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Vol. 35, Na. 2, May [994

WEAKLY NONSEPARABLE PREFERENCES AND DISTORTIONARY
TAXES IN A SMALL OPEN ECONOMY#*

By Syouvong Sun

This paper examines the dynamic effects of distortionary taxes in a small
open economy. The employed utility function implies both endogenous rates
of time preference and a tractable form of weak nonseparability between
consumption and leisure. Weak nenseparability induces novel leng-run wel-
fare and wealth effects of taxes and generates very different current account
movements. Endogenous rates of time preference facilitate the examination of
a tax on international borrowing and lending,

1. INTRODUCTION

It is now common to examine the dynamic effects of distortionary taxes in a
utility-maximizing framework.2 Surprisingly, however, most dynamic analyses
have restricted individuals® preferences to weakly separable and more accurately
time-additive preferences. For two reasons relevant to the issue of taxation, the
time-additive preferences should be extended. First, as Barro and King (1984} have
shown, time additivity ties together the substitution and wealth effects of taxes in
the sense that the relative responses of consumption and leisure to changes in any
future real wage or interest rate must equal their relative responses to a wealth
change. Such entangled wealth and substitution effects are a general restriction
imposed by weakly separable preferences. Second, time additivity implies a
constant rate of time preference. In a small open economy, the existence of
equilibrium requires that this rate of time preference equal the exogenously given,
after-tax world interest rate. Taxes which affect the after-tax world interest rate,
such as a tax on international borrowing and lending, destroy such equality and lead
to instability (Epstein and Hynes 1983). Only under severe restrictions on capital
mobility can such taxes be examined with additive preferences. Even for taxes
which do not affect the after-tax world interest rate, time additivity generates the
dependence of the steady state on the initial conditions of the economy, making tax
evaluation sensitive to those initial conditions (e.g. Sen and Turnovsky 1989). A
simple solution to this problem is to endogenize the rates of time preference.

This paper employs a minimal extension of the Uzawa (1968) utility function to

* Manuscript received March 1992

! am grateful to Larry Epstein, Michael Devereux, Mike Charetie and Ron Meng for helpful
comments on an earlier draft of the paper. In addition, twa referees’ comments significantly improved the
paper. Financial suppaort from the University of Windsor Research Board is gratefully acknowladged. All
remaining errors are mine alone.

2 For discussions of taxatian in closed ecanomies, see Judd (1987) and Auerbach and Katlikoff (1987).
Far open economies, see Bovenberg (1986), Gordon (1986), Goulder, Shoven, and Whalley {1983), Mutti
and Grubert {1985) and Sibert (1990). Frenkel and Razin (1987) have examined a tax on international
borrowing and lending in an overlapping generations model.
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incorporate both weak nonseparability and endogenous rates of time preference.
The utility function was described by Epstein, Ham, and Zin (1988). Preferences
are weakly nonseparable in the sense that the marginal rate of substitution between
leisure and consumption depends upon future but not past consumption and leisure.
This dependence is entirely through a utility index and hence is tractable.
Consumption is said to be more welfare stahilizing if an increase in the utility index
shifts preferences toward current leisure and away from current consumption.

In a small open economy with perfect capital mobility, the utility function is used
to examine the dynamic effects of permanent changes in a variety of distortionary
taxes. The taxes considered are a tax on international borrowing and lending, and
domestically based taxes which include taxes on consumption, labor income and
domestic capital income. It is shown that weak nonseparability generates dynamic
effects of taxes significantly different from weakly separable preferences.

The most significant difference is the long-run welfare and wealth effects. In
particular, domestically based taxes increase long-run welfare and wealth if and
only if consumption is more welfare stabilizing. A tax on international borrowing
and lending generates an additional negative wealth effect by lowering the long-run
rate of time preference and creates an ambiguous overall wealth effect. In contrast,
weakly separable preferences imply no long-run welfare or wealth effect for
domestically based taxes and an unambiguonsly negative wealth effect for a tax on
international borrowing and lending. The presence of a wealth effect implies that
capital taxation changes not only the compasition of a country’s portfolio of assets
hut also the size of the portfolio.

Weak nonseparahility creates the long-run welfare and wealth effects for a simple
reason. It generates a discrepancy between the marginal rate of substitution
between consumption and leisure and the rate of substitution implied by the
requirement that the long-run rate of time preference equal the after-tax world
interest rate. For the two rates to equal, welfare must change accordingly. So must
wealth. The long-run welfare and wealth effects are novel in the sense that they do
not depend on adjustment cost—an alternative channel for those effects in small
open economies with time-additive preferences (Sen and Turnovsky 1989). More
importantly, our model provides an example to show that adjustment cost is
insufficient for the long-run welfare effect.

Under weakly nonseparable preferences, the immediate impacts of taxes and the
implied comovement among variables are also different from those under weakly
separable preferences. For example, when leisure is more welfare stabilizing,
capital income taxation induces a current account deficit rather than a surplus as
suggested by conventional wisdom. Nevertheless, the result of Barro and King
(1984), that taxes create negative comovement between consumption and labor
employment, is still valid.

The Uzawa function has been increasingly applied in economic modelling, but in
most applications leisure and consumption have been made weakly separable.? An
exception is Judd (1985). Using a similar specification in a closed economy, Judd

3 For models which adopt the Uzawa function, see Obstfeld (1982, 1990), Epstein and Hynes {1983),
Penati {1987), Gomme and Greenwoad (1990), Mendoza (1991} and Devereux and Shi (1991).
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has shown that nonseparabhility and endogenous rates of time preferences do not
change the result in the time-additive framework that the second-best capital
income taxation is zero asymptotically. Although this result can also be validated
in an open economy, weak nonseparability and endogenous rates of time prefer-
ence do generate significant differences in other aspects of taxation.

The remainder of this paper is organized as follows. Section 2 describes the
preferences and the economy. Section 3 and Section 4 examine, respectively, the
[ong-run and the transitional effects of taxes. Section 5 concludes the paper. All
proofs are collected in the Appendix.

2. A SMALL OPEN ECONOMY

2.1, Intertemporal Uility and Weak Nonseparability. A program E assigns
consumption <{z) and leisure e(f) to each time ¢ = 0 over an infinite horizon. It
permits partitions into (E¢, ¢E) for all T > 0, where E7 and ¢E are the programs
up to time T and after time T respectively. The intertemporal utility function is
defined over such programs,

2.1 U(E) = r vle(r), elt)) exp {*Jﬁ Blc(r), e(r)) dr| dt.
0 1] .

This is the Uzawa utility function extended by Epstein, Ham, and Zin (1988} to
include leisure. It is generated by the following differential equation for the utility
index &(T) = U(7rE):

(2.2) $ = —qlc, e, ¢), glc, e, ¢)=v(c, &) — $pBlc, €)

r
lim (1) exp {—J Blc(r), e{™) drI =1,
- 0

The preferences in (2.1) are weakly nonseparable in two aspects. First, consump-
tion (or leisure} at different dates is weakly nonseparable. To see this, compute the
marginal utility of consumption near time T, 3 //§<(T), via the Volterra derivative
(see Ryder and Heal 1973 for a reference):

. au T
(2.3) exp {—J. B dﬂr}.
0

3e(T) = 4e

Because g, = wc' — ¢8,, the marginal rate of substitution between consumption
at different dates depends on future consumption and leisure through the utility
index ¢ if 3, # 0. The same nonseparability exists for leisure if 8, # 0.
Second, consumption and leisure are weakly nonseparable: the marginal rate of
substitution between the two depends upon future consumption and leisure.
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Throughout the paper, weak nonseparability refers to this meaning.4 It can be
verified that the dependence on future variables is entirely summarized by the
utility index ¢. This simple dependence makes the form of weak nonseparability
tractable and facilitates the following definition. Define an index of weak nonsep-
arability, A, by

Af log (MRS MRS(T iad iad

0= M(T) o8 . D=5a | e
Preferences are weakly separable if A(T) = 0 for all T. Computation yields
(24) A =('Uefgc _ﬂcﬁe)"{(q.:‘.?e)-

Therefore, A(T) = 0 if functions » and 8 are trapsformations of the same function.
Special cases of weakly separable preferences include the time-additive prefer-
ences (where 8 = constant), the original Uzawa preferences (where 8 = B(»)) and
the one in Epstein and Hynes (1983) (where » = constant). :

The nature of weak nonseparability is governed by the sign of A. If A > 0, the
amount of consumption which the consumer is willing to give up for a marginal unit
of leisure increases with future utility ¢. Hence an increase in future utility shifts
preferences away from current consumption and toward current leisure. In this
case, consumption increases more slowly {than leisure) on an increasing path of
utility and decreases more slowly on a decreasing path of utility. For this reason,
consumption is said to be more welfare stabilizing (than leisure) if A > 0 and less
welfare stabilizing if A < 0.

For an alternative interpretation of weak nonseparability and for the dynamic
analysis, we link weak nonseparability to the rates of time preference. Following
Epstein and Hynes (1983), define the (local} rate of time preference for consump-
tion as

_d aU
p(T) = ——logacm

e=a=1

p. measures the proportional decrease of marginal utility of ¢ caused by a
postponement of the program. It can be computed that

(2.5) Re = (BUC - vﬁc)ch-

The rate of time preference for leisure, p,, can he defined and computed similarly.

Along any constant programs, ¢ = »/8 and the two rates of time preferences
equal, p, = p, = B. We refer to 8 as the long-run (or steady-state) rate of time
preference. Along any nonconstant programs, however, the two rates of time
preference are distinct. The difference between them is

(2.6) Pe—p.= Ao

4 Weak nonseparahility apparently differs from nonseparability between ¢ and e at a given time. The
latter is represented by g, # 0, which we assume away in the following analysis.
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Therefore, consumption and leisure are weakly separable if and only if p (T) =
p.(T) for all T. Consumption is more welfare stabilizing if consumers are more
patient toward consumption than leisure when utility is falling but more impatient
when utility is rising.

It is important to note that the rates of time preference are functions of future
consumption and leisure only through the utility index ¢. p.(p,) is increasing in ¢
if and only if 8is increasing in c(¢). It is well known from Epstein (1987) and Lucas
and Stokey (1984) that local stability requires increasing rates of time preferences.
Thus we assume that B is an increasing function of ¢ and e. Although the
assumption of increasing rates of time preference is controversial, we refer to
Epstein (1987) and Obstfeld (1990) for supportive arguments.? This assumption and
others which guarantee monotonicity and local concavity of the intertemporal
utility function {7 are given in Assumption I below (see the Appendix for a proof).

ASSUMPTION 1. o and B are twice continuously differentiable and

6) ge > 0, go > 0;
() 8> 0,8, >0,8, >
(i) Goe <0, Gee <0, gee = 0; A € (Bqeiql, —Bgeclal).

Condition (i) is necessary and sufficient for the marginal utility of ¢ and ¢ to be
positive and hence is intuitively linked to monotonicity of {7. The Appendix shows
that ¢i) and (i) imply A € (—B8./g9., B./q.}, and that A > 0 if and only if MRS >
B./B.. These features will be used in Section 3. Condition (iii} is sufficient for U ta
be locally concave. The restriction ¢,., = 0 is imposed for specificity.

2.2, Competitive Equilibrium. The representative cansumer with utility func-
tion (2.1} has perfect access to international goods and capital markets, where the
interest rate is given at . The consumer solves the following maximizing problem:

{P) max U/ s.1.
Q7)) A+r)e+ I+F=rl —rp)F +ry(l — r )k +w(l —7,)n— 1,
k=1- 58k, F(0)+k(0)=F4+ ko given,

where 1,, T., T;, T, and 7g are respectively the lJump-sum tax and rates of taxes
on consumption, domestic capital income, labor income and on international
borrowing and lending. k is domestic capital stock, I gross investment, F the claims
on foreign assets, # = [ — ¢ the amount of labor supply, #, the before-tax rate of
return to domestic investment and w the wage rate. The total nonhuman wealth of
the agent is @ = k& + F. The initial value of a is given at a(0) = aq, but its
composition, £{0) and F(0), can instantaneously change without adjustment cost.

Competitive firms are endowed with a constant returns to scale production
function fik, #) with fi; < 0 and f,, < 0. Firms maximize profit. The

9 Blanchard and Fischer (1989) present the arguments against increasing time preference. Appealing
stability properties can also be achieved in Blanchard's (1985) version of the overlapping generations
model, though his assumption of an age-independent probability of death may seem unrealistic.
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maximization conditions are vy = fp(k, n) and w = f,(k, n). The domestic
government collects taxes, issues bonds and maintains the following budget
constraint:s

(2.8) g=71,c+ T1prF + ok + T wn + 7,

In the following discussion, we assume that all tax changes are permanent and
hence 7= 0. Furthermore, we assume that government spending is constant. Thus
the revenues from distortionary taxes are rebated through lump-sum transfers.

A competitive equilibrium is a convergent path of (¢, n, k, I; w, #4; 7} such that
(D) given 7and (w, ry), {c, 1, k, I) solve (P); (ii) (k, n, w, r4) conform with firm's
profit maximization; and (iii) r balances the government budget. From the existence
of the steady state in Section 3 and local stability in Section 4 one can show that an
equilibrium exists. To explore the equilibrium, combine (i) and (ii) to derive

Hl—7p)+ &
(2.9) fi=c¢4, SIE_._F__

I_Tk
1 — 1.

(2.10) MRS(c, e, ¢p) =300, €2= -
L+ 7,

Equation (2.9) requires that the after-tax rates of return to investment abroad and
domestically be equal; (2.10) requires that the marginal rate of substitution of
leisure for consumption equal the tax-adjusted wage rate. (2.9} and (2. 10) solve for
k and ¢ as functions of #, ¢ and the tax rates:

(21]-] k=K(fl, El)s c= I,U(."’l, ¢'s € 62)-

Under the assumption of constant returns to scale, K, > 0 and 4, < 0. Also,
g > 0 if and only if A <0, '

The law of motion of labor employment can be derived from (2.11), the
maximization conditions and the assumption = 0:

(2.12) A= =2 p, =K1 - 1p)].

2

The law of motion of consumption can be recovered by (2.11):

. 4g
(2.13) e=—1[p, —r(l — 7p)].
. [
(2.12y and (2.13) mimic the corresponding equations under time-additive
preferences.”
Combining (2.7} and (2.8) obtains the motion of the total assets,

% Following a referee’s suggestion, we abstract from government bonds. Introducing government
bonds does not change the results if the initial value of bonds is zero, as assumed in typical analysis of
taxation such as Judd (1987).

T g, # O the law of mation of ¢ depends on both p, ~ {1 ~ rz) and p, — r(l ~ 7).
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(2.14) a=ra+tflk,n)—(r+8}k—-c—-g.

The dynamic system consists of (2.2), (2.12} and (2.14} with the initial condition,
a(0) = aq, and proper transversality conditions. It is a three dimensional system,
gaverning the motion of ¢, # and a. The laws of motion of ¢ and k ¢an be recovered
by (2.11). Finally, the current account, F, is recovered by the relation F = a — k.

3. LONG-RUN EFFECTS OF DISTORTIONARY TAXES

Tax changes are specified as follows. The economy is in the steady state at time
0 with tax rates 7y, where r = (1., 7,,, Tz, TF, 7,). Taxes change unexpectedly at
time 0, from the initial values to rg + Ait(, where & is a consfant. All tax changes
are marginal so that A is infinitesimal. The changes in a specific tax alone or in
several taxes simultaneously can be modeled by choosing the corresponding
elements in 7| to be nonzero. According to our earlier assumption, 7| is constant,

To begin, we characterize the steady state of the dynamic system. The steady
state, denoted (¥, n*, a*), is given by

(3.1a) ¢* =u(c*, 1 — n*)pl{c*, 1 —n*)
(3.1b) pt=ph =B 1 —n*)=rl - 1p)
(3.1¢) a* =[(c* +g— fIE*, n*) + (r + 8)k*]/r,

where ¢* and k* satisfy (2.11). In the steady state the two rates of time preference
equal the after-tax international interest rate, To solve for the steady state, note that
if ¢* and #* are solved then other steady-state variables are uniquely determined by
(3.1a), (3.1c) and (2.11). ¢* and #*, in turn, satisfy conditions (3.1b) and {2.10).
Rewrite (2.10) by substituting (3.1a):

(3.2)  MRS(c*, 1 — n*, vlc*, 1 — n*)YB(c*, 1 — n*)) = &2 [o(Kln*, £(), n%).

c* and #* can be solved from (3.2) and (3.1b) independently of other variables.
Note that for constant returns to scale technology, the right-hand side of {3.2) is
independent of n*.

The determination of (¢*, a*) is depicted in Figure 1. The MRS curve,
representing (3.2), is downward sloping under (iii) of Assumption 1. The 8 curve,
representing (3.1b), is upward sloping under the assumptions 8, > 0 and 8, > 0.
Thus the steady state exists and is unique (assuming interior solutions).

The long-run effects of taxes can be obtained by replacing 7 by 1y + ATy,
differentiating the steady state with respect to 4 and evaluating the results at &2 =
0. Using a subscript h to indicate the changes of variables with respect to tax
changes, the Appendix gives the results for ¢%, r% and a¥,. The effects of taxes on
other variables can be determined accordingly.

We first examine domestically based taxes. An increase in domestically based
taxes shifts the MRS curve down to the left but leaves the 8 curve intact.
Therefore, long-run consumption and labor employment decrease. Given the
complementarity between capital and labor implied by the production function,
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v/B = constant

Frauzre 1

LONG-RUN BFFECTS OF TAXES WHEN A > {)

domestic capital stock is also reduced. Since both k* and r* decline, the long-run
output decreases.

Domestically based taxes have long-run welfare effects. They raise long-run
welfare if and only if consumption is more welfare stabilizing in the sense defined
in Section 2. To see this, use ¢3.1a) and (3.1b) to derive

3.3) der =% (&—q—e) dn*.
B \B., 4.

Since dn* < 0, do* > 0 if and only if 8,/B. < g./¢., which is equivalent to A >
0 as noted in Section 2. Such a welfare result can be illustrated in Figure 1 by
drawing the long-run utility curve »/8. Since the long-run utility curve has the slope
g./a., it is steeper than the B curve, whose slope is 8,/8,, if and only if A > 0.
With domestically hased taxes, the steady state moves fram point E to point E’. It
is apparent that the long-run utility level is raised if and only if point E* is ahove the
long-run utility curve and hence if and only if A = 0.

Figure 1 also pravides a clear illustration of how weak nonseparability helps to
disentangle the substitution and wealth effects of taxes. The total change in
consumption and leisure can be decomposed into two. The first is the response to
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the substitution effect of taxes, represented hy the move from point E to point A
along the same long-run utility curve; the second is the response to a wealth effect,
represented by the move from point A to point E’ along the new MRS curve. If
preferences are weakly separable, the second response disappears and hence
domestically hased taxes do not change long-run welfare.

To justify the association of the long-run welfare effect to the long-run wealth
effect, examine the case without initial taxes. Differentiating (3.1¢) and using (2.9}
and (2.10), one can obtain®

1 fdc*
{(3.4) da* =~ — MRS da*.
r \dn*

Thus a domestically based tax, reducing labor supply, increases long-run wealth if
and only if de*/dn* << MRS. Since long-rupn welfare is increased under the same
condition, the tax changes long-run wealth and welfare in the same direction if there
are no initial taxes. By continuity, long-run welfare and wealth are positively
associated when the initial taxes are nonzero but sufficiently small. We restrict the
discussion below to the case of small initial taxes.®

The nontrivial wealth effect generates new implications on how domestic capital
income taxation affects the long-run credit position of the country. Capital income
taxation reduces the long-run domestic capital stock but increases the country’s
long-rin foreign assets. Since total nophuman wealth decreases when leisure (s
mare welfare stabilizing, the reduction in domestic capital stocks exceeds the
increase in the country’s foreign assets in this case. On the other hand, the
reduction in domestic capital stocks is exceeded by the increase in foreign assets
when consumption is more welfare stabilizing. In contrast, the standard infinite-
horizon model suggests that the size of the portfolio in the steady state is unaffected
by a capital income tax.'? This latter result occurs here only when preferences are
weakly separable.

To understand the long-run welfare effects in this model, it is important to
compare them with those in two other types of models: one is overlapping-
generations models, the other is infinite-horizon models with adjustment cost. In
both types of models, a capital income tax can raise long-run welfare under suitable
conditions, but the mechanism involved is quite different from the current mode]. !
First, we compare with Diamond’s (1965) overlapping generations models. In a
two-country version of the model, Sibert (1990, p. 308) shows the possibility that a
capital income tax in a country raises the long-run welfare of that country by
affecting the world interest rate. However, when the country has no infiuence on

& T awe to a referee far this simple illustration. An altetnative illustration is to use the farmulas far ¢
and a% in the Appendix.

? The two variables may be negatively correlated in the short run {see Sectian 4).

19 Under time additive preferences, the size of the porifolio can be changed if there is adjustment cost
{Bavenberg 1986) or if the country is large (Sibert [990).

It A capital income tax also raises long-run welfare in the standard infinite-hotizon model if the initial
tax is high and the tax change is Jarge. Neither case is our facus.



420 SHOUYONG SHI

the world interest rate, as in the case of a small open economy, a capital income tax
unambigucusly reduces the country’s [ong-run welfare.!2

Now we compare with an infinite-horizon, time-additive model with adjustment
cost. An example of the latter is Sen and Turnovsky (1989). First note that
adjustment cost is insufficient for the long-run effects. To see insufficiency,
introduce adjustment cost into our model but maintain weak separability (A = 0).
The dynamic system under adjustment cost has two more dimensions, one for the
capital stock and another for the shadow price of capital—Tobin’s ¢. It is not
difficult to show that the new system has identical steady state to that in (3.1), with
additional characterization for the steady-state shadow price of capital. The same
argument as in (3.3) then shows that domestic taxes have no long-run welfare or
wealth effect when A = 0, despite adjustment cost. What really generates the
long-run welfare effects in Sen and Turnovsky (1989) is the dependence of steady
states on the initial conditions of the economy, generated by the constant rates of
time preference.!? Thus the key difference between our model and Sen and
Turnovsky (1989) is that the long-run results in our model do not depend on initial
conditions. As remarked in the introduction, the independence is desirable for
evaluating the welfare costs of taxes. The independence implies that temporary
taxes have no long-run effects, a result contrary to Sen and Turnovsky.

There are additional differences between the current model and Sen and
Turnovsky (1989). First, the long-run wealth and welfare effects of taxes can be
either positive or negative in our model, depending on A, but unambiguously
positive in Sen and Turnovsky (1989). Second, as will be discussed in Section 4, our
model generates different dynamic movements in the current account from those in
Sen and Turnovsky. In any case, the following discussion on a tax on international
barrowing and lending is novel with respect to the time-additive models.

As stated in the introduction, it is difficult to examine a tax on international
borrowing and lending in a small open econemy with time-additive preferences and
an infinite horizon. In contrast, the examination is easy in our model. A tax on
international borrowing and lending, 7p, induces a lower long-run rate of time
preference and hence a negative wealth effect. This effect is represented by a
downward shift of the 8 curve in Figure 1. In addition, an increase in ¢ raises the
relative return to domestic investment and hence creates a wealth effect opposite to
a tax on domestic capital income. The overall wealth effect is ambiguous,
depending on the nature of weak nonseparability. If consumption is more welfare
stabilizing, both components of wealth effects are negative and hence long-run
wealth is lowered by the tax 1z; if leisure is more welfare stabilizing, the two wealth
effects are opposite. In this case, long-run wealth and welfare can be raised by the
tax if leisure is sufficiently more welfare stabilizing. In either case, there is a
positive correlation between long-run wealth apd long-run welfare as in the case of
domestically based taxes.

12 In a small open economy, the condition (25) far a utility-increasing capital income tax in Sibert
(1990) becomes (r — n)fn < 0, which is apparently violated when the population growth rate n is zero,

1 precisely, a steady state exists in Sen and Turnovsky (1989) only if 8 = (1 — 7r) and F{e)+ £kir)
= Fy + £k for all ¢, With elastic lahour supply, £ > 1. Since da* = (1 — &) dk*, domestically based
taxes reduce &*, increases a* and increases long-run welfare.
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4. TRANSITIONAL EFFECTS OF DISTORTIONARY TAXES

Since the short-run responses of variables are connected to the long-run
responses by stability, the variables respond to the Jong-run welfare and wealth
effects even in the short run. We examine the immediate impact of the taxes and the
implied comovement among variables. To do so, replace the 7's in the dynamic
system by 1y + A7, differentiate the system with respect to h and evaluate the
result at # = 0. We then obtain a dynamic system of (¢, 1y, a;). Linearizing the
dynamic system, we have

(4.1) (¢ns s a)7 = J(by ~ ¢%y ny = i, ay — al)”

where @,(0) = 4 and J is a 3 % 3 matrix (see the Appendix).

The Appendix shows that system (4.1) is locally stable and the stable root is 8;,
given by {A.3) in the Appendix. Furthermore, the stable path of the system is
characterized by

ay(t) = aj(1 — e®)

4.2)
( ,\qg) /(,Gﬁe qu)
61 - +
¢h(t)_¢”!: _Bl_r Gee q. e «
() —nh |T  q a (ax(2) — a%)
G ea
where

2.2
0~ Ade g ({_r_a)n_n, A=()L81 +,e,6.,)/(ﬁ,se+x ac)
Qe Qoo k fkk de qa gee
The immediate responses of variables to tax changes are given by (4.2) by setting
t = 0. (Note that a;(0} = 0.} These responses can be decomposed into an
autonomous effect and a wealth effect. The autonemous effect is the long-run
response of the variable; the wealth effect is the influence of the long-run response

of wealth on that variable. Since the wealth effects of taxes depend crucially on
weak nonseparability, so do the short-run effects of taxes. For example,

(4.3) ny (0) = n% —wq—ea”;‘“
’ Q Gee

Noate that £} > 0 because A > 0 as shown below. Labor employment immediately
falls by less than in the Jong run if and only if long-run wealth increases with the
taxes. The same result holds for domestic capital and output. Under weakly
separable preferences, however, the wealth effect is absent for domestically based
taxes and in this case the immediate responses of the variables are entirely
determined by their long-run responses.

The comovement in variables on the transition path can be analyzed by
examining the comovement of variables with wealth. An interesting question is
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about the comovement between labor employment and consumption. Barro and
King (1984) have shown that taxes generate opposite movements in the two
variables under weakly separable preferences. They suggest that weakly nonsep-
arable preferences may enable taxes to generate the stylized positive comovement
between these two variables. Unfortunately, the negative comovement is robust to
the perturbation of preferences to the present form of weakly nonseparable
preferences. To see the robustness, derive the transition path of consumption from
(2.11) and (4.2): '

(44} ' Cy — CT: = _(AQCQee"rQeQCc}(nh - ni)

If both consumption and leisure are normal in the sense that dc,/da;, > 0 and
deplda, > 0, then A > 0 and hence consumption and labor empleyment are
negatively correlated along the transition path.!4

However, the behaviour of the current account is very different from that
suggested by conventional wisdom. It is generally conceded that capital income
taxation improves the current account (e.g. Brock 1988). This is not true in the
present model when leisure is more welfare stabilizing. To see this, we first examine
the comovement between wealth and the country’s international credit. Note that
labor employment and hence domestic capital stock moves in the opposite direc-
tion to wealth under the normality of leisure. Since F = a — k, the country’s
international credit must move with wealth and in an opposite direction to output.1s
Now if leisure is more welfare stabilizing, capital income taxation reduces long-run
wealth (a” < 0). Stability requires that wealth be declining on the transition path.
Since the country’s international credit is positively correlated with the level of
wealth, it must also be declining on the transition path. The current account must
be in deficit. The same result holds for other domestically based taxes. The
conventional current account surplus can be obtained only when consumption is
more welfare stabilizing. The current account behaves differently in the cases A <
0 and A > O because taxes have different wealth effects in the two cases.

To understand the occurrence of a current account deficit in the case A < 0, we
decompose the current account into savings and investment. A capital income tax
causes an instantaneous portfolio shift from domestic capital to foreign assets. The
magnitude of this shift differs in the cases A < 0and A > 0. When A < 0, the negative
long-run wealth effect implies that labor employment instantaneously falls below its
new long-run [evel at the time of the tax increase (see (4.3)). To maintain equal rates
of return to domestic capital and foreign assets, domestic capital must also
instantaneously fall below its new long-run level. As a result, domestic capital
increases along the transition path, creating positive investment on the path.
Together with negative savings, this produces a current account deficit on the
transition path. In contrast, when A > (0, domestic capital instantaneously falls to a

4 The negative comavement only applies to the transition peciod, The instantaneous responses of the
twa variahles can be in the same direction,

¥ The negative comavement between output and the international credit is consistent with the stylized
facts on business cycles in open economies (Staockman [990). :
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level above the new long-run level and continues to fall along the transition path,
implying negative investment and a current account surplus.

It should be noted that capital income taxation can also create a current acceunt
deficit in overlapping generations models. For example, Matsuyama (1987) illus-
trates such a possibility in an open economy version of Blanchard's (1985)
overlapping generations madel. However, such a deficit appears at the beginning of
the transition path only when the steady-state aggregate capital stock is negative,
With a positive capital stock, a current deficit appears only near the end of the
transition.s

Also different from the case of weakly separable preferences is the comovement
between wealth and welfare. The two move together if and only if

( thf/ﬁﬁe 122
61_ + {0
QCC qe Q'cc

Note that the dominator is positive if A < 0 (see Section 1 of the Appendix). Wealth
and welfare can move in opposite directions on the transition path if consumption
is sufficiently more stabilizing, despite the fact that in the long run the two variables
respond in the same direction to tax changes. Under weakly separable preferences,
however, wealth and welfare always move together.

It is worth noting that equation (4.2) also provides a formula to calculate ¢, (0),
the change in the intertemporal utility caused by tax changes. Consequently, the
marginal deadweight loss of taxes can be calculated. This measure of welfare cost,
adopted by Judd (1987), takes the form B8* ¢,(0)/(Rq.) in our case, where R is the
present value of tax revenue. One can simulate the model and use this measure to
compare the efficiency of different taxes. Since welfare changes depend crucially on
weak nonseparability, the relative efficiency of taxes should be sensitive te A. This
sensitivity casts doubt on previous simulation results which have adopted time-
additive preferences. The simulation results are omitted but available from the
author upen request.

5. CONCLUSIONS

This paper has examined the dynamic effects of distortionary taxes in a small
open economy with perfect capital mobility. It is found that weak nonseparability
between consumption and leisure is important for the evaluation of the dynamic
cffects of taxes. As seen from the analysis, the choice of the specific form. of weak
nonseparability has three benefits: (i} tractability, (i} easy analysis of a tax on
international borrowing and lending, and (lii) a clear distinction between wealth and
substitution effects of taxes.

To focus on the importance of weak nonseparability, I have assumed that all tax
changes are permanent. For a different timing of tax changes, such as temporary
ones, the dynamic effects can be significantly different, as Judd (1987) has shown

16 In Matsuyama’s model, a capital income tax instantaneously reduces the cauntry’s foreign assets;
foreign assets begin to rise after this instantaneous fall. As a convention in continucus-time models, the
cuprent account is defined as the continuaus rather than the discrete change of foreign assets.
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under time-additive preferences. For such tax changes, the analysis can be
similarly conducted, except that the immediate impact of tax changes is more
difficult to calculate (see Judd 1987 for a method). It is reasonable to believe that
weak nonseparability will continue to play an important role. -

The framework of this paper can also be used to examine the effect of other
distortionary policies such as tariffs and investment tax credit. It is conceivable that
thegse policies can have long-run wealth and welfare effects. If they exist, the
long-run effects arise from weak nonseparability, not from the knife-edge property
of the steady state in time-additive models such as Sen and Turnovsky (1989).
Finally, the framework can be extended to a two-country model, where the Uzawa
function is proved to be useful by Devereux and Shi (1991).

University of Windsor, Canada

APPENDIX

Section 1. Monotonicity and Concavity of U. We show that Assumption 1 is
sufficient for local monotonicity and concavity. Denote by E* = {(c*, ¢*)} a
constant path of consumption and leisure. Let Eg = {(c 5, £5)} be another path with
cg=c* + dcand g5 = e* + §e. Let U4x(E*) and U 35(E*) be the first and second
derivatives of UJ(E ;) with respect to 8, evaluated along E*. If U/5(E*} > 0 and
U zs(E*) < 0, then by continuity, there exists a neighbourhood of E* such that
Ug(E) > 0 and Ugs(E) < 0. In this sense, U is locally monotonic and concave.
Calculations reveal

Us(E*) =f (gcc + q.e) exp (—B1) 4dt.
0
Therefore Us > 0 if and only if g, > 0 and g, > 0. To show Ug; < 4, compute

Ugs(E*) = fm Olc, e, S) exp (—B1t) dr  where
0

'3
Q=g.ct+g.e*—Hu,c+uv,e)8+ 282 S{) = J‘ (B.c+ B.e) dr.
0
Nate that

3 2 '
J’ Stexp (-8 dt=Ef S(B.c + B,.e) exp (—B1) dt.
0

4]

Using this relation, we can obtain

- @ Bq 2rq.q
(A.1) Qe P di= | |guect+ qee?—— §*— —= oSle # dt
0 0 I8£ }Gc
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” = & 2)‘ cte
(A.2) f Qe~4 dt = f [qcccuq“ez-‘;q §7 4 sl .
0 0 £ e

It suffices to show that the integrand in either (A.1) or (A.2) is negative definite.
Since

qelg. =(B. + Aq. VB and g./g, = (B. — Aq.)/B.,

monotonicity requires A € (—8,./g,, B./q.). Also A > 0 & g,/q, > B,/8.. If
A > 0, then (use condition (iii) of Assumption 1)

A< MBI < (BIg N~ Baulal) = —BP . 9..7(g.q)).

The condition A2 < —f8,4../(g.q2) is necessary and sufficient for the quadratic
integrand in (A.1) to be negative definite. Similarly, we have A2 < —~B8,q../
(qeqf) when A < 0, which is necessary and sufficient for the quadratic integrand in
(A.2) to be negative definite. Therefore U s5(E*) < {} under Assumption 1.

Section2. Derivations for Sections 2 and 3. First, we derive (2.12). Define an
auxiliary state variable B by

B(Y) = f " Ble(n), ) dr.
(]

The Hamiltonian for problem (P) is
H=ulc, e)e B+ a,(I—8k)+ a8 + a;3[r(l — 7p)F+ry(l — 1)k
+twll=r,)n—(1+70c—~1]

where ¢, a5 and «, are the shadow prices of respectively k, B and F. Deriving and
manipulating the optimization conditions from H, we have

Qe:c&= [)6 - ?’(1 - TF)]QC + Bc‘t’

(2.12) can be obtained from (2.2}, (2.11) and the above equation.
Second, the long-run responses, ¢%, n% and a%, can be calculated by differen-
tiating (2.11) and (3.1) with respect to },

[Jl(f)* 1 qg + qg r)‘q;lqunk ?‘)lnge fn
— n="Fr _— 0 E T T Eah,
G ee cr Fl GecQeae fnfkk lh Gecee o
* r2q£ }tqs rﬁBchQefnk rBﬁcqsfn

—|Jfndh = - B - TFL £1h £,

ce ee q-ccq“fnfkk Teedee

¥do (defe Bq.. Jn [F qcl
e |8
—|Ja% -—lr-r- - T
ee | Hee qg fkk k ce Fl
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{Aqf( Aqi) Bﬁe(qﬁ qf) fe—r—38

+ B+ + + =

Gee gee de Gae' Gee fk.k
BG.q. fin

q::CQeefnfkk

ﬂe + ﬁc(g_r_ S)fk_’-‘]}glh
2
A PO A

fus
GFeelfce k fkk

where |J| is the determinant of J specified below and

E10Tr1 — FTF] Twi T €207¢1

Ew = ——— Eap =
1— 74 ! : 1+7c0

1 2 2 2

& qe [ )l [ A e
|J|=sr[’6’6 (-—+i)+ ? (,G - )
g qEE anC qCC qee

It can be shown that |[J| < 0 from the stability condition (A.4) below.

Section 3. The Dynamic System. The matrix in (4.1) is

B : Ag2 ' 2:9ee 1
) - qs + Q
gee Geece
so|_ae (ﬁﬁe +A1q§) rg: ol
Hee \ de Qe ec
e (e
L gee Geeor k fkk o

To study stability, let 8; (i = 1, 2, 3) be the cigenvalues of J. Then 7 is one of these
eigenvalues. The other two eigenvalues are

1 488, {a; ql\ 4rql Aql
A3) 8 =3 :\/ﬁz_—(_'f' - + .
( ) 1,2 2 [ﬁ Qe Qee q-cc q.:c ﬁ q-ee

Since there is only one predetermined variable in the system (4.1), the system is
saddle-path stable if and only if 8, < 0 and 8, > 0, or equivalently if and only if

BB. {q} g\ gl rq}
(A.4) (— L 8+ < 0.
. qe qee qCC qCC qee

This condition can be shown to hold upon noting that either A%< —,G,cheef(chf)
or A < —ﬁﬁeq“f’(qeqf) (see the first part of the Appendix).

The stable path can be obtained as follows. Let {y;, y¥1, 1) T be the eigenvector
of J associated with the eigenvalue &;. Then the stable path is given by
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(¢'h - q").';n Ry — ”’7’.;!3 an — a’.;:]T: (yla Y2, I]T Sl]éa”s

where 59 = —a% because 4,(0) = 0. (4.2) is obtained by solving y, and y,.
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