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Abstract

We examine growth, revenue, and welfare effects of tariff and tax re-
form with a two-good, two-factor endogenous growth model. Learning-
by-doing and intersectoral knowledge spillovers contribute to endogenous
growth consistent with incomplete specialization. We obtain two main
results. First, trade liberalization raises (or lowers) the growth rate if
and only if the import sector is more effective-labor-intensive (or capital-
intensive). Second, we can attain growth, revenue, and welfare gains by
combining consumer-price-neutral tariff and tax reform for growth en-
hancement with an additional rise in the consumption tax on the less
distorted good.
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1 Introduction

It has become increasingly apparent that governments in developing countries
are relying more on consumption taxes such as value-added taxes and less on
import tariffs in collecting their revenue.! A theoretical rationale for this policy
movement is the relative inefficiency of import tariffs: they distort not only
consumption but also production decisions, and they have a narrower tax base
(i.e., consumption minus production) than consumption taxes. Based on this
notion, several authors (e.g., Michael et al., 1993; Hatzipanayotou et al., 1994;
Abe, 1995; Keen and Ligthart, 2002) have formulated static general equilibrium
trade models to show that tariff and tax reform can bring about a win-win
outcome: the reform raises welfare without decreasing, and typically increasing,
government, revenue.

Although the existing theoretical literature focuses on the welfare and rev-
enue effects of tariff and tax reform, in fact the reform also affects another
fundamental policy objective: the growth rate of national income. There is
much empirical evidence that changes in the relative price of capital goods to
consumption goods, often caused by changes in trade barriers, alter the incen-
tives for investment and hence economic growth (e.g., De Long and Summers,
1991; Lee, 1993; Eaton and Kortum, 2001). Taking account of the growth effect
may complicate, or even reverse, the welfare and revenue effects of tariff and tax
reform obtained in static models. First, changes in the growth rate mean re-
allocating the intertemporal consumption stream, which influences welfare and
the present value of government revenue in a nontrivial way. Second, when a
country imports a capital good, investment demand adds to the tax base of an
import tariff (i.e., consumption plus investment minus production), which may
now be superior to the consumption tax on the same good in raising revenue.
The purpose of this paper is to reconsider how tariff and tax reform affects
welfare, government revenue, and growth in a developing country in a dynamic
general equilibrium model.

We develop a two-good, two-factor endogenous growth model of a small open
economy. A capital good (e.g., machine) is either invested or consumed, whereas
a consumption good (e.g., food) is only consumed. Each good is produced from
domestically owned capital and labor. The engine of growth is learning-by-doing
and economy-wide knowledge spillovers of the Arrow (1962)-Romer (1986) type:
the effectiveness of a unit of labor in each sector increases linearly with the
aggregate amount of capital stock.? As Ohdoi (2003) gave a natural two-sector
extension of Barro’s (1990) one-sector endogenous growth model with a flow-
type public input, we extend Arrow (1962) and Romer (1986) to a two-sector

L According to the World Bank (2002), in low- and middle-income countries, the shares
of direct taxes (i.e., taxes on income, profits, and capital gains, plus social security taxes),
indirect taxes (i.e., taxes on goods and services), and trade taxes in total current central
government revenue were 22%, 26%, and 17%, respectively, in 1990. Those shares became
22%, 36%, and 9% in 1999.

2Keller (2002), Frantzen (2002), and Park (2004), among others, provided the empirical
evidence of intersectoral knowledge spillovers caused by R&D.



model.?> Qur formulation has two advantages. First, in parallel with static
models, our economy is always incompletely specialized.* Second, the existence
of only one state variable enables us to focus on the steady state, making our
problem analytically tractable.

We obtain the following main results. First, the growth effect of tariff and
tax reform depends only on factor intensity ranking. Trade liberalization raises
(or lowers) the growth rate if and only if the import sector is more effective-
labor-intensive (or capital-intensive). This is because the growth rate is, as
usual, increasing in the rate of return to capital, which is now governed by
the Stolper-Samuelson theorem.® Second, we can always design win-win-win
(i.e., growth-, revenue-, and welfare-enhancing) tariff and tax reform as long as
consumption of either good is more distorted than the other good at the pre-
reform equilibrium.® When we take consumer-price-neutral tariff and tax reform
in the growth-enhancing direction, the present value of government revenue and
the consumption index in the initial period may decrease. To compensate for the
possible revenue and welfare losses, we should additionally raise the consumption
tax on the previously less distorted good as necessary. This is because the
tax rise not only increases revenue but also raises welfare by narrowing the
consumption distortion.

The rest of this paper is organized as follows. Section 2 formulates the model.
Section 3 examines how the economy evolves over time and how the pattern of
trade is determined by the world relative price. Section 4 proposes win-win-win
tariff and tax reform for each pattern of trade. Section 5 gives some discussions.
Section 6 concludes.

2 The model

Suppose that a small open economy has two sectors. Sector 1 produces a cap-
ital good (called good 1), which is either invested for capital accumulation or
consumed, and sector 2 supplies a pure consumption good (called good 2). We
choose good 1 as the numeraire.

3Drugeon et al. (2003) and Goenka and Poulsen (2005) made similar extensions to examine
dynamic properties of a closed economy.

41t is well known that a dynamic two-sector open economy is likely to specialize completely
in one good in the steady state, whether the growth mechanism is neoclassical (e.g., Baxter,
1992) or endogenous (e.g., Kaneko, 2000).

51n spite of its status as the core of static trade theory, the Stoper-Samuelson effect rarely
appears in determination of the long-run tariff-growth relationship in the endogenous growth
literature. An exception is Grossman and Helpman (1991, chapter 6), in which each final
good sector uses differentiated intermediate goods and a sector-specific factor. Our model has
a simpler and more direct structure that exhibits the tariff-growth linkage via the Stolper-
Samuelson theorem.

6We say that consumption of a good is more distorted than the other good if the total tax
burden rate on consumption of the former good is higher than the latter, so that the relative
consumer price of the former to the latter is higher than the no-tax one.



2.1 Firms

The representative firm in sector j(j = 1,2) maximizes its profit II; = p;Y; —
rK; —wL;, subject to the production function Y; = F;(K;, B;L;), where p; is
the producer price of good j;Y; is the output; r is the rental rate; K is the
demand for capital; w is the wage rate; L; is the demand for labor; and B;
is the effectiveness of a unit of labor. It is assumed that Fj(-) is increasing,
concave, linearly homogeneous, and differentiable with respect to capital Kj;
and the effective amount of labor B;L;.

The main assumption of this model is that, in each period, the effectiveness
of labor is increasing in K, the aggregate amount of capital stock, and is common
to both sectors:

B1 :BQZH(K),HI>O

This assumption reflects learning-by-doing and economy-wide knowledge
spillovers formulated by Arrow (1962) and Romer (1986). As firms employ
new capital to increase their output, at the same time, they learn how to pro-
duce more effectively. Moreover, firms’ new knowledge instantaneously spills
over across sectors as well as within each sector. Such intersectoral knowledge
spillovers are plausible in this model since workers having some technological
information can move freely between the two sectors as long as those sectors
offer the same wages.”

In addition, we assume that the function H(K) is linear in K :

H=hK;:h>0. (1)

If H(K) were not linear, the total amount of effective labor (with the total
amount of raw labor fixed) would grow at a different rate from that of the
total capital stock. This means that, from the Rybczynski theorem, the small
open economy with constant producer prices should specialize completely in the
good that uses the faster-growing factor more intensively within finite time. The
linearity assumption is made in order to maintain long-run diversification.®

With By = By, = H(K) in mind, we rewrite the profit maximization problem
in terms of effective labor: maximize II; = p;Y; — rK; — vH;, subject to Y; =
F;(K;,H;), where v = w/H is the wage rate per unit of effective labor; and
H; = HL; is the effective amount of labor.? Since the production function is
linearly homogeneous, we can define the unit cost function which is independent
of Y;. The problem is to minimize the unit cost ¢; = rax; + vag;, subject to:

1 = Fj(axj, anj), (2)

"Drugeon and Venditti (2001), Nishimura and Venditti (2002), Drugeon et al. (2003), and
Goenka and Poulsen (2005), among others, dealt with intersectoral knowledge spillovers in
their two-sector dynamic models.

8Drugeon et al. (2003) and Goenka and Poulsen (2005) also used our Eq. (1) with h = 1.

9This type of transformation was also made by Ohdoi (2003), where the effectiveness of
labor was linear in a public input.



where ag; = K;/Y; and ag; = H;/Y; are the demands for capital and
effective labor per unit of output, respectively. From the equality between the
marginal rate of technical substitution and relative factor price, we have:

axj/amj = kj(v/r); k; > 0. (3)

From Egs. (2) and (3), we obtain the solution (ax;(r,v),am;(r,v)) and the
unit cost function c¢;(r,v) = rag;(r,v) + vag;(r,v). Throughout this paper,
we focus on the case of incomplete specialization. Then, as a result of profit
maximization, the producer price must be equal to the unit cost, implying that
the maximized profit is zero, for all j :

pj = ¢j(r,v) = rag;(r,v) + vam;(r,v) © p;Y; = rK; + vH;. (4)

2.2 Households

The representative household maximizes its utility U = [ exp(—pt)(C(t)
1)/(1 — 6)dt,C(t) = V(C1(t),Ca(t)), where p is the subjective discount rate;
C is the index of consumption; 6 is the elasticity of marginal instantaneous
utility, which is the inverse of the elasticity of intertemporal substitution; C; is
consumption of good j; and ¢ denotes time. We omit the time variables where
no confusion arises. It is assumed that V() is increasing, concave, linearly
homogeneous, and differentiable. Assuming that labor endowment is normalized
to unity, the flow budget constraint is given by:

1-0

pr(t)(K(t) + 6K (1)) = r() K (t) + v(t)H(t) + T(t) — E(t), (5)
E(t) = qi(t)C1(t) + q2()Ca(2), (6)

where ¢ is the depreciation rate; T is the lump-sum transfer from the gov-
ernment;'® E is the value of expenditure; ¢; is the consumer price of good j;
and a dot over a variable represents differentiation with respect to time. This
problem can be broken down into two stages. In the first stage, the represen-
tative household maximizes its consumption index subject to Eq. (6). Since
the consumption index function is linearly homogeneous, the optimum requires
that relative demand depends solely on relative consumer price:

01/02 = C(ql/QQ);CI < 0. (7)

From Eqgs. (6) and (7), we obtain Cy = [1/(qic+¢2)]E,C1 = [¢/(qic+¢2)]E,
and C = E/e(q1,q2), where the unit expenditure function e(-) is increasing,
concave, linearly homogeneous, and differentiable. In the second stage, the
representative household maximizes U subject to Eq. (5) and the solution in

10We assume that the government transfers all of its revenue to the representative household.
This is because we want to nullify the effect of government expenditure and focus on the effects
of tariff and tax reform.



the first stage. As a result, we obtain the following Euler equation and the
transversality condition, respectively:

180 = /O O/n(®) -5~ p). ®
0= Jim exp(= [ (1(0)/p1(s) = D)ds) K1), o)

where Ysypscript denotes the growth rate of the subscript. Assume throughout
that the growth rate is positive but not high enough to cause unbounded utility:

ve(t) > 0,p > (1 —0)ve(t).

2.3 Government

Let p; denote the constant world price of good j, and remember that good 1
is the numeraire: pj = 1. When the economy imports the consumption good,
domestic prices are given by p1 = 1,ps = p5 + 72,q1 = 1 +1t1,q2 = p5 + 72 + 1o,
where 75(> 0) and ¢;(> 0) are the permanent specific import tariff rate on
the consumption good and the consumption tax rate on good j, respectively.!!
Assuming a balanced budget in each period, the government budget constraint
is:

T:Tz(Cz —Y2)+t101 +t202. (10)

As we will see, the balanced budget implies balanced trade in each period,
which is standard in the trade literature.

When the economy imports the capital good, we have p; = 1+ 7, ps =
py,q1 = 14+71 +1t1,q2 = p5+ta, where 71 (> 0) is the permanent specific import
tariff rate on the capital good, and:

T=71(C1 + K+ 6K — Y1) + t,Cy + 1205, (11)

2.4 Equilibrium

Since we do not allow for international factor movement, we have the market
clearing conditions for capital and labor, the latter of which is expressed in
effective terms:

K = K+ Ky = ag1(r,v)Y1 + aga(r,v)Ya, (12)
H = H, + Hy = ag1(r,v)Y1 + aga(r,v)Ya. (13)

17t is assumed that the government cannot rely on other less distortive taxes such as a
lump-sum tax. This ensures the necessity of our tax instruments for the revenue purpose. If
the lump-sum tax were available, it would be optimal for the government to collect all revenue
from the lump-sum tax and set all tariff and consumption taxes to zero.



By appropriately summing the zero profit condition (4), the household bud-
get constraint (5) and (6), and the government budget constraint (10) or (11),
and imposing the market clearing conditions (12) and (13), we can verify that
the following trade balance holds in each period regardless of the patterns of
trade:

Cy+ K+ 0K — Y, 4 p5(Cy — Y3) = 0. (14)

3 Free trade

3.1 Equilibrium dynamics

In free trade with p; = 1 and po = p3, Eq. (4) determines the equilibrium values
of r and v, which in turn determine input coefficients. Eq. (4) also implies that
r and v must satisfy:

r = (am2 — am1ps)/a,

v = (aK1P§ - aK2)/a:

where a = axi1ag2 — ag1ak2. We have:

(2ol
< a1 < afg2

that is, a is positive (or negative) if and only if good 1 is more capital-
intensive (or effective-labor-intensive) than good 2. Note that the above ex-
pressions for r and v do not give the reduced-form solution for factor prices.
Rather, they simply represent the relationship between factor prices and input
coefficients satisfying Eq. (4). To ensure positive values for factor prices, we
assume that ag1/ags > (or <)1/p5 > (or <)ami/am2 when a > (or <)0.

The equilibrium quantities of output are calculated from Eqs. (12) and (13):

Y1 = (Kaps — ax2H)/a,
Y2 = (aKlH — KaHl)/a.

In view of Egs. (1) and (3), incomplete specialization requires that k; >
(or <)1/h > (or <)k when a > (or <)0.12

Substituting Cy = [¢/(qic + q2)]E,Cy = [1/(qic + g2)]E, and the above ex-
pressions for outputs into Eq. (14), and using Eq. (1) and the above relationship
between factor prices and input coefficients, we obtain:

K =(Ag— 8K — [(c+p5)/(qrc + q2)] B3 Ag = 1 + vh.

12 A5 long as k1 and ko are different, we can exogenously choose 1/h between ki and ko to
ensure incomplete specialization. This is why we allow h to be different from unity.



This equation and Eq. (8), together with the initial condition and the
transversality condition (9), constitute the dynamic system. Our system can be
combined into a single linear differential equation with respect tox = K/E : & =
(Ao—0—E)k—(c+p3)/(qrc+q2)- Since Ag > r and r—d—vg = p—(1—-6)vg > 0,
this linear differential equation has positive slope Ag — § — vg and negative
vertical intercept —(c + p3)/(qic + @2) in the (x, k)-plane. Let x* denote the
steady-state value of k such that £ = 0. Since £ < 0 at k = 0 and 0k/Ik > 0
for all kK > 0, k™ uniquely exists with a positive value, and the dynamics of &
are globally unstable. For the economy to grow at a positive rate and to sat-
isfy the transversality condition (9), we must have x(t) = &* for all ¢ € [0, c0).
Consequently, K grows at the same constant rate as E :

ve =7k = (1/0)(r — 6 — p) = 0. (15)

3.2 Patterns of trade

Our present task is to examine how the pattern of trade is determined by p3.
Before doing this, we introduce an indicator of the trade pattern:

Lemma 1 Let y = (V) — K — 0K) /Y5 denote the relative supply of good 1 to
good 2 for consumption, and note that ¢ = C1/C> is the relative consumption
demand for good 1 to good 2. The economy exports (or imports) good 1 and
imports (or exports) good 2 if and only if y > (or <)c. No trade occurs if and

only if y = c.

Proof. Making use of the trade balance (14) to eliminate ¥; — K — K from
y, we obtain y —c = [(c+p3)/Y2](C2—Y3). This implies that y > (or <)c & Cqy >
(or <)Y3. Remembering Eq. (14) again, we obtain Cy > (or <)Y; & C; + K +
0K < (or >)Y;. Needless to say, wehavey = c < Cy = Yo & () +K+0K =Y;.
]

Since we know from Eq. (7) that ¢ is positive and monotonically increasing
in p3, we next see the properties of y. The steps of reasoning are similar to
Jones (1965), except that investment enters y. Totally differentiating Eq. (4)
and applying Shephard’s lemma, we have 0 = ax1dr+amidv and dps = agodr+
agzdv. From these equations, we obtain:

dr = —(am /a)dps,
dv = (a1 /a)dp}.
This indicates the Stolper-Samuelson theorem: a rise in the producer price
of a good raises (or lowers) the price of the factor which is used more (or less)

intensively in the good. Eq. (15) and the Stolper-Samuelson relations imply
that:

dvo = vdp3; o = —(1/0)am /a.



The sign of the growth effect of producer price changes depends solely on
factor intensity ranking: vy > (or <)0 < a < (or >)0. As we will see, this will
open the possibility that trade liberalization does not necessarily boost economic
growth.

From Egs. (2) and (3), the changes in input coefficients are given by:

darj = —(amjax;0;/c;)|(r/v)dv — dr],
dagj = (v/r)(amjar;jo;/c;)l(r/v)dv — dr],
where ¢; = dlnk;/dIn(v/r)(> 0) is the elasticity of substitution between
inputs in sector j. Totally differentiating the factor market clearing conditions
(12) and (13), substituting dag; and dag; from the above equations into them,

and remembering that K and hence H are predetermined in each period, we
obtain:

dYy = =[Cea/(ar)][(r/v)dv — dr], (16)
dYs = [Cer/(ar)][(r/v)dv — dr]; (17)

¢ =Yiamari01/c1 + Yaoamaar202/c2 > 0.

From the Stolper-Samuelson relations, we have (r/v)dv — dr = [¢1 /(av)]dps.
Substituting this expression into Eqs. (16) and (17), and using Eq. (4), we
obtain:

dYy = —[(p5/(a’rv)]dps,
4s = [¢/(a*ro))dps.

Since dYi/dp; < 0 and dY3/dps; > 0, we can define the range of p3 for
incomplete specialization: p3 € (1)_§,p73), where p3 and p; satisfies limy; s Yo =

0 and limy; 5 Y1 = 0, respectively.
Finally, let us see the relationship between y = (Y7 — K- 0K)/Y> and p3.

The first derivative is calculated as:

dy/dp; = (1/Y>2)(dY1/dp; — Kdyo/dp; — ydYs /dps).

We get the normal sign dy/dp} < 0 if either good 2 is more capital-intensive
or the elasticity of intertemporal substitution is not too large. As for the values
of y at the two boundaries, we have lim;_,,» y = oo and lim,; ,5; y < 0, since

limpgﬁps (Yi — K — (SK) > 013 and hmp;H];; (Yl - K - (SK) = llmpgﬁﬁé (—’)/UK —
0K) < 0.

The following proposition shows how the pattern of trade is determined by
*

b -
13Since k = k* > 0, we have E > 0 and hence C; > 0 for all j. In view of Eq. (14), as
p3 — p3, this can be possible only if lim,x _, (Y1 — K —6K) > 0.




Proposition 1 Assume that dy/dp; < 0. There exists a unique p§ € (p3,P3)
such that no trade occurs. The economy exports (or imports) good 1 and imports

(or exports) good 2 if and only if p; € (p3,ps)(or, p; € (p3,P3)).

Proof. We have dy/dp; < 0, lim,; —ps Y = 00, and limp; 5 y < 0, whereas ¢
is positive, finite, and increasing in p3. Since d(y—c)/dps < 0, limps ,ps y—c > 0,
and lim,; 3 y — ¢ < 0, there exists a unique p§ € (p3,p5) such that y — ¢ = 0.
From d(y — ¢)/dp3 < 0, we have y — ¢ > 0 for p5 € (p3,p3), and y — ¢ < 0 for
p5 € (p$,P5). These results combined with Lemma 1 imply the proposition. m

4 Tariff and tax reform

4.1 The economy importing the consumption good

Suppose that p5 € (p3,p3) and hence the economy imports good 2 in free trade,
and assume that 7o is sufficiently low that the pattern of trade should always
be preserved. From Eq. (4), we have:

r=lags —am(py + 72)]/a,
v = [ag1(ps + T2) — ak2]/a.

Substituting C; = [¢/(qic+ ¢2)]E, C2 = [1/(q1c+ g2)]E, and the expressions
for outputs that appeared in section 3.1 into Eq. (14), and using Eq. (1) and
the above relationship between factor prices and input coefficients, we obtain:

K= (Ao — 0K — [(c+ p5)/(qic + @2)|E; Ay = r + vh — o(ak1h — am)/a.

Tt can be easily verified that this equation is equivalent to Egs. (5) and (10).
To obtain the standard no-transition property as in section 3.1, we assume
that:

As —r =vh —n(ag1h —am)/a > 0. (18)
Then from Egs. (8), (9), and the above expression for K, we obtain:

e =7k = (1/0)(r — 6 — p) = 72(72), (19)
where the dependence of 7 on 75 through Eq. (4) is taken into account.
Substituting Eq. (19) back into the expression for K, we have Cy + p5Cy =
(A2 — § — v2) K. From this equation and Eq. (7), C2,C1, and C are solved as
Co=[1/(c+p3)l(A2 = 6 = 72) K, C1 = [¢/(c+ p3)](A2 — 6 — 72) K, and:
141f this assumption were not satisfied, we might have stable dynamics with respect to
k = K/E. In that case, transitional dynamics would be indeterminate: the economy would
converge to the steady state regardless of the initial value of E. Because our present focus is

on tariff and tax reform in a deterministic environment, we assume away the possibility of
indeterminacy.

10



C=0CV(e1) =[V(e,1)/(c+py)l(A2 = 0 — 712) K. (20)

Since all growing variables grow at the same rate v2, we have T'(t) = T(O) exp(ygt).
Substituting this into the present value of government revenue G = fo t) exp(—(r—
d)t)dt,*® we obtain:

Gy =T(0)/(r =0 =) =T(0)/[p— (1 =)

Noting from Eq. (20) that C(t) = C(0) exp(v2t), the utility of the represen-
tative household is rewritten as:

Uy = [1/(1 = 0){C(0)*°/[p — (1 — 6)y2] — 1/p}.
We examine how changes in 75, t2, and t; affect vo, Go, and Us. First, from
Eq. (4), we obtain the Stolper-Samuelson relations:

dr = —(ay1/a)drs,
dv = (a1 /a)drs.

Form these relations and Eq. (19), the growth effect is expressed as:

dyy = yydrasyy = —(1/0)am /a.

Trade liberalization raises (or lowers) the growth rate (i.e., dvys /dm < (or >
)0) if and only if @ > (or <)0, that is, the import sector is more effective-labor-
intensive (or capital-intensive), because trade liberalization lowers the price of
the factor that is used more intensively in the imported good and raises the
price of the other factor. When the import sector is more capital-intensive,
the prediction of our model is opposite to the conventional wisdom about the
growth-enhancing effect of trade liberalization (e.g., Lee, 1993; Greenaway et
al., 2002).

The amount of change in the present value of government revenue is given
by (see Appendix A for derivation):

G = [yadts + o (drs + dts) + wrdrs]/[p — (1 — B)7a]; (21)
X2 = C1(0){1 — oc[1/(c+ p3)l(tips — 2 — t2) /(1 + t1)},
¢2 = C2(0){1 — oclc/(c+ p3)|(T2 + ta — t1p3) [ (p3 + T2 + t2) ]},
wy = —Y3(0) — 72¢(0)/ (a*rv)
—[(tic + 72 + t2) /(e + P3)][C(0) 72/ (a®rv) + K (0)75] + Ga(1 — 6)7s,

)
where 0. = —dlInc/dIn(q1/¢q2)(> 0) is the elasticity of substitution in con-
sumption. In the numerator of the right-hand side of Eq. (21), x2 shows

15 This expressmn appears in the intertemporal budget constraint [ E(t)exp(—(r —
St)dt = K(0) + v f;° H(t) exp(—(r — §)t)dt + G2, which is equivalent to the flow budget
constraint (5) and the transversality condition (9).

11



the change in initial government revenue caused by the change in the con-
sumption tax on the exported good. A rise in ¢; directly increases T'(0),
and indirectly changes it through the substitution of good 2 for good 1. If
t1 > (or <)(m+1t2)/p5 < (14 t1)/(p5 + 7T + t2) > (or <)1/p3, that is, con-
sumption of good 1 is more (or less) distorted than good 2 at the pre-reform equi-
librium, then the consumption substitution effect works to decrease (or increase)
T(0). Next, ¢ represents the effect of the change in 75 + ¢, the total tax burden
rate on consumption of the imported good, on initial government revenue. This
revenue change also occurs through direct and consumption substitution effects.
Finally, w» indicates the change in the present value of government revenue be-
cause of the change in the tariff, with the consumer prices unchanged. In the
definition of wo, the first and the second terms express the change in —72Y5(0),
which reflects the difference in tax bases between 7 and t3. The third term
shows the change in initial government revenue caused by the change in the
income for consumption C;(0) + p5Ca(0) = Y3 (0) + p5Ya(0) — K(0) — 6K (0).
The latter change occurs because both GDP, evaluated at world prices, and
investment change. The fourth term represents the effect of the change in the
growth rate on the denominator of Go = T'(0)/[p— (1 —6)72]. Note that the signs
of xa, ¢2, and wy are generally ambiguous. In the absence of the growth effect
(i.e., 74 = 0),ws would be negative as in static models (e.g., Hatzipanayotou
et al., 1994; Keen and Ligthart, 2002). In fact, however, ws can be positive if
v, < 0 and 6 > 1.16 We can only say that either yo or ¢ is positive. This is
because raising the tax on consumption of the previously less distorted good
unambiguously increases initial government revenue.
The welfare effect is calculated as (see Appendix A for derivation):

0(0)176 [ ( dry + dty dty > ]
v, = =L |y - 4 (Zo+To)dm | (22
2 p—(1—0)72 2 p§+7’2+t2 1+t1 ( 2 2) 2 ( )
> <
to — pat t
Sy = —0.fs C*T2*+2 poti ) _ 0@@-&2 = Y
c+p5 p3+ T2+t < D> >
0
ZQE C( )T2 <0,

~a?rv(Ay — 0 — 72) K (0)

o= ekl {2 Jooa{ S o

where B2 = Va(e,1)/V(c,1)(€ (0,1)) is the elasticity of the consumption
index with respect to consumption of good 2. In the brackets of Eq. (22), the
first term stands for the change in the initial consumption index coming from
the consumption substitution effect. If (72 + t2)/p5 > (or <)t;, that is, con-
sumption of good 2 is more (or less) distorted than good 1 at the pre-reform

16 There is a lot of empirical evidence (e.g., Hall, 1988; Hahm, 1998; Ogaki and Reinhart,
1998) that the elasticity of intertemporal substitution is significantly below unity, that is,
0> 1.
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equilibrium, then a rise in 75 + ¢ relative to ¢; enlarges (or narrows) the con-
sumption distortion, bringing about a welfare loss (or gain). Next, Z, indicates
the effect of the change in the production allocation on the initial consumption
index. Trade liberalization increases GDP evaluated at world prices, which in
turn raises welfare. Finally, I's shows the change in welfare caused by the change
in the growth rate. A rise in the growth rate raises welfare by increasing future
consumption, but it lowers welfare by decreasing present consumption. As long
as the regularity condition (18) is assumed, the former always outweighs the
latter.

Having examined the properties of 75, G2, and Us with respect to 7o, t2, and
t1, we characterize tariff and tax reform that aims to improve all three of our
policy objectives. Let us first consider the case that the import sector is more
effective-labor-intensive so that trade liberalization raises the growth rate, that
is, 74 < 0. We consider the following reform strategy:

(R3)
1. (T2 +t2)/p§ >ty

(a) wa < 0:dm <0,drs +dts =0,dty > 0;
(b) we >0:dmr <0,dry +dts =0,dty > _(WQ/XQ)dTQ.

2. (T2 +t2)/p§ <ty:

(a) w2 <0:dm <0,dty =0,drs + dts > 0;
(b) Wo > 0: dT2 < O,dtl = O,dTQ + dt2 > _(WQ/¢2)dT2.

Case 1 represents the situation where consumption of the imported good is
more distorted, whereas case 2 describes the state where the imported good has
a lower total tax burden rate on consumption. In case 1. (a), consumer-price-
neutral tariff and tax reform for trade liberalization (i.e., dra < 0,d71 + dts =
0,dt; = 0) is as effective as in static models (e.g., Hatzipanayotou et al., 1994;
Keen and Ligthart, 2002). It increases the present value of government revenue
because wy < 0. The reform also raises welfare by raising the growth rate and
improving the production allocation. In case 1. (b), the consumer-price-neutral
tariff and tax reform would still raise both the growth rate and welfare, but fail
to keep the present value of government revenue from falling. Which further tax
instruments should we use to increase government revenue? It is appropriate
to raise t;, the consumption tax on the less distorted good, by more than the
revenue-neutral size of change, since this also raises welfare by decreasing the
consumption distortion. Case 2. (a) and case 2. (b) are similar to case 1. (a)
and case 1. (b), respectively, except that 7 + t» rather than #; should be raised.

If the import sector is more capital-intensive so that raising the tariff raises
the growth rate, that is, 75 > 0, then T's and Z, have opposite signs. This
implies that the welfare effect of consumer-price-neutral tariff and tax reform
against trade liberalization (i.e., dra > 0,drs + dta = 0,dt; = 0) is ambiguous.
In this situation, we revise our reform strategy as follows:

(R3)
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1. (T2 +t2)/p§ > 1

(a) wa < 0 :dry > 0,dm + dty = 0,dt; > max{—(w2/x2)dm, (1 +
t1)(Z2/X2)drs };
(b) wo >0:dr >0,dry + dts =0,dty > (1 +t1)(Z2/Zg)d7‘2.

2. (T2 +t2)/p§ <1t :

(a) wo < 0:dmy > O,dtl = 0,d7’2 +dty > max{—(w2/¢2)d72, —(p; + 79 +
t2)(Z2/X2)dr2 };
(b) we >0:dmr >0,dt; =0,drs + dts > —(p; + 7 + tQ)(ZQ/ZQ)dTQ.

Let us first look at case 1. (b), in which the consumer-price-neutral tariff
and tax reform against trade liberalization would increase the present value
of government revenue. To compensate for the welfare loss resulting from the
worsened production allocation, the government should raise the consumption
tax on the less distorted good by the amount satisfying that Xo[—dt; /(1+%1)] +
Zydry > 0. In case 1. (a), raising the consumption tax on the less distorted
good has to take another role in increasing government revenue. This can be
done by letting dt; satisfy that xadt; + wadme > 0. Case 2. (a) and case 2. (b)
are similar to case 1. (a) and case 1. (b), respectively.

4.2 The economy importing the capital good

When the economy imports good 1, the analysis proceeds in a similar way to
the case in which the economy imports good 2. From Egs. (1), (4), and (14),
we obtain:

K = (A =0)K~[(c+p3)/ (@1 c+a2)| B; A1 = [r+oh+mps(axih—am)/a]/(14+7).

Note that 4; —r/(1+ 1) = [vh+ ips(ax1h —am1)/a]/(1 + 1) is positive
since (ax1h—apg1)/a = Y2/ K is positive as long as the economy is incompletely
specialized. The steady-state growth rate is given by:

e =79k = (1/0)r/(L+7) =0 —p] =v(n). (23)

The present value of government revenue Gy = [~ T'(t) exp(—[r/(1 + 1) —
0]t)dt and welfare are rewritten as:

G =T(0)/[r/(L+7) =6 =—n]=T0)/[p— (1 —-0)ml,
U =[1/(1 = 0{CO) " /lp— (1 = 6)m] - 1/p}.

Making use of Eqgs. (4) and (23), the growth effect of trade liberalization is
expressed as:
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dy1 = yidri;v, = (1/8)amps/[(1 + m1)’al.

It has been confirmed that trade liberalization raises (or lowers) the growth
rate if and only if the import sector is more effective-labor-intensive (or capital-
intensive): a < (or >)0 in the present case.'”

In a similar way to Appendix A, the changes in G; and U; are derived as:

dGy = [xadts + ¢1(dry + dt1) + widn]/[p — (1 = O)n]; (24)
x1 = Co(0){1 — acfe/(c+ p3)l[t2 — (11 + t1)p3]/(p3 + t2) },
¢1 = C1(0){1 = oc[1/(c+ p3)][(m1 + t1)ps — t2]/(1 + 7 + 1)},
w1 = 11K (0) + K (0) = Y1 (0) + 1 [K(0)y; — ¢(0)p5°/ (a*rv)]
—{[(r1 + t1)e + ta]/ (c + P5)}P52C(0)m1 / (aPrv) + K (0)v;] + Gr (1 = 6)1,

C(0)t—¢ [ ( dr + ditq dts > ]
Uy = ————— - + (Z1 +Ty)dn | ; 25
o= | TP\t ph i (Z1 4 Ty)dn (25)
> <
1 t)ps —t t
21 = _Ucﬂl " (Tl + 1)p2 2 = 0& 1+t = —i,
c+py 1+m+t < > | P2

_ p5*¢(0)m
a’rv(A; — 5 — 1)K (0)

_ nloh+npslaxih —am)/al/(1+ 1) [ > J >

b= [p— (1 —=0)m](A1 —6 —m) {<}0<:> {<}0’

where 81 = Vi(e,1)¢/V (e, 1) € (0,1). Egs. (24) and (25) are similar to Eqgs.
(21) and (22), respectively, except that investment adds to the tax base of the
tariff, making the case of positive w; more likely.

Let (R7) (or (R])) denote the reform strategy corresponding to the case
where the import sector is more effective-labor-intensive (or capital-intensive).
They are designed as follows:

(Ry)

1.+t > t2/p§ :

ZlE <0,

(a) w1 <0:dmn <0,dr +dt; =0,dts > 0;
(b) wy >0:dn <0,dr +dty =0,dts > —(wl/X1)dﬁ.

2.+t < t2/p; :

170One may wonder if the rate of return to capital r/(1 4+ 71) — & could rise with trade
liberalization even when a > 0 because not only r but also 1 4+ 71 fall. However, from the
Stolper-Samuelson theorem, the rate of fall in r necessarily outweighs that of 1 + 71, so the
rate of return to capital always falls with trade liberalization when a > 0.
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(a) w1 < 0 . dT1 < O,dtg :O,dT1 +dt1 Z 0,
(b) wy >0:dn <0,dty =0,dr + dty > —(w1/¢1)d71.

(RY)
1. m+tH >t2/p; :

(a) wi < 0 :dm > 0,dny +dty = 0,dty > max{—(w1/x1)dr1, (p3 +
t2)(Z1/%1)dm };
(b) wy >0:dr >0,dr +dty =0,dts > (p; +t2)(Z1/21)d7'1.

2.+t < t2/p; :

(a) wy < 0:dr > 0,dty = 0,dry + dt; > max{—(w1/¢1)d71,—(1 + 71 +
t1)(Z1/E1)dm };
(b) wy >0:dr >0,dts =0,dr + dty > —(1 + 71 +t1)(Z1/Zl)dT1.

It is easily verified that (R;) and (R]) have qualitatively the same effects
as (Ry) and (RJ), respectively. The following propositions summarize our
results:

Proposition 2 Suppose that the economy imports good j(j = lor2), and that
the import sector j is more effective-labor-intensive. Then tariff and tazx reform
for trade liberalization specified as (RJ_) raises the growth rate, the present value
of government revenue, and welfare.

Proposition 3 Suppose that the economy imports good j(j = lor2), and that
the import sector j is more capital-intensive. Then tariff and tax reform against
trade liberalization specified as (Rj') raises the growth rate, the present value
of government revenue, and welfare.

As we can see from our reform strategies, it is the consumption tax on the
less distorted good that enables us to design growth-, revenue-, and welfare-
enhancing tariff and tax reform. This is because raising the tax does not pose
a trade-off between revenue and welfare.

5 Discussions

5.1 Revenue-neutral tariff and tax reform

The most popular reform strategy in the literature is revenue-neutral tariff and
tax reform, because we can focus on the pure effects of tariff and tax changes
by fixing the government size. This reform strategy was first proposed by Hatta
(1986) in the context of consumption tax reform in a multi-good closed economy,
and then extended by Michael et al. (1993) to study integrated tariff and tax
reform. Their main message was that changing the total tax burden rates toward
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uniformity would raise welfare.'® Let us examine in our model whether revenue-
neutral tariff and tax reform raises growth and welfare at the same time.

Suppose that the economy imports good 2, so that the revenue and the
welfare effects are given by Egs. (21) and (22), respectively. Assume, in line
with Hatta (1986) and Michael et al. (1993), that raising independently any
of tariff and taxes increases government revenue: 9Ga2/079 > 0 < ¢ + woy >
0,0G2/0t; > 0 < x2 > 0, and 0G5 /0t2 > 0 < ¢ > 0. Consider first the case
that 74 < 0. Then lowering 7 raises the growth rate, but decreases government
revenue. Which consumption tax should we raise to keep government revenue?
When (12 + t2)/p3 > t1, that is, consumption of the imported good is more dis-
torted at the pre-reform equilibrium, we should raise ¢; to attain more uniform
tariff and tax structure. The exact amount of change in ¢; for revenue neutrality
is calculated from Eq. (21) as dt; = —[(¢2 +w2)/x2]dm> > 0. It is easily checked
from Eq. (22) that this reform strategy unambiguously raises welfare. On the
other hand, when (12 + t2)/p3 < t1, that is, consumption of the imported good
is less distorted at the pre-reform equilibrium, it appears that we should raise ¢,
by dto = —[(¢2 + wa)/P2]dr2 > 0 toward uniformity. However, this is equivalent
to dro + dts = —(wa/pa)dT, which is negative if and only if wy is negative. In
this case, therefore, revenue-neutral tariff and tax reform partly lowers welfare
by enlarging the consumption distortion.

The possibility of welfare loss from revenue-neutral tariff and tax reform is
due to the violation of the sufficient condition of Michael et al. (1993, Propo-
sition 2). In Michael et al. (1993, Proposition 2), lowering a tariff on good n
and raising a consumption tax on good ¢ raises welfare under revenue neutrality
if, in addition to substitutability and revenue increasingness, the tariff rate and
the total tax burden rate on good n are the highest, and the total tax burden
rate on good i is the lowest. When the economy imports good 2 in our model,
the case that 5 < 0 and (72 +12)/p3 < t1 cannot satisfy the sufficient condition.

Note that our reform strategy (R, ) avoids the possible welfare loss arising
from revenue-neutral tariff and tax reform. In case 2. (a) of (R ), afall in 7 is
followed by an offsetting or outweighing rise in t5. This makes more government
revenue than before without enlarging the consumption distortion.

5.2 Zero consumption taxes

We next consider a special case where consumption taxes are zero. Since
the tariff on the imported good is the only source of policy-imposed distor-
tions, consumption of the imported good is more distorted, implying that ¥;
is negative. When the economy imports good 2, Eq. (22) yields dUs/dm =
{C(0)0/[p— (1= 0)72]}[Z2/ (P + T2) + Z2 + T2]. If 44 is either negative or zero

18This message was based on the literature on piecemeal policy recommendations without
revenue constraint. Hatta (1977a) showed that lowering the highest (or raising the lowest)
consumption tax raised welfare in a closed economy if the good under reform was substitutable
for all other goods. In a small open economy and with similar substitutability assumptions,
Hatta (1977b) and Fukushima (1979) revealed that lowering the highest (or raising the lowest)
tariff raised welfare.
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(i.e., no growth effect), then trade liberalization raises welfare as in static liter-
ature on tariff reform (e.g., Hatta, 1977b; Fukushima, 1979). If ~} is positive,
however, then the welfare effect of trade liberalization is ambiguous. In other
words, changes in 75 alone cannot ensure the welfare gain.

The last case highlights the importance of the availability of consumption
taxes. Case 1 of (RJ) reveals that, if we have the consumption taxes on the
two goods and change them appropriately, then we can make up for the welfare
losses from the worsened consumption and production allocations due to an
independent rise in 7» for growth enhancement.

5.3 Two-ness

Our two-good, two-factor framework simplifies our analysis mainly in two ways.
First, the two goods are necessarily substitutable in both consumption and pro-
duction. Second, the factor returns, and hence the growth rate, are governed by
the Stolper-Samuelson theorem. Will our policy recommendations be preserved
for the multi-good framework, which is common in the static literature?

The answer will be basically Yes. First, as Hatta (1986) and Michael et
al. (1993) showed, raising the consumption tax on the good with the lowest
total tax burden rate raises welfare if the good is a substitute for the compound
good consisting of all other goods.!® Therefore, as long as this concept of
substitutability is assumed, the consumption tax on the least distorted good can
still be used for the welfare- and revenue-raising device. Second, it is true that
the tariff-growth linkage depends solely on factor intensity ranking only in the
two-by-two framework. Clearly a different structure of the model would lead to a
different tariff-growth relationship. However, our pair of reform strategies (R;)
and (Rj') suggests that we can design tariff and tax reform for all patterns of the
growth effect. Generally speaking, all we have to do will be take consumer-price-
neutral tariff and tax reform in the growth-enhancing direction and additionally
raise the consumption tax on the least distorted good to compensate for the
possible revenue and welfare losses.

6 Concluding remarks

Our model has some policy implications. First, trade liberalization may or
may not accelerate economic growth, depending on factor intensity ranking.
Rodriguez and Rodrik (2001) found that the hypothesis that trade barriers neg-
atively affect economic growth was not empirically robust, and suggested that
future research should identify contingent relationships between trade barriers
and economic growth. This paper provides an answer to their research program.
Second, whether or not trade liberalization accelerates economic growth, we can
recommend tariff and tax reform that simultaneously improves growth, revenue,

191f a good is a substitute for all other goods, then it is a substitute for the compound good,
but not vice versa. Hence, the latter concept of substitutability is weaker than the former.
See Hatta (1986) for the definition of the substitutability for the compound good.
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and welfare. Note that a rise in the growth rate and the resulting productivity
increase through learning-by-doing and intersectoral knowledge spillovers are
prerequisites for a win-win-win outcome. This aspect is analogous to Diewert et
al. (1989), in which the existence of a productivity-improving change in tariffs is
necessary for a subsequent Pareto-improving change in consumption taxes in a
multi-household small open economy. This paper complements the static litera-
ture on tariff and tax reform by showing that appropriately designed tariff and
tax reform raises welfare and government revenue without sacrificing economic
growth.

We can suggest some directions for future research. First, although we as-
sume away indeterminacy of transitional dynamics throughout this paper, vi-
olation of Eq. (18) might cause indeterminacy as Drugeon et al. (2003) and
Goenka and Poulsen (2005) analyzed. It will be nice to examine in such an envi-
ronment what kind of tariff and tax reform can eliminate indeterminacy without
harming economic growth. Second, since our two-good model allows for only
one import tariff, we have not examined the effects of a radial reduction in tariffs
combined with a radial increase in consumption taxes as Hatzipanayotou et al.
(1994) and Keen and Ligthart (2002) did in multi-good economies. Extending
our model to a multi-good one will provide an appropriate framework for ana-
lyzing this issue in a dynamic context. Third, it will be interesting to combine
tariff reform with domestic tax instruments other than consumption taxes. For
example, Turunen-Red and Woodland (2004) showed in a multi-country model
with transboundary pollution that multilateral tariff and environmental tax re-
form can be Pareto-improving. By incorporating pollution and environmental
taxes into our model, we may obtain richer policy implications.
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Appendix A. Revenue and welfare effects of tariff
and tax changes
When the economy imports good 2, we have (r/v)dv — dr = [¢1/(av)]dry from

the Stolper-Samuelson relations. Substituting this expression into Egs. (16)
and (17), and using Eq. (4), we obtain:

=
\[:D/I—\

dYy = —[C(p5 + 72)/(a°rv)]drs, (
dYy = [¢/(a*rv)]drs. (
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From Eqs. (7), (14), (A.1), and (A.2), changes in consumption are given by:

dCy = 0.[C1/(c+ p3)][dt1 /(1 +t1) — (dr2 + dt2)/(p3 + T2 + t2)]

= {¢a/[(c + p3)a’rv]}drs — [Kvz/(c + p3)ldm, (A-3)
dCy = —ac[Cipy /(e + pa)lldty /(1 + t1) = (dra + dis) [ (p + 72 + 12)]
= {c¢r2/[(c + p3)a*rvl}drs — [cKyy/(c + p3)ldre, (A.4)

where 0. = —dInc/d1In(q1/g2). Totally differentiating Eq. (10), and substi-
tuting Egs. (A.2), (A.3), (A.4) into it, we obtain:

dT(0) = xadt; + ¢o(dms + dt2) + Yadrs;
x2 = C1(0){1 —ac[1/(c+ p3)l(tip; — 72 — t2) /(1 + t1)},
¢2 = C2(0){1 — acle/(c+ p)|(72 + t2 — t1p3) / (P3 + T2 + 12) },
o = =Y5(0) — 72¢(0)/(a®rv) — [(tic + T2 + t2) /(¢ + p3)][C(0) 72/ (a®rv) + K (0)7]-

Totally differentiating Go = T(0)/[p — (1 — 8)72], we have dG2 = [dT(0) +
G2(1 — §)v4drs]/[p — (1 — 6)v2]. Substituting dT'(0) from the above result into
this expression, we obtain Eq. (21).

As for the welfare effect, totally differentiating Us = [1/(1—8)]{C(0)*~%/[p—
(1=6)3] 1/ p}, we have dUs = {C(0) /[p—(1—8)2] HAC(0)/C(0)+ {4/l
(1—6)v2]}dm}. To obtain dC(0)/C(0), we totally differentiate the consumption
index function to have dC'(0) = V4 (C1(0), C2(0))dC1 (0)+V2(C4(0), C2(0))dC2(0) =
Vi(e, 1)dCq(0) + Va(e, 1)dC2(0), where V;(C1(0), C2(0)) = Vj(c, 1) by linear ho-
mogeneity of V(-). Substituting Eqgs. (A.3) and (A.4) into this expression,
using the first-order condition Vj(¢,1)/Va(e,1) = q1/g2 and Euler’s formula
Vie,1) = Vi(e,1)e + Va(e, 1), and dividing the resulting equation by Eq. (20),
we obtain:

dC(0)/C(0) = —{ocfale/(c + pa)l(12 + b2 = pat1) /(P2 + 72 + 12) }
X [(dry + dbz) /(p5 + T2 + t2) — di1 /(1 + t1)]
— {¢(0)2/[a’rv(A2 — & — 1) K (0)]}drs — [13/ (A2 — &6 — y2)]dms,
where 3 = Va(c,1)/V (e, 1). Substituting this into the expression for dUs,
and making use of Eq. (18), we obtain Eq. (22).

When the economy imports good 1, we take the same steps of derivation as
above to obtain Eqs. (24) and (25).
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