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1. Introduction

International trade economists have typically argued that an open trade regime is very important for
economic development. This view has been based partly on neoclassical trade theory, which generally finds that
a country improves its welfare from trade liberalization, partly on casual empirical observation that countries
which remain highly protected for long periods of time appear to suffer significantly and perhaps cumulatively,
and partly on systematic empirical work that also finds trade liberalization beneficia to welfare and growth (e.g.,
Sachs and Warner, 1995)." What has been troubling is that the numerical modeling estimates of the impact of
trade liberalization have generally found that trade liberalization increases the welfare of a country by only about
one-half to one percent of GDP, gainswhich are very small in relation to the paradigm.” For many years authors
have claimed that the welfare gains from trade liberalization would be much larger if the dynamic impact of trade
liberalization were taken into account, but heretofore no such models have been developed.”

With the development of endogenous growth theory (for example, Romer (1990), Romer and Rivera-
Batiz (1991), Grossman and Helpman (1991) and Segerstrom, Anant and Dinopoul os (1990)) a clear theoretical
link has been provided from trade liberalization to economic growth. Due to the complexity of the models,

however, the theoretical literature has necessarily focused on a comparison of the steady-state growth paths, and

DOf course, all aspects of the paradigm that trade liberalization leads to faster growth have been subject to criticism. For
example, Rodrik (1992) has devel oped models in which trade liberalization isimmiserizing, and causality has been
guestioned in the Sachs and Warner results.

DSeg, for example, de Melo and Tarr (1990; 1992; 1993); Harrison, Rutherford and Tarr (1993; 1997a; 1997b); Morkre
and Tarr (1980; 1995); and Tarr and Morkre (1984). The consistently small estimated gainsin constant returns to scale
models came to be known as “the Harberger constant.” While some estimates with increasing returns to scale models (such
as Harris, 1984) have been larger (up to 10 percent of GDP), these estimates have been more controversia, often based on
regime switching (see Harrison, Jones et al., 1993; and Harrison, Rutherford and Tarr, 1997a). In our view, the results are
less than convincing for a strong version of the paradigm.

YMoreover, we have shown, see Rutherford and Tarr (1997), that a comparative static model may be aclose
approximation to the annual welfare gains from trade liberalization in a dynamic model, if the dynamic model issimply
Ramsey based, i.e,, if thereis no endogenous growth.

Some numerical general equilibrium modelers have produced comparative “ steady state” estimates of the welfare gains
which are two to four times the comparative static estimates of their models (e.g., Harrison, Rutherford and Tarr, 1996,
1997; Francois, McDonald and Nordstom, 1996; and Baldwin, Francois and Portes, 1997). These are multi-sector
quantifications of the Baldwin (1989) *“medium term growth bonus,” which hold the rental rate on capital constant and
alow the capital stock to vary. Harrison, Rutherford and Tarr (1996; 1997a) and Rodrik (1997) have explained,
however, that these estimates overestimate the gains from trade liberalization in a Ramsey type model because they fail
to adjust for the foregone consumption cost of achieving the higher capital stock. Nonetheless, the estimates for
Hicksian equivalent variation remain less than five percent of GDP, except for the Baldwin, Francois and Portes paper;
and Rodrik (1997) has estimated that after adjusting for the foregone consumption cost of investment, the estimated
equivalent variation in the Baldwin, Francois and Porter paper would aso be less than five percent.



been based on rather aggregated models. Since two policies that achieve the same steady-state growth path could
have very different welfare conseguences, it is important to develop models that derive the dynamic adjustment
path and evaluate the welfare effect.

In this paper we develop a dynamic small open economy model defined over a 54 year horizon, from
1997 to 2050 with termina constraints which approximate an infinite horizon. There are two sectors X and Y.
The Y sector produces goods for domestic and export markets under constant returnsto scale (CRTYS). Inputs into
Y arelabor and a pure intermediate good X. The good X is produced by both foreign and domestic firms under
the large group monopolistic competition assumption and increasing returns to scale (IRTS)."

We employ the by now standard assumption that inputs of X affect the production of ¥ according to a
Dixit-Stiglitz function. This means that additional varieties of X reduce the cost of producing Y. Firmsin the
IRTS sector must incur aonce and for all fixed cost of a"blueprint” in order to introduce a new product; and
firmsalso incur afixed cost in any period in which they operate. Domestic firms use relatively morelocal inputs
and relatively lessimported inputs. Product devel opment costs are lower for foreign firms under the assumption
that in relation to the size of the domestic market thereisan infinite stock of varieties of products on international
markets; thus, their development costs represent solely the cost of adapting and introducing a product from the
international market to the domestic economy. All agents in the model, including firms in the IRTS sector,
optimize over theinfinite horizon with perfect foresight apart from unanticipated policy changes.

In our central model, the country cannot borrow on international capital markets, so that the value of
imports must be covered by exportsin each period of the model. We investigate the impact of allowing capital
flows in the sengitivity analysis.

The only tax distortion in the economy in the benchmark data set is a twenty percent tariff on imports.
We first construct a steady state growth path with which we can compare results of counterfactua experiments.
We then reduce the tariff to ten percent and compare al variablesto their vauesin the benchmark steady-state.
We construct a series of counterfactual scenarios to determine the sensitivity of the results to tax, macro and
financial policies, as well as to different tariff cuts and parameter specification. We evauate the welfare
conseguences of a change in policies, i.e., we report the Hicksian equivaent variation for the infinitely-lived

representative agent.

YOur analysis can be viewed as an extension of Ethier (1982) and Markusen (1989, 1991). Markusen investigated the
implications of the substantial trade in imported intermediate inputs using static and two period models. A previous
model of ours, Rutherford and Tarr (1996), aso employed an Ethier-Dixit-Stiglitz framework to evaluate the impact of
trade liberalization. In that paper, however, the growth rate was not affected endogenously, so the additional welfare
gains from the variety effect were derived from transitional dynamics.
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Some of our most important results are as follows. with lump sum revenue replacement,
reducing a tariff from 20% to 10% produces a welfare increase (in terms of Hicksian equivalent
variaion over the infinite horizon) of 10.7 percent of the present value of consumption in our central
model. We investigated the sensitivity of our results to all of the key parameters in the model and
found that the welfare estimates for the same tariff cuts ranged up to 37 percent with capital flows,
and down to 4.7 percent with inefficient replacement taxes. Doubling or quadrupling the size of the
tariff cuts, which would characterized the experience of many developing countries in the past 30
years, resulted in estimates of the welfare gains that were at least twice or four times, respectively,

the size of the cut. We applied the mode! to five developing countries and estimated the impact of the tariff
changes which they plan to undertake as part of their Uruguay Round commitments. Our estimated gains are
largein relation to the literature estimates of the impact of the Uruguay Round.

Our resultsillustrate the crucid importance of complementary reformsto fully redlize the potential gains
from the trade reform. Notably, with the ability to accessinternational capital markets, the gains are more than
doubled. Moreover, use of inefficient replacement taxes will significantly reduce the gains. These combined
results show that complementary macroeconomic, regulatory, and financia market reformsto alow capital flows
and efficient alternate tax collection are crucial to realize the potentially large gains from trade liberalization.

Large welfare gainsin the model arise because the economy benefits from increased varieties of foreign
X inthe short run, and increased varieties of domestic X after several years. In order to assess the importance of
variety gains, we perform the tariff reform in a constant returnsto scale, perfect competition Ramsey model; then
additiond varieties do not increase totd factor productivity. Inthis model the Harberger constant reemerges, as
welfare gains are about 0.5 percent of the present value of consumption.

We apply our model to datasets for five countries: Argentina, Brazil, Korea, Maaysiaand Thailand, and
assess the effects on these economies of the tariff changes they agreed as part of their Uruguay Round
commitments. The relatively large welfare gains that we estimate for these five countries relative to the literature
estimates of the gains from the Uruguay Round for these countries, suggest that the large welfare gains in our
stylized model are not based on implausible parameter values.

Although estimates of equivalent variation have been widely seen as too small, some may question
whether our estimates aretoo large. To put these numbers in perspective, in appendix A we have anaytically
derived the relationship between a permanent increase in the steady state growth rate and equivalent variation.
A welfare gain of between 10 and 35 percent of consumption corresponds to a permanent increase in the growth

rate of between 0.4 and 1 percent. A policy induced change in the growth rate of this magnitudeis quite plausible
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in the context of the actua long term per capita growth rates over the 25-30 year period beginning in 1962. The
highest average long term annual growth rates are for the four “East Asian tigers,” with rates over 6 percent
(Koreaat 6.7 percent isthe highest). At the other extreme there are 17 countries, largely in Africa, with negative
growth rates, three of which are less than negative 2 percent. The average per capita growth rate for developing
(developed) countries as awholeis 1.6 (2.9) percent with a standard deviation of the growth rate of 2 (1)."

Sachs and Warner (1995) maintain that thislarge range and standard deviation of the growth rates across
developing countriesis explained in large part by trade liberalization. Based on cross-country growth regressions,
they estimate that open economies have grown about 2.45 percent faster than closed economies, with even greater
differences for open versus closed economies among developing countries. They note that trade liberdizationis
often accompanied by macro stabilization and other market reforms, and their open economy variable can be
picking up these other effects aswell.” But they argue that trade liberalization isthe sine qua non of the overall
reform process, because other interventions such as state subsidies often are unsustainable in an open economy.
While, like Sachsand Warner, our results show that trade liberalization can have an important impact on growth,
we aso find that the benefits of trade liberalization can be dissipated without complementary reforms in the
macroeconomic, financial and tax areas.

These econometric estimates suggest that our estimate of equivaent variation, which correspondsin our
central model to a growth rate change of 0.4 percent, may still be too small. But larger tariff changes than our
ten percent cut produce larger welfare gains and correspond to higher changes in the growth rates.

On the other hand, Y oung (1995) has estimated that the majority of the growth among the four East
Asian tigersis explained by factor accumulation, not increasesin total factor productivity. But even Y oung has
found that average annual total factor productivity growth was equal to 1.7 percent in South Korea, 2.1 percent
for Taiwan and 2.3 percent for Hong Kong. Only Singapore had virtually zero growth in total factor productivity

according to Young's estimates. Using Young's data,” however, but correcting for a bias in the estimation

SThese estimates are taken from Pritchett (1997), who performed the cal culations based on the Summers and Heston
(1991) data.

9Because trade policy may be endogenous, some have criticized the Sachs and Warner OL S estimates as suffering from
simultaneity bias. Ann Harrison and Dani Rodrik (1997) have provided preliminary estimates, however, that show that
the impact of trade liberalization on growth is even larger when the simultaneity bias is taken into account; in particular,
aten percent reduction in the tariff as we have simulated above, is estimated to increase the growth rate by considerably
more than our estimate of 0.3 percent. In addition, they show that the black market premium plays an equally important
role as tariff reduction. Although Sachs and Warner take the black market premium as part of their openness measure,
Harrison and Rodrik separate it and prefer to think of it asa proxy for macro stabilization.

"For Singapore, Rodriguez-Clare corrected for inconsistencies in the data.
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procedure, Rodriguez-Clare (1997) estimates that a much larger share (almost 60 percent ) of the growth among
these four countriesis due to an increase in TFP. We conclude that a detailed examination of the East ASan tigers
leaves a sufficient role for policy in explaining growth that our equivalent variation estimates are not excessive.
Since our model employs the Chamberlinian large group assumption, the markup over fixed costs
remains unchanged, so there are no rationalization gains. Thus, these calculations show that the Ethier-Dixit-
Stiglitz characterization of production, where additional varieties|owers costs, is sufficient to generate thelarge
welfare gains and increase in per-capitaincome. We have also developed a model in which there are positive
spillovers from additional foreign varieties on the costs of introducing new domestic varieties. Although the
domestic industry recovers more rapidly, the welfare gains are not significantly affected, since additional domestic
varieties come largely at the expense of foreign varieties. Since the existence of spillovers is somewhat
controversial, the robustness of our results with respect to spillovers provides support for the variety-trade
liberalization paradigm.
The remainder of this paper is organized asfollows. Section 2 outlines essential features of our model.
Section 3 presents results and sensitivity analysis with respect to model structure. The gpplication of the model
to the Uruguay Round commitments of five devel oping countriesis presented in Section 5. Section 6 concludes.
Appendix A provides further details on welfare calculations over an infinite horizon, relating changes in the
economic growth rate to infinite-horizon welfare and then show how we apply these results to approximate

infinite horizon welfare. Appendix B describes the stylized benchmark data set and model calibration.

2. Model Formulation

We consider a two sector economy. The Y sector produces exports and final goods for the domestic
market under constant returns to scale (CRTS) and perfect competition. The X sector which is composed of both
domestic and foreign firms produces intermediate goods under increasing returnsto scale (IRTS) and imperfect
competition with a Dixit-Stiglitz representation of the impact of increases in the number of products on total
factor productivity. Markups on goods in the IRTS sector are based on the Chamberlinian large group
assumption--that is, the elasticity of demand facing the representative firm is equal to the compensated elasticity
of substitution between varieties. Final demand arises from an infinitely-lived representative agent who is at the
margin indifferent between an additional unit of consumption and an additional unit of investment. In this section

we outline the key features of the model in terms of the objectives and constraints facing various agents.

2.1 Consumer Behavior

The intertemporal utility function of the infinitely lived representative consumer is the discounted sum
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of the utility of consumption over the horizon:
In this equation the parameter r controls the intertemporal elasticity of substitution” and D isthe single period

discount factor. Aggregate consumption in agiven period (Cy) is a Cobb-Douglas aggregate of consumption of

C,=CD CM 2>

domestic and imported final goods:

We assume that imported final goods cannot be produced in the home market, due to technica
limitations of the domestic final goods sector. The agent’s intertemporal and within-period consumption
decisions are weakly separable. Thus, the typical static first order condition applies on consumption decisions
within a time period, given a decision on how much to spend on consumption in any period. In the standard

manner, the intertemporal decision is based on the maximization of the utility function subject to the constraint

1
& o
maxUzgé D cpe’ emP E
¢ 4]
S.1.
e 0 -
(1+t c)gé pPep.+a pl cum, g=é wiL+P,
t t t

that the present value of consumption equals the present value of income;
In this expression, al prices are defined in present value terms, discounted to period 0 (=1997). The

right side of the constraint, which is the present value of income, includes the present value of wage income"

» Theintertemporal elasticity of substitution O+ = 1/1-[] Seetable 1 for the assumed values of  elasticitiesin different
sectors.

% Note that population is fixed over thetime horizon. Economic growth results solely from productivity improvements
due to the accumulation of varieties, and the real wage increases over time relative to the prices of domestic output and
imports.



together with profits from existing capital stocks and patents. tc is the consumption tax, discussed below. In
a steady-state equilibrium, there are no pure profits, but a ong an adjustment path moving to a new steady-state
there may be returns associated with existing capital and markups over margina cost. In other words, pure
profits and losses are only associated with current (extant) firms. All firms formed during the model horizon earn

zero economic profit.

2.2 Government Revenue and Expenditure

The government provides public goods and services at an exogenous level through the infinite horizon.
While we presume that these goods are provided because they generate net benefits for the representative
consumer, we do not formally model the impact of public provision on consumer well-being. Instead, we account
for the cost of providing public sector services through the imposition of an equal-yield constraint asserting that
any changein tariff rates must be compensated by a permanent change in one of three aternative domestic tax

instruments. The government purchases domestic fina output (GDy) and imported final output (GM,) to assure

GD¥» GM[?* =,

that agiven level of public provision is maintained, i.e.

The public sector budget constraint (which determines the replacement tax rate) is then written in present value

A (prep+p"am =& (T ()T )+ TEG ) +T (1))

terms as:

In this equation the sum on the I eft represents the cost of public expenditures, and the sum on the right represents
tax revenue from tariffs, consumption taxes, capital income taxes and final output taxes, respectively. The tariff
rates (') are exogenously specified policy variables, whereas the tax rates on consumption, capital income and

output are determined endogenously to assure that the government budget constraint is satisfied."

2.3 Sales and Production of the Final Good
Good Y is produced as differentiated products for sale in the domestic and international markets. The

19 1n any equilibrium only one of the replacement tax instruments is non-zero, depending on the scenario-specific
replacement tax option.



shares of sales at home and abroad are determined by relative prices. Thisis effectively an Armington-style
differentiation of productsin the export market. A constant elasticity of transformation (CET) function relates
the composite output level in a given period to domestic and export sales.  Firms producing the final good

maximize profit subject to the constraint:

In this equation parameters D and E are the base year (1997) levels of output to the domestic and export
markets, and hp, isthe baseline value share of domestic salesin total sales (the base year production level isscaled
to unity).

Production of the Y composite is associated with a nested production function based on inputs of labor
(L) and differentiated intermediate inputs ( x; ). Given prices of intermediate goods and labor, the aggregate

a/r

N I S Y B 3
Y=r"lax =77la x> T a x»
i=1 i=1 i=1

production sector operates so to minimize the costs of producing a given output subject to the constraint:

In thisfunction, the intermediate inputs and labor enter in a Cobb-Douglas aggregate with value shares
determined by base year demands. It is evident from the production function that we have firm level rather than
national product differentiation. Since costs of varieties can differ by foreign or domestic origin, at the second
level, within the intermediate input ( X') nest, we account for substitution between domestic and foreign varieties
according to a constant-el asticity-of-substitution aggregation. The inputs of intermediates from domestic and

foreign firms represent the effective supply of X from these firm types. The effective supply of al type ffirms

n
nf C\n Ir N
Xﬂ(éxl&) “(n )" =ne &, ST DE
i=1

is described by:
inwhich x; = x; (by Symmetry) is output of arepresentative typeffirm, y s =ny x; isthetota output from type

f firms. Holding total output from type f firms constant, effective supply from type f firms increases with
I-r 1
ng =ny-1, Which isthe "variety effect multiplier." The multiplier increases with n, and increases as s

decreasestoward 1 ( s >1). (The second equation in this expression reflects our assumption of symmetric firm
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structure.) We then may express the aggregate production function as:

Following Romer and others, we assume that the value share of X in aggregate production is related to
the elasticity of substitution between varietiesso that a = r , which implies that the elasticity itself is defined

by thevaueshareas s = I/(1-a ). Making this substitution, we have the following expression for aggregate

Y=l |* 55+ n I ) Xuitder

output:

2.4 Market Clearance Conditions

Output of the good Y supplied to the domestic market can be consumed or invested. Investment in Xp

and Xr sectors involve forgone consumption of domestic output. The market clearance for macro output sold in

D=CD,+GD,+ & |b2Bu+1i+nslas+alxs)]
fT{DF}

the domestic market is given by:
This eguation states that domestic output is purchased by households (CD, ), government (GD,) and firms. In

turn, each firm type has four sources of demand for domestic output: (i) inputs to blue-print design (b f,’ By ),
(i) inputs to physical capital formation (7 ), (iii) recurring fixed costs (nﬁaf;) and (iv) variable costs of
production (7 4 af; x5 )- Both firm types (domestic and foreign) are treated symmetrically, although we adopt

parameters reflecting a relatively larger share of domestic inputs for the domestic firm. Domestic firms are
assumed to make investments in plant and equipment, whereas foreign firms who generally import all the key

components invest solely in distribution facilities such as warehouses and transportation eguipment.

M.=CM.+ GM.+ & (bjjBﬁ*nﬁa%Xﬁ)
S {D.F}

The corresponding supply-demand balance for imported goodsis as follows:
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Thus, imports enter into final demand by consumers and government and intermediate demand by firms.

Imported inputs ( bff B ) are required to establish either adomestic or foreign firm and are also required for

the fixed costs of operation (1, aly x ).

2.5 Capital Stock Evolution

In our model, capital is firm-specific following installation, and investment rates may fall to zero asa
conseguence of unanticipated changes in policy parameters. Following a standard Solow growth model,

investment in period ¢ produces a unit of additional capita in the following year which may be used for production

Kft+1:| Kty fT {D,F}

in the future. Physical capital stock depreciates at a constant geometric rate;
whereas the number of blueprints (=number of firms) of each type are permanently in the market after they are

produced:

nywi=npt By fT {D,F}

2.6 Firms and Production Varieties

In sector X thereis a one to one correspondence between firms and product varieties. The production of
good X involves both fixed and variable costs. Variable costs include inputs of aggregate output (domestic and
imported) and capital. Fixed costs can have two components: (i) "overhead”, arecurring fixed capital cost which
isincurred in every period that the firm operates, and (ii) "setup costs', a one time research and development (or
blueprint) cost that must be incurred in order to design and market a new product. The relative importance of
blueprint and overhead costs are different for domestic and foreign firms. We assume that foreign firms sell
products which have been designed abroad, so their setup costs represent only the cost of adapting an existing
design to the domestic market. \WWe model the production of blueprints by both types of firm through the input
of domestic and imported aggregates in fixed proportion. We assume in the present model that there is no
international trade in blueprints. Hence domestic firms may not license designs but must purchase resourcesto
develop new products from scratch.

We assume that most of the costs for foreign firms selling in the domestic market are associated with

capital services and imported goods. In this setting the foreign firm'sfixed costs of production may be interpreted

-11-



as the cost of maintaining a distribution system within the country.

The moddl is deterministic and firms have perfect (point) expectations of future prices. Hence, anew
firmswill enter at time¢ if and only if there are positive net quasi-rents. This happens when the present value
of markup revenue” over marginal costsinto the future is equal to or greater than the present value of the fixed
costs of operation, including fixed operating costs (for foreign and domestic firms) and the fixed costs of product
development (for domestic firms). It ispossibleto interpret this decision using Tobin's ¢ theory (see Badwin
and Fordlid, 1996). The rate of investment in blueprints occurs to the point that the stock market value of the net
income (i.e., the present value of net surplus) equals the replacement costs, namely the margina cost of a
blueprint, since R&D is perfectly competitive.

The Dixit-Stiglitz production function for good X is perfectly symmetric with respect to domestic and
foreign firms, i.e, we have firm level product differentiation, with no brand or national preferences. Varieties of
different vintages are equally preferred but differentiated. In thisframework, all domestic firmsthat operate sell
the same quantity of output and their varieties sell for the same markup-inclusive price. Likewise all foreign
firms which operate sell the same quantity at the same price. Domestic and foreign firms enter symmetricaly in
the final goods production function so the derived demand for domestic and foreign intermediates is symmetric;
but they remain differentiated and their prices may therefore differ. Since foreign and domestic firms are treated
differently regarding their cost structures, their prices usually differ.

Furthermore, we assume that any firm producing at time ¢ produces the same quantity as al other firms
irrespective of vintage, but differing according to whether it isforeign or domestic. Thisimplies that the share
of total output produced by firms of vintage v is equal to the share of vintage v firmsin the total number of firms.
Theselife cycle assumptions impose a symmetric structure on the equilibrium which makes it possible to account
for the share of markup revenue available in any period received by firms of vintage v.

Unlike our previous mode in which we tracked the level of investment for al vintages through the model
horizon, in the present model we achieve a considerable simplification by introducing a state variable for each
firm type which tracks the present value of future markup earnings. This effectively treats the human capital
embodied in blueprint designs in the same analytic framework as is conventionally applied to physical capital
formation. The underlying logic in unchanged from the previous model — the free-entry assumption assures zero
profit over the infinite horizon, and the time path of future prices affect not only investment activity but the
decisions by firmsto enter markets and undertake product development. Optimization over the infinite horizon

applies not only to consumers and competitive firms, but also to the managers of monopolistically competitive

' This may be called "operating surplus', "operating profit" or "Ricardian surplus' by different authors.
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firms.

Our model is one of asmall open economy. In particular, we assume that the small open economy has
only anegligible impact on the number of varieties available on world markets, and the cost of blueprints for
foreign firms. In general, we observe that there are many more varieties of products available on world markets
than are available in the small open economies. Accordingly, we assume that the decision facing foreign firms
is how many of the products for which blueprints aready exist can be profitably introduced in the local economy.

The cost of the blueprint is a much smaller component of the cost of production for foreign firms than for
domestic firms -- and alarger fraction of the fixed costs of operation are associated with recurring fixed costs
of selling in the domestic market.

In the next section we investigate the properties of our model using numerical methods in which we
calibrate coefficients of utility and production functionsto areference growth path. 1n the resultsthat follow, we
have assumed baseline data corresponding to table 1. These input parameters are reconciled to produce the
benchmark social accounts shown in table 2. For details on the trandation of input data to model parameters,

see Appendix B.

3. Model Results

We consider a 54 year model horizon, defined over the years 1997-2050. Initially there is only one
distortion in the economy: atwenty percent tariff on imports of both good X, the pure intermediate good produced
under IRTS and monopolistic competition, aswell as the fina good, produced under CRTS. In order to establish
apoint of reference we calibrate amodel to a"benchmark™ steady-state equilibrium. In our central counterfactua
scenarios, we reduce the tariff from 20% to 10% on an ad valorem (net) basis and compare the resultsin all
scenarios to the benchmark steady-state equilibrium with the initial tariff in place. Unless otherwise indicated,
all key variables are reported as a percentage of their values in the benchmark steady-state equilibrium.

In table 3 we present six model variants or scenarios. In our central model, we assume there are no
spillovers from the entry of foreign firms and that the lost tariff revenue is replaced by a lump sum tax on
consumption. In our second model, we alow for spillover effects of the entry of foreign firms which reduce the
costs of developing blueprints by domestic firms. In the third model, we assume all sectors operate under
constant returnsto scale and perfect competition; then there is no productivity boost inthe Y sector as aresult
of additional varieties of the X good.

In al of our models we impose an “equal yield constraint” regarding government revenue. Unless
otherwise stated, the reduction in tariff revenue if offset by a consumption tax. Given the absence of a labor-

leisure choice, thisis equivalent to alump sum tax. We examine the impact of employing afina output tax or
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atax on capita as the replacement tax in the fourth and fifth models presented in table 3.

In our central model and unless otherwise stated, we assume that the country has difficulty accessing
international capital markets. This may be because it has imposed restrictions on financial flows, or because
macroeconomic conditions in the country are such that it can not attract international investors. We take a polar
version of this assumption and assume that the country faces a balance of trade constraint in each period, i.e.,

the value of its exports must equal the value of itsimports (both aworld prices) in each period. We relax this

congtraint in the sixth model, where we alow the home country to borrow on international capital markets
provided any borrowing is repaid within the model horizon. Then, the present value of exports must equal the
present value of imports over the model horizon.

In al scenarios we present the Hicksian equivalent variation (EV). The EV isbased on the intertemporal
utility function optimized over the 54 year model horizon, with an approximation for the infinite horizon. We
present EV in percentage terms, where the denominator is the present value of benchmark consumption over the
infinite horizon. In the figures, we present the 54 year time path for key variablesin percentage change relative
to the steady-state. The variables we report are asfollows: Figure 1. Final Consumption, composite of domestic
and imported final goods; Figure 2: Real Exchange Rate; Figure 3. Rental Rate on Capital; Figure 4 and 5:
Number of Domestic and Foreign Firms, respectively; Figure 6: Consumption Paths for Alternate Replacement

Taxes.

3.1 Tariff Reduction with Central Assumptions

Wefirst consider the scenario in which we cut al tariffs from 20% to 10%. In this scenario, Hicksian
equivalent variation (EV) increases by 10.7 percent of the present value of consumption over the infinite horizon.

Wheat isdriving these results is the following. The removal of the tariff on imported intermediates results
in an increase in the tariff ridden demand curve for imports and an increase in the price foreign firms receive for
their products. This increases the present value of quasi-rents for foreign firms. Entry by foreign firms occursin
any period until the present value of the quasi-rents are driven down to the one time start up costs of establishing
adomestic presence for the foreign firm plus present value of the fixed costs of operating the domestic subsidiary.
After about 10 years, the number of foreign varieties stabilizes for the duration of the model horizon at about
30% morethan in the steady state. (Seefigure5.) Theincreaseinimports, however, resultsin a substitution
effect that reduces the demand for and price of domestic varieties; this shuts down investment and firm creation
for the domestic variety for a period of about 6 years.

Although the increase in foreign varieties has the impact of decreasing the demand for domestic varieties

of the intermediate good X, the domestic industry eventually stabilizes after 8 years rather than progressively
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going into demise. (Seefigure4.) The principal reason for thisisthat the marginal productivity of domestic X
in Y production increases as use of domestic X in Y declines. The entire labor forceis employed in the production
of ¥, and it is not possible to reduce labor usage applied to domestic X without also reducing labor usage in
imported X. Thus, as domestic X declines due to substitution toward cheaper imported X, its margina product
increases to eventually arrest the further decline of the domestic X industry.

The transitiona dynamics of the model in the early years are dominated by the increase in the number
of foreign firms. The increase in the number of firms has an immediate impact on the productivity in the final
good sector inducing output of the final good sector to increase in the first year. This immediate increase in
productivity and output of the final goods sector allows the economy to satisfy two constraints painlesdy: (1) the
economy is able to invest more in intermediate goods (it takes capital to produce the foreign variety) without
reducing consumption in the short run relative to the steady state. Although the economy faces a Ramsey problem
of determining the optimal tradeoff between consumption and investment, the tradeoff is within the framework
of an expanded choice st relative to the Steady state. In fact, the economy consumes about 7 percent more in the
initial years compared with the benchmark steady state (see figure 1); and (2) despite the period by period balance
of trade constraint, the economy is able to import more foreign intermediate varieties, without reducing itsimports
of final goods. The economy meets its balance of trade constraint by exporting more of the final good. Thus,
reducing the tariff does not result in any adjustment costs in this model except for the losses that accrue to the
specific capital owners in the domestic intermediate goods sector. The surge in productivity resultsin both a
“level” effect and agrowth effect regarding the increase in consumption. The level effect can be observed by the
jump in consumption in thefirst year. In addition, however, dueto anincrease in the rental rate on capita (figure

3), the long run growth rate increases from 2 to 2.1 percent.”

3.2 Tariff Reduction with Spillovers

In this scenario, we cut the tariff on both final and intermediate imports from 20% to 10%, startingin
theinitial period. Crucialy, we allow an increase in the number of foreign firms to decrease the blueprint costs
for domestic firms, with a spillover elasticity equal to four percent. The equivalent variation of this scenario is

10.9 percent of the present vaue of consumption, which differs by only a small amount from the 10.7 percent

2 |n this model the domestic and international rental rates on capital are decoupled, so atariff reform produces a
permanent increase in the domestic interest rate and a larger long-run increase in the growth rate. The domestic interest
rate is computed using the price of final consumption. This rate can temporarily depart from the internationa rental rate
on capital in the model with perfect capital markets due to Armington differentiation of domestic and imported goods. In
the long run, the domestic interest rate and the international rate converge aymptotically.
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for EV in the central model without spillovers.

The decrease in the tariff has the effect of increasing the number of foreign varieties, just asit doesin
the central model. With spillovers, however, an increase in the number of foreign varieties has two competing
effects on investment in the domestic variety of X. On the one hand, as the number of foreign varieties increases,
the demand for the domestic variety decreases, so the quasi-rents available for domestic firms decreases--
decreasing the likelihood of domestic investment. On the other hand, the costs of domestic blueprints decreases
with the number of varieties--increasing the likelihood of investment. In our formulation of spillover effects, a
100 percent increase in the number of foreign varieties relative to the steady state, reduces the blueprint costs of
domestic firms by roughly 4 percent relative to the steady state blueprint costs. With these parameters, the
spillover effect dominates after about 6 years, after which investment in domestic firms resumes. Relative to their
steady state value, the number of domestic firms bottoms out at about 90 percent of their steady state value after
about 7 years, and climbs to the benchmark steady state value by 2050.

It may appear puzzling that with spillovers, where the domestic industry hasits costs reduced by foreign
varieties, the economy does not gain asignificantly larger amount. The reason is that what is most important to
the welfare increase is the number of varieties rather than the geographic source of them. With spillovers, once
the profitability of investment is restored for the domestic industry producing good X, growth of new foreign
varieties falls—so there are more domestic firms and varieties, but fewer foreign varieties. Theloss of productivity
duetotheloss of foreign varieties amost fully offsets the gain in welfare due to the increased number of domestic

varieties.

3.3 Constant Returnsto Scale (No Variety Multiplier)

In thismoddl, we replace increasing returnsto scale and imperfect competition in the intermediate sector
with constant returns to scale and perfect competition. Then only total output of the intermediate is important
(numbers of varieties are not counted), so there is no variety productivity effect. Although consumers and
decisions by investors optimize the consumption-capital stock choice as in a Ramsey model, there is no
endogenous growth.

Equivaent variation for this scenario drops to 0.5 percent of the present value of consumption over the
infinite horizon. Without the variety multiplier, thereis neither the initial “level” effect in consumption nor the
growth rate effect that obtained in our central and spillover models. Transitional dynamics are then more painful,
since in order to finance the additional investment in the earlier period, consumption falls in the early years
relative to the steady state. Thisresult is similar to the results of Rutherford and Tarr (1997) who showed that

a Ramsey multisector model with constant returns to scale is insufficient to generate the large welfare gains
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claimed for the trade liberalization paradigm .

3.4 Impact of Alternate Replacement Taxes

Except for the scenarios discussed in this subsection, we have employed a consumption tax as our
replacement tax. In the scenarios described here, we use two alternate taxes as the replacement tax for the lost
tariff revenue: atax on output; and atax on capital. Theimpact on the path of consumption, as afunction of the
three replacement taxes, are presented in figure 6.

The curve [abeled Consumption Tax is the same curve asin figure 1. Consumption increases to between
7 and 12 percent of benchmark consumption during the model horizon. The consumption tax isaLump Sum
distortionless tax in our model, but atax on domestic output introduces certain inefficiencies. In particular, a
domestic output tax discriminates against domestic output in favor of imports, and against final output in favor
of intermediate production. As a result of the relative inefficiency of the domestic output tax, the path of
consumption is cut by about 40-50 percent relative to the one with a tax on consumption and the equivalent
variation isreduced to again of 6.7 percent of the present value of consumption..

Finally, the tax on capita produces a consumption path that isinferior to the one with an output tax, but
preferable to the benchmark path with the tariff in place, i.e., the tax on capita isthe most inefficient of our three
replacement taxes, but is better than atariff in our model. In our model, the intermediate good X uses capital
intensively since only intermediate production uses capital as a primary input and only final goods use labor as
aprimary input.” A tax on capital then discourages the introduction of new varieties since it discourages the
investment required for the introduction of new varieties of products and discourages the production of
intermediates relative to the production of final goods. The economy loses the productivity boost from the
varieties and the gain in equivaent variation isless than only 4.7 percent of the value of consumption.

These results illustrate the importance of efficient tax replacement. With inappropriate replacement tax

mechanisms, the gains from trade liberalization can be drastically cut.

3.5 Capital Flows
In this scenario, the tariff is reduced from 20% to 10%, but the country is assumed to be able to borrow

on international capital markets provided that the borrowing is repaid within the model horizon. Then the period-

by-period balance of payments constraint is replaced by the constraint that the present value of its exports less

Each good is used as an intermediate input in production of the other good, and thus both goods use both primary
factors of production indirectly.
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importsis zero over the model horizon, and al other assumptionsin the central model remained unchanged. In
this scenario Hicksian equivaent variation (EV) is 37 percent of the present value of benchmark consumption
over theinfinite horizon. Thereisaninitia jump in consumption of about 23 percent, and relative to the steady
state, the wage rate increases by about 110 percent by the year 2050.

Why istheincreasein EV with capital flows more than three timesthe EV value without capital flows?
The decrease in the tariff impliesthat thereis an incentive for new foreign firmsto enter, asin the no capital flows
model. The ability of the country to borrow, however, alows the country to run trade deficits and import much
morein the periods immediately following tariff reduction. These additional imports are used to finance the start
up capital of new foreign firms and to pay for the additional imports of foreign varieties. Foreign firmsincrease
by ailmost 100 percent of their steady state value with capital flows by the year 2003, as opposed to an increase
of about 35 percent of their steady state value without capital flows. The larger increasein foreign firms leads
to aconsiderably larger increase in labor productivity and the wage rate in the early years.

What isinteresting is that there is a much larger increase in the number of domestic firms with capital
flows—in fact, the number of domestic firmsincreases dramatically relative to the steady state value by the end
of the model horizon. Thisis explained by area exchange rate effect. The economy findsit optimal to run trade
deficitsin the early years of the model. These trade deficits finance additional import varieties and additional
consumption in the early years.” The capital inflows in the early years result in less rea exchange rate
depreciation in the early years of themode (in fact, they result in real exchange rate appreciation in the first two
years); but the capital outflowsin the later years of the mode result in astrong real exchange rate depreciation
in those years. (See figure 2.) The steeper real exchange rate depreciation with capital flows in the years
following 2020 (compared with central assumptions) raises the costs of importing foreign varietiesin those years,
and shifts demand toward domestic varieties. Domestic agents, who fully anticipate future real exchange rate
movements, recognize profit opportunities and begin to invest by the year 2003. Among the models we consider,
it is perhapsironic that the model with capital flows, where we see the largest initial increase of foreign firms,

ultimately leadsto by far the strongest resurgence of domestic firms, even compared to the model with spillovers.

"'The latter occurs becauise consumers optimize consumption over the model horizon subject to their lifetime income
constraint or permanent income. With the ability to borrow on international capital markets, consumers can smooth
consumption more easily.
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3.6 Sengitivity Analysis

In table 4 we present the results of our sensitivity analysis for the key parametersin our model, and we

investigate the impact of different tariff changes. We present the Hicksian equivaent variation for each scenario
(with the approximation for the infinite horizon), and the growth rates calculated over three time horizons: 1997-
2010; 1997-2050; and 2049-2050, which isthe projected growth rate into the infinite horizon. Except for the last
three rows, in al scenariosthe tariff rate is reduced from 20 to 10 percent.

Asapoint of reference, in row 0 we present the results obtained with our central assumptions, previously
presented in row 1 of table 3. The result from row 1 illustrates that the larger the share of imported in
intermediate use (), the larger the EV gains. The reason is that for a given ten percent cut in the tariff, the same
proportional effect on the share of imports, generates more imported varieties, with the consequent productivity
boost, when this shareis high. For the share of intermediatesin fina production (a), there are offsetting effects:
a higher share of intermediates in final production should increase the number of varieties because again the
proportiona change induced by aten percent tariff cut should induce alarger increase in the number of varieties;
but the larger isa, the smaller is the variety multiplier for any number of varieties. Thus, the impact of a change
in this parameter on EV isambiguous, and our two simulations presented in rows 2 and 3 along with the central
model show that EV asafunction of a isnot monaotonic in the range of our central elasticity values.

In the benchmark steady state, the rental rate on capital is 5 percent and the growth rateis 2 percent. It
isshown in appendix A that as these two rates approach each other, a given permanent increase in consumption
over theinfinite horizon yieldsalarger EV. In rows 4 and 5, we illustrate the magnitude of the change by varying
each of these rates by one percent from the benchmark.

Theresultsin row 6 indicate that, asistypical in comparative static models, the more elastic are the
substitution possibilities, the greater the gains. In particular, with a larger elasticity of transformation, the
economy is able to export more in response to area exchange rate depreciation following tariff reduction, which
allowsit to pay for more imports; and the additional intermediate imports provide a productivity boost through
the additional varieties. The impact of this parameter is quite strong, as EV increasesfrom 10.7 to 17.1 percent
with adoubling of the elasticity of transformation.

Given that many developing countriesin the past 30 years have started from protection levelswell above
20 percent and have implemented trade liberalizations considerably in excess of aten percent tariff cut, inrows
7, 8 and 9 we examine the impact of cutting the tariff from 20 percent to zero, from 40 percent to 30 percent and
from 40 percent to zero. For the resultsin rows 8 and 9, we generated a new baseline steady state growth path

with a 40 percent tariff in place. The results of rows 7 and 9 show that the gains are very substantial for larger
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tariff cuts—the increasein EV from cutting the tariff from 40 percent to zero is more than 50 percent, whichis
more than double the gain of a cut from 20 percent to 0. Based on measurement of Harberger triangles,
comparative static models also produce the result that the gains increase more than proportionately with the size
of the tariff cut; but the result hereis based on the fact that in our simulations the number of varieties more than

doubles with a doubling of the tariff cut.

4. Application to the Uruguay Round Tariff Cuts of Five Developing Economies

In order to assess whether the large welfare results obtained above are dependent on possibly unredistic
parameter values, we apply this model to five countries: Argentina, Brazil, Korea, Malaysiaand Thailand. We
simulate the impact of the tariff cuts only on the intermediate products that these countries agreed to as part of
their Uruguay Round commitments. That is, we ignore the tariff cuts they made on final products, aswell asany
liberalization in services.

For these countries, we employ the* GTAP’ dataset (see Gelhar et ., 1997) and aggregeate the following
GTAP sectorsinto our single intermediate goods sector: pulp and paper; chemicals, rubber and plastics, non-
metallic mineral products, primary ferrous metals, non-ferrous metals, fabricated metal products, transport
industries, machinery and equipment, other manufacturing products, and other services (private). The resulting
parameter values, including the tariff cuts are presented in table 5. Although &l countries have a share of
intermediates over 60 percent, the share of imports in intermediates varies from 7 percent in Brazil to 71 percent
in Maaysia. Tariff cuts on intermediates varies from 2 percent for Malaysiato 8 percent for Brazil.

We examine the impact of these Uruguay Round tariff cuts in two models: first in our endogenous
growth model with central assumptions; and next in a constant returns to scale Ramsey model. In our central
model, the Hicksian equivaent variation increase ranges from 1.4 to 7.8 percent of the present value of
consumption over time. The largest value isin Thailand, which is the only country of the five with alarge share
of imported intermediates, and arelatively large tariff cut of seven percent. Argentina s low share of imported
intermediates and only five percent tariff cut explainsitsrelatively low welfare gain.

These results are not intended to be a precise estimate of the gains from the Uruguay Round for these
economies (see Harrison, Rutherford and Tarr, 1997a). Rather they suggest that the our large welfare gains are
not based on implausible parameter values. In the Ramsey model, the lack of variety induced productivity
increases resultsin quite small welfare increases, ranging from 0.1 percent in Korea and Maaysiato 0.4 percent

in Thailand. Again, thisindicates that estimated welfare gains are in the range of the estimates from competitive,
static moddl.
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5. Summary and Conclusions

This paper has investigated the effects of tariff liberalization in a small open economy in which
endogenous growth is linked to the introduction of new products by domestic or foreign firms. We have
developed adynamic numerical model which alows usto trace out the dynamic adjustment path of al variables
and approximate the infinite-horizon welfare consequences of achangein policies. In our central scenario, the
tariff is cut from 20 percent to 10 percent, and we consider the impact both when the country can access
international capital markets and when it cannot.

We found that the welfare gain (Hicksian equivalent variation) from tariff reformis 10.7 percent of the
present value of consumption in our central model,, a significant increase considering that the benchmark tariff
rate is only cut from 20 percent to 10 percent. We investigated the sensitivity of our results to al of the key
parametersin the model and found that the welfare estimates for the same tariff cuts ranged up to 37 percent with
capital flows, and down to 4.7 percent with inefficient replacement taxes. Larger tariff cuts, which have
characterized the experience of many developing countries in the past 30 years, resulted in increases in the
estimates of the welfare gains that were at least proportionate to the size of the cut.

We applied the model to five developing countries and estimated the impact of the tariff changeswhich
they plan to undertake as part of their Uruguay Round commitments. The gains of 0.7 percent to 7.8 percent that
we estimate for these countries are large in relation to the comparative static or comparative steady state estimates
of the effects of the Uruguay Round for these countries.

Clearly these results support the paradigm that trade liberalization leads to significant income increases,
but they also illustrate the crucial importance of complementary reformsto fully realize the potential gains from
the trade reform. Notably, with the ability to access international capital markets, the gains are more than
doubled. Moreover, use of inefficient replacement taxes will significantly reduce the gains. These combined
results show that while there are indeed large gains possible from trade liberaization, complementary
macroeconomic, regulatory, and financial market reforms to alow capital flows and efficient alternate tax

collection are crucid to redlize the large gains.
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Table 1: Input Assumptions for Stylized Model

Value Shares

Intermediate value share (a)

Import Vaue Shares

Intermediate Demand (q )

Final Demand (q ¢ )

Domestic intermediate

Imported intermediate

Domestic intermediate capital

Imported intermediate capital

Capital Value Shares

Domestic intermediate

Imported intermediate

Blueprint Share of Fixed Cost

Domestic intermediate

[ SR I DRI L

66 %

50 %

20%

0%

5%

50 %

5%

5%

5%

90 %

anng

5.

Other Parameters

Basdline Interest Rate

Basdine Growth Rate

Capital Depreciation Rate

Basdline Tariff Rate

Elasticities of Substitution

Intertemporal

Export Supply

Import Demand

5%

2%

7%

20%

0.5



Table 2: Benchmark Social Accounts (Steady-state equilibrium)

Y Xb Xm M | FD

PD 0.76 -0.11 -0.25 -0.40
PM -0.16 0.29 -0.02 -0.10
PX -0.66 0.33 0.33

Pl 0.28 -0.28
PFX 0.24 -0.24

PL -0.34 0.34
RK -0.11 -0.05 0.16
MK -0.11 -0.11 0.22
T -0.05 0.05

Y Production of final PD  Fina goods

Xp Domesticintermediate  PM  Fina goods (imports)
Xm  Importedintermediate  PX  Final goods (exports)

M Imports PI Investment
I Investment PF  Foreign exchange
FD  Fina Demand PL  Wagerate

RK  Return to capital
Markup revenue
T Tariff revenue

<
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Table 3: Estimated Welfare and Growth Effects of Tariff Reduction*®

Mode EV¥ G2010 G2050 Gterm
1. Central Assumptions 10.7 2.6 2.2 21
2. Spillovers 10.9 2.6 2.2 21
3. Constant Returns to Scale 0.5 20 20 20
4. Output Tax Replacement 6.7 25 21 2.0
5. Capital Income Tax Replacement 4.7 24 21 2.0
6. Capital Flows 37.0 4.2 2.7 2.2

* Parameter choices for all models are shown in table 1. Unless otherwise indicated,
all modelsinclude: lump sum replacement taxes, no spillover effect of new foreign
varieties on the domestic cost of new blueprints, and period by period balance of trade
constraint..

EV¥ Hicksian equivalent variation over the infinite horizon as a percent of
The present value of benchmark steady state consumption

G2010 Average consumption growth 1997-2010

G2050 Average consumption growth 1997-2050

Gterm Terminal growth rate (from 2049 to 2050)
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Table 4: Sensitivity Analysis

Parameter* Central  Sensitivity Balance of trade constraint for each period:
Vaue Vaue EV¥ G2010 G2050 Gterm
0 10.7 2.6 2.2 21
1 q 0.5 0.25 4.6 23 21 21
2. a 0.66 0.80 11.0 25 23 2.2
3 a 0.66 0.50 113 2.8 2.2 2.0
4. G 0.02 0.03 14.6 3.8 3.3 31
5 R 0.05 0.04 13.0 2.7 2.2 21
6. hpx 1 2 171 31 23 21
7. Tariff change 20% to 0% 237 34 25 2.2
8. Tariff change 40% to 30% 9.1 2.6 2.2 21
9. Tariff change 40% to 0% 51.6 4.4 31 21
* The counterfactual scenarios use the sengitivity value. The central value islisted for reference only.
Key:

EV¥ Hicksian equivalent variation over the infinite horizon

G2010 Average consumption growth 1997-2010

G2050 Average consumption growth 1997-2050

Gterm Terminal growth rate (from 2049 to 2050)

a Import share of intermediate inputs

a Intermediate share of aggregate cost

G Basdline growth rate

R Baseline interest rate

hpx Elasticity of transformation in aggregate production (domestic versus exports)

Tariff Alternative pre-existing tariff rates and tariff reform programs (in the reference case, 20% is cut to 10%)
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Table S: Evaluation of the Uruguay Round Tariff Cuts for Five Developing Countries,
with and without Product Variety Productivity Impacts

Data Welfare and Growth Estimates
import Post-
Country and Model intermediate |share of benchmark |Uruguay
valueshare |intermediates |tariff Round tariff EV¥ G2010 G2050 Gterm
| Product Variety Productivity
and Capital Flows
A. Korea 0.6 0.2 15.0 8.0 2.6 2.2 21 2.0
B. Maaysia 0.7 0.7 8.0 6.0 4.0 2.3 21 2.0
C. Thailand 0.6 0.6 32.0 25.0 7.8 25 2.2 2.0
D. Argentina 0.9 0.1 28.0 23.0 0.7 2.0 2.0 2.0
E. Brazil 0.6 0.1 30.0 22.0 14 21 2.0 2.0
Il Constant Returns to Scale
and Capital Flows
A. Korea 0.1 2.0 2.0 2.0
B. Maaysia 0.1 2.0 2.0 2.0
C. Thailand - same as above - 0.4 2.0 2.0 2.0
D. Argentina 0.2 2.0 2.0 2.0
E. Brazil 0.1 2.0 2.0 2.0

Key :Seetable3.
Source : GTAP dataset for data, see Gehlhar et al. (1997); and authors' estimates.
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Appendix A: Growth and Welfare over the Infinite Horizon

This appendix derives algebraic relations relating changes in the growth rate of consumption to the
equivalent variation in infinite-horizon consumption. It then shows how these formula may be employed to
provide consistent estimates of infinite horizon welfare based on equilibrium choices over afinite horizon.
These functions relating growth to welfare are interesting for two reasons. First, they provide some intuition as
to the importance of changesin growth rates vis-a-vis the more conventional static efficiency estimates of the
welfare cost of protection. Second, these equations are required for estimating the infinite-horizon welfare
change, given welfare changes over the time horizon of the model, the terminal consumption level and the
terminal (steady-state) consumption growth rate.

We begin with a constant-elasticity of substitution utility function:

r

4 ¥
UC)=ga D C
€=0

[ exi end

The elasticity of intertemporal substitutionisgivenby s = 1/(1-r ). Themode isbased on ordina utility, so
the optimal consumer choices are unaffected by monotonic transformations of the utility function. For example,

this utility function is equivalent to:

The advantage of the former function is that because it is linearly homogeneous in consumption levels

1-1/ s
t

Uo= 80
a 1-1/5

(U(1 C)=1 U(C)), aone percent change in U corresponds to a one percent equivaent variation inincome. If

welet C denote areference consumption path, and let C denote an alternative time path of consumption levels,

the equivalent variation in infinite-horizon welfare then corresponds to:

MDD> (D~
Qo
Q
Q

[ ey enid

~
1l
b=}

EVy=

MDID> (D~
T e
Q
Q

[

We now evaluate the equivalent variation of a permanent change in the consumption growth rate, assuming that

theinitial level of consumptionin period /=0 is held constant. Take ¢, =( I1+g ) and C,=( 1+g ). Itthen
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follows that the equivalent variation in incomeis:

1/r

é1-D(l+g)
V=6—"—"""
el-D(l+g) g

In order to relate this expression to the calibrated equilibrium calculations such as those conducted in our paper,

YN

it is helpful to replace the utility discount parameter, [, by an expression based on the baseline growth rate and

interest rate. 1n other words, in order to compute a baseline equilibrium, we do not begin with a given value of

the utility discount factor. We instead assume a balanced baseline growth path with a given growth rate ( E )

and agiven interest rate ( 7 ). Itisthen asimple matter to show that the utility discount factor is given by:
7 +_ /s
p-(178)_
1+r

Substituting into the equivalent variation equation, we then have:

: 0
é _ G
_é r-g U
BV =g———— g -1
§I+r—(]+g)g§i U
8 I+gg H

This expression provides us with auseful check on the magnitude of welfare gains arising from our calculations.
Figure A1 simply computes the Hicksian welfare metric for growth rate increases ranging from 0 to 1%. Two
lines correspond to baseline growth rates of 1% and 2%. Both functions are based on a baseline interest rate of
5% and an intertemporal elasticity of substitution equal to one half. We see that growth rate changes of a 0.5%
produce welfare changes on the order of 10 to 15%, depending on theinitial growth rate. Holding constant the
baseline interest rate, the welfare change increases in the baseline growth rate.
Figure A2 investigates the sensitivity of this function to the baseline interest rate. As expected, the
higher the interest rate, the lower the welfare gain associated with a permanent change in the growth rate. A
higher interest rate implies alarger discount on future consumption increases, so that future gainsin consumption
are lessimportant.
Figure A3 illustrates the relationship between the intertemporal elagticity of substitution and the welfare
gain associated with ahalf a percentage increase in the consumption growth rate. Again, the results areintuitive.
The higher the elagticity of intertemporal substitution, the larger the achievable gain from an increase in future

consumption. When the intertemporal elasticity is closeto zero, an increase in the growth rate has not effect on
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welfare because period 0 consumption does not change. However, asthe intertemporal easticity increase from
zero, the consumer benefits more as she is able to more easily substitute current consumption for future
consumption.
In our model calculations, we adopt a finite-horizon model which approximates the infinite-horizon
equilibrium. We apply terminal conditions which assure that termina period investment is positive and
increasing with aggregate GDP (See Lau, Palke and Rutherford 1997 for details on the terminal approximation.)
Having computed equilibrium values for period 0 to T, we have an explicit utility index over consumption in
these periods, but this index fails to account for consumption increase in the post-terminal period. We can
approximate the infinite horizon welfare index, however, based on the following functions of the finite-horizon
modd: (i) thewelfareindex for periods 0 to T, U, (ii) termina period consumption, Cr, and (iii) post-terminal
growth, g, . We produce an infinite-horizon welfare index based on the assumption that the economy exhibits
steady-state growth at rate g, from period T+1 to the infinite horizon.
In order to lay out the formulae for this approximation, we begin by splitting the infinite-horizon welfare

into two periods ¢ = 0 to Tand ¢ > T. Weassumeagrowth rateof g, =% for the post-terminal period,

T

then:"
6 0"
UCO=¢a DC
€ =0 u
&4 X i
~a o +ao{care )"}
€=0 =T u
é r r l]l/r
A r r D ’
:gé- DIC’ r U
0 I-Dl+gy) g

When working with a calibrated model, it may be easier to begin from a reference balanced growth path.

Install Equation Editor and double-

click here to view equation.
15 |n the finite horizon model we use a utility function
in which there is no additional “weight” on period 7 consumption. In the finite horizon model, a constraint on the
terminal capital stock such that investment follows a steady-state growth path. Having computed the finite horizon
equilibrium, we then compute the infinite horizon welfare index.
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Substituting for D as above, and denoting the average consumption growth rate through period t as g,, the

equivalent variation in income can be written:

.0 1 §€ligamig sl
pr-F-g8 1 4 elre@re 0y
I+7rg T ,:ogl-i-r l—i—gba

Jan 17

—nTé - rgu

e/+gu T [+gad+g, 0 > |
te—=0 8-—= =T Uuy -I

al+ry g I+r I+ggH b
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Alternatively, this expression can be written in terms of the welfare level through period T and the level and

1 r A ’_ C O
BV =} qr U+ (1-qy) D808 Crl
i é Cr 1]

growth rate of consumption in the post-terminal period, i.e.

r

D> (D> D> D

-9

g (ginﬁnity’ g): — LJ
o 1tg 9

B I + ginﬁnity B

O
oo oooonc

1-g7 1+g
In which we define:q r = 9 , Whereq :—9 and:
1-q 1+r

In aconstant growth rate model, theterm g (g E ) isaways unity, so the welfare then depends solely

infinity ’

on the utility index through model horizon and the terminal consumption leve relative to the origina steady-state
growth rate
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Appendix B: Benchmark Assumptions and Calibration

Consider the input data as outlined in Table 1. Scaling base year final goods output to unity, we then

xu=q;a and xp=(1g;)a.

defineimported and domestic intermediate inputs as:

Lv=q:(1a) and Lp= (1q.) (1a).
Labor inputs for final goods production may then be inferred through exhaustion of product:
Base year wage incomeis the sum of thesevaues, L= ,+ [, .

The intermediate val ue share determines markups over marginal cost, and thisin turn defines markup

mk,=x,(1a), f1{DM}

revenues given assumed sales by firm type:

Capital returnsin intermediate goods production are defined as a fraction of variable cost:

Imported inputs to intermediate goods prodygtien gig asp defiped as a fraction of variable cost:

Domesiic inpuis io interimediaie producii Oipe quy/u(ge! /UW}@tuw 01 Of Produci:

The user cost of Capiial equals inierest m? uep]wgy%wy Jifed }Wﬁ‘l /()dpl tai SLOCK in cain then beinferied from
Capital retuins:

Fixed costs of intermediate goods production equa the $m of recurring fixed costs and blueprints. We usea

kx
parameter fcshr , todefine how these shares are sépalmedi

Blueprints do not depreciate, so the value offa@i/rm‘gf@glmty ng ated to the base year dividends through the
interest rate;

Base year firm creation is determined by the ste_a;ly—}ggtﬁ,gjgomlg?te (there is no depreciation of blue-printsin
this model): s r

Domestic and intermediate inputs to investment ag ba?g‘ojn theimport value share in investment:
Base year capital investimant in fi rn‘%sgif;,jl%q}t ,tp}cgg;r@(gﬁwg'gsgij@s,(/jepreci ation of the capita stock:
Net investiment by nousenoids in ine intei'me;’j@ge K ;(@sa' rSet) equais the iota vaiue of biugpiini and capiial

formaiion, iessiie vaiue Of markup revernue net of recuriing fixed costs.
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I:é.fif+in'(m1€f+m1€f fcf)

Aswe assume that tariff revenues are returned to the consumer in alump sum, we must determine base year tariff

revenue and imports to final demand simultaneously. The following system of equations then determine base

T:%ﬂ(cwréfmxﬂrimf)

year tariff revenue (7) and imports(¢,, ):

cm:qC(L I+D

and

7 f(QC(L'1)+§lfmxf+imf)
1+1(1-q,)

Solving, we have

ca=(19c) (LI +T)

Domestic consumption is then
D:Cd+é.def+fcf+idf+in
dD:(]qx)D’ dM:qu

cnt A mxytimy
1+t

Total demand for domestic output is equal to the sum of final demand, inputs to intermediate production,
recurring fixed costs for intermediate demand, inputs to new firms and investment in capital

goods for new firms:

We assume that both firm types supply to the domestic and import markets in the same proportions, we therefore
use market share to define production to the domestic and export market by firm type.

Imports include those for final consumption, X production and X-sector investment:

The value of total exports equals the net of tariff value of imports. Imposing trade balance, the value of exports
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equals the value of imports deflated by the base year tariff: And then from our assumption of symmetry of export

shares across domestic and foreign firms, we have:

ev =0 M, ep=(Iq.) M.

-38-



% change from steady state

40

33

30

25

20

15

Figure 1: Consumption Path following Tariff Reform
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Figure 2: The Real Exchange Rate following Tariff Reform
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Figure 3: Interest Rate following Tariff Reform
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Figure 4: Domestic Firms following Tariff Reform
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Figure 5: Foreign Firms following Tariff Reform
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Figure 6. Consumption Paths for
Alternative Replacement Taxes
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Figure Al: Welfare Effect of a Change in the Growth Rate
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Figure A2: Welfare Effect of a Change in the Growth Rate
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Figure A3: Intertemporal Elasticity and Welfare Gains
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