticipated) asset
inflation rates, a,, aye @and a,. The capital tax rates are also graphed in Figure 4.

8 We assume that 1+R =(1 + .05)(1 + ac) where r = .05 is an assumed required real rate of return
and ac is a smoothed inflation rate for Canadian consumer prices. We used smoothed ex post
actual consumer price inflation rates to proxy these anticipated inflation rates. We used the
Lowess nonparametric smoothing option in Shazam with the smoothing parameter f = .2.

9 We used smoothed ex post asset inflation rates to proxy these anticipated asset inflation rates.
We used the Lowess nonparametric smoothing option in Shazam with the smoothing parameter f
=.2.

1 The taxation of purchases of capital inputs by the use of Provincial sales taxes (and some
Federal sales taxes before the imposition of the GST) leads to a tax distortion at the moment of
purchase. We essentially distribute this distortion over the useful life of the asset so the tax rates
listed in Table 3 are lower than the instantaneous rate of taxation.
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Table 3: Tax Ratesand Asset Inflation Rates (per centages)

Year T TpnR Tenr Teme R g Qe Qs
1974 4.43 1.41 0.22 2.57 14.57 11.22 9.43 12.90
1975 3.73 1.33 0.27 1.85 13.71 8.60 8.61 9.11
1976 3.41 1.39 0.29 2.06 12.78 6.94 6.47 5.66
1977 3.21 1.41 0.28 2.28 13.05 7.57 458 6.52
1978 3.24 1.39 0.26 2.54 14.17 9.25 2.54 10.11
1979 3.40 1.29 0.27 2.51 15.25 10.18 1.85 12.38
1980 3.50 1.30 0.30 2.49 15.43 9.11 1.54 11.69
1981 3.75 1.28 0.35 241 14.31 6.45 1.37 8.49
1982 3.36 1.23 0.35 2.27 12.33 4.11 0.83 5.25
1983 3.28 1.22 0.34 2.37 10.48 2.56 -0.98 2.94
1984 3.56 1.25 0.31 2.58 9.46 2.60 -1.95 2.01
1985 3.54 1.26 0.28 2.54 9.19 3.34 -2.02 1.83
1986 3.62 1.16 0.27 2.78 9.24 3.93 -1.48 2.02
1987 3.84 1.05 0.25 2.76 9.32 4.43 -0.72 2.40
1988 411 0.94 0.28 2.80 9.53 3.78 -0.76 2.21
1989 4.21 0.94 0.33 2.04 9.46 1.97 -1.37 1.14
1990 4.09 0.93 0.35 2.17 8.80 0.56 -1.96 0.04
1991 3.74 0.96 0.33 0.94 7.91 0.22 -1.30 0.39
1992 3.57 0.99 0.28 0.79 6.78 0.97 0.18 1.31
1993 3.61 0.97 0.25 0.75 6.35 1.57 0.72 2.73
1994 3.82 0.96 0.25 0.78 6.39 1.56 0.00 2.47
1995 415 0.92 0.26 0.82 6.53 1.37 -0.97 -0.41
1996 453 0.92 0.25 0.87 6.58 1.64 -2.23 -2.10
1997 4,71 0.91 0.25 0.92 6.65 1.99 -3.63 -3.50
1998 4.40 1.03 0.23 0.97 6.67 2.42 -5.03 -4.81

Figure 4. Capital Tax Rates
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It can be seen that the combined personal and business tax rates on the return to capital are in the
3.5% to 4.5 % range for our sample period, 1974-1998. Our estimated property tax rate which
falls on the use of structuresisin the .9% to 1.4% per year range. Our estimated commodity tax
rate on the use of structures is in the .2% to .35% range and on the use of machinery and
equipment is in the 2.5% to .75% range. The sum of all of these tax rates leads to an overall
wedge tax rate in the 5% to 6% range for nonresidential structures, in the 4% to 7% range for
machinery and equipment and in the 3.5% to 4.7% range for inventory stocks.

The undistorted user costs for nonresidential structures, u,z, machinery and equipment, u,,z, and
for inventory stocks, u,s, (in proportional form; see (53) above) are listed in Table 4 below, along
with the tax wedges. The undistorted user costs and tax wedges are then graphed in Figures 5 and
6, respectively.

Table 4: Undistorted User Costs (deflated by Asset Prices) and Tax Wedges

Year Unr Une Us Wir Wwe Wis
1974 0.0724 0.1882 0.0166 0.0605 0.0700 0.0443
1975 0.0891 0.1868 0.0460 0.0533 0.0559 0.0373
1976 0.0958 0.1962 0.0712 0.0508 0.0547 0.0341
1977 0.0925 0.2154 0.0652 0.0490 0.0549 0.0321
1978 0.0875 0.2445 0.0406 0.0489 0.0578 0.0324
1979 0.0892 0.2614 0.0287 0.0496 0.0591 0.0340
1980 0.1014 0.2658 0.0373 0.0510 0.0598 0.0350
1981 0.1158 0.2561 0.0582 0.0538 0.0616 0.0375
1982 0.1187 0.2411 0.0708 0.0495 0.0563 0.0336
1983 0.1150 0.2383 0.0754 0.0485 0.0566 0.0328
1984 0.1045 0.2366 0.0745 0.0512 0.0614 0.0356
1985 0.0947 0.2346 0.0736 0.0508 0.0608 0.0354
1986 0.0894 0.2304 0.0722 0.0504 0.0639 0.0362
1987 0.0854 0.2245 0.0692 0.0514 0.0660 0.0384
1988 0.0938 0.2269 0.0731 0.0532 0.0691 0.0411
1989 0.1106 0.2316 0.0832 0.0548 0.0625 0.0421
1990 0.1176 0.2301 0.0875 0.0537 0.0626 0.0409
1991 0.1120 0.2155 0.0752 0.0503 0.0469 0.0374
1992 0.0934 0.1912 0.0547 0.0484 0.0436 0.0357
1993 0.0833 0.1822 0.0362 0.0483 0.0436 0.0361
1994 0.0838 0.1888 0.0392 0.0503 0.0460 0.0382
1995 0.0871 0.1987 0.0694 0.0534 0.0497 0.0415
1996 0.0849 0.2103 0.0868 0.0570 0.0540 0.0453
1997 0.0823 0.2232 0.1015 0.0587 0.0563 0.0471
1998 0.0784 0.2357 0.1148 0.0566 0.0537 0.0440
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Figure5: Undistorted User Costs
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Finally, the beginning of the period asset prices (before commodity taxes), Pyr, Pye @d P are
listed in Table 5 along with the corresponding beginning of the period capital stocks, Kyg, K ye
and K5 (in billions of 1974 Canadian dollars). The capital stocks were constructed using the
perpetual inventory method using investment data back to 1926. Starting stocks for 1926 for
nonresidential structures and machinery and equipment were constructed using the assumed
depreciation rates plus the assumption that investment had been growing at a 2% rate for all
years prior to 1926.

Table5: Capital Pricesand Quantities (in billions of 1974 dollars)

Year Prr Puve Pis Kir Kve Kis
1974 4.43 1.41 0.22 2.57 6.05 7.00
1975 3.73 1.33 0.27 1.85 5.33 5.59
1976 3.41 1.39 0.29 2.06 5.08 5.47
1977 3.21 1.41 0.28 2.28 4.90 5.49
1978 3.24 1.39 0.26 2.54 4.89 5.78
1979 3.40 1.29 0.27 2.51 4.96 5.91
1980 3.50 1.30 0.30 2.49 5.10 5.98
1981 3.75 1.28 0.35 241 5.38 6.16
1982 3.36 1.23 0.35 2.27 4,95 5.63
1983 3.28 1.22 0.34 2.37 4.85 5.66
1984 3.56 1.25 0.31 2.58 5.12 6.14
1985 3.54 1.26 0.28 2.54 5.08 6.08
1986 3.62 1.16 0.27 2.78 5.04 6.39
1987 3.84 1.05 0.25 2.76 5.14 6.60
1988 411 0.94 0.28 2.80 5.32 6.91
1989 4.21 0.94 0.33 2.04 5.48 6.25
1990 4.09 0.93 0.35 2.17 5.37 6.26
1991 3.74 0.96 0.33 0.94 5.03 4.69
1992 3.57 0.99 0.28 0.79 4.84 4.36
1993 3.61 0.97 0.25 0.75 4.83 4.36
1994 3.82 0.96 0.25 0.78 5.03 4.60
1995 415 0.92 0.26 0.82 5.34 497
1996 453 0.92 0.25 0.87 5.70 5.40
1997 471 0.91 0.25 0.92 5.87 5.63
1998 4.40 1.03 0.23 0.97 5.66 5.37

In the next section, we show how the simple excess burden model explained in section 2 above
can be generalized to cover the case of many (noncapital) outputs and inputs and 3 types of
reproducible capital (compared to the single reproducible capital stock model of section 2).

4. Excess Burdensin a Single Capital M odel Using Cash Flow Profit Functions

The model presented in section 2 above was adequate to introduce the reader to the basic
concepts involved in measuring the deadweight loss due to the taxation of capital. However, this
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model suffered from a number of defects including: (i) it was highly aggregated; (ii) the
investment good was assumed to be perfectly substitutable with the consumption good and (iii)
the economy was closed, ie there was no international trade in goods and services. In this
section, we shall relax the above restrictions except we continue to assume that there is only one
reproducible capital stock in the economy. In the following section, we shall deal with the
multiple stock case.

In order to simplify our derivation of excess burden formulae, we shal make use of the
producer’s profit function. The profit function ssimply provides an alternative method for
representing the production function, or more generaly, the producer’s production possibilities
set.™ The use of the profit function not only facilitates the derivation of deadweight loss
formulae but it is aso very convenient from the viewpoint of the econometric estimation of
production functions or technology sets. For additional material on profit functions and
references to the literature, see the section on our producer model methodology.

We assume that there are M non-capital variable outputs and inputs that are produced and
utilised in the private production sector. The positive prices that producers face in period t for
these M variable commodities are denoted by (p,',...,.py) © p. The corresponding variable
outputs and inputs produced and used during period t are denoted by the quantity vector y' ©
(vi,...ym). Thelist of outputs includes consumption goods and services, government purchases
of goods and services from the private sector, an investment good that corresponds to the single
reproducible capital stock in our model, exports, imports and labour inputs. If commodity mis
an input, then y. " has a negative sign. The price of one unit of the reproducible capital stock is P'
in period t. The private business sector of the economy utilises the beginning of period t capital
stock K' and the fixed factor input F'. The period t set of feasible net output vectors vy,
conditional on a beginning of the period capital stock K' and fixed factor input F' is denoted by
the set S. The private sector’s period t cash flow profit function = ' is defined as follows:

(57) w'(p, K, F)° max {py:(y,K,F)T S}

where p'sy denotes the inner product of the vectors p' and y. In words, p (p', K', FY) is the
maximum value added less the value of labour inputs that the private sector can produce given
that producers face the prices p' for these variable outputs and inputs and given that producers
have the fixed stocks K' and F' of reproducible and non-reproducible capital available to them at
the beginning of period t. In other words, '(p', K', F') is the maximum cash flow that the

" For additional material on profit functions and duality theory, see Diewert (1974a) (1993).
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economy can earn in period t, given that it faces the price vector p' for variable inputs and
outputs and has the use of K" units of reproducible capital and F* units of fixed factors.

The counterpart to our earlier tax distorted profit maximisation problem (5) is now the following
problem:

(58) max  {w'(p', K, F) - (U'+wW)P' K} ° IT'(p', (u' + W)P', FY)

where U' is the period t (deflated) undistorted user cost of capital defined in (53) in the previous
section and W' is the period t (deflated) total tax distortions wedge defined by one of (54)-(56) in
the previous section. Note that the optimised objective function in (58) defines another profit
function IT°, which we call the rents profit function. We will use the rents profit function in the
next section. We assume that the observed period t capital stock K' satisfies the first order
necessary conditions for the unconstrained maximisation problem in (57):

(59) an'(p', K, F)/aK = (U + W)P'.

Equation (59) is the counterpart to our old equation (6). For an arbitrary capital tax wedge w, we
denote the capital solution to (59), where w replaces W', by K(w). Substituting K(w) into (59) and
differentiating with respect to w yields the following equation for K&wt):

(60) K&w) = [0 2'(p', K, F)/9K] L P,

Recall the definition of the producer surplus function S\w), defined by (8) above. This function
evaluated the outputs produced and the inputs used by the private sector at undistorted prices.
Using the cash flow profit function and the capital demand function K(w), which solves (59)
when the observed period t distortion term W' is replaced by an arbitrary distortion term w, we
redefine the surplus function for period t*2, Sw) as follows:

(61) S(w) © m'(p', K(w), FY) - u' P K(w).

Differentiating S(w) with respect to w yields the following equations:

(62) Skw) = [art (P, K(w), F)/0K] K&w) - u' P' Kw)
= [(u' + w)P] K&w) - U P' K§w) using (59) with w replacing w'
=w P Kgw).

Evaluating (61) at w = 0 and w = W' leads to the following equalities:

2 The capital demand function, K(w), and the surplus function, S(w), should actually be denoted
as K'(w) and S'(w) to indicate that these functions depend on the period t price data and on the
period t cash flow function p'. The function p' depends on time t due to technical change.
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(63) X0) = 0;
(64) S{w) =w P Kgw)
=w P'[9%'(p, K', F)/oK?] * P! using (60).
It is possible to approximate SW) - S0) by a second order Taylor series expansion, aswe did in
section 2 above. Of course, if Sw) is (locally) a quadratic function, this approximation will be

(locally) exact. Another approximation for Sw') - S0) that is exact if Sw) is quadratic is the
following one®*:

(65) S(W) - S(0) » (1/2) [SEw) + SKO)] [w - O]
= (12) Stw) w using (63)
= (U/2) (W)? P [P (Y, K", F)/0K? P using (64)
Thus, we have the following quadratic approximation for S(0) - Sw):
(66) S0)- W) »- (1/2) (W)* P [92%x'(p, K', F)/oK?] * P.

Recall our earlier definition (13) of the loss of surplus due to the distortion wedge w* as a
fraction of undistorted GDP, [§0) - Sw*)]/Y(0), and the second order approximation to this
loss, A(w*) defined by (14). We will now express the loss as a fraction of the tax distorted level
of GDP, which we denote by Y(W) for period t. Thus, using (58), our new second order
approximation to the loss of output in period tis:

(67) AW)° - (1/2) W)? P[0 '(p, K, F)/aKZ L P/ Y(w).
Given an econometrically estimated cash flow function «t*, we can readily calculate A(W') defined
by (67).

We turn now to the problem of generalising our old marginal cost function defined earlier by
(23). We now define the cost of the system of capital taxation function C(w) as the difference
between the optimal value of output S(0) and the tax distorted value of output S(W):

(68) C(w)° S0) - Sw)

where S(w) is now defined by (61) above. Differentiating (68) with respect to w and evaluating
w at the period t tax distortion rate w' leads to the following period t marginal cost of the system
of capital taxation:

(69) MC(W)° Cew)

3 See Diewert’s (1976; 118) quadratic approximation lemma.
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=- 3w using (68)
=- WP K¢w) using (64)
(70) =- WP [9%'(p,, K', F)/oK?] ' P! using (64).

Thus, (70) defines the marginal cost of increasing the period t distortion wedge w' by a small
amount. We turn now to the problem of defining the corresponding marginal benefit function for
our new model.

Recall equation (24) above, which expressed the total revenue T from all sources of capital
taxation. The counterpart is now:

(71) T'=w P'K.

We replace the period t distortion rate w' by a general distortion rate w and let K(w) be the
solution to (59) when W is replaced by w. Making these substitutions into (71) leads to the
following definition for the period t total tax revenues as afunction of the distortion rate w:

(72) T(w)° w P K(w).

We can now obtain the marginal increase in capital tax revenues by differentiating T(w) defined
by (72) with respect to w and evaluating the resulting derivative at the observed period t
distortion rate w'. Thus, define the period t marginal benefit of an increase in the rate of capital
taxation as:

(73) MB(W) © Tdw)
= P K(W) + W P' Kgw) differentiating (72)
(74) = P K(W) + W P [ % (p), K, FY)/oKE L P using (64).

Thus, given an econometric estimate for the period t cash flow function, ', the right hand side of
(74) can be evaluated using observable data. The first term on the right hand side of (74) will be
positive and the second term will be negative. If there is a high degree of substitutability of
capital for other inputs and outputs in period t, then the second term can make the overall
margina benefits of increasing capital taxes negative. In this case, the government will achieve
both increased productive efficiency and higher tax revenues by reducing capital tax distortions.

The marginal excess burden of increasing the period t capital tax distortion rate w' by a small
amount is simply the ratio of the marginal cost MC(W") defined by (70) above divided by the
marginal tax revenue MB(W) defined by (74) above:

(75) MEB(W) © MC(W) / MB(W) = - W K&w) / { P' K(W) + W P K€w)} .
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Thus, with the use of duality theory, it proved to be quite straightforward to generalise the very
simple one output model of the previous section to an open economy with many outputs and
inputs. However, the model presented in this section still only had a single reproducible capital
input. Before we deal with the case of many capital inputs, we rework the analysis presented in
this section using the pure rents profit function IT' (see (58) above) in place of the cash flow
profit function x', since we used the former function in our econometric work.

5. ExcessBurdensin a Single Capital Model Using Pure Rents Profit Functions

Recall that the period t pure rents profit function I1 '(p!, (u* + W)P', F') was defined by (58)
above. Recal also the capital demand function K(w) that was the solution to the first order
condition (59), where w' was replaced by a general distortion wedge w. It can be shown™ that
the capital demand function K(w) can be obtained directly from the pure rents profit function by
differentiating IT'(p', (u' + w)P', FY) with respect to the tax distorted user cost, which we denote
by Vo (u'+w)P:

(76) KW) =- a TTY(p', (ut + wW)P', F)/aV.

We can differentiate K(w) with respect to w and evaluate the resulting derivative at w = w'. We
obtain the following counterpart to our old formula (60) in the previous section:

(77) KEwW) = - [3 AT(p, (U +w)P,, F)/av?] P,

Recall our old definition (61) of the surplus function Sw) using the cash flow profit function s'.
Using the pure rents profit function IT', we can redefine Sw) as follows:

(78) Sqw)° IT'(p, (u' + wW)P', F) + w P' K(w).

Differentiating S(w) with respect to w yields the following equations:

(790  Skw) = [TP(p', (U' + W)P', F)/oV] P' + P K(w) + w P' K&w)
=- K(w) P+ P'K(W) + w P' K&w) using (76)
=w P Kg§w).

Evaluating (79) at w = 0 and w = W' leads to the following equalities:

(80) S0)=0;

¥ This is known as Hotelling’s Lemma; see Diewert (1993; 166).
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(8) Stw) = w P Kgw)
(82) = -wW P [oaT'(p', (U + WP, F)/oV?] P. using (77).

Using (80) and (82) and making use of the quadratic approximation (65) again to approximate
S0), we have the following quadratic approximation for S0) - SW):

(83) S0)- SwW) » (1/2) (W)* P [ aIT'(p', (U + W)P', F)/aV?] P.

Recall our earlier definition of the loss of surplus due to the distortion wedge w* as a fraction of
undistorted GDP, [S(0) - Sw*)]/Y(0), and the second order approximation to this loss, A(w*)
defined by (14). Asinthe previous section, we will again express the loss as a fraction of the tax
distorted level of GDP, which we again denote by Y(W') for period t. Thus, using (83), we obtain
the following counterpart to (67) in the previous section; i.e, our new second order
approximation to the loss of output in period tis:

(84) AW)° (1/2) (W) P [a2IT'(p,, (' +W)P', F)/aV?] P/ Y(W).
Given an econometrically estimated pure rents function IT ', we can readily calculate A(W)
defined by (84).

We turn now to the problem of generalising our old marginal cost function MC(w*) defined
earlier by (69). Asin the previous section, we define the cost of the system of capital taxation
function C(w) as the difference between the optimal value of output S0) and the tax distorted
vaue of output S(wW):

(85) C(w)° S0)- Sw)

where Sw) is now defined by (78) above. Differentiating (85) with respect to w and evaluating
w at the period t tax distortion rate w' leads to the following period t marginal cost of the system
of capital taxation:

(86) MC(W)° Cew)

=- SKw) using (85)
(87) = - W P KEW) using (81)
(88) = W P [oAT'(p', (u' + WP, F)/oV] P*  using (82).

Thus, (86) defines the marginal cost of increasing the period t distortion wedge w' by a small
amount and (87) and (88) are formulae which can be used to evaluate this marginal cost. We
turn now to the problem of defining the corresponding marginal benefit function for our new
model.
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Recall equations (24) and (71) above, which expressed the total revenue T from all sources of
capital taxation in terms the distortion wedge W = wP. We can rewrite (24) for period t total
capital tax revenue T' as afunction of the period t distortion wedge W' as follows:

(89) T'= w P K (W)

We replace the period t distortion rate w' by a general distortion rate w and let K(w) be defined
by (76). Making these substitutions into (89) leads to the following definition for the period t
total tax revenues as afunction of the distortion rate w:

(90) T(w)° w P K(Ww).

Now differentiate T(w) defined by (90) with respect to w and evaluate the resulting derivative at
the observed period t distortion rate w'. This defines the period t marginal benefit of an increase
in the rate of capital taxation as:

(91) MB(W)° Tgw)
(92) = PK(W) + W P KEw)  differentiating (90)
(93) =P K(W) - W P [a2TT3(p,, (u' + W)P', F)/0V?] P* using (77).

Thus, given an econometric estimate for the period t cash flow function, IT°, the right hand side
of (93) can be evaluated using observable data. As was the case with our earlier formulae (74),
the first term on the right hand side of (93) will be positive and the second term will be negative.
If there is ahigh degree of substitutability of capital for other inputs and outputs in period t, then
the second term can make the overall marginal benefits of increasing capital taxes negative. In
this case, the government will achieve both increased productive efficiency and higher tax
revenues by reducing capital tax distortions.

The marginal excess burden of increasing the period t capital tax distortion rate w' by a small
amount is simply the ratio of the marginal cost MC(W") defined by (87) above divided by the
marginal tax revenue MB(W) defined by (92) above:

(94) MEB(W)© MC(W) / MB(W) = - W K&W) / {P* K(W) + w! P' Kgw)} .

Note that our new formula for the MEB(W), (94), coincides with our formula for the marginal
excess burden of an increase in the wedge W' in the previous section, (75). However, in this
section, we obtain an estimate of the capital demand derivative K&w") using equation (77), which
involves the second order partial derivative of the period t pure profits function IT* with respect
to the tax distorted user cost V ° (u + w)P, whereas in the previous section, we obtained an
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estimate of the capital demand derivative K&w") using equation (60), which involved the second
order partial derivative of the period t cash flow function &' with respect to capital K.

The profit function models presented in this section and the previous section had only a single
reproducible capital input. In the following section, we relax this restriction.

6. A Multiple Capital Stock M odel

In this section, we assume that K ° (K,, K,, K;) is now athree dimensional vector of reproducible
capital stocks rather than being the scalar capital stock assumed in the previous sections of this
paper. We now adapt the analysis presented in the previous section to this multiple capital stock
case.

The period t cash flow profit function &' can still be defined by (57) above but we now interpret
K asavector. Recall that the period t pure rents profit function IT'(p', (u' + W)P', F') was defined
by (58) above. This same definition is still applicable with K being interpreted as a vector but
now (U +wW)P'° [(u,' + w, )P, (U, + w,)P,, (ug + w,)P,] isinterpreted as a vector of period t tax
distorted user costs for the reproducible capital stocks. We define the period t vector of stock
prices for the reproducible capital stock components as P'° [P,', P,', P,]. The vector of period t
undistorted (deflated) user costs of capital is defined as u' © [u,, u,, u;] and the vector of
deflated period t distortion termsis defined asw' © [w,', w,, w;]. Each distortion term is defined
as in equations (54)-(56) in section 3 above.™ The undistorted (deflated) user costs of capital, u,,
are defined as in section 3; ie we have:

(95) Uu,° R- o+, (L+a): n=123.

It can be shown that the vector of capital demand functions K(w) © [K,(w;, W,, W), Ky(W;, W,
ws), Ks(wy, Wy, W,)] can be obtained directly from the pure rents profit function by differentiating
IT'(p', (U + w)P', F) with respect to the components of the tax distorted user costs, which we
denote by the vector V° (u' + w)P'© [(u,' + wy)P,, (U, + W,)P,, [(us' + w,)P,]:

(96) K(w) =- VII'(p, (U +w)P, F)

where V IT'(p,, (U' + w)P', F) = VIT'(p', V, F") denotes the vector of first order partial derivatives
of IT'(p', V, F") with respect to the components of V; ie we have

(97) WV JII'(P, V, F) o [o11'(p, V, F)aV,, oI1'(p', V, F)/aV,, oT1'(p, V, F)/oV,] .

> Note that we have changed our notation for the deflated wedges.
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We can differentiate the vector K(w) defined by (96) with respect to the components of w and
evaluate the resulting three by three matrix of derivatives at w = w'. We obtain the following
counterpart to our old formula (77) in the previous section:

(98) V,, KW) =- [V?, ITH(p', (u' + w)P, F)] Diag(P')

where V 2, IT" denotes the three by three matrix of second order partial derivatives of IT"' with
respect to the three user costs and Diag(P") is a three by three diagonal matrix with the elements
of the three dimensional vector of period t capital stock prices, P'° [P/, P,}, P, running down
the main diagonal.

Recall our old definition (78) of the surplus function Sw). We can redefine the surplus function
S(w) using the cash flow profit function IT" as follows:

(99)  S(w)° TI'(P, (U + WP, F) + &3 w, PK (W),
Differentiating S(w) with respect to the components of w yields the following equations:
(100) agw)/aw, = [oIT'(p', (u' +W)P', F)/oV.] P!+ P K (W)
+ &%, w Pl oK (w)/ow,
=- Kw) P+ PIKW) + 83 w P oKw)law,  using (96)
= é‘jle w; P oK (w)/aw, forn=1,23.

Evaluating (100) at w = 0, and w = W leads to the following equalities:

(101) 990,)/ow, =0 forn=1,23;
(102) aSW)low,= &3, w' P oK W)low, forn=1,2,3
(103) = - &3, WP [07I(p, (U +WIP, FYaVoV,] P, using (98).

Using (101) and (103) and making use of Diewert’s (1976; 118) quadratic approximation lemma,
we have the following quadratic approximation for J0,) - SW):

(104) S(0,)- SW)» (112) &3 &ngy W R [OATY(P, (U + WP, FYaVaV,w, Py

Asin the previous section, we will again express the loss (104) as a fraction of the tax distorted
level of GDP, which we again denote by Y (w') for period t. Thus, using (104), we obtain the
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following counterpart to (84) in the previous section; ie our new second order approximation to
the loss of output in period t is'®:

(105) AW) ° (112) &3y &psy WP [0%P(P, (U + WP, FY/aVaV,] wy Pt/ Y(W).

Given an econometrically estimated pure rents function P!, we can readily caculate A(W)
defined by (105).

We turn now to the problem of defining the marginal cost function. Asin the previous section,
we define the cost of the system of capital taxation tax function C(w) as the difference between
the optimal value of output §0,) and the tax distorted value of output S(wW):

(106) C(w)° S(0;) - Sw)

where S(w) is now defined by (99) above. Differentiating (106) with respect to the components
of w and evaluating w at the period t tax distortion vector w' leads to the following period t
marginal costswith respect to a small increase in the nth deflated distortion wedge w,;:

(107) MC,(W)° aC(wi/ow, forn=1,23

=- agW)/ow, using (106)
(108) =- &%, w'PUIK W)ow, using (102)
(109) = &3, WP [AT'(p, (U + WP, F)/aV,aV,] P, using (103).

Thus, (107) defines the margina cost of increasing the period t distortion wedge for capital input
n, w,, by a small amount, and (108) and (109) are formulae which can be used to evaluate this
margina cost. However, now we encounter a difference in the multiple capital stock model of
this section compared with the single capital stock model in the previous section. In the previous
sections, we did not have to consider in detaill the effects of changes in each tax policy
parameter; all we had to know is whether the change in tax policy increased or decreased the
single deflated wedge. Now we have to consider changes in each tax parameter separately. The
changesin tax policy that we will consider in section 8 are:

An increase in the business income tax rate t*;

An increase in the rate of property tax tog Or indirect sales taxation t g (an increase in
either of these tax rates has the same effect); or

16 Since the pure rents profit function O' must be a convex function in its price arguments, the
matrix of second order partial derivatives in (105) must be positive semidefinite. This means
that the approximate loss defined by (105) must be nonnegative.
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An increase in the rate of indirect sales taxation on purchases of machinery and equipment,
tCME'
To indicate how we can work out the marginal cost of each type of tax increase, we show how to
do this for the first case above, an increase in the rate of business income taxation. Recall

definitions (54) to (56) which defined each deflated wedge w,, as a function of all tax parameters.
Now regard each w,, as afunction of the businessincometax rateit*; ie we have:

(110) w,(t*) = g,(t*) forn=1,23.

Now we define the cost of the business income tax function C(t*) as the difference between the
optimal value of output §(0,) and the tax distorted value of output S(w"), but where the wedges
w,! are regarded as functions of *:

(111) C(v*) © S0y) - G (v*),9x(t*),0s(t*)].

Now differentiate (111) with respect to t* and evaluate the resulting derivatives at the observed
period t tax rate . Using (111) leads to the following period t marginal cost of an increase in
the business income tax rate:

(112) MC(t) ° aC(t")/ot
=- 83 [aSw)law,] dg,(t)/at using (110)
(113) =- &ng &% WP [aKMaw,] ag,(x)o using (102).

Equations (109) can be substituted into (113) in order to obtain a formula for MC(t') that can be
evaluated empirically, given an econometrically estimated pure rents function P*.

We turn now to the problem of defining the corresponding marginal benefit function for our new
model. We continue to focus on changes in the business income tax rate. The treatment of
changesin other tax parametersis similar.

Recall equation (90) above, which expressed the total revenue T from all sources of capital
taxation in terms of the distortion wedge W = wP. The multiple capital stock generalisation of
equation (90) in the previous section is (114) below; ie we can write total capital tax revenue T'
in period t as afunction of the distortion wedges w' = [w;', w,', w,] as follows:

114) T=3a3, w'PiK."

We replace the period t vector of distortion rate w' by a general vector of distortion rates w and
let K(w) be defined by (96). Finally, we regard each wedge w, as a function of the business
income tax rate t, as in equations (110) above. Making these substitutions into (114) leads to the
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following definition for the period t total tax revenues as a function of the business income tax
rate t*:

(115) T(*)© Ao W) Pl K Iwy(th) wy(r) wy(t)].
We can obtain the marginal increase in capital tax revenues by differentiating T(t*) defined by
(115) with respect to v and evaluating the resulting derivative at the observed period t tax rate

t'. Thus, we define the period t marginal benefit of an increase in the business income tax rate
as.

(116) MB(r)° T¢r)

85o [00,)M] PYKM) + &7, Wi P&, oK w)low] ag (t)/av

&ha Ki(W)P, ag,(e)/or]
+&5, &% wPIPII(E, (U + WP, FYaV,aV)] ag(r)loc
where the last equality follows using (98).

Thus, given an econometric estimate for the period t cash flow function, IT°, the right hand side
of (116) can be evaluated using observable data. Aswas the case with our earlier formulae, (74)
and (93), the first term on the right hand side of (116) will be positive but we can no longer
guarantee that the second term will be negative. If there is a high degree of substitutability of
capital for other inputs and outputs in period t, then as in the previous sections, the second term
can make the overall margina benefits of increasing capital taxes negative. In this case, the
government will achieve both increased productive efficiency and higher tax revenues by
reducing capital tax distortions.

The marginal excess burden of increasing the period t business income tax rate t* by a small
amount is simply the ratio of the marginal cost MC(t') defined by (113) above divided by the
marginal tax revenue MB(t') defined by (116) above:

(117) MEB(t") °© MC(t") / MB(t).
The calculations of marginal excess burdens for the other tax parametersis similar.

We turn now to our econometric model.
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7. TheProducer Modd

Aswe saw in the previous section, the key determinants of the size of the deadweight loss or loss
of efficiency in the economy due to the taxation of capital are the size of the capital tax distortion
wedges and the magnitudes of various elasticities of demand and supply for private sector
producers. This section and the next one will focus on the empirical estimation of these producer
elasticities.

In this paper, we use the data pertaining to the Canadian economy that is developed in Appendix
A below to estimate a system of private producer supply and demand equations. Flexible
functional form techniques are used: ie the functional form we use to model the technology does
not impose unwarranted a priori restrictions on elasticities of substitution between the outputs
and inputs. In the present section, we lay out a preliminary version of our model.

In the next section, we note that there is a potential problem with our preliminary model: the
elasticities that it generates may trend significantly over the sample period in a manner that is not
warranted. Given the importance of determining accurate elasticities in order to calcul ate excess
burdens, we discuss how this problem can be remedied.

In the data appendix, we describe our disaggregated database covering the private production
sector of the Canadian economy for the period 1974 to 1998. Our disaggregated producer model
database contains price and quantity information for atotal of 39 inputs and outputs. These were
aggregated to 8 commaodities to permit econometric estimation.

When the number of commodities in an applied general equilibrium model is large, it becomes
difficult or impossible to estimate flexible functional forms. When there are N+1 commodities
and T observations on prices and quantities for each commodity, there are (N+1)T degrees of
freedom available for econometric estimation and this number is an upper bound to the number
of unknown parameters characterising technology that can be estimated. A bare bones basic
flexible functional form for a production function (or the dual cost or profit functions) in the
constant returns to scale case has N(N+1)/2 unknown parameters. Hence, as soon as N (the
number of commodities less one) is equal to or greater than 2T, it becomes impossible to
estimate a flexible functional form using time series data.

Given that we could not accurately estimate a flexible producer model with all 39 commaodities
in our database, in this preliminary work, we aggregated the 39 commodities to obtain the
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following 8 commodities: (1) consumption plus government purchases of intermediate inputs
plus investment; (2) exports; (3) imports; (4) labour input; (5) nonresidential stocks; (6) stocks of
machinery and equipment; (7) inventory stocks and (8) inputs of land and other fixed factors.

Flexibility is a desirable property for a functional form since an inflexible functional form will
restrict elasticities of substitution between commaodities in some arbitrary a priori fashion. A way
of dealing with thisinflexibility problem when the number of commoditiesislarge relative to the
number of observations was suggested by Diewert and Wales (1988) in the consumer theory
context: instead of estimating ageneral N by N symmetric substitution matrix A of full rank, they
restricted A to be a symmetric substitution matrix of rank J where J is smaller than N. Diewert
and Wales (1988) termed functional forms of this type semiflexible. In the present section, we
shall adapt their technique to the producer context.

The technology of the private production sector could be described by a production, cost or
variable profit function. In this study, we will describe technology by means of a pure profits
variable profit function of the type defined in the previous section.”

Recall the definition of the period t cash flow profit function ', (57) above, which we rewrite as
(118) below:

(118) ='(p', K, F)° max {p'y:(y,K,F')ES}

where (p/,..., pi/) © p'is the vector of positive prices that producers face in period t for the 4
noncapital variable inputs and outputs in our model and where p'ey denotes the inner product of
the of the vectors p' and y. The corresponding variable outputs and inputs produced and used
during period t are denoted by the quantity vector y' © (y,',...y,). Recall that if commodity misan
input, then y.' has a negative sign. The private business sector of the economy utilises the
beginning of period t capital stock vector K' © (K, K.}, KJ) and the fixed factor input F'. The
period t set of feasible net output vectors y, conditional on a beginning of the period capital stock
K" and fixed factor input F' is denoted by the set S. Inwords, ='(p', K', F") is the maximum value
added less the value of |abour inputs that the private sector can produce given that producers face
the prices p' for these variable outputs and inputs and given that producers have the vector of

7 1n this approach, we treat the user costs of our three types of reproducible capital as exogenous variables and the
corresponding capital input demands are treated as endogenous variables. Thus, in our present econometric
approach, the demand for capital is treated in a symmetric manner with the demand for labour. In contrast, in our
earlier study of the New Zealand economy, Diewert and Lawrence (1994), we treated the stocks of reproducible
capital as exogenous variables and the corresponding rental prices as endogenous variables. We feel that our present
approach is more appropriate in the context of determining the excess burdens of capital taxation, a topic that our
earlier study did not address.
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fixed stocks of reproducible capital K' and the quantity F' of non-reproducible capital available to
them at the beginning of period t.

As in the previous sections, we use the period t cash flow profit function =' defined by (118)
above in order to define the period t pure rent profit function IT" as follows:

(119) TT'(P, (u' +W)P', F) © max  {m'(p", K', F) - &1y (g +Wy)Py Ko

where the price of one unit of the ith type of reproducible capital stock is P!'in period t and u' ©
(u', u,, Uy isthe vector of period t (deflated) undistorted user costs of capital defined by (95) in
the previous section and w' © (w;, w,', wy") is the period t vector of (deflated) total tax distortion
wedges defined by (54)-(56) in section 3.

In our econometric work, we hold the input of land and other fixed factors that are used by the
Canadian private production sector fixed throughout our sample period. Hence, in what follows,
we will omit F' from [T'(p', (u' + w)P', FY). Wewill also absorb the three user costs of capital, (U
+wW)P, into the p' vector; iewe define pg © (U’ + W,)P,, pe © (U, + W,)P, and p,'© (U’ + w,) Py
Finally, the notation [ '(p) indicates that the pure rents profit function depends on the period t as
well as on the price vector p° (py, P,,---,P-). Wewill rewrite this dependence as [ [(p, t).

Once a functional form for [] has been chosen, estimating equations can be obtained by
differentiating the profit function with respect to the prices p,,, see Diewert (1974a; 137 and 140),
(1993; 166 and 168):

(220) y,(p, t) ° oTI(p, t)/op,, ; m=1,..,7.

The functional form for the pure rents function IT that we chose was a variant of the normalised
quadratic functional form,”® since this functional form allows us to impose the appropriate
curvature conditions without destroying its flexibility properties. Using matrix notation, the
function can be defined as follows:

(12D [1(p, t) © peb + ped(t- 1) + (1/2) p*Ap/ p*g; t=1,2,...,25

whereb® [b,,...,b;] andd® [d,,... , d,] are parameter vectors to be estimated and A° [a,,] isa7
by 7 symmetric matrix of parameters to be estimated. The vector g ° [g,, ..., g;] is a vector of
exogenously determined parameters. The components of g were chosen to be the absolute values
of the sample means of the observed net output vectorsy' © [y,',...,y,] normalised so that:

(122) p*-g=1

18 See Diewert and Wales (1987) (1992) and Lawrence (1988) (1989) (1990).
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where p* was a fixed vector.”® The variable t which appears in (121) is a scalar time variable
which serves as a proxy for technological change.

In order for [[(p,t) to be a well behaved profit function which is a convex function in its price
variables p, we set A to equal the following product of two matrices, U and its transpose U' :%

(123) A=UUT

where U is a lower triangular matrix and U" is an upper triangular matrix which satisfies the
following restrictions™:

(124) U'p* =0,
where 0, is avector of zeros of dimension 7.

Differentiating the profit function (121) with respect to the components of p leads to the
following system of 7 estimating equations:

(125 y'=b+d(t- 1) +Ap'/p-g- (1/2)p-Ap' g/ (p-g)’*+¢€; t=12,...,25

where € ° [e/,...,e,] is a vector of independently distributed normal residuals where each of the
residuals e,' has mean 0 and variance . for m=1,...,7andt = 1,...,25.

The vector of parameters d essentially adds a linear trend to each estimating equation in order to
alow for the effects of technical progress in the Canadian economy over our sample period.

Unfortunately, (123) and (125) did not represent our final model because there is a problem with
the profit function defined by (121). The problem is that the elasticities of demand and supply
derived from the profit function defined by (121) can have substantial trends built into them.
This is a problem in the present context due to the importance of elasticities in determining
marginal excess burdens. We deal with this problem in the following section.

8. TheProblem of Trending Elasticities

If we differentiate the pure rents profit function defined by (121) above with respect to the mth
component of the price vector p, we obtain the following equation that describes the net supply
of commodity m as afunction of the price vector p in period t:

19 We chose p* to be a vector of ones.

20 See Diewert and Wales (1987; 52-53) for further explanation.

2! Restrictions like (7) are required in order to identify the components of the b vector. Alternatively, restrictions (7)
could be dropped but then the b vector would have to be dropped as well.
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(128) yu(Pt) =bn+dn(t- 1)+ &1 @y (/ pog) - (12) g p-Ap/ (p- 9)*.
Now differentiate (128) with respect to p,, the nth component of the price vector p:

o

(129) Ay (P.1)/OP, =8/ P*O- &=y @y B 9n/ (P*Q)*- &=y’ @y B O/ (P°0)°
+0,0,p-Ap/ (p*g)®.

Now turn (129) into the cross elasticity of net supply of commodity m with respect to achangein
the price of commodity n, e,,;:

(130) &, (B:1) © [Pn/ Yl 9Yn(Pi1)/0P,
= am (P! YmP-9) - 812" @y B, G Po/ Y (P°0)°
- &8y P 00 Po/ Y (P*9)° + U G0 P- AP P,/ Y (P°0)° .

The last three terms on the right hand side of (130) will be zero when p = p* and in our empirical
work, these last three terms were typically small in magnitude. Thus, the key determinant of the
magnitude of the elasticity e,,, will typicaly be the first term on the right hand side of (130),
namely, a.,, (p,/ V., p*g). Of course, the parameter a.,, will be constant over time but the other
terms, p, (the price of commodity n), y,, (the net output of commodity m) and pg° &,.," p, g, (a
fixed basket price index of all 7 variable input and output prices) can al have substantial trends
over our sample period. Thus, our chosen functional form has built in these possible trends in
elagticities.

A solution to this problem is readily at hand but at a cost in terms of using up degrees of
freedom. We have followed the example of most applied production function researchers and
allowed technical progress to affect the constant terms in the system of net supply functions
(128) but we have left the substitution matrix A unchanged over time. To solve the problem of
trending elasticities, all we have to do is alow A to change over time as well. Thus, in our
empirical work, we set the A matrix in (128) above equal to weighted average of a matrix B
(which characterises substitution possibilities in 1974) and a matrix C (which characterises
substitution possibilities in 1998); ie, we define A as follows in terms of B and C and the time
variablet:

(131) A'=(1- [(t-1)/24]) B+][(t- 1)/24] C: t=1.2,...,25.

Essentially, we now let technical progress affect not only the constant termsin (121) but we also
allow it to affect substitution possibilities as well. Another way of viewing our new functional
form is that we allow the functional form to be flexible at two points (the first sample point and
the last) instead of the usual one point.
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In order to impose the correct curvature conditions (globally), we need to set the 7 by 7
symmetric matrices B and C equal to the product of UUT and VW' respectively, where U and V
are lower triangular matrices; ie we set:

(132) B=UU"; C=W'; U and V lower triangular.
We also impose the following normalisations on the matrices U and V:
(133) U'p* =0,; Vip* =0,

Now we are ready to describe our empirical results.

9. Empirical Resultsfor the Production M odel

The unknown parameters which appear in (125) (where A is replaced by A' defined by (131)
above) can in theory be estimated using nonlinear systems maximum likelihood estimation
commands in econometric packages such as TSP or SHAZAM (see White (1978)). However,
due to the very large number of parameters in our model, these econometric programs failed to
converge. Thus, we decided to run all 7 of our estimating equationsin (125) as one big nonlinear
regression with only one variance parameter o?. This approach proved to be quite successful
using SHAZAM. Once we obtained satisfactory parameter estimates using this one big
regression approach, we calculated the inverse of the square root of the squared residuals for
each equation and then multiplied both dependent and independent variables for that equation by
this variance stabilising factor and then we performed a second single big regression using these
transformed dependent and independent variables. This two stage procedure controls for
equation by equation variance heteroskedasticity in the original regression model.

It should be noted that equations (125) are linear in the unknown vectors of parameters, b and d,
and linear in the unknown components of the matrices of parameters, B and C. However, when
we impose the correct curvature conditions on our estimated profit function by setting B = UU"
and C = W', the resulting estimating equations (125) turn out to be nonlinear in the components
of the matrices U and V. When we attempted to estimate the parametersin b, d, U and V by
running one big regression, we found that it was difficult to achieve convergence if we attempted
to estimate all of the parameters in an initial regression. Thus, we used the following strategy:
(i) the parameters in the vectors b, and d were estimated in an initial linear regression (with U
and V being set equa to zero matrices initialy); (ii) we ran nonlinear regressions, using
equations (125), introducing one column of the U matrix and one column of the V matrix into our
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nonlinear regression; (iii) the final parameter values from stage (ii) above were used as starting
values in a new nonlinear regression where an additional column of U and V were added with
starting values close to zero; (iv) step (iii) was repeated until all columns of the U and V matrices
were entered into the big nonlinear regression, with at least one nonzero component. This
algorithm lead us to introduce 5 columns of the U matrix and 5 columns of the V matrix.” In
view of the restrictions (133), this means that we should have 20 u,,, parameters and 20 v,
parameters in our final regression. We aso have 14 b, and d., parameters or an additional 14
parameters to estimate. This means we have atotal of 54 parameters to estimate with 7 times 25
or 175 degrees of freedom. This is a large number of parameters for the available degrees of
freedom but as we shall see, most of them appear to be necessary to describe substitution
elasticities for the Candadian economy over our sample time period.

Table 6: Estimated Coefficientsfor the Producer Model

Variable Estimate St. Error t-statistic Variable Estimate St. Error t-statistic
b, 124.820 1.958 63.767 Uy -3.648 1.669 -2.186
b, 34.037 1.193 28.530 V3o -13.216 1.581 -8.358
bs -37.804 1.705 -22.175 Uz 8.460 1.382 6.122
b, -83.097 1.164 -71.363 Vo 2.776 0.775 3.584
bs -15.242 0.660 -23.099 Ugp -7.975 1.095 -7.286
b -10.829 0.571 -18.955 Vs -1.916 0.754 -2.539
b, -2.540 0.249 -10.193 Usp 0.085 1.134 0.075
d; 7.008 0.463 15.129 Vg2 -0.887 0.793 -1.119
d, 2.088 0.190 10.965 Ugo 1.953 0.909 2.150
d; -2.513 0.285 -8.820 Vi3 -4.822 1.055 -4.571
ds -3.666 0.287 -12.764 U3z -1.261 1517 -0.831
ds -1.184 0.106 -11.199 Va3 6.680 0.865 7.721
ds -0.806 0.125 -6.435 Usz 3.041 1.308 2.325
d; 0.010 0.034 0.301 Vs3 0.947 0.909 1.042
Vi1 23.267 2.496 9.323 Uss -2.330 0.799 -2.916
Ugp 14.383 1.745 8.243 Vg3 -2.560 1.064 -2.407
Vo1 -10.447 0.958 -10.899 Uss 0.042 1.074 0.039
Uy 8.355 1.142 7.314 m -0.078 1.566 -0.050
Va1 -5.441 1.819 -2.991 Ugs -0.791 1.956 -0.404
U3y -8.817 1.600 -5.512 Vs -3.804 0.855 -4.447
Va1 -9.405 0.863 -10.892 Usy 1.306 1.206 1.082
Uag -12.194 1.157 -10.544 Ve 4.203 1.188 3.538
V51 -0.503 0.946 -0.532 Uga -0.522 1.221 -0.427
Usy -3.590 0.815 -4.403 Vss -0.170 2.441 -0.070
Vg1 1.979 0.848 2.333 Uss -0.279 1.204 -0.231
Ug1 1.548 0.606 2.556 Vs 0.179 2.630 0.068
Voo 13.209 1.258 10.497 Ugs 0.546 1.105 0.494

22 Adding an extra U or V column led to a negligible increase in the log likelihood after 4 columns were added so
we stopped at 5 columns for the U and V matrices.
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The one big nonlinear regression with 54 parameters generated the following 7 variance
weighting factors (the inverses of the square roots of the sum of the squared residuals for each of
our 14 estimating equations): 0.04474143; 0.09917493; 0.06528360; 0.1064402; 0.1990786;
0.2345888; 0.5263991. The resulting parameter estiamtes are presented in Table 6.

It should be noted that the elements in the last row of the lower triangular U matrix are defined in

terms of the other elements of the U matrix as follows:
(134) U7m ° - é-j:16 lij ; m=1,...,5.

Similarly, the elementsin the last row of the lower triangular V matrix are defined in terms of the
other elements of the V matrix as follows:

(135) Vi ® - 82t Vi m=1,...,5.
Of the 40 price substitution coefficients u,,, and v,,,,, 26 had t statistics greater than two.

Table 7. Own Price Elasticities of Net Supply for Canada

Year € €2 €33 €44 €55 €66 €77
1974 1.657 2.442 -3.991 -2.674 -1.319 -0.626 -0.668
1975 1.724 2.048 -3.825 -2.489 -1.221 -0.518 -1.104
1976 1.714 1.430 -2.854 -2.429 -0.990 -0.440 -1.163
1977 1.811 1.116 -2.696 -2.380 -0.833 -0.397 -0.848
1978 1.766 0.754 -2.340 -2.081 -0.673 -0.401 -0.559
1979 1.703 0.517 -1.974 -1.850 -0.564 -0.390 -0.436
1980 1.764 0.374 -1.708 -1.768 -0.549 -0.321 -0.456
1981 1.882 0.260 -1.466 -1.754 -0.540 -0.275 -0.553
1982 2.006 0.202 -1.270 -1.804 -0.468 -0.251 -0.528
1983 1.954 0.189 -1.056 -1.711 -0.372 -0.246 -0.520
1984 2.006 0.224 -1.012 -1.640 -0.321 -0.243 -0.480
1985 2.088 0.293 -0.992 -1.613 -0.278 -0.236 -0.421
1986 2.107 0.383 -0.982 -1.545 -0.251 -0.240 -0.374
1987 2.089 0.497 -0.931 -1.486 -0.240 -0.238 -0.354
1988 2.115 0.612 -0.903 -1.467 -0.265 -0.238 -0.349
1989 2112 0.736 -0.891 -1.420 -0.307 -0.241 -0.369
1990 2.135 0.872 -0.928 -1.396 -0.338 -0.239 -0.344
1991 2.230 0.982 -0.944 -1.461 -0.335 -0.207 -0.273
1992 2.422 1.076 -1.032 -1.510 -0.311 -0.186 -0.184
1993 2.445 1.216 -1.134 -1.452 -0.309 -0.191 -0.143
1994 2.431 1.381 -1.258 -1.363 -0.346 -0.212 -0.153
1995 2.467 1.466 -1.302 -1.333 -0.392 -0.223 -0.218
1996 2.372 1.569 -1.278 -1.316 -0.425 -0.235 -0.287
1997 2.403 1.633 -1.309 -1.358 -0.463 -0.250 -0.280
1998 2412 1.764 -1.421 -1.359 -0.493 -0.266 -0.274
Average 2.073 0.961 -1.580 -1.706 -0.504 -0.292 -0.454
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Recall definition (130) above, which defined the cross elasticity of net supply of commodity m
with respect to a change in the price of commodity n, e,,,. There are too many elasticities in the
full 7 by 7 matrix of elasticities for us to list them all but we do list the own price elasticities of
net supply e.,,in Table 7.

It can be seen that many of the elasticities are fairly large, especially near the beginning of the
sample period. This may be partially due to the rather large number of parameters in our model.
However, it is likely that the large elasticities are ssmply due to the fact that we are using a very
flexible functional form and we have disaggregated inputs and outputs to a greater degree than
many previous econometric studies. What is very surprising to usisthe generally low elasticities
we get for the three capital stock components. the average own elasticity of demand for
nonresidential structures averaged around - .5; the price elasticity of own demand for machinery
and equipment averaged only about - .3 and the price elasticity of own demand for inventory
stocks averaged only about - .45 (which is perhaps not surprising).

Consistent with economic theory®, we suspect that a more disaggregated model would yield
bigger (in magnitude) elasticities. This is what we found in our studies of the New Zealand
economy; moving from a highly aggregated model to one that is relatively disaggregated has
increased the scope for substitution and, consequently, led to substantially larger elasticity
estimates. Thus, it is likely that further disaggregation would lead to even higher elasticities of
demand for capital and this would feed into higher estimates of deadweight losses and marginal
excess burdens of capital taxation.

Our observation that disaggregation tends to lead to larger estimate of elasticities of supply and
demand is one that has not been stressed in the literature a great deal. However, given the
importance of elasticity information for a wide variety of policy purposes, we believe that the
point is an important one and deserves further research.*

We have now assembled al the necessary building blocks for the construction of marginal
excess burdens for capital taxation. In the next section, we present our marginal excess burden
estimates.

2 See Diewert (1974b).

2 One of the last serious discussions about the likely size of elasticities took place 50 years ago in the context of
trade elasticities by Orcutt (1950) who argued that elasticities of import demand and export supply were likely to be
larger than had been thought. We found that in our work on the New Zealand economy, trade elasticities in a 15
commodity model dropped substantially when we aggregated our two export commodities into a single export
aggregate and when we aggregated our three import commaodities into a single import aggregate.

DIEWERT AND LAWRENCE Page 44



MEB of Capital Taxation in Canada

10. Marginal Excess Burdens of Capital Taxation for Canada

As outlined in section 6 (see formula (105) above), we calculate a second order approximation
to the total loss of output that results from the taxation of capital due to both the personal and
business income tax, the property tax on structures and sales taxes on the purchases of durable
capital equipment. This second order approach is the average of two first order approximations:
one around the distorted equilibrium and one around the undistorted equilibrium. These total
losses are reported as a fraction of business sector GDP in Table 8 and Figure 7 below.

Table8: Production Lossas a Proportion of Business Sector Output (per centages)

Year Loss Year Loss Year Loss
1974 1.441 1983 0.115 1992 0.163
1975 0.918 1984 0.103 1993 0.190
1976 0.650 1985 0.086 1994 0.245
1977 0.483 1986 0.073 1995 0.328
1978 0.378 1987 0.075 1996 0.420
1979 0.303 1988 0.090 1997 0.503
1980 0.266 1989 0.111 1998 0.530
1981 0.243 1990 0.125

1982 0.166 1991 0.140 Average 0.326

After starting from a relatively high proportion of around 1.4 per cent of GDP in 1974, the
production loss from capital taxation progressively declines to very low levels of less than 0.1
per cent of GDP in the period 1985-1988. It then increases to finish at around 0.5 per cent of
GDP in 1998. We know that these productive efficiency losses grow roughly proportionally to
the magnitude of elasticities and increase at a squared rate as the distortion wedges increase.
From Table 3, it can be seen that the wedges did not change all that much over the entire sample
period. From Table 7, it can be seen that capital elasticities started out at relatively high levelsin
1974, generaly decreased until they hit their minimum magnitudes in the period 1985-1988 and
then these capital elasticities gradually increased again. Thus the pattern of efficiency losses was
more or less driven by these fluctuations in capital elasticities rather than by large fluctuationsin
the burden of capital taxation (i.e., by fluctuations in the wedge rates).
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Figure 7: Production Loss as a Proportion of Business Sector Output

1.6%

1.4% -

1.2% 7

1.0% -

0.8%

0.6% 7

0.4% 1

0.2%

0.0%
1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

As noted in sections 2 and 6 (see formula (117) above), the marginal excess burden of a tax
parameter is the loss of output due to a marginal increase in the tax parameter divided by the
increase in total tax revenue due to the same marginal change in the tax parameter. In Table 9
and Figure 8 below, we list the MEB for an increase in the business capital tax rate t*, the MEB
for an increase in the property tax on structures t .\ (Which is equal to the MEB for an increase
in the sales tax on structures and materials used on structures, t r) and the MEB for an increase
in the sales tax on machinery and equipment t.,. In al cases, the increase in the tax rate
increased tax revenues,

In the case of an increase in the business capital tax rate t* or an increase in the property tax rate
t nre fOr @l years marginal efficiency declined so the resulting MEBs were positive as we would
expect. However, in the case of an increase in the sales tax on machinery and equipment, we
found that from 1984 on, this marginal increase actually led to atiny increase in efficiency and
thus the resulting MEB’s are negative. Thus, according to our model, a small increase in t o
should lead to a small increase in both tax revenues and in economic efficiency from 1984 on.
Economic theory does not rule out this rather strange result but it is difficult to explain
intuitively.
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Table 9: Marginal Excess Burdens of Various Capital Taxes (per centages)

Year ™ TPNR TCME
1974 46.72 62.93 8.20
1975 31.39 39.49 5.29
1976 20.81 26.57 3.76
1977 14.79 20.24 2.79
1978 1143 15.25 241
1979 8.87 11.26 2.19
1980 7.22 9.93 0.95
1981 5.94 8.65 0.32
1982 4.09 6.29 0.23
1983 3.00 4.55 0.18
1984 249 3.96 -0.10
1985 2.04 3.58 -0.51
1986 1.79 3.05 -0.49
1987 1.88 331 -1.00
1988 2.20 3.89 -1.46
1989 2.66 4.96 -2.35
1990 3.14 571 -2.54
1991 3.70 6.90 -3.27
1992 431 7.80 -3.36
1993 511 8.80 -3.59
1994 6.39 10.68 -4.05
1995 7.99 13.02 -4.27
1996 10.24 15.97 -4.68
1997 11.88 18.98 -4.97
1998 13.11 21.29 -5.46
Average 9.33 13.48 -0.63

From Table 9, we see that on average the Marginal Excess Burden of a small increase in the
sales tax rate on machinery and equipment is negligible. For an increase in the business tax rate,
the average MEB is about 9% while a small increase in the property tax rate yields on average
an MEB of about 13.5%. These MEB'’s are much larger for the beginning of our sample period
(about 47% for the business tax rate and about 63% for the property tax rate) and they seem to be
increasing at the end of our sample period (about 13% for the business tax rate and about 20%
for the property tax rate on structures).
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Figure 8: Capital Tax Marginal Excess Burdens
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11. Conclusions

We conclude with the following observations:

Itisagood ideato try and reduce capital tax distortions because they always involve aloss of
productive efficiency. The loss of revenue has to be made up by taxing consumption or
labour but with enough tax instruments at its disposal, the tax authority can always design a
tax reform strategy that will increase overall welfare.

Our estimates of the burdens of capital taxation are probably underestimated due to our use
of average tax rates. In the real world, the complexities of the tax code lead to a much more
dispersed pattern of burdens but since the losses are approximately proportional to the
squares of tax distortions, averaging tax distortions will lead to an underestimate of the true
efficiency losses.

Our estimates of the burdens of capital taxation are probably underestimated due to the
relatively high degree of aggregation in our model. There is theoretical and empirical
evidence that elasticities of substitution increase in magnitude as we disaggregate over
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commodities. These higher elasticity estimates would generate proportionately higher
estimates of total and marginal efficiency losses.

It may be useful to spell out in more detail why it is not efficient to have a system of capital
taxation that generates nonzero distortion wedges. The basic intuition behind the above algebra
isexplained rather well by Judd (1999):

“One general problem with this literature [on capital taxation] is the lack of economic intuition. ... In this paper, we
ignore simple dynamic features such as the steady state behavior or long run €elasticities, and instead put the zero
long run tax results on more economically appealing foundations. To do this, we look to the commodity tax
literature. Two results from that literature apply here; first, the optimality of uniform taxation with separable and
sufficiently symmetric utility, and, second the prohibition of intermediate good taxation derived in Diamond and
Mirrlees (1971). Our methods generalize revious work and tie the results to the commodity tax literature, a change
which helps us understand why we often find that the average tax rate on capital income is zero in the optimal
policy.” Kenneth L. Judd (1999; 2).

It is the second result from optimal tax theory, the prohibition against taxing intermediate inputs
in production, that explains our results. Judd goes on to elaborate on this point:

“The second key principle we invoke is the Diamond-Mirrlees argument against the taxation of intermediate goods.
Thisis relevant here since capital goods, physical and human, are intermediate goods. In fact, income taxation is
equivalent to sales taxation of intermediate goods. This can be seen by noting, for example, that a 100 % sales tax
on capital equipment is equivalent to a 50 % tax on the income flow from capital equipment. Since intermediate
good taxation will generally put an economy on the interior of its production possibilities frontier, capital income
taxation is likely to produce similar factor distortions, particularly if there are many capital goods. Therefore, an
optimal tax structure would tax only final goods’. Kenneth L. Judd (1999; 5-6).

Thus a reproducible capital stock component is both produced by the production sector (or
imported at a fixed world price and thus is produced by an integrated world production sector)
and used as an input in later periods; ie, it is an intertemporal intermediate input. Hence in
order for an economy to achieve productive efficiency, it is necessary that all users and
producers of an intermediate commodity face the same prices® However, the system of
business income taxation causes users and producers of reproducible capital to face different
(intertemporal) prices. Diewert (1988) made the same point as Judd:

“The other major thrust of this paper will be to indicate four major areas where our present tax system isinefficient.
Thus in the second, third and fourth sections below, we discuss three different types of deadweight loss induced by

our present system of business taxation. In the second section, we discuss the losses due to the fact that the tax

%% See Diewert (1983b).
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system does not treat (nondurable) inputs and outputs in an even handed manner; that is, there are tariffs and sales
taxes that fall within the business sector (the manufacturer’s sales tax) as well as various output subsidies. In the
third section, we discuss the losses due to the uneven tax treatment of durable inputs, such as land, inventories and

various types of capital.” W. Erwin Diewert (1988; 2).

Thus Diewert noted that both intermediate input taxation and the taxation of reproducible capital
inputs led to a loss of productive efficiency. The third type of deadweight loss that leads to a
global loss of productive efficiency is transfer pricing. Diewert went on to characterize these
three types of loss of productive efficiency as follows:

“The above three types of deadweight loss lead to both a loss of productive efficiency as well as a loss of overall
efficiency defined earlier. A tax system is consistent with productive efficiency if the allocation of resources across
the entire business sector is such that no output can be increased, holding other aggregate outputs and inputs fixed.”
W. Erwin Diewert (1988; 2-3).

“In summary: in order to achieve productive efficiency, it is necessary that al producers in the economy face the

samerelative prices for their outputs and variable inputs.” W. Erwin Diewert (1988; 6).

Tax systems that lead to a loss of productive efficiency can aways be redesigned so that the
inefficiencies are eliminated, the same tax revenues are collected and the utilities of at |east some
households increase, provided that the government has a sufficient number of tax instruments at
its disposal.
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