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I. INTRODUCTION

Traditional macroeconomic models have been constructed on the pre-
sumption of private market failure. Labor markets, capital markets, or
goods markets are seen to be incapable of allocating resources in a Pareto
efficient manner, at least without significant time lags. The primary role
for fiscal policy in such an environment is to stimulate aggregate demand
in response to an adverse supply or, more frequently, demand shock to the
economy. The persistent belief 1in widespread market inefficiency then
Teads naturally to the conclusion that such policy actions will be capable
of altering real economic outcomes in a welfare-enhancing manner.

Recently, certain macroeconomists have begun to question the validity
of the basic premise of pervasive market failure. Approaching fiscal poli-
cy questions from the opposite perspective of market efficiency, these
economists have reconsidered the positive and normative aspects of govern-
ment tax and spending changes. On the side of positive analysis, they have
been concerned with the effects of fiscal policy actions on real variables
such as employment, output, investment [Bailey (1971), Grossman and Lucas
(1974), Hall (1980), Barro (1981, 1984), Aschauer (1982), and Bryant
(1983)], and the current account [Greerwood (1983), Sachs (1983), and
Kimbrough (1985)]. On the normative side, they have been interested in
determining whether fiscal stabilization policy 1is welfare-improving

*¥Helpful comments from Robert Barro, V.V, Chari, Peter Howitt, Gregory Huffman, and
Michael Parkin are gratefully acknowledged.
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[Kydland and Prescott (1980a)] and in specifying the optimal tax structure
[Barro (1979), Kydland and Prescott (1980b), Llucas and Stokey (1983), and
Razin and Svensson (1983)].

This paper is intended to bring together and elaborate upon such
issues in the common framework of a small choice-theoretic intertemporal
general equilibrium model. While the model employed is simple, it still
allows for government services to yield consumption benefits for individu-
als and production benefits for firms. It also permits government in-
vestment in public capital which has the potential of enlarging society's
future production possibilities and of augmenting the rate of return on
private capital. The incorporation of distortional taxes on the returns to
labor service and investment makes possible a discussion of the positive
and normative effects of tax changes. Finally, a slight extension of the
mode]l allows for a consideration of open economy issues arising from do-
mestic fiscal policy actions.

An important characteristic of the modeling strategy adopted here is
that economic agents make their consumption, investment, labor effort, and
production decisions in a rational manner based upon forward-looking be-
havior about both government spending and taxation policies. One benefit
of this approach is that it highlights the importance of distinguishing
clearly between anticipated versus unanticipated, as well as temporary
versus permanent, fiscal policy actions in tracing out the effects such
policies are likely to have on the economy.

In Sections II and III the maximization problem of the representative
agent and the economy's general equilibrium are presented. A positive
analysis of the effects of changes in tax rates is pursued in Section IV.
The question of the desirability of using tax policy to stabilize macro-
economic variables then is considered in Section V. The discussion in
Section VI focuses on the positive effects of public expenditure, after
which the question of optimal fiscal policy is taken up in Section VII. In
Section VIII some simulation results are presented to bring together the
issues raised earlier in terms of government spending and taxation.
Finally, the effects of fiscal policy in an open economy setting are out-

lined in Section IX and concluding comments offered in Section X.

IT. THE REPRESENTATIVE AGENT'S MAXIMIZATION PROBLEM

Consider the following model of a "closed" economy. The world is
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inhabited by a representative agent who Tives for two periods. The agent's
goal is to maximize the value of the following lifetime utility function
U(-) as given by

U= UE)) + V() + 8lUE,) + V(s 8 e (0,1) (1)

(with U' > 0, and V', V", U" < 0)

where g8 is the individual's (constant) subjective discount factor, El and
62 represent his "effective" consumption in the first and second periods,
and 24 and 2 denote his labor supply in these periods. Effective con-
suymption in a period, say t, is taken to be a function of private con-
sumption expenditure, €. and government expenditure on consumption goods,

gi. Specifically, it 1is assumed that ¢C, = c_+ a(gg) where of-) is an

increasing concave function. ' '

As can be seen, government purchases are allowed to influence utility
directly by providing a current substitute for private consumption goods
with no interaction with leisure. The marginal rate of substitution
between private and public consumption goods, a', is assumed to lie between
0 and 1 so that an incremental unit of publicly provided goods yields only
a fraction of the utility to be derived from an extra unit of privately
purchased goods. This assumption is crucial for the modeling strategy
since it implies that increases in government spending will impose negative
wealth effects on the representative agent. The recent empirical work of
Kormendi (1983), Ahmed (1984), and Aschauer (1985) report values for a'(-)
in the range of .20 to .40, however, so that it does not appear that this
assumption is unrealistic.

The individual derives his income in each period through the owner-
operation of a firm. The firm produces one good by use of two factors of
production, labor, 2, and capital, i. Also, in each period the government
provides services, gl, which aid private production in that period, and
undertakes public investment, gi, which will augment future private pro-
duction. In particular, period-t output, Y¢» of the firm is characterized
by the following production function:

- L _— ; -
Yy = Gt + f(nt,gt) + h(1t,gt) + iy t=1,2 (2)
where 8¢ represents a time-varying constant.
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It is assumed that the marginal product of current public services,
f2(-), is less than unity. This is analogous to the negative wealth effect
discussed above for the public consumption goods case. It will be assumed
also that public investment is inefficient in the sense that the marginal
product of public capital, h,(-), is less than that of private capital,
hi(-). Although no hard empirical evidence is available to lay a foun-
dation for the claim of public sector "inefficiency," Ahmed (1984) presents
some findings suggesting that the marginal product of government spending
is significantly less than unity. Note that the production technology is
specified such that there is no direct interplay between g* and the margin-
al productivity of private capital or between gi and the marginal product
of labor. This may seem restrictive but it still allows for analysis of
how changes in the level of government spending may affect the marginal
product of 1labor, and consequently the demand for labor, as well as how
such changes might impact on the rate of return to private capital, and
therefore private investment demand.

In addition to earning income each period through the owner-operation
of a firm, it will be assumed that the individual receives a transfer
payment, <, from the govermnment. The agent can use the after-tax income
from his firm and this transfer payment in three ways--taxes will be dis-
cussed momentarily. These earnings can be used to finance consumption,
purchase capital goods for use next period, or to buy real denominated
bonds. The real denominated bonds have a return of r so that a bond pur-
chased in the first period for one unit of consumption pays 1 + r units of
consumption in the second period,

Recall that in each period the government engages in four types of
spending. It provides consumption and production services, public in-
vestment goods, and transfer payments. This spending can be financed by
bond issuance or by use of the following tax instruments. In each period t
the government levies a proportional tax in the amount A on that portion
of output that is attributable to labor effort. Essentially, Y is the
labor-income tax rate in period t. Also, the value added from the firm's
production derived from capital investment is taxed at the rate 0. One
can view 0y as being the period-t corporate income tax rate.

The maximization problem facing the representative agent is shown
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below with the agent's choice variables being C1s Cos 215 %25 and 1.1’2’3

W(-)=max [U(c +a(g5)) 1V () +81U(cpa(g5) )4V (1)) 1} (3)
subject to

c, (1-4) F(25,95)+(1-0)h(i,g")-ri =
CpF {Tory © St (AF(ep97) (T+r) FF (Ter)

[Note that for simplicity it has been assumed that 8§y = 0.] The
first-order conditions associated with this maximization problem--in ad-
dition to the above budget constraint--are shown below. They are:

U (cq + o(g])) = (L + r)U'(c, + alg5)) 4
“V'(gq) = (1= A f(ags 9PV (e + alg])) (5)
V(1) = (1= ,)F (5, 950U (cy + alg5)) (6)
(1-0)hy (i,9") = r. 9]

These conditions have the usual interpretation, (4) being an intertemporal

]Nofe that it is being assumed that the world "starts up" at the beginning of period

one. Consequently, in the first period the agent does not have either physical capital or
bonds which he has brought over from the past. Since there is only physical capital in the
second period, there is no need to index i (or g') with a subscript. Also, it trivially
follows that first-period private investment equals the second-period capital stock.
Alternatively, if one likes, 6‘ could be viewed as capturing the effects of capital investment

undertaken prior to period one. Value added from this period-zero capital investment is not
taxed.

2The agent's intertemporal budget constraint can be derived by eliminating his holdings
of bonds, b, from his first- and second-period budget constraints: <, + 1 + b = 6‘ + (1=
x1)f(1],g’;)+r], and c, = (1—x2>f(12,g§)+i+(l-e)h(i,g')+(1+r)b+12_

3 - . c < 2 % i
) The arguments of the function W(-) are: X1, Xz, 9, Ty Tys 975 95, 955 95 9 5]
and r,
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efficiency condition in effective consumption, (5) and (6) being intra-
temporal efficiency conditions in effective consumption and work effort,
and (7) an intertemporal efficiency condition in production undertaken
through the use of physical capital. Note that r is equal to the after-tax
real rate of return on capital investment.

I11. THE MODEL'S GENERAL EQUILIBRIUM

In the model the goods market must clear each period, implying that
the two market-clearing conditions shown below must hold:

. i 2
Cl +1+ gi + gi + 91 = 51 + f(ll’gl) (8)
Cp + G5 + G5 = F(2,,95) + h(i,g') + i +g'. 9)

By utilizing the above two conditions in conjunction with the first-order
conditions (4) to (7), it can be seen that solutions for 21, %, and i in
the model's general equilibrium are implicitly characterized by the three
equations (10), (11) and (12):4

4An alternative, and perhaps more intuitive, representation of the model's general

equilibrium describing the system of demand and supply functions implicit in (8) to (12) is
given by the following four equations:

L

E:(w*,g*) = 1?(1,W1,062,D,g) (with W* = (-Apwg and D = 1/(1+4r)) ¥=1,2

doy o oo .d i d 13
(1, |,DW,0,87,95,U) + 190,08, +g, = & +F(A{(+),g7)

with g, = gSra¥egi-al )
and
e c ¢ .d _ d 2 d 9
» » s » Y Ha" » »
E1 ¥, Dw2 D 9,9, U)+i (')*'g]+Dq2 61+f(9.](') g1)+D[f(12(') g5 *

h(i%Cr,ah + i9Caeg’ - T 030 - DELES ()
where wf and v'v'* are the before- and after-tax period-t real wages, D is the affer-tax I{Iarkgf
discount factor, and E(+) is the expenditure function associated with the problem minlc +Dc”-
ilg! - pwZe? g?,g;,gl. iNote fthat fhe endogenous variables here are w,, w,, D, and U.]
Greenwood and Kimbrough (1984) use a framework similar to this to anaiyze the international
transmission of fiscal-policy shocks in a two—-country world--with and without capital
confrols,
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V' (2)) = U (s (2),9P)-T-g1 + a(9D)-a} - ') (L-Ap)F ) (2g.0) (10)

SV (2,)=U" (F(2,,g5)+h(1,07)+i+g"-g5+a(95)-a5) (1-1,) Fy(2,, a5) (11)

U (5 #F (2,00 -i-gTra(a5) -gt-g ") =sl1+(1-0)h, (1,9") 1" (F(2,.95)
+h(i,q7)+i4g -5 + a(g5)-g}). (12)

This system of equations can be subjected to various comparative static
exercises to determine how changes in tax parameters, As A2, and e, or
government  spending variables, gi, gg, g%, gg, and g‘, affect the
economy's general equilibrium. These questions will be addressed in subse-
quent sections of the paper.

Finally, before proceeding further it should be noted that the govern-
ment, 1like any other actor in the economy, must satisfy a budget con-
straint. Its budget constraint is

3 ;1
gott, . xzf(lz,gz)+9h(1,g )
IR I v RS LA B T ey 7 (13)

where g9; = gi + gi + g1 and g, = gg + g; - g1 represent the government's
absorption of resources in periods one and two, respectively.

IV. CHANGES IN INCOME TAX RATES

In traditional macroeconomic models, tax changes have been imagined to
be important principally for their effect on the current fliow of disposable
income and hence the aggregate demand for goods and services. In contrast,
the model developed in this paper implicitly adopts conditions sufficient
to produce a "Ricardian" equivalence between lump-sum tax and debt fi-
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nancing of a particular stream of government spending.5 Consequently, the
focus shifts to an analysis of the role changes in tax rates might play in
the determination of employment, output, consumption, and investment by
altering the incentives to engage in market activity (consumption, em-
ployment, and production) in one or the other period (temporary tax
changes) or in both periods (permanent tax changes). In the subsequent
analysis, changes in labor-income tax rates as well as corporate-income tax

rates are considered.

A. CHANGES IN LABOR-INCOME Tax RATES

Imagine that the government announces that it intends to increase the
future Tlevel of income taxes, i.e., dxl =0, dx2 > 0. The increase in
revenue arising from this anticipated tax hike will be used to finance
Tump-sum transfer payments to the representative agent. Since the timing
of these transfer payments is inconsequential, just their present value, 1,
will be focused on here, where = 1, + (l/(1+r))12. By subjecting (10),
(11), and (12) to the required comparative statics exercise, it can be seen
that (see Appendix A for details)

dzl d12

di
> s T
dxz dxz

<0, and H%E > 0. (14)

With the help of the above solutions, the effect of an increase in future
taxes on first-period consumption can be determined readily from (8). One
obtains (again, see Appendix A for details)

dc de .

1 1 di
— = f. (1) =— - & <. (15)
dxz 1 dxz dxz

The above results can be interpreted intuitively. First, as can be seen,
an increase in future income taxation raises current and reduces future
work effort. This reflects an intertemporal substitution effect as agents

5This can easily be seen by noting that the system of equations (10), (11), and (12)

describing the model's general equilibrium does not involve transfer payment terms. For a
full discussion of the theorem see Barro (1974) and Chan (1983).
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substitute away from working in the future, where the after-tax rate of
return is now smaller, toward working in the present, where the rate of
return is now relatively higher. Second, note that current investment is
increased as a result of the rise in future income taxes. This follows
because future output can be obtained either by working in the future or
through investing in capital during the current period. In general, agents
would like to obtain a relatively smooth profile of consumption over time,
so by investing more in the current period they can partially compensate
for the loss 1in future output due to the reduction in future 1labor
effort. Third, as can be seen from (15), the increase in future taxes
leads to a reduction in current consumption. This arises because the in-
crease in first-period investment, while being partly financed by an in-
crease in current labor supply, also is financed partly by a reduction in
current consumption.

The effects of an anticipated labor-income tax rate increase on
current real activity as outlined above depend crucially on the inclusion
of physical investment in the model. Given the time-separable specifi-
cation of preferences, without physical investment, there would be no Tink
between real activity in adjacent periods, a fact Barro and King (1984)
have emphasized. Thus, an increase in future labor taxation would have no
effect whatsoever on current real activity. This is easily confirmed in
the current setting by noting that without investment, (10) alone would
implicitly describe the determination of current labor effort, 21
Furthermore, note that another implication of the time-separable preference
structure is that anticipated future shocks must affect current consumption
and labor supply in opposite directions, as is easily discerned from (5).

The welfare effect of a change in future labor-income taxes is not
difficult to uncover. To determine the impact on welfare of a change in
the period-t Tlabor-income tax rate, differentiate both sides of equation
(3) with respect to At while applying the standard envelope theorem. One

obtains
dW__ oW . aW dr | oW dr
dxt axt at dxt ar dxt
& -y e (8 () [ (1o )2 (1) ()i pmc, 191
1 T+r Ay Ter ~Ao o2 drg

t=1,2.
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This expression can be simplified further by using the government's budget
constraint (13) and the goods market-clearing condition (9) to find that

N 2of(2) dey ehy () 4y

d
t{A 1 2
dry = v (°1){*1f1“)art NN g D) EQ} < 0 (16)

In general, the effect on welfare of an increase in the period-t
labor-income tax rate is ambiguous since the sign of (16) is uncertain. It
is not difficult to see why. Take the case under consideration of an in-
crease in the future labor-income tax rate. Now, suppose that the tax on
capital's income is zero, or that 8 = 0, and that initially A1 =0 and xp >
0. Here an increase in future income taxes unambiguously lowers economic
welfare. When there are no other taxes in place, the anticipation of an
increase in future income taxes reduces welfare, Now contrast this with
the case where initially A > 0 and Ap = 0. Here an increase in future
income taxes raises economic welfare. This may seem paradoxical until one
realizes that this is a second-best situation. Note that the effect of
initially having an income tax solely in the first period is to create a
distortion whereby agents tend to favor second-period Tlabor effort

vis-a-vis first-period labor effort. This distortion reduces welfare,
ceteris paribus. The institution of a small income tax in the second
period improves economic welfare, since it works against this intertemporal
substitution effect caused by the original distortion. That is, it tends
to increase labor effort in the first period and reduce it in the second,
which helps to ameliorate the situation.

B. CHANGES IN THE CORPORATE INCOME TAX
Suppose that the government increases the corporate income tax rate,
6.5 Again, the system of equations (10), (11), and (12), describing the

6One could also view 8 as a tax on private savings. To see this, suppose that the
government taxes both the real return on bonds, r, and the value added from capital h(i,g') at
the rate 0. Now denote r = (1-8)r. Soiving the agent's optimization problem in this
circumstance leads to aimost the identical set of first-order conditions as those shown above;
equations (5) and (6) remain the same, whereas now r replaces r in (4), (7), and the agent’s
budget constraint. Note that the representative agent's choices are implicitly described by
his first-order conditions (4), (5), (6), and his budget constraint, with (7) being eliminated
by substituting it into both (4) and the budget constraint. However, this system of equations
is identical in both circumstances.
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economy's general equilibrium, can be used to find

dml d12 di dc

1
%—<0,a~9—->0,ﬁ<0anda§—>0. (17)

To begin with, as undoubtedly expected, current investment, i, falls
as a result of the increase in the corporate-income tax rate. This occurs
because the after-tax rate of return, r, on investment is now reduced.
Since current investment falls, more first-period output is available for
alternative uses. In particular, the agent uses these extra resources to
increase his current consumption and to reduce his current labor effort,
both of these decisions being partly motivated by the drop in the (after-
tax) real interest rate, r. Finally, note that the future supply of labor,
25, increases. This is because the reduction in current investment causes
future output, Y2, and hence consumption, Co, to fall. This fall in future
output due to a Tower capital stock is partially offset by the agent in-
creasing his labor supply in that period.

To conclude this section of the paper Table 1 is presented, which
summarizes the model's main conclusions about changes in tax rates.’ When
analyzing the impact of shifts in the labor-income tax rate, it is im-
portant to distinguish whether the tax rate movement is transitory or
permanent, and whether it reflects a current unanticipated event or ex-
pected future one.

V. TAX POLICY AND BUSINESS-CYCLE STABILIZATION

It has often been suggested that tax instruments should be used to
dampen business-cycle fluctuations. In particular, economists often advo-
cate the use of procyclical tax policies in response to an adverse shock to
the system. In this section, through the use of a simple example, the
"feasibility and desirability” of such policies is contemplated.

To begin with, abstract from the revenue-raising motives for taxation
by assuming that there is no government spending on goods in the artificial

7AII the results reported in Table 1 can be readily obtained by following the standard

comparative statics procedure outlined in Appendix A.
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TABLE 1

TAX CHANGE 27 (and yq) 25 i c1

(1) Anticipated increase in (+) (-) (+) (-)
future income tax rate,
i.e., ar = 0, axp > 0.

(ii) Unanticipated temporary (-) (+) (-) (-)
increase in current income
tax rate, i.e., Axy > 0,
axy = 0.

(iii) Unanticipated permanent (-) (-) (0)1 (-)
increase in the current
income tax rate, i.e.,
Ax] = Axp > 0.

(iv)  An increase in the (-) (+) (-) (+)
corporate income tax
rate, o.

lSome initial conditions have been assumed in deriving this result.
First, it has been assumed that gi = gg, gi = g;, and & = 0. Second,
note from (7) that investment, i, can be written as a function of the real
interest rate, r, and government spending on public investment, gi, so that
is= i(r,gi). Now also assume that 51=h(i(l§§,gi),gi) + Zi(léﬁ,gi)+2gi.
These initial conditions make the first and second periods identical from
the agent's perspective and start the model from a steady-state situation.
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economy modeled here. Also, assume that all taxes and lump-sum transfer
payments are initially set at zero. Now let the second-period production
function be subject to an additive shock, s,, so

¥y = 85 + fg,) + h(i) + i

where §,, a zero mean random variable, 1is governed by the probability
density function p(sp).

The economy is supervised by a central planner who desires to maximize
the representative agent's welfare. The planner's first-period maxi-
mization problem is shown below where he is choosing i, 2{, and a state-
contingent value for second-period labor supply, 2, = 12(1,52). It is
assumed that the policymaker has no informational advantage over the repre-
sentative agent in regard to the particular realization for §,. Thus, one
has

w;maxU(51+f(zl)—i)+V(11)+5f[U(62+f(12)+h(i)+j)+v(12)] p(sz)daz. (18)

The first-order necessary and sufficient conditions arising from this
probiem are

U'(51+f(21)—i) = B[1+h1(i)]fU'(62+f(22)+h(1)+i)p(62)d62 (19)
-V'(ml) = fl(ml)U'(a1 + f(zl) - i) (20)
—V'(zz) = fl(zz)U'(s2 + f(zz) + h(i) + i) (21)

where (21) implicitly describes the state-contingent value for 2, as a
function of i and 9.

A natural question 1is: how does increased variability in the random
variable 82 affect the representative agent's expected welfare, W? To
answer this question, let s, be a linear function of another variable

32 SO 52 = 0;2, where ¢ 1is a constant and §2h is a zero mean random
variable Yith density function p(az) which implies
p(sz) = %-- p(aZ/o). Now, to obtain the effect of such an increase in the
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dispersion of s, on the agent's welfare, differentiate (18) with respect to
o while utilizing the first-order conditions (19), (20), and (21). One
obtains

dW/do = 81U'(c,)8,P(8,)ds, = acov(U'(c,),6). (22)

The above expression is unambiguously negative as long as the agent is
risk averse, since c, is an increasing function of s, (see Appendix A) and
the covariance between a variable and a decreasing (increasing) function of
itself is negative (positive). Thus, a mean preserving increase in the
dispersion of the random variable &, Towers the representative agent's
expected welfare, W. It would not be surprising, therefore, to find
pressure being placed on the fiscal authorities to attempt to reduce the
variability of second-period income.

4 Suppose that the government accedes to this pressure and decides to
stabilize the fluctuating component of second-period output. The only
component of output which actually varies in the second period is &, +
f2y). Let the government choose to peg this stochastic component of
output at some constant level y so that 52+f(22) =Y. There are three
interesting questions associated with this policy: (i) Will the stabili-
zation policy enhance societal welfare? (ii) In what way can output be
stabilized? (iii) What will be the effects of the policy on macroeconomic
variables such as current employment, output, and investment?

Given this stabilization policy, the central planner's problem is now

WemaxU (8 +F (1)) -1)+V (21 )48 U8 £ (2,)+h(3)+1)+V(1,)

+¢(Y'52‘f(22))]p(52)d52 (23)
with %, ;1, ;2 = ;2(%,52) again being the choice variables. Here, the
"~" is meant to denote that the choice variables are being determined

optimally in the presence of the stabilization constraint. The first-order

necessary and sufficient conditions for a constrained maximum are

U (8p+F(2))-1) = 8l1+h) () 151U (5,4F(2,)+h(1)+1) Ip(s,)  ds, (29)

V() = (DU (8 +F(R)) 1) (25)
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V1 (8,)=[1-0/U" (8,4 (2,)+h(1)+7) 1F (2,)U" (8,+F (2,)+h(i) +1) (26)

5, + £(2,) = (27)

Note that the implied solutions for 1, 2, %, (i,5,), and o will be
unique given the concavity of the objective function together with the
convexity of the constraint.

The answer to the first of the questions posed above is immediate.
Income stabilization cannot improve the welfare of this artificial economy,
since the addition of the stabilization constraint to problem (18) can only
reduce the value of the maximand by restricting the economy's opportunity
set. This conclusion would be robust to any other source of aggregate
uncertainty, such as second-period multiplicative shocks to the functions
f(-) and h(-).

The answer to the second question is almost as immediate. Inspection
of equation (26) reveals that the government can stabilize second-period
output fluctuations by imposing a state-contingent labor-income tax, ip, in
the amount A, = ¢/U'(y+h(%)+§). Given the constraint, the tax rate must
move in a procyclical fashion with respect to the productivity shock, with
the movement being governed by

By VU I-s)H (T (55,)) UGN (L) .

s, -~ £ (F LG5, 20 (Fen(3)+h)

(28)

which shows clearly that the movement in the tax rate will depend inti-
mately on the elasticities of the marginal disutility of 1labor and the
marginal product of labor or, roughly speaking, the supply of and demand
for labor. Consequently, a completely successful state-contingent policy
will require a detailed knowledge of the characteristics of preferences and
technology.

Finally, how is the stabilization scheme 1ikely to affect first-period
production, Tlabor supply, and consumption? To facilitate the analysis,
suppose that the government decides to stabilize the random component of
output at the mean tevel it takes in the absence of intervention. Thus

y=1] [52+f(9«2(1',62))]p(52)d52.
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Also, assume that the momentary utility function in consumption U(-) is
characterized by decreasing absolute risk aversion, which requires that
urte(-) > 0.

Now, to see how stabilization policy of this sort will affect in-
vestment, first note that as a consequence of (20) and (25) first-period
labor supply--with or without government intervention--can be written
solely as a single, increasing function of investment. In other words, it
is possible to write 8 = 11(1) and ;1 = 11(%). Second, by taking a
second-order Taylor expansion of the marginal utility of consumption around
y in the right-hand side of (19), it can be seen that

U'(8;+F(2;(1))-1) = 8[1+h, () 1U" (y+h(i)+i)
+ 38lLrhy (1) 1516,4 (2,(8,,1))-71%p(5,)ds,)

- inf u-"(52+f(22(1,62))+h(1)+i)
s
2

> 8[1+h (1)U (y+h(7)+i) (29)

Next, from (24) and (27) it follows that in the presence of stabilization
policy, equation (29) must hold with equality if i is replaced by i.
Since the right-hand side of (29) is decreasing in i, while the left-hand
side is increasing in this variable, it follows immediately that % < 1.
Consequently, ;1 < ml‘and 81 > (see Appendix A).

Thus, in the presence of the stabilization policy it is seen that
agents respond to the reduction in uncertainty about future income by in-
creasing current consumption as well as by decreasing current work effort,
output, and investment. In this sense, the oft-stated macroeconomic goals
of "economic growth" and "stability" may be contradictory; the pursuit of
the latter has been shown to reduce the former in this simple example.
Further, although individuals are better off from the standpoint of their
current period utility calculation (consumption rising and work-effort
falling), they experience a loss in their future expected utility (due to
the elimination of the ability to respond to random shocks reflecting
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changes in the future opportunity set facing society) which dominates the
former effect and, on net, their expected welfare declines.

VI. CHANGES IN GOVERNMENT SPENDING

This section directs attention toward the macroeconomic impact of
public purchases. In the model developed here, government spending of
various sorts may affect employment, output, consumption, and investment by
altering the wealth of the representative agent or by directly affecting
the marginal productivity of labor and private capital. To isolate the
effects of government spending, per se, it will be assumed that all revenue
is raised through lump-sum taxation (i.e., let Ay =x, =8 = 0). 8 As has
been mentioned, due to the Ricardian equivalence theorem the timing of
Tump-sum taxation is irrelevant for the determination of the real variables
in the system. Changes in public expenditure on services and on public
capital are considered in turn.

A. CHANGES IN GOVERNMENT SPENDING ON SERVICES
To begin with, consider an unanticipated temporary increase in govern-
ment spending on services. To perform this experiment, define gi as
first-period total government spending on services so that gi =
gg + gi. let o be the fraction of total government expenditure on
services devoted to the provision of dgovernment consumption services so
that (1-p) represents the fraction assigned to the provision of production
services. Consequently, it follows that a temporary increase in government
expenditure on services implies that dgf = pdgi, dgi = (l—p)dgi, and
dg; = dgj = 0. '
The impact on the agent's welfare resulting from the temporary in-
crease 1in government services can be seen by differentiating (3) to be

8As has already been demonstrated, the timing of distortional taxes has important

impiications for the macroeconomy. To combine the effects of a government-spending scheme
with a distortional ftax-financing policy would be to run the risk of confounding the effects
of government spending with income taxation, Also, there would be many distortional tax
schemes capable of financing a given change in the present value of government spending, and
it would be hard to know how to choose among them.
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(where again, t = 11 + (1/(1+r))xy)

= U'(E)){1-pa' (1) - (1-0)Fy(2).9])} <O (30)

[Using the standard envelope theorem result, and (9) and (13)]. As can be
seen, when government expenditure 1is increased temporarily, the agent
suffers a welfare loss since by assumption both «'(-) and fz(-) 1ie be-
tween zero and one.

The effect of a temporary change in gi on 24, £,, and i can be de-
duced from the system of equations (10), (11), and (12).9 Under the as-
sumption that the private production process is separable in Tlabor and
government services (to be relaxed momentarily), the following results
obtain

de de .
——%-> 0, ——% > 0, and ng < 0. (31)
dg1 dg1 dg1

Consequently, the effects on output in the first and second periods, re-
spectively, are given by

9NoTe that the definition for a temporary change in government spending employed here is

different from that of Barro (1981). Barro's definition holds, at the original interest rate,
constant at the present value of government spending. That is, in the two-period setting
adopted here he would fix the value of gf + (1/(1+r))g§A This would imply, at the initial
interest rate, that an increase in current government spending, g?, must be offset by a
reduction in future government spending, gz. The analogous exercise in the current model
would be to reduce second-period government expenditure, gs, by an amount which would keep the
representative agent's level of utility, U, constant. Barro deletes the wealth effects from a
temporary increase in current government spending to emphasize the scarcity that results of
private disposable resources in the current period vis-a-vis the future, This tends to drive
up the real interest rate and consequently increase current labor supply and output, The
definition employed here incorporates the negative effect that a temporary increase in
government spending would have on agents' wealth. Presumably, temporary government spending,
such as for wars, could have significant adverse effects on agents' wealth positions. This
negative wealth effect would tend to increase labor supply effort and output in the first and
second periods,
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dy de
L) L+ (), >0 (32)
S 1 S 2
dg1 dg1
(+)
and
dy de .
—2_ 22+ (1) Lo <o (33)
dg dg dg;
1 1 1
(+) )

Note that the negative wealth effect associated with the temporary rise in
government purchases induces the agent to decrease consumption and increase
labor supply in both periods. Further, the temporal incidence of the rise
in government purchases lies in the current period. That is, the impact
effect of the fiscal shock is to reduce the amount of first-period
resources available for private consumption in that period. In an attempt
to smooth effective consumption and leisure over time, therefore, the agent
decreases capital accumulation which, in turn, raises the real rate of
return and promotes an intertemporal substitution of work effort to the
present and of consumption to the future. On net, output rises in the
current period and falls in the future. In the latter case, the increased
output due to increased labor effort is dominated by the fall in output due
to decreased capital accumulation. This insures that consumption in both
periods is reduced in the final equilibrium.

The direct impact which higher government spending may have on the
marginal product of labor is now considered. If government services are
technical complements with labor, then the positive effect on current work
effort is reinforced as labor is substituted across periods in response to
the rise in the relative wage (1+r)f1(1)/f1(2). Ambiguities arise given
a sufficiently large value of the complementary term f;,(1), since it be-
comes possible for the rise in the relative wage to induce a reduction in
second-period work effort and an increase in capital accumulation. Ambi-
guities also become evident in the opposite case of technical substituta-
bility, since the decrease in the relative wage in the first period tends
to reduce current work effort, acting against the rise in labor prompted by
the negative wealth effect of higher government expenditure. Note that if

pa' (1} + (1—p)f2(1) equals unity--so that there would be no wealth effect
associated with a marginal increase in government spending--this channel
would still allow for real effects of government purchases. For the case
of technical complementarity and zero wealth effects, it is possible to
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state unambiguously that current work effort would increase at the expense
of future work effort and capital accumulation would rise to carry forward
part of the production of the relatively favorable first period.

Next, consider a rise in government expenditure in the second period
which is foreseen by the agent. Again assuming separability in production
between labor and government services, one finds

de de .
——% >0, —2> 0, and ng > 0. (34)
dg2 dg2 dg2

Further, the effect on output is (clearly) positive in both periods.
The anticipated government expenditure imposes a negative wealth effect, as
before, and the agent responds by reducing consumption and increasing work
effort in both periods. 1In his attempt to prepare for the extraordinary
call for resources in the second period, the agent increases saving which,
in turn, lowers the rate of return and causes a secondary shift in work
effort from the present to the future.

Notice that the main qualitative difference in the effects of unan-
ticipated versus anticipated changes in government expenditure lies in the
behavior of private investment and capital stock. In a more general model
with multiple periods, anticipated increases in government spending would
tend to lead to increased capital accumulation prior to the fiscal policy
action, an effect which would be absent when the fiscal policy change is
unexpected. That is, the ability to accumulate (or decumulate) capital
allows the agent partially to buffer fiscal shocks. Consequently, it would
appear that the effect on work effort at the time of the fiscal change
would be smaller in the anticipated case, since the agent has had time to
prepare for the expected excess demand for resources at that time.

Finally, a permanent increase in government spending of an equal
amount in both periods will be considered (i.e., dgi = dgg = d§s). As-
suming, once again, separability in production, we get in the Tump-sum tax

environment
de de .
«:%.> 0, —:% > 0, and g%g Z 0. (39)
dg dg dg

Furthermore, output rises and consumption falls in both periods. As
before, the rise in government spending is a drain on wealth and Tlabor
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effort and consumption react accordingly, the first rising and the latter
falling in both periods. Note the ambiguity in the response of investment
to the permanent shock in government spending.

In the benchmark case where the real rate of return and time prefer-
ence are equal--say in a steady-state situation of optimizing models along
the lines of Sidrauski (1967)--the effect on capital accumulation is nil.
In this situation the agent desires to distribute the burden of the govern-
ment spending shock equally across both periods. Concrete predictions
outside of the benchmark case seem hard to obtain.1® To the extent that
the borderline condition holds, however, there arises an important empiri-
cal distinction between (unanticipated) temporary and permanent changes in
government expenditures, with investment falling in the former case and
remaining unchanged in the latter case.

B. PuBLIC INVESTMENT

As a final exercise, consider a rise in the level of public in-
vestment, dgi > 0. Recall that it is assumed that the public capital is
less productive at the margin than private capital (i.e., hz(i,gi) <
hl(i,gi)). By following the line of argument employed in the previous
section, it can be seen that the welfare loss associated with an increase
in public investment is given by

S = U (EIr-y(1g)1/(1er) < 0. (36)
g

The net effects on work effort in both periods and private capital accumu-
lation under the assumption that there is no complementarity between the
two types of capital [or hy,(i,g') = 0] are

]O!f may seem reasonable to conjecture that the effect on capital accumulation will

depend upon whether the time profiles of consumption and leisure are positively or negatively
inclined through time. For instance, one may speculate that if (1+r) > B so that the time
profiles of consumption and leisure are upward-sioping, ceferis paribus, then the bulk of the
shock will be absorbed in the future. The original conjecture, however, turns out to be
false. |t seems that how the burden of the shock is distributed through time depends upon the
time profiles of the marginal propensities to consume goods and leisure (see Greenwood and
Kimbrough (1984))., These marginal propensities to consume in general may be either increasing
or decreasing functions of the real interest rate.
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—1>0,-2%0, and -1 < 9L <0, (37)

There are two factors underlying these results. First, as usual, the nega-
tive wealth effect arising as a result of excessive public capital accumu-
lation tends to raise work effort and Tlower consumption in each period.
Second, the impact effect of the increased public investment is to reduce
the amount of first-period resources available for consumption and increase
their second-period availability. In his desire to smooth his time
profiles for consumption and leisure, the agent partially reacts to this
scarcity by a less than one-to-one reduction in private investment. In
other words, the individual borrows from the future to ease the burden of
the shock in the current period. Note that total investment still has
increased, as evidenced by the fact that current labor supply has risen
while current consumption has dropped. The fall in private investment,
however, is associated with an increase in the private rate of return which
promotes a reduction in second-period work effort relative to the first
period, and thus an ambiguity in the response of second-pericd labor supply
arises. Note that if public and private capital were equally as efficient
at the margin (i.e., h; = hz), so that there was no wealth effect associ-
ated with an increase in public investment, then second-period labor effort
would unambiguously decline.

It is also useful to investigate the effects of a rise in public in-
vestment which 1is complementary with private investment, e.g., infra-
structure investment. The impact effect of such an increase in public
investment would be to raise the marginal product of private capital and
hence its real return, since ar/agi = hlz(i,gi) > 0. This would tend to
promote an intertemporal reallocation of labor to the current period and an
increase in private investment to take advantage of private capital's
higher marginal productivity.

To conclude this section, the effects of various changes in government
spending are provided in Table 2. As before, it is particularly important
to distinguish between changes which are regarded as temporary versus those
which are permanent and also between those which are anticipated versus
unanticipated. Further, the composition of the change in government
spending is crucial to the various results.
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TABLE 21

SPENDING CHANGE Yy L i ¢y
(i)  Anticipated increase in (+) (+) (+) )
future spending, i.e.,
2

Ag§>0, Agi:O.

(ii) Unanticipated temporary +) (+) (-) (-)
increase in current spending,

i.e., Agi>0, Ag§=0.2

(iii) Unanticipated permanent (+) (+) (O)3 (-)
change in spending, i.e.,
Agi=AgZ=A§S.

(iv)  Increase in public (+) (", (—)5 (-) (-)
investment, i.e., ag>0.%

1The results obtained in this table are based on the assumptions that
0<a'(r), fz(') <1, and hz(') < hl(')'

2Assuming that fy,(-) = O.

3The initial conditions mentioned in Table 1, footnote 1, have been
assumed in deriving this result.

4Assuming that hyp(-) = 0.

5This result obtains if ha(-) = hy(-).
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VI1. OPTIMAL TAXATION

One way to analyze the effects of various fiscal policy programs en-
tailing both spending and distortional tax changes would be to simultane-
ously reference Tables 1 and 2 above to determine the impact of the par-
ticular spending cum tax shift in mind. For example, a temporary increase
in current government expenditure financed totally by future labor-income
taxes can be seen to cause current employment and output to rise and so
on. However, the model remains indeterminate in the sense that there is no
theory of government behavior tying various ad hoc spending and tax plans
together.

The approach taken by Barro (1979), and Lucas and Stokey (1983) is to
assume an exogenous stream of government spending and to derive the tax
structure which minimizes the deadweight loss associated with income tax-
ation.1l
(1980b) and Kimbrough (1984), government spending is also allowed to be

This approach is taken here except, as in Kydland and Prescott

optimally chosen. Note that the model utilized in the present paper is
less general than the models contained in Barro (1979) and lLucas and Stokey
(1983) in that it extends only over two periods. Nevertheless, it is more
general in that it explicitly involves capital accumulation. This latter
aspect is important since it allows the private economy to smooth con-
sumption and leisure over time in response to current or anticipated fiscal
shocks, and it expands the tax base to inciude capital income taxation.

The determination of the government's optimum spending cum tax program
is just a variation of the Ramsey (1927) tax problem. The government
should pick the various tax rates and components of government expenditure
to maximize the agent's welfare, as given by the outcome of the opti-
mization problem posed in (3), subject to its own budget constraint (13).
Formally,. the government's problem is

xzf(2)+eh(-) 9, |

(1+r) 91 - (1+r) (38)

max W(-) + ¢[x1f(1) +
G .

with its choice variables being given by the fiscal policy vector G = (aq,
rps 8, gi, gi, gg, g;, g') and where ¢ is defined to be the Lagrange

HPersson and Svensson (1984) also discuss optimal taxation policy and provide an

intuitive explanation of the time inconsistency problem associated with it,
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multiplier associated with the government's budget constraint. The first-
order conditions--in addition to the budget constraint (13)--arising from
this maximization problem are:

W . oW de oW dr dgy AF1(2) do,  eh(-) 44

+ + = —pf{k 4 F(1) == + —r + —
G. dG. dG, 1 dG . 1 dG, 1 dG .
3 j at j ar j J j (L+r) j (1+r) j

B [Xzf(2)+eh(')_92] L

}o(38+) Vi=1,2,....8.
(1+r)2 dG;

th

where Gj is the j component of the vector G and similarly kj is the
f(2) h

jth element of the vector k = (f(1), 7{1%7’T§i%7’ - Loagf(M-L 1135y

x2f2(2)—1 ahz(-)—r)
(1+r) > (I+r) 7°
The above set of first-order conditions is readily interpretable. To

begin with, consider the set of first-order conditions (39) to (41) de-
scribing the government's optimal tax policy. The left-hand sides of these
equations can be simplified, through the use of the envelope theorem and
equations (9) and (13), to obtain

dzl x2f1(2) dlz ehl(-) di

U'(l)[lel(l) a. ' () 46, + 'IT;;T‘agj] = -¢{-} (38+j) Vj=1,2,3.
J J J

To see intuitively the implications of these equations, divide both
sides of (39)--which shows the first-order conditions governing the choice
of Ay--by minus the term in braces on the right-hand side of this
equation. The term on the left-hand side of the resulting equation illus-
trates the marginal welfare loss per extra dollar raised via an increase in
the first-period tax rate, AL- The right-hand side of this new equation,
or ¢, represents the marginal cost of an extra dollar raised in revenue
through distortional taxation. Note that one could also perform an analo-
gous operation on both sides of equations (40) and (41). Then the right-

12

Note from Section I11 describing the economy's general equilibrium that Sl.] and 12 in
) L . c c [ -
3(1’38)A are 9nmp(l:mé’r ;UHCETIO{]S of_)\‘, XZ’ 0, dy» 95, 97> 95, and ¢ , i.e., 1!.f =
+(2,25,8,97,95,97,95,9) ¥ = 1,2
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hand sides of these new versions of (39), (40), and (41) are identical,
each being equal to ¢. Consequently, an optimal tax policy requires that
the marginal welfare loss per extra (present-value) dollar raised through
each tax instrument be equivalent.

Next, focus on the first-order conditions (42) to (46) which determine
the efficient choice of government spending. The left-hand sides of these
expressions can once again be simplified by using the envelope theorem in
conjunction with equations (9) and (13) to get

UDmg 3= e} (3Br) Vis4S,....8

th

where m is the s* component of the vector m = (a'(1) - 1, fp(1) - 1,

5=j-3

a'(2)-1 F2(2)-1 "2(')“")
v * 1+ > 1+ 7
can be interpreted intuitively. To better understand these conditions,

divide both sides of (42)--the efficiency condition determining the optimal
choice of gi——by minus the term in braces on the right-hand side of the
expression. The resulting term on the left of the new equation represents

Again, this set of first-order conditions

the marginal net benefit of first-period government spending on consumption
services (per net tax dollar spent). Again, the right-hand side of this
equation, or ¢, shows the marginal welfare cost of an extra dollar raised
in revenue through distortional taxation. As long as government revenue
cannot be raised costlessly, the net marginal benefit of this government
spending, or the marginal value of gi over and above its resource cost,
should be set greater than zero. Finally, note that by performing analo-
gous operations on equations (43) to (46), it can be seen that the net
marginal benefit per (net) tax dollar spent should be equalized across the
various components of government expenditure.

A complete characterization of the government's optimal income tax
program is implicitly given by equations (39) to (46) which are the ef-
ficiency conditions governing the tax policy, (13) representing the govern-
ment's budget constraint, and (10), (11), and (12) describing the economy's
general equilibrium. This is a system of twelve equations in twelve
unknowns, Ays Aps 8, gi, gi, gg, gg, gi, 95 L95 L9s and i. As can be
seen, even a basic understanding of the optimal tax policy in this simple
model requires a detailed knowledge of the interaction between tastes and
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13 an elementary question is whether or not labor income tax

technology.
rates are 1likely to be constant through time. That is, will there be uni-
form labor-income taxation across time here? A glance at the system of
twelve equations describing the economy's general equilibrium indicates
that in general the answer is no.

In order to focus further on this question, suppose that only labor-
income taxation is available to the gdovernment and that the pattern of
government expenditure is exogenously imposed on the economy [i.e., drop
equations (42) to (46)] with gi = gg and gi = g;. Next, note that from
the first-order condition (7), private investment, i, can be written as a
function of the real interest rate, r, and government investment in public
goods gi. Thus, one could write iﬁi(r,gi). Evaluate this function at
r=(1-g)/8 and set 8§ = h(i(lé§3g1),g1) + 2i(l§§3g1) +2g'.  Suppose that
labor-income tax rates were the same across time and test whether this
provides a solution to the model. If Ay = 1y, it can be seen that
equations (10), (11), and (12) describing the model's general equilibrium
would imply that 8= % and i=i(léﬁygi). Consequently, it follows that
cy = Cp. Also, note that (13) implies that the government must have a
balanced budget in each period here, so that 9y = xlf(zl,gi) and

g9, = xzf(zz,g;). Finally, this solution also satisfies equations (39)
. N gy 1, 9%
and (40). This follows because in this circumstance aii-+ (TIF) EKI =

d12 dzl
— + (l4r) P while the budget deficit terms vanish. Thus, a
2

dxz

sufficient condition to have uniform labor-income taxation across time in
the model is that the real equilibria in the first and second periods are
identical. How departures from this benchmark case influence the structure
of income taxes will be explored in the subsequent section.

Before proceeding further, however, it will be noted that certain
restrictions can be placed on the forms of taste and technology which will
guarantee uniform labor-income taxation across time in the absence of in-
vestment-income taxation. As discussed by Razin and Svensson (1983) and
Kimbrough (1984), if preferences are implicitly separable between

BNo're that the derivatives contained in (39) to (46) are themselves dependent upon taste
and technology, as can be verified by glancing at the solutions for (14) contained in Appendix
A,
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consumption and leisure and technology is linear, with government spending
being excluded from the functions U(-), f{-) and h(-), then labor-income
tax rates will be constant across time for arbitrary values of government
spending in each period.14 (See Appendix B for further discussion.)

VITT. SIMULATIONS

In this section the analysis of government spending shocks and optimal
taxation is brought together through the use of numerical simulations. For
simplicity, the pattern of government spending is exogenously imposed on
the economy, implying that equations (42) to (46) will be excluded from the
government’s optimal fiscal program. The constants, g and &;, and the
functions U(-), V(-), f(-), and h(-) are parameterized as follows: 8 = .95,
§y = 20.13, U = -40.2exp(-.025c), V = -exp(e), f = 20.09%, and h = .5
In(i). The first simulation is conducted under the constraint that the set
of tax instruments available to the government consists of labor-income tax
rates alone while in the second simulation, the rate of return on in-
vestment is allowed to be taxed as well. This setup directs attention to
three questions: (1) What are the effects of temporary and permanent
changes in the level of government spending on employment, output, in-
vestment and the rate of return? (2) To what extent are labor-income taxes
smoothed across time? (3) What is the implication for the structure of
labor-income taxes of the addition of an investment tax?

The analysis begins by studying the case of labor-income taxation
solely. Table 3 reports the results of various experiments involving pure
government-spending shocks. Permanent increases in government spending
result in a negative wealth effect which tends to increase work effort in
each period. However, associated with the higher government spending are
permanently higher distortional labor-income taxes, which induce a substi-
tution away from market (employment, output) to nonmarket activity
(leisure). On net, the substitution effect dominates and employment and

14Imp|ici1‘ separability is a form of separability imposed on the consumer's expenditure
function. In the case under study it would imply that the agent's expenditure function,
E(:),—-;c.f. footnote 4--can be wri‘r‘rerl inNThe foltowing form: E(],W1,Dﬁ'2,D,g) = E(c(1,D,U),
!.(wl,Dwz,g),g) where c(1,D,U) and l(w1,Dw2,g) are group price indices for consumption and
leisure, respectively, over which the macroexpenditure function E(+) is defined.
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output fall in each period.15 Further, as the temporal incidence of the
spending/tax burden is even across time, there is no incentive for this
burden to be shifted from one period to the other. Thus, output is reduced
by equal amounts in each period and investment and the rate of return are
left unaffected. Finally, in accordance with the example in the previous
section, the government finds it optimal to equalize labor-income tax rates
across both periods of the model.

Next, consider a temporary rise in current government spending which
involves, in Case II of Table 3 a strong intertemporal substitution effect
on work effort, since the temporal incidence of the government expenditure
in the first period creates an excess demand for goods and a rise in the
rate of return. 1In order to isolate, roughly, the impact of the rise in
this relative return to work effort, compare the second line of Case II
with the first 1ine of Case IV which have approximately the same values for
the permanent level of government spending, i.e., §II = (l+r)/(24r) - 10
- (1.089)/(2.089) - 10 = 5.21 = 5 = 'V . In response to the rise in the
relative return-to-work effort, employment and output rise in the first
period relative to the constant employment and output path which would have
been forthcoming had the temporal incidence of the government spending been
equal across periods.

Further, notice the remarkable tendency for the government to redis-
tribute the burden of financing the first-period public expenditure over
the two periods by running a deficit nearly equal to one-half the size of
the expenditure. Tax rates are only slightly higher in the first than in
the second period, with the greatest difference between tax rates across
time being two percent. The fact that labor is taxed at a (slightly)
higher rate in the first period relative to the second appears to arise
because the increase in government spending creates a rise in the interest
rate and promotes an intertemporal substitution of work effort from the
second to the first period. Consequently, to minimize the aggregate area
of the sum of welfare loss triangles, the government taxes relatively more
the good with the larger tax base, which is first-period labor supply.

l5The maximum level of permangnt government expenditure that the mode! economy could

sustain was 18.8. That there is such a maximum follows from the Laffer curve effect. Note
that as the level of permanent government expenditure is increased, so does the labor-income
tax rate, and this induces a drop in labor supply. At high enough tax rates the gain in
revenue resulting from higher tax rates is out-weighed by the fall in revenue caused by the
cut in labor effort,
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In sum, the conclusions to be drawn from Table 3 are, first, that
permanent increases 1in government spending reduce output while temporary
increases in government spending--relative to the permanent Tevel--increase
output. These simulation results are in basic agreement with the empirical
results contained in Barro (1981), although in the latter study a tendency
for permanent increases in public expenditure to raise output was also
found. Second, the assumption of constant income tax rates appears to be a
reasonable approximation to the optimal tax structure. Of course, the
latter conclusion depends crucially on the assumption that government
spending does not interact directly with the marginal product of labor and
thereby cause an asymmetry in 1abor¥market conditions in the two periods.
Finally, there exists a positive correlation between government budget
deficits and high interest rates. However, there is no causal relationship
between these two variables. Rather, it 1is the extraordinary demand for
real resources in the period in which government spending actually occurs
which is the source of the movements in interest rates (to eliminate the
excess demand) and the deficit (as the government spreads the tax burden
across time).

Consider now Table 4, where the set of tax instruments has been ex-
panded to include the investment tax. The first thing to notice is that
there is less tendency for labor-income tax rates to be constant across
time. For example, in the case of permanent government spending the
tendency is for the first-period tax rate to be lowered and the second-
period tax rate to be raised from a position of equality. The reason would
appear to be to lessen the negative impact on investment of the intro-
duction of the investment tax by reducing the current labor-income tax and
raising the future Tabor-income tax rate, which shifts the relative burden
of labor-income taxation to the future and promotes capital accumulation.
Nevertheless, on net the after-tax real rate of return falls and the con-
sumption profile has a negative incline.

This general pattern for tax rates carries through to the cases of
temporary current and anticipated government spending as well. In both
cases the introduction of the investment tax tends to switch the relative
burden of 1labor-income taxation away from the first period toward the
second period. This, it should be noted, 1leads to current temporary
government spending having larger stimulative (or at Tleast less detri-
mental) effects on first-period labor effort and output than where the
investment tax is absent.

To conclude, the addition of the investment tax seems to bias the time
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profile of labor-income taxation to encourage first- relative to second-
period labor effort. Nevertheless, it still appears to be a reasonable
conclusion that, to a first approximation, optimal taxation requires a
fairly smooth time-path for labor-income tax rates.

IX. OPEN ECONOMY EXTENSIONS

The above model can be modified to analyze the effects of taxation and
government spending in a "small" open-economy. In a "small" open-economy
version of the model, domestic residents would be free to borrow and lend
on international capital markets. Suppose that the world real interest
rate is r* and assume that the government taxes (subsidizes) the interest
rate on foreign lending (borrowing) at the rate e. The domestic after-tax
real interest rate, r, would thus be given by r = (l-8)r*. The agent's
maximization problem would again be described by (3).

Now define by to be the first-period trade balance. Thus

b1 = f(ll,g%) - ¢ - i- g-

Note that by represents the amount of net foreign lending that the domestic
economy performs in the first period. By substituting an open-economy
version of the government's budget constraint (13), which incorporates a
modification to reflect that the government now taxes the earnings on
foreign lending, into the representative agent's budget constraint, shown
in (3), a relationship stating that trade must balance intertemporally is
obtained:

. 1 1 I
CpraHH () (49,128 1+ (21,97 )+ (3p0) [F(25,05) +h(i,g')+i] (47)

The small open-economy's general equilibrium can be described by the
first-order conditions (4) to (7) in addition to the economy's inter-
temporal budget constraint (47). Specifically, these conditions yield the
following three equations which implicitly define solutions for 21s %9s and
by:

V() = UM(F(a;.97)%a(9))-T-b -9 ) (11 ) (21,97) (48)
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V()0 (F (1,95 +a(g5)+h(1.g 1) +i+(L4r4)b -g,) (1-1,)F) (15,0%)  (49)

\ g c, =
U'(F(2,,9,)+a(9;)-1-b;-9,)

=[(1+(1_e)r*1gu'(f(az,g;)+a(gg)+h($,g1)+€+(1+r*)b1-g2) (50)
[with i = f(r*,gi), cf. (N].

Note that equation (7) implies that private investment, i, is solely a
function of the world real interest rate, r*, and the size of the public
capital stock, g1. Thus, one could write 1 = i(r*,g'), where 7 is the
Tevel of private investment undertaken in the open economy. It is easy to
see that the "small" open-economy version of the model closely parallels
the closed-economy one. Basically, net foreign lending, by, in the open
economy reacts the same way in response to many shocks as investment, i,
does in the closed economy.

To see this, consider the effect of a temporary increase in current
labor-income taxes on labor effort 1in each period and on net external
savings. By performing the required comparative statics exercise on (48),
(49), and (50), it is easy to show that current Tlabor effort, 11, falls,
future Tlabor effort, 29, rises, and net foreign lending, by, decreases.
The intuition is clear. Since a temporary increase in current labor-income
taxes creates a disincentive to work effort in this period, agents will
substitute intertemporally toward working more next period where the after-
tax marginal product of labor is now relatively higher. The reduction in
current work effort will cause a loss in current income. Current con-
sumption will not drop by the full Tloss in current income, since agents
will smooth out the effects from this loss in income over both periods.
Consequently, individuals will reduce consumption in the first period by
less than the reduction in current income. This can be achieved by lending
less (or borrowing more) on international capital markets. Thus by will
fall. Due to the reduction in net foreign lending, that part of second-
period income derived from first-period net foreign savings will be
smaller. This shortfall in income from net foreign savings will be met by
a reduction in second-period consumption as well as by an increase in
second-period labor effort.

The important point to note here is that a temporary increase in the
current labor-income tax rate causes first-period savings to decrease in
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both the closed- and open-economy versions of the model. In the closed
economy, the interest rate rises and investment falls, while in the open
economy the trade balance tends to swing into a deficit. [t happens that
in many situations the trade balance deficit of a small open economy re-
sponds in the same fashion to shocks as the real interest rate does in a
closed economy. Since the trade balance 1is more readily observable than
the real interest rate, it may be more useful to test the open-economy
version rather than the closed-economy version of the above model. [See
Ahmed (1984)].

There 1is one important difference, however, between the closed- and
open-economy versions of the model. In the closed economy domestic fiscal
shocks cause movements in the after-tax real interest rate which in turn
generate intertemporal substitution effects which affect agents' con-
sumption-leisure decision-making. In the small open economy this channel
of effect is no longer operational since the domestic after-tax real inter-
est rate is now exogenous, given by r = (l-e)r*. Fiscal policy shocks
impact on agents' consumption-leisure decision-making only to the extent
that they are either associated with wealth effects or with changes in
incentives to work or to invest induced by changes in proportional tax-
at1'on.16

To see this more clearly, consider the case where the govermment in-
creases public investment and assume that there is no complementarity be-
tween private and public capital. As analyzed previously, such a change in
fiscal policy exerts two effects on the closed economy's general equilibri-
um. First, to the extent that public capital is Tless efficient than
private capital, a negative wealth effect is created. This tends to stimu-
late labor effort and reduce consumption in both periods. Second, this
increased public investment tends to reduce the economy's resources availa-
ble for first-period vis~;—vis second-period consumption and leisure.
This drives up the real interest rate which works to reduce current con-
sumption, investment, and future labor supply effort and to stimulate
curfent Tabor-supply effort and future consumption. In the small open
economy this second channel of impact is not operational. Consequently,

]6Fiscal shocks emanating from within a large open economy can obviousiy affect the world
real interest rate, For an analysis of the international transmission of fiscal policy in a
two-country world, where such an effect is operational, see Frenkel and Razin (1984) and
Greenwocd and Kimbrough (1984).
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consumption falls and labor-supply rises in both periods with no effect on
private investment. Note that the economy finances this increased current
public investment by reducing current consumption, increasing current labor
effort, and by borrowing from abroad against its increased future output--
derived from both a higher level of work effort in the future and an in-
creased public capital stock. Finally, to the extent that public and
private capital are complements in production, a greater Tlevel of public
investment will induce an upward movement in private investment which is
required in order to equilibrate the return on private investment with the
world interest rate. The agent will finance this new higher Tlevel of
private investment by borrowing on world markets, and this will further
exacerbate the deterioration in the trade balance.

To conclude this section, the effects on the small open economy of
various shocks in fiscal policy are presented in Table 5.

X. CONCLUSION

A small neoclassical general equilibrium is constructed in this paper
to investigate the macroeconomic effects of fiscal policy. The two-period
model presented probably represents the simplest choice-theoretic paradigm
that can be utilized to address fiscal policy adequately. Despite its
simplicity, the framework employed allows economic actors to make a con-
sumption and labor-supply choice in each period and decisions about how
much real and financial capital to carry over between the two periods. It
can also be used to address issues on both the expenditure and taxation
sides of fiscal policy. On the expenditure side of fiscal policy, govern-
ment services were modeled as yielding consumption and production benefits
for the private sector, while government investment in public capital aug-
mented society's future production possibilities. On the taxation side,
government revenue could be raised through either labor-income taxation,
corporate-income taxation, or bond financing. A salient feature of the
analysis is that when investigating the impact of fiscal policy changes, it
is important to distinguish whether they are transitory or permanent in
character, and whether they reflect current but unanticipated events or
expected future ones. The framework was also flexible enough to model both
the closed and "small" open economies.

While the simplistic framework used can generate a qualitative picture
about fiscal policy issues, it provides no insight into the 1ikely quanti-
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TABLE &

21 {(and yq)

L2

(i)

(i)

(iii)

(iv)

(i)

(i1)

(iii)

(iv)

TAX CHANGE
Anticipated increase in
future income tax rate,
i.e., Axlzo, Ax2>0.
Unanticipated temporary in-
crease in current income tax
rate, i.e., AA1>O, AxZ:O.
Unanticipated permanent in-
crease in the current income
tax rate, i.e., A11=Ax2>0.

(+)

(-)

(-)

An increase in the tax rate on (;)

investment income, 9.
SPENDING CHANGE?
Anticipated increase in
future spending, i.e.,
Ag;>0, Agi=0.3
Unanticipated temporary in-
crease in current spending,
i.e., Agi>0, Ag§=0.3
Unanticipated permanent
change in spénding, i.e.,
Agi=Ag;=A§s.
An increase in public

investment, Ag1>0.5

(+)

(+)

(+)

(+)

{-)

(+)

(-)

(+)

(+)

(+)

(+)

(+)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(-)

(-)

(-)

(+)

(-)

(-)

(-)

0),(1)% (=)

(-)

(0)!

-)

(+)

(-)

(0)*

(-)

1Some initial conditions have been assumed in deriving this result.

are: gi=g§, A=hos a=0, and 1/8=(1+r*).

21t has been assumed that: O<a'(-), fz(-)<1, and h2(-)<h1(-).

3Assuming that f12(') = 0.
4In deriving this result it has been assumed that gizg;, and 1/8={14r*%).
5Assuming that h12(') = 0.

SThis holds when hyp(-) > 0.
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tative impact of various fiscal programs. Obtaining quantitative estimates
of the effects of alternative fiscal policies is likely to be an important
avenue for future research. One way to proceed toward this end would be to
construct a numerical dynamic general equilibrium model and then simulate
the impact of alternative fiscal programs. By judiciously picking
functional forms and parameter values in the model, a quantitative estimate
of the welfare gains and losses associated with various government policies
could perhaps be obtained. Such a modeling strategy would seem to be in
the spirit of Kydland and Prescott's (1980a, 1982) work. The model
presented in this paper, hopefully, is a stepping stone toward this goal.
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APPENDIX A

This appendix 1is presented to provide the interested reader with a
taste for some of the technical aspects of the comparative statics results
discussed in the text. The results of those comparative static exercises
not discussed here can be easily deduced by mimicking the line of argument
utilized below. To begin with, the impact of a change in Ap ON 21, 2, and
i can be discussed by taking the total differential of equations (10),
(11), and (12). The resulting system of three equations is:

SV (L) (1) (D)5 R0 (DR (D] U (1)F, (1)%,
0 U (2) (1+h) )5,F (2)
u"(1)f, (1) ~[U"(1)+88hy,U* (2)+8(1+5h, ) (L1+h;)U" (2)]
0 7 i da ]
1
- ? - ]
-[v*(2)+U (2)x2f1(2) +U (2)12f11(2)] di
—s(1+6h1)U'\'(2)f1(2) d9,2
0

= -U(2)f(2) A (A.1)

2
0

where X; = (1-39). X, = (1-2,), a
that the arguments in the function x(-) are being evaluated at their date t

(1-8), and the notation x(t) means

1t

values. Define -2 as the determinant of the 3 x 3 matrix on the left-hand
side of the above equation system. The expression for g is
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A= [V (1)U (1) F{ (1240 (1T, (1) {s8hy U7 (2) IV (2)40%(2) 5,f,(2)°
H'(2)3,61(2)1 +8(1+8h)) (1+hy )U" (2) V" (2)+0° (2)5,F, 1 (2) 1}

U (L) [V (1)U (DR F1 (D TIVE2)40° (25, (270 (25,6, (2)]

Solving the system of equations (A.l) yields

g;i = U'(2)F (2)U (1) (1)F 8(1+5h, U (2)F (2) /250 (A.2)
g;E‘z U (2)F (2) IV (1)U (1)F (1) 400 (1)F ) (D]
-8(1+8h )U"(2)f, (2)/2>0 (A.3)
a4, 2. .
B = U @F IV W (D (D (1)) (31165 by, (2)
| +8(1+8h; ) (1+h JU" (2) [+[V" (1)+U" (1) X £ (1) JU" (1) }/a<0 (A.4)

Consequently, it follows from (A.2), (A.3), and (A.4) that the derivatives
presented in the text in (14) have the signs shown.
Also, through the use of (A.2) and (A.3) it can be seen that

G e )L (g 2y (2) [V (L)t (£ (1)]
dxz_l()@*{()l() ()*())\111()

-8(1+8h; 1)U (2)F (2) }/a (A.5)
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where the last term in this expression is unambiguously positive. Using
(A.5) together with (15) in the text, it immediately follows that dcy/drp <
0, as was stated.

Next, some of the results in Section V will be derived. To begin
with, how is c, related to §, in the economy without government inter-
vention? From (21) it can be seen that

[=%
~N

) ~f,(2)u"(2)

|

<0 (A.6)

a

2 V(24 ()0 (2)+F, ()20 (2)]

By using the above result (A.6) in conjunction with (9) it follows immedi-
ately that

dCZ ) V"(2)+f11(2)U'(2)

B2 vm@)ef ()0 (@20+F, (2707 (2) ]

>0

In an entirely similar fashion the response of first-period labor supply
and consumption to an increase in investment for either the economy with or
without intervention can be deduced from (20) or (25), and (8) to be

ds, £(1)um(1)
@ - 2 >0
Ve (1), (DU (1)+ (D207 (1) |

and

o.
9]
p—t

) SV (1)+F (DU ()] .
T (e e 212

j=X

Finally by taking the total differential of equations (10), (11), and
(12) the 1impact that a temporary increase in government spending on
services has on 21s 22, and 1 can easily be uncovered. It is obvious that
when doing this exercise the 3 x 3 matrix on the Teft-hand side of (A.1)
remains the same, and all- that changes is the 3 x 1 displacement vector on
the right-hand side of this equation. The results obtained are:
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o
*

(T,i = ~[1-a’ (1)o-(1-0) (1) 1" (1) {£; (1)8hyU" (2) (V" (2) W% (2) £ (2)°
1

11 (2)F ) (2) 1+ (1) a(L+h) ) 20" (2) [V (2)40" (2)F ) (2) 1 } /20, (A.7)
dzz
—2 = [eat (1)e-(1-p)f, (1)U () {IV* (140" (1)F ()]
dg1

-U"(2) (1+hy )F; (2)} /220 (A.8)
and

éig.=[1_u-(1)9_(1_p)f2(1)]u"(l){[v"(1)+u'(l)fll(l)][V"(Z) +U"(2)f1(2)2
dg1

+U'(2)f11(2)]}/rz < 0. (A.9)
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APPENDIX B

In this appendix the implications for uniform labor-income taxation of
a preference structure which is implicitly separable among consumption and
leisure and linear technology are examined. To begin with, assume that
Tabor-income taxation is the only tax instrument available to the govern-
ment. Then, as mentioned in the text, if preferences are characterized by
implicit separability between consumption and leisure, and production is
linear, with the functions U(-), f(-), and h(-) being independent of
government spending, then uniform labor-income taxation will obtain. This
is easy to show. Let ft(lt) = wi2y (for the argument being employed the
marginal product of Ttabor, w, can be different across time) and h(i)} =
hi. From the agent's optimization problem (3), it can be seen that his
period-t Tlabor supp]y, Et, is given by the compensated Tlabor-supply
function, 8y = (1 w 5D ,U) where Wt = (l-xt)wt and
= 1/{1+h). In th1s s1tuat10n, the first-order conditions (39) and (40)
governing the optimal determination of i; and x, can be rewritten as

2.s s . 2 s S
xlwlzl’2+x20w1w212’2—(¢/U (cl))[wlnl—xlwlll’z—xznwlwzgz, 5l (B.1)
22s
A Dupe] D WL, o =
1 S 2 2s
{o/U (cl))[Dw212-0x1w1w211,3—0 x2w212’3]. (B.2)
with z: j being defined as the derivative of z: with respect to its jth

argument. The two first-order conditions, (B.l) and (B.2), can be manipu-
lated to obtain the following formula:

A/ (1-1y) [DQ21§’3/11 - DW21§’3/22]

x2/(1‘l2)

~ 5 ~ S
[wyep o/%p - Wity o/
s _ .S
[note that 1137 % 7
Now, implicit separability between consumption and leisure implies that
s _ .S s _ .S . s
11’1/11 = 12’1/22, and 11'4/11 = 12’4/12 which together with the standard

by symmetry of the Slutsky matrix}
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"adding-up” condition from consumer theory, or that zi 1t Wlmi ot
0, it follows that the numerator and denominator of the

S

~ S _
Dvzty 3 + Doy g = i
right-hand side of the above expression are equal. Consequently, labor-

+ Dy

income taxation is uniform across time. Note implicit separability between
consumption and leisure implies that the difference between the proportion-
.al effects of a change in the first-period after-tax real wage rate on
first- and second-period labor supply exactly equals minus the difference
between the proportional effects of the second-period after-tax real wage
rates on these labor supplies.

In the intersection between strongly separable preferences assumed in
the text and the implicitly separable preferences assumed here 1lies the
logarithmic utility function. The first simulation undertaken in the text
was rerun with logarithmic preferences: U(c) = %»1nc and V(1) = %~1n(i—1)
with ¢ = 6.53. It was hoped that this simulation would highlight the
implications for uniform labor-income taxation across time of variability
in the real interest rate, since when h(-) = hlni the economy can only
transform resources across time with diminishing returns. The results of
this (perhaps more controlled) simulation were quite similar to those re-
ported for the first one with there again being a remarkable tendency to
smooth tax rates across time. (It should be noted that no serious attempt
was made in any simulation to choose parameter values, or a functional form
for h(-), etc., which would maximize the variability in the tax rates be-
tween the two periods.)

”The first of these facts is easily deduced from the form of the implicit!y separabie

expenditure function given in footnote 14.
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