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It determines the level of consumption by the maximization of its
intertemporal utility function. Future factor prices (wage and interest
rates), depend on the accumulation of capital through a neoclassical tech-
nology, and are known with perfect fpresight. The household behaves
competitively: future (endogenous) prices are taken as given.

The welfare cost of the capital income tax is analyzed in
the second section. Tollowing common practice, we consider the
welfare cost induced by a tax with lump-sum redistribution.

Initially, the economy is assumed to be on the balanced growth path where
capital income is taxed at a fixed rate (and tax revenues are refunded).

At time zero the tax is abolished (together with the refumnds), Thereafter.
the economy moves on a dynamic path towards a new steady state, The wel-
fare cost of the capital income tax is equal to the welfare gain obtained
by the abolition of the tax, namely by the difference between the level

of utility on the new dynamic path (after the tax reform), and the level
of utility on the initial balanced growth path (with the tax in effect).2
As usual, the welfare cost of the tax is measured bv a wealth equivalent,
and is of a second order with respect to the tax rate. A second approxi-
mation of this excess-burden is given,which depends on the parameters of
the vtility and production functions, and on the growth rate. An exlLension
of the Levhari and Sheshinski result is obtained as a special case.

Since the general excess-burden formula is exact only for infinitesimal
values of the tax rate, the error of this second order approximation is
analyzed in a numerical example.

The assumption of perfect foresight is relaxed in Section 3. Be-
cause the dynamic path after the abolition of the tax is no longer optimal,

the welfare gain induced by the tax reform is smaller in this case. The



case of myopic expectations is an important example of the more general
class of expectations which are considered. 1In the next sections we
revert to the assumption of perfect foresight.

The case where the tax rate pf the capital income tax is not iden-
tical for all sectors of production (an example is found in the corporation
tax), is considered in Section 4. The intertemporal welfare cost of the
tax is compared to the inefficiency cost due to the misallocation of
capital between the different sectors of production,

In Section 5, the assumption of a fixed labor supply is relaxed.
Since the capital income tax lowers the long-run wage rate, its excess-
burden depends on the (compensated) elasticity of the labor supplv.

This analysis of the capital income tax relies on a stylized model.3
However, numerous numerical examples show that some of the results obtained
are fairly robust. These results are summarized and related to other

. 4, .
studies using more disaggregated models in the conclusion.



1. The Model
There is one good in the economy. This good can be consumed, or
used as capital in the production process. Total output per efficiency

unit of labor,net of capital depreciation, is given by the neoclassical

production function:
y = f(k)

where k is the level of the capital stock per efficiency unit of labor.
The private sector is represented by a household, growing at the
rate n , which takes prices as given, and maximizes under its budget
constraint the utility function:
w

U= e-ptentu(cteUt)dt , (1)
0

where the following notation is used:

¢ = pure rate of time preference;
v = rate of growth of labor augmenting technological change;
e, = consumption per unit of efficient labor.

The function u will be assumed to be of the form wu(c) = c:l_CT .5
The labor supply per capita is fixed, and normalized to one at time zero.
The representative household 1s endowed with perfect foresight, and behaves
competitively, taking the endogenous future prices (wage and interest
rates), as given.

Because of the first order condition in the maximization of the

utility function, the dynamic path of the economy satisfies the equation:6



c
= —at—(rt - p%) (2)

t

where r is the net rate of return available to the household, and
p* = p + gy .

The capital accumulation is defined by

K = f(kt) - (n+p)kt -

t (3)

t k]

where kO represents the initial capital stock.
The dynamic behavior of the economy is defined by the equations

(2) and (3), and by the initial values ko and Cy » at time zero.

The initial value of the capital stock Lk is given. There is a

O ]

unique value of such that its associated dynamic path satisfies

o o
the budget constraint of the household (which is equivalent here to the

transversality conditions). For this value of =« the dynamic path

O ]
converges to the steady state defined by:7
p* = T* = £'(k¥) (4)
c* = f(k*) - (n+u)k* (5)

(an asterisk will denote a steady state value).
The optimal path defines also a consumption function, giving the
level of consumption per unit of labor as a function of the capital labor

ratio at each instant (see Figure 1),

c = cf(k) . (6)

In the same way, at a given instant, the level of utility is determined
by the integral (1) on the optimal path T for an initial value of the

capital stock which is equal to k :



Figure 1

The consumption function and the

dynamic path



U= J(k) .

We now review a few properties of the optimal path which will be

useful in the subsequent sections:
The slope of the consumption function c¢'(k*) , at the stationary
point k* is obtained by taking the limit of the ratio between the re-

lations (2) and (3) when k tends to k* ; c'(k*) is equal to the

positive root of the equation

x2 - XX -y=20 (7)

where X =p* - n -y and vy = ={c(k*If"(k*)] /0 = (L/oe)Je(k*) (r* + &)wh/kuf(k*) ]
£ 1is the elasticity of substitution between capital and labor in

the production function when the capital labor ratio is equal to k* .8

Using a first order approximation of the capital accumulation (3) around

k* , the difference between k and its steadv state value k* , decreases

asymptotically at a constant rate a :9

(kt-k*) = —a(kt-k*) (8)

a 1is the coefficient of adjustment of the economy towards the steady
state, and is equal to the difference ¢'(k*) - X ; -a is also equal
to the negative root of the equation (7).

The same asymptotic rule applies to every endogenous variable z,
in the eccnomy which depends only on the capital labor ratio (as for ex-

ample, the gross factor prices):l0

(Zt: z*) = -a(zt-z*) , (8a)

where the coefficient a 1is the same as in equation (8).



2. The Excess-Burden of the Capital Income Tax

Consider now a tax on capital income at the constant rate 6 ,
with lump-sum redistribution of its revenues. The analysis of the model
described in the previous section applies with a net interest rate r

now given by
r = (1-8)f' (k)

In particular, in the long run, the net rate of return is constant and
stil]l equal to p* . In the long run, the capital income tax increases
the gross rate of return, lowers the capital stock and aggregate consump-
tion. The levels of consumption and capital per unit of labor in the

steady state with taxation, respectively ¢ and k , are given by:
p* = (1-8)f(k) (4a)
c = f(k) - (n+)k . (5a)

This steady state is represented by the point A in Figure 1.

We assume that initislly, the economy is in the long~run equilibrium

with taxation (point A ). The deadweight loss of the tax is measured
by the welfare gain induced by the suppression of the tax.ll
At time zero, the capital income tax is abolished12 (together with
the lump-sum refund). The net rate of return suddenly increases, and
consumption decreases immediately from c¢ to o (the optimal value
which depends only on the initial capital stock kg = %k , as described
in Section 1). After time zero, because of the increased savings,l3 the
capital stock increases. The economy moves towards Lhe new steady state

E on the segment BE of the path T defined by the dynamic equations

(2} and (3).



The welfare gain of the tax reform AU , is given by the difference

between the utility on the path BE , and the utility in the steady

state A :14

— ()
AU = J(k) - “CT;“E—;_—J . (9)

A Taylor expansion of (9) around k* gives:

Jll

LD e gy ?

AU~ J(k*) + J'(k*) (k - k*) +

uf{e*) _ u' (e*) de o+ .
p¥ - m - p o*-n-udi(kk)
_ u" (c*) dzf(-k—_k*)Z
F— — .
2(p*-n -y} a2
From (5a) dc/dk = f'(k*) = n - u = ¢o% = n = p . Furthermore, the marginal

value of capital J'(k*), is equal to the marginal utility of consumption

u'(c*) . Therefore,

1 w(ch)  d%C [ii}zez (10)

11" (k) -
AU’LZJ(k) 5

This welfare cost is of a second order with respect to the tax
rate, It is convenient to divide it by the marginal utility of consump-
tion at the stationary point E , wu'(ec*) , in order to obtain its wealth

equivalent AM :15

oo a1

with



10

,.‘

- 1 r*a ]

the parameters a and vy have been defined in the previous section.
The relation (11) is to be interpreted as follows: the welfare
cost of a capital income tax at the (small) rate 6 , 1is equivalent to
a permanent reduction of consumption on the balanced growth path by a
fraction L82 . The variable L depends on the technology, the utility
function and the growth rate. We now consider some of its properties.

The relation (12) can be rewritten:

2
_ (r* —n=-yp)al
L = LP[—————Y J . (13)
where
1
= -é'-“[ 'H-L) . (14)

From (14), and the definition of a and v (equation (7)), it

is straightforward to derive the following properties:

al aL
L < LP S Be > 0 3 o <0

lim L =L_3; limL =0 .
P
[ >0

The excess burden of the tax is an increasing function of the elas-
ticity of substitution e , between capital and labor in the production
function. When € is equal tozero, the capital labor ratio is fixed,
and since the labor supply is fixed, there is no welfare cost. When ¢

is infinite, the gross factor prices are fixed, L = LP . This case is
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analogous to the partial equilibrium situation16 with exogenous factor
prices, and provides an upper bound for the general formula.

Since 1/¢ is an index of the intertemporal substitutability of
consumption in the utility function, it is not surprising that the excess
burden is a decreasing function of 6

Tables 1 and 2 present estimates of the variable L, and of the
annual rate of convergence of the economy towards the steady state, a ,
for different values of € and o .17 The other parameters of the model
are chosen to characterize the U.S. economy:18 u=.023: n=.0: the
gross capital income share is equal to .33, and the rate of capital depre-
ciation is equal to 5 percent. p* is equal to the long-run value of the
net rate of return, and is taken to be equal to 4 percent. There remain
only two unknown parameters, p and o . 8Since there is no general agree-
ment about their values,19 we present estimates for different values of

o . Once a value is chosen for o , the pure rate of time preference

is implicitly determined by the relation:
p=p* - cou.

As can be seen from Table 1, for realistic values of ¢ the excess-

burden is not very sensitive to the elasticity of the marginal utility
20
o .

The last column of Table 1 corresponds to the partial equilibrium
case. It is clear that for realistic values of € , the excess-burden
is much smaller. The variable L is represented as a function of ¢
for a fixed value of o, equal to one, on Figure 2 (curve (8=0) ). For

the relevant range of € , the excess-burden of the interest rate in-

creases almost linearly with e .



12

L
(in %)
L(g=1)
12 L(6=0.6)
Lig=0)
0 2 1.0 2.0 ¢
Figure 2

The Normalized Excess Burden

( e : elasticity of substitution between capital and labor

£ : compensated elasticity of substitution between
leisure and consumption)
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TABLE 1

The Normalized Excess-Burden
of the Capital Income Tax
(given by equation (12), in percentage
of annual consumption)

o .2 b .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 =

.5 11.24 2,41 3.56 4.67 5.76 6.8B3 7.88 8.91 9.92 10.93 400.0
1.0 {1.21 2.33 3.41 4.45 5.46 6.44 7.40 8.33 9.25 10.14 200.0
1.5 |1.19 2.28 3.31 4.30 5.25 6.16 7.05 7.92 B8.76 9.58 133.33
2.0 [1.17 2.23 3.22 4.17 5.07 5.9 6.78 7.59 8.37 9.13 100.0

TABLE 2
Annual Rate of Convergence Towards
the Balanced Growth Path
( a is measured in percentage)

cNi.Z .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0

.5 |33.98 23.74 19.21 16.51 14.67 13.31 12.25 11.40 10.70 10.10
1.0 [23.74 16.51 13,31 11.40 10.10 9.14 8.40 7.80 7.30 6.88
1.5 {19.21 13.31 10.70 9.14 8.08 7.30 6.69 6.21 5.80 5.46
2.0 [16.51 11.40 9.14 7.80 6.88 6.21 5.68 5.26 4.91 4.62
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The value of the normalized excess burden L, devends alsoon the
discount rate r* , and on the growth rate n+p . No general rule can
be derived about the effects of these parameters. When the elasticity
€ 1is large, L increases with n+u and decreases with r* (as it is
clear from the limit case € = « , described by equation (14)). However,
when the elasticity of substitution is smaller than 2, and the other
parameters of the model have the same values as above, it is found that
L is an increasing function of both the discount rate and the growth
rate.

Following some numerical experimentations, a good rule of thumb

is that L is almost proportiomal to r* , when r* is between 2% and 6%.21

The excess-burden for large tax rates

The measure of the excess-burden given by expressions (11) and (12)
is exact only for infinitesimal values of the tax rates. In order to
estimate the bias involved for large values of 6 , we have to use a
different method.

At time zero, the economy is on its balanced growth path under
taxation (point A on Figure 1), and the initial values of the capital
stock and the consumption level are given by (4a), (5a). The dynamic
path after the tax cut, characterized by (2) and (3) is transformed into
a discrete formulation, and simulated numerically using a gradient algorithm
of optimal control. The consumption equivalent of the utility after the
tax cut ¢, , 1is defined by the stationary level providing the same

utility as the dynamic path after the tax cut:



Table 3 reports the ratio [(cl-—z)/E](llﬁz) as a function of 6 , for
6 =¢=13; the other parameters of the model have the same values as

in the first two tables.

TABLE 3

The Normalized Excess-Burden for Large Tax Rates
(in percentage; o = e =1 )

8
0 05 1 .2 3 4 .5
cp-¢
= 5.46 5.82 6.25 7.27 8.58 10.33 12.77
8

The first number in the table (for 6 = 0 ), is obtained by for-
mula (12). When 6 is small, it gives a good approximation of the nor-
malized excess-burden. However, we can see that for large values of the
tax rate € , the approximation formula (12} underestimates the welfare
gain of the tax cut (for 8 = 50%7 , by a factor slightly smaller than
1/2).%2

In order to illustrate the previous discussion, let us consider
two numerical examples of a shift from capital income taxation to lump
sum taxation:

Assume that the aggregate consumption in the steady state under
taxation is normalized to one. When the tax rate 6 is equal to 507,
total revenues are equal to 12.34%. A shift to a lump-sum tax increases
the level of welfare by a consumption equivalent of 3.19% and the level
of consumption in the long runm by 8.38%. The welfare cost of the capital
income tax is equal to 26% of the amount of tax revenues. The marginal

welfare cost is obtalned by multinlving the average cost by & factor of
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two (this factor should be somewhat greater than two for large rates, since
the normalized excess burden increases with the tax rate)}.

When 8 is equal to 30%, tax revenues are equal to 6.73%. A shift
to lump-sum taxation would increase consumption in the long-run by 3.3%.
The welfare cost of the tax is equal to ,77% of consumption level, or
11% of the revenues.

The method followed in this section takes into account both the
short-run and the long-run incidence of the suppression of the capital
income tax. We can observe that the welfare gain of tax reform (measured
in consumption equivalent) is much smaller than the percentage increase
of consumption in the long-run. Also, the excess-burden of the capital
income tax, although small in terms of aggregate consumption, is not

negligible in terms of the revenues generated.
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3. The Case of the Non-Perfect Foresight

In the previous section, the welfare gain of a reform from capital
income taxation to lump-sum taxation was determined under the assumption
that the eccnomy follows an optimal path towards the new steady state.
However, when there is no complete set of future markets to convey infor-
mation on future prices, individuals may not have perfect foresight.

In this case, the dynamic path after the tax reform is no longer optimal,
and the welfare gain obtained is smaller.

The assumption of perfect foresight is relaxed in this section.
For its saving decision, the competitive household relies now on point
expectations about the future wage and interest rates. By assumption,
these expectations satisfy the following property: at each time t ,
anticipated future prices depend only on the value of the capital stock
at time t (for example through the factor prices at time ¢t ), and on
some constant parameters (as the long-run values of the factor prices)-za
It follows that the consumption level can be expressed as a function of
k , cI(k) .

We also assume that expectations are consistent with the steady
state, and do not affect its stability. The rate of convergence of the
economy ay depends on the type of expectations considered. For example,
in the case of myopic expectations (where the factor prices observed at
a given time are expected to be the same in the future), the rate of con-
vergence is greater than in the case of perfect foresight.

As in the previous section the initial situation of the economy
is in the steady state with taxation. After the suppression of the tax
at time zero, the economy converges to the steady state E on the path

T'" (B'E) , which in general is different from the path T . The welfare
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gain is measured by the difference:

u(c)

Ny —
AU = J(k} - eon<yp (15)

where 3(?} represents the integral (1) on the path B'E .
The second order approximation of the utility level after the tax

LA VIR
cut, J(k} , depends only on the slope of the dynamic path at the steady

state, ci(k*) » ©Or on the rate of adjustment towards the steady state,
i - 1 * - % o -
a; {since a; cI(k ) (r*-n-1))
A _
J(k) = F(al' k) , (16)

this utility is smaller than the utility on the optimal path:

F(a;, k) < F(a,k) = J(k) . (17)

The welfare gain induced by the tax cut is equivalent to a permanent

, 2 .
increase of the consumption level by a fraction LIB » Where L is

1
defined by:
LI = (Q(aI)/Q(a))‘L , (18)
with
a; 2 a;
Qap = sz t" 3 T aeram | 9

L 1is equal to the perfect foresight value defined by (12) in the previous
section,
Using the relations (18) and (19), and the properties of a and

c'(k*) (described in Section 1), it is straightforward to show that the
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ratio LI/L is always smaller than one. When the private sector does
not anticipate future prices with perfect foresight, the welfare gain
induced by the suppression of the capital income tax is reduced.

The ratio between the values of the excess-burden with non-optimal
and optimal adjustments LI/L , is fepresented in Figure 3 as a function
of the ratio between the rates of convergence (aI/a) « The different
curves correspond to different values of the discount rate r*. The growth
rate n + p 1is equal to 2%, and the product ¢e 1is equal to 1

Also the cases (r#*=3%) and (r*=67) provide respectively a very good
approximation (less than 1% error) of the cases (r#=4%,0c¢ = 1/3) and
(r¥*=4% ,0e= 2.5) .,

It is interesting to observe that, in general, a shift from capital
income taxation to lump-sum taxation always induces a welfare gain (L is

I

positive unless ar has an irrealistically large value, greater than (12.1)-a ).
This gain is close to its maximum for a wide range of values of the ratio
(aI/a) . When this ratio is between 1/3 and 3, LI is equal to at least
86 percent of L for the case (r*=4%,0e=1)
As an example, let us consider the case of myopic expectations.
The consumption takes then the following form:

et = [1+ 2 L2 (50 - (h)R)

Using (18) and (19), after elementary manipulations, the ratio between
the normalized excess-burden under myopic expectations and its value
under perfect foresight, LS/L is given by:
1 A Az + 4
Lg/L = 5|1 + 25— (20)

2 Az + 2y



LI/L Ratio between the excess burden under nonperfect foresight and under perfect foresight

2% r*= 27
3%
67 M (Myopic Expecta-
-2 tions)
(or r¥=4%
qe=1/3)
r= 47
1/10 1/5 1/2 2 3 4 5 7 8 9 10 11 12 13 14 31/@

Ratio between the rates of

Fipure 3 convergence

O¢

The excess burden under non-perfect foresight



21

with A =1* ~n-wu, and Y is the parameter described in equation

(7). A good approximation of (21) is given by:

Lg/L

[}
N =

[1+Aia) , (21)

where a 1is the optimal rate of convergence reported in Table 2.

Under myopic expectations, the welfare gain of the tax reform is
always equal to at least 50% of the perfect foresight value. This case
is represented by the point M on the Figure 3 (for € =¢ = 1, the
rate of convergence towards the steady state under myopic expectations
ag » is about six times larger than the value under perfect foresight a ).
The ratio LS/L depends on the long run value of the rate of return 1% ,
the growth rate n+p , and the parameters ¢ and o . When r%=.04 and
mr = .02 , it can be determined for different values of £ and ¢ , using
Table 2, and the relation (21).

We see in Figure 3 that, for the relevant range of values of the var-
ious parameters, the ratio between the welfare gains of tax reform under my-
opic expectations and under perfect foresight is between .55 and .65, and is

not very sensitive to the parameters of the model.26

Figure 3 allows us to consider a more general class of expectations

which lead to different values of the rate of convergence a For example,

1"
when the private sector underestimates the future rate of convergence of
economy, the rate of convergence a; is in the interval {a, aS] . For
this special class of expectations, the welfare gain of a tax cut is
bounded below by the value found in the myopic case,

Finally, it may be interesting to observe that when the private

sector applies a modest amount of rationality, the dynamic path of the



27

economy is close to the optimal path. Around the steady state, the vari-

ation through time of the facter prices is given by the expression:

(zt - z*) =-—aI(zt -z%) .

Assume now that the long run values of the factor prices are known,

and that the only uncertainty left is about their rate of convergence to

the new steady state. Furthermore, individual expectations are of the

regressive form; the expected values of a parameter x , at some future

date t , X o, are determined by the following rule:

(xi-x*) = -a(xf-x*) (22)
Xe = X
t 0 -

Individuals revise at each instant the estimated valuve o of the
future rate of convergence, using the observed value a (given by

a=1z/(zkx-2) , where =z is an arbitrarily chosen endogencus variable),

and an adaptive rule, for example
& = v(d~-a) where v > 0.

Under these assumptions, and for an initial value of the capital stock
not too different from the steady state value, both the estimated wvalue
o and the actual value a of the rate of convergence tend to the optimal
value a .27 The dynamic path is tangent to the perfect foresight path

in the steady state. The value of the welfare gain of tax reform is close

to its (maximum) perfect foresight value.
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4. The Welfare Cost of the Corporation Tax

Most studies on the corporation tax assume that the corporate and
the noncorporate sector produce two different goods, and that the ratio
between their respective output depends on their relative prices.28 For
the sake of simplicity we assume here that both sectors produce the same
good, and that the aggregate production function can be written in the

form:29

y = g(kl, kz)

where all quantities are divided by the total effective labor supply,
and kl and k2 represent respectively the corporate and the noncor-
porate capital stock. The function g(kl, kz) is assumed to be homogeneous
in its arguments.

Initially the economy is in the steady state where only the corporate
capital income is taxed at the rate 6 . In each sector, the net rate
of return is equal to the optimal stationary value p* , and the values

of the capital stocks, ‘El and Ez , are determined by

= (1-p)B % Ty =BT %
p* = (1-0)33(ky, Ky) = S8k, k) (23)
1 2
The elimination of the corporate tax at time zero, has two effects:
First, capital is reallocated between the two sectors to equalize their

rates of return. The aggregate production function takes now the form:
y = £(k) (24)
where f(k) = Max g(kl, k2) .
k1+k2=k

After time zero, the private sector is endowed with perfect
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foresight, and the economy moves on the dynamic path studied in Section 1,

which is characterized by the equations:

C et
Pyt (k) -p%)

e
I

f(k) - (ntu)k - ¢

ko =k = k1 + k2 .

As in the relation (9), the welfare gain of the tax cut is equal to

u(c)

b= 300 - TRy

This difference can be decomposed into:

L u@ YL {u@) - @) .
5U J(k) r*_n_ul + {r*_n_u (25)
where ¢ = f(k) - (n+u)k 1is the stationary consumption available when
the level of capital k is allocated efficiently between the corporate

and the non corporate sector.

The first term of the RHS of (23) has been analyzed in Section 2,
and measures the intertemporal welfare cost of the corporate tax, originating
in the reduction of capital accumulation., It is equivalent toa permanent

reduction of the consumption level by a fraction Lcle2 where LC1

30
is defined by:

. (26)

Since the tax revenues are equal to er*kl , this relation implies that

for small values of the tax rates, the intertemporal welfare cost of
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capital income taxation depends only on the total amount of tax revenues;
(for example, a 10% uniform tax on the whole capital stock, and a 20% tax
on half the capital stock have up to the second order, the same intertem-
poral welfare cost).

Although the distribution of the tax burden across the different
sectors does not affect the intertemporal welfare cost, it creates a
distortion in the allocation of the capital stock between sectors, This
production cost is measured by the second term in the RHS of (25}, and

; 32
is equal to:

u(e) -u(@ . u'()
(r*-n-u) (r¥-n-

u)(f(k) - g(kl, k2)) . (27)

The welfare cost induced by the production inefficiency is equivalent
to a permanent reduction of the consumption level by a fraction chﬁz s

where

2 = 1, 1 1 ]
L,8" = (E@® - g, K,)/E . (28)

This is precisely the excess burden studied by Harberger and others.

The total welfare cost of the corporate tax is equal to the sumof the

intertemporal cost,and of the cost due to production inefficiency. It
is equivalent to a permanent reduction of the consumption level by a

fraction LC62 , Where:

L) @ -s), B
= —— M 2
c=Llgg tipp =L = + = ; (29)

—
L}

k., k and k are given by (21), and

c=f{&) -~ (nh)k . (30)
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In order to have an order of magnitude of the respective quantities
assume that the ratio kl/k is equal to 1/3, which is close to the value
observed in the U.S. economy, and that only the capital income originating
in the corporate sector is taxed at Fhe rate of 50%. Using the results
of Section 2, the intertemporal welfare cost is about .25% of the level
of aggregate consumption (or around 7.8% of the tax revenues).33 The
value is somewhat lower than the cost of inter-sectoral misallocation,
which in the same model is equal to 1.1% of consumption (this value is
well within the range of current estimates of ,5%-1,5%, see Shoven (1976)).

The interindustry misallocation caused by the corporate tax seems to be

much greater than the intertemporal distortion.
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5. The Case of an Elastie Labor Supply

The capital income tax increases the gross rate of return and, by
the factor price frontier, lowers the wage rate. When the labor supply
is not fixed, this tax creates, in addition to the intertemporal distor-
tion, a distortion in the choice between consumption and leisure at a
given instant of time,

For example, assume that the elasticity of substitution between
capital and labor in the production function is equal to zero; the capital
labor ratio is constant. When the labor supply is fixed, the tax has no
incidence on the capital stock, and is equivalent to a lump-sum tax with
no excess-burden. However, it increases the gross rate of return, and
by the price possibility frontier, lowers the wage rate. When the labor
supply depends on the net factor prices, the incidence of the tax is to
decrease the long run laber supply, the capital stock and the consumption
level. ’

In general, it can be expected that the excess burden of the capital
income tax is increased when the labor supply is variable. In this section,
the framework developed in Section 2 is extended in order to measure this
additional eifect.

The utility function of the private sector depends on the amounts

of consumption and leisure:

U= [ ePteu(c e, 2 )dt (31)
t t
0
where c:teut is the consumption per capita, and Qt the labor supply

per capita (measured in natural units, and not in effective units).

For the sake of simplicity we consider the following form for

the utility functien u :35
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u{c,£) = (1-8)log c + B log(T-%)

where B and T are exogenous parameters. The dynamic path of the

economy is now characterized by the relations:

c, = ct(rt(l-ﬂ)— p*) (32)
kt = f(kt, Et) - (n+u)kt - o, (33)

Bct _ )
1-8)(T-2) "t ;

where T, and w, are respectively, the gross interest and wage rates,

and kt represents now the aggregate capital stock divided by the

o . t
efficiency index e’ .

The equations (32) and (33) are the same as in the fixed labor
supply case, and, at each time t , the marginal rate of substitution
between the consumption of leisure and of produced goods is equal to
the wage rate (equation (34)).

At a given instant, the labor supply depends not only on the wage
rate at the same moment, but also on the future factor prices (wage and
interest rates).

The initial state of the economy (where the tax has been in effect
for an infinite amount of time),is defined by the stationary equivalents

of (32)-(34):

- _ p* (3
F= 1%
c = A(r)t (36)

o (37)
B e - YT
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where A(r) is defined using the production function

A(xr) = r[%(r)] + w(r) ,

and the capital labor ratio k/g 1is expressed as a function of the gross
rate of return r .

At time 0, the tax is suppressed. Thereafter, the dynamic behavior
of the economy is described by (32}, (33), and (34), where 8 is replaced

by 0; the new steady state characterized by:

r%x = D* (38)

c* = A(r*) g% (39)
Bc:'r _ !

EOET wir#*) . (4n)

The increase of welfare induced by the tax cut can be approximated to
the second order by the same method as in Section 2; and its income
equivalent is of the form

c* 2

AM = LB T —n-1

which depends on the parameter 8 . The formula for LB is rather com-
plicated,36 s0 we present in Tables 4 and 5 some numerical estimates

analogous to those in Section 2,

LB is also represented as a function of ¢ in Figure 2 for the
values B =0, .6, 1 ; B measures the long-run compensated elasticity
of the labor supply with respect to the wage rate. When it 1s equal to
zero, the labor supply is fixed; this is the case studied in Section 2.

In Table 4 and Figure 2, we can see that the excess burden LBB2 .
for a given valpe of &, is increasing with g , and is bounded by
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The Normalized Welfare Cost of the Capital Income Tax
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the value L182 , obtained for B =1 .37 It is remarkable that the dif-

ference L_- L. does not appear tobe significantly affected by the value of ¢ 38

g 0

(for £ smaller than 2), and that this difference is relatively small
with respect to LO when the production function is of the Cobb-Douglas
type (e = 1) .

When ¢ dis infinite, we have the partial equilibrium case again.
It is straightforward to show that the relation (14) is still wvalid:

The welfare cost of the capital income tax at the rate & is measured
by a fraction of the full consumption of produced goods and of leisure

(valued at the wage rate), which is equal to LP82 , Wwhere
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6. Conclusion

The general equilibrium models used in this study are highly stylized.
However, the numerical examples considered indicate that the character
of its results is fairly general,

The value of the excess~burden of the capital income tax depends
mainly on the elasticity of substitution between capital and labor & .

When ¢ is smaller than two, the excess-burden is almost proportional

to € . No general rule could be derived about the effects of the discount
rate and the growth rate. When the other parameters of the model are chosen
to characterize the U.S. economy, the excess-burden of the capital income
tax increases with the discount rate and the growth rate,

Interestingly enough, when € is smaller than 2, an increase of the
intertemporal substitutability of consumption {measured here by the inverse
of the marginal utility of consumption), increases the value of the excess-
burden only by a negligible amount. In this case, although the deadweight
loss of the tax is relatively small with respect to the level of agpgregate
consumption, or to its value in the case of fixed factor prices (e = =) ,
it is not negligible with respect of the amount of tax revenues: a capital
income tax of 50% implies a welfare loss equivalent to 26% of the tax
revenues; when the tax rate is equal to 30%, the deadweight loss is equal
to 11% of the tax revenues. These values should be multiplied by a number
between 1 and 4/3 if the labor supply is elastic,

These numbers are indicative of the welfare gain induced by a shift
from the capital income taxation to lump-sum taxation, when individuals
have perfect foresight about the behavior of the economy after the tax is
suppressed, Since the determination of the perfect foresight path is not
a easy task for most economists, even in a simple model, this assumption

may not be realistic. When the tax reform does not lead
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to an optimal path, its benefits are reduced. For example under myopic
expectations, the welfare gain induced by the abolition of the capital
income tax is only equal to about 60% of its value under perfect fore-
sight. However, myopic expectations grossly underestimate the future
behavior of the economy. When individuals anticipate somewhat this future
behavior, the welfare gain of tax reform is close to its maximum value,
even if the degree of foresight is not very accurate. (A method to
approximate the perfect foresight path has also been suggested in

Section 3.1; also, the results of this section can be applied to any tax
reform in a dynamic framework).

Finally, under the present U.S. tax system, the rates of the capital
income tax vary by a large amount from one sector of production to another.
When the overall elasticity of substitution between capital and labor
is not too large (less than 2), the welfare gains obtained by an equali-
zation of these rates dwarf the gains obtained by a reduction of the global

tax on capital income.
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APPENDIX

1. The Excess-Burden in Partial Equilibrium

An income equivalent of the excess-burden is given by the well-
known Harberger-Hicks-Hotelling formula.1 In a continuous time formula-

tion, this becomes:

1 act 0 mt
M =5 [ b tp, E e dtdt' (a-1)
with the following notations:
(aenss
P, = e-r*(l_e)t (price of c, at time 0 )
T*L

tp, = rkgte

U
Bct

P

, compensated derivative of ct with respect to pt.

By application of Slutsky's equation,

1 Iw mt Im aCt:
M=% | e ap —Ap, . dt' {dt
2 0 t 0 Bpt, t
1 " mt Celm Bct “ mt!
= —_— ] 1

The expression in brackets in the first term is simply equal to the var-

iation of the consumption at time t , Act. after an uncompensated interest

tax has been applied.
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Since the utility function is homogeneocus, the income elasticity
of consumption is equal to one, and the excess-burden is given by
[ =]

mt 1, mt 2
Ioe Aptﬂctdt + ZM(IOE ctéptdt)

AM =

M=

From (2) and the budget constraint, the uncompensated demand function,

C, s is expressed as follows:

¢, = vMeat, with v = r*% -—n -y -Br*[l - %J ,
r*
and o = - el

Therefore, when 6 is small,

*_-q -
Ac = -Mr* [1 -1} + *-n-w)t
t a o

We replace Act in the above expression of AM , and since the wealth

M 1s equal to the present value of the consumption stream on the balanced

growth path, we have:

c* 2

AM = =L, ————90
Préfen-yp

(A-2)

with

L -_-i._.__r* 2
P 20({r*-n-y

For a given value of the interest tax rate, the welfare cost in partial

equilibrium is an increasing function of the intertemporal substitutability

of consumption in the utility function, which is measured by 1l/c .
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It is a decreasing function of the discount rate and an increasing func-

tion of the growth rate.

2. The Excess-Burden in General Equilibrium

We determine here a second order equivalent of the welfare gain

AU , obtained by the suppression of the interest tax:

u(c)
A L]

AU = J(k) - (M= % = n = p)

The terms J(k) and u(c) are considered separately.

J(k) is equal to

J(k) = | e-Atu(ct)dt
0

where Co is taken on the dynamic path BE (Figure 1 in the text).

This integral can be decomposed in two terms:

SN
J = ulc Yot + f e tu(c yde ,
t At t

where At is a small interval of time. By taking an infinitesimal value

for A4t , we verify that the function J satisfies the relation:
0= ule) - A3 + I'(Wk ,

or, using the capital accumulation equation (equation (3} in the text):
0 = u(c(k)) - AJ(K) + I"(KW)(£(k) ~nk -c(k)) .

Differentiating this expression twice at the point k* , we obtain



37

J'(k*) = u'(c*) J'"(k*) = we'? + LA
’ a 2(x+a)

' du

2
= 0%, ¢ - d7e(k¥%)

where u = u(c*) 5 , a = c"(kx)-) .
dk

. u

d
'&%“‘*) , ¢

Therefore, a second order approximation of J at k 1is given by:

J(E) = }li + u'(E-k*) +2—(-X_];_Ta)(u"c'2+f"u')(f-k*)2 . (A—B)

Using the properties of the optimal consumption function described in

Section 1 of the text, we can rearrange the term of the second order:

uIIC72+fHu| - u” C|2_Cf” - ul!(c|2+c|a) - urlcl(cl +a) - u"C'
2(x+2a) 2( +2a) o 2{()+23a) 2(x+2a) 2
Hence,
— — LI
JE) = L4 ut @k + E (c - k%)% . (A-4)

The value of consumption in the steady state under taxation, ¢ 1is de-

termined by:

c = fX) - (n+)k .

The second order equivalent of u(c)/A can be written as follows:

c)

Lo

u

>|e

+ u' (k- k*) +%(u‘f"+u")\2)(i—k*)2 (A-5)

>

=24yt (K-k0) 4+ “T[x + %J (k-k5)2 . (A-6)

Taking the difference between J(k) and u{c)/> (in (A-4) and (A-6), we have
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2

u" a° — 2
80 = - 5 A (k- k)

where a is the positive root of x2 + 3x - vy =0 (described in Section 1).
Since f'(E) = p*/(1-8) , and (k-k*)f" A p*6 , the welfare

change can be rewritten

where

L = % 2 (the partial equilibrium value of L
’ expressed by the relation (14) in the text

The term Xa/y is equal to the positive root of the equation
(y/Az)x2 +x -1=0 . This root is contained in the interval (C,1) .,
Its properties when € varies follow immediately. The sign of 3L/3co

is obtained by the same method.
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3. The Case of Non Perfect Foresight

When the private sector is not endowed with perfect foresight,
c'(k¥) is no longer the positive root of the egquation x2 - -y =0.
The welfare gain of the interest tax cut is obtained by the same method
as before. However, taking the différence between (A-3) and {(A-5), we

find

N .'.2
by = u'{EJ%E—) £

vhere cy and a; represent the consumption function, and the coefficient of adjust-

1 1) ,el, ‘1
A+ZaI A

ment of the econnmy towards the balanced growth path, under nenperfect foresight.

Use the relation a_ = ¢

I i - X, and the definition of the optimal

I 1

values for a and ¢ respectively a and c¢' , to obtain

I

2
U = u'(C*)f"(k*)[?_?_k*J Q(ap)

a a

1 |2 31
= -—-+
Qap) " ¥2a;| % ac

where

The consumption equivalent of the welfare gain can then be expressed

as follows:

L = L-Q(aI)/Q(a) s

where 1 is the value of LI under perfect foresignt, and

a1

A+2aI

2. %1
A ac'|

Q(aI) =
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4. The Corporation Tax

We examine here the long run incidence of the corporation tax
on the capital stock. The capital stocks in the corporate and in the
noncorporate sector, respectively kl and k2 , are determined in the

long run by the relations:

Differentiate this expression around €& = 0 to obtain the variation of
the aggregate capital stock, dk :

H_- "
820 T 8120 |

dk = dk, + dk p*p (a-7)

i 2" A
with
ﬂ = " n - (1} "
811822 T B3128)1

Assume now that the tax is applied uniformly to both sectors, and call
Dk the variation of the capital stock:
1" " ”
811 * 83, ~ 28]

= *0 A-8
Dk X p*e ( )

Taking the ratio between (A-7) and {(A-8)

T - "
dk Bry ~ 81)
T (. T
Dk g3; * 835 ~ 281

Since the production function g(kl, k2) is homogeneous, it can
be rewritten under the form g(kl, k2) = H(F(kl, kz)) , where F is

homogeneous of degree one.

Use the properties of F , and the equality of Fi and Fé (at 8=0),



41

to write:

k
1" - 12) = 1 " - n = 1 1 _2
Byy = 8)p = B'(Fyy —Fyy) = H'FJ,|1 + K
ky [k, ?
" + n _ " = ¥t < _£
By By T 28y, T H'F, 14 zkl + k||

Taking the ratio between these relations,

This result could be generalized easily. The long-run incidence on the
total cavital stock of » tax falling the capital in some sectors is pro-
portional ro the share of the taxed capital with respect to the total

capital stock.
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FOOTNOTES

lIn fact, if would be sufficient to assume that individuals' utilities
depend on their consumption in their own finite life-time, and on the wel-
fare of their immediate descendants (for a development of this argument,

see Barro (1974}). If individuals donot leave a bequest, the problemof inter-
generational equity arises, and the concept of excess burden used here does not
apply: Even in the case where no revenue has to be raised, the no-tax solution is not
the first best; the level of capital has no optimal property (Diamond
(1965)). In order to redistribute income between generations, a benevolent
social planner would impose a taxX or a subsidy on capital income (and
possibly on other goods), For an analysis of taxation is a general equi-
librium model where individuals maximize a life time utility function with
no bequest, see Hall (1969), Diamond {1970}, Summers (1979), Chamley (1980)).

2WE could also consider the imposition of a tax on the initial balanced
growth path with no taxation., However, the analysis of the

abolition (instead of the imposition) of the tax, is technically more
simple, and suits better the problems of tax reform. For small values
of the tax rate, it has been verified that the two methods give the same
results.

3The same method could have been used to analyze the excess-burden of the
labor income tax, or the income tax (Chamley (1980a)).

4See for example, Hudson and Jorgenson (1976) and Fullerton, Shoven and
Whalley (1979),

5This assumption is necessary for the existence of a competitive balanced
growth path when the intertemporal welfare function is additive, and the
rate of labor augmenting technological change u , 1is different from
zero. In a discrete time formulation one could alsoc use a stationary
utility function. The existence and stability of optimal balanced growth
paths in this context is studied by Iwai (1972).

The consumption levels at time t and t+At satisfy the relation:

' ”(t+At)
u’(e e

v HE
e
u'(e”"c )

- 1+pat
1+rAt

Up to the first order, this expression is equivalent to:

v UL we kt Ht
u'(e ct) + u'(e ct)(ctuﬁt-+Act)e

= 1 4+ (p-r)at .

v UL
u'(e Ct)
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A straightforward manipulation gives:

When At tends to 0O, this relation corresponds to (2).

7The second order conditions are derived from the concavity of the utility

and the production functions. For an exhaustive treatment, see Arrow
and Kurz (1970).

The parameter y can also be expressed as a function of quantities
which are easily measurable:

- (1-a){(r*+8)[{r*+8§
¥ of>

- (6+n+yu)

where o 1is the share of gross capital income in the gross production
function, and ¢ is the depreciation rate of the capital stock.

*This regressive rule may be a very good approximation even if the dif-
ference k-k* is large (see Chamley (1979)).

i01¢ z, = g(kt) , to the first order: (ztl z%) = g'(k*)fct = -g'(k*)a(kt-k*)

= —a(zt- z*)

11 ;
When the tax revenues are not equal to zero, this is equivalent to the

gain obtained by a shift from an interest tax to lump-sum taxation,

lzlt is essential throughout this study that the tax changes are unanti-

cipated; for an analysis of the effects of anticipated tax changes, see
Hall (1871).

13The observed elasticity of gross savings n , with respect to the net

rate of return at time zero (under the assumption of perfect foresight
about future interest rates), can be determined from the parameters of
the model: n = ac{z*/((r*+8)(n+1u+6)(2-a))) where o and § are
defined in footnote 8, and a 1is given in Table 2. For the values used
below, in the Cobb-Douglas case (o = ¢ =1) , n = .95,

lAWhen the tax rate 86 1s small, the followlng experiment is symmetrical,

and gives the same result: Assume that the economy is in the steady state
with no tax (point E ). At time 0, the tax is instituted (with lump-sum
refunds). The economy moves then on a path towards the point B . Call

Jl the utility level on this path, and J0 the utility level at the

steady state E . The excess burden of the interest tax is equal to

JO - Jl .
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5
! The relations (11) and (12) are derived in the appendix 2.

16This formula has been derived by Levhari and Sheshinski (1972) for a
stationary economy. Another proof, using the well known Harberger-Hicks-
Hotelling formula is given in the appendix 1.

7These values of the rate of convergence can be compared with those dis-
cussed by Sato (1966), and give additional information for a choice of
e and ©

18
See, for example, Jorgenson and Christensen (1973).

19ivailable estimates of o gseem to point to a value higher than one.
Weber (1975) reports values between 1.3 and 1.8. Wright's (1969) esti-
mates are somewhat higher--around 4; see also footnote 20.

In the 1imit case where the discount rate v* , and the prowth rate are equal,
the variable L becomes

1 I*Z Q _[ n+yp }2-2

2 THTR) | ()2 BFVFE

L = -

which is independent of the utility function and linear inthe elasticity e (ceteris parib

21
When € =0 =1, the following values are obtalned: Take n+p = 2% ;

when r* increases from 2% to 6%, L increases from 3.007% to 8.047%
(from 2.73% to 8.19% with the rule of thumb). When r* 1s equal to

4% and n+u increases from 2% to 4%, L increases from 5.46% (Table 1)
to 7.26%.

22On the other side, when © 41s large, the model considered here implies

a sudden increase of saving which could be too large to be borne by a

real economy. Therefore, it is likely that the numbers in Table 3
may be overestimated.

23For the class of expectations considered below, the dynamic path T'
converges to the steady state.

24This class includes perfect foresight, myopic, stationary, and regressive

expectations. This section uses some intuitive results derived in Chamley

(1979).

25A procf is given in appendix 3.

26When the difference ) between the rate of return r* and the growth rate
mHu  tends to zero, the ratio L./L tends to 1/2 . Also, at the same time,
the error implied by myopic expectations, which is measured by the ratio
aS/a , tends to infinity.
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7 . .
Numerical simulations have shown that for almost any initial value of the
capital stock, the convergence to the perfect foresight path occurs after

only a few periods. This procedure may be used as an algorithm to determine
the perfect foresight solution.

2
SSee Harberger (1962, 1976), Shoven (1972, 1976), and Boadway and

Treddenick (1975) for a static analysis. Friedldnder and Vandendorpe
(1977) extend Harberger's study to a dynamic framework. However, they
do not address the problem of the incidence on the intertemporal welfare,
and do not consider a saving function derived from the optimization of
an intertemporal utility function. Fullerton and associates (1979) are
currently working on a more elaborate model.

2 .
%he usual assumption that the corporate and the noncorporate sector

produce two separate goods may also be a crude description of reality;
see, for example, Ebrill and Hartman (1977).

30A proof is given in the appendix 4.

31The extension to many sectors is straightforward. In particular, this
analysis can be applied to a model with four types of capital: corporate
and noncorporate capital, housing and human capital.

2
To a second order, it is equivalent to evaluate this difference at k
or k#* ,

3These estimates are obtained with a simplified version of the model in
Section 2: there 1is no depreciation, and the production function takes
the form y = kgkg (with a 50% corporate tax rate, kl/kZ = .5 ). The
capital income share, net of depreciation, 28 , is the same as for the
previous numerical results, and is equal to .18. We have also used Table
2 in the correction for large tax rates,

34A sufficient condition for these properties to be verified is the

homotheticity of the utility function. This homotheticity is a necessary
condition for the existence of an optimal balanced growth path.

35
When p is different from 0, and the elasticity of substitution in

u between consumption and leisure is different from 1, there is no optimal
balanced growth path.

36A computer program for its numerical evaluation is available.

37The compensated elasticity of the labor supply £ , is bounded by 1.

38Numerical experiments have shown that the difference L1 - L0 is not
sensitive to variations of &6 , p or uy , for realistic values of ¢ .
When ¢ 1is equal to zero, the excess-burden of the capital income tax arises
because of its incidence on the wage rate. In this special case, the
interest tax has the same excess-burden as the wage tax which generates

an equal amount of revenues (Chamley (1980a)).
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