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In the traditional theory of taxation, the govermment provides col-
lective consumer or producer goéds. Because governmental provision of such
goods does not alter any of the familiar necessary conditions for the effi-
cient utilization of the resources remaining for private use, efficient
taxation when the private-goods-sector is perfectly competitive is achiev-
able only with lump-sum taxes (such as head taxes, land taxes, or equal, ad
valorem taxes on all consumer benefits). Any tax other than a lump-sum
tax yields violations of the familiar necessary conditions for achieving
Pareto optimality given the resources remaining for private use. Also,
because the distribution of lump-sum taxes has no effect on the Pareto
optimality of the private competitive equilibrjum, the traditional theory
of taxation implies no particuiar method of distributing tax burdens.

In the real world, we observe that lump-sum taxes in the United States
have been consistently rejected in favor of costfully administered, non-
lump-sum taxes (which cannot be plausibly rationalized as user or sumptuary
taxes) despite the obiter dictum of traditional economic theory. Further,
we observe that the more wealthy a person becomes, the more taxes he pays
despite the lack of economic theory to support this.

This paper is a development of a theory of taxation which is based upon
a view of the world in which the government provides collective defense of
the property of its citizens. The traditional model is apparently attempting
to described the same world, But it is an error to describe collective
defense as a collective consumer or producer good., A tank is neither a
consumer nor a producer good. Efficient taxation in an appropriate model
of the nature of collective defense implies non-lump-sum taxes and higher

taxes to individuals who become wealthier in certain ways.



Our basic model of government expenditures and efficient taxation is
developed in Section I. The basic idea is that when someone accumulates cer-
tain kinds of capital, he creates an extra defense burden for his country.
Therefore, efficient taxes discriminate against the accumulation of capital
that is coveted by potential foreign aggressors.

Section II develops a model in which the optimal capital tax is achieved
with a tax solely on produced outputs by the use of a simple income tax
complemented by: (1) realistic depreciation allowances, (2) tax write-
offs for abnormal, non-cosmetic medical expenses, (3) no write-offs on
income taxes of education, relocation, or "tools-of-trade" expenses, and
(4) a theoretically specified, positive: (a) percentage depletion allowance
to natural resource owners, (b) degree of progression in the income tax
rates, (c) minimum income exemption for each individual and his dependents
on his income tax, (d) corporate profits tax, and (e) excise tax on each.
consumer durable,

In contrast, in the traditional economic theory of tax#tion, all
of these special features of the income tax -- and the income tax itself --

are inconsistent with a Pareto Optinun.l

Section II also presents some rough and ready quantitative estimates
of the theoretically derived, optimal rates in 4(a-e) above, The results
indicate a striking degree of overall efficiency of the U.S. Federal
Tax structure, Our recommendations for policy changes are of relatively .

minor quantitative importance.

The results raise the question of what in the U.S. political system

permitted the evolution of such an efficient tax structure in spite of the
fact that the only existing tax theories deprecated every major feature of

the structure,



I. THE BASIC MODEL

A, The Environment

We shall employ a capital model with discrete time, an infinite horizon,
and no joint production.2
The utility of each individual in a given country, which is determined by

his consumption benefits in each period, is written,
i i i i .
Ut = U (B, Bgyeee)s B= 1,250,

where Ul( ) is a monotone increasing, differentiable, qua.si-concave5 function
of its arguments. Aggregate consumption benefits for these individuals during

the tEE period is given by the production function,

i Lt _
(1) ? B, =C (cht,Kgct,...,KMCt), t=1,2,.00

where KkCt represents capital of the kth kind (k = 1,...,M) devoted to the
production of consumption benefits at time t. Thus, collective consumer
benefits (Samuelson (1954)) are excluded from the model, and the only way to
alter aggregate consumer benefits is to alter the capital goods devoted to
producing such benefits. The endowment of aggregate capital of the kth

kind in the initial period is a constant given by

(2) K., = Kzl, K= 1,2,...,M .



Aggregate capital in each future period is the result of devoting capital in the

preceding period to its production so that

(3) Kgyy = Ikt(Klkt’“"KlVlkt)’ t = 1,2,000,

where Ikt( ) is differentiable and quasi-concave.

Now national defense effort at time t is

t
() D, =G (Kigyr oo Kyge)?

where Gt( ) 1is also differentiable and quasi-concave. The aggregate capital
stock of kind k in any period is the sum of the amounts of capital used in

the above activities plus the amount taken by foreign aggressors, KkAt’ That is,

(5) Bt = Feot * 2 Byt * Kior R 7 T L2...,M

The sbove relation insures the absence of joint production and collective pfo-
ducer goods in that it states that no capital good serves several functions sim-
ultaneously, such as producing consumption goods and prodﬁcing itself in the
following period.

Similar relations hold for each country. Foreign aggression is simply a
form of investment. Consider the net return from this investment to a country
considering aggression against the country described above. We assume that
all foreign aggression is all-or-nothing so that if the net return from aggres-
sion is ever positive, it is greatest for KkAt = Kkt' Hence, we write the

aggressor's profit function as,

('") TTA.t = A(Klt)Kzt"'")KMt) = C(Dt):

where A( ) is the aggressor's evaluation function of the assets he acquires

and C(Dt) is his corresponding cost of the aggression. We assume that the



foreign aggressor will not acquire any Kkt if the net return to the aggres-
sion is not positive. We a;so assume that the cost of the aggressor's ac-
quiring any positive KkAt rises monotonically with Dt’ the defense effort
of the potential victim. Each country is assumed to defend its capital for
all t. It therefore makes Dt just high enough in each period that for each
potential aggressor, At < 0 for all KkAt > 0. I.e., it makes Dt Just

high enough that the solution value of KkAt is equal to zero for all potential

.aggressors. The solution level of Dt obviously depends upon Klt"’“’KMt’

which determines the return to fore%gn aggression. Hence, we set Dt equal to
Dt(Klt,...,KMt), the defense requirement of the country at time t, the level
of defense required to dissuade all potential aggressors. (Also, since there
are no foreign aggression acﬁivities by the country, the only output of the

"government” is assumed to be Dt') Hence, equations 4 and 5 are written:

(41) Dt(Klt,...,KMt) = Gt(Kth,...,Kmt) and

(5*) Kot = Ko +§Kkch + Ky e

B. Conditions for Pareto Optimality

1
1

equations (1), (2), (3), (4') and (5'), we find that necessary and (because of

) ] . j j j .*
Maximizing Ul(B ,B;,...) subject to UJ(Bi,Bg,...) =07, §j>2, and
quasi-concavity) sufficient for a Pareto Optimum in our environment is that the

allocation of resources (i.e., Kot Kkyt’ K> 8nd Bi for all k, y, t

and i) satisfies, in addition to the constraint equations above, the following

marginal equalities:

o
(6) <= 55 - g for all t,k,y, and 2, and
c I G
y y y



au' /3B, c§+lxit potl
(7) 1 = T . (]_- _%:I ) for all t,k,y and i,
ou /aBt+l Ck Gy

where subscripts on function symbols indicate partial derivatives of the func-
tion with respect to capital of the type specified by the subscript.

Equation (6) states the familiar condition that in an optimum, different
_kinds of capital are allocated between sectors so as that their relative mar-
ginal productivities are equal whatever they produce. Equation (7) states
that in an optimum, the marginal rate of time preference of B, over Bt+l is
less than the familiar marginal rate of time productivity by a percentage equal
to the increase in defense requirement caused by the capital which is produced

to create the extra Bt+l relative to the defense productivity of this capital.

C. Competitive Equilibrium

v ‘ % .
We now give each individual an initial endowment of capital (Kil,...,K;z)

such that
(8) k¥ = k. for a1l k
¢ Kkl = Kkl or &. .

We also give each individual a set of quasi-concave production functions for

each period which read:

t1 bigd i
c'~=¢C (KiCt""’KMCt) and
(9)
kti  kti, i i
I =1 (Klkt,...,KMkt) for every k.
The aggregate functions described in (1) and (3) must then be derived by max-

imizing aggregate output for given aggregates of inputs devoted to the pro-

duction of the output. That is,



t
C (KlCt""’Kmt) = max E ct (KlCt,...,Kmt) subj. to Z Kth th’ and

(10)

kt

kti
I t""’KMkt = max Z I (

. i
Klkt"'."Km:t) subj. to E Kykt = Kykt’
all k, y, and t.

We assume that each individual may economically participate somewhat in the
production of each output (which will imply non-increasing returns to scale
in the individual functions), so that the above maximizations obviously occur
when and only when

ti _ . t3 At
Cr = Cy (_ck)

(11)
ti

]‘.i = I{fj (= r}’:) for all k,i,j, and t.
Hence, if the equilibrium in the economy satisfies (11), it generates the
aggregate production functions in (1) and (3) given the constraints in (10).

We now introduce prices. Our prices are all initial period, unit-of-account
prices; that is, they describe the amount of wealth oﬁe must currently surrender
in order to obtain delivery of a good at a specified date. To obtain such prices
from prices that would rule in actual transactions in future periods, a suitable
discount must be applied to the price in the future to reflect the value of
early payment in the form of initial wealth. The price of capital of type k
delivered in period t is written Pkt’ and the price of consumption of
goods delivered in period t 1is written Pt' An individual is also taxed an
amount whose present cost is given by Ti.

Each individual is assumed to freely choose Bi, KiCt’ and Kkyt so to
meximize U (Bi, B;,..,) subject to production functions in (9) and his budget,

1 { 1% ti
(12) T"+Z PB =3 p +rxpct+zpp P P +
e Tt lekl e ¢ ty yt+l i‘iﬁ kt(kat Klcyt)'



The solutions represent an "equilibrium" when prices are set so that, for all

t ad k,

i 1 gl i * 1 i kti
= = =5
(13) ZBy=2C" HKgy + 2 Key1) = K> 208 XKygpy * 2 Kyter) =31

D. The Case of Lump-Sum Taxation

When taxes are lump-sum so that they do not vary with the individual®'s be-
havior, the individual utility maximizing choices are seen to satisfy the follow-

ing marginal equalities:

ti zt
Cy _ e Prt and
ti = _zt P
C I
y y yt
aut/e, ot b
t Ty "k % .
T = T =P -, all k,y,z,t, and 1.
3U /3B, 4 Cy t+1

These copditions are inconsistent with the condition for Pareto optimality in (7)
except when D;+l = 0 for every y and t, which is the implausible special
cage in which the returns to aggression by the marginal foreign aggressors are
never affected by the size of the victim's capital stock.

E. The Pareto Optimality of a Competitive Equilibrium with Certain Capital
Taxes

We now assume that

i_ i oi
(1k) T = Eﬁ akththt + T,
where 8y, is & constant present tax rate on capital of type k at date t and

the T°1 is & lump sum tax or subsidy to the individual set so that X Tt
1

gsatisfies the government's budget condition,

i
(15) § T = fi Pkt(l + akt)Kth.



Equation (15) reflects the fact that the capital tax is levied on sellers of
capital rather than buyers and that prices are the net prices to sellers. We

assume that the government minimizes costs using fixed factor prices so that

Pl + 8) ¢

(16) - .
Pl +a) .

=

¢ n

Maximizing U( ) subject to (9), (12) and (14) yields the following marginal

conditions:
ti yti _
an Cy P (1 + akt)/Pt and I, P (1 + akt)/Pyt+1’
ti zti t
(18) C.—k— = .—_-—-Ik - .(.;.!(- - Pkt(l * ‘kt) and
ctl g2t ot P I Has)
y y y
avilnt .c”lrzt . P,
(19) T -l . i =5, all k,¢,z,¢t and 1.
o /Bt + Cy yt+l t+1

(17) satisfies the conditions in (11) so that (10) holds. We now need only set

. Dt+1

- - —

(20) 2t+1 T Cye+l Gt _ ptH
Yy y

in order for (18) and (19), together with (8), (10), (13), (4'), and (5') to
represent the same equation set as (6) and (7) together with (1), (2), (3),
(4') and (5') -- in order for any competitive equilibrium with such capital
taxes to be a Pareto Optimum.6

Note that no particular tax rate on capital in the initial period is im-
plied by optimal capital taxes., This is reasonable because such capital has

already been produced so that taxing it is equivalent to applying a lump-sum
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tax. Nevertheless, we often times below apply the harmless procedure of
applying the optimal tax rate on future capital to capital in the initial
period. Note also that the optimal capital tax is equivaiently a tax on the
value of the capital output, Ikt.

It is easy to show, using (17), allowing the optimal capital tax rate to
apply in period 1, and assuming linear homogeneity of Dt( ) and Gt( ) with
respect to their respective arguments, that T°1 = 0 so that optimal capital
taxes alone are just sufficient to finance government expenditures; While we
do not maintain these homogeneity assumptions in the paper, the result indicates,
to the extent that the homogeneities are roughly plausible, a relatively minor

role for lump-sum taxation or subsidization in a world employing an optimal

capital tax.

F. Specification of the Marginal Aggressors' Marginal Profit Functions

Since the marginal aggressors' profits are kept at zero by the potential

victim's defense effort, we have, differentiating (m),

t
A dCﬂD ? t
(2&) K_. Akt = £ Dxt'
xt dp
Hence,
t
A D -
(25) Ixf-:—’é'ﬁ if A > 0.
yt D Y
yt

We assume that for some subset of (k) = (1,2,...,M), written
a(k) = (1’2""’Ma)’ A, > 0. We call any kind of capital in this subset
a part of the country's "coveted capital". For the rest of the capital

stock, Akt = 0.
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Y — ° —_
Equations (20) and (24) tell us that if A, . =0, &, . = 0. That

is, if a particular kind of capital is not part of the country's coveted
capital, the optimal tax on the capital is zero. Now we assume that for all

x and y in a(k),

(26) xt_ =
Ay, ot

That is, the relative marginal values which foreign aggressors place on diff-
erent kinds of the country's coveted capital are equal to the corresponding
relative values to the defending country. There are several reasons that
this is not a strictly justifiable assumption. It does, however, serve to
meintain reasonable orders of magnitude. A Jet Plane is a lot more valuable
than a light bulb, to the aggressor as well as the defender. It follows from

(25) and (26) that

B, D
(27) =— = —— for all xye a(k).
yt Dy

Hence, from (27), (18) and (20), optimal capital taxes are nondiscriminatory in that

(28) 8t = Byt = a: for all x,y ¢ a(k).

G. Problems in Implementation

We have as yet produced no model specific enough to indicate which types
of capital comprise a country's coveted capital stock. Also, since it is
practically very costly to tax the value of capital in every period when there
are not transactions in the capital during every period, a problem arises as
to how one can create, if possible, a tax system which levies only on transac-
tions but which is still equivalent in effects to the igealized system of op-

timal capital taxation described above. These problems of implementation

are the subject of Section II,



II. ACHIEVING AN OPTIMAL CAPITAL TAX

A, The Transaction Structure and Income Taxes

We now allow our economy to have an explicit transaction structure-- a
particular set of trades between individuals which achieves the optimal com-
petitive equilibrium described above. Suppose each producer sells his entire
output, purchasing all of his inputs all over again for his production in the
following period. Then there would be no difficulty in implementing the
optimal capital tax. A simple income tax, a tax on all producer sales, with
tax exemptions granted for sales of the outputs of noncoveted capital, would
obviously be sufficient to produce an equivalent to the optimal capital tax.
However, this supposition is far from realistic; in our model, producers may
retain some of their capital output for their own future use. To acquire an
equivalence between an income tax and the optimal capital tax then requires
amendments to the simple income tax besides exemptions for sales of outputs
from noncoveted capital. The income tex on the kth kind of capital of
individuai i - is given by

t,im

ki i
(29) Ty = 2 by (B - Xie)

where bkt is the income tax rate, Xit represents deductions from the tax
base, and K;: represents the capital that i uses to produce goods for the

market in period t. By definition,
i _ pim ii
(30) Kt = Kt + Fxt

where K;t is the capital that individual i wuses to produce goods which are
not sold in the market. The optimal income tax exists when, for each k and

i, byt and X;t take on values that make (29) equivalent to (14) and (20), or,
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t. im i o i oi i
(31) % bkt(PtCkKkt - th) = E 8 P Ky + T " for all K, or
ki, i o)
(32) 6T,/ &y, = Eney Pyt *

Solutions to (31) and (32) are written (bﬁt’x;z)'

Note that income taxes have an independence property expressed as

T =T .

b b

(33) P el
k

B. Noncoveted Capital

Capital may generate benefits which apply to only certain, specified
individuels within a country -- such capital is "people-specific". One's
psychic capital - e.g., his acquired ability to appreciate nature and various
activities, his stock of pleasant memories, his acquired ability to enter-
tain himself - is part of the country's people-specific capital stock. The
rest of a country's "people-specific capital" is "friendship capital” --
where a specified individual (e.g., & husband) can command the services (e.g.,
good cooking) of another (e.g., & wife) because the other either feels a
sense of gratitude for past favors by the specified individual or has confi-
dence that the specified individual will reciprocate in the future without
contracts or monetary exchange, the cost of which would preclude such favors
from having a positive net value to the recipient., People-specific capital is
of no value to individuals outside of the country and is not part of a country's
coveted capital stock. Since the returns on people-specific capital do not
generate market transactions so that Ki? = 0 for people-specific capital, an

L3 » 2 [ 2 3 '3 * '7
income tax operates in an optimal fashion by not taxing people-specific capital.’
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When an aggressor takes over a country, he does not benefit from human
capital to the extent that such capital is necessary for the "subsistence" of
the individual. An individual is below "subsistence" if he would sooner die
in rebellion than pay the taxes éf the successful foreign aggressor. One's
subsistence includes support for his family aé well as any non-cosmetic
family medical expenses. Hence, one's human capital below that required for
his family's subsistence is not ﬁart of his country's coveted capital stock.
As a result, an optimal income tax has an exemption, Xht’ on incomes from
human capital required for normal family subsistence of market goods and for
abnormal, non-cosmetic medical expenses. The observed U. S. income tax exemp-
tion of about $l,OOO per dependent person appears to approximate the subsist-
ence fairly well, and the observed write-off for non-cosmetic,

abnormal medical expenses also corresponds exactly to its treatment under
an optimal income tax (the level of the subsistence exemption can be adjusted
to include normal medical expenses). |

Certain consumer durables such as furniture, portraits, trophies and
certain antiques are also part of the country's noncoveted capital stock.
While there are no taxes on these goods as Kif = 0, consumer durables which
are part of the coveted capital stock are discussed in Section E below.

Cash, i.e., paper currency, may exist in the economy with explicit trans-
actions as an intermediate asset which allows for the achievement of the
no-transactions-cost economy described in Section I. However, with costless
currency creation, a successful foreign aggressor can also costlessly create
any feasible level of real cash balances by altering the rate of growth of
the currency supply. Hence, the level of real cash balances used by the

defending country is irrelevant to the aggressors and not part of a country's

capital stock.
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The definitions of capital which Smith, Marshall, and Knight inferred from
discussions of men of affairs exclude people-specific capital, subsistence-
producing capital, certain personal consumer durables, and paper money. Using
our theory, we can rationalize the exclusion of these forms capital from the
concept of capital used by men of affairs by arguing that these men are only
discussing coveted capital because it is the only capital which should be
taxed. The only remaining types of private-good-capital in the Smith-Marshall-
Knight taxonomies, the types comprising the capital stock as seen by men of
affairs, are natural resources, produced producer durables, human capital above
subsistence requirements, and the remaining consumer durables. These forms
will be assumed to comprise the country's coveted capital stock, and the achiev-
ment of an optimal tax on each of these forms of capital is examined separately

below.

c. Producer Durables which are Originally Produced for Sale

No tax on the gross income from producer durables which are originally
purchased but not resold in every period (labelled e for equipment) is equiv-

alent to the optimal tax. The derivative of taxes with respect to K:t is

positive in (32), and, in view of (30), is zero’in (29) for fixed Xi? if

i . . i
X_¢ = 0. So, for optimal taxation, X_, # o.

To achieve the effects of an optimal capital tax, we consider a tax on e's
capital income reduced by an estimate of the depreciation of the original, ob-
served value of the durable good. That is, letting Xet represent realistic

depreciation of the original purchased capital in terms of current consumer

goods, (29) becomes, assuming Kii - Kii until section G below,
et eet
ei t,_1 ii i et ii
=7 - - - . .
(34) Tb t bet[PtCe(Ket Keet) Pet+l( et e eet)]
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Using (17) this simplifies to:

el _ t i
(35) Ty =% bet[PiCe = Pors1lKet -

Hence, to obtain an optimal net income tax on e in time t, 1in view of (31)

and (35), we need only pick & D, which satisfies

o
t Pet

8,
(36) b, = — :
e

P:le = Pets1

Using (17) this optimal income tax rate becomes

ao Iet
o) t e
(37) b, = . .
et 1+ az Iet -1
e

From (19) and (17) we can see that when there is a stationary solution such

o_,0 t _ Attl

that 8y = 89 and Ck = Ck s
o
o _ at(l + pt)
(38) bet - Fo) b
(L +p)(1 + a.t) -1
oU/ 3B,

where 1 + Py = 537552:1 , the marginal rate of time preference.

Thus, the use of realistic, physical depreciation allowances converts the
jnefficient income tax into an efficient one under an appropriate income
tax rate.8

The only other existing rationalization of the realistic depreciation
write-off this author has seen is by Samuelson (1964). Samuelson shows that
a write-off on income taxes of all forms of interest income will create a tax

structure with no effect on prices only if the tax on income includes a

write-down for realistic depreciation. However, no tax system in existence
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gubsidizes interest returns and taxes net receipts so as to have offsetting
revenue and incentive effects. Such a system would be a lot of trouble for
no purpose. The tax system Samuelson claims to represent is a U.S.-like

system, a system containing a tax on interest income as well as a corres-

ponding write-off of interest expenses. But in such a system there is no
net tax or subsidy on borrowing or lending -- nor should there be in our
optimality model because borrowing represents a mere redistribution of pur-
chasing power rather than the creation of any real asset. Samuelson erred
by failing to allow the after-tax contractual rate of interest to rise to
reflect the equal shifts up in the interest-demand-price for loans and the
interest-supply-price of loans resulting, respectively, from the tax write=-
off of interest expenses and the tax on interest income. Once gross market
rates of interest are raised to reflect the tax on interest income, the
reduction of the gross market rate by applying the tax write-off on interest
expenses (or income) to obtain the after-tax borrowing (or lending) rate
relevant for discounting only serves to pull the discount rate back down to
the original real interest rate for the original allocation of real resources.
And with no reduction in the discount rate in Samuelson's model, no positive
income tax rate satisfies Samuelson's price invariance condition, whether or

not there are depreciation allowances.

D. Natural Resources

Natural Resources (i.e., minerals and oil and gas) pose a different prob-
lem in the lack of transactions to correspond to each act of production. Like
producer goods which are purchased upon their original creation, natural

resources are accumulated by the owner without any corresponding transaction.
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But unlike such producer goods, there is no transaction corresponding to the
original creation of a natural resource. Because tax collectors cannot be
sssumed to know the value of the natural resource at any given date in the
past, they cannot be assumed to know the change in its value over time.
However, once & natural resource is utilized by converting it into some
other good by an act of withdrawal from nature, there is, we assume, always
a sale of the withdrawn resource. Hence, the obvious method of achieving
the effects of a tax on the accumulation of natural resources is to apply
taxes at withdrawal in a way which subsidizes early withdrawal. The ordinary
income tax does not do what it may appear to - tax early withdrawal - because
the profit from withdrawal increases with the rate of interest so that de-
laying withdrawal merely increases future taxes by the rate of interest and
has no tax-saving or tax-increasing effect in a world with a constant income
tax rate. Obversely, a subsidy to net withdrawal income would not encourage
early withdrawal. We can specify a tax or subsidy on transactions which will
encourage early withdrawal only after specifying some special, technological
features of the natural resource industry.

In particular, in producing natural resourcesat a given future date, one
uses only the same resources in the previous date, and the amount of the resource
produced is identical to the amount of the.resource devoted to production.

I.e.,

i _ -nti ii
(39) Knt+l =1 = Knnt

2

where n is the natural resource. From this and (17), in an optimum,

1> and BCU(1 + a ¢+l

(40) Py(l+a wte1) = Feeln

nt) - Pnt+
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Similarly, the same physical units of natural resources become consumable once
they are withdrawn so that the PtK;Qt represents the consumption value of the
withdrawn resource and P, - Pnt(l + ant) is the direct withdrawal cost per
unit of the resource? Finally, there is the observation that the spot price
of withdrawn natural resources has not substantially changed over time. (See
Barnett and Morse.)

With a constant spot price of the withdrawn natural resource, an obvious
encouragement to natural resource exploitation (when there is a positive
marginal rate of time preference) is a subsidy which is a fixed percentage of
the revenue from the sales of the withdrawn natural resource. For the pro-

ducer would rather have a given subsidy this year than next. Thus we set

_ im
(k1) X, =\PK,.
A is the "percentage depletion rate".lo Hence,
ni .1 ii i ii
(h2) Tb - f bn.t[PtCn(Knt Knnt) -\ Pt(Knt - Knnt)]'

Using (17) and (39),

(43) Tgi - 204 (Pnge - 2 Pt)(Kit - Kit+l)'

Assuming b, = b~ and using (40) and (19),

() = o (P - MR K + Z [P (1+agy) - XPt(i."';lsz)mnml
- 20, (Prgay - XPt)Kit+l'

(45) Ty = op(Bpp - WP Ky * By 2 (et Puger * ;£§f%;) Knt+1
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Hence, for an optimal tax, letting the first lump-sum term in (45) ve

absorbed in ™! ana using (31),

AP P
t t
(46) 8l = p(al + ) .
t+1 n‘"t (l+pt) Poirl

Assuming a stationarity which yields ai = ao, and Py = Py and asssuming

that the income tax rate is that optimal rate applied to equipment, we find

that
P P
@+ )1+l -82) -1 nt “nt

The most reliable data on natural resources we have covers the oil in-
dustry. Here, the ratio of mineral right value to output value has been
relatively constant at about 23 percent. (Source: Joint Associations Survey.
This mineral right value is obtained by adding amortized 0il lease payments
to royalties.) The current U. S. percentage depletion allowance is 22 percent;
There is thus a close correspondence in this industry between the optimal and
actual percentage depletion allowances. While precise data are not available,
there is also a correspondence between the low, 5 percent depletion allowances
given to producers of gravel, peat, pumice, shale and stone and the obviously
low value of mineral rights to these natural resources relative to the prices
of the withdrawn resources to consumers. And in the extreme case in which
mineral rights are essentially free such as for soil, dirt, moss, minerals
from sea water, and air, there is a zero percentage depletion allowance.

We now estimate the optimal depletion allowance for the minerals industry
in the aggregate. Note first that because of the constancy over time of the
spot price of withdrawn natural resources, spot withdrawal costs must fall

overtime to make the spot price of a natural resource rise at the (productive)
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rate of interest. In particular the percentage reduction in spot withdrawal
costs over time times withdrawal costs relative to the spot price of a
particular natural resource just prior to withdrawal must equal the rate of
interest. Therefore, the price of a natural resource at withdrawal relative
to the withdrawn resource equals the capitalized rate of cost reduction
divided by one plus this capitalized rate. Since the rate of decrease of
withdrawal costs in the minerals industry is about two percent per annum
(Barnett and Morse), and we are using a productive interest rate of 10 percent,
the price of natural resources at withdrawal relative to withdrawn resource
price over all valuable minerals is estimated to be l6—2/3 percent. In fact,
the bulk of the statutory depletion allowances fall between 14 and 22 percent
(with effective rates slightly lower because of a limitation of the allowance
to 50 percent of the net income of the taxpayer).

The observed spot price of natural resources relative to withdrawn re-
sources may be constant over time despite its increase for a given natural
resource because the quality of the resources exploited may decrease over
time. For example, the ratio of o0il royalties to the value of the withdrawn

0il is a well-known empirical constant.

E. Consumer Durables

Consumer durables are like producer durables in that they are sold when
they are originally created but are unlike producer durables in that they
do not create future benefits for others. There is no "income" from consumer
durables to tax. Hence, an excise tax on the production of consumer durables
goods is in order. Using again an interest rate of 10 percent, equation (37),
approximately

and an optimal income tax rate off 25 percent, we have an optimal capital tax

rate of 2.5 percent. Therefore, consumer goods lasting 5 years and depreciating
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in a sum-of-years-digits fashion, should be taxed at an initial excise tax

~ 10 6 3 1 - -
rate of 2.5 percentx(l + T G + S(LI)° + TIEVENY + 15(1.1)”) = 5.35 per

cent, and consumer goods lasting 15 years should be taxed at 10.29 percent
using these assumptions. Until very recently, U, S, Federal excise taxes on
consumer durables ranged between 5 percent and 10 percent with the lower
rates generally applying to the relatively short-lived goods.11

An important consumer durable that is not federally taxed in the U.S.
is an individual's home. And apartment building depreciation write-offs are
so generous that, in view of the ease of transferring these buildings, there
is also no substantial Federal taxes on these consumer durables. But ldcal
property taxes seem to compensate for these apparent inefficiencies as
effective property tax rates typically are about 2 percent per year, which
is close to the Federal rate on the other durables treated above. My guess
is that the cumbersome local property tax and the provision of free education
to minors is somehow required by the federal government befére a locality can
exercise local police power or float tax-exempt bonds. In this view, the
locality is merely an adjunct of the federal government. The chief reason for
this suspicion is that it is not plausible that freely competing localities
would offer free eduéation to a partially mobile, heterogeneous populace or
would use the property tax as a means for financing it. Yet the education of
minors is an activity whose federal subsidization is easy to support -- not
as a collective good -- as a good falling within our model which would be pri-
vately underproduced within governmental subsidy because the private decision
makers (parents) do not substantially gain from the increase in future pro-
ductivity which their decisions (education for their minor children) create.

We shall employ still another implication of the lack of appropriate parental
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rewards in the following section. While it is fairly well-known that this
inefficient reward structure serves to rationalize special laws against
polygamy, prostitution, divorce, and child labor, the traditional, inappro-
priate theory of public finance has buried its important effects on the

efficiency of the tax system in a sea of imagined inefficiencies.

- F, Human Capital

Humen capital as used below is coveted human capital, or "skill", that
part of one's human capital stock which he uses to produce goods for the
markeﬁ/ig?iaﬁgépgggggaigzt%ég 25%%§étence. Newly created skills are repro-
duced in each future period through the worker's taking care of himself and
making any necessary expenditures to retain his skill, the latter being
treated as the former for tax purposes by granting it a write-off as a current
expense.

Since skill carries its own maintenance out of what would}otherwise not
have been coveted capital, its value to the aggressor in each period is the

present value of its entire future product. Thus,optimal capital taxes on

i's skill amount to

. . 1
(’47) T31o -5 a‘o Kl 5 P C'T.' .

a t t st =t T 1+ a'O

T

On the other hand, income taxes are

si _ t, 1 ii
(48) = % Poy Py Cs(Kst - Ksst)'
We assume a stationary optimum so that az = ao, C: = Cs’ and Py = Po We

consider an accumulstion of a durable skill from time v onward equal to

i
LK o where v > 1.
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First consider the case 1in which the accumulation 1n v is not the re-

sult of foregoing income from skill so that sit =0 for all t. Then,

o i
a’P, lCSAst(l +p)

(49) ATzio = = S and
(1+a")p?
(50) ATSi = P Pv-leAst where b =Db_.
b P st s

Hence, using (32),

(51) vl = M .

S (1+a%)p

Tex write-offs for expenditures on education, job search, and worker-owned
equipment would substantially subvert this efficient income tax. Thg optimal
income tax in (51) is slightly different than the optimal income tax on pur-
chased producer durables. However, (51) must be taken as a very rough
approximation because the income tax also induces a leisure-for-work substitu-
tion while the reward structure given parents induces them to instill greater
 lifetime estimates of the value of work relative to leisure in their young
children than they would if they could collect as much of their child's
leisure benefits as they can the child's work benefits.

Now consider the case in which the initial accumulation of a durable
gkill is accamplished by foregoing income from current skill and keeping

Jeisure time constant. Here, (49) remains the same, but

si i
(52) ATb "’bsv-va-le(A 85V~ 1) * Z_) b tPtCsAK
P _C_AK:
==b _\f—_l__s__ﬂ + P.C AK"

sv-1 1l+p + a st t's

t—v
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Assuming bst = bBv for t >,

(53) Tsi —-b Pv-lcsAst + b Pv-leAst
b~ sv-l11+p +a sV P ’

Using (49), for optimal taxation, we have,

o]
o} b P
(54) a(l+p)_ 0 _ __sv-I”
o] . 8BV l+p+a
(L+a)p
Equation (54) states that an optimal income tax is progressive, as the
- marginal tax rate epplying to increases in future wages, b:v, must exceed
the average tax rate, bsv-l’ which one avoids by training rather than
o
. 14
working in the v-l~EE period. If we let 2 (14p) approximate the average

o
p(l+a”)
income tax rate in the investment period, we find that

. p
(55) Pgy ~ Pgyoy (14 I+p+a ).

Using 10 percent time preference rates and 2.5 percent optimal capital tax
ratey we can fit (55) to actual data on U. S. tax rates.'12
The fit is again very close. The actual U. S. Marginasl income tax rates

are always within two percentage points of these theoretically optimal rates
for all reasonable levels of human capital investment (i.e., for all levels
of foregone annual incomes of $25,000 or less.) It is not implausible that
the optimal tax rate on leisure-produced skill rises with income because the
foregone earnings of the individual is a plausible measure of the extent of

his parental overtraining to surrender leisure.

G. Producer Durables which are Not Sold when Produced

Individuals may produce their own intermedisate capital goods so that

tax authorities cannot practically employ the slow expense-write-off implied
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by the depreciation allowances in subsection B above. If expenditures for
such accumulation exist at all, individuals can immediately write them off

on their income tax. For example, tax authorities explicitly permit immed-
iate tax write-offs for "maintenance" expenditures. Capital so produced
generates streams of accounting costs and returns identical to the streams
resulting from one's production of skill with leisure or by foregoing incomé
50 our analysis here is no different than that above as concerns a single
individual when his capital is continuously maintained. However, in this
case, we have no rationale for higher optimal tax rates on higher individual
incomes. To overcome this problem, we allow an individual to "incorporate"
his non-human capitel and avoid the progressive personal income.tax, taking
his return from the‘corporation in a form in which he pays only about a ten
percent tax ra.te.13 Our problem is then to specify an efficient tax on
corporations in light of their ability to produce their own capital. The
simplest policy is to tax the value of the company (or the value of the common
stock, still taxing the interest income of the creditors) at the efficient,
2-3 percent capital tax rate and drop the tax on dividends and capital gains.
Such a policy would directly taxlany capital in the company -- regardless of
how it is accumulated. The costly implementation of realistic depreciation
and efficient depletion allowances would be avoided, as would the taxation

of dividends, capital gains, and corporate profits. But we assume that such
a policy is not available, or, if it is, that corporations remain whose stock
dées not trade at observed prices. The problem then is to specify an efficient
corporation income tax in view of the corporation's ability to produce some of
its own capital. Now purchased capital is recorded on the books of a company

as an asset, but internally produced capital which the company expenses is not
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included on the books as an asset. However, this latter kind of capital is
included in the market evaluation of the company so that the depreciated
stock of externally purchased assets in a corporation relative to its total
capital stock can be represented by the ratio of the company's book value
to its market value, We assume this is constant within each corporation.
Letting Bft/Kft represent the ratio of book to market value of the
assets of the firm, replacing K:t in (35) with th, using (31) and (37),
and adjusting for a 10% effective tax on dividends and capital gains, the

optimal corporation profits tax is:

(o]
(57) B° = (Ef) EE_
f Bf 1.10 ‘

The average Kf/Bf has been estimated to be 1.6.14 Thus,lgiven our other
estimates, the average optimal tax rate on corporate income is about 37
percent. While this is somewhat lower than the statutory rate of 48 percent
for a large company, the presence of the 7 percent investment tax credit in
recessions has served to substantially lower the effective tax on produced
producer durables. Assuming that half of the years are "recession" years, the a
average about 3 1/2 percent. Assuming, in addition, that the typical age of
produced producer durables is 10 years, the optimal effective excise tax (as
computed above for consumer durables) on the production of producer durables
1s about 7% x 1.6. This means that the effective 3 1/2 percent investment
credit subsidizes capital by about 30 percent of the optimal capital tax.
But since the corporate profits tax rate is greater than the optimal rate

by about 30 percent of the optimal rate, the combined 48 percent corporate
profits tax and 7 percent investment credit in recessions effects very close

to an optimal tax on producer durables in corporations.
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FOOTNOTES
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1Samuelson (1964) has attempted to provide some kind of rationalization
of realistic depreciation allowances in an apparently traditional environ-
ment, but we shall find a simple economic error in his exercise, Also, some
authors have assumed that an income tax does not generate a ''double taxation
of savings'" and an inefficiently discriminating tax on future (relative to
present) consumption in the traditional model. Since the double tax is
only on the interest from savings in the traditional model and there may
be a zero interest rate, these authors can be defended, but only in a

special case,

2

The central results in this paper have also been established for a
mathematically less familiar model containing continuous time and Marshallian
joint production,

3The ""quasi-concavity" of a function here means that if f(x) = f(x"),

x # x', then f(ax + (1-a)x') - f(x) > 6sgp (xj-xj)fj for some § > 0 where
1>a>0 and x = X13%Xps--. . This may also be termed '"asymptotically
strict quasi-concavity". It assures the absence of infinite quantities
in maximizing f over all «x subject only to linear equalities in x with

positive coefficients.
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hThe rationalization for this is that & country protects any part of its
capital stock by making a committment to all-out-war in cage of any foreign
aggression. Then, if g country cannot win a war to protect part of its
capital stock, it cannot win the war to protect all of its capital stock,

It may be of interest to note that such committments are impossible to
meke in a pure democracy, as the voters can always vote against a war by
voting down war appropriations. Such a government is sure to lose at least
some of its capital to a non-democratic foreign aggressor that can make com-
mittments to fight wars over property at war costs which are greater than the
value of the property at stake. (The reason such committments are rational is
that once they are made, the democratic country rationally surrenders its

capital so that fighting the war is unnecessary. ) However, in a constitutional

democracy, where certain government policies are not subject (except at great
cost) to future voter disapproval, the constitution, by giving proper incentives
to the government leaders and by allowing them to command war resources without
voter approval, may effect the hecessary war committment. Constitutionally
granted wartime finance policies such as the draft, debt financing and govern-
ment currency creation, and price controls are thus a necessary part of our
wartime financial structure. The cost of having such a government is: that

the leaders may use the same means of financing for peacetime goals or to

fight wars other than those to defend or acquire current property.

An important implication of this necessary, confiscatory, wartime
financing is that there is then an insufficient accumulation of war-relevant
capital during peacetime. Thisg is the economic bages of the classical
"national defense argument" for peacetime subsidization of certain domestic
industries (see Thompson for an application). In the formal model above, such
subsidies appear asg government purchases of capital used to produce national

defense.
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5 . yt . i
We assume that 1lim inf [JX P I - XXX P -7 exlsts to
foo [ty yt+1 tyk kthyt ]

assure finite solutions.
6The existence of a set of prices which will induce a competitive equil-
ibrium is assured once we notice that the quasi-concavity assumptions imply
that for any set of implicit prices satisfying (6) and (7) for a given dis-
tribution of utility, there is a distribution of values of initial capital
endowments which will induce the individual constraint by (12) to satisfy

(6) and (7) in maximizing his utility.

TWhile returns from friendship capital frequently come in the form of a
monetary payment in the cases of gift and charity income, such income is,
appropriately, substantially disregarded for tax purposes ip the U.S.

8In the real world, depreciation allowsnces are typically granted on a
fixed schedule for a particular kind of capital good regardless of how the
good actually wears out. But, also in the real world, depreciation typically
takes the form of Marshallian joint production of marketed output and future
capital. Under such depreciation, the optimal tax on a new investment under
stationary conditions is a single tax on the present value of the capital in
each future period resulting from the investment while an income tax without
& depreciation allowance is a tax only on the initial capital value. It is
easy to see by an argument similar to that used above that a realistic depre-
ciation allowance converts the income tax into a tax on the present value of
the future capital values implied by an investment and thus can lead to an
optimal choice of investments in a world in which actual depreciation takes
the form of Marshallian joint production of marketed output andifuture

capital.
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There are real-world cases of physical depreciation of producer dur-
ables which have been produced for sale in which the depreciation does not
take the form of Marshallian joint production. This appears for originally
produced timber, wine, and various agricultural products. Here, we observe
in the U.S., the variable depreciation allowances of the kind we have
specified; these are frequently called 'cost depletion allowances'.

9Thus an implicit production function for j, a withdrawer of natural

resources, can be written:

Q% = min (rfqt, gt(x{Qt,;..Krj‘_mt, Kzﬂ_th,...Kth)) ,
where Q is the withdrawn resource. Selecting ''derivatives' of this func-
tion to be such that (6) and (7) are satisfied, as we are free to do,
this specification is not inconsistent with our general model. The cost
of gt is the "withdrawal cost'" described above,
10The Traditional, Harberger analysis of such percentage depletion
allowances assumes that manufacturing and oil "investments" should be

\

taxed equally if they generate the same streams of cash income. It fails
to recognize that if the oil "investment" is not undertaken, there is
still an accumulation of oil reserves, which is a true social investment.
Therefore, it is necessary to net the disinvestment of oil reserves out
of Harberger's oil "investment" before taxes should be equated on his
equal investments. The Harberger study should also be corrected for the
fact that a depletion allowance is capitalized in the value of the land,
thus serving to incréase the costs as well as the returns to current oil
"1nyestments". Making these adjustments in Harberger's analysis and

making intertemporal investment possibilities and taxes explicit leads

to our own analysis.
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11For the various excise tax rates, see Commerce Clearing House. For

relative depreciation rates, see Prentice-Hall. Some federal excise taxes
fall substantially on producer durables, the most notable of which are
"business'' machines (such as typewriters and computers) and cars and trucks.
The business machine case is fairly easy to understand once it is recog-
nized that the sellers of the more expensive machines normally avoid
capital taxation by renting their outputs. The less expensive machines
are frequently used by consumers, so that an excise tax is in order. The
same applies to cars and trucks., However, businessmen should be allowed
to write off expenditures for this already-taxed equipment. As excise
tax rates have recently been volatile, there is no simple method of
evaluating the post-1964 excise tax structure,

12Future tax rates were computed assuming the individuals will be
married while current rates, bv-l’ were computed assuming the investor is
single. (Source, Lasser.,)
13Partial dividend exclusions and taxes on realized capital gains at
about half the tax rate applicable to ordinary income seem to achieve
about this effective rate for the typical investor. The number may seem
a little low, but it reflects the significant advantages v delaying rea-
lized gains, and giving charity and bequests in the form of appreciated
stock,

14This was done by multiplying an estimate of the rate of return to
book value of equity for U.S. manufacturing corporations in 1966 (Source:
Pechman, p. 307) by an estimate of the price-earnings ratio for U.S.
industrials for the same year (Source: Moody's Investors' Service). This
was then adjusted to represent the ratio of the book value of companies

relative to their market value by adding on the ratio of debt to net worth

and dividing by one plus this ratio (Source: Pechman, p. 307).



