ISSN 0709-9231

CAHIER 8430

Capital Income Taxation, Depletion
Allowances, and Non-Renewable
Resource Extraction

by

Gérard Gaudet*
and
Pierre Lasserre**

-

*Département d'économique, Université Laval.
**Département de sciences économiques, Université de Montréal.

N Ce cahler est publié conjointement par le Département de
science &conomique et par le Centre de recherche en déve-
loppement &conomique de 1'Université de Montréal.

Cette &tude a &té publie grdce &8 une subvention du fonds
F.C.A.C. pour l'aide et le soutien & la recherche,




R&sumé

Dans cet article, nous étudions les distorsions que
cause 1l'impdt sur le revenu des sociétés dans le profil de pro-
duction des firmes extractives et dans l'allocation des ressour- !
ces entre les secteurs d'extraction et les autres secteurs sou- :
mis & 1l'impdt sur les socidtés. Nous &tudions en particulier
1'allocation 4' épulsement, dont nous montrons qu'elle peut trou-
ver sa justification, non pas 3 assurer la neutralité de 1'im-
p6t, mais en permettant 1' dtablissement de taux effectifs d'im-
position identiques dans les secteurs d'extraction et dans les

autres secteurs.

Abstract

This paper pays particular attention to the depletion

allowance in examiniﬁg some of the possible distortionary effects
of the corporate income tax on the output path of the non-
renewable resource sector and on the allocation of ressources
between the mining and non-mining corporate sectors. It is

shown that the depletion allowance is justifiable not so much on
the grounds of assuring an undistorted output path in the non-
renewable resource sector as on the grounds of assuring equal

effective capital income tax rates between the mining and non-

mining corporate sectors.




The recent non-renewable resource literature has dealt with the
effects of various types of taxes on the non-renewable resource extraction
path (see for example Burness [4], Dasgupta and Heal [5), or Dasyupta, Heal
and Stiglitz [6)). It includes analysis of such taxes as an ad valorem sales
tax, a per unit production tax, a franchise tax, a present. value tax, and an
econamic profit tax. The corporate income tax, as it is usually applied,
does not really fall-under any of those cateyories. It remains however an
important means of taxation of the non-renewable resource extraction sector.
The purpose of this paper is to analyse some of the possible distortionary
effects of the corporate incame tax on the output path of the resource sec-
tor and on the allocation of resources between the mining and non-mining

corporate sectors.

In the next section we caracterise the after tax optimal output
path of the non-renewable resource extraction firm (the mining firm for
short). The followiny two sections deal respectively with the effect of the
corporate incame tax structure an the extraction path and with the resulting
effective tax rate o capltal income for the mining and non-mininy corporate
sectors. In- both cases we pay particular attention to the role played by
the depletmn "allowance, which is an important. element of the corporate tax
as applied to the resource sector. We will show that the depletion allowan-
ce is justifj,able not so much on the grounds of pure neutrality of the cor-
porate tax as on the grounds of assuring equal effective capital incame tax

rates between the mining and non-mining sectors.

In a last section, we briefly evaluate the present U.5. corporate
tax in the light of our results. -




The corporate income tax and optimal resource extraction

The main features of the corporate income tax apply to any
incorporated firm, and are therefore common to both the mining and non-
mining firm. Among those, we retain: the corporate tax rate, u; the rate
of depreciation for tax purposes, 6 (we assume declining balance depre-
ciation throughout the life of the asset); the investment tax credit, k.
Same provisions are however specific to the mining firm, the nost important
being the depletion ‘allowance. We will assume that a fraction B of gross
revenues can be deductea as depletion allowance, !

We will simplify the extraction process by ignoring all variable
factors and by supposing only one type of capital asset. Thus the rate of
_extraction is given by F(K(t)). The firm is assumed to be a price taker in
both the cutput and factor markets. Under those conditions the net present
value of them:i.neattimeto=ois yiven by

f e {PF (K) -ql - u[pF(K) ~ 6C - BpF(K)] + qu} at
o}
+ e V(K(T), C(T):Q(T)) - 7R(0)

where r, p j:and q are respectively the rate of interest, the price of output
and the price of capital goods. I is the gross rate of investment (assumed
unbounded), and C is the value of undepreciated capital stock for tax purpo—
ses. The after tax scrap value of the mine, at exhaustion date T, is given
by V(K(T), C(T); 4(T)), which remains to be specified. The cost of acyuisi-
tion, through either purchase ar discovery, of a unit of initial reserves,
R(0), is given by 7. We will in what follows assume for simplicity that
p = 1. All other prices can thus be considered as real prices.




The firm is assumed to choose its investment path, and thus K(t)
and its rate of extraction, F(K(t)), so as to maximise the net present value
of the mine subject to?

K=1-208K; K(0) =K, (1)

& = (1-k)qI - 6C ; C(0) =C_ (2)

R=-FK) : R(T) =0 (3)
The corresponding current value hami ltonian is

H = F(K) - qI - u[F(K) - 6C = BF(K)] + kqI

+ Y[I-6K] + n[(1-k)ql = 6C] = AF(K) (4)

Since the hamiltonian is linear in the control variable I, which is unboun-
ded, we have as singular solution

-

(1%) (1-n)g = Y (5)

Equation (5) must be satisfied for all te[0,T]. The optimal control con-
sists in adjusting instantaneocusly to the stock of capital which satisfies
the eguality given in (6) and maintaining that equality thereafter.

Other necessary conditions, in addition to (1), (2) and (3) are:




¥ = (£+6)y=(1=(1-8)u-A)F* (K) (6)
| n = (r+6)n-us (7)
‘ A=nxx (8)
and the transversality conditions
A(0) = (T.0)
YD) = e (T.1)
n(T) = %‘Z*('FT‘ (T.2)
H(o) | = x VIK(T), C(): a(M) + gy (D) (1.3)

The auxilia}y variables v(t), n{t) and A(t) are to be interpreted
respectively as the current shadow values of a unit of productive capital, a
wnit of ukjéépreciated accounting capital for tax purposes, a unit of in situ
resource. "

\

In order to better campare the results with the analysis of the -
traditional non-mining firm we will assume that there is no discontinuity in 4
the.tax treatment at the date of exhaustion.3 We therefore assume that the
firm will, after exhaustion of the deposit, oontinue a declining balance
depreciation against other income, at rate 6, of the remaining stock of

capital, or have to ‘recuperate" at the same rate if the resale value of the




remaining stock of capital exceeds the accounting value of undepreciated
capital for tax purposes. Under such a tax regime, the after tax scrap
value will be given by

V(K(T), c(T); a(T)) = (1-k)q(T)K(T) + l-\z[C}(T)--(1-1~'-)q(T)K(T)] (9)
where z = r-?-e is .the present value of a dollar of undepreciated capital

which can be depreciated indefinitely at rate 6. The scrap value is thus
the resale value of the remaining capital stock plus the tax saving fram the
depreciation of the undepreciated value of the remaining stock of capital,
or minus the tax recuperation if fiscal depreciation has exceeded true de-
preciation. Notice that the resale value of a unit of capital is (1-k)4.
Indeed, given that a unit of new capital, and only new capital, is eligible
to a tax credit of k, the effective purchase cost of a wnit of new capital
is (1-k)q and the market resale value of used capital cannot exceed this.

Conditions ('i‘.l), (T.2) ana (T.3) therefore became

-

i

Y(T) = (1-uz)(1-k)q(T) (T.1')
n(T) =tz (T.2")
80|y = 1 VKD, o) @) - QmE) QKGTKT =0 (137)




Now consider eguation (5), which must be satisfied for all t. Differentia-
ting both sides with respect to t, and substituting for Y fram (6), we get

(1-(1-8)u=A)F' (K) = (r+6-q/q)q(1-k)(1-n)+(1-k)yn (10)

But. the first arder differential equation in n given by (7) has as general

solution

~(r+8) (T-t)

n(t) = uz +v (n(T) - uz)e

(11)

which is the disoounted value of the flow of tax savings resulting from one
dollar of undepreciated capital at time t. In order to satisfy ocondition
(T.2') the specific solution reduces to

n(t) = uz

which iméi;es n = 0. Therefore n is independent of the time at which in-
vestment in undertaken, a result which depends crucially on the assumption
of continuity of the tax treatment at the time of exhaustion, as is implied
by equation (9) (see Gaudet and Lasserre [7]).

With n constant, equation (10) can be rewritten

FI(K) =c (l-k)(l—uz) ’ (12)

1- (1—5 Ju=i




where c = (r+8-J/q)q, that is the before tax real rental cost of capital of
the traditional non-mining corporate firm. The term on the right hand side
of equation (12) measures the after tax implicit real rental cost of capital
to the corporate mining firm. The well known eyuivalent for the traditional
corporate firm is"

(1-k)(1-uz)
1=,

F'(K) =¢ (13)

which can be cbtained directly fram (12) by simply setting A = O (the non-
renewable resource constraint is not binding) and 8 = O.

The - expression for the after tax rental cost of capital to the
mining firm therefore differs from that of the traditional firm for two
reasons. The first is aue to the depletion allowance which, ceteris
paribus, reduces the after tax cost of capital. The second is due to the
term A, which is the share of the after tax in situ shadow value of the
resource in the market ‘price (set here egual to one). This term appears in
the cost of capita‘l of the mining firm because the maryinal unit of capital
is euployed to reduce the reserves of the non-renewable resource by a quan-
tity which will not be available for extraction at a future date. This
opportunity 'cost has the effect of increasing both the before tax and after
tax rental qost of capital to the mining firm relative to tnat of the tradi-
tional firm. Since ) increases at the rate of interest (condition (8)) it
" also follows that the cost of capital to the mining firm will increase as

the date of exhaustion approaches.

Two :Lnterestmg questlons may be raised at this pomt‘. The first

concerns the effect of corporate taxation an the extraction path- does the




corporate tax system distort the extraction path, and if so in what direc-
tion ? The second question concerns the effect of the ocorporate tax on the “‘ L
real rental cost of capital for the mining firm relative to that for the j

traditional firm: does the corporate tax result in a higher ar lower effec-
tive tax on capital income for the mining sector, thus favoring a shift of
capital fram one sector to the other?

N

Corporate taxation and the extraction path

Consider first the effect of the corporate tax structure on the
extraction path. Substituting from (T.1') and (T.2') into (T.3'), and given
that (12) must be satisfied at all t, (T.3') implies that at T we must have

F(K(T))

—R@ - F'(K(T)).

It follows that the terminal capital stock, and therefore the terminal ex-
traction rate, are independent of the tax parameters. 5

-

T

This does not mean however that the extraction path is left un-
changed by the tax. Differentiating both sides of eguation (12) with res-
pect to t and using condition (8) we get (assuming c constant for simplici-
ty):

--_ r A F'
T (I-(I-BYu-N)F"

e 4 _EL1=(1-8)u-(1-k) (1-uz) JF"

]

(14)

(1Xk){1-uz) ¢
Fr




1w
where

r[l"%.-] F
= (15)
Fr

The asterisk refers to the optimal path in the absence of taxes. Since
A >0, F'> 0, and since we must have F' < 0 alonyg the optimal path,
poth K and K* are negative. But we will have®

(1-k) (1-uz)~-(1-u)
u

K* as B

Re
AMiv
viA

The same relations of course hold for the extraction path, since if Q = F(K)
is tne extraction rate, then Q= F'(K)K, and F' > O.

Assume for the moment that the initial stock of ressources is
given, which is equivalent to replacing condition (T.0) by R(0) = R, and

oconsider the case where

R

! H

. (1K) (1-uz)=(1-u)

3 (1e)

since K and K* are both negative, and since R*(T*) = R(T) = 0, the {K(t)}
and {K*(t)] paths will have to cut each other at least once. Suppose they
cross at t = t. We will then have K(t) K*(t) and K(t) > K*(t), which
means that {K(t)} and  {K*(t)} will cross only once, with {K(t)} cutting
{K*(t)] from below. Since K(T) = K*(T*), as established above, we rust
therefore necessarily have T > T*. Corporate taxation would increase the
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life of the mine in this case. Notice that this case includes the possibi-
lity of no depletion allowance (B = 0). By the same reasoning the reverse
of course holds (T < T*) if we have

g > (1-k)(1-uz)-(1-u)
u

(17)

We therefore cbserve the not unexpected result that the higher the
rate of depletion allowance the faster the exhaustion of a given non-
renewable resource stock., Exhaustion may however be slower or faster than
in the no tax situation, depending an the rate of depletion allowance cho-
sen. The tax structure can even be desiygned so as not to distort the path
of extraction of the given initial resource stock by setting

- (1-k)(l-uz)-(1l-u)

- (18)

Notice that although’ it does mot distort the extraction path for a given
resource stock, ‘a tax structure satisfying (18) will not. usually leave the
output patﬁ:,.of the non-mining firm undistorted. As can be seen directly
from equatioﬁ (13), this would require that we also have (1-k)(1l-uz) = l-u,
so as to leave unchanged the rental oost of capital to the non-mining firm.

&

The reason why setting B as in (18) leaves the extraction path of
‘the mining firm unchangyed is of ocourse that, with given initial resource
stoc.:k, this mekes the corporate tax a pure rent tax for the mining firm. We
can verify this by substituting for this value of g into equation (12) and
solving for A, which gives -
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A= (1-(1-B)u)Ar*

where A* = 1- %.— is the before tax rent. After tax rent therefore becomes
strictly proportional to before tax rent, leaving no incentive to modify
the extraction path.

. This is no longer true however when the mining firm is allowed to
to choose the initial stock of reserves which it intends to exploit. The
optimal R(0) must then be chosen so as to satisfy condition (T.0). By the
concavity of the value function it follows that if A(0) < =, R(0) is too
high, and vice versa. Conseyuently, cne can analyze the effect of the tax
on the optimal initial stock of the resource by looking at the sign of
A(0)=-A*(0), for a given R(0).

Assume then R(0) to be the optimal before tax initial stock of the
*T)\(T), and
since K(T) = K*(T*) as-already established, we yet, by solving for A(T)

fram (12):

resource, so that A*(0) = n. Since by condition (8), A(0) = e

A(0)=A*(0) [-(l—B)ue-IT +e T e'rT*]A*(T*)

e

+ €T [1-(1-8)u-(1-k) (1-u2) | —vrryy -

In both cases (16) and (18), for which we respectively have T > T* and
T = T* for given R(0), the right hand side of this expression is unambi-

guously negative. In both these cases the tax therefore creates an incen-
tive to reduce the initial stock of resource to be exploited. The effective
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after tax extraction path will therefore either 1lie everywhere below the
before tax extraction path or cut it fram below, with the effect on the
effective terminal date beiny ambiguous. Thus even if the tax structure
satisfies (18), so as to result in an after tax rent which is strictly pro-
portional to before tax rent, the fact that the tax reduces the present
value of rent will result in a distortion of the extraction path through its
effect on the initial stock of resources to be exploited.

e

If the rate of depletion allowance is high enough to meke inequa-
Lity (17) hold, then the effect of the tax an the initial resource stock
becanes ambiguous. For ane cannot then exclude the possibility of B being
sufficiently high so as to actually result in A(0) > A*(0) (an increase in
the present value of rent), in which case there is an incentive to exploit a
greater initial stock. The value of B could even be chosen so as to leave
the optimal R(0O) unchanged. As already shown this would result in a faster
exhaustion of the same stock (T < T*). Therefore there exists no constant
value of B which will leave the effective extraction path undistorted.

s

Effective tax rates on capital incame and the depletion allowance

-

ch;risider now replacing the oorporate tax regyime just described by

a one parameter tax structure of T percent of true capital income, and T

percent in the case of the non-renewable resource sector. Capital incame in

the presen€ context is simply gross revenues (net of in situ shadow value
for the resource sector) minus true econamic depreciation. Solving, mutatis
mutandis, the net present value maximisation problem already described with
this alternative tax regime, we find that the eguivalent to condition (12)

becumnes 7 C : .
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c=Tn e
F'(K) = 1-1 )(1-A (19)
Similarly, the equivalent to equation (13) becomes’
ey L C=T
FrK) = S (20)

The right hand sides of ejquations (19) and 20) are the real inplicit rental
rates of capital under such a tax system for respectively the mining and
non-mining sectors.

We may now calculate the effective tax rate on capital income
resulting fram the corporate tax system as applied to the mining sector by
solving for the value of T which equates the right hand sides of (12) and
(19). This yives

(17k)(1-uz) _ 1-(1-B)u=A j c
1 mle. r1=u (1-u)(1-1) (21)
m  c(l-k){I-uz) _ g 1=(1-B)u=A
' l-u (1-Q)(1-1)

r

1f T, were to be chosen as in (21), the two tax systems would result in the
same after tax ocost Of capital, and therefore the same paths for the stock
of dapital and the extraction rate (as well as the same path for A). Notice
that T is not constant since the cptimality conditions require- that A grow

at the rate of intei‘est. -
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Applyiny the same reasoning to equations (13) and (20), we fina
that the effective capital income tax rate for the non-mining corporate
sector is given by

[(l—k)(l—uz)_ 1] .

1-u
=T ¢ eI [ § 5T : (22)
l-u !

Fram equations (21) and (22) we can now easily compare the effec-
tive tax rates on capital inocome. We find that

> 1-(1-B)u=2
Wm<t 3 T-0=u)

VHA
=

T(t) 1 as 8() £ A(e).

Al

The corporate income tax therefore results in equal effective tax rates on
capital income if and only if we have 8 = A, that is if the rate of deple-
tion allwan'éev is egual to the share of rent in the market price of the

resource.

'This can be eyuivalently expressed in terms of market parameters
instead of shadow prices by noting that cptimality conditions require X = ri
and A(0) = n (conditions (8) and (T.0)). Therefore '
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1 as B(t)

VA

e .

All v

rm(t)

In order to maintain équality between the two effective tax rates, the rate
of depletion allowance should therefore be set for each period equal to the
real capitalized value of the initial acgquisition ocost of a unit of in situ
resource. If the stock equilibrium condition can be counted on to have the
market value of a unit of in situ resource growing at the rate of interest,
so as to make the noi-renewable resource stock a no nore or no less interes—-
ting investment than any alternative asset (see Solow [9]), than this could
be attained by setting B(t) equal to the real current market value of a unit

of in situ resource.?®

It is easily verified that unless the tax leaves the rental cost
of capital to the non-mining sector unchanged to begin with, it is impossi-
ble to design the depletion allowance so as to attain both an undistorted
extraction path and equal effective tax rates on capital incame. For suppo-
se that we set B = A = ner.t, so as to have 'tm(t) = 1, Supbstituting for this
value of B into eqguation (12) and differentiating with respect to t, we now

o r|(1-u)-(1-k)(1-uz) |F'
(IK)(1-uz) c F"
T

Thus unless (l-k)(1-uz) = (1-u) to begin with, in which case L= = 0 and
the " tax becomes a pure rent tax, the before tax and after tax extraction
paths cannot coincide. . In fact if (1-k)(1l-uz)-(1-u) > O, the ocorporate
incaome tax would then increase the exhaustion date (T >T*) relative to the
no tax situation for a given initial resource stock, and the analysis of the

previous section applies.




17

Depletion allowance in the present U.S. corporate tax

It is interesting at this point to compare the treatment of the
depletion allowance in the present U.S. corporate income tax with our re-
sults. The U.S. depletion allowance is so designed as to allow as deduction
from the tax base in each period a fraction of the ariginal acquisition
coét, through either purchase or discovery, of estimated reserves. The
fraction is calculated as the guantity of mineral extracted and sold during
the tax period over the estimated quantity of mineral recoverable from the
mine. In our notation, and under our assumptions, this amounts to calcula-
ting the depletion allowance as

F-l-({£<-)-.11R=1tF(K)

which is eguivalent to setting B = w. Although the spirit of the depletion
allowvance seems to be equal treatment of the mining and non-mining sectors
in terms of effective capital incame tax rates, it fails to attain this by
using the original acuisition cost rather than the current value of the
- unit of in situ resource. Our results inply that if we set B = n, we will
have Tm(O):’%':T and rm(t) > 1T for t > 0,

As for the over all effect on the extraction path, it depends on
whether

(1-k) (1-uz)-(1-u)
u

|
via
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It can therefore go either way, depending on the actual values of the va-
rious tax parameters. Furthexmore, since the parameters on the right side
apply to all of the various types of resources, while m varies fram one type
of resource to the other, we can expect the effect to differ in size and
direction among the different types of resources.

Conclusion

Our analysis has shown that the qualitative as well as the quanti-
tative effects of the corporate incaome tax on the output path of the non-
renewable resource extraction tirm depends on the relative values of the
various tax parameters, and in particular on the rate of depletion allowan-
ce. In a second best context where the corporate incame tax is not neutral
for the non-mining corporate sector to begin with, it appears that the argu-
ment for the depletion allowance can be made not on the grounds of attaining
an undistorted extraction path, but on the grounds of maintaining equal
effective tax rates on capital income between the mining and non-mining
corporate sectors. In fact the two criteria are mutually exclusive, unless
the tax is. already neutral for the non-mining sector. V'I‘he present U.S.
depletion allowanoe scheme fails to attain equal effective tax rates, since

its mm..mtatlm is based on the ariginal cost of acyuisition of the in situ

resource rat.her than its o.xrrent market value.

5
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As we will show later, by properly defining B we can capture the essence
of the present U.S. depletion allowance scheme.

For simplicity, ‘we assume throughout, as is implicit in egquation (2),
that the portion of the investment allowed as tax credit cannot be depre-
ciated for tax purposes. The practice varies on this matter over coun-
tries and over time. Our analysis oould easily accamodate the several
treatments encountered by replacing k in eguation (2) by «k, with a va-
rying between zero and one. The Canadian tax law, for example, sets
a =1, The U.S. tax law sets a = -, since 1982, whereas it set a = 0
before 1982, except for the 1962-1963 period durng which the depreciation
base had to be written down by the full value. of the credit (a = 1).

For an analysis of the case where there is discontinuity, with immediate
depletion beiny allowed at the date of exhaustion, see Gaudet ana
Lasserre [7].

v

A

See for example Hall and Jorgenson [8], or for excellent synthesis of the
effect of the corporate tax on the marginal investment decision in the
traditional firm, Hoadway [3] and Auerbach [2].

This is not the case if the tax treatment is modified at the terminal
date. See Gaudet and Lasserre [7].
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6 e will assume here that (l-k)(l-uz) 2 (l1-u). 1In practice however, e
should not exclude the possibility that this inequality may be reversed
if the investment tax credit is larye enouyh. The corporate tax would
then actually reduce the rental cost of capital for the corporate firm
(see equation (13)).

7 Far similar calculations, see Auerbach [1].

[

8 This may be nore appropriately interpreted as the share of the current
~ value of a unit of in situ resource in the market price of the extracted
' ‘resource, p, set here equal to cne.
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