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1. Introduction

Regional trade blocks by nature need rules concerning whether or not
a product is "domestic" in the sense that it qualifies for free trade within the
block. The Canada-US free-trade area has such rules, and the proposed
North-American free-trade area elaborates content provisions in great detail.
The EEC must similarly devote much attention to defining European products
according to content. Domestic-content provisions (or rules of origin) have
proved difficult negotiating points in new free-trade agreements (or in the
modification of existing agreements) and/or have caused tension between
(proposed) member countries and non-members. In the latter vein, a group
of firms within the proposed block (often concentrated in one or a few
countries) fears that the creation of a large free-trade area will induce foreign
firms to produce within the block, thereby increasing competition and lowering
profits for the indigenous firms. Insofar as foreign producers are "tooled" to
use substantial amounts of imported intermediate inputs, one way of
discouraging foreign entry or at least raising the rivals’ cost is through a tough
domestic content provision for those firms. Rules of origin seem to have been
used in this "anti-competitive” manner in the case of the European VCR
industry and the North American auto industry.

An example of the type of conflict that domestic-content provisions
can generate among member countries occurs when intermediate goods
producers (auto parts, semiconductors, textiles) might be concentrated in
country A while the final goods producers (auto assembly, computers,
clothing) might be concentrated in country B, the latter using substantial
amounts of imported components. The government of A (representing the
intermediate goods producers n A) wants a high domestic-content ratio as a
quid-pro-qui for (trade diverting) imports of the final goods from B. Thus the
Americans wanted a high North American content ratio in clothing (the "yarn
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forward" rule) so that job losses due to clothing imported from Mexico would
be compensated for by increased US fiber, yam, and textile exports to
Mexico.

The purpose of this paper is to consider certain theoretical aspects of
domestic-content provisions, and then examine their effects in the specific
context of the proposed North American Free Trade Agreement (NAFTA)
using an applied general-equilibrium model. Domestic-content provisions bear
most heavily on firms that use a high proportion of imported inputs. Indeed,
the inequality nature of the constraint means that it does bind at all on certain
firms, typically firms headquartered within the trade block. A principal point
of this paper is that this discriminatory nature of such restrictions generates
anti-competitive and rent-shifting effects when the industry in question is
oligopolistic in nature. Firms unaffected by the content restriction are helped
to the extent that their ri\}als are hurt, an effect of no particular significance
or meaning in traditional combetitive models. The anti-competitive effect
tends to worsen welfare within the trade block while the rent-shifting effect
tends to improve welfare, to the extent that the favored firms are owed within
the block and rents are not dissipated through entry.

Because of the anti-competitive nature of a content restriction, it is
possible that it reduces welfare within the trade block, even if it shifts demand
to domestic substitute products produced with increasing returns by imperfectly
competitive industries. Furthermore, it is even possible that a content
restriction reduces the equilibium output of the substitute domestic
intermediate inputs, and thus fails to protect an industry it is suppose to help
(although the main idea may be to aid the domestically-owned final goods
producers as just noted). This outcome is more likely when the anti-
competitive scale effect reducing output of the final good is large, and when
the imported intermediates are poor substitutes for the domestic intermediates

(Lopez-de-Silanes, Markusen, and Rutherford (1994a,b)). This outcome is
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also more likely to the extent that the foreign multinationals can respond to the
content restriction by switching from producing within the block to exporting
to the block.

The following section of the paper explores the theoretical
underpinnings of content restrictions by developing intra-firm shadow prices,
a method that closely relates to the actual computational model that follows
later. Section three then presents a very simple "mini-model” of a two-firm
oligopoly in which there are two inputs, a domestic and an imported input.
The "foreign™ firm (producing as a multinational within the country) has an
initial import share that exceeds that allowed by the content restriction while
the content restriction for the "domestic” firm is non-binding. A simple
numerical example at the end of that section illustrates the possibility that the
content restriction can actually reduce the use of the domestic intermediate
input and increase total duopoly profits (the domestic firm is helped more than
the foreign firm is hurt).

Section four then presents the numerical general-equilibrium model
of the North American auto industry, and calculates the effects of NAFTA
relative to the current status quo, and then calculates the effects of adding the
proposed content restriction to the free-trade area. Results from our central
case are consistent with the theoretical ideas and possibilities developed earlier.
The profits of the NA firms rise while those of the ROW firms fall, total
output of autos in the NAFTA countries falls, and at least for some

parameterizations, the output of North American auto parts falls.
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2. Domestic-Content and Trade-Balance Premia: Intra-Firm Shadow

Prices

This section develops the notion of intra-firm shadow prices as a tool
to both conceptually model and numerically estimate the effects of domestic-
content restrictions.

In the case of the full model developed in section four, there are two
types of firms, North American (NA) and rest of world (ROW), also referred
to as "domestic" and "foreign” throughout the paper. Throughout this and the
next section, we will be referring to production within the regional trade block
when we refer to the ROW or foreign firms, and will not discuss imports into
the block. In the full model, both NA and ROW firms can substitute
production across regions, both within and outside of the block. The firm
types NA and ROW are distinguished only by their shares of inputs from
different countries and by their output supply patterns. There is no explicit
discrimination within the trade block against ROW firms, but their higher
shares of imported inputs will create de facto discrimination as we suggested
above. ‘

In line with the empirical model to follow later, we will use the auto
industry as our underlying example. The intermediate inputs are called parts
and engines. A domestic or regional content ratio for autos is defined as the
sum of the value of parts and engines (at tariff inclusive prices) from within
the content region, divided by the sum of the value of all parts and engines (at
tariff inclusive prices used in the autos). In the case of the proposed NAFTA,
the definition will also include value added from labor. Let VZj; and VE];
denote the value of parts and engines respectively shipped by type j (j =
NA,ROW) firms from country k to country i. Let TZ,; and TE,; denote the
tariff rates on parts and engine trade respectively from country k to country

i. Let c denote the content region (¢ = {CAN, MEX, USA}). Let VAJ
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denote the value-added in engine and auto assembly by firm j in region i which

is included in the domestic content calculation for region c.!

Finally, let v,
denote the minimum statutory regional content for firms producing in region

c. Minimum domestic content restrictions are then represented by:

VAL + Y vzl(1+72,) + Y VEL(1 + TE,)
(1) kec : kec >
VAL + Y VZL(1+T2) + ¥ VEL(1 + TE,)
k k

for firms j = NAROW, regions i,c = {CAN,MEX,USA}, k =
(CAN,MEX,USA,ROW}. Under NAFTA, domestic content will include the
labor component of value-added in auto assembly as well as parts and engines
inputs, while under the existing CAFTA and MEX rules, VAL =0.
Value-added, parts and engines used in country i and produced within
the content region appear in both the numerator and denominator of (1). Let
n index countries which are not members of content region ¢c. Equation (1)

can then be written as

a- yc)[ VAcli + Yy VZ{,.(I +71Z) + Y, VE{,-(I + TEH)]
kee kee

)]
-, [Evzm +17,) + Y VEL 1 +TE,’;)] >0

néc néc

! The NAFTA is likely to include some portion of value-added in auto
assembly along with domestic parts and engines inputs in the calculation of
domestic content, whereas in the existing content regions (CAFTA and MEX)
only parts and engines are relevant. We account for this distinction in the
modelling.
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Equation (2) is a constraint in the general programming problem
giving an auto firm’s optimization problem. Let ui;, be the Lagrangean

multiplier associated with this constraint for firm type j operating in region i

€ c.2 Let the price of parts in region k be denoted Pa- Let ﬁjz}a denote the

shadow price (inclusive of tariffs and content premis) to type j auto firms in
region i (i € ¢) of parts produced in region k (k = i included as a special
case). These prices are given by (1 + TZ,)p, plus the shadow content
premia equal to ui; times the derivative of (2) with respect to the part in

question. This shadow price depends upon whether k ¢ c, as follows:

o -a-vul)ar1zZy e, Fkpec
3) Py = |
(t+v.uwl) Q+12)p, iec kec

These results are intuitive. The effect of the content rule is reduce the shadow
price or "user cost” of parts from within the content region because they
effectively loosen the constraint (recall that country i’s own parts, k = i, T}
= 0, are necessarily included in the content region; in the case of Mexico’s
existing content region, only domestic parts are from the content region

MEX). On the other hand, parts from outside the content region have their

2 The shadow prices associated with content region ¢ need not be equal
across all regions { € ¢. That is to say, the extent to which a 62.5% North-
American content provision affects input choice need not have the same degree
of distortion in Mexico as in Canada.
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supply prices raised by the content rule (1).

The same pricing relationships hold for engines. However, unlike
parts which are modelled as differentiated in our full model, engines are
assumed to be homogeneous within a firm type. Engines may be produced by
a single firm in more than one country, so in equilibrium their shadow
marginal costs (inclusive of tariffs and premia) are equated across countries
between which engines are shipped. Let p), denote the marginal cost of
production of an engine in region k by a type j firm, and suppose that region

k engines are shipped to region i. Then the shadow marginal costs (user costs)

in region i, p/,, are given by

o {-a-neh) A TEYPL kD ec
@ p - | |
(L+v.ul) A+TEQPL  iec, kec

The general results suggested here are intuitive. The content rules raise the
shadow costs of parts and engines sourced from outside the region and lower
the shadow costs of those from within the region. The examination of the
shadow prices suggests that the imposition of a binding content rule in a free-
trade area should lead to a larger equilibrium level of production for inputs
produced within the region. But there are several subtle effects which are not

well captured by a simple inspection of the shadow prices. In particular, the



8

shadow prices give us mtﬁition about relative input prices and substitution
effects, but they suggest little about firm scale effects. As we shall argue in
the next section, the content provisions in the case of NAFTA discriminate
against ROW firms, and hence (ceteris paribus) lower their outputs and
profitability. But in an oligopolistic industry, this has an anti-competitive
effect, and it is entirely possible that total industry output will fall significantly
and profits could be shifted to the domestic (NA) firms. Indeed it is possible
for the anti-competitive scale effect to be sufficiently strong that it outweighs
a substitution effect in favor of domestic inputs, especially if the domestic
inputs are imperfect substitutes for imported inputs. Alternatively, if the
marginal costs to the foreign firms of serving the content region by exports is
not much higher than their initial marginal cost of producing within the block,
the imposition of the content restriction may simply induce the foreign firms
to switch to exporting to the block. Depending on the costs of exporting, this
may largely mitigate the anti-competitive and rent-shifting effects of the
content restriction leaving only a significant decrease in the demand for the

domestic intermediate inputs.
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3. Content Restrictions in a Simple Duopoly Model

In this section, we present a highly simplified "mini-model” of our
numerical model in order to capture the intuition behind our principal results.
Suppose that there are two producers within the home country of a final good
X (autos), labeled h (home) and f (foreign). The two firms each use a home-
country input (Z,) and a foreign input (Z;), but the foreign firm is more
dependent on the imported input. Z; will denote the use of input i by firm j
(i,j = h,f). In particular, we model the firms’ production functions as Cobb-

Douglas, which means that the two inputs are not particularly good substitutes.

_ ya (l-w) _ 2B ,0-B)
®) X, = ZuZ, X, = Zy,Zy

We assume that « > @, indicating that each firm type is more dependent on
its domestic input. Let g; and g, denote the prices of X and X; respectively.
These prices will be held constant throughout the analysis. The domestic-
content restriction requires that the value of the home-country input divided by

the total value of inputs be greater than or equal to 7.

© L

—— 2 Y
Wblu * 9



10

We assume that @ > y > f so that the domestic-content restriction is binding
on the foreign firm but not on the home firm (recall that with the Cobb-
Douglas function, « and § give the value shares of the domestic input for the
home and foreign firm respectively). We can then solve for the unconstrained
cost function for the home firm and the constrained (by equation 6) cost

function for the foreign firm. These are given by

-a - « 1-«a - - -
D ¢ =le*-o Mg "X, C, =y Pa-nfYgfq X,
It can be shown that C; is increasing in v for vy > £ (the content restriction
is binding). Demands for the home-country input by the home and foreign
firms respectively are given as follows (note that Z, is not give by he

derivative of C; with respect to g, since Z,; is not chosen to minimize Cy).

(8) Z, = [a/( - )] (g /gy’ "*X,

©) 2z, = [v/A- DI Pl a) "X,

Let ¢, and c; denote unit cost functions. Assume that demand is
represented by a simple linear demand curve. Profits (ignoring fixed costs)

for the two firms are give by
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T = P&, +Xf)Xi - X, ¢, = CJX, i=0hp
(10)
p(X, +X) = a-b(X, +X)

Now assume that each firm behaves in a Cournot fashion, maximizing (10)
taking its rival’s output as fixed. The first-order conditions yield reaction

curves which can then be solved to yield the Cournot outputs.

(11) X, = @-@Qc,-¢)3b, X, =(a-Q2c-c))/3b

Substituting for ¢, and ¢; from (7), we can differentiate the outputs with
respect to v to get the responses of the firm’s outputs to a change in the
domestic content ratio (continuing to assume that the content ratio falls in the
range ¢ > y > f).

(12) dX.Jdy = [e.36]—Y "B axydy = -pe.pY P
ldt = Lol ]Y(I-Y) A%t Byl ]Y(I-Y)

The equations in (12) indicate that total output of X falls with an
increase in the content ratio. X rises while X, falls by twice that amount.
This indicates the anti-competitive nature of the content restriction. The rent-
shifting aspect of the content restrictions can be shown by solving for the

profit functions of the firms using (10) and (11).
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1
(13) m = opla-Ce-oF = bX}

Differentiating these profit functions using (12) gives us the change in profits

due to an increase in the content restriction.

dn dn:
(14) %% - 2bx, (c30) Y P 2 o abx (e 3b) Y P
P T T

The equations in (14) give us the intuitive result that profits for the
home firm increase and the profits for the foreign firm decrease following a
tightening of the content restriction. We see that it is possible that the total
profits of the two firms increase, a case that occurs when X, > 2X;.

Now turn to the demand for the domestic input Z,. In order to
simply the notation a bit, choose units such that all prices are one initially, g
= 1. Differentiate (8) and (9) using (12) and sum the two results to get the
overall change in demand for Z,. This is given by
5)

dz,jdy = |(«/(1 - )l *— - (y/(1 -y)'"~ p « (1-p) YB .zl_

There are three terms in the expression in brackets in (15). The first is
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dZ,,/dy and gives the expanded demand by firm h for the domestic input due
to the contraction in thé output by the foreign firm. The second term is the
change in the demand for Z,¢ due to the fall in X;. These first two terms can
thus be thought of as "scale” effects due to the change in outputs. The third
term in (15) is the derivative of (9) with respect to y holding X constant.
This is the “substitution” effect in which, at constant output, the foreign firm
substitutes X for X;. The first and third terms are positive while the second
term is negative.

The question of whether or not dZ, can be negative turns on the
following condition derived from (15).

(16)

dz, <0 iff [af(l-)]'"* - 2[y/d -VI'"P + 3bQ - By /(v - B)

The possibility that the domestic content restriction can fail to protect the
domestic input is more likely to occur when 3 and v are relatively large and
b is relatively small.

Table one presents a simple example of the possible effects of
imposing a domestic-content restriction using the values off o, 8, and v drawn
from our actual data. Results are related to those presented later for the full
model. The first set of numbers shows that the home firm’s output rises, the

foreign firm’s output falls, and total industry output falls. The second set of
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numbers shows the same sign pattern for the change in the use of Z,. We
should note that the fall in total industry X and Z, is not robust to the
specification of the parameters, and depends in particular on the fact that h has
more than 3/4 of the market (but that is certainly consistent with the autos
model). The final set of numbers in Table 1 look at profit figures, and here
we see the somewhat surprising result that the profit gains to the home firm
outweigh the profit loss to the foreign firm. This is a consequence of the anti-
competitive nature of the content restrictions resulting in a lowering of the
industry output of X.

We can also relate this numerical example to equations (3) and (4),
and think of yu, and (1 - y)u, as implied ad valorem "tax" and "subsidy" rates
on the use of the foreign and domestic inputs respectively for the foreign firm.
We can use the fact that at actual prices, the value shares of the of the inputs
into X; are given by v and (1-v), while at shadow prices the value shares are

given by ( and (1-0).

an %y _1-y 9%y _ a4 +vp)Z,  1-p
w2y ¥ W2, G0-0-niz, B

Working backwards, we can recover u. and the "tax" and "subsidy" rates
reported in Table 1. The two equations of (17) can be used to demonstrate

that the sum of the content premia (the sum of the "tax" and "subsidy"
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payments) is zero.

Finally, we emphasize that this simple example does not allow the
foreign firm the option of switching to exports and reducing or eliminating
production in h. This is of some importance in our empirical model, where
ROW firms are initially both producing within NA and exporting to it. Thus
initially, delivered marginal costs to the NA market from the two sources of
supply are equal, and it is costless at the margin to substitute one unit of
imports (exports from ROW) for one unit of production within North America.
This increases the likelihood that the content rule will fail to protect North

American producers of parts and engines.
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Table 1: A Numerical Example Using the Mini-Model

Initial Parameter Values: a = 3.0, b = 0.3, « = 0.968 g = 0.528
v = 0.625

]

Counterfactual Experiment: impose the content restriction v = 0.625

Percentage Change in Output of X:

Home Firm 1.5
Foreign Firm -49.7
Industry -1.4

Percentage Change in Demand for Z,:

Home Firm 1.5
Foreign Firm -36.3
Industry -0.7

Percentage Change in Profits:

Home Firm 2.9
Foreign -74.7
Industry 2.7

Implied ad valorem tax on imported inputs for the foreign firm: yu, = 0.259
Implied ad valorem subsidy on domestic inputs for the foreign firm:
1=y, = 0.155
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4. Specification of the Applied General-Equilibrium Model

In this section, we will develop the formal model, including the
assumptions concerning technology, pricing behavior, ownership and the
structure of final demand.

(A) Trading Regions and Content Regions

The model consists of four regions: Canada (CAN), the United States
(USA), Mexico (MEX), and the rest of the world (ROW). Each of these
regions generates final demands which are modelled through the representative
agent paradigm. The model is based on a conventional general equilibrium
structure in which demand functions are uncompensated - income from factors
of production and taxes are allocated to expenditures for final commodities.

The model pays special attention to the structure of intra-regional
trade in autos and related goods (parts and engines). The majority of auto
imports from ROW into North America come from Japan, while North
American exports to ROW are spread among a larger number of countries.
These exports are of very minor significance, so we do not feel that the
aggregate of the rest of the world plays an important role.

In this model, "content regions" refer to trade blocks within which
domestic content provisions may apply. In the initial data, Mexico is a content
region, and CAFTA (Canadian-American free-trade area) is a second content
region. Content region NAFTA (North American free-trade area) adding
Mexico to CAFTA is created by counterfactual experiment, and various
content rules can be examined for that region. Further discussion of content
rules and content regions are postponed until the next section.

(B) Produced Goods

There are two final goods, and four produced goods in total in the
model. A composite good called Y is an aggregate of all non-auto goods. Y
amounts to about 97 % of GDP in the North American economies. Autos are

the second final good. Parts and engines are the remaining two produced
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goods, and are inputs into auto production.

(C) Primary Factors

There is one composite factor, which we will refer to as "labor,"
which is perfectly mobile across sectors within countries, but perfectly
immobile across countries. Capital inputs to the composite Y sector are
perfect substitutes for capital inputs to auto parts production.

The three auto goods are produced with region-specific labor inputs
and with capital endowments specific by region and firm to cars and engines.
If the initial capital values are held fixed, we have in essence short run
experiments in which plant capacities are limited. The model allows for
capital to be transformed between auto sector goods and regions, holding
aggregate capital stocks constant within each firm. The elasticity of
transformation is a choice parameter of the model. The higher the value of
this elasticity, the easier it is, for example, to transform auto production
capital in the USA into engine production capital in Mexico. As the auto
sector expands in a given region, it draws labor from the composite sector,
raising the marginal pfoduct of labor in that sector, and hence raising the wage
of labor in the auto sector. The strength of this general-equilibrium effect
limits the expansion of the auto sector following trade liberalization, and can
be specified in the calibration procedure discussed later in the paper. The
magnitude of this effect is one of the major empirical unknowns of this paper.

(D) Firm Types

There are two types of auto firms in the model. The data on the big
three US owned firms are averaged, giving us three symmetric "North
American firms" (NA). All other firms are rﬁade symmetric by a similar
averaging process, and these are referred to as "ROW (or foreign) firms."
Both types of firms have production in all three North American countries, and
there is no explicit policy discrimination between types. The two types of
firms are distinguished by their import and export behavior. USA (North
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American) firms do little importing or exporting outside of North American,
and their cars have a high North American parts and engine content. ROW
(foreign) firms import a great deal into North America in addition to their
local production, and have a much lower North American content for their
local production. Thus a high North American content rule can indirectly
discriminate against foreign firms as we suggested in the previous section.

(E) Ownership

Auto firms own plants in different countries and thus coordinate their
production, pricing, and sales decisions across their plants. Auto firms also
own the engine plants, so engines are supplied to the auto firms at marginal
cost. One engine is required per car. The parts sector is much more complex
in reality, with the auto firms both producing parts and purchasing parts from
literally hundreds of large and small independent suppliers. Our modelling
decision is to treat parts producers as independently owned. ‘The (large) auto
producers are able to segment markets, so arbitrage conditions need not bind
across markets. This assumption is consistent with our price data. The
(small) parts producers are not able to segment markets.

The regional pattern of firm ownership (i.e. the allocation of net
capital returns) is exogenous, and the capital stock and ownership pattern
remains constant through the analysis.

(F) Technology, Pricing, and Entry/Exit in the Auto Industry

Production in the auto industry is characterized by increasing returns
to scale. Production cost for a type j (§ = NA, ROW) firm in market i is
given by a constant marginal cost of production (for a given price of labor and
capital) times output plus a fixed cost (fcl). The total cost for a type j firm
production in region i is denoted Cl, with shadow marginal cost (i.e.,
production cost plus the shadow premia (whether pdsitive or negative) due to

content and trade-balance restrictions) denoted mcl.
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(18) Cl = me]+Xx] + fc, ac] = Clix! = mc] + felix]

where acl is average cost and X is output of a j-type firm in market i. Firm

type j sets a markup m{ in market i, so pricing equations are written:
19 pld-m)) = mel

where pi; is the consumer price of type j autos in market i. All type j firms
in a market are assumed to have the same price initially, but their products
may or may not be perfect substitutes. Joint maximization by firm type j
across markets further dictate that, if the firm ships to market i from market
k, the firm sets the same market i markup mi on that shipment. We assume
that initially, firm profits equal zero. This is made operational by assuming
zero profits at the plant level. That is, no copy of an additional plant (same
output, shipments, prices, and markups as existing plants) can make positive
profits. For a plant located in market k and shipping to some or all of the
three NA countries, this condition is given by

(20)
Y plm! X} =f] ik = (CAN, USA,MEX,ROW), j = (USA,RC
i

The model is designed to allow us to perform two types of counter-factual

experiments. In one, we can how the number of firms fixed and so see how

firm profits are affected. In the second, we allow entry and exit to occur until
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profits are once again zero (the number of firms is treated as a continuous
variable).

Our input data give us pL, Xi, Xj;, and d = acl /mdl , € being the
elasticity of scale in production. Our calibration program then solves the
system of 27 equations (18), (19), and (20) to obtain calibrated values of the
27 unknowns: mc{ , mi , and fdl . Data and details are found in Lopez-de-
Silanes, Markusen, and Rutherford (1994a,b).

An important problem in this class of models is the choice of
imperfectly competitive behavior. The approach that we have chosen is
basically a Cournot markup formula, in which firms view other firms outputs
as constant, multiplied by a "conjecture parameter” which is calibrated to the
benchmark market shares and thereafter held constant in the analysis. At the
top level, or "nest” of the utility function, autos and the composite commodity
are Cobb-Douglas substitutes. At the next level, autos are divided into
aggregates of NA and ROW cars. In the lowest nest, there is a constant
elasticity of substitution in demand (possibly infinite) between autos from two
firms of the same type. Let o, be the elasticity of substitution in demand for
autos of different firm types (r = NA, ROW). Let o; be the elasticity of
substitution between cars produced by firms within the same type (e.g., the
elasticity of substitution between Fords and GM models). We assume that
these elasticities are common across regions. Let ¢ denote the share of type

j firms in total auto sales in market i. Let n! denote the number of type j firms
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3

producing in market i.” The optimal Cournot markup ( ,;',1',') for a type j firm

in market i is given by the formula*

ey -t [L_1]r [ 1]%
a, G, an{ G, "ij

We employ a "conjecture parameter” (i which reconciles the markups
predicted by Cournot competition (21) with the calibrated benchmark values

m! obtain from the solution to (18), (19), and (20).

@  mi-dial- oL +[L_i}i +[1_L}E

The calibrated markups for firm j in market i is thus exactly consistent with
Cournot pricing if @l = 1. Throughout the simulations presented later in the
paper, 0, and o¢ are held at 10.0. The values of (i vary with the choice of o,
but generally speaking, {} is less that one for NA firms in Canada and the US,
and greater than one in Mexico. For foreign (ROW) firms, (i is about 1.0 in
the US, about 2.0 in Canada, and about 4.0 in Mexico. This suggests that

smaller markets are inherently more collusive, and that a group of firms with

* In the markup formulae, we use the number of firms producing in a
given market as a proxy for the number of firms selling in a given market.

4 Appendix A in Lopez-de-Silanes, Markusen, and Rutherford (1994b)
contains the derivation of this markup equation.
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a smaller market share (the ROW firms) are more collusive than a group with
a larger market share (USA firms).

In our simulations, the calibrated values of {li are held constant
throughout the counterfactual experiments, but the markups vary endogenously
as the firms’ individual numbers and market shares changes. Increased
competitiveness (lower markups) due to loss of market share is an important
potential source of gains due to trade liberalization in our model. When we
allow free entry and exit, lower markups are only consistent with hfgher firm
scale, implying increased technical efficiency in addition to lower consumer
prices.

(G) Technology and Pricing in the Parts Sector

The parts sector Z is assumed to be monopolistically competitive,
with product differentiation by firm. While the multinational car producers
certainly have significant parts production, there are a great many small
producers as well (about 500 in Mexico, 2300 in the US). We thus make the
modelling choice that parts producers are treated as small, independent,
national firms. We will exposit just a two-region example to show how the
parts sector works. Domestic and foreign composite parts Z and Z° are
composed of the individual underlying parts from each country (Z;,Z}), and '

these are in turn aggregated into a single composite Z.
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1
@) oz =[zPezH]f  z-

Let p, denote the domestic price of the domestic parts composite Z.
Any part produced within that country will be produced in the same amount
and priced the same, so we can deal with a representative part (imported parts
will generally be priced differently). It is assumed that the small parts
producers cannot segment markets, so arbitrage constraints hold and we need
only consider the
domestic price received on both domestic and export sales. We assume that
parts are produced using only capital and labor (no purchased domestic or
imported parts), and thus the trade-balance and domestic content provisions are
not relevant to parts producers. The price received by an individual domestic
parts firms, p,;, is the marginal product of Z in producing Z. The revenue

of the producer is then p,Z;. These are given by
= - -1
@4 p, = pUBZ' PpZ R =pZ =[p2' "z}

We make the usual monopolistic-competition assumption that each domestic
parts producer views itself as small in the market, so that Z and p, are viewed
as constant. Hence the bracketed term in the second equation of (7) is viewed
as constant. Marginal revenue for an individual domestic parts producer is

thus given by
25 MR, =dR Jdz, = [pz'"*]pz! "' = p,p

Price is a constant markup over marginal cost. We assume the same type of

cost function that we did for auto producers: a fixed cost plus a constant
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marginal cost. Free entry produces zero profits: price equals average

(production) cost. Together these give us
(26) [pqﬁ =mc, p, = acz] - € =ac/mc, = 1/p

where ¢, is the elasticity of scale in parts production. Qur data estimates of
these elasticities give us estimates for the substitution parameter § for each
country’s parts composite (i.e., these vary across countries).

We assume that parts producers used capital and labor in the same
proportions in fixed and variables costs. ac/mc is then independent of factor
prices and depends only on the level of production Z. In the usual parable,
the parts industry expands through the addition of new firms at constant scale
within each country (Helpman and Krugman (1985) provide extensive
discussions of this type of model). Apply a similar proceedure to the foreign
country. The production functions for the two parts composites can then be

written as
27 Z =nltz Z* = (n")z’

where Z; and Z; are constants. We thus have convenient "industry”
production functions for the parts composite of each country in (10), with that
production function homogeneous of degree 1/6; > 1 in country i. We use
this simplification in computing the solution to the model. (In forming Z_ in

(6) from Z and Z" the same value of (3 is used as is used in constructing Z. §°
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is similarly drawn from data on the elasticity of scale in the other country, and
is used in forming Z_ as well as Z".)

(H) Technology and Pricing in Engines

As noted above, technology is naturally restricted to one engine per
car.’ It is also true that engine trade in almost entirely intra-firm. Since
firms within a given type (NA, ROW) are identical, we therefore have two
types of engines, NA and ROW. NA engines are exclusively used in NA car
and similarly for ROW cars and engines. Because engine sales are intra-firm,
the relevant price is the marginal cost of supply (i.e., trade balance and
domestic content premia are included in the auto firms® assessments of the
costs of different sources of supply). There are a number of difficulties
incorporating scale economies in engine production into this overall production
structure, one of which is the marginal-cost-pricing rule. In this version of the
model, we have ignored scale economies in engine production, and modelled
engines as produced by capital and labor at constant cost.

() The Structure of Final Demand

Final demand in each region arises from budget-constrained utility

5 There is a caveat. In our benchmark calibration, the technology for auto
production is not constant across countries, and, specifically, the value share
of engines in auto cost is different in the US and Mexico. For this reason,
even though engines enter as a fixed-coefficient input to auto production within
each region, because production effects change the share of various regions in
aggregate supply, the world-wide engine production and auto production need
not move one for one.
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maximization by a representative agent. There are therefore two aspects to the
demand functions - sources of income and underlying preferences. Income
derives both from primary factor earnings and tax revenue. The representative
consumer in each region is endowed with labor and three types of capital.
The first type of capital serves as input to automotive parts and non-automotive
production. The second and third types of capital are capital stocks associated
with U.S. and ROW automotive firms, used in the production of engines and
finished autos. Income also includes tariff revenue from parts, engines and
auto trade.

Representative consumers demand two final goods: finished autos and
non-automotive output. As noted above, the demand for autos incorporates
differentiation between autos from different firm types. The top level nesting
between autos and other goods implies that a constant fraction of income is

spent on these two aggregates.



28

5. Counterfactual Experiments

Data sources and the calibration procedure for the model are
discussed in Lopez-de-Silanes, Markusen, and Rutherford (LMR) (1994b) and
will not be repeated here.5 This paper moves beyond LMR (1994b) by
presenting the theoretical analysis of content restrictions found in sections 2
and 3 and by performing a detailed counterfactual analysis of content
restrictions, the results of which are reported in this section. In this section,
we will begin from the NAFTA equilibrium calculated without the content rule
in LMR (1994b), rather than begin from the status quo since our purpose here
is to analyze the content rule rather than to analyze NAFTA per se. Detailed
results for the experiment moving from the status quo to NAFTA are found
in LMR (1994b).

Tables 2 and 3 report the results of most interest given the objectives
of the paper. Table 2 presents the percentage changes in total North American
production or employment when the content rule is imposed, using NAFTA
without the content rule (from LMR 1994b) as the "revised benchmark"
equilibrium. The lower panel of Table 2 reports results when the number of

firms is fixed, and so changes in the return to capital are reported as well.

®The calibration procedure for the model is quite detailed. Copies of
Lopez-de-Silanes, Markusen, and Rutherford are available from the authors,
along with the model itself for those who are interested. The model is written
in a new version of GAMS, which calls Rutherford’s MPS/GE solver as a
subsystem.
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We see in Table 2 that many of the changes in key quantities are consistent
with some of the ideas developed in the theoretical sections of the paper.
Total North American auto and parts production tends to fall as a consequence
of the content rule, while engine production increases. Interestingly, total auto
sector employment falls in North America, indicating that the content rule is
not protecting North American auto employment. Profit figures have the
expected signs.” Overall, Table 2 suggests that the content rule is not
desirable. It causes a significant fall in auto production and employment with
only a small benefit to the stockholders of the NA firms in the case where the
number of firms is held fixed.

As suggested earlier in the paper, a key to understanding some of
these results is the fact that the foreign firms respond to the content rule by
substituting .exports to North American replacing production within North
America. This is advantageous for the ROW firms because, as we indicated
following equation (19), the firms equate delivered marginal cost from ROW
to the US with marginal cost of production within the US initially. The
imposition of the content rule results in an increase of 13% in exports to NA
by ROW firms with free entry and an increase of 18% with a fixed number

of firms. This helps account for the fall in NA parts production. The transfer

"It is somewhat arbitrary how to interpret changes in profits when the
firms have substantial non-North American operations. What we have done
is divide profits for each firm type by the initial (benchmark) value of that
firm’s North American capital stock.
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of production from NA to foreign sources is eventually equilibrated through
general-equilibrium factor-price effects, which raise the cost of production in
ROW and lower the cost of production in NA.

Table 3 therefore computes the effects a content restriction with a
voluntary export restraint (VER) imposed that sets ROW firm imports into NA
at their NAFTA level. This prevents the ROW firms from circumventing the
content rule by simply moving production off shore. In this case, we see
substantially different results. We see a much smaller decrease in the output
of autos and engines by the ROW firms, and a significant increase in their
usage of parts. We see from Table 3 that the content restriction plus VER has
a negative effect on the NA firms relative to the content restriction alone. For
NA firms, the addition of the VER effectively causes output of autos, engines,
the use of parts, and profits to fall relative to the content restriction alone. It
is not entirely clear to us why this is the case, but one effect that is certainly
operating is a general-equilibrium price effect through factor markets. In both
the free entry and fixed number of firms cases, the ROW firms increase their
usage of NA parts about 25% when the VER is added to the content
restriction. Increased demand for labor and capital by the ROW firms raise

factor prices for the NA firms.
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Table 2

% Changes in North American Production and Employment

Experiment: Add the 62.5% NA Content Rule to NAFTA
(i.e., NAFTA without the Content Rule is the "Benchmark")

Auto Production
Engine Production
Parts Employment
Total NA Employment

Auto Production
Engine Production
Parts Employment
Total NA Employment

Profits”

Free Entry
NA Firms ROW firms
0.85 -25.84
5.95 23.71
0.45 -8.34
1.58 -16.86

Fixed Number of Firms

NA Firms ROW firms
0.10 -22.34
4.07 -20.25

-0.13 -4.35
0.68 -13.11
1.15 -6.22

TOTAL
4.71
2.86
-0.55
-0.78

TOTAL
-4.62
1.39
-0.61
-1.09

-0.11



32

Table 3

% Changes in North American Production and Employment

Experiment: Add the 62.5% NA Content Rule to NAFTA plus a VER on
ROW Auto

Exports to NA in order to hold imports at NAFTA level
Free Entry

NA Firms ROW firms TOTAL

Auto Production -2.63 -4.18 -2.95
Engine Production 1.14 -3.83 0.62
Parts Employment -2.11 19.76 0.36
Total NA Employment -1.82 7.93 -0.57

Fixed Number of Firms

NA Firms ROW firms TOTAL

Auto Production -2.67 -3.63 -2.78
Engine Production 0.22 -2.80 0.11
Parts Employment -2.15 20.33 0.40
Total NA Employment -2.01 8.43 -0.66
Profits” 0.47 -2.31 0.00

“Profit figures give the change in total (world) firm profits divided by the initial value of auto
capital owned by that firm type located in NA.
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There is similarly a general-equilibrium effect operating through the labor
market in the case of autos and engines. The introduction of the VER leads
the ROW firms to iricrease their NA output of autos and engines by about 18-
20%. Labor must be drawn from the composite sector at increasing cost,
which adversely affects the NA firms. Thus while the imposition of the VER
reduces total outputs and employment by less that with the imposition of the
content rule alone, the VER fails to help the NA firms.

The addition of the VER to the content rule actually causes an
increase in the profits of the ROW firms relative to the content rule alone.
This is also a bit hard to understand. One possible explanation is reminiscent
of Eaton and Grossman (1985). They note that when several firms are
operating as Cournot competitors in a market, they are "over supplying"” in the
sense of selling too much to maximize their joint profits. In the context of
their model, Eaton and Grossman show that the optimal policy is actually an
export tax, which improves the export price of the product by restraining
exports. While the sum of the firms’ profits does not generally increase, the
sum of the profits and government tax revenue does exceed the sum of the
pre-tax profits. The profit figure reported in Table 3 returns the VER rents
to the ROW firms, and so the result is consistent with Eaton and Grossman.

Perhaps more relevant, Hafris (1985) and Krishna (1989) show that
when foreign and domestic firms are Bertrand competitors, the imposition of
a VER can raise the profits of both the foreign and the domestic firms. The
reason is again that under Bertrand competition, the domestic and foreign
firms are behaving in too competitive a fashion, and the VER serves a
beneficial (from the producers’ point of view) anti-competitive function.
While the might help explain why the foreign firms actually benefit a very
small amount from the VER, it does not explain why the NA firms are hurt
a small amount. We expect that this is explained by the substitution of the

ROW firms into NA production with the consequent effects on factor prices
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as we noted above. Overall, the results of Table 3 suggest that the imposition
of the VER in addition to the proposed NAFTA content rule is not a good
idea. Itis estimated to have only a very small beneficial effect on employment
relative to the content rule alone. NA firms shrink in output, employment,
and indeed profits when the VER is added to the content rule.

Considering the combined policy of the content rule and the VER
relative to NAFTA with neither (the benchmark), we see a very small profit
for the NA firms (with no entry), but it reduces the auto outputs of both firm
types and total employment. The anticompetitive effects are particularly
evident in that this combined policy increases the profits of NA firms, but
reduces their output.

In order to illustrate the sensitivity of the results to the level of the
content rule, we re-ran the model with the content restriction raised by 5% to
67.5% . Results are presented in Tables 4 and 5, corresponding to the
experiments in Tables 2 and 3 respectively. Table 4 shows that the increase
in the content r@strict_ion badly hurts the ROW firms and significantly helps the
NA firms. Many of the changes in Table 4 are roughly double the changes
in Table 2. The rent-shifting effect is particularly evident. On the other hand,
see we that total employment in the auto sector is still relatively insensitive to
the content rule. Losses in autos and parts production are largely offset by
increases in engine production. But it remains the case that the content
restriction fails to protect North American employment in the auto sector.

The results in Table 5 are relatively similar to those in Table 3.
Again we see that the additional of the VER to the content rule fails to boost
the profits of the NA firms relative to the content rule alone. Total auto sector
employment is about the same as in NAFTA and 1.5% higher than with the
content restriction alone. In addition to the rent-shifting effect between the
two firm types, we do see a small anti-competitive effect insofar as the total

industry profits increase (this number is total auto industry profits divided by



35

the total initial auto sector capital stocks located in North America).
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Table 4

% Changes in North American Production and Employment

Experiment: Add a 67.5% NA Content Rule to NAFTA

(i.e., NAFTA without the Content Rule is the "Benchmark")

Auto Production
Engine Production
Parts Employment
Total NA Employment

Auto Production
Engine Production
Parts Employment
Total NA Employment
Proﬁts'

Free Entry

NA Firms ROW firms

5.31
12.95
3.61
6.19

-55.92
-37.03
-43.18
-47.89

Fixed Number of Firms

NA Firms ROW firms
3.31 -47.41
8.76 -27.97

-2.13 -32.01
3.85 -37.89
2.52 -12.16

TOTAL
-7.45
7.76
-1.68
-0.73

TOTAL
-7.35
4.71
-1.73
-1.53
-0.01
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Table 5

% Changes in North American Production and Employment
Experiment: Add a 67.5% NA Content Rule to NAFTA plus a VER on
ROW Auto

Exports to NA in order to hold imports at NAFTA level

Free Entry
NA Firms ROW firms TOTAL
Auto Production -0.98 -12.98 -3.46
Engine Production 1.28 10.50 2.24
Parts Employment -0.73 17.72 1.35
Total NA Employment -0.47 4.54 0.17

Fixed Number of Firms

NA Firms ROW firms TOTAL

Auto Production -1.69 -8.60 -3.15
Engine Production -0.60 11.08 0.69
Parts Employment -1.32 24.50 1.60
Total NA Employment -1.42 9.76 0.02
Profits” 1.08 -4.29 0.17

“Profit figures give the change in total (world) firm profits divided by the initial value of auto
capital owned by that firm type located in NA.
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6. Summary and Conclusions

The purpose of this paper is to examine domestic-content provisions
(rules of origin) which must be part of any regional trade agreement. These
rules specify the extent to which a product is "domestic" and hence may be
freely traded within the block. The more specific goal of the paper is to
analyze these restrictions in the setting of an oligopolistic industry, in which
the content rules may generate anti-competitive and rent-shifting effects.

Two theoretical sections of the paper, sections 2 and 3, present simple
ways of looking at the problem. Section 2 derives the effects of the content
restrictions in terms of intra-firm shadow values for domestic versus imported
intermediate inputs. The content restriction is essentially a tax on the imported
input and a subsidy on the domestic input. Section 3 presents a simple two-
firm mini-model with Cournot competition, in which the content restriction 1s
binding on one firm and not the other. This mini-model illustrates the rent
shifting effect in which the content rule shifts profits from the firm on which
the rule binds to the firm on which the constraint is slack. A numerical
example using this model also illustrates the anti-competitive effect: the
possibility that the content rule raises total industry profits. Under Cournot
competition, the two firms are producing considerably more than the collusive
(joint-profit-maximizing) amount, and the content rule helps to raise the final-
good price by restricting industry output.

In sections four and five, we extend our earlier work (LMR 1994a,b)
by explicitly analyzing the content rule in the proposed NAFTA, especially
with respect to its effects on the two firm types and on overall North American
auto sector output and employment. Results do reveal a significant rent-
shifting effect in favor of North American firms (which rely less on imported
intermediate inputs). The measure is also shown to decrease total North
American auto and parts output, and total employment (including parts and

engines). In this respect, the content rule can be branded "anti-competitive. "
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1t clearly fails to protect North American employment.

Some of these results are heavily influenced by the fact that the ROW
firms can mitigate the effects of the content rule by switching from North
American production to exports to North America from ROW. We thus
compute an additional scenario, in which a VER is imposed on the ROW firms
such that they cannot export more to North America than the amount they
export under NAFTA with no content rule. Table 3 shows that this shifts
production from the NA to the ROW firms, but has only a very small effect
at increasing total North American auto sector employment relative to the
content rule alone. Consistent with the theoretical results of Harris (1985) and
Krishna (1989), the VER increases total auto industry profits (but by a tiny
amount) and shifts profits from the NA to the ROW firms.®

In order to illustrate the sensitivity of the results to the level of the
content restriction, we repeat the two experiments in Tables 4 and S, raising
the content rule by 5% to 67.5%. We see a qualitatively similar pattern of
results, but with the effects greatly increased in quantitative terms. Many of
the effects double (e.g., the effect on profits), which helps us understand while
the level of the content restriction was the subject of intense bargaining in the
NAFTA talks. The imposition of the higher content restriction plus the VER
leads to a very small but positive increase in total industry profits relative to
NAFTA with no content rule, illustrating the possible anti-competitive effect

of the two measures combined.

8We do not report welfare effects because they are very small. Although
NAFTA increases Mexican welfare by 0.3% (free entry) or 2.1% (fixed
numbers of firms), the addition of the content rule or content rule plus VER
have little additional effect (less than 0.1%).
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