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1. Introduction

The current tool of choice for analyzing the impact of the North
American Free Trade Agreement (NAFTA) on the economies of Canada, Mex-
ico, and the United States is the static applied general equilibrium model.
Examples of such analyses include Brown, Deardorff, and Stern (1991):; Cox
and Harris (1991); Hinojosa-Ojeda and Robinson (1991); KPMG Peat-Mar-
wick (1991); Sobarzo (1991); and Yiinez-Naude (1991). They all tend to find
small, but favorable, impacts of such an agreement.

Static applied general equilibrium models can do a good job in analyzing,
and even in predicting, the impact of trade liberalization or tax reform on
relative prices and resource allocation over a short time horizon. Kehoe, Polo,
and Sancho (1991), for example, assess the performance of a static general
equilibrium model of the Spanish economy that had been constructed to ana-
lyze the impact of the tax reform that accompanied Spain’s 1986 entry into
the European Economic Community. They find that the model was able to
account for more than two-thirds of the variation of relative prices that oc-
curred between 1985 and 1987. (It would be interesting to do similar ex post
performance evaluations of the analyses of NAFTA.)

Typically, however, this sort of model predicts small changes in economic

* T am grateful to Karine Moe for diligent and energetic research assistance. The views
expressed herein are those of the author and not mecessarily those of the Federal
Reserve Bank of Minneapolls or the Federat Reserve System.
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welfare {see Shoven and Whalley (1984); Whalley (1989)]. One reason for
this is that these models do not attempt to capture the impact of povernment
policy on growth rates. For this we need a dynamic model. Anything that can
affect the growth rate of a variable like income per capita or output per worker,
if only slightly, can have a tremendous impact over time.

Currently, there is no model that analyzes the impact of NAFTA on growth
rates. This paper outlines some of the issues that confront a researcher inter-
ested in building a dynamic applied general model to assess the potential ec-
cnomic impact of NAFTA, including the impact on growth rates. A dynamic
model can capture the effect of government policy on capital flows, and these
are very important. Yet, as we argue in the next section, a low capital-labor
ratio cannot be the only, or even the most important, factor in cxplaining the
low level of output per worker in Mexico compared to that in a country like
the United States. We must look elsewhere for explanations for the differences
in levels of output per worker. It is here that the new, endogenous growth
literature, which follows Romer (1987) and Lucas (1988) and focuses on en-
dogenous technical change, is able to provide potential answers. This literature
is still at a tentative, mostly theoretical level. By developing a disaggregated
dynamic general equilibrium moded of the three countries of North America,
we could go a long way towards making this theory operational. A model
could be calibrated, and alternative versions of the theory could be tested by
applying them to past experience. The present paper uses preliminary cmpirical
work at an aggregate level to estimate the impact of free trade on growth rates
in Mexico.

Although our calculations are fairly crude, they suggest that the dynamic
impact of NAFTA could dwarf the static effects found by more conventional
applied general equilibrium models. Similar kinds of suggestive calculations
are performed to estimate the dynamic gains from the European Economic
Community’s 1992 Program by Baldwin (1992), Unlike Baldwin’s analysis,
however, the results presented here are based on theories and empirical esti-
mates that deal with trade directly. Baldwin obtains his numbers by multiplying
estimates of static gains from trade obtained by other researchers by a multi-
plier derived from a highly aggregated growth model with dynamic increasing
returns but without any explicit role for trade. It is worth pointing out that the
analysis in this paper does not take into account phenomena like unemploy-
ment or underutilization of capacity. It is possible that a free trade agreement
would provide dynamic gains based on a more traditional macroeconomic
analysis; see Fischer (1992) for some suggestive results in this direction.

Although (he endogenous growth lterarre is still at a tentative stage, the
intuition behind it is fairly simple. Increased openness can alter the growth
rate in clear ways; economic growth is spurred by the development of new
products. New product development is the result of learning by doing, where
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experience in one product line makes it easier to develop the next product in
the line, and of direct research and development. On the final product side,
increased openness allows a country to specialize more, achieving a larger
scale of operations in those industries in which it has a comparative advantage.
On the input side, increased openness allows a country to import many tech-
nologically specialized inputs to the production process without needing to
develop them itself.

It is worth noting that the analysis in this paper pertains to the benefits of
fice wade in general, not just in the context of NAFTA. Because of their
relative sizes and geographical locations, Canada and Mexico do most of their
trading with the United States; see Figure 11.1. For them the concepts of free
trade and NAFTA are inextricably connected. Although Canada is the United
States’ largest frading partner and Mexico its third largest, about three-quarters
of U.S. trade is with countries ontside North America. Nonetheless, NAFTA
represents an opportunity for the United States to commit itself to a free trade
policy, and for this reason the progress on NAFTA is being closely monitored
throughout the world.

II. Capital Flows -

A major impact of NAFTA would be on capital flows. One would
expect capital to flow from relatively capital-rich Canada and the United States
to relatively capital-poor Mexico. Indeed, it is by exogenously imposing a
substantial capital flow of this sort that static models such as that of KPMG
Peat-Marwick (1991} are able to show a significant welfare gain to Mexico, It
is worth stressing two points about capital flows, however. First, differences
in capital-labor ratios between Mexico and its northern neighbors cannot be
the sole explanation of the large differences in output per worker between
these countries. [See Lucas (1990) for a discussion and calculations similar to
those below.] Consequently, simply equalizing capital-labor ratos cannot be
the solution to the problem of eliminating income differences. Second, when
modeling the savings and investment decisions that determine capital fiows,
we need to take into account the significant differences in age profiles of the
population between Mexico and its neighbors. This point is discussed further
in the next section.

To illustrate the point that differences in capital-labor ratios cannot explain
the differences in output per worker observed in Mexico and the United States,
we carry out some simple calculations using aggregate production functions.
Suppose that each economy has the same production function

Y, = W} Ky
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where Y, is GDP, ¥, is the size of the work force, and K, is capttal. In per capita
terms, where y, = Y,/N; and k; = K,/N,, this becomes y; = yk. The net return
of capital is

rp=oyk' — 8

where & is the depreciation rate. In 1988, according 1o Summers and Heston
(1991}, real GDP per worker was $14,581 in Mexico and $37,608 in the United
States. Suppose that o = 0.3, which is roughly the capital share of income in
the United States. Then, to explain this difference in output per worker, we
need capital per worker to be larger than that in Mexico by a factor of 23.5,

Ve 13
LI (y—) = (37’608) = 235,
kmex ymcx 14’5 8 1
¢
Suppose that 8 = 0,05 and r,, = 0.05, which are roughly the numbers obtained

from calibration. Then the net interest rate in Mexico should be 17.2 times
that in the United States,

1—a
Foer = (Tus +5)(&) -6 = 0.10023.507 ~0.05 = 0.86.

km:x

During the 1988-90 period, the real return on bank equity in Mexico (and
banks are the major source of private capital in Mexico) averaged 28.2 percent
per year, as compared to 4.7 percent in the United States {see Garber and
Weisbrod (1991)]. Because 28 percent is far less than the 86 percent that we
would expect if differences in capital-labor ratios were the principal determi-
nani of the differences in output per worker berween Mexico and its neighbors,
we must look elsewhere for this determinant.

There are at least two objections that can be raised to the above calculations:
First, a comparison based on per capita GDP in U.S. dollars using the exchange
rate to convert pesos into dollars would suggest that y, /v, is much larger,
about 7.9. Second, calibrating the capital share parameter a using Mexican
GDP data would yield a larger value, about 0.5. These two objections work
in opposite directions, however, and our calculations can be defended as being
in a sensible middle ground - income comparisons based on exchange rate
conversions neglect purchasing power parity differentials; per capita compar-
isons rather than per worker comparisons neglect demographic differences;
much of what is classified as net business income in Mexico is actually retums
to labor; and so on.

Moreover, that differences in capital per worker cannot be the sole expla-
nation of differences in cutput per worker across countries is a more general
point. It is supported both by historical evidence, such as that of Clark (1987),
and by even more extreme examples of differences in output per worker:
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According to Summers and Heston {1991), real GDP per worker in Haiti in
1988 was 4.9 percent of that in the United States. The same sort of calculations
as those above would suggest that interest rates in Haiti should be over 11,000
percent per year if differences in the capital-labor ratio were the sole expla-
nation of the differences in ontput per worker. Furthermore, historical cvidence
does not indicate that Mexico has always been starved of funds for investment.
The problem has often been that investments abroad, particularly in the United
States, have been more attractive., Between 1977 and 1982. for example, $17 8
billion of private investment flowed into Mexico, while $18.7 billion flowed
out [Garcia-Alba and Serra-Puche (1983), p. 45).

Although capital flows cannot provide all of the answers to Mexico’s prob-
lems, they arc important. If capital flows could lower the net interest rate in
Mexico from 28 percent per year to 5 percent, we would estimate that the
capital labor ratio in Mexico would increase by a factor of about 5.5:

Koo _ (028 +8)"'7° s
k. \0.05 +8 i

This would increase Mexican output per worker to roughly $24,300, which
would close the current gap with the U.S. level by about 42 percent.

A dynamic applied general equilibrium model would be an ideal tool for
analyzing the capital flows that would result from NAFTA. With some sec-
tional disaggregation, such a model could account for differences in total factor
productivity in the United States and Mexico that differ widely across sectors,
Total factor productivity in some sectors in Mexico is similar to that in the
United States, whereas in othcrs it is much lower {see, for example, Blomstrom
and Wolf (1989)]. The calculations of the impact of capital inflows reported
above are based on aggregate production functions and igrore these differ-
ences. A disaggregated model would enable us to capture: the various impacts
that capital flows would have on different sectors.

If a model is to explain the impact of large capital inflows on the Mexican
economy, it should be able to answer this question: If the post-NAFTA interest
rate in Mexico is 1o be so much lower than the pre-NAFTA interest rate, why
is the pre-NAFTA rate so high? One possible answer is that a high interest
rate in Mexico is the result of closed capital markets and of inefficient, oli-
gopnlistic financial intermediaries. If this is the case, we would want o model
imperfect competition in the financial services sector and to model explicitly
the way in which NAFTA would lower the interest rate.

Another potential answer is that the gap between the pre-NAFTA interest
rate in Mexico and the U.S. interest rate represents a risk premium: Interna-
‘tional investors demand a higher rate of return in Mexico because they fear
that a financial collapse and maxidevaluation like that which occurred in 1982
would wipe out much of their investment. By locking Mexice and its two
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NC

€ = Tinancial Collapse .
NC =No Collapse
Figure 11.3. Introduction of Uncertainty

northern neighbors into policies that would help guarantee economic stability
in Mexico, NAFTA would lower this risk premium and thereby lower the
interest rate. Foreign investment in Mexico has increased dramatically in recent
years, as seen in Figure 11.2. Some of this increase has been due to the lib-
eralization of Mexican laws regarding such investments, and some has un-
doubtedly been due to improvements in cxpectations about Mexico's economic
future.

It may be possible to model the process by which NAFTA would lower the
risk premium in a simple way. Figure 11.3 depicts an event tree for a dynamic,
stochastic general equilibrium model in which there is a probability =, of a
financial collapse in period 7 and a probability 1—r,, of no financial collapse.
In simulations, we could concentrate on the path in which no financial collapse
actually occurs. Even so, in principle, we would have to model what would
occur at every node of this event tree. This would subject us to the *‘curse of
dimensijonality’’ associated with an expanding-state space typical in this type
of model. To simplify the analysis, however, we vould mode] what happens
if a financial collapse occurs in a simple enough way so that we do not have
to move further out on branches in which a financial coliapse occurs to com-
pute the equilibrium outcomes. Even thongh we would not need to model in
great detail what happens if a financial collapse occurs, lowering its probability
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7, could have a significant impact on equilibrium outcomes along the branch
of the ree where there is no collapse. To make this approach useful, we would
need to model the interaction of ,, and NAFTA in a way that is tractable but
also captures the impact of NAFTA on economic stability in Mexico,

TII. Demographics

To successfully account for capital flows, a dynamic general equilib-
rium analysis of NAFTA would have to modcl consumers’ savings decisiuns,
In modeling savings decisions in Canada, the United States, and Mexico, we
must take into account demographic differences among the countries. Figure
11.4 illustrates the stark contrast in the population growth experiences of the
United States and Mexico. These differences in population growth manifest
themselves in differences in age structures of population; while the populations
of Canada and the United States are currently aging as the postwar baby boom
generation reaches middle age, half the population of Mexico is currently age
19 or younger.

These differences would be very important in an overlapping generations
coutext in which life-cycle consumers dissave when young and buitd up their
human capital, save during the middle of their lives, and dissave again when
old during retirement. An example of an applied general equilibrium model
with overlapping generatione is Auerbach and Kotlikoff (1987). This model
has a single country with a single production sector. A model with a simitar
dynamic structure but with several countries and muitiple production sectors
could be used to capture the impacts of NAFTA on capital flows in North
America.

Modeling demographic differences in an overlapping generations frame-
work would be especially important in a model in which the accumulation of
human capital, as well as that of physical capital, plays an important role. The
alternative modeling strategy is to assume that a bequest motive links gener-
ations in such a way as to produce families that act as if they were infinitely
lived consumers. Empirical evidence does nut seem to clearly favor one ap-
proach over the other: On one hand, a large percentage of wealth seems to be
the result of bequests [see, for example, Kotlikoff and Summers (1981)]. It
would be essential to account for this phenomenon in Mexico where wealth
is very concentrated. On the other hand, while bequests may be important in
some families, they are not important in others [sce Altonji, Hayashi, and
Kotlikoff (1992)]. Consequently, an applied dynamic model should be able to
incorporate both families linked by bequests and other families who engage
in life-cycle savings. A theoretical version of such a model has been developed
by Escolano (1992); it should be possible to implement an applied version of
this model.
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IV. Specialization in Final Preducts

Incorporating capital flows and demographics would be essential in
any analysis of the dynamic impact of NAFTA. Even more essential would
be to account for the impact of NAFTA on growth rates in the three countries.
Studying the recent economic performances of the Philippines and South Ko-
rea, Lucas (1992) concludes that the key to understanding growth is what
economists call learning by doing. The potential of learning by doing to ac-
count for economic growth has been recognized since the pioneering work of
Arrow (1962). The microevidence has a long history going back to Wright
(1936), who found that productivity in airframe manufacturing increased with
cumulative output at the firm level. Later studies have confirmed this relation-
ship at the firm level and indusiry level. Recent research that incorporate learn-
ing by doing into models of trade and growth include Stokey (1988) and Young
(1991).

Consider the following simple framework, as presented by Backus, Kehoe,
and Kehoe (1992): Output in an industry in some country depends on inputs
of labor and capital, country- and industry-specific factors, and an experience
factor that depends, in turn, on previous experience and output of that industry
in the previous period. Keeping constant the rates of growth of inputs, the
crucial factor in determining the rate of growth of output per worker is the rate
of growth of the experience factor. Qutput per worker grows faster in industries
in which this experience factor is higher, The level of growth of output per
worker nationwide is a weighted average of the rates of growth across indus-
tries. One way increased openness promotes growth is that it allows a country
to specialize in certain product lines and attain more experience in these in-
dustries. :

Modeling dynamic increasing returns as the result of learning by doing is a
reduced form specification for a very complex microeconomic process. It cap-
tures the effects of the learning curve documented by industrial engineers. It
also captures, to some extent, the adoption of more efficient production tech-
niques from abroad and from other domestic industry. The learning that takes
place is not solely related to physical production techniques but also to the
development of complex financial and economic arrangements between pto-
ducers of primary and intermediate goods and producers of final goods. The
ability of a country to benefit from learning by doing depends on the educa-
tional tevel of the work force. It also depends on whether a country is at the
frontier of development of new products and production techniques or if it can
import these from abroad,; it is easier w play catch-up than 10 be the techno-
logical leader.

The chailenge that lies ahead is to build the concepts sketched out above
into a calibrated model of North American trade. To appreciate some of the
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issues involved, consider a simple analytical model in which value added in
industry i, i = 1, ..., I, is produced according to the function

Yy = 1AN Ky

Here Y, is real value added of industry i in period &, N, is labor input, and X,
is capital services. The variable A, measures the external effects of learning
by doing. We assume that

A:n-l = Ar.f (] + Bi},i!)n’

where B, and n are positive constants, Thus, the rate of increase in learning is
proportional to total cutput. This is slightly different from the standard expe-
rience curve, in which productivity is an increasing function of cumulative
output, but has the same flavor: Current production raises future productivity.
Defining y, = ¥,/N, to be real output per capita and similarly defining n, and
k,. we obtain

Yu = 'Y:At.-nflrmwkz‘

which implies that the growth rate in per capita ontput is .

Yus1 Ry e Kis “
g(yf.r) = - 1= (1 +BEYH)“ -1
y:‘r it k

B

If we consider a balanced growth path in which the capital stock in each
industry grows at the same rate as output and the fraction of the labor force
in each industry is constant, then we can calculate

g(yir) = (1+BiY|'1)5i - 1

where 8, = n/(1 —a).
The aggregate growth rate is the weighted average of growth rates of indi-
vidual industries, with weights given by shares in aggregate output:

I I
L+ 00 = 2, (G + gl = 2 (H XN +BY,)
i=1 =1
If, in addition, B, = P and &, = 1 for all i, aggregate growth is
i
gv) = BY, 2 (Y, /Y

im |

We refer to the summation in the above expression, a number between zero
and one, as a specialization index. Its product with aggregate output operates
as a scale effect on growth. In general, that is, with 3, # 1, the appropriate
specialization indcx is based on other powers of the vutput shares Y,/ Y, but



340 Dynamic Models

this simple measure captures the dispersion of production across industries that
the theory suggests is important.

V. Imports of Specialized Inputs
Increased openness allows a country to import more specialized in-
puts to the production process. Stokey (1988) and Young (1991) have proposed
models in which new product development is still the result of learning by
doing but where the primary impact of learning by doing is in the development
of new, morc specialized inputs. Trade allows a county 10 import these inputs
without developing them itself. Aghion and Howitt (1989), Grossman and
Helpman (1989), Rivera-Batiz and Romer (1989), and others have proposed
similar models where it is research and development that leads to the devel-
opment of new products. (Here, of course, the relationship of trade and growth
is more complicated if one country can reap the benefits of technological pro-
gress in another country by importing the technology itself without importing
the products that embody it.) :
Suppose, as in Stokey (1988) and Young (1991), that learning by doing
leads to the development of new or improved products. Final output is pro-
duced according (o the production function )

Y, = yNi-= ( f X,(i)Pd:‘) .
0

There is a continvum of differentiated capital goods (or intermediate goods),
with X,() denoting the quantity of capital goods of type i, 0 = i < o, The
parameter p is positive, allowing output even if there is no input of some capital
goods. This type of production function embodies the idea that an increase in
the variety of inputs leads to an increase in measured output.

Growth arises [rum an increase in the number of available capital goods. In
period £, only capital goods in the interval 0 < i = A, can be produced. Pro-
duction experience results in the expansion of the interval, the development
of new products,

Ay = A(1+PY)

The resource constraint on capital goods is
As
f X)) di = K,
0

If the production functions for capital goods are identical, then the most effi-
cient allocation of resources results in equal production of all goods that are
actually produced. Let us assume that all goods in the interval 0 = i = 4, are
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produced in equal amounts. Under suitable assumptions, this is the equilibrium
oulcome [see, for example, Romer (1990)]. Letting X, (i) X0=<i= A, we
obtatn

X, = KJA,
which implies _
¥, = yNieRiag o

The growth rate of output per worker is

k a
o0 = sy (b
T
If we assume, in addition, that the capital stock grows at the same rate as
output, then growth is simply a function of the scale of praduction:

80 = (1+BYy — 1

where 8 = a(1— p)[p(l—a)]. Again, there is a scale effect at the country
level; Countries with larger outputs grow faster,

The most interesting aspect of this theory is the perspective it gives us on
trade and growth. In the previous section, the natural interpretation is that
technology is embodied in people and is not tradeable. Trade may influence
the pattern of production, including both the scale of production and the pattern
of specialization, and in this way affect growth. In this modei, technology is
embodied in product variety, and there is a more suhtle interaction between
trade and growth, Recall that increases in the number of varieties of interme-
diate goods raise output. If these varieties are freely traded, a country can
either produce them itself or purchase them from other countries. By importing
these products, a smatl country can grow as fast as a large one. When there is
less than perfectly free trade in differentiated products, we might expect to
find that both scale and trade in differentiated products are positively related
to growth.

A commonly used measure of the extent to which a country engages in trade
of specialized products in the Grubel-Lloyd (1975) index, The Grubel-Lloyd
index for country j is

1
2 X+ M - 1X]~ M)
i=1

X+ m

GL =

Here X} is exports of industry i; Mi is imports of industry i; X is total exports;
and M is total imports. Backus, Kehoe, and Kehoe (1992) find a strong positive
relation between the Grubel-Lloyd index for all products at the three-digit
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S.LT.C. level and growth in GDP per capita for a large sample of countries.
They also find a strong positive relationship between the Grubel-Lloyd index
for manufactured products and growth in manufacturing output per worker.
Trade in category 711, nonelectrical machinery, might consist of imports of
steam engines (7,113) and exports of domestically preduced jet engines
(7,114). Simultaneous irports and exports of these goods provide the country
with both and leads to more efficient production.

VI. Some Empirical Estimates and Dlustrative Calculations

Using cross-country data from a large number of countries over the
1970-85 period, Backus, Kehoe, and Kehoe (1992) analyze the determinants
of growth. Various other researchers have used similar cross-country data sets
to estimate the parameters of endogenous growth models; see Levine and Re-
nelt (1992) for a survey. Typically, rescarchers in this area find that their results
are very sensitive to the exact specification of the model and the inclusion or
exclusion of seemingly irrelevant variables. Backus et al. (1992) find, however,
that, in explaining rates of growth of output per worker in manufacturing,
results related 1o the theory sketched out in the previqus two sections are
remarkably robust. Using their methodology, we can estimate some parameters
for a model in which both specialization in final output and the ability to import
specialized inputs foster growth. Details concerning the data sources and meth-
odology can be found in Backus et al. (1992).

Consider a relationship of the form

I
g = o+ B log ¥ + B,log 3, (X/P)* + B, log G/

i=1

4+ B,log ¥ + B, PRIM + g/
Here g(¥) is average yearly growth of manufacturing output per worker in

percent form from 1970--85; ¥ is 1970 manufacturing output; X_, (X/¥)? is
a specialization index based on exports at the three digit S.LT.C. level: GT/ is
the 1970 Grubel-Lloyd index of intraindustry trade; ' is 1970 per capita in-
come; and PRIMY is 1970 primary school enrollment rate. Bars above the
variables indicate that the variable deals with the manufacturing sector only;
the specialization index and the Grubel-Lloyd index, for example, are com-
puted for manufacturing industries only.

We include total manufacturing output and the specialization index to ac-
count for the impact of specialization in production of final goods. One mo-
tivation for using export data is that specialization is most important in the
export secter. Another motivation is purely practical. The trade data permits
a more detailed breakdown of commodities, and the export specialization in-
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dex can be thought of as a proxy for the tota] production specialization index;
if exports are proportional to outputs, then X} = e and X, (Ri/pp =
g2 Zi_ (¥i/7)? and the two indices are proportional. The Grubel-Lloyd index
is included, as we have explained, because it captures, in a loose way, the
ability of a country to trade in finely differentiated products, which our theory
implies is important for growth. We include initiat per capita income and the
primary enrollment rate partly because they are widely used by other research-
ers in this area, such as Barro (1991) and parily because they may be relevant
to our theory; the inclusion of per capita income allows for less-developed
countries, which are playing catch-up, to face different technological con-
straints. The inclusion of the enrollment rate allows for differences in coun-
tries’ ability to profit from learning by doing because of differences in levels
of basic education.
A regression of the above relationship yields

Lo 2602 | 0743 . 0.309 g
8 = s686) * (025908 T + (o113 108 2 Ry
0890 . . —o1m 2.421
T 0410) B 9L T (g799) 108 + 507y PRIM!
NOBS = 49 R = 0.479,

(The numbers in parentheses are heteroskedasticity-consistent standard crrors.)
Notice that in this regression the coefficients all have the expected signs and
that the first three variables, total manufacturing output, the specialization in-
dex, and the Grubel-Lloyd index, are all statistically significant.

To illustrate the dramatic impact of trade liberalization possible in a dynamic
model that contains the endogenous growth features discussed in the previous
two sections, let us suppose that NAFTA allowed Mexico to increase its level
of specialization in production of final manufactured goods and imports of
specialized inputs. The average values over 1970-85 of the specialization in-
dices and Grubel-Lloyd indices for the three North American countries are
listed below. The values of the same indices for South Korca, a country with
about the same output per worker as Mexico, are also included for comparison,

I_(Xypy  GL

Canada 7.10 x 10-2 0.638
Mezxico 5.93 X 10—+ 0.321
U.S. 1.92 x 10-2 0.597

Korea 543 X 102 0362
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Suppose that free trade allows Mexico to increase its specialization index to
0.1 > 10-2 and its Grubel-Lloyd index to 0.6, Dramatic increases of this suit
are possible: In 1970, for example, Ireland had a Grubel-Lloyd index for man-
ufactured goods of 0.150; in 1980, after having joined the European Economic
Community in 1973, this index was 0.642. Over the same 1970-80 period,
earnings per worker in Ireland rose at a 4.1 percent annual rate.

Using the above regression resuits, we would estimate the increase in the
growth rate of manufacturing output per worker of 1.430 percent per year:

1.00 X 10-2 0.600
1430 = 0.309 log (m) + 0850 log (0.321)

= 0.873 + 0.557.

It is clear that much is at stake in the issues discussed here. Suppose that
Meaicv is able 10 increase its growth rate of output per worker by an additional
1.430 percent per year by taking advantage of both specialization and increased
imports of specialized intermediate and capital goods. Then, after 30 years, its
level of output per werker would be more than 50 percent higher than it would
have otherwise been. By way of comparison, if Mexico’s output per worker
were 50 percent higher in 1988 than it was, then output per worker in Mexico
would be about the same as that in Spain (again, this comparisen uses Sum-
mers’ and Heston's 1991 data). Our earlier calculations suggested that Mexico
could increase its output per worker by roughly 66 percent by increasing its
capital per worker until the rate of return on capital is equal to that in the
United States. Admittedly, these calculations are very crude, but they suggest
that there is a significant impact of increased openness on growth through
dynamic increasing returns. Furthermore, the dynamic benefits of increased
openness dwarf the static benefits fuund by more conventional applied general
equilibrium models,

Obviously, this is an area that requites more research, and even a crude
disaggregated dynamic general equilibrium model of North American eco
nomic integration would make a substantial contribution. More empirical work
also needs to be done. Notice, for example, that the Grubel-Lloyd indices
reported above fail to capture the observation that Korea is fairly closed in
final goods markets but open to imports of intermediate and capital goods.

Our analysis suggests that Mexico has more to gain from free trade than do
Canada or the United States. Both are already fairly open economies, and the
United States is big enough to exploit its dynamic scale economies. Mexico,
however, has a smaller internal market. To follow an export-led growth strat-
egy, Mexico must look to the United States, as the trade statistics in Figure
1%.1 indicate.
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Endogenous growth theories can be used to support industrial policies that
target investment towards certain industries and trade policies that protect
some final-goods industries. At the level of aggregation used here, our results
have little to say directly about such policies, Two warnings about such pol-
icies are worth making, however. First, with regard to industrial policies, the
learning-by-doing process discussed in this paper, and innovation in general,
is something that needs to be modeled at a more advanced microlevel. Whether
the government can do a hatter Jjob than market forces in directing invesunent
in the presence of this kind of external effect is an important question that is
left open by our analysis. Second, with regard to trade policies, open access
to U.S. markets for Mexico means open access to Mexican markets for the
United States in the context of NAFTA. It would be politically difficult, if not
impossible, for Mexico to pursue selective protectionist policies like those of
Korea.

VI Aggregation Issues

One problem that confronts a researcher interested in constructing a
dynamic general equilibrium model to analyze the impact of NAFTA is what
level of aggregation to use. There is evidence that some disaggregation is
necessary: Echevarria (1992), for example, finds that although changes in total
factor productivity in the OECD has been negligible in recent decades in ag-
riculture, it has been significantly positive in services but less than in manu-
facturing. Simple regressions of growth jn income per capita on the initial
composition of cutput — that is, on percentages of output in industry, agricul-
ture, and services — account for more than 22 percent of the variation in growth
rates. Furthermore, differences in total factor productivity between Mexico and
the United States differ substantially across industries. The growth effects of
NAFTA are, therefore, apt to vary across industrics. The cmpirical results of
Backus, Kehoe, and Kehoe (1992), which finds that the simple endogenous
growth models presented in this paper do well in explaining productivity
growth in manufacturing but not growth in total output per capita, further
suggest that some disaggregation is necessary if endogenous growth theory is
to be successfully incorporated into an applied general equilibrium model. Yet
disaggregation has its costs in terms of data requirements and potential com-
putational difficulties,

A further problem in applied modeling of trade and growth at a disaggregate
level is that the objects in theoretical models that stress the development of
new praducts do not have obvious empirical counterparts in the data. [We
should note that work such as that of Brown (1987) and Watson (1991) indicate
that the disaggregation of goods typically used in static trade models has prob-
lems in terms of capturing the degree of substitutability between imports and
domestically produced goods.] Various approaches have been used to reinter-
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pret trade data disaggregated using the SIT.C. in terms of these sorts of
themes, for example, Feenstra (1990), Havrylyshyn and Civan (19835), and this
paper. This is obviously an area that needs more research, particularly research
with a high imagination component.
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