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Abstract

Despite their complexity, existing policy evaluation methods ignore many features
of the real world that are pertinent for welfare analysis of trade policy. The main
limitation of these methods is that they are static, which means they ignore important
dynamic consequences of trade liberalization. This paper develops dynamic tools that
overcome many of these weaknesses. I apply these technics to the North American
Free Trade Agreement (NAFTA). My analysis suggests that while the steady state
gains from NAFTA are significant, the transitional costs associated with moving
to the liberalized steady state are relatively large, so that on net the trade policy
produces modest welfare gains for North America.
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1 Introduction

There is a long standing academic tradition of using computable general equilibrium (CGE)
models to study the effects of proposed changes to U.S. trade policies.® Policy makers, such
as the United States Trade Representative, have also relied heavily on this type of analysis
when evaluating the efficacy of U.S. trade policy. This is due to the fact that CGE models
clearly dominate their analytical rivals as a policy tool. For example, CGE models are able
to analyze trade liberalization involving more countries and commodities than is feasible
with existing analytical methods. In addition to this, CGE models are attractive because
they make sharp predictions about the impact of policy changes, while their analytical
counterparts are often ambiguous about the direction and magnitude of changes in prices
and quantities.

Despite their complexity existing CGE models ignore many features of the real world
that are pertinent for trade policy analysis. The main limitation of CGE models is that
they are static, which means they ignore three important dynamic consequences of trade
liberalization. First, static models limit the world supply of capital to that available in
the pre-liberalization steady state. Therefore, static welfare and output gains associated
with liberalization come from a reallocation of capital across sectors and countries. Static
models ignore the fact that capital accumulation is generally more efficient under free
trade, because tariffs on durable goods are essentially a tax on investment, and therefore
understate the potential welfare and output gains that accrue from trade liberalization.

Second, static trade models rule out trade in financial assets by restricting national
current accounts to be zero. These restrictions also lead CGE models to understate the
welfare effects of trade liberalization, since international capital flows serve three basic
purposes which directly raise national and international welfare: by trading international
assets agents can achieve a higher level of welfare by maintaining smooth consumption paths

while undertaking major capital investment and sectoral reallocation of factors following

1See, for examples, the recent conference volumes on NAFTA by Greenway and Whalley (1992), Lustig,
Bosworth and Lawerence (1992), Francois and Shiells (1994), and survey by Kehoe and Kehoe (1994).



trade liberalization; international capital flows allow for more rapid adjustment to the new
policy environment; and by trading international assets agents can achieve a more efficient
allocation of resources across countries.

Finally, static models limit the analysis of free trade agreements to a comparison of
steady states. Specifically, they provide a comparison of the pre-liberalized economy and
the liberalized economy after it settles to its new longrun path. These models offer no
estimate of the length of time it takes to move to the new steady state or the path of
adjustment. More importantly, they ignore adjustment costs associated with reallocating
labor and capital by implicitly assuming that factors of production are perfectly mobile,
both nationally and internationally.

The objectives of this paper are both methodological and applied. On the methodologi-
cal front, I develop a quantitative multisector dynamic general equilibrium (MDGE) model
which overcomes many of the unrealistic assumptions of static CGE models and the limita-
tions of aggregate dynamic studies of trade liberalization (see, for example, McKibbin and
Salvatore 1995, and Manchester and McKibbin 1995). I do this by marrying the dynamic
features of one sector international trade models, now popular in the study international
business cycles, with the multisector characteristics of static CGE models. The resulting
model allows for endogenous capital accumulation, explicit factor adjustment costs and
international trade in financial assets. In addition, disaggregating the economy into indus-
tries allows for explicit dynamic analysis of the intersectoral reallocation of resources that
is central to the trade policy debate.

My modelling approach is similar to earlier MDGE analyses by Goulder and Eichengreen
(1992) and McKibbin and Wilcoxen (1995). There are however significant differences in the
way these studies model household preferences. I allow for elastic labor supply, while the
earlier studies limit their analysis to the case of inelastic labor supply. Another significant
area of departure is the way these studies model adjustment costs. In the current paper, I
allow for costs associated with adjusting the level of the aggregate capital stock, and costs

associated with sectoral reallocation of capital. The earlier papers combined these margins.



I also extend the analysis by allowing explicit sectoral labor adjustment costs.

On the applied front, I use the model to evaluate the positive and normative effects of
the North American Free Trade Agreement (NAFTA). This adds to other MDGE studies,
such as, Goulder and Eichengreen (1992) who study unilateral liberalization in the form of
the elimination of all U.S. tariffs and nontariff barriers, and McKibbin (1998) who focuses
on the potential effects of regional trade liberalization by studying the elimination of tariffs
within the Asian Pacific Economic Conference (APEC). More significantly the current
paper makes an important methodological contribution to the study of multilateral trade
liberalization by offering an explicit welfare analysis of a regional trade agreement. In
particular, I provide estimates of both the steady state gains of regional trade liberalization
and the transition costs associated with moving to this new longrun equilibrium.

The remainder of the paper is organized as follows. Section 2 describes the structure of
my model. Section 3 discusses model calibration and other data issues. Section 4 reports
model simulation results. Section 5 conducts an extensive sensitivity analysis of the model’s
key parameters. The paper concludes with section 6’s summary of the papers main findings

and suggestions for future research.

2 The model

The model developed in this paper combines the multisector characteristics of static CGE
models with the dynamic characteristics of one sector international business cycle models.?
Countries are sorted into two groups. The North American countries (Canada, Mexico and
the U.S.) are modeled individually, while the remaining countries are consigned to a residual
rest of the world (ROW). All countries, including the ROW, are fully specified in the sense
that production, consumption, investment, work effort and trade decisions are the result
of explicit optimization decisions. The inclusion of a fully specified ROW avoids the need

for ad hoc residual ROW supply and demand equations (used in the partial equilibrium

2Gee the surveys of Backus, Kehoe and Kydland (1995), and Baxter (1995) for examples of one sector
international real business cycle models.



model of Ho and Jorgenson 1994 and 1998) and ensures endogenous determination of all
quantities and prices.

Figure 1 provides a summary of the domestic and international goods and factor flows
in the model. Each country/region has five production industries: primary raw materials
(1), nondurable manufactures (2), durable manufactures (3), construction (4), and services
(5). Primary raw materials, nondurable manufactures and durable manufactures are traded
goods, while construction and services are nontraded goods. Primary goods include agricul-
ture and mining. Nondurable manufactures include food processing, beverages, chemicals,
textiles, paper and apparel. Durable goods include basic metal and non-metal products,
wood and furniture products, machinery and transportation equipment. Construction in-
cludes residential and non-residential structures. Services covers utilities, finance, insur-
ance, real estate, transportation, and retail and wholesale activities. Note, in the following

discussion industries are indexed by ¢ and j, while countries are indexed by k£ and /.

2.1 Preferences

Each country k& has a single infinitely lived representative household that maximizes its

expected lifetime utility Uy from consuming a composite consumption good (cx;) and leisure
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and 0 < 3 < 1,0 < 04 < 1 for Vk. Note, 3 denotes the individual’s subjective rate of time

discount. Consumption is an aggregate of nondurable consumption goods (c¢px:) and the
flow of services from consumer durables (dj;). Nondurable goods and the durable service

flow are aggregated according to a constant elasticity of substitution (CES) function:
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for 0 < wg < 1 and n > 0 for Vk. The elasticity of substitution between nondurable con-
sumption goods and durable services is 1/n, while w reflects the bias toward nondurables.

Nondurable consumption goods are also aggregated by a CES function:

1

Crkt = (Z wcz-k(:},;“> (3)
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for 0 < weir < 1,Y,weir = 1 and K > 0 for Vk. The elasticity of substitution between
individual nondurable consumption goods (c;) is 1/k, while wey, reflects the bias toward

nondurable good i.

2.2 Production technology

Following the static CGE literature I make the standard multisector assumption that gross
production in sector i (y;x:) is described by a two-level CES function (see, for example,

Shoven and Whalley, 1992):

1

Yikt = Akt {wyikva%/;tg +(1-— wyik)mg/;gs} e (4)
for 0 < wy, <1 and € > 0 for Vi, k. The first level of production involves a value-added
index (va;x) and an aggregate intermediate goods component (mg). The value-added

production index is described by Cobb-Douglas technology which uses capital (k,), labor
(N5,) and land (Tj;) as inputs:

_ 1.5k £7SOikl—cykp—0;p
Vgt = K" Ny Lo (5)

for ayp, 0; > 0 and ayp + 0 < 1 for Vi, k.
The other factor of production is the aggregate intermediate input, which is a composite
of intermediate inputs from all sectors. Specifically, these factors are aggregated according

to the following CES function:



1—e
Miikt = (Z az’j/ﬂ”}ﬁé) (6)

J

for 0 < ajjr < 1,2 a4, = 1 and € > 0 for Vi, k. my; denotes the flow of intermediate
goods from sector j to sector i. The elasticity of substitution between value-added and all
intermediate inputs in sector i is 1/e. A is an exogenous productivity shift parameter in

sector 7, which is held constant throughout the policy simulations.

2.3 Investment behavior

Capital goods There are two types of investment goods in this model. The first are
durable capital goods that depreciate at rate 0 < § < 1. Capital goods are either used as
inputs in the production of goods (ki) or as household durables (dy;). Production capital
(1xkt) and household durable (i4) investment is a composite of durable manufactures (isg),
construction (i) and service (isg;) goods. Investment goods are aggregated according to

a CES function:

1
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for 0 < wijp < 1, 3 wijr = 1 and v > 0 for Vk. The elasticity of substitution between
investment goods is 1/v, while w;;;, reflects the bias toward good j.

I assume there are costs of adjusting aggregate capital stocks in all regions. Following
Baxter and Crucini (1993), I employ a convex aggregate cost of adjustment function where:
ok () > 0,9 (x) > 0, and ¢} () < 0. Using this notation I can describe accumulation of

country k’s capital and household durables by the following:

kkt—H = ¢]€ (ZI:—Z> klct + (1 - 6) kkt for Vk (8)
dkt+1 = ¢/€ <ZC(Z%> dkt + (]_ — 6) dkt for Vk (9)
t



I also allow for there to be costs of adjusting sectoral capital stocks. I employ a convex
sectoral cost of adjustment function where: ¢, (z) > 0, ¢}, (x) > 0, and ¢, (z) < 0. Using

this notation I can describe sector i's service flow from capital:

k; .
kS, = dui (k—:) ke for Vi, k (10)
kkt = Z kikt for \V/Z7 k (].].)

Intermediate goods The second category of investment goods are intermediate goods
(mijkt), which are held as inventories and completely consumed in the production of future
goods. The time period in the model is quarterly. Empirical evidence (see Ramey (1989)
for details) suggests intermediate goods require one period to put in place. Based on this

I assume period ¢ + 1 intermediate inputs are produced in period t.

2.4 Trade flows

The model allows for trade between the North American countries and the ROW. Where
the ROW is a composite of Canadian, Mexican, and U.S. trading partners. Let x;;, denote
country k’s private consumption/use of good ¢ produced in country ¢. In other words,
Zipee denotes country k’s imports of good ¢ from country /. The private final expenditure

aggregation function for good ¢ is a CES function given by the following:

1
1—py

Cikt + Tt + Y Mjiker1 = (Z wzke%lkgffZ) (12)
3 7

for 0 < wipr < 1, Spwire = 1 and p; > 0 for Vi, k2 Recall ¢ describes nondurable
consumption of good i, 7;, capital investment, and mj;,; the flow of intermediate goods
from sector i to sector j. The elasticity of substitution between home produced and all

imported goods is 1/u;, while wy, reflects bias toward country ¢’s good i.

3Differentiating goods by location is necessary to rule out complete specialization. See Baxter (1992) for
a discussion of how complete specialization, along the lines of Ricardian comparative advantage, emerges
in a dynamic Heckscher-Ohlin-Samuleson model where goods are not differentiated by production location.
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2.5 Government

Each country has a government which imposes tariffs on imported goods. The tariff rate
in country k for good ¢ imported from country ¢ is Tk It is difficult to model nontariff
barriers (NTBs) directly, so I take the standard approach of employing so called tariff
equivalent NTBs (that is, the level of tariff protection that yields the same level of output
and trade as the NTB). The tariff equivalent NTB for good ¢ imported from country ¢ is
piret- The tax revenue from the tariff and the quota rents from the NTBs are rebated by
lump-sum payments, denoted by T Ry; and @) Ry; respectively. The government also levies
a lump-sum tax T}; to finance its current spending. By allowing p;;; to denote the price of
country £’s good 7 in terms of the numeraire good I can describe country k’s government

budget constraint:

> pieeginet + TRy + QRie = D> (Tiwer + piner)PieeTinee + The (13)
¢ i T
TRy = Z Z TiketPiet Liket (14)
T
QR = > pirbieTiner (15)
T

The last element of final expenditure is government spending. For simplicity I assume that

the public sector has the same aggregation function as the private sector.

1
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Jikt = (Z wikggilkéfi) for Vi, k (16)
¢

where ;e is the country £’s governments consumption of good i from country £. Combining

these results implies Ty, = >y >°; PitGirer- Note, real government spending is held constant

in the trade policy simulations.

4Backus, Kehoe and Kydland (1995) make a similar assumption in a dynamic one sector model of
international trade.



2.6 Resource constraints

The model contains two non-reproducible factors, labor (N;) and land (T};). Labor is mo-
bile between sectors (/V;x;) within in a country, subject to small adjustment costs. Following
the approach to capital adjustment costs I employ a convex cost of adjustment function
where: ¢n; (x) > 0, ¢y, (x) > 0, and @7, (z) < 0. Using this notation I can describe sector

i's service flow from labor:

N; .
Ni, = dni (N—:t> Ny for Vi, k (17)
17
Nie = 3~ Ny for Vi, k (18)

Total hours are normalized to unity so that agents face the following labor constraints:

1 — Ly, — Ny = 0 for Vk (19)

Land is only a factor of production in the primary sector. The supply of land is held
constant in the policy experiments reported in the next section.

The only financial assets available to agents in country k£ are noncontingent one pe-
riod bonds by;. The price of these assets in terms of the numeraire good is py (note,
throughout the paper I maintain ROW nondurable manufactured goods as the numeraire,
port = 1). With this notation in hand I can describe country k’s representative household’s

intertemporal budget constraint as:

ek i (L Tiker + Pikes) Pier Tiner
sz'ktyikt +brt + QR + TRy = (20)
i + 32 PiktTikkt + Poibrey1 + The, for VE

Each regional economy is also subject to the following sectoral resource constraints:

Yikt = Y Tier + Giner for Vi, k (21)
¢



Finally, regional economies are subject to the following international bond market con-

straint:

> b =0 (22)

2.7 Equilibrium and model solution

I follow Baxter and Crucini’s (1995) approach to solving dynamic trade models in which
foreign assets are restricted to one period bonds. In each country, the representative house-
hold owns all productive inputs. Each period the household rents these productive inputs to
the various firms in the same economy. Firms produce all five goods and sell the output to
households in all four countries/regions. In each country/region the representative house-
hold’s dynamic optimization problem is to maximize the expected lifetime utility described
by (1) subject to the constraints given by equations (2) to (20). The competitive equilib-
rium is described by the stochastic processes for capital, labor, consumption, investment
and their associated prices that satisfy the regional representative households optimization
problems and the market clearing conditions given by (21)—(22). I use numerical techniques
to solve for the model’s dynamic equilibria. Specifically, the log-linear approximation tech-
nique advanced in the real business cycle (RBC) literature by King, Plosser and Rebelo
(1988, 1990).

3 Data and benchmark parameters

The model must be parameterized before I can apply numerical solution methods. Direct
estimation of all the model’s parameters is ruled out by the fact that there is insufficient in-
ternational data to estimate all preference, production, and trade parameters. Researchers
working with CGE models have overcome this problem by using model calibration (see,
for example, Shoven and Whalley 1992). More recently this approach has been extended

to dynamic models of international trade (see, for example, Baxter 1995). Calibration es-
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sentially involves two steps. First, the researcher chooses a set of elasticities that describe
the degree of substitution in consumption, production, and trade. Second, given this set
of elasticities the researcher chooses weighting terms in preference, production, and trade
aggregation functions so that the model’s steady state corresponds to a specific point in
time. In my case the model’s base year or pre-NAFTA steady state is assumed to be 1992,
the year the three countries signed the initial NAFTA proposal.

One of the strategies I follow is to calibrate my model using elasticities from a benchmark
static study. This allows for a convenient comparison of the results from my dynamic study
with those of a well-known static analysis. My benchmark static study is Brown, Deardorff
and Stern (1992). They undertake a similar policy experiment, with a model that has
similar multisector characteristics to my dynamic model. On the dynamic front, I draw
heavily on the parameter set used in the RBC literature. The model’s parameters are

summarized in Table 1.

Preferences Household parameters are based on individual country national accounts
data and parameters used in the CGE and RBC literature. Following the RBC literature
I set the curvature parameter o to 2, the consumption/leisure share parameter 6. to be
consistent with 20 percent of the agents total time being devoted to market activity, and
the subjective discount factor 5 to 0.9852 (which implies a quarterly interest rate of about
1.5 percent). My benchmark set of elasticities of substitution for household durables (1/7)
and nondurables (1/k) are set to unity (that is, nested preferences are Cobb-Douglas), this
follows Brown, et al. (1992). Finally, the bias terms (w. and wey’s) are calibrated so
that they are consistent with these elasticities and disaggregated national accounts data

for household consumption and investment expenditure.

Production The description of production in the previous section follows the static CGE
literature by assuming a two level CES structure, with a Cobb-Douglas value-added com-

ponent and intermediate goods aggregated by a CES function. I parameterize these pro-
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duction functions using the cost function estimates of Ramey (1989). Ramey estimates
production functions for various manufactured goods using quarterly U.S. data. Her pro-
duction functions include labor, capital and inventories of raw material, work-in-progress
and finished goods. Combining her results with the theoretical results in Sato (1969) I
find that the constant elasticity of substitution between intermediate inputs and the value-
added component 1/¢ is roughly 0.1 at the quarterly frequency, which suggests the quarterly
production function is close to Leontief. Note, static CGE models typically restrict produc-
tion to be Leontief with zero elasticities of substitution. All other production parameters
(wWyik, ik, Oir and ayj,’s) are derived from the most recent input-output table for Canada,
Mexico and the U.S. The ROW is predominantly industrial country based so I model their

production functions using U.S. input-output data.

Investment The quarterly depreciation rate 6 is set at 2.5 percent, which is consistent
with most quarterly RBC studies. Following Baxter and Crucini (1993) I set the aggregate
capital adjustment cost function so that: its steady state value is equal to the steady
state ratio of investment to capital; in steady state Tobin’s q (the ratio of the price of
existing capital to the price of new capital) is one; and the elasticity of the aggregate
investment-capital ratio with respect to its Tobin q is consistent with aggregate investment
volatility levels (I follow many other international real business cycle studies in setting this
elasticity to 10). The sectoral capital adjustment costs functions are modelled in a similar
way except that: in steady state their value is equal to the steady state ratio of sectoral
capital to aggregate capital; in steady state the ratio of sectoral and aggregate capital
rental rates are unity; and the elasticity of sectoral capital-total capital ratios with respect
to their relative rental rates is set so that they are consistent with sectoral investment
volatilities (my estimates are based on the multisector international real business cycle
analysis of Kouparitsas, 1996). The aggregate and sectoral labor adjustment cost functions
are calibrated in a similar fashion. The primary sector has the highest adjustment costs,

which is consistent with the view that primary capital and labor tend to be industry specific.
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There is a wide range of estimates on the degree of substitution between different
types of household and industrial durable goods. I follow the CGE literature’s approach
to nondurable aggregation by setting the elasticity of substitution between different types
of durable goods to unity. The bias terms (wjj;’s) are calibrated so that they are con-
sistent with these elasticities and disaggregated national account data for expenditure on

investment goods.

Trade barriers Explicit tariff rates are readily available from various national and in-
ternational trade organizations and previous static studies. In contrast, it is difficult to
incorporate NTBs such as quotas and other non-price restrictions in CGE models, so re-
searchers use so-called tariff equivalent measures of NTBs in their quantitative analysis.
Table 2 provides an overview of Roland-Host, Reinert and Shiells’ (1992, 1994) compre-
hensive estimates of the levels of tariff and tariff equivalent NTB protection that existed
prior to the signing of the Canada U.S. free trade agreement (CFTA) and NAFTA in 1988.
For comparability with earlier static analyses I set the level of pre-NAFTA protection in
my model to match Roland-Holst et al.’s estimates. Tariff equivalent NTBs greatly exceed
explicit tariff levels, which suggests that NTBs represent the highest barrier to free-trade.
NAFTA calls for the removal of all North American trade barriers. My results show that
the gains from the removal of NTBs under NAFTA far outweigh the gains from removing
explicit tariffs.

NAFTA followed the signing of a far-reaching CFTA in 1989, which was designed to
eliminate all trade barriers between Canada and the U.S., described in Table 2. Therefore, I
model NAFTA as the joint free trade agreement between Canada and Mexico, and the U.S.
and Mexico. In practical terms NAFTA involves the removal of barriers to (1) Mexican
exports to Canada and the U.S. and (2) Canadian and U.S. exports to Mexico. As the
majority of tariff reductions will take place within 10 years I model NAFTA as the uniform
reduction of protection levels over a 10-year period (that is, protection levels are reduced

by 10 percent each year) starting the first quarter of 1994. Model simulations begin in
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the period following the signing of the initial NAFTA agreement, first quarter of 1993. I
conduct the NAFTA simulations as if agents in the world economy fully anticipated the
path of trade liberalization described above. This implicitly assumes that agents knew at
the date of the initial signing, December 17, 1992, that NAFTA would be ratified in late
1993, implemented in the first quarter of 1994, and phased in slowly over 10 years.

One of the sticking points in passing the NAFTA in Congress was its potential negative
effect on sensitive industries such as agriculture and automobile production. Policy makers
dealt with this issue by allowing for a 15 year lowering of trade barriers for these industries.
I look at the effects of adopting a 15 versus a 10 year policy in my sensitivity analysis. I
also consider the welfare effects of an immediate lowering of barriers after the signing of
the agreement. This is the assumed policy of static analysis. My estimates suggest that
there are significant welfare implications associated with the speed at which trade barriers

are lowered.

Trade flows There are a wide range of estimates of the elasticity of substitution between
home and foreign goods (1/u;’s) used in the quantitative trade literature. My starting point
is to adopt the same elasticities used in Brown, et al. (1992). They impose an elasticity
of 3, suggesting a reasonably high level of substitution between home and foreign goods.
In my sensitivity analysis I allow for lower and higher degrees of substitution. The lower
elasticities are approximately unity and come from empirical studies by Shiells and Reinert
(1993) for Canada and the U.S., and Sobarzo (1994) for Mexico. This is my preferred
parameter set because the NTB equivalent tariff rates estimated by Roland-Host, et al.
(1992, 1994) are generated by a static model that uses this set of elasticities. I do not
use these elasticities in my benchmark model because Roland-Host, et al. study a broader
NAFTA than the one studied in this paper, which makes direct comparison of their results
impossible. It is important to note that the simulation results depend critically on these
elasticities of substitution. Specifically, trade liberalization generates significantly lower

welfare effects if there is a low degree of substitution between home and foreign goods.
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The trade aggregation parameters w;, are calibrated to match 1992 trade flow statistics
for the 4 countries/regions. There are three things to note about North American trade
flows. First, Canada-Mexico is trade quite small. Their bilateral trade accounts for about 1-
2 percent of their export and import baskets. Second, trade with the U.S. represents a large
share of Canadian and Mexican trade (in the order of 70 percent of their import and export
baskets). Finally, trade with Canada and Mexico is less important to the U.S., in fact, more
than 70 percent of U.S. trade is with countries outside North America. This largely reflects
the U.S.’s considerably larger size relative to its North American counterparts. Based on
these statistics NAFTA was expected to have a small impact on the U.S. and Canadian
economies, and a large impact on the Mexican economy because of its strong dependence on

North American trade. Simulation results reported in this paper support this conjecture.

4 Benchmark simulation results

Below, I report the results of simulations of the quantitative North American trade model
under two trade liberalization scenarios. The first experiment looks at a limited NAFTA
in which I maintain NTBs and remove only the explicit tariffs between Canada, Mexico,
and the U.S. The second experiment examines the removal of all North American barriers,

including tariffs and NTBs.®

Welfare analysis 1 calculate the welfare effects of liberalization by measuring the effect
on country k’s representative households’ lifetime utility Uy. For example, let A represent

the permanent percentage change in the level of pre-liberalization consumption in country

®Note, Kouparitsas (1997) examines the implications of the model used in his paper under a wide
array of North American trade liberalization scenarios. In that paper I offer an explanation for why
countries do not undertake unilateral trade liberalization, and why nations have apparently abandoned
the pursuit of global free-trade in favor of less ambitious regional bilateral free-trade agreements. I argue
on the basis of simulation results that trade liberalization takes on the form of a prisoners dilemma. In
particular, I show that unilateral trade liberalization makes the liberalizing country worse off, while making
its North American trading partners better off. I also show that bilateral agreements, such as, NAFTA
and the CFTA make each liberalizing country better off. This suggests that trade liberalization requires
enforceable bilateral trade agreements, such as NAFTA and the CFTA.

15



k that would make households in country k as well off as the path of consumption and

leisure enjoyed under trade liberalization {ckt, hkt} , that is,

Zﬁu 1—|—)\T hk Zﬁu th,hkt)

where, u is the representative household’s momentary utility function, and (&, k) is coun-
try k’s representative households respective steady state levels of consumption and leisure
in the pre-liberalization environment. In other words, ¢; AL measures the amount by which
you have to change consumption in the pre-liberalized environment to make households as
well off as under the liberalized environment. If A} > 0, liberalization makes households
better off.

I can calculate the steady state welfare implications using a similar measure. In partic-

ular, define \; as the solution to following problem:

u(@r(1+ AY), k) = u(@x, ) (23)

where (¢, Bk) is the level of consumption and leisure enjoyed in the liberalized steady state.
By calculating A7 I can determine the percentage change in pre-liberalization steady state
consumption that would make households in country % indifferent to the liberalized steady
state. The transitional cost associated with moving to this steady state, measured as a
percent of the initial consumption level, is simply A7 — AL.

Table 3 describes the longrun effects of trade liberalization on economic activity and
welfare. The top three rows of Table 3 report, A7, A\Y — A% and AI. The left panel shows
the welfare effects of eliminating explicit tariffs. My estimates are similar to static studies
in that the welfare effects from this limited form of liberalization are negligible for Canada
and the U.S., and small for Mexico. In the right panel, I calculate the welfare implications
of NAFTA (that is, lowering all trade barriers). I find that the welfare effects, in terms
of initial consumption levels, are 1.88 percent for Mexico, 0.15 percent for the U.S., —0.04
percent for Canada, and —0.01 percent for the ROW. Based on these results, NAFTA

leads to welfare improvements for the Mexico and the U.S., and generates welfare losses
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for Canada and the ROW. The upper row of the same panel shows that the steady state
welfare effects of NAFTA are positive for all regions, with a fairly large welfare effect for
Mexico of 3.11 percent. The second row reveals that the transitional costs of liberalizing
trade. In the case of Canada and the ROW these costs outweigh the steady state gains.
The calibration of the dynamic model is similar to the calibration of Brown, Deardorff
and Stern’s (1992) static model. They conduct a similar policy analysis and find that the
static welfare gains from NAFTA are close to estimates from my dynamic model, with
Mexico gaining by roughly 1.6 percent, and small gains accruing to Canada and the U.S.
One explanation for the similarity of the findings is that the static model assumes an
instantaneous reduction of trade barriers. I explore this implication in Table 4. The left
panel of Table 4 allows for the removal of all trade barriers in January, 1993. The welfare
effects associated with this alternative policy are significant, with Mexican and U.S. welfare
rising by an additional 0.80 and 0.06 percent, respectively, over the base case reported in
Table 3. These results suggests that the dynamic features of the current model generate
welfare effects for Mexico and the U.S. that are 50 percent larger than comparable static

estimates.

Aggregate effects of trade liberalization The middle panel of Table 3 reveals the
aggregate longrun effects of trade liberalization.® My simulations suggest that the two
liberalization scenarios lead to an expansion of output, investment, consumption, labor
hours, and trade in all three North American economies. NAFTA generates an expansion
of the North American region, with Mexico enjoying the largest expansion within the
region. Under NAFTA Mexico’s steady state gross domestic product (GDP) is predicted
to rise by 3.64 percent. Underlying this increased output is greater capital accumulation
and increased labor effort. This expanded output is also reflected in increased steady state

consumption of 3.89 percent and double-digit increases in exports and imports volumes.

6My simulation results are not directly comparable to Manchester and McKibbin’s (1995) aggregate
dynamic study of NAFTA because their experiment assumes that NAFTA exogenously raises the level of
Mexican total factor productivity (A;’s in my notation) by 5.5 percent over a period of 11 years.
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The model predicts NAFTA will also lead to capital inflows to Mexico. Over the simulation
period Mexico’s ratio of net foreign assets to GDP falls by 13 percentage points. Looking
across the row it is clear that the Mexican capital inflows are largely driven by capital
flows from the ROW. NAFTA has a smaller impact on the U.S., with U.S. steady state
GDP rising by 0.22 percent. U.S. trade is predicted to rise by around 3.5 percent over its
steady state level. Given the small volume of Mexican-Canadian trade, it is not surprising
that NAFTA has a negligible impact on the Canadian economy, with steady state output
expected to rise by 0.10 percent. According to the model, NAFTA will have a negligible
impact on the ROW.

Brown et al. (1992) do not report the aggregate effects of their trade liberalization
experiments. Cox and Harris (1992) and Cox (1994) focus on the effects of NAFTA on
the Canadian economy. Cox-Harris find as I do that NAFTA has a negligible impact on
Canada. Under the assumption of fixed capital stocks and a zero current account, Sobarzo’s
(1992, 1994) small open economy model of Mexico predicts that NAFTA will raise Mexican
steady state GDP by 1.7 percent. This is less than 50 percent of the change predicted by
my dynamic model. Overall, the direction of change predicted by the static and dynamic
models is the same. However, the predicted size of the impact in static models is generally
smaller than the dynamic model. This is because the static models limit the world capital
stock to its pre-NAFTA level and rule out international capital flows.

Figures 2-4 plot the aggregate transition paths of the North American economies under
the NAFTA policy. In each case it is clear that virtually all of the aggregate adjustment is
completed by the time the policy is fully implemented in 2004. These figures also suggest
that the announcement of NAFTA, in December 1992, had a significant impact on U.S.

and Mexican economic activity well before its implementation date in January, 1994.

Sectoral effects of trade liberalization The lower half of Table 3 describes the longrun
effects of NAFTA on sectoral activity. Greater detail on the transition paths of sectoral

activity, and disaggregated expenditure and trade flows are reported in Figures 5-7. Model
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simulations suggest that NAFTA will have a negative impact on the U.S. and Canadian
primary sectors, which includes agriculture and mining, with the level of gross output falling
by roughly 1 percent in the longrun. In contrast, the model predicts that NAFTA will lead
to an expansion of all non-primary activity in the U.S. and Canada, and an expansion of
all Mexican sectors. The figures suggest that sectoral accumulation/reallocation of factors
will take roughly 10 years.

Sectoral comparisons between my work and the static studies cited above are compli-
cated by the fact that my model is highly aggregated in comparison to static analyses.
Specifically, Brown et al.’s (1992) model has 29 sectors, while the models of Cox and Harris
(1992), Cox (1994), and Sobarzo (1992, 1994) have 19 sectors. The Cox-Harris and So-
barzo models predict an expansion of all Canadian and Mexican sectors under NAFTA. In
contrast, Brown et al. find that all Canadian and U.S. sectors expand under NAFTA, but
only a few major industries expand in Mexico. Aggregating their results to the level of the
dynamic model I find similar directions of change, but the changes in the dynamic model
are typically larger than in the static models.

Model simulations suggest that NAFTA will greatly expand the flow of all goods from
Canada and the U.S. to Mexico and from Mexico to the U.S. and Canada. In general, bilat-
eral Mexican-North American trade is predicted to increase by 40-60 percent. In contrast,
the model predicts NAFTA will have a negligible impact on bilateral trade flows between
the U.S. and Canada and between North America and the ROW. The expansion of North
American trade is distributed across all traded goods sectors. Primary and nondurable
manufactured goods flows are expected to grow by more than durable manufactured goods
flows. For example, Mexican primary and nondurable goods exports rise by roughly 30-40
percent of their pre-NAFTA level, while Mexican durable manufactured goods exports rise

by roughly 25 percent of their pre-NAFTA level.
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5 Sensitivity analysis

To what extent are the results sensitive to the parameterization of the model? I show
that the qualitative features of the results are largely invariant to the choice of model
parameters: Mexico and the U.S. gain from liberalization for all reasonable parameteriza-
tions. Quantitatively, the model is sensitive to the degree of substitution between home

and foreign goods and the speed at which trade liberalization occurs.

Elasticities of substitution The most important parameter in trade liberalization analy-
sis is the elasticity of substitution between home and imported goods. Table 5 reports re-
sults from simulations of the model using different elasticities of substitution between home
and foreign goods. In the left panel, I report the model’s results under the set of elasticities
used by Roland-Holst and Reinert (1993) and Sobarzo (1992), which are close to unity or
one third of the benchmark elasticities. This is my preferred set of elasticities, since they
are consistent with the NTB equivalent tariff measures used in the current analysis. One
of the qualitative features of regional free trade agreements is that they impose quality
standards on traded goods. This works to raise the degree of substitutability between
goods traded in the region. I respond to this in the right panel by raising the elasticity of
substitution between home and foreign goods from 3 to 10. Table 5 shows that many of the
aggregate features of the model are sensitive to this parameter choice. Lower elasticities
of substitution reduce the welfare gains for the U.S. and Mexico by 0.10 and 1.34 percent
respectively. Much of this change is driven by the negative terms of trade effects that flow
from lower elasticities of substitution. Trade flows are also considerably smaller under this
parameterization. In contrast, raising the elasticity of substitution between North Ameri-
can goods raises the welfare gains for all liberalizing countries. Under this scenario, Mexico
and the U.S. would gain by an additional 3.5 and 0.3 percent, respectively, over the base

case. Trade flows are also considerably higher.
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Adjustment costs Table 6 tests the model’s sensitivity to sectoral capital and labor
adjustment costs. The upper panel shows that the model’s aggregate longrun behavior is
virtually unchanged in cases where there are no sectoral capital or labor adjustment costs.
The sectoral data reported in the lower panel suggests that the adjustment costs have their
greatest impact on primary activity, which is expected since that sector has the highest
costs of adjustment. In particular, lower sectoral adjustment costs raise the flow of capital

and labor into Mexican primary output and out of U.S. and Canadian primary activity.

Domestic elasticities of substitution There are a wide range of estimates for the
elasticity substitution between value-added and materials in production. CGE modelers
typically assume Leontief or near-Leontief production functions. I find that this approach
is supported by empirical studies (see, for example, Ramey 1989), which suggest that the
elasticity of substitution between these factors is close to zero. Other dynamic models such
as Ho and Jorgenson (1994, 1998) and McKibbin (1998) utilize Cobb-Douglas production
functions, with a unit elasticity of substitution. I test the model’s sensitivity to this pa-
rameter choice in the left panel of Table 7. The longrun behavior of the model appears
to be largely invariant to this parameter choice. I conduct a similar experiment in the
right panel, but now move in the reverse direction by lowering the elasticity of substitution
across different types of consumer nondurables and investment goods from unity to 0.1, so
that these aggregation functions are near-Leontief. Again, the results are largely invariant

to this parameter specification.

Trade policies. The final set of experiments, and the most interesting from a policy
perspective, consider different speeds of trade liberalization. In the previous section I
discussed the welfare implications of a static policy in which all barriers are removed at the
time the NAFTA agreement is signed. I now turn attention to a feature of NAFTA that
was a key element of the U.S. policy debate. Sensitive U.S. sectors, such as the agriculture

and automobile production industry, argued that trade liberalization would have a smaller
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impact on their sectors if it was phased in over 15 years, rather than 10 years. In response to
this NAFTA allows for a slower reduction of trade barriers on agricultural and automotive
imports. The right panel of Table 4 measures the aggregate and sectoral implications of
phasing in NAFTA over a 15 year period. The welfare cost of pursuing this policy is
0.24 percent of pre-NAFTA Mexican consumption, and 0.02 percent of pre-NAFTA U.S.
consumption. The lower panel of Table 7 suggest that the longrun sectoral effects are
largely invariant to policy choice.

Figures 8-10 plot the aggregate transition paths of three policies: the benchmark
NAFTA policy, implemented in January 1994 and phased in over 10 years (solid line); the
static policy, discussed in the previous section, in which there is a 100 percent liberalization
in January 1993 (solid-dashed line); and the 15 year policy just described (dashed line). It
is clear from these figures that the 10 and 15 year paths of adjustment are very similar.
The most significant difference is that adjustment to the 15 year policy is completed after
15 rather than 10 years. The differences between the 10 year and static policies are more
dramatic. The obvious difference is the impact effect of the policies: output, labor hours,
investment, trade flows and the terms of trade all move along way toward their longrun
position under the static policy in the first year of liberalization. Another feature of these
figures is that the consumption paths for the U.S. and Mexico are significantly higher over
the first 10 years of the simulations under the static policy. This is clearly evident in the
welfare calculations of Table 4 which reveal the significant gains that flow from more rapid

liberalization.

6 Conclusion

NAFTA is a landmark commercial trade policy because it is the first far-reaching free trade
agreement between major industrial countries and a developing country. Simulations from
my dynamic model, under a wide set of parameters, suggest that the steady state gains
from trade liberalization are significant for all three North American countries. At the same

time my analysis implies that the transitional costs of moving to NAFTA are nontrivial.
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On balance the dynamic analysis suggests that Canada will experiences a small welfare loss
from liberalization, while the U.S. and Mexico will enjoy modest welfare gains, with the
greatest gains accruing to Mexico. The dynamic analysis also suggests NAFTA generates
real output and trade flow increases that are larger than those predicted by previous analysis
which relied on static trade models. My sectoral analysis implies that NAFTA will lead
to an expansion of all non-primary sectors in Canada, Mexico, and the U.S. In contrast,
NAFTA is expected to have a negative impact on the real output of Canadian and U.S.
primary sectors, but is expected to lead to a sizable expansion of primary activity in Mexico.

This paper has taken the study of multilateral trade liberalization one step further
by building a quantitative dynamic multisector trade model of trade, which overcomes
many of the weaknesses inherent in traditional multisector static analysis, such as fixed
capital stocks and zero current accounts.” There are two significant limitations on the
current analysis that future work must address. First, the underlying growth rate of the
dynamic model economy is exogenous and cannot be influenced by policy. Second, NTBs
are incorporated into the numerical analysis by way of tariff equivalent NTBs. Future
work must remove these limitations by developing dynamic trade models that allow for
endogenous growth and explicit quantity constraints. Only then will we be in a position to

measure the true gains from multilateral free trade agreements.

"See Kehoe (1994) for a thorough discussion of the limitations to current static analyses and the steps
needed to develop a state of the art dynamic model suitable for analyzing free trade agreements.
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Table 1

Benchmark model parameters
Canada Mexico us ROW All

Preferences
B 0.98
o 2.00
N 0.20
0. 0.23 0.29 0.21 0.20
Un 1.00
W, consistent with expenditure share: 0.81
Uk 1.00
W3 consistent with expenditure share: 0.01 0.08 0.01 0.01
W, consistent with expenditure share: 0.17 0.24 0.17 0.17
Wes consistent with expenditure share: 0.82 0.68 0.82 0.82
(o /@y)! (ig/d) -10.00
Investment
e} 0.025
v 1.00
w3 consistent with expenditure share: 0.52 0.41 0.52 0.52
w4 consistent with expenditure share: 0.39 0.47 0.39 0.39
W consistent with expenditure share: 0.09 0.12 0.09 0.09
(o 1@ (i/K) -10.00
Production

1/ 0.10
Primary Sector

0, 0.31 0.27 0.31 0.31

oy 0.35 0.35 0.35 0.35

wy; consistent with cost share: 0.51 0.71 0.48 0.48

013 consistent with cost share: 0.23 0.31 0.40 0.40

01, consistent with cost share: 0.19 0.34 0.16 0.16

013 consistent with cost share: 0.06 0.13 0.05 0.05

014 consistent with cost share: 0.02 0.00 0.02 0.02

05 consistent with cost share: 0.49 0.21 0.37 0.37

(@"1Qer’) (ka/K) -1.50
(n1"/@na’) (N2/N) -0.02
Non-Durable Manufacturing Sector

0, 0.57 0.37 0.52 0.52

oy 0.43 0.63 0.48 0.48

Wy consistent with cost share: 0.36 0.39 0.39 0.39

0 consistent with cost share: 0.26 0.37 0.23 0.23

02, consistent with cost share: 0.42 0.40 0.45 0.45

03 consistent with cost share: 0.05 0.04 0.06 0.06

04 consistent with cost share: 0.01 0.00 0.01 0.01

025 consistent with cost share: 0.26 0.19 0.25 0.25

(@292 (koK) -10.00
(2" Ton2))! (N2/N) -10,000
Durable Manufacturing Sector

03 0.68 0.43 0.68 0.68

O3 0.32 0.57 0.32 0.32

wy3 consistent with cost share: 0.36 0.43 0.43 0.43

03; consistent with cost share: 0.12 0.11 0.03 0.03

03, consistent with cost share: 0.06 0.10 0.10 0.10




Table 1 (cont.

Benchmark model parameters

Canada Mexico us ROW All

033 consistent with cost share: 0.59 0.51 0.57 0.57

034 consistent with cost share: 0.00 0.00 0.01 0.01

035 consistent with cost share: 0.22 0.28 0.29 0.29

(0s"193) (kalK) -10.00

(ns"pna’)! (N3/N) -10,000
Construction Sector

0, 0.73 0.70 0.66 0.66

Oy 0.27 0.30 0.34 0.34

wy4 consistent with cost share: 0.47 0.50 0.47 0.47

043 consistent with cost share: 0.07 0.03 0.02 0.02

04, consistent with cost share: 0.10 0.09 0.08 0.08

043 consistent with cost share: 0.47 0.59 0.47 0.47

044 CONsistent with cost share: 0.00 0.00 0.00 0.00

045 consistent with cost share: 0.35 0.29 0.42 0.42

(a1 a’) (KalK) -10.00

(Ol ng’)! (N4/N) -10,000
Services Sector

05 0.52 0.40 0.67 0.67

Os 0.48 0.60 0.33 0.33

wys consistent with cost share: 0.62 0.80 0.66 0.66

O3 consistent with cost share: 0.02 0.01 0.03 0.03

O, consistent with cost share: 0.15 0.18 0.12 0.12

O3 consistent with cost share: 0.07 0.11 0.06 0.06

054 cOnsistent with cost share: 0.04 0.08 0.06 0.06

05 consistent with cost share: 0.72 0.62 0.73 0.73

(Bs"19s") (ks/K) -10.00

(s ons')! (Ns/N) -10,000
Trade
Primary
1/ 3.00
Wycan CONSiStent with expenditure share: 0.77 0.00 0.04 0.02
WimexCONSistent with expenditure share: 0.01 0.88 0.04 0.02
Wyysa CONSistent with expenditure share: 0.13 0.06 0.80 0.07
Wyrow CONSistent with expenditure share: 0.09 0.06 0.12 0.90
Non-Durable Manufacturing
1/, 3.00
Wycan CONSiStent with expenditure share: 0.80 0.00 0.02 0.00
WamexCoONsistent with expenditure share: 0.00 0.87 0.01 0.00
Wyysa CONSistent with expenditure share: 0.14 0.08 0.90 0.03
Warow CONSistent with expenditure share: 0.05 0.05 0.07 0.97
Durable Manufacturing
1/ps3 3.00
Wscan CONSIstent with expenditure share: 0.50 0.01 0.06 0.01
WsmexcoNsistent with expenditure share: 0.01 0.61 0.02 0.00
Wausa CONSistent with expenditure share: 0.36 0.24 0.75 0.07

Warow CONSistent with expenditure share: 0.13 0.14 0.17 0.92




Table 2

Levelsof protection in North America prior toimplementation of CFTA and NAFTA

Tariff rates Composite protection rates (tariffsand NTBS)

Primary products Primary products

Exporter Exporter
Importer Canada Mexico U.S. ROW Importer Canada Mexico U.S. ROW
Canada 0.01 0.01 0.00 Canada 0.20 0.61 0.27
Mexico 0.00 0.02 0.00 Mexico 0.80 0.81 0.72
u.s. 0.01 0.01 0.01 u.s. 0.61 0.88 0.77
Non-durable manufactured goods Non-durable manufactured goods

Exporter Exporter
Importer Canada Mexico U.S. ROW Importer Canada Mexico U.S. ROW
Canada 0.18 0.07 0.14 Canada 0.68 0.34 0.44
Mexico 0.04 0.05 0.10 Mexico 0.78 0.41 0.47
u.s. 0.04 0.05 0.10 u.s. 0.16 0.22 0.20
Durable manufactured goods Durable manufactured goods

Exporter Exporter
Importer Canada Mexico U.S. ROW Importer Canada Mexico U.S. ROW
Canada 0.04 0.02 0.04 Canada 0.25 0.26 0.31
Mexico 0.01 0.03 0.02 Mexico 0.01 0.13 0.22
u.s. 0.01 0.03 0.03 u.s. 0.39 0.07 0.28

Notes: Roland-Holst et al. (1994) report estimates for 26 sectors. Sectoral aggregates reported in this article are

weighted by 1992 import shares. ROW is rest of the world.

Source: Roland-Holst, Reinert and Shiells (1994)




Table 3

Long-run effects of competing North American trade liberalization schemes
(percentage deviation from pre-NAFTA steady state)
Tariffs only Tariffs and Non-Tariff Barriers
Variable Canada Mexico USA ROW Canada Mexico USA ROW
Welfare effects
Steady state gain 0.03 0.43 0.04 0.01 0.13 3.11 0.29 0.06
Transitional cost 0.03 0.20 0.03 0.01 0.17 1.24 0.15 0.07
Net effect -0.00 0.23 0.02 -0.01 -0.04 1.88 0.15 -0.01
Aggregate effects
Real GDP 0.01 0.91 0.03 -0.00 0.10 3.64 0.22 -0.03
Real consumption 0.03 0.68 0.05 0.00 0.17 3.89 0.38 0.04
Labor hours -0.00 0.40 0.01 -0.00 0.05 1.27 0.09 -0.02
Real wage 0.03 0.77 0.05 0.00 0.18 421 0.40 0.03
Capital stock 0.02 1.38 0.07 -0.00 0.16 5.79 0.46 -0.04
Real rental rate -0.01 -0.35 -0.03 -0.00 0.01 -1.56 -0.00 0.04
Total imports 0.12 4.42 0.57 0.00 0.62 26.04 3.49 0.21
Exports to World 0.10 5.70 0.56 -0.10 0.62 30.85 3.85 -0.84
to Canada 14.14 -0.14 -0.15 63.81 -0.40 -0.79
to Mexico 3.78 7.22 -0.23 23.73 43.24 -3.32
to US 0.05 7.66 -0.08 0.18 45.20 -0.69
to ROW 0.12 -0.58 0.02 1.09 -11.06 0.66
Terms of trade -0.04 0.03 0.00 0.00 -0.28 0.74 -0.13 0.13
Net foreign assets/GDP 0.19 -3.18 0.00 0.13 0.97 -13.45 -0.35 0.74
Sectoral effects
Primary
Output 0.01 0.57 0.01 -0.00 -0.55 4.03 -0.99 -0.39
Labor hours -0.00 0.39 0.00 -0.00 -0.01 1.41 -0.01 -0.06
Capital stock 0.03 1.29 0.02 -0.01 -1.34 9.73 -2.52 -0.94
Exports 0.04 0.34 0.35 -0.07 -1.39 32.89 10.73 -6.57
Nondurable mfg.
Output -0.06 1.41 -0.00 -0.01 0.09 2.05 0.91 -0.03
Labor hours -0.07 0.77 -0.04 -0.01 -0.05 -0.96 0.63 -0.06
Capital stock -0.04 1.76 0.03 -0.01 0.18 3.71 1.02 -0.04
Exports 0.11 10.56 0.60 -0.08 0.94 41.21 7.40 -1.07
Durable mfg.
Output 0.04 1.86 0.07 -0.02 0.54 6.59 0.36 -0.03
Labor hours 0.03 1.29 0.05 -0.02 0.45 4.06 0.20 -0.04
Capital stock 0.06 2.24 0.12 -0.02 0.64 8.28 0.62 -0.02
Exports 0.11 7.72 -0.13 -0.14 0.90 26.19 -0.77 -0.53
Construction
Output 0.01 0.98 0.04 -0.00 0.10 4.35 0.26 -0.02
Labor hours 0.01 0.64 0.01 -0.00 0.03 2.88 0.09 -0.03
Capital stock 0.03 1.65 0.08 -0.00 0.25 7.21 0.53 -0.01
Exports
Services
Output 0.01 0.68 0.03 -0.00 0.08 3.21 0.17 -0.01
Labor hours 0.00 0.05 0.00 -0.00 -0.04 0.48 0.01 -0.02
Capital stock 0.03 1.11 0.08 -0.00 0.19 5.03 0.45 -0.00
Exports




Table 4

Long-run effectsof NAFTA under different parameters (trade policies)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
100% liberalization Jan 1993 15 year liberalization
Variable Canada Mexico USA ROW Canada Mexico USA ROW
Welfare effects
Steady state gain -0.11 0.70 0.05 -0.04 0.03 -0.22 -0.01 0.01
Transitional cost -0.09 -0.10 -0.02 -0.04 0.03 0.02 0.00 0.01
Net effect -0.02 0.80 0.06 -0.00 0.01 -0.24 -0.02 0.00
Aggregate effects
Real GDP 0.02 -0.14 -0.02 0.02 -0.01 0.03 0.00 -0.01
Real consumption -0.06 0.47 0.02 -0.02 0.02 -0.16 -0.01 0.00
Labor hours 0.05 -0.38 -0.03 0.02 -0.01 0.12 0.01 -0.01
Real wage -0.05 0.37 0.02 -0.01 0.01 -0.13 -0.01 0.00
Capital stock -0.02 0.05 -0.00 0.01 0.00 -0.03 -0.00 -0.00
Real rental rate 0.03 -0.11 -0.01 0.00 -0.01 0.04 0.01 -0.00
Total imports -0.10 1.20 0.12 -0.30 0.03 -0.35 -0.04 0.09
Exports to World 0.15 -1.42 -0.16 0.34 -0.04 0.42 0.05 -0.10
to Canada -1.66 -0.17 0.17 0.49 0.05 -0.05
to Mexico 1.30 1.07 1.41 -0.38 -0.31 -0.42
to US 0.20 -1.56 0.29 -0.06 0.46 -0.09
to ROW -0.04 -1.04 -0.29 0.01 0.31 0.09
Terms of trade -0.06 0.49 0.06 -0.12 0.02 -0.14 -0.02 0.04
Net foreign assets/GDP -0.68 5.15 0.34 -0.38 0.19 -1.57 -0.10 0.12
Sectoral effects
Primary
Output 0.05 -0.24 -0.02 0.05 -0.02 0.07 0.00 -0.01
Labor hours 0.06 -0.39 -0.03 0.03 -0.02 0.12 0.01 -0.01
Capital stock 0.08 -0.37 -0.02 0.09 -0.03 0.09 0.00 -0.03
Exports 0.01 -0.75 -0.04 0.15 -0.00 0.23 0.01 -0.05
Nondurable mfg.
Output 0.07 -0.20 -0.03 0.03 -0.02 0.05 0.01 -0.01
Labor hours 0.10 -0.53 -0.05 0.04 -0.03 0.16 0.01 -0.01
Capital stock 0.03 -0.04 -0.02 0.02 -0.01 -0.01 0.00 -0.01
Exports 0.20 -1.72 -0.16 0.37 -0.06 0.51 0.05 -0.11
Durable mfg.
Output 0.14 -1.04 -0.09 0.08 -0.04 0.31 0.03 -0.02
Labor hours 0.17 -1.38 -0.11 0.09 -0.05 0.42 0.03 -0.03
Capital stock 0.08 -0.81 -0.07 0.06 -0.03 0.23 0.02 -0.02
Exports 0.16 -1.76 -0.15 0.22 -0.05 0.52 0.05 -0.07
Construction
Output -0.01 0.01 -0.00 0.01 0.00 0.00 0.00 -0.00
Labor hours 0.01 -0.15 -0.01 0.01 -0.00 0.06 0.01 -0.00
Capital stock -0.06 0.30 0.01 -0.00 0.01 -0.10 -0.01 0.00
Exports
Services
Output -0.01 0.09 0.00 0.00 0.00 -0.04 -0.00 -0.00
Labor hours 0.02 -0.19 -0.01 0.01 -0.01 0.06 0.00 -0.00
Capital stock -0.05 0.27 0.02 -0.01 0.01 -0.10 -0.01 0.00
Exports




Table 5

Long-run effectsof NAFTA under different parameters (trade elasticities)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state)
Low elasticity of substitution High elasticity of substitution
Variable Canada Mexico USA ROW Canada Mexico USA ROW
Welfare effects
Steady state gain -0.04 -1.06 -0.11 -0.02 0.05 2.79 0.32 0.11
Transitional cost -0.04 0.27 -0.01 -0.04 0.02 -0.65 0.01 0.11
Net effect 0.01 -1.34 -0.10 0.02 0.03 3.44 0.32 -0.00
Aggregate effects
Real GDP 0.02 -0.35 0.02 0.04 0.14 -1.80 -0.14 -0.04
Real consumption -0.03 -0.95 -0.08 -0.01 0.15 1.44 0.18 0.09
Labor hours 0.01 0.19 0.03 0.02 0.12 -2.20 -0.15 -0.02
Real wage -0.03 -0.90 -0.07 -0.00 0.19 0.89 0.14 0.09
Capital stock 0.04 -0.81 0.00 0.07 0.13 -1.58 -0.11 -0.09
Real rental rate -0.04 0.33 -0.03 -0.04 0.07 -0.02 0.11 0.12
Total imports -0.24 -15.61 -2.04 0.13 0.89 53.50 6.97 -0.51
Exports to World -0.22 -18.39 -2.24 0.73 1.24 60.44 7.71 -2.42
to Canada -40.59 0.47 0.51 137.57 -1.65 -1.42
to Mexico -14.05 -26.96 3.76 48.45 93.00 -13.98
to US 0.10 -28.03 0.56 0.06 93.47 -1.78
to ROW -0.66 9.77 -0.25 3.03 -36.21 0.85
Terms of trade 0.13 -1.74 -0.01 0.22 -0.26 0.34 -0.02 0.08
Net foreign assets/GDP -0.55 10.96 0.33 -0.64 -0.32 -17.63 -1.10 1.43
Sectoral effects
Primary
Output 0.52 -0.22 0.80 0.31 -1.51 -2.00 -1.77 -1.29
Labor hours 0.05 0.19 0.10 0.04 -0.01 -2.28 -0.29 -0.12
Capital stock 1.25 -0.74 1.90 0.74 -3.71 -3.78 -4.18 -3.13
Exports 1.13 -19.07 -7.71 5.08 -3.47 63.87 30.36 -20.50
Nondurable mfg.
Output 0.08 151 -0.27 0.05 -0.21 -8.20 0.73 0.00
Labor hours 0.13 2.35 -0.22 0.05 -0.42 -9.34 0.64 -0.07
Capital stock 0.08 1.05 -0.27 0.07 -0.09 -7.68 0.69 -0.03
Exports -0.40 -25.53 -4.63 0.88 1.35 87.03 15.91 -2.83
Durable mfg.
Output -0.24 -1.17 0.11 0.03 1.59 -2.49 -0.76 0.11
Labor hours -0.21 -0.53 0.15 0.03 1.50 -3.17 -0.83 0.09
Capital stock -0.24 -1.58 0.06 0.05 1.65 -2.07 -0.65 0.12
Exports -0.42 -15.66 0.75 0.28 2.12 49.65 -2.83 -0.42
Construction
Output 0.02 -0.56 0.01 0.04 0.07 -1.28 -0.07 -0.04
Labor hours 0.04 -0.20 0.04 0.03 -0.04 -1.62 -0.13 -0.07
Capital stock -0.01 -1.27 -0.04 0.05 0.26 -0.67 -0.01 -0.03
Exports
Services
Output 0.01 -0.55 0.00 0.02 0.05 -0.41 -0.04 -0.01
Labor hours 0.04 0.11 0.03 0.01 -0.11 -0.95 -0.09 -0.03
Capital stock -0.01 -0.99 -0.04 0.04 0.19 -0.06 0.02 0.00
Exports




Long-run effectsof NAFTA under different parameters (sectoral adjustment costs)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
No sectoral capital adj costs No sectoral labor adj costs
Variable Canada Mexico USA ROW Canada Mexico USA ROW
Welfare effects
Steady state gain 0.01 -0.06 0.01 -0.00 0.02 -0.13 0.01 -0.00
Transitional cost 0.00 -0.06 0.00 0.00 0.01 -0.13 0.01 -0.00
Net effect 0.01 -0.00 0.00 -0.00 0.01 -0.00 0.01 -0.00
Aggregate effects
Real GDP -0.02 0.08 -0.01 -0.00 -0.04 0.01 -0.03 -0.01
Real consumption -0.01 -0.03 -0.01 -0.01 -0.02 -0.09 -0.01 -0.01
Labor hours -0.02 0.05 -0.01 -0.01 -0.04 0.07 -0.03 -0.01
Real wage -0.01 -0.01 -0.01 -0.01 -0.02 -0.07 -0.02 -0.02
Capital stock -0.03 0.11 -0.01 -0.00 -0.04 -0.03 -0.03 0.00
Real rental rate -0.01 -0.06 -0.02 -0.02 -0.02 0.02 -0.03 -0.03
Total imports -0.02 0.15 -0.00 -0.01 -0.04 0.32 -0.01 -0.03
Exports to World -0.08 0.53 -0.04 -0.01 -0.14 0.74 -0.08 0.01
to Canada 0.16 -0.02 -0.01 -0.04 -0.04 -0.01
to Mexico 0.11 0.18 0.11 0.25 0.36 0.24
to US -0.06 0.17 -0.01 -0.10 0.00 -0.01
to ROW -0.14 1.51 -0.07 -0.25 2.78 -0.15
Terms of trade 0.04 -0.09 0.02 -0.02 0.07 -0.09 0.03 -0.04
Net foreign assets/GDP 0.07 -0.70 0.03 0.01 0.08 -0.82 0.06 -0.00
Sectoral effects
Primary
Output -0.12 1.04 -0.50 -0.04 -0.18 1.90 -1.01 -0.03
Labor hours -0.01 0.06 -0.00 0.00 -1.46 6.69 -4.09 -0.72
Capital stock -0.43 2.97 -1.54 -0.16 0.61 0.30 0.50 0.47
Exports -0.18 2.19 -0.90 0.25 -0.28 4.05 -1.85 0.60
Nondurable mfg.
Output -0.07 -0.01 -0.04 -0.03 -0.10 0.03 -0.11 -0.05
Labor hours -0.06 0.20 -0.08 -0.03 -0.04 -0.29 -0.06 -0.03
Capital stock -0.05 -0.17 0.03 -0.02 -0.13 0.16 -0.12 -0.04
Exports -0.09 -0.32 0.00 -0.03 -0.11 -0.34 -0.08 -0.02
Durable mfg.
Output -0.07 -0.09 0.03 -0.01 -0.13 -0.68 0.07 -0.02
Labor hours -0.08 -0.14 0.01 -0.01 -0.09 -0.99 0.10 -0.01
Capital stock -0.03 -0.06 0.07 -0.00 -0.17 -0.47 0.02 -0.03
Exports -0.06 -0.29 0.02 -0.04 -0.12 -1.10 0.06 -0.08
Construction
Output -0.02 0.07 -0.00 -0.00 -0.02 -0.15 -0.01 -0.00
Labor hours -0.02 0.08 -0.02 -0.00 0.01 -0.31 0.02 0.01
Capital stock -0.00 0.05 0.03 0.01 -0.08 0.15 -0.05 -0.01
Exports
Services
Output -0.00 -0.08 0.00 0.00 -0.00 -0.22 0.00 0.00
Labor hours -0.00 0.07 -0.01 -0.00 0.04 -0.50 0.03 0.01
Capital stock 0.00 -0.17 0.03 0.01 -0.05 -0.03 -0.04 -0.01
Exports




Table 7

Long-run effectsof NAFTA under different parameters (domestic elasticities)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state)
Cobb Douglas production Near leontief preferences
Variable Canada Mexico USA ROW Canada Mexico USA ROW
Welfare effects
Steady state gain 0.04 -0.08 0.03 -0.01 0.04 -0.08 0.03 -0.01
Transitional cost 0.01 -0.06 0.01 -0.01 0.01 -0.06 0.01 -0.01
Net effect 0.04 -0.02 0.02 -0.00 0.04 -0.02 0.02 -0.00
Aggregate effects
Real GDP -0.05 0.05 -0.08 -0.00 -0.05 0.05 -0.08 -0.00
Real consumption -0.01 -0.09 -0.05 -0.02 -0.01 -0.09 -0.05 -0.02
Labor hours -0.07 -0.02 -0.08 -0.01 -0.07 -0.02 -0.08 -0.01
Real wage -0.03 -0.10 -0.06 -0.02 -0.03 -0.10 -0.06 -0.02
Capital stock -0.03 0.10 -0.10 0.01 -0.03 0.10 -0.10 0.01
Real rental rate -0.04 0.02 -0.04 -0.04 -0.04 0.02 -0.04 -0.04
Total imports 0.10 1.12 0.24 0.05 0.10 1.12 0.24 0.05
Exports to World -0.02 1.71 0.10 0.17 -0.02 1.71 0.10 0.17
to Canada 1.09 0.12 0.03 1.09 0.12 0.03
to Mexico 0.96 1.23 0.96 0.96 1.23 0.96
to US 0.05 1.47 0.14 0.05 1.47 0.14
to ROW -0.26 242 -0.03 -0.26 242 -0.03
Terms of trade 0.13 -0.24 0.02 -0.03 0.13 -0.24 0.02 -0.03
Net foreign assets/GDP -0.03 -0.84 0.19 -0.06 -0.03 -0.84 0.19 -0.06
Sectoral effects
Primary
Output 0.38 2.03 0.75 0.24 0.38 2.03 0.75 0.24
Labor hours -0.02 -0.03 -0.01 0.01 -0.02 -0.03 -0.01 0.01
Capital stock 1.19 -0.10 1.90 0.77 1.19 -0.10 1.90 0.77
Exports 0.85 4.18 -2.22 291 0.85 4.18 -2.22 291
Nondurable mfg.
Output 0.01 1.94 0.14 -0.04 0.01 1.94 0.14 -0.04
Labor hours -0.10 1.62 -0.37 -0.05 -0.10 1.62 -0.37 -0.05
Capital stock -0.14 1.39 -0.41 -0.05 -0.14 1.39 -0.41 -0.05
Exports -0.03 0.80 0.15 0.13 -0.03 0.80 0.15 0.13
Durable mfg.
Output -0.19 1.43 0.22 -0.04 -0.19 1.43 0.22 -0.04
Labor hours -0.29 0.38 0.05 -0.04 -0.29 0.38 0.05 -0.04
Capital stock -0.31 0.27 -0.03 -0.04 -0.31 0.27 -0.03 -0.04
Exports -0.18 0.36 0.20 -0.15 -0.18 0.36 0.20 -0.15
Construction
Output -0.02 0.13 -0.03 0.00 -0.02 0.13 -0.03 0.00
Labor hours -0.09 -1.49 -0.17 -0.00 -0.09 -1.49 -0.17 -0.00
Capital stock -0.13 -1.44 -0.22 -0.01 -0.13 -1.44 -0.22 -0.01
Exports
Services
Output 0.00 0.21 -0.01 -0.00 0.00 0.21 -0.01 -0.00
Labor hours -0.00 0.07 -0.07 -0.00 -0.00 0.07 -0.07 -0.00
Capital stock -0.05 -0.02 -0.13 -0.01 -0.05 -0.02 -0.13 -0.01
Exports




Fig

Model flow diagram for a representative country
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Figure 8

Agoregate effects of trade liberalization on Canadian Economy
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