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|. Introduction

It iswell known that trade has been growing more rapidly than GDP in recent decades.
Between 1982 and 1994, the growth of U.S. foreign trade (exports plus imports) averaged more
than 5% per year in real terms, while real GDP grew 3% per year. According to Rugman (1988),
over half of world trade involves large multinational corporations (MNCs). MNC-based trade
includes two components. Arms-length trade, which means shipments between a division of an
MNC and unaffiliated buyers/suppliersin other countries, and intra-firm trade, which means
internal shipments between and MNC parent and its foreign affiliates. Between 1982 and 1984,
the total trade of U.S. based MNCs grew an average of 4.5% per year. And the intra-firm
component grew more rapidly than the arms-length component.ﬂlnd%d, between 1982 and
1994, intra-firm trade increased from 35.5% to 45% of the total trade of US-based MNCs. What
explains the rapid growth in MNC-based trade in general, and the even faster growth of intra-
firm trade between divisions of MNCsin particular?

In this paper, we estimate a structural model of the behavior of U.S. MNCs and their
Canadian affiliates, and use the model to examine the sources of growth in both intra-firm and
arms-length MNC based trade. We estimate the model using a confidential disaggregated panel
data set from the Bureau of Economic Analysis on more than 500 U.S. MNCs and their Canadian
affiliates from 1983-1996. We then use the model as a framework to decompose changes in
intra-firm and arms-length trade flows into components due to changes in tariffs, changesin
technology and changesin prices.EI

There were significant bilateral tariff reductions between the U.S. and Canada during our
sample period, arising both from the GATT/WTO and the Canada-U.S. Free Trade Agreement in
1989. And U.S. MNCs have a substantial presence in Canada. Thus, the U.S.-Canada context
provides an excellent opportunity to examine the contribution of trade liberalization to the
observed increases in MNC based trade.EI

! For US MNCs, these trade flows grew an average of 3.4% and 6.3% per year, respectively. Note that we do not
include in these statistics trade to and from U.S. affiliates of foreign MNCs.

2 Our effort is somewhat analogous to the growth accounting literature (Solow, 1957), which is why we use the word
“accounting” in the title.

3 As Trefler (2001) points out, most other trade liberalizations episodes that have been studied in the literature were
accompanied by packages of economic reforms, so that the pure effect of tariffsis difficult to isolate. To agreat
extent this was not the case with the FTA, making it an “unusually clean trade policy exercise.”



AsYi (2001) points out, while most observers attribute the rapid growth of world trade
since the early 1960s primarily to trade liberalization, standard trade models have difficulty
explaining the data based on observed tariff reductions. The problem is that worldwide tariffs on
manufactured goods have only declined by about 11 percentage points (on average) since the
early 19605.E|Yi argues that vertical specialization — the fragmentation of production processes
into parts that are performed in several countries — can help resolve this quantitative puzzle. The
ideaisthat avertically specialized (or fragmented) production process may require goodsin
process to cross several international borders. Then, a1 percentage point general tariff reduction
can be magnified, leading to a greater than 1 percent fall in the cost of producing the good.
Calibrating atwo country (U.S. and Rest-of-world) Ricardian model with vertical specialization,
Yi finds that it can explain about half of the growth of world trade since the 1960s based on trade
liberalization, which isfar more than is explained by standard models.

Inspection of the BEA data on U.S. MNCs and their Canadian affiliates suggests that
fragmentation of production is pervasive. Table 1 reports descriptive statistics on 3385 firm year
observations of U.S. parents and their Canadian affiliates from 1983-1996. The mean of parent’s
salesto the affiliate is more than one-third of mean affiliate total sales. And mean affiliate sales
back to the parent are 39% of mean affiliate sales. Furthermore, as we' |l see below, the extent of
fragmentation (as indicated by intra-firm trade in intermediates) has been growing rapidly.

A striking aspect of the data (not shown in Table 1) isthe number of casesin which intra-
firm flows actually go in both directions - 69% of observations. In 39% of cases the parent
exports to Canada and the affiliate also exportsto the US. In only 11% of cases are the final sales
of both the parent and the affiliate entirely in their own domestic market. Nearly one third of
cases have intra-firm flows in both directions and arms-length flows in both directions! Clearly,
goods in process often cross the border multiple times.

Unfortunately, existing theories of multinationals have difficulty explaining the
multiplicity of MNC production arrangements we observe in the BEA data. Markusen and
Maskus (1999a, b) provide an excellent discussion of current theories of the MNC. They divide
the theories into those that generate vertical vs. horizontal MNCs. Classic examples of these two
types of models are Helpman (1984) and Markusen (1984), respectively. Verticle MNCs

* Elasticities of substitution between home and foreign goods need to be implausibly large for standard models to
generate the observed growth in trade (by a factor of 3.4 as a share of world GDP) using an 11 point tariff reduction.



fragment the production process across countries to take advantage of factor price differentials,
e.g., by locating unskilled labor intensive parts of the process in low wage countries. Horizontal
MNCs basically replicate the entire production process in multiple countries, thus avoiding tariff
and transport costs.

In both classes of model, a key reason for existence of the MNC is some firm level fixed
cost that serves asajoint input (or “public good”) for MNC operationsin all countries, thus
creating multi-plant economies of scale. For example, this could be the fixed cost of inventing a
production process, which can then be adopted in any number of plants. Or, it could be
“headquarters services’ asin Helpman (1984). Another example would be a fixed cost of
advertising necessary to create brand equity, which is then internationally transferabl e.EEI

Theories of vertical MNCs have a hard time explaining extensive fragmentation of
production across similar countries, like the U.S. and Canada, which presumably have similar
factor prices.ElThus, the high degree of fragmentation we observe in the BEA dataisitself
uncomfortable for these models. Of coursg, it is even more uncomfortable for horizontal models.

An even more fundamental problem isthat the MNC forms we observe in the BEA data
do not, for the most part, fall into the neat vertical/horizontal taxonomy that exists in the theories.
Most striking is the fact that two-thirds of U.S. manufacturing MNCs have bilateral intra-firm

® Theories of the MNC originated in the international business literature, with the so-called “Ownership-Location-
Internalization (OLI) paradigm” — see Hymer (1976) and Dunning (1977). This approach informs the later work by
Helpman, Krugman, Markusen, Venables, etc. A key ideain the OLI theory isthat foreign operations are less cost
efficient than domestic operations (e.g., due to communication and transport costs, language barriers, etc.), so a
domestic firm will only be able to compete with foreign firmsiif it has some compensating advantage. Such an
“ownership advantage” might be a high degree of brand equity that is recognized abroad, giving the owner of the
brand name a degree of market power. This enables the domestic firm to compete in the foreign market.

Still, even with an ownership advantage, the firm could compete via exports. A “location advantage” gives the
firm areason to locate production abroad. This might be to jump the tariff wall and/or save on transport costs, to
take advantage of lower factor prices, or because proximity to final customers isimportance (e.g., to provide
service).

Y et, even this would not be sufficient for afirm to choose multinational operation. It could still contract out
operationsto foreign firms (e.g., licensing), thereby saving on the extra costs of foreign operation due to language
barriers, dealing with local customs, unfamiliarity with local suppliers, etc. A key factor in MNC operationsisthe
internalization advantage - see Rugman 1985. For example, if afirm’s ownership advantage comes from strong
brand equity, it runs the risk that a licensee might shirk on quality and diminish the value of its brand name.

In the vertical and horizontal MNC models discussed by Markusen and Maskus, the firm level fixed cost (e.g.,
cost of inventing a better production process, or the advertising to create the brand name) creates the ownership
advantage. The internalization advantage is left implicit, but it arises from the risk of alicensee stealing the process
knowledge or diluting the brand name. In the vertical models the location advantage arises from factor price
differentials, while in the horizontal models it arises from tariff jumping, the advantage of proximity to final
customers, etc.
® But this point is controversial. For instance, Davis and Weinstein (2001) argue that factor price differentials are
indeed substantial even among wealthy OECD countries.



flows in intermediates. Furthermore, nearly one-third have bilateral intra-firm flowsin
intermediates and bilateral arms-length flows simultaneously. And in nearly all cases the parent
and affiliate both have final salesto unaffiliated domestic buyers. In a pure vertical or horizontal
model of the MNC we would not expect to see so many intra-firm and arms length trade flows
going on at the sametime.

Models of horizontal MNCs rule out substantial intra-firm flows of intermediates
essentially by definition. The central idea of these modelsis that the common input that is
located in the home country (e.g., “knowledge,” “brand equity”) can be transferred essentially
costlessly across boarders. In their simple form, horizontal models also do not generate arms
length sales of final goods by the parent to the host country or by the affiliate back to the home
country.ﬂBut these models can be simply modified to generate such flows by assuming the final
goods produced by the parent and affiliate are differenti ated.EGiven that, about 12% of the firms
in the BEA data appear to be “horizontal” MNCs.

The vertical MNC modelsin the literature, such as Helpman (1984, 1985) and Helpman
and Krugman (1985) have two basic problems. First, they generate intra-firm trade in
intermediates in (at most) one direction. Second, final goods are produced only by the parent or
the affiliate (whichever receives the intermediates), but not both. For instance, in Helpman and
Krugman, MNCs produce a differentiated product in three stages that require descending levels
of capital intensity: headquarters services, production of intermediates and production of final
goods. Suppose the factor prices are such that headquarters services and intermediate goods
production are located in the home country and final assembly is done by the foreign affiliate.
This leads to a one-way flow of intermediates from parent to affiliate, and sales of the final good
by the affiliate in both the host and home countries.

" This problem with horizontal MNC models has previously been noted in the aggregate industry/country level data.
Rugman (1985) pointed out that in industry/country pairs where U.S. MNCs have substantial direct investment, the
U.S. aso tends to have substantial exports. And that, in these same industries, foreign firms tend to have both
substantial direct investment and substantial exportsto the U.S..

8 Recently, Baldwin and Ottaviano (1998) have extended the horizontal MNC model in away that can generate
bilateral arms length sales of final goods (and thereby explain the similarity between world investment and trade
patterns noted earlier). Their model extends Brander’s (1981) model of intra-industry trade in similar goods to also
generate intra-industry FDI. In their model, both the parent and the (horizontal) affiliate produce different varieties
of adifferentiated product. The key ideaisthat it is desirable to produce some varieties abroad because tariffs and
transport costs partially shield home produced varieties from cannibalization by foreign produced varieties. Then,
there will also be an incentive for both the parent and the affiliate to sell arms-length (i.e., export and import), as
they are willing to accept lower price/cost margins on exports than on domestic sales. This still leaves the problem
that the horizontal model does not generate intra-firm flows in intermediates however.



No firm in the BEA data literally follows this pattern. Almost al parents and affiliates are
observed to sell final goods. But this problem is easy to fix. As Helpman (1985) notes, if one
adds a distribution/marketing stage that must be tied to the point of sale, then both parents and
affiliates will have final good sales. Simultaneous arms-length sales of final goods by both the
parent and the affiliate seems more difficult to generate, but this could be achieved if the
intermediate good can also be sold arms-length.

The more difficult problem for vertical modelsisto generate bilateral intra-firm flows of
intermediates. Helpman and Krugman noted this problem. However, they also noted that in
aggregate data, intermediates and final goods often share the same industry code, so their model
would appear to generate two-way intra-industry trade. At the firm level, however, this does not
resolve the problem. If we define vertical MNCs only as those that exhibit a one-way flow in
intermediates, only 19% of the firmsin the BEA data are vertical .ﬂ

An obvious way to generate bilateral intra-firm trade in intermediates in a vertical model
isto fragment the production process into additional stages. Deardorff (1998) discusses this
possibility. IEIAs long as there is not a strictly descending or ascending ordering of stages by
factor intensity, this creates the possibility for bilateral flows of intermediates. This situation is
illustrated in Figure 1.

The problem with such a multi-stage production processis that it would not be feasible to
estimate with available (or prospectively available) data. For example, in the BEA we only know
total employment for the parent and the affiliate. We would have no way to determine how much

® Thefact that existing theoretical models of MNCs are inconsistent with observed features of the individual MNCs
we observe in the BEA datais not surprising, for at least three reasons. First, these data are confidential, and have
only recently been made available to a handful of researchers. So it has only recently become possible to carefully
document the production and sales patterns of individual MNCs. Second, primary the goa of existing theoretical
work that models MNCsis not actually to predict the behavior of individual MNCs. Rather, the key goal of this
work has been to predict patterns in aggregate intra-industry trade. For instance, Helpman and Krugman (1985)
incorporate MNCsin their model specifically to help explain certain patterns in the aggregate composition of trade.
Third, another goal of prior work on MNCs has been to mathematically formalize the conditions under which firms
will choose to operate as MNCs as opposed to exporting or licensing. Models along these lines are, not surprisingly,
rather stylized.

19 Deardorff also provides an excellent discussion of the causes and consequences of fragmentation in standard
Ricardian and Heckscher-Ohlin trade models. He starts from the assumption that fragmentation is not itself a
technical advance (i.e., geographic splitting up of parts of the production process does not make the process
intrinsically more efficient). If fragmentation becomes technically feasible (say, due to improved communication or
transportation), then it may be implemented to exploit factor price differentials. That is, if different parts of the
production process involve different factor intensities, it may be optimal for a country to specialize in those
fragments of the process where it has comparative advantage. But fragmentation of a production process will not
occur in aworld where factor price equalization has already been achieved.
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labor input the parent used in stage 1 vs. stage 3 of the production processin Figure 1.
Furthermore, we only observe total values of the intra-firm flows, and not what stages of the
production process these flows feed into. Thus, estimation of a multi-stage process appears to be
hopeless.

Instead we assume what might be called “holistic” or “circular” (as opposed to vertical)
specialization. That is, we assume the final good produced by the parent may be needed as an
intermediate input into the affiliate’ s production process, and that simultaneoudly, the final good
produced by the affiliate may be needed as an intermediate input into the parent’s production
process.

An example of thistype of circular structure is provided by the petroleum industry.
Finished products from a petroleum refinery include fuel oil, lubricants and Naphtha. In turn,
these products are used in oil drilling. Consider Mobil’ s off shore drilling operation in the
Hiberniafield off Newfoundland. Since Mobil had little refining capacity in Canada, the crude
was primarily shipped to Mobile refineriesin Texas and Louisiana. Lubricants and fuel oil were
then shipped back to Hibernia as inputs to run the rig. Fuel oil requirements are substantial in off
shore ail drilling, since all power must be generated at the rig. Similarly, Venezuelan crude oil
from the Oronoco flow is extremely heavy. Naphtha produced at Mobil refineriesin Louisianais
shipped to Venezuela and pumped into the crude oil flow to facilitate extracti on.EI

While we do not wish to claim that such circular linkages are a major source of observed
intra-firm flows - we have no way to quantify their importance given available data. But this
assumption on technology appears to be the simplest, most direct and most empirically tractable
way to generate bilateral intra-firm flows in intermediates, which we observe for 69% of casesin
the BEA dataLEI

1| thank Bob Thomson (Ph.D. Ch.E. Notre Dame ' 88) for these examples. Another example of this type of circular
structure isin the design of computer hardware and software. The architectural components of a computer are
designed using simulation software that is run on a computer (see, e.g., the JSim software for Course 6.004 at MIT).
More generally, it israther common in the el ectrical machinery industry that various types of electronic equipment
are needed to build the components that make up that equipment.

12 Suppose that the true data generating process is a multi-stage fragmented production process, with multiple border
crossings by intermediates at different stages. Or that the parent and affiliate are multi-product firms, and the
intermediates they ship intra-firm and the final goods they sell to consumers (or other firms) are completely different
products. We cannot identify these situations from the data, so in a sense our production processis areduced form
representation of these underlying production structures. This may cause the model to break down for certain policy
experiments where the underlying structure inside the black box of the aggregated production function matters. But
that is generally true when one aggregates.



Another key problem we confront is that, while the BEA dataon MNCsisin some ways
very rich, many basic quantities that one would like to use to estimate a structural model of MNC
behavior are not measured. For instance, the BEA data does not allow one to separate quantities
of production from prices. Similarly, while one can observe values of intra-firm flows, imports
and exports — the prices and quantities for these cannot be observed separately. Data on the
capital stock, and even the capital share, appears to be quite unreliable as well. Given the lack of
information on quantities of inputs and outputs, it would be very difficult to estimate plant level
returns to scale, the role of intangible latent inputs, or, for that matter, any very general
production technology.

In this paper, we take a very different approach from the prior theoretical and empirical
literature on MNCs. First, we specify a production function in which all productive inputs are (at
least in principle) observable. Second, we specify a simple, constant returns to scale, Cobb-
Douglas production technology. Given these assumptions, we show that al the parameters of a
structural model of MNC behavior (i.e., parameters of the production technology) can be
identified without separate data on quantities and prices of output, intra-firm flows, imports and
exports, or data on capital, provided we make the following additional strong assumptions:

1) There are no adjustment costs for capital, and in each period (year) the supply of capital
isallocated across firmsin such away that the rate of profit (i.e., the ratio of profit to
value of capital) isequalized in expected value.

2) The demand functions that confront firms are characterized by constant price elasticity of
demand.

Given these assumptions, we estimate the first model of MNC behavior that is rich enough to
account for most of the major decisions of MNCs (in atwo country setting): capital and labor
input in each country, output in each country, the volume of intra-firm flows, and the volume of
arms-length imports and exports (i.e., direct sales from the U.S. parent to the foreign market and
direct sales from the foreign affiliate to the U.S. market). To our knowledge, the only prior
structural modeling of MNCs (Cummins, 1995, Ihrig 2000) is limited to modeling investment or
repatriation decisions, and does not consider the production and trade aspects of MNC

behavi or.EI

12 On the other hand, Cummins model of investment decisionsis much richer —including capital adjustment costs
that are allowed to be interrelated across the parent and affiliate. Note that while the focus of Ihrig’swork ison



Our main findings are as follows: First we find thereis a clear bifurcation of MNCs into
two types: those that have intra-firm flows and those that do not. The increase in the volume of
intra-firm flows over the sample period does not occur because more MNCs organized
production in such away that they had intra-firm flows. Rather, it occurred for those firms that
already had positive flows to begin with. In other words, the increase in intra-firm trade has
occurred amost entirely on the intensive rather than the extensive margin.

Second, we find that tariff reductions explain a substantial fraction of the increasein
intra-firm flows, as well asin arms-length trade, but they cannot explain nearly all of the
increase. Technical change, in the form of changesin the share parameters of the Cobb-Douglas
production function, accounts for alarge portion of the increases in trade.

According to our estimates, those MNCs whose initial technological state was such that
they were organized to have intra-firm flows, also experienced technical change such that it was
optimal for them to substantially increase intra-firm flows. In contrast, for those MNCs who do
not have intra-firm flows, our model is able to explain their behavior well using essentially fixed
share parameters. Our estimates imply that all MNCs experienced substantial genera technical
progress (about 4.5 percent per year).

Third, steady state simulation of our model implies that the size of MNCs and the volume
of intra-firm flows is being restrained by adjustment costs. Our model implies that, holding
tariffs, technology and prices fixed, intra-firm flows will increase on the order of 30 percent
when steady state is reached.

Finally, an interesting policy experiment is to compare the baseline levels of intra-firm
and arms-length trade flows and domestic and foreign labor in the last year of our sample (1995),
given actual tariffsin that year, to the levels of labor and flows MNCs would have chosen had
tariffs remained at their first year (1984) level. Similarly, we compare the baseline levels of
tariffs and trade flows with levels that would have obtained if tariffs were eliminated compl etely.
Using steady state simulations, we find that under the first scenario (in which tariffs are not
reduced), MNCs would have hired 8.5% less foreign labor and 1.21% less domestic labor and
sent 19% fewer arms-length exports from the US to Canada and 30.7% fewer arms-length

exports from Canadato the U.S. Similarly, MNCs would have chosen to ship significantly

decisions about repatriation of profits, thisis one major decision we abstract from (i.e., we assume all profits are
repatriated each year).



smaller volumes of goods intra-firm under this scenario. If tariffs were eliminated completely,
MNCs would have chosen to ship 2.1% more goods intra-firm from the Canadian affiliate to the
U.S. parent, and 6.6% more intra-firm shipments from the U.S. parent to the Canadian affiliate.

Our work also makes four methodol ogical/econometric contributions. Dynamics in our
model arise from labor force adjustment costs. Thus, solution of our model using afull solution
method would require us to specify how firms form expectations of future labor force size
(which in turn depends on their forecasts of future demand, technology, prices, tariffs, exchange
rates, etc.). To avoid this, we adopt the common approach of working with the Euler conditions
of the firm’s optimization problem. However, rather than estimating these using GMM, we
instead use simulated maximum likelihood. This approach requires us to specify adistribution
for forecast errors, which we assume are normally distributed (subject to a Box-Cox
transformation). Such an approach has typically been avoided because there is no obvious basis
for assuming a distribution on forecast errors. A similar approach was recently successfully
adopted by Krussell, Ohanian, Rios-Riull and Violante (2000). We go beyond their econometric
contribution in a number of ways.

Our first innovation is to show how to test the distributional assumption by simulating the
posterior distributions of forecast errors conditional on our estimated model and the data. We
find that these distributions appear strikingly close to normality. Statistical tests do not reject
normality even at very low levels of significance.

The second innovation is the introduction of a new probability simulator. Estimation of
our model requires a new recursive probability simulator that is the discrete/continuous analogue
to the GHK method for ssmulation of discrete choice probabilities.

Third, our model generates a likelihood in which the Jacobian of the transformation from
the stochastic terms to the datais intractably complex (i.e., we cannot even write the likelihood).
Nevertheless, we show how to construct a numerical approximation to the Jacobian, which also
requires ssmulation.

Fourth, we devel op yet another new recursive simulator for purely continuous
distributions that is required to generate the posterior distribution of the stochastic termsin our
model (i.e., shocks to technology and demand) conditional on the data.

Because we do not use afull solution method (i.e., we estimate the model using first

order conditions) we cannot simulate data from the model. But, since we can simulate the
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posterior distribution of the stochastic terms in the model, we can evaluate how well the model
fits by evaluating how well the shape of these posterior distributions match up with the shapes
we assume. In this sense the model appearsto fit extremely well, in that in only afew cases are
our distributional assumptions rejected. Also, although we cannot simulate data from our
dynamic model, we can simulate the steady state behavior predicted by the model (i.e., smply by
setting the adjustment cost parameters to zero we obtain a static model that we can aso solve for
optimal firm behavior).

The remainder of this paper is organized as follows. We review some prior empirical
work on MNCs and on the U.S.-Canada FTA in second 2. The model and estimation techniques
are discussed in section 3, and the construction of our dataset is described in section 4. We
describe the results of our structural estimation in section 5 and the policy experiments from
steady-state simulations of our model in section 6. Section 7 concludes.

II. Review of Empirical Work on MNCsand the U.S. Canada FTA

The body of empirical work on MNCs and on the U.S. Canada FTA israther extensive,
so thisreview is quite selective, and limited to some recent studies of direct relevance to the
present investigation.

Much recent empirical work on MNCs has focused on the issue of whether the vertical or
horizontal model of MNCs s supported by the data. Authors who have studied data on foreign
direct investment and international trade flows at the industry/country level generally conclude
that horizontal MNCs are the dominant form. Markusen and Maskus (1999a, b) argue that: “the

overwhelming proportion of world direct investment is from high-income devel oped countries to
other similar high-income devel oped countries. This suggests that horizontal investment is much
more important ... than vertical investment ... motivated by factor endowment differences,” the
point being that endowment differences are presumably small among the high-income countries.
However, Davis and Weinstein (2001) argue that endowment and factor price differences are
substantial even within wealthy OECD countries, and state that “classical comparative advantage
islikely to be quite important in the North.” Nevertheless, Brainard (1993) finds little relation
between factor endowments and patterns of FDI.

Brainard (1997) examines sales of U.S. affiliates abroad, and reaches conclusions similar
to Markusen and Maskus. Using the BEA industry level datafor 1989, she notes that 64% of the

11



affiliates sales are in the host country (on average), while only 13% are back to the U.S. She
states that: “affiliate production destined for export ... back to the home country ... isthe activity
... associated with vertical integration ... whilelocal salesin the foreign market are more likely
to be associated with horizontal expans on.”ILTLI

On the other hand, Hanson, Mataloni and Slaughter (2001) challenge this view, arguing
that a closer ook at the BEA dataon U.S. affiliates abroad provides strong evidence that vertical
fragmentation isimportant and growing. For instance, in manufacturing, affiliate value added as
afraction of total affiliate salesfell from 37% in 1982 to 29% in 1994, suggesting that affiliates
are becoming less like stand alone (horizontal) operations. Similarly, affiliate imports of
intermediate goods as a share of total salesrose from 9.8% in 1982 to 12.2% in 1994.
Interestingly, the figures for Canada are much higher (21.6% and 33.5%, respectively). And
manufacturing affiliate exports as a share of total sales rose from 33.9% in 1992 to 44.4% in
1998. Most obviously, using the firm level data, they observe that more than athird of
manufacturing affiliates are not in the same industry as the parent.

Our work follows the line of Hanson, Mataloni and Slaughter (2001) in that we provide
an even more detailed analysis of the BEA firm level data. But we differ in that our analysisis
focused exclusively on Canadian affiliates.

There have been a number of prior studies of the impact of the U.S.-Canada FTA on
Canadian industry. Gaston and Trefler (1997) and Trefler (2001) use industry level datato
identify the effects of tariff reductions on Canadian manufacturing industries. Their identification
strategy exploits the fact that tariff decreases differed substantially across industries. Trefler
(2001) concludes that the FTA reduced employment of production workers, increased earnings
of production workers, reduced output, and raised labor productivity. He concludes that the FTA
did not affect either the number or scale of Canadian manufacturing plants. Head and Ries
(1997) show that theoretical predictions regarding effects of tariffs on the number and scale of
manufacturing plants are quite ambiguous. Using asimilar basic identification strategy to that of
Trefler (i.e., comparison of changes across industries with different degrees of tariff reduction)
they estimate that the FTA had little effect on the scale of Canadian manufacturing plants.

% In the Canadian case, however, she reports that 28% of affiliate sales were back to the U.S., so the caseis not so
clear.
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Therole of tariffsin determining the scale of Canadian manufacturing plants has been a
key issue for many years. Many authors have argued that, as a result of tariff protection,
Canadian manufacturing plants operated at an inefficiently small scale — see Eastman and Stykolt
(1967), Caves (1984, 1986), Baldwin and Gorecki (1986), Caves (1990). This lead to concern
that the FTA would lead to “hollowing out” of Canadian industry, because U.S. MNCs could
most efficiently serve both markets from large U.S. plants. In our own previous work using the
BEA firm level data— Feinberg, Keane and Bognanno (1998), Feinberg and Keane (2001) we
found no evidence of such effects. In fact, we found evidence that assets, employment and value
added of Canadian affiliates of U.S. MNCs actually increased following tariff reductions. We
also found evidence that intra-firm flows, particularly flows from the affiliate to the parent, were
increased following the tariff reductions. This suggests that the fragmentation of production was
increased.

At first our earlier results may appear to contradict those of Gaston and Trefler, since
they find (small) negative employment effects while we find positive effects. But isimportant to
bear in mind that their results are for all of Canadian manufacturing while our results are only for
affiliates of U.S. MNCs.. Since tariffs are atax on internal flows within MNCs, it would not be

surprising if tariff reductions benefited MNCs relative to national firms.

[1l1. The Mode

We do not model the MNCs decision to place an affiliate in Canada, which we take as
exogenous. We shall simply assume there exists some firm level fixed cost that generates multi-
plant economies of scale, and that this fixed cost does not affect the MNCs marginal production
decisions. For instance we could assume that firms have market power by virtue by virtue of a
fixed investment they have made in establishing brand names or inventing a proprietary
production process, and that licensing out of foreign operations would potentially dissipate brand
equity or risk revelation of proprietary knowledge.EI

To motivate bilateral arms-length trade in finished goods, and domestic sales by both the

parent and the affiliate, we assume that the parent and the affiliate produce two different goods.

3 This assumption is consistent with Markusen’s (1995) discussion of characteristics of industries with significant
multinational production. Specifically, multinational s tend to be important in industries with high R& D/sales,
technically complex products, high levels of product differentiation and advertising, and a large share of skilled
workersin their workforces.
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Each isavariety of anon-rival differentiated product, so that both the parent and affiliate have
market power. To motivate bilateral intra-firm trade in intermediates between the MNC parent
and its foreign subsidiary, we assume that the parent may use final goods from the affiliate’s
production process as an input into its own production process, and vice-versa.

We will first specify the most general case, in which asingle MNC exhibits al 4 of the
potential trade flows. Instances where an MNC has only a subset of these 4 flows are special
cases. The MNC will decide on which of the 4 flows to utilize. We estimate reduced form
decision rules for the utilization of each flow, and estimate these jointly with the structural model

of the production process.

[11.1. Mathematical Structure of the M odel

Figure 1A: MNC tradeflowsin the model

Affiliate arms-length US Parent arms-length
salesto the US sales to foreign market
P/l P'E
PN :
US Parent “——» Foreign
, Affiliate
< PNy
Pdl(Qd_Nf - E) sz(Qf_Nd_l)
US parent salesto Foreign affiliate sales
customersin the US initsloca market

Let | (imports) denote the quantity of goods sold arms-length by the Canadian affiliate to
consumersin the U.S,, and let E (exports) denote arms-length exports from the U.S. parent to
consumers in Canada. Next, let Qg and Qr denote output of the parent and affiliate, respectively.
Of affiliate output, let Ng denote the part transferred for use as intermediates by the parent.
Similarly, let N; denote intermediates transferred from the parent to the affiliate. Then, (Qqg-Ns -E)
isthe quantity of its output the parent sellsin the U.S., and (Qs-Ngy -1) is the quantity of its output
the affiliate sellsin Canada. Finally, the P denote prices, with the superscript j=1,2 denoting the
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good (i.e., that produced by the parent or the affiliate) and the subscript c=d,f denoting the point
of sale.

Note that the price on Ny, the intermediate good shipped from the affiliate to the parent, is
set equal to the price on the same good if sold to final customersin Canada (and vice versafor
N¢). Thus, we ignore issues of transfer pricing. We hope that the corporate tax structures of the
U.S. and Canada are sufficiently similar that this assumption will not do too much violence to the
dataEI

We do not observe prices and quantities separately in the data. Hence, we will work with

six MNC firm-level trade and domestic sales flows, which are: P/l , P'E, P;N, ,P?N,,
P/(Q,—N, —E)and P?*(Q, —N,—1). These are shown in Figure 2.

We assume that the MNC'’ s domestic and foreign production functions are Cobb-
Douglas, given by:
(D) Q=AK{ L5 N§ M
(@ Q =AK{ LY NI M{"
Note that there are four factor inputs. capital (K), labor (L), intermediate goods (N) and

materials (M), where the intermediate goods are the quantities of product shipped intra-firm to

the parent from the foreign affiliate (in 2) and vice versa (in 1).

If Ny =@ugQr and Ny =y Qy then:

cxNd

Qd _ AngKd L(éLd MgMd ((deAf K?Kf L?Lf M?Mf N(f]Nf )

Substituting for Nr and solving for Qq we can express (1) and (2) as.

1
_ N Nd

aNdl:h.
(3) Qd:aAjA?Nd(p?\lzd(p?\]:‘daNf](KngLcéLdMgMd)(K?Kf Lc;LfM?Mf) a " a

|

Thus, the “aggregate” technology for the MNC as a whole exhibits constant returns to scale
(RTS) provided that @, and @, are fixed as capital, labor and material inputs vary. However,

the aggregate technology may exhibit increasing or decreasing RTSif @, and/or ¢, vary along

18 Since we do not observe prices and quantities separately, it does not seem possible to model transfer pricing.
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with capital, labor and material when input prices, output prices and/or tariffs vary. We would
expect tariff reductions to both lead to increases in the size of MNCs (increasesin K, L, M
inputs) and lead to increasesin the ¢. Thus, these may make it appear MNCs have increasing
RTSif an aggregate production function rather than separate parent and affiliate production
functions are estimated.

For the domestic- and foreign-produced goods, the MNC faces the following constant

price elasticity demand functions:

P =P.,S* O InS, =g-InPy - g-Ink}
PP =P25 % 0 InS, :g—lzlnsz —g—lzmpf

where Sy denotes the quantity of the U.S. produced good sold in the U.S., Sy denotesthe
quantity of affiliate sales in Canada, and g; and g, are the inverses of the price elasticities of
demand for the domestic and foreign produced good, respectively.

The domestic and foreign produced good can also be exported and imported.

P/ =P.E™* isthe price of the domestic good (good #1) in Canada. We assume that the price

elasticity of demand for the good( ) isthe same in Canada, but that the demand function

intercept differs (Plf ) Similarly, the price of the foreign good (good #2) inthe USis
represented by P? = P31 7%

We assume the MNC faces labor force adjustment costs. It is often assumed such costs
are quadratic, e.g.: AC,, =9, [Ldt -Ly. ? where J, >0. However, we found that a

generadization of thisfunction led to a substantial improvement in fit and could accommodate
many reasonabl e adjustment cost prOCGSSGSE.I

AC, =5,(Le ~Luw)?) /12 . where 5, >0,u>0420

" For example, setting L =1 and A = 0O produces J [Ldt - Ld,t—l] 2. similaly, p=1 and A =1 gives
6d|(|-dt - Ld,t—l)/ Ld,t—l| :
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Having specified the domestic and foreign production functions, we can write the MNC' s period

specific profits as:

M=P}(Qy—-N; —E)=P{N(T; +C; )+ PE(I =T, -C; )
+P(Qq =Ny —1)=PNy(Ty +Cy )+ PAI(I =T, -Cy)
~Wylyg Wil —@sMy —@: M -y Ky — Y Ky

- ACd( |—d 'l-Ej_l) ) - ACf ( |—f 'L(f_l) )

Here, Trand C; are the foreign tariff and transportation costs the MNC faces when shipping
products from the U.S. to Canada (and similarly for Tqand Cg).

The MNC maximizes Ez B'M,.,, by choice of eight variables{Ldt’Mdt,Kdt,th,Lﬂ,M ft,Kft,Nﬂ}.
=1

The first order conditions for parent factor inputs and parent’ s exports to Canada are:

%PlQ OPiQy HP4(Qy =N —E)=PiN, (T +C;) _ [PAC, aAc<+1 al
L, ;g dEd=d qldFd~d EI— E 0
d |_d %gl ﬂ Ld pl (Qd N E) |:| d @aL B E
. xa FPiQ va IPIQ, [P3(Qq~N; —E)=PiN (T, +C,)
Kyia %%gp Ky % P(Qd -N, -E) H_

Md :CYMd Dpﬁ;(id Q_ glaMd @Péle Epl(Qd N, 5" P&Nf (T +C )H—

P1(Q4—N; -E)

. - nd [PaQq na [PIQy [P (Qy =N —E)-PiN, (T +C)
No - BWH_gla @Nd Ej P(Qd N, -E) E

PZ(Q; ~N4—1)-P2N, (T, +C,)
2 f d\'d d
* 9 B PZ(Qf )

(Q,~N,—E)-PIN, (T, +C,)
. pl 1— d\~d f d TfAf f
E:P)+ glFLE b

E_(l-ﬂ-d +Cy)PF =0

§+(1—gl)Pﬁ(1—Tf -C,)=0

The first order conditions for Ls, K¢, M, Ny and | are similar. By defining:

P1(Qq—N; —E)-PiN, (T, +C;) PiS,—PIiN, (T, +C;)
B P(Qd N; -E) E:E PiS, H
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P2(Q 1)-P2N, (T, +C,) []_[P2S, -P2N, (T, +C,)
MR A A

FD =0u((Ly - Ld,t—l)z)u_l(l-dt L 1)/Ldt -1
- BH((Ldt+1 - Ldt) )u l(Ldt+1 - Ldt)/Lﬁt - BA((LdHl - Ldt)z)u(l-dﬁl - Ldt)/ Lﬁtﬂ

we can write the first order conditions more compactly as.

PIQ
Ly o (1- gﬁ)%%%wd -E(FD)=0
d
!
Kq:a"(@- glA)E;—q‘%vd =0
d
P!
My o™ (1~ glA)E—;’AQd Eﬂvd =
d
PlQ 2 2
N, :a™@1- glA)E%%f 9. B-(1+T, +Cy)P =0
d

E:(1-9,)P{(1-T; -C;)-(1-g,A)P; =0

The first order condition for Ny equates the marginal revenue product from increasing the input

of Ng in domestic production, to the effective cost of importing Ng, which is
(1-g,B)P? +(T, +C,4 )P?. Thefirst term islost revenue from failing to sell Ng in Canada, the

second term isthe tariff and transport cost. Similarly, the first order condition for E equates the
marginal revenue from exports of the domestically produced good and the marginal revenue of
selling it domestically.

Since prices and quantities are not separately observed, we cannot take these FOCs
directly to the data. We now describe how the technology parameters can be identified using
only data on the nominal values of the six trade and sales flows. If we multiply each first order
condition by the associated control variable, we obtain:

Ly 10 (1= g, A)(RjQy ) + -WyLy —8,E(FD)L, =0

Ky :a"(1-g,A)(PiQy )~ VyKy =0

Mg a™(1-g;A)(PiQq )~ 9M4 =0

Ng:a™(1-g;A)(PiQy )+ go( PPNy )B=(1+T, +Cy )(PFN, ) =0
E:(1-g,)(PrE)(1-T; ~C¢)-(1-g,A)(RiE) =0
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=(1-g)(PE)A-T, -C,) - (- g AL [{PiE) =0
HERN

g
1
Pisy

1
=(1-g,(PIE)L-T, ~C) (1o, LBV (Pl =0

]

Note that in the first order condition for E, the endogenous quantity ( P4 E ) is not observable.

Thus, in the second and third lines of the equation for E, we have exploited the fact that:

pl 1 1 %
(PJE)=EP%@P#E> - Hedfid 0 are)
f (o)

PIE
to express the first order condition for E in terms of observable quantities and the ratio of

1
demand function parameters: BE%"B
of [

Similarly, in the FOCs for the factor inputs, the quantity ( Pded )is also not observed. We

1
can rewrite this quantity as P{Q, = P;'S, + P{ N, + Ez—dl% P'E) but, again, P, E is not
f

observed. We therefore repeat the same type of substitution to obtain:

1 791 0
Fi% 0 (plE)O-w, L, —~3,E(FD)Ly =0
Pf E H

Ly :atd(1- glA)EDdlsd +PIN + i
and similarly for Kg4, Mg and Ng.

We now have atotal of eight first order conditions (L4, K4, Mg, Ng, Lg, K¢, My, E, 1)
expressed in terms of observable quantities, unknown parameters, and an unmeasured
expectation term. We could in principle use nonlinear GMM to estimate our model using these
eight first order conditions and a sufficiently large set of instruments to identify the compl ete set
of model parameters. But first we need a stochastic specification for the model. To illustrate,

focusing on L4 we could write:

i = exp{ng +€Ld(it)}

Ouwe = exp{&+ gl(it)}

18 Note: Pdl E isthe physical quantity of exports times their domestic (not foreign) price — an object we cannot
construct since we do not observe prices and quantities separately
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1
EE_SE = exp{Eh + prl(it)}
of

Note that only the ratio of the demand parameters P and Py isidentified from these FOCs, an
issue we return to later. Finally, invoking arational expectations assumption:
E.(FDj; )Lyt = FDy Ly — Nt

we obtain the following equation for Ly, incorporating forecast errors, r]ﬂ :

U e Ul U

Ld Ld _ 1 . 1
L€ (&) (L-e e A)PS, +RIN, + ep—Rlepf““)B—FF’;’ng . {PIE)S
5 S 5

~WylLy = 83FD; Lyt =0
and similarly for the other first order conditions. We would then need a set of instruments that
enables us to identify the model parameters (of which, eg., a"*, g, ,PR;, and &, appear in the

L4 equation).

There appear to be a number of serious problems with a GMM approach in this context.
First, the stochastic terms enter the first order condition in such a highly nonlinear way that it is
difficult to see any way to linearize the equation (the same problem was confronted by Krusell et
a. (2001). Second, the choice of instrumentsisnot at al obvious. Usual candidates like input
and output prices might well be correlated with other firm specific technology parameters if
technology changes over time in response to price changes. Third, nonlinear GMM is known to
often suffer from severe numerical instability, even in much simpler models than this.

More fundamentally, even if we could implement a GMM approach successfully, it
would not be adequate the present context. The usual argument for GMM over ML isthat one
avoids making distributional assumptions — in this case on the technology, market power and
demand shift parameters that are assumed heterogeneous across firms, and on the forecast errors
— and thereby obtains more robust estimates of model parameters. But we need to assume (and
then estimate) distributions of the heterogeneous parametersin order to be able to ssimulate the
response of the whole population of firmsto changesin tariffs or other features of the

environment.
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On the other hand, a compl ete stochastic specification of the model would also require us
to specify how firms form expectations of future labor inputs, which would require us to specify
how they forecast future demand and technology shocks, tariffs, exchange rates, etc. Thiswould
go well beyond the scope of the present investigation.

Our approach is a compromise in which we make parametric assumptions on the
distributions of the demand and taste shocks, asin afull ML approach. But rather than specifying
stochastic processes for the dynamics of all the forcing variables (e.g., tariffs, exchange rates,
etc.) we simply substitute the realization of the t+1 labor demand terms for their expectation, as
in atypical GMM. However, rather than implementing GMM, we make a parametric assumption
on the forecast errors, asin Krusell et al (2001), and estimate the model by (simulated) maximum
likelihood.

In terms of what we can do with the model once it is estimated, our approach also
represents an intermediate case or compromise between the full solution ML approach and the
GMM approach. Since we do estimate the complete distribution of technology and demand
parameters for the MNCs, we can do steady state simulations of the responses of the whole
population of firmsto changes in the tariffs and other features of the environment. But since we
do not model the evolution over time of all the forcing processes, we cannot simulate transition
paths to a new steady state.

[11.2 (Inverse) Solution of the model

In order to understand the construction of the likelihood function, it isimportant to first
understand the mapping from the observed data for afirm, to the set of firm specific parameters
that rationalize the data.

To start, we note that we do not feel there are reliable measures of the payments to capital

Y.K4 and y;K; for parents and affiliatesin the BEA data. To deal with this problem, we assume

that the expected rate of profit is equalized across firms (a condition that should hold in
equilibrium if there are no capital adjustment costs — which we assume — and ignoring risk
adjustments). We can then back out the payment to capital and profit from data on total revenues

and payments to the other factors as follows. First define:

Domestic revenue: ~ RD = P}S, + PN, +(1-T, -C; )(P{E)
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Domestic costs: CD =w, Ly +8,Ky + @My +PFNy(1-T, +Cy ) + AC,
Domestic costs excluding capital: CD1=CD - 4Ky

Now, let R« denote the fraction operating profit that is pure profit, leaving (1-R) as the fraction

that is the payment to capital. Thisgivesll, = Ry [J RD —CD1] and thus:
0Ky =(1-R¢ ) RD -CD1]
Thus, the rate of profit for domestic operationsisR = n%de = R%l_RK y- Wetreat Rasa

common parameter across firms and countries that we estimate (we also assumeit is equal for

the parent and the affiliate). That is, for the affiliate we have the anal ogous equation:
0K =(1-R¢ ) RF -CF1]

Now, given the common parameters, R, ,3,04,9; ,4,A and adraw for the forecast errors,

n% n', we can calculate the firm specific technology and demand parameters, and then construct
their joint density. We detail the stepsinvolved in calculating the firm-specific parameters from
the eight first order conditionsin Appendix 1. Here we give a brief summary:

The key insight used in solving the model up isthat by observing the fraction of sales of
the domestically produced good in the US versus exports of the domestically produced good to
Canada, we can infer aratio of domestic to foreign demand parameters. This means that without
separate data on prices and quantities (other than wages and labor input, which we need because
we estimate the labor force adjustment cost functi on)@vve are able to identify the market power

parameters (gs, ), the technology parameters a5 ,alf a5 ,al ,...and the ratios of the demand
2
shift parameters for good 1, PR, = E?@ and good 2, PR, = E;"T’ﬁ To identify the levels of the
of od

demand shift parameters, we need to bring in extrainformation that enables us to separate price

from quantity. The extrainformation we need are price indices for capital and materialsinputs.

91 an earlier working paper, we showed that in the absence of separate information on wages and the labor input
we could still identify the technology, price elasticity of demand, and ratio of demand shift parametersin a static
model. So in the dynamic model, the separate data on labor input and wages enables us to identify the adjustment
cost function.
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Appendix 2 augments Appendix 1 by giving an intuitive explanation of how the more subtle

model parameters (A, Rg and the levels of the demand shift parameters Po) are identified.

[11.3 Stochastic Specification

The production function parameters must be positive and sum to one (given CRTS). To

impose that they are positive and sum to one, we use alogistic transformation; e.g.:

GLd

Ld md Kd

=l
l1-a— —-a™ —-a

(where a}” is normalized to equal 1) and then specify that o & is stochastic and positive. A

natural specification would be log normality:
Ina = xgt? +¢td e ~N(0,02,)

Then a g >0for all €. Now given avector ax’, ai?, akwecan solvefor a5, af®and
a K and obtain:
Ld
Ld — ar
1+ ag +ap? +a ke

_ . ‘ exp{XBLd + sLd}- - -
1+ exp{x[3LOI +sLd} +exd xpMd +8M? +e>3p xpKd +s’}d

a

Note that:

1
o N

T Tt exp{} + exp(t + ()

So a™ isthe “base aternative.”

This specification insures that given any values for the x[3 and any draw for the g, the
technology parameters are guaranteed to be positive and sum to 1. Originally we estimated the
model assuming log normality for the €, and found that this was severely rejected for some
stochastic terms. So instead we turned to a Box-Cox transformation. We describe the

specification of the Box-Cox parametersin Appendix 3.
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Since we have a panel, it isimportant to allow for serial correlation of the errors within

each firm over time. We specify a permanent-transitory (random effects) structure, e.g.:
gt (it) =pu"(i) +V (it
and similarly for the other parameters.

uLd(i)DN(O,ofud) and de(it)DN(O,oﬁLd).

V(&i¢) has a basic block-diagonal structure, and covariances across periods are given by
Cov(e;, [&,_; ). Defining € = (g;,...., & ) we have:
4
V(g) =[Cy, O
O
1T, VTi O

So far, we have only considered the most general case where afirm has all 4 potential trade

flows. If afirm has Ng=0 (N;=0) at timet, then there is no value for €<%(it) (or £ '(it)).
Similarly, if E=0, thereisno valuefor P (it), and if 1;=0 thereis no value for Poﬁ (it). Insuch

cases, >, 5% and >"are collapsed in the obvious way (by removing the relevant rows and

columns) and V(g;) isalso collapsed. Also, some of our firms are not observed for consecutive
years. Inthe case of amissing year, the relevant rows and columns of V(g;) are removed.

Of course, the likelihood is the joint density of the data, not of the stochastic terms. If y;
denotes the vector of data elements for firmi, then:

o,

f(y)= 5 f(e)

s . . ) .
where a—' is the Jacobian of the transformation from the data to the stochastic terms. In our
Yi

case, the 12 data items observed for the firm (or asfew as8if Ny= Nf= E= 1= 0) at timet are:
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Yit :{Pdlsd 'szsf LasLe Wyblg Wyl ’PfZNd ’Plef 'PflE'szl @aM ¢ 04 Mf}

Observe that the Jacobian is not block diagonal within periods, because €;; is affected by Lgt.1 ,
Ltr1, and L . Itisnot possible (asfar aswe can tell) to write out an analytic expression for
the Jacobian, because the mapping from the data elements to the stochastic termsis so highly
nonlinear. Furthermore, the mapping depends on the values of the forecast errors (which we are
conditioning on here, but which will have to be integrated out by simulation). Therefore, we
construct the Jacobian numerically. Thisis done by bumping one element of the data vector vy,
recalculating al the elements of €; , and then forming numerical derivatives of the elements of ¢;
with repect to the elements of y. Then we use these to fill in the column of the Jacobian that
corresponds to that element of y:

€1 asi% 0000 OSV
|:| Ayill ayi12 ayill'li 12 E

D?e.% O

i O
O Yy O
0 0
o O o
J=b g 00O
O O
O O ag
O O
5, _
€, € 0

i O 0O0ooog "=

ﬁ i A’ilﬂ 12 ﬁ

For example, we could bumpy;,; = Pdlsd(il) . and then recal cul ate the €; elements. In this case

only elements from period 1 will be affected. We would then construct numerical derivatives
and use theseto fill in the first column of the Jacobian. Finally, we can now consider forming a

likelihood expression by integrating over the normal distribution of the forecast errors:

N
L (8)=m [ f(yin;.8) f(n;)dn;

i=1 n;
N

=n J

i=1 n

f(&(n;18) f(n;)dn;

dg;(n; )
ay,
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Here, n; E(r]idl,r]i‘c1 ..... nldT ,nifTi ), f(ni) denotes the joint density of the forecast errorsfor firmi,

and the notation €;(n;) shows that the €; vector we construct for afirm is afunction of the n;
draw. We assume that the forecast errors are independent over time, asimplied by rational

expectations, and that within a period:

TR

0
Let ¥, = CC' where C isthe lower triangular Cholesky decomposition %“ c E
12 22

Naively, we could simulate the likelihood function by taking iid draws from the
distribution of n; . Animportant complication arises here, however. Firm behavior cannot be
rationalized given any arbitrary choice for the forecast errors. Conditional on (n®n"), we must
haveg; > 0, g, > 0, al technology parameters positive, and al demand shift parameters

positive. From Appendix 1 we have:

(RF-CF-8(E(FF)L;)
BVI

AB(PiN¢ )(P?Ng)

BVI (szNd )B

g.[ AYE - ] =RD-CD -3,E(FD)L, +

bl

In our data, the term AYE- AB(P;N; )(P?N, )/ BVI isaways positive.*> So the right-hand

side the above equation must be positive in order for g; to be positive. But if
E(FD) = FD - n° or E(FF) = FF - n "istoo large then the right-hand side can be driven negative.
Thus, firm behavior implies bounds on the forecast errors. We describe the derivation of the
boundson (n®, n') in Appendix 4.

For any draw (nq , N¢) that does not satisfy the bounds, no values of the firm specific

parameters can rationalize firm behavior. But we can still write the likelihood as:

2 A and B are usudly closeto 1. Therefore, AYE isclose to sales of the domestically produced good, and BV1 is
close to sales of the foreign produced good. Thus, the second term includes sz A\ / BVI , anumber < 1, times

Pdl N ; , which isjust one component of sales of the domestically produced good. So the entire termis
approximately sales of good 1 minus afraction thereof.
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N
L (8)=m J |3(n;) f(ei(n;)8) f(n;)dn;

i=1 n;

provided we define f(gi(n;) |0) =0if n; O B;, and as equal to the joint normal density of the

€i(ni) vector otherwise. We can rewrite the likelihood as:

N
L (8)=p II 3(n; ) f(&i(ni)I8) f(nir, )--f(nip) dnig ..dnyy

=1l N,

=1 I ---------- I 3(n;) f(e(niI8) f(nir )--f(nip)dnyr ..dnyy

=1 n,08, Nit, OBy

|‘J(r]i )| f(ei(n)6) I[N OB ] ... I [n;,UB;]

N
_iI:Il f(Nig, )eenee f(nip)dnr ..dniy

MiOBir  Nin UBir,

_ N 13(n; ) f(&(n;)Ie) | [Nir OBig, T e I [n;;0B;]
n[-f (Mg, Yo {2 )N Ny

=1 n, N,

Clearly, then, the likelihood contribution for firm i can be simulated using a frequency simulator

asfollows:
R M
P Ge)=MS o) f(&(n)18) 1[nFOB,] ..l [n] OBy ]
m=1

There are two fundamental problems with this approach, however:

1) Observe that for some draws m, the likelihood contribution is zero. For instance, if P(nit [
Bi) = .95 [t, this means that only 54% of draws would belong to B;, on average. This
implies a serious numerical inefficiency, since a high percentage of draws are of no usein
evauating the |3(ni)| f(&(ni) |6) term, and are only used to evaluate the event probabilities

P(ni O B;), which could be much more accurately evaluated using other means (see below).
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2) Thesimulator (F) isnot a smooth function of the model parameters 6. The value of the
simulator takes discrete jumps at values of 0 such that one of the draws n"is exactly on the

boundary of B;. This means that gradient-based search algorithms cannot be used to

maximize the likelihood function, and derivatives are not available to calculate standard

errors of parameter estimates.
To deal with these problems, we implement a more efficient smooth simulator of the likelihood
using a (new) importance sampling algorithm that is a discrete/continuous data analogue of the
GHK algorithm for simulating event probabilities in discrete choice models. Asin GHK, the
ideaisto draw the n; from the “wrong” density, chosen so that all n; will be consistent with firm
behavior. The likelihood isthen simulated using a weighted average over these draws where the
weights are ratios of the likelihood of adraw under the correct density f(n;) vs. the likelihood of
adraw under the incorrect density f(ni | i [7 B;). Like GHK, the algorithm isrecursive. We
describe the implementation of the algorithm for period t in Appendix 5. Appendix 6 describes
process by which we simulate the posterior distribution of the model parametersin order to test
the distributional assumptions of our model.

Implementing the algorithm, we obtain the following smooth unbiased simulator for the

likelihood contribution of firmi:

R M
© L(8)=M S [3(n™) f(&(n")I8) P(Nay 0By )P(N 108y [ng;)0
m=1

«P(Ngr OBy )P(N ¢ OBy INgr. )
Since many economic models have a structure where certain stochastic terms must bein
particular ranges in order for a continuous outcome to be observed, the basic approach used here
can be useful in many contexts. Note that this approach can be extended trivially to

accommodeate seria correlation of then;. The boundsfor n, would be afunction of n;", and so

on. Werule out such correlation here because of the forecast error interpretation of n).
To complete the specification of the structural model, we assume the following structure

for the parameters &4, &, 04 and o; :

5y =exp{B,(1)+ 8, (2)INWy +8,(3)H+34(4)d[ Ny >0}
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8 =expl8; (1)+ 8, (2)Inwy, +8,(3)H+3, (4)I[ N >0]}

O =eXP{T.q + Ty Ly +T, Wy}
O =exp{t0f +T, L4 +t2wﬁ}

Recall that forecast errors were specified as.

E(FD;; )Lgit =FDj Ly + "]ﬂ
=FDj;Lgit + Oy r]tjt

where ny, is standard normal. Clearly then, we expect that o will be an increasing function of

Lqit. Also, we allow the & to be functions of the wage rate, on the premise that cost of adjusting
labor force size by a particular amount may depend on the wages of the workersinvolved (e.g.
search costs for high wage / highly skilled labor are higher).

Aswith the other structural parameters, we alow for the possibility that adjustment costs
vary over time through the time trends in the & equations, and we allow for the possibility that
the adjustment costs differ between firms that do and do not have intra-firm flows.

Finally, we turn to the problem that not all firms have all four trade flows (N9, N, E, 1) in
each period. It is beyond the scope of this paper to structurally model the MNC'’ s decisions with
regard to how to organize its operations to have intra-firm flows and to import or export. Our
focusis on structurally modeling the MNC’ s production decisions conditional on its choice of
whether to have intra-firm flows, exports and imports. However, at the same time, we are not
comfortable in treating the discrete decisions I[N > 0], I[N > 0], I[E > 0], and I[I > 0] as
exogenous with respect to the firms' decisions regarding continuous quantities of inputs, outputs
and flows.

Hence, we specify reduced form approximations to the firm’s decision rule regarding N
>0,N" >0, E>0and| >0 and estimate these jointly with the structural model. We specify the
approximate decision rule as a heterogeneous multinomial logit with alternative value functions

(latent indices) given by:

ND _ Kd Kf d
Viiw =W+ W0 W0 +Wig[ Ty + Chip | ¥Wia O ¥ W s Wi + Wi Wi T Wa7t+Wagl [ Ny >0]
d ND ND

+Pol [ N3 >0] +Wy o[ T4 +Cq ] 1 +Vy
NE _ Kf Kd f
Vier SWaptWar O + W00 +Wos [ T + Cip I +Waa Gaig +Wos Wi +Wos Wi + W7t +Wegl [ Njiy >0]

+P ol [ Nifl >0] +Woao[ Th +Cq ]+ +Vi
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E_ Kd
Vie =Wao+WaiOip +Wap [ T + Cpiy 1 +Wag iy +WagWeg +Was Wy + Wt + W, I [ B >0]

+P gl [E;;>0] +Pag[ Ty +Cq ] Ui +Vj

VitI :llJ4o"'LU410(i}t<f Wy [ Tai + Chip | ¥ WazGait +WagWeit +WasWiip *Waet+Wyr I [ 1,24 >0]
+ gl [1i3>0] +P o[ Tgia +Cga ] +H; +V,
The name “ heterogeneous” logit refers to the heterogeneity terms ; , which we assume have a

joint normal distribution:

gt o
NE ] N[
'E SD N(0.Z)) 0" iid extreme value .

mi KV ilf O
q B 3 B
To accommodate state dependence, we include the lagged choice in each value function. This

introduces an initial conditions problem (Heckman (1991)) which we accommodate using a

recent suggestion by Wooldridge (2000). Theideaisto specify the distribution of the random

effects conditional on theinitial condition. For example, letting u*>" denote the firm effect in

the V,;"° equation, we assume:

uiND’* 0 N( Zi,\]l.D rND ’O-ﬁD )

Here Z/}° contains covariates that characterize theinitial condition —including both | [ N > 0]
and other covariates dated at t =1. In our case, we included both | [ N >0] and thet =1 tariff
and transport cost variablein Z” . The reasoning is as follows: Obviously, the distribution of the

firm effect should depend on | | Nidl >0] , sincethe latter isafunction of the firm effect. Also, it
is often argued, based on political economy considerations, that tariffs placed on a particular

industry may be affected by the importance of trade flows to that industry (e.g., if p'" islarge,

then that firm may lobby for low tariffs, leading to a negative covariance between p'" andt ;).

Writing:
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ZIP T = Wil [NG>0] + Wiol Tg +Cy ]
we obtain the V,"° equation. (Similarly for the other equations). We expect to find 10> 0 and

P10 <0.
The intuition behind this approach is as follows: If there is no true state dependence, then

I [ NS, >0] may still appear significant just because | [ N3 >0] is correlated with the
random effect, 1™, and because the lagged choice proxies for | [ Nid1 >0] . But if thelagged

choice is significant even after controlling for 1 [ NS >0] , then thereis clear evidence of

dynamics.
Note that our choice model is fully simultaneous with the continuous structural model.

For instance, we let V,\"° depend on a (% and a ', the capital intensities of both the parent and

the affiliate. We aso let V,;'° depend on gy, the market power parameter of the parent. (Similar

parameters appear in the other choice equations).

Because these unobserved structural parameters appear in the choice model, it and the
continuous component of our model must be estimated jointly. Thus, e.g., if Y11 >0, our model
would implement a selection correction for the case that more capital intensive parents are more
likely to have ND > 0.

V. Data

V.1 Construction of the Panel

The data set used in this paper is from the Benchmark and Annual Surveys of U.S. Direct
Investment Abroad administered by the Bureau of Economic Analysis (BEA). These surveys
contain the most comprehensive data available on the activities of U.S.-based MNCs and their
foreign affiliates. For this study, we use the BEA data from 1983-1996, disaggregated at the
individual foreign affiliate level. The data contain observations for every U.S. MNC with one or
more Canadian affiliates. The BEA collects data separately from parents and affiliates, which
can be merged using an identifier for the parent. Overall, the data contain 24,313 affiliate-year

observations.
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Several alterations were made to the origina BEA data to construct the panel used in this
research. First, since many non-manufacturing industries include non-tradeables (such as

mThisscreen

retailing, real estate and hotels), we use only data on manufacturing affiliates.
reduced the total number of affiliate-year observations from 24,313 to 12,241.

Second, we need to assign each affiliate to an industry, in order to assign it the
appropriate tariff and transportation cost data (see section IV.2 below). It isimportant to note
that affiliates are largely undiversified, so we don’t often have problems assigning them to
particular industri e's.EI There were, however, cases where we observed what appeared to be
spurious changes in affiliate industry classification (i.e., classification error), or where affiliates
consistently had less 80% of their salesin asingle industry. We dropped such cases, leading to a
loss of 1677 affiliate-year observations.

Third, it isimportant to note that the BEA conducts two different surveys - the
Benchmark Surveys and the Annua Surveys. The Benchmark Surveys, conducted in 1977, 1982,
1989 and 1994 include the whole population of MNCs and their foreign affiliates, and smaller
affiliates are required to report. But in the Annual Surveys, many of the small affiliates are
exempt from filing. In cases where affiliates report datain a Benchmark Survey but are exempt
from the Annual Surveys, the BEA carries them forward by estimating data. As aresult of this
sampling procedure, most of the observations for smaller affiliates contained estimated datain
non-Benchmark years.

Ideally, we would remove all the estimated data. However, our panel dataanalysisrelies
on having several consecutive observations on parent/affiliate pairs. In particular, recall that we
need lead and lag data to deal with labor force adjustment costs, so an affiliate must be observed
for three consecutive years to contribute one observation to our analysis, four consecutive years
to contribute two observations, etc. We did not want to lose several observations for an affiliate

because just afew of its observations were esti mated.EI

2 |n the BEA data, firms are classified into approximately 120 2-3 digit ISl industry codes, of which 50 are
manufacturing industries.

Zu«Diversification” refers to the proportion of total (parent or affiliate) salesin only oneindustry. Affiliates can
report salesin up to five industries, and parents can report salesin up to eight industries. In the sample of 12,241
manufacturing affiliate-year observations, on average 91% of affiliate sales werein only one industry. The median
affiliate sells all its output in one industry. By contrast, only 65% of parent salesin this sub-sample arein one
industry.

% For example, suppose an affiliate had a string of observations 11011011101101 over the fourteen years of data,
wherea“1” denotes a reported observation, and a“0” denotes estimated data. If we keep all the estimated
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As acompromise, the decision rule we used in this step was. 1) remove all observations
for affiliates that did not have at |east three consecutive reported observations, and 2) keep
estimated observations for the remaining affiliates only if they were bracketed at t-1 and t+ 1 by
valid reported observations. This procedure led to the elimination of most of the estimated data
(altogether, we removed 4247 affiliate-year observations in this screen).

This left us with 6358 affiliate-year observati ons.ELI Data were removed several more
timesto arrive at the final sample. First, affiliates in the same industry with the same parent were
combined, reducing the sample to 5583 affiliate-year observations. Second, data were removed
because of missing affiliate or parent data for sales, employment or employee compensation.
Third, non-consecutive observations were removed. These steps left atotal of 5175 firm-year
observations on 551 parents and 716 affiliates in our sample.

Our model abstracts from the possibility that an MNC might have multiple Canadian
affiliates. For our purposes, we care about how changes in tariffs and other factors affect the
allocation of the MNC'’ s production and trade activities between the U.S. and Canada, and not
the organizationa form of the MNC’s Canadian operationsE’-| Therefore, if aparent had multiple
affiliates we merged them into asingle “composite” affiliate in two steps:

1) If the parent has multiple affiliates in the same industry, we merge these affiliates
together into a composite single industry affiliate, ssmply by adding up the employment, sales,
etc. of the individual affiliates. 2) If the parent had affiliates in multiple industries, we take only
the largest, based on total sales. (This size comparison is done after the merging of affiliatesin
step one).

Finally, our model does not allow for the possibility that an affiliate would have no
domestic salesin Canada (thisis avery rare event in the data). We deleted 8 cases of parent-
affiliate pairs where the affiliate had zero Canadian sales. After this step, our final data set

contained 3385 unique affiliate-year observations on 543 unique parents and affiliates.

observations, this affiliate contributes 12 valid data points, but if we drop all estimated observations, it contributes
only 1 valid data point.

% Note: Thereisa discrepancy here of 41affiliate observations. These would have been removed by both the second
and third screens.

% For example, two U.S. MNC parents in the semiconductor industry might choose to structure their Canadian
operations in one large affiliate (which might consolidate several plants), or several different affiliates, in which
each affiliateis effectively asingle plant. But for our purposes, what matters is how much semiconductor
production the U.S. parent locates in the U.S. and in Canada, and how much of the goods produced in both markets
for export are shipped intra-firm versus arms-length. 1t isirrelevant whether the U.S. parent chooses to consolidate
its same-industry affiliates or report them as separate entities.
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V.2 Construction of variables

The BEA data contain information on employment and the wage bill for both parents and
affiliates. We use the ratio of these variables as our measures of wage rates, which are assumed
to be specific to each parent and affil iate.EIT hisis the only instance where we observe separate
data on price and quantity. The BEA data also contains information on parents' domestic sales,
affiliates domestic sales (in Canada), the value of the flows of intermediate between from
parents to affiliates and vice-versa, and the affiliates arms-length salesto the U.S..

We do not observe US parents’ arms-length sales to Canada, but we observe the parent’s
total arms-length and intra-firm exports (to all destinations). To construct arms-length sales to
Canada, we assumed that a given parent’ s ratio of arms-length/intra-firm exports was the same
for Canada as for other countriesElT hus, we multiplied U.S. parent (intra-firm) exports to
Canadian affiliates (observed in the affiliate data) by the overall ratio of arms-length/intra-firm
exports for the parent.EI

Recall that our production functions contain four inputs: capital, labor, materials inputs,
and the intermediate inputs that are shipped intra-firm. As discussed in section I11.2, we construct
the payments to capital (and profits) inside the estimation, since we did not feel there were
reliable measures of payments to capital for parents and affiliates in the BEA data.

For affiliates, the BEA data contain information on cost of goods sold (CGS).

We calculated affiliate materials input by subtracting employee compensation, imports from U.S.
parents, and current depreciation from CGS. U.S. parents do not report cost of goods sold (CGS),
so we needed to obtain this item from Compustat to calculate raw materials inputs for parentsE"I

Trade flows, wages and sales were deflated using the U.S. GDP deflator (results were
little changed by using the CPI or PPI instead). Canadian values are reported to the BEA in

current US dollars.

% That is, the production function for each firm may require a particular type of labor (e.g. aparticular skill level),
with its own specific wage rate.

" Note that after removing transportation equipment from total US-parent intra-firm trade to Canada, the ratio of
total intra-firm/arms-length trade between the US and Canada was approximately 84%, as compared to 73% for the
US with all other countriesin 1989.

% For 402 cases in which we needed to calculate the parent’s arms-length sales to Canada, the affiliates reported
zero purchases from U.S. parents, so this formula could not be used. For these cases, US-parent arms-length sales to
Canada were calculated by multiplying the Canadian share of total (all countries) arms-length exportsfromall U.S.
parents (obtained from the Benchmark Survey published data) by each individual parent’stotal arms-length sales.
 Since cusip numbers are not regularly reported by US parentsin the BEA data, we generally used the name of the
parent firm to match up the BEA and Compustat data. For parents with no Compustat data, we used the average
value of CGS/Sales for their industry to calculate CGS.



To put materials pricesin real terms, we use, for parents, the BLS PPl for intermediate
supplies, materials and components for manufacturing, and for Canadian affiliates, we use the
PPI for manufacturing intermediates, obtained from Statistics Canada. The cost of capital was
assumed to be the samein the US and Canada. To measure the cost of capital we used the price
index for gross private domestic (non-residential) investment in producer durables obtained from
the BLS.

U.S. and Canadian tariffs were measured as annual ratios of the value of duties paid in
the United States (Canada) on imports of Canadian (U.S.) goodsin industry j at time t divided by
the total value of importsto the U.S. (Canada) from Canadian (U.S.) importersin industry j at
timet (see Feinberg and Keane, 2001 for a detailed discussion of these measures). A similar
measure of transportation costs was constructed by dividing the industry-level cost of insurance
and freight by the total value of importsin each industry j at time t.mmthough the tariff and
transportation cost measures used here are considerably more aggregated than the level at which
tariffs are actually imposed, they are more disaggregated than measures often used in empirical
work (see Grubert and Mutti, 1991).

US and Canadian tariffs drop significantly over the 14-year period (1983-1996), with
Canadian tariffs falling from an average of nearly 6% to 1.75%, and U.S. tariffs falling from 4%
to lessthan 1%. Thereisalso considerable cross-sectional variation in both sets of tariffs, with
U.S. tariffs highest in tobacco (average 13%) and lowest in motor vehicles and pulp and paper
(average less than 0.2%). Tobacco and apparel are the highest Canadian tariff industries (both
averaging over 17%), and agricultural chemicals, autos and farm machinery are among the
lowest Canadian tariff industries (all averaging approximately 1%).

As affiliates in the sample are predominantly single-industry, U.S. tariff and
transportation cost data were converted from 3-digit SIC codes to the Canadian affiliates 3-digit
ISI codes used by the BEA. For diversified U.S. parents, we constructed sales-weighted average

Canadian tariff and transportation cost measures across the (up to) eight industriesin which U.S.

% U.S. tariff and transportation cost data were obtained from the United States Census Bureau, and Canadian tariff
data were obtained from Statistics Canada. Canadian tariffs were reported in three-digit SIC codes and were
converted into US SIC codes, then BEA ISl codes.

3! Because similar transportation cost data was not available from Statistics Canada and no systematic transportation
cost differences were assumed to exist, we also used the Census data to construct transportation cost measures from
Canadato the US (calculated at the industry of the affiliates).
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parents report sales. In cases where parents reported sales in non-manufacturing industries, no

tariffs were assigned.

V. Results

Table 1 gives descriptive statistics for the firmsin our sample. In our structural model,
we needed one-period lagged and lead labor force data to construct current and expected future
labor adjustment costs. Thus, although our panel extends from 1983-1996, we only use data
from 1983 and 1996 only to model labor adjustment costs. Table 1 reports summary statistics on
the “big” data set (which includes data from 1983 and 1996 — if the firms appear in the sample in
1984 and 1995). Columns4 and 5in Table 1 give the number of zero observations for the four
trade flowsin the big and “small” data set. (The small set includes only observations from 1984-
1995.) Note that most affiliates have zero arms-length sales to the US. Indeed, out of 3385 firm-
year observationsin the “big” data set, 2061 have zero affiliate arms-length salesto the US. By
contrast, 953 affiliate-year observations have no intra-firm sales to parents. Note that Canadian
affiliates’ salesto U.S. parents are larger, on average, than U.S. parents salesto Canadian
affiliates. The bulk of the very large flows from affiliates to US parents are accounted for by the
transportation sector.

Our estimates of the full model, obtained by estimating the structural model jointly with
the heterogeneous logit models for the trade flows, are shown in Table 2. Thelogit estimates are
shown in Table 3.

The first portion of the table shows the parameter estimates of the MNC'’ s technology.
Note that the domestic and foreign labor and materials cost parameter estimates contain severa
elements. Thefirst termistheintercept. The second term isatime trend for the subset of firms
with positive intra-firm flows. For domestic labor and materias, the relevant flow isintra-firm
imports from the foreign affiliate. Note that when this flow is positive, U.S. parents have four
elementsin their production technology (labor, capital, raw materials, and imports of
intermediates from the foreign affiliate). When the flow is zero, the parent’ s technology has only
three elements, and similarly for the affiliate technology. The third term isatime trend for the

subset of firmswith no intra-firm imports of intermediates. The fourth term is an intercept shift
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parameter for the subset of firms with positive intra-firm flows. Finaly, the fifth term isthe
Box-Cox parameter.

Ininitial estimations, we found that the restriction of common time trends on the
technology parameter for the entire set of firms— those with positive intra-firm trade and those
with no trade — was clearly rejected. By incorporating heterogeneous time trends, we
substantially improved the fit of the model. A fascinating aspect of the resultsis that the time
trends are small and insignificant for firms without intra-firm flows. Thus, the behavior of these
firmsiswell described by afixed CRTS Cobb-Douglas technol ogy.

In contrast, in the subset of MNCs with positive intra-firm trade, the time trends for the
technology parameters are all highly significant. The direction of the trends points to reduced
share of labor, materials and capital for both parents and affiliates. Thus, the estimates imply
that, conditional on MNCs having positive intra-firm flows, technical change was driving up the
share of intra-firm flows. (We return to this critical point below when we discuss the estimates
of the decision rules for positive flows.)

For all the technology parameters, the Box-Cox parameters are (dlightly) less than zero,
implying that a transformation function (slightly) more strongly concave than thelog is
necessary to bring them into line with normality.

The next panel of Table 2 (bottom of first page) contains estimates of the two scale
parameters, scqand sc; which account for the fact that the scale of the parameters and stochastic
terms is not comparable across the three-outcome (Ng = 0, N = 0) and four-outcome (Ng > O, N¢
>0) specifications. As expected both parameters are less than one, since the scale should be
reduced in the three-outcome case. In the same box as the scale parameters are the other
common parameters Ry, the rate of profit; A, the rate of disembodied technological change (4.5%
across all firms); and p and 3 -- parametersin the MNCs' generalized adjustment cost function.
The estimates of i and B imply that adjustment costs are not well described by the common
linear-quadratic specification.

The next panels of Table 2 (top of second page) contain estimates of additional labor
force adjustment cost parameters. The estimates for &;W and &W are both close to one,
implying that the cost of a given change in the labor force increases one-for-one with the wage
rate. It isreasonable that search costs are higher (as are severance costs) for high-wage / highly

skilled workers. Theintercept shift for N>0 is significant and positive for foreign affiliate labor
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force adjustment, suggesting that labor force adjustment costs are greater for affiliates that ship
intermediates to parents. (A dummy for Ng>0 was not significant in this equation, and similarly,
N¢>0 was not significant in the parent adjustment cost equation). Adjustment costs also
increased over time, as is evidenced by the significant positive time trends in the domestic and
foreign labor force adjustment cost functions.

The next panel contains estimates for the parameters that determine the variance of labor
adjustment forecast errors (n). Not surprisingly, the forecast error variances are an increasing
function of labor force size. Interestingly, the domestic forecast error variance is higher, and
domestic and foreign forecast errors are positively correlated.

Below the labor force adjustment parameters are the parameter estimates for domestic
and foreign market power (g; and g;). The market power parameters are estimated with a
common time trend and an intercept shift for firms with positive trade flows. Note that the
intercept shift isinsignificant in estimates of both the domestic and foreign market power
parameters. Also, domestic market power does not vary significantly over time, but foreign
market power does. The Box-Cox parameter for g; implies atransform close to the log, but the
transform for g, is closer to the square root.

Finally, the last four panels of table 2 contain estimates of the four demand function
parameters (i.e. domestic and foreign demand for the domestic and foreign produced goods).
All four demand functions exhibit negative time trends.

Each parameter is also estimated with arandom effect, p;, and atransitory error, €.
Estimates of the covariance matrices are given in Appendix 7. Also in Appendix 7 are
correlation matrices for the composite error: W+ €, and the composite error at timet and (t+1).

Although all the correlations are highly significant, the smallest correlations are between the
residuals for demand parameters P2 and P2, and between P and P3 . By contrast, the
correlation between the residuals for domestic demand for the domestically produced good
(P4 ) and foreign demand for the domestically produced good, ( P} ) is0.97! Similar results

obtain for the correlations between errors at timet and (t+1).
Our model appearsto fit the data extremely well, in the sense that our assumptions about
the distributions of the stochastic terms appear (for the most part) to be very strongly supported.

Asdiscussed in section 1.3, acritica modeling assumption we make is that the errors are
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distributed normally. Tables 6, 6A and 7 in Appendix 7 show that this assumption is
substantially supported. Indeed, we reject normality at the 5% level for only two residuals—
domestic capital and foreign materials input, and at the 1% level, we reject normality only for
foreign materials input.EI Since thetest is based upon the deciles of the normal distribution, we
show the deciles of each residual in Appendix 7 Table 7, and compare these to the deciles of the
standard normal distribution function. Starred entriesin Table 7 denote deciles of the residuals
that depart significantly from normality. Only the residuals for domestic capital and foreign
materials input show any significant differences from the normal distribution function. We reject
normality for four of the deciles of the a® residual and two of the deciles of the ™' residual.

To further examine the fit of our model, we ssmulated values (and associated importance
sampling weights) for each residual using the importance sampling algorithm discussed in
section 1.3. We then plotted kernel density estimates for the residuals and compared these to the
(assumed) normal density function. Figure 2 shows the kernel density estimates for the residual
of parameter a™', for which normality was rejected at the 1% level, and the residual of

parameter a9, for which normality was rejected at the 5% level.

: . ; : Kd :
Figure2: Keme Dersity Esimetefor o' Resicua 5 Figure 2: Kernel Density Estimate for o™ Residual

Normal (0,1)

—&— Resid: '

Normal (0,1)

Recall that a key assumption of our model isthat forecast errors are normal. The
statistics in Appendix 7 indicate strong support for this assumption. In fact, the ssmulated
distributions of the ng and n; are essentially indistinguishable from normality. Thisis

particularly important given that researchers have typically wished to avoid normality

¥ The test statistic is x? (9), based upon the deciles of the normal distribution. X o5 (9)=16.92, and X° o; (9)=21.67.
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assumptions for forecast errors.

Figure 2A shows the kernel density estimates for the residuals

of the domestic and foreign forecast errors, n and n’.

Figure 2A: Kernel Density Estimate: Domestic Forecast Error Resid.

Normal

—a— Flesid:nd

_| Figure 2A: Kernel Density Estimate: Foreign Forecast Error Resid.

Normal (0,1)

Next we turn to our estimates of the decision rules for whether the MNC with have

positive values of each of the four trade flows.

Table 3 shows the heterogeneous multinomial

logit results for the for the four trade flows: Ny — Canadian affiliate intra-firm salesto U.S.

parents; N; — US parent intra-firm sales to Canadian affiliates, E — US parent arms-Length Sales

to Canada; and | — Canadian affiliate arms-length sales to the US. Thislogit model aimsto

endogenize the MNC'’ s decision rule with respect to whether or not to export intra-firm or at

arms-length to and from the US and the foreign affiliate / country. The state variablesin the

specifications for the two intra-firm flows are: (US or Canadian) tariffs and transportation costs

in the parent or affiliate’ s industry ant timet, the domestic and foreign capital share parameters,

domestic (foreign) market power, domestic and foreign wages at timet, atime trend, the lagged

choice with regard to the particular flow, and an indicator for the choice at t=1 and tariff level at

t=1.

Two remarkable features of these models are evident. First, (contemporaneous) tariffs

and transportation costs are insignificant to the

MNC' s decision to haveintra-firm flows—in

either direction. Second, the initial tariff level (timet=1) isalso irrelevant to the current choice.

So despite the fact that US tariffs declined from an average of 4% to less than 1%, and Canadian
tariffs fell from nearly 6% to 1.75%, neither the initial high tariffs, nor the current reduced tariff

% Recall that for diversified U.S. parents, we used sales-weighted average measures of tariffs and transportation

costs for the industries in which the parents report sales.
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levels were important factors in the MNC' s decision to ship goods intra-firm. Not only are the
initial tariffs uncorrelated with the MNC’ s current choice, they are uncorrelated with the random
effects (W), further indicating that the decision to have trade flows is unrelated to the tariff level.

The most important predictors of the decision to ship goods intra-firm from the foreign
affiliate to the US parent (Ng) are the lagged choice, the choice at t=1, and the affiliate’ s capital
share (this parameter being negatively related to the decision to export intermediates from the
affiliate to the parent!).

Similar results obtain for the U.S. parent’s decision to ship goods intra-firm to the foreign
affiliate. Canadian tariffs (contemporaneous and initial) are insignificant, as are transportation
costs. Lagged and initial export choices are significantly correlated with the U.S. parent’s
decision to export goods intra-firm to the affiliate at timet. Parent and affiliate capital share are
both significantly associated with the intra-firm export choice, with affiliate capital share again
negative. Note that although capital shares are related to intra-firm trade decisions for both
parents and affiliates, the firm’s domestic and foreign wages are not. However, in both
specifications, the coefficient on the foreign wage is negative and the coefficient on the domestic
wageispositive. The affiliate’'s market power parameter is positively associated with the
parent’ s decision to ship goods intra-firm to the affiliate. It seemsintuitively reasonable that
U.S. parents, wanting to assure global quality control with regard to particular brands or
products, might opt to produce some important components centrally and ship them to their
foreign subsidiaries for further processing. Thisfinding issimilar to Helpman’'s (1985)
suggestion that intra-firm shipments of intermediates from the parent to the subsidiary are likely
when the intermediate products require “general know-how” that is typically more abundant in
the “entrepreneurial unit.”

Essentially, our model says that changesin tariffs and other exogenous factors do not
alter whether an MNC hasintra-firm flows. There are MNCs that have intra-firm flows, and
MNCs that do not, and firms don’t change type over time in response to tariffs. Theincreasein
intra-firm trade among the universe of MNCsis accounted for entirely by increased intra-firm
trade by MNCs that had positive intra-firm trade to begin with.

Aswe saw abovein Table 2, our estimates of time trends in the technology parameters
imply that technical change was one factor inducing the MNCs that started the sample with

positive intra-firm flows to increase those flows. Of course, another factor was reduced tariffs.
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In the next section, we estimate the fraction of the increase in intra-firm trade that is accounted
for by technology change vs. tariff reductions.

Next we turn to the decision rules for whether to engage in arms length trade. We
included the same set of predictor variables in the models for arms-length trade, with the
exception of the other-unit capital share. In other words, we include parent capital sharein the
model for U.S. parent arms-length exports to Canada, but not affiliate capital share (and similarly
for affiliate arms-length exports to the U.S.). These results are similar to the results for intra-
firm trade in that the lagged and initial export choices are important predictors of current export
decisions. Again, similar to the intra-firm trade results, current and initial tariffs are not
associated with parent or affiliate export choices. However, severa interesting differences are
evident in the arms-length trade models.

First, neither the parent nor the affiliate capital shareis significantly associated with the
parent’s (or affiliate’ s) decision to export goods arms-length to Canada (the U.S.). Asour
structural model showed, MNCs that trade intra-firm configure their technology differently from
firmswith no intra-firm trade. Thisresult appearsin the significant association between parent
and affiliate capital share and the choice to trade intra-firm. It seems that arms-length trade does
not require the same sort of technological adaptation as intra-firm trade. This makes
considerable sense, as the intermediate goods shipped intra-firm are inputs into the recipient’s
production technology, while goods shipped arms-length go to entirely different end users.

Second, parent wages are positive and significantly associated with the parent’ s decision
to export goods arms-length to Canada. Evidently, high-wage U.S. MNC parents are more likely
to export goods arms-length to Canada. Finally, transport costs are negatively correlated with
the decision to export arms-length to Canada, although this relationship is significant at only the
10-15% level.

In the model for Canadian affiliate arms-length exports to the U.S., we find, interestingly,
that affiliate market power is significant and negatively associated with the decision to ship
goods arms-length to the U.S. While this may seem counterintuitive and contrasts with the
positive coefficient on affiliate market power in the intra-firm trade model, we discussin an
earlier paper differencesin the composition of the intra-firm versus arms-length trade flows
(Feinberg and Keane, 2001). In particular, there is a greater concentration of manufacturing

goods such as farm and construction machinery and refined chemicals being traded intra-firm as
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contrasted with a higher concentration of resource-based goods (such as primary metal and pulp
and timber) being sold arms-length. It seems likely that the manufactured goods shipped intra-
firm are more easily differentiated (e.g., confer more market power) than the commodity
products shipped at arms-length.

Finally, although significant at only the 15-20% level, theinitial U.S. tariff is negatively
associated with the affiliate’ s decision to ship goods arms-length to the U.S. The
contemporaneous tariff is not significant. We explore the relationship between tariffs and trade
in further detail in the policy simulations we present next.

V1. Simulations

In this section we use simulations of our model to examine effects of changesin tariffs on
MNC behavior —including the levels of intra-firm and arms-length trade and foreign and
domestic labor input. Specifically, using a steady-state simulation (discussed in section 1 and
Appendix 6), we compare the baseline levels of intra-firm and arms-length trade flows and
domestic and foreign labor in the last year of our sample (1995), given actua tariffsin that year,
to the levels that would have obtained under two different counterfactual scenarios: (1) no tariff
reductions (i.e., keeping tariffs at their 1984 levels) and (2) complete tariff elimination.

Recall that since we have not implemented a full-solution algorithm (i.e., we have not
specified how expected future labor force size is determined), we cannot simulate the short-run
outcomes generated by our dynamic model. However, we can use a steady-state model (which
assumes no labor force adjustment costs) to obtain draws from the distribution of firm-specific
parameters in order to simulate the long-run response of the population of firmsto changesin the
policy environment.

We report the results of our steady state simulationsin Table 4. Thefirst row shows the
levels of domestic sales, intra-firm and arms-length trade flows and domestic and foreign labor
that MNCs are predicted to choose (in the long-run steady state) under the actual policy regime
that prevailed in 1995, and given the technology and demand parameters that existed in 1995.
The second row shows the levels that would have obtained if US and Canadian tariffs were not
reduced from their 1984 levels. Not surprisingly, U.S. parent domestic sales and labor change
least under the high-tariff regime, with the former dropping by 0.7% and the latter dropping by
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1.2%. By contrast, Canadian affiliate domestic sales and labor fall by 5.6% and 8.5%,
respectively, under the high-tariff regime.

Table4: Simulated Responsesto Tariff Changes

USPaent | CA Affil. | USPaent US Parent CA. Affil CA. Affil us CA

Sesin Sesin Sesto ArmsLength| Sdlesto | ArmsLength | Labor Affil
us Canada CA Affil. SestoCA | USPaent | Sdesto US Labor

Base (tariffs= 1995): Steady State 3546430 210123.8 236867.2 37326.7 319125 34426.2 23810 1549
Taiffs= 1984 (no liberdization) 3522975.6 | 198446.6 | 227528.8 30238.4 3120815 238714 23523 1417
% difference from Base -0.7% -5.6% -3.9% -19.0% -2.2% -30.7% -1.2% -8.5%
Taiffs=0 (dimination) 3576732.3 | 227546.6 252606 47938.7 325698.2 41608.4 24115 1645
% difference from Base 0.9% 8.3% 6.6% 28.4% 2.1% 20.9% 1.3% 6.2%
% difference from Tariffs=1984 1.5% 14.7% 11.0% 58.5% 4.4% 74.3% 2.5% 16.1%

Also interesting to note are the differences in sensitivity of the intra-firm and arms-length
trade flows to changesin tariff levels. For instance, US parent intra-firm sales to Canadian
affiliates would have been 3.9% lower if tariffs were kept at their 1984 levels, while U.S. arms-
length sales to Canada would have decreased 19%! Similarly, Canadian affiliate intra-firm flows
to the US would have decreased only 2.2%, while affiliate arms-length exports to the US would
have dropped 30.7% if tariffs had not been cut.

This corresponds with two previous results discussed earlier. First, recall that MNCs
with intra-firm trade underwent significant technologica change during the period, as reflected
by the highly significant time trends for their technology parameters. The technology parameters
of MNCs with no intra-firm trade remained close to fixed over this period. So MNCsthat trade
intra-firm are technologically different, and the decision to trade intra-firm appears to be more a
reflection of firm-specific technological considerations than tariff rates. Thisisalso borne out in
the logit results. Recall that domestic and foreign capital shares are significant in the intra-firm
trade models, but not the arms-length trade models. Similarly, transportation costs and initial
U.S. tariffs are marginally significant in the arms-length trade models, but no “policy” variables
are significant in the intra-firm trade models.

Figure 3 illustrates the levels of intra-firm and arms-length trade under the actual tariff
levels and the no-tariff-reduction scenario. In both charts, the dashed lines represent the base
and the solid lines represent the high-tariff (i.e., 1984 level) case. Note the considerably larger
increases for US arms-length sales to Canada than for US parent intra-firm trade to Canadian
affiliates.
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Figure 4 shows how intra-firm and arms-length flows from Canadian affiliates change

when we move from the actua to the high-tariff regime. Similar to the U.S. parent flows,

affiliate arms-length trade is considerably more sensitive to tariff changes than intra-firm trade to

U.S. parents. Note also the significant upward trend in both intra-firm flows, as compared to the
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more variable nature of exports. Recall that in the previous section, we found that the time
trends for the technology parameters of firms with positive trade flows indicated reduced shares
of labor, materials and capital for both parents and affiliates. For those firms with intra-firm
flows, the share of these flows isincreasing as a component of their domestic and foreign
production.

Also apparent in al the graphs are bumps in 1989-90 and 1994. These periods
correspond with the BEA’ s Benchmark Survey, so the composition of the panel changes
somewhat as aresult of the sampling procedure.

The greater sensitivity of arms-length flows to tariff changes, versusintra-firm flowsis
illustrated in Figure 5 for U.S. Parent sales to Canada (Canadian affiliates) and Figure 6 for
Canadian Affiliate sales to the US (US parents). The chartsin Figures 5 and 6 show the average
changeinintra-firm and arms-length trade flows between 1984 and 1989, grouped by changesin
US or Canadian tariffs. Changes in the flows are cal culated from the posterior estimates of the

trade flows predicted for each firm, given the actual tariff regime.

Figure5: Median Changesin US parent flowsto Canada by changesin Canadian Tariffs
(1989-1995)

US parent Arms-Length to Canada US Parent intra-firm to Canadian affiliates
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*Notes: All tariff changes are calculated conditional on each flow being positive and greater than 5 in both periods.
Tariff changes on the horizontal axis are percentage point changes. Flow changes (vertical axis) are on the vertical
axis.

The horizontal axisin Figure 5 gives the quantiles for the tariff changes for firms

observed in both years. The vertical axis gives the average percent change in the trade flow.

46



Obvioudly, we expect larger changesin flows in the larger tariff-change quantiles (Ieft side of the
graphs). Thisisclearly borne out for US parent arms-length sales to Canada (except for the last
tariff quantile).

By contrast, we see no evident pattern of changesin US parent intra-firm sales to Canada.
This flow does not appear to be affected systematically by changesin Canadian tariffs. Rather,
technological change, as evident in the large and significant time trends in the production
technology of MNCs that trade intra-firm, appears to be the factor responsible for changesin this
flow. We see very large changesin US parent arms-length sales to Canada with larger Canadian
tariff reductions, and we see steadily smaller increases in this flow when Canadian tariffs decline
less.

Figure 6 shows avery similar pattern for the two trade flows into the US. Increasesin
affiliate arms-length sales to the US (left chart) decline considerably with smaller US tariff
reductions. However, the growth in Canadian affiliate intra-firm salesto US parentsis nearly the

same across all tariff quartiles.

Figure6: Median Changes Canadian Affiliate flowsto the US by changesin US Tariffs
(1989-1995)

Canadian affiliate arms-length to US Canadian affiliate intra-firm to US parents
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*Notes: All tariff changes are calculated conditional on each flow being positive and greater than 5 in both periods.
Tariff changes on the horizontal axis are percentage point changes. Flow changes (vertical axis) are on the vertical
axis.

Returning to the simulations, the last three rows of Table 4 give the levels of flows and

labor that would have obtained if tariffs were reduced completely. Below the level isthe percent
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difference between the tariff elimination scenario and the base level and the percent difference
between the tariff elimination scenario and the no liberalization scenario.

For US parent salesin the US and US parent labor, the difference between complete tariff
elimination and actual tariff levels (the base) are nearly the same as the differences between no
liberalization and the base. US parent salesin the US would increase by 0.9% and labor would
increase by 1.3% if tariffs were eliminated entirely.

The interesting differences that do emerge here may stem from the fact that Canadian
tariffs remain higher than US tariffs in most industries. For example, if tariffs were eliminated
completely, Canadian affiliates would ship only 2.1% more intermediates to their parents.
Similarly, under the no-liberalization scenario, Canadian affiliate shipments to US parents would
have only declined by 2.2%. So the change is the same under the two cases.

However, under the tariff elimination case, US parents would ship 6.6% more products to
their Canadian affiliates, contrasted with 3.9% less shipments under the no liberalization
scenario. Thisasymmetry could imply that tariffs continue to be afactor in some industries.

Similar results obtain for the arms-length flows. These are again more sensitive to tariff
changes than intra-firm flows as depicted in Figures 3-6. We also find alargerelative increasein
USflows into Canada (and vice versafor Canadian flows into the US) under compl ete tariff
elimination. For example, with no liberalization, US parents would have shipped 19% less
goods at arms-length goods Canada, whereas under compl ete liberalization, they would ship
28.4% more goods into Canada. Canadian tariffs, although clearly lower in 1995 than in 1984,
still impede flows into Canada.

Under no liberalization, Canadian affiliates would have shipped 30.7% less goods to the
US than under the actual tariff regime. By contrast, if tariffs were eliminated completely,
affiliates would have increased arms-length sales to the US by 20.9%. Since UStariffsare
lower, the compl ete elimination scenario gives a smaller “bump-up” in production to Canadian
affiliates.

VI1l. Conclusions

In this paper, we estimate a structural model of MNC production and trade to gain insight

into factors causing the significant observed increase in MNC-based trade in general, and intra-
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firmtrade in particular. We find that in an environment characterized as a “ unique window” into
an “unusually clean trade policy exercise” (Trefler, 2001), tariffs had surprisingly little impact on
intra-firm trade. By contrast, MNCs arms-length sales to unaffiliated buyers and suppliers were
considerably more sensitive to tariff reductions in both the US and Canada.

We find remarkable persistence in the MNCs that had initially organized such that they
produced and sold goods intra-firm and the MNCs that had no intra-firm sales. Nearly all the
observed increase in intra-firm trade came from firms already organized to sell intra-firm.
Technologica change, rather than trade liberalization, seemed to be the driving force in the
increasesin intra-firm trade between US MNCs and their Canadian affiliates.

Organizing to trade intra-firm involves complex international decisions about the
organization of production, and the decision to either stop trading intra-firm (when tariffs are
increased) or significantly increase intra-firm trade (when tariffs are eliminated entirely) is
considerably less sensitive to changes in tariffs than the decision to export goods to unaffiliated
buyers. Effectively, changesin intra-firm trade decisions are analogous to changesin the
location of production.

An executive at a Canadian affiliate of a US auto paint manufacturer, interviewed as part of

this study, summed up the factorsinvolved in this decisi ong.I

When duty rates existed, or tariffs got in the way, when you looked at all the considerations, you
really didn’t save any money [by moving production]. Unless there was a shift in technology which
made sense in addition to something like the tariff or the duty. Y ou need more than one component
to make it aworthwhile move. And, for example, there’s a geographic factor. We service a number
of plantsin Mexico.... and some of them have gotten into waterbase [coatings]. The problemis that
the waterbase has certain heat sensitivities and for a place that gets as hot as Mexico...when you
figure out he cost to chill all this product and get it there, alot of the economies disappear (1996).

In estimating our structural model, we also make several significant econometric
contributions. First, we introduce a new probability simulator that is the discrete / continuous
analogue to the GHK method for simulating discrete choice probabilities. Since many economic
models share similar structural characteristics to the one estimated here, the smooth simulator
used here can be useful in many contexts. Second, we show how to test our distributional
assumptions by simulating the posterior distributions of forecast errors conditional on our
estimated model and data. We find the distribution of these errors to be indistinguishable from

normality. Finaly, we develop another recursive simulator to generate the posterior distributions

34 More detail on the interview datais available from the authors.
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of the stochastic termsin our model (conditional on the data). This allows usto examine the fit
of our model by comparing the shape of these posterior distributions with the shapes we assume
apriori. Therecursive simulator also allows us to simulate the complete distribution of
technology and demand parameters for MNCs so we can do steady-state ssmulations of their
responses to changes in tariffs.
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Table1l: Descriptive Statistics

Mean | St.Dev |Obs=0 |Obs=0 (small set)
PA(Qr =Ng=1) 178349 | 676671
Ca. Affil. Salesin Canada
P2N, 114981 | 875130 953 579
Ca. Affil. Salesto US Parent
P?| 13819 | 49822 2061 1357
Ca. Affil. Arms-Length Salesto US
PIN, 101671 | 778194 637 411
US Parent Sales To Ca. Affil.
P'E 32800 | 156119 508 325
US Parent Arms-Length Sales to Canada
P/(Q,-N,-E) 3392343 | 9175289
US Parent Salesin US
Ca. Affil. Employee Compensation 42753 | 142745
Ca. Affil. Employment 1110 3315
Ca. Affil. Materials Cost 98625 | 416527
US Parent Employee Compensation 777997 | 2200047
US Parent Employment 19111 | 43198
US Parent Materials Cost 1399165 | 4035402

Notes. There are 3385 firm-year observationsin the “big set” (which includes 1983 and 1996) and 2335

observationsin the “small set” (1984-1995). “Obs=0" refersto the number of firm-year observations for which the

specified trade flow is 0. All variables except US and Canadian materials cost arein 1992 US PPI dollars. US
Materias cost and Canadian materials cost are in 1992 dollars deflated with US and Canadian deflators for

manufacturing intermediates (described in section 2). Variablesin dollarsarein 000’s.




Table2: Technology, Adjustment Cost, Market Power
and Demand Parameter Estimates

Parameter Estimate Std. Error

a % -0.2288 | (0.0925)°
o TINd>0] -0.1135 | (0.0089) *
o TINd=0] -0.0149 | (0.0199)

o shift 5.4032 (0.1096) *
Box-Cox (g"%0) | -0.0182 | (0.0035) *
o™ 0.2311 (0.0834) *
oM TING>01 -0.0922 | (0.0083)*
o™ TINd=01 -0.0044 | (0.0168)

oM shift 4.8860 (0.1142) *
Box-Cox (¢"%) | -0.0398 | (0.0038) *
o“‘ 4.5094 (0.1125) *
o TINA>0l -0.0764 | (0.0058) *
Box-Cox (¢"%0) | -0.0635 | (0.0045) *
oo 02373 | (0.1172)°
a ' TINF>0! -0.0448 | (0.0058) *
o TINf=01 0.0167 (0.0134)

o shift 1.5053 (0.0964) *
Box-Cox (q"'0) | -00771 | (0.0091) *
oo 04295 | (0.1920)°
o™ TINF>0] -0.0301 | (0.0103)*
o™ TINF=01 0.0259 (0.0186)

oM shift 1.3688 (0.1694) *
Box-Cox ("'0) | -00277 | (0.0052) *
oo 1.2639 (0.2013) *
o TINF>01 -0.0808 | (0.0084) *
Box-Cox(q"'0) -00260 | (0.0062) *
SCALEL*®® 0.4065 (0.0117) *
SCALE2"®) 0.6334 (0.0141) *
Rk 0.1652 (0.0033) *
A 0.0453 (0.0080) *
M 0.7161 (0.0015) *
G 0.2216 (0.0047) *

Notes: a=significant at 1% level; b=significant at
5% level; c=significant at 10% level. "Shift" refers
to intercept shift for N (d or f) >0, T refersto the
time trend and Scale 1 and Scale 2 adjust for the
differences in the scale of technology parameters
and stochastic termsin the 3 vs. 4 outcome case
(scale 1: 3 outcome Nd=0, scale 2: 3 outcome Nf=0)
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Table2: Continued

Parameter Estimate Std. Error

340 -5.1078 (0.0995) *
SdW 1.0194 (0.0267) *
5T 0.0240 (0.0038) *
gshift -0.0151 (0.0287)

50 -5.4817 (0.05086) *
W 0.9667 (0.0073) ®
5T 0.0884 (0.0049) *
5; shift 0.1563 (0.0500) °
nog 0.3186 (0.1409) °
nos -0.2072 (0.1247) °
n 1.1368 (0.0143) @
CORR* 0.2974 (0.0808) °
010 -1.3610 (0.0960) *
oT 0.0001 (0.0005)

gushift 0.0055 (0.0061)

Box-Cox (g;0) 0.6084 (0.0674) *
020 -1.0878 (0.0435) @
0.7 -0.0021 (0.0004) *
gashift -0.0002 (0.0037)

Box-Cox (g,0) 0.8424 (0.0433) *
PO 2.6898 (0.0908) *
P T -0.0526 | (0.0085) *
Pog shift 0.0647 (0.0346)
Box-Cox (Pet0) | -0.0049 | (0.0157)

Poi 0 2.5330 (0.1875) *
Pog T 00740 | (0.0123)°
Pog shift 0.3912 (0.1018) *
Box-Cox (Pe0) | 0.1013 (0.0235) *
Py0 2.4520 (0.0816) *
P T -0.0539 | (0.0083)*
Pyr shift 0.0583 (0.0269) °
Box-Cox (Py'0) | -0.0135 (0.0136)

Po 0 2.8451 (0.2123) °
P T -0.0888 | (0.0128) °
Py shift 04714 | (0.1129)°
Box-Cox (Py’0) | 0.1568 (0.0195) °

Notes: a=significant at 1% level; b=significant at
5% level; c=significant at 10% level. "Shift" refers
to intercept shift for N (d or f) >0, T refersto the

time trend.

ﬁoarameter for unexpected chanae in labor
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Table3: HeterogeneousLogit Estimatesfor Trade Flows

Nd: Foreign Affiliate Intra-firm salesto U.S. parent

Parameter Estimate| Std. Error
Trans.Cost; -1.8682 | (1.3094)
o 26540 | (3.5285)
o -3.9909 | (1.3219) %
U.S. Tariff, 35521 | (9.4507)
0 14.8839 | (24.2639)
Wqy 0.0025 (0.0155)
Wi -0.0040 | (0.0175)
Time trend -0.0640 (0.0404)
IIN%2>0] 27082 | (0.2613)°
IIN%:>0] 2.0432 (0.3885) *
U.S. Tariffiey 0.6535 (8.1493)

Nf: U.S parent Intra-firm salesto Foreign Affiliate

Parameter Estimate| Std. Error
Trans.Cost; -1.2835 | (1.6649)
K -17.6723 | (3.9726) °
o 53974 | (29113)°
Canadian Tariff, -3.8424 | (9.6310)
02 62.1002 | (19.1856) °
Wy 0.0057 (0.0227)
Wi -0.0276 | (0.0264)
Time trend -0.0923 | (0.0732)
ITN'.1>0] 26841 | (0.3699)°
1IN 2>0] 3.1723 (0.6660)

Canadian Tariffi=; -0.3242 (7.7293)

E: U.S Parent ArmsLength Salesto Canada

Parameter Estimate| Std. Error
Trans.Cost; -2.3931 (1.5575)
Kd 4.0199 (5.2116)
Canadian Tariff; 6.7880 (9.7591)
01 -33.2785 | (25.1416)
Wy 0.0763 (0.0269) *
Wi -0.0295 (0.0323)
Timetrend 0.0022 (0.0633)
I[Ei.s>0] 2.9516 (0.4054) *
I[E;1>0] 3.3328 (0.7916) *

Canadian Tariff;-; -7.6606 (7.8508)

a=Significant at 1%
b=Significant at 5%
c=Significant at 10%
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Table 3: Heterogeneous L ogit Estimates (cont')

. Canadian Affiliate Arms-L ength Salesto the

Par ameter Estimate| Std. Error
Trans.Cost; -0.3746 (0.7916)
o 26306 | (1.9747)
U.S. Tariff; -0.0552 (9.9939)
o -30.3235 | (10.8977) °
Wy -0.0165 (0.0162)
Wi -0.0018 (0.0156)
Time trend -0.0430 (0.0364)
[1i.:>0] 2.5033 (0.2408) *
[1;1>0] 2.0843 (0.3913) *
U.S. Tariffe, -12.0584 |  (8.9857)

Covariance Matrix:

L ogit Random Effects

Parameter Estimate| Std. Error

OuND 1.8843 (0.7022) *
OuNFOUND 1.9975 (0.5412) *
OunF 2.9511 (1.2200) °
OuEOUND 1.0310 (0.4852) °
OuEOUNF 1.0927 (0.5503) °
Oue 3.1797 (1.3698) °
OulOuND 1.4941 (0.4337) ?
OulOuNF 1.0196 (0.4629) °
OuOuE 0.9690 (0.5185) °
O 2.2521 (0.7104) *

a=Significant at 1%
b=Significant at 5%

c=Significant at 10%
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Aggendicesa
1. Solution of the Model
2: Identification of A, P, and Ry
3: Specification of Box-Cox Parameters
4: Derivation of the boundson (n®, n")
5: Algorithm for implementing the smooth simulator for period t
6: Simulation of Posterior Distribution of Model Parameters

7. Covariance and Correlation Matrices, Bootstrap distributions of residuals

% Appendices 1-6 are available from the authors.
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Appendix 7: Covariance and Correlation M atrices, Bootstrap distributions of residuals
Covariance Matrix: Random Effects: M

Parameter:
atdg c‘Mdo akdg atfo c‘Mfo akfy 010 020 Pos’0 Poi’0 Polo Po’0
aY9 2.8121
(.3545)
oMy 20367 2.2398
(.2658)  (.2662)
akdy 20252 1.7810 1.6434
(2537)  (.2135)  (.1940)
atfo 1.6300
(.1959)
aMio 15712 2.0025
(.1815) (.2145)
akfy 1.5365 1.7229 1.7947
(.1815) (.1943) (.1922)
010 0.0008
(.0004)
020 0.0003
(.0001)
Pod 0 0.1280
(.0185)
Pod’0 0.1027 0.3379
(.0200) (.0695)
Po0 0.1223 0.1073 0.1238
(.0163) (.0202) (.0175)
Poi’0 0.1265 0.3891 0.1270 0.4833

(.0235) (.0762) (.0242) (.0961)
2. Covariance M atrix: Transitory Errors: &;

Parameter:

aLdo a Mg

Mo afp atly  a'p  a¥o g 0,0 Poi'0  Pod’0  Po0  Po0
a-%9  1.0879
(.0494)
a5 08675 0.8485
(.0400)  (.0426)
akdy 07743 06701 0.5943
(0327) (.0299) (.0271)

atfo 0.4353
(.0151)
aM’ 0.3988 0.5704
(.0130) (.0171)
akfy 0.4479 05158 0.6780
(.0166) (.0160) (.0245)
10 0.0009
(.0004)
920 0.0003
(.0001)
Pod'0 0.0369
(.0025)
Pod 0 0.0086 0.1228
(.0018) (.0126)
Por0 0.0321 0.0091 0.0304
(.0013) (.0015) (.0018)
Por 0 0.0114 0.1377 0.0115 0.1630

(.0021) (.0110) (.0017) (.0157)
*Note: Standard errors of covariance terms in parentheses.
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3. Covariance M atrix: Composite Error: H; + &;

Parameter:
atdg aVdg akdy ato a'fo akfy g10 020 Pod'0 Pod’0 Poi'0 Poi 0
at?s  3.9000
a¥dy 29040 3.0880
a9y 27990 2.4510 2.2380
atfo 2.0650
a¥o 1.9700 2.5730

ak’o 1.9840 2.2390 2.4730

910 0.0017

020 0.0007

Pog'0 0.1649

Pod 0 0.1114 0.4607

Por'0 0.1544 0.1163 0.1542

Por 0 0.1379 05268 0.1361 0.6463

4. Correlation M atrix: Composite Error: H; + &;
Parameter:
atdo  a"l ay atlp  «a a“o g0 920 Poa'©  Poi’0  Pof0  Po0

GLdo 1
a“do  0.84 1
akdo 0.95 0.93 1
alfy 1
a¥o 0.85 1
akfy 0.88 0.89 1

g10 1

g20 1
Pod'0 1
Pod 0 0.4 1
Por 0 097  0.44 1

Po 0 0.42 0.97 0.44 1

5. Correlation M atrix: Composite Error: t and t+1
Parameter:
Mg

uLdO aMdg uKdO aLfO aMf

a“’o 10 020 Poi'0  Poa’0  Pof0  Po’0
atdg 0.72 0.59 0.69

aMdg 0.59 0.73 0.68

akdg 0.69 0.68 0.73

atfo 0.79 0.68 0.68

aMfo 068 078  0.68

ak’y 0.68 0.68 0.73
J10 0.46
920 0.53

Pog'0 0.78 0.37 0.77 0.39
Pod0 0.37 0.73 0.40 0.71
Pot'0 0.77 0.40 0.80 0.40
Por'0 0.39 0.71 0.40 0.75
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6. Momentsof resdualswith bootstrap sandard errorsand p-values

Parameter:

Ld
"o

10

Mean
0.000
0.000
-0.065
0.001
0.002

-0.058
-0.002
0.008

0.002
0.008
0.000

-0.001
-0.001
0.002

SD(M)
(.044)
(.044)
(.060)
(.045)
(.045)
(.052)

(.027)
(.039)

(.039)
(.062)
(.044)
(.041)
(.030)
(.010)

6A. X° Tests of Normality

Resid. X

a9 9549
oMl 8559
axe 18.454*
oo 2.983
oMo 27.958*
axf 11.889
10 8.583
@0 11.195
Pgo  4.257
Pofo  2.759
Pso  5.131
Pso  7.978
Noy 9.138
No 0.512

*Rejected at p<.05

P(M)
(.492)
(.498)
(132)
(.498)
(.484)
(.140)
(:458)
(.402)
(.470)
(.428)
(.502)

(492)
(.494)
(.410)

Variance SD(V)
0999 (.057)
1000 (.058)
1323 (.77
1027  (.061)
1036 (.07D
1188 (.085)*
0868  (.03)*
1063 (.051)
0904 (.047)*
0984  (.091)
0934  (.056)
0958  (.056)
1091 (.027)*
1008 (.009)

P(V)
(.502)
(.502)
(.000)*
(.300)
(.302)
(.010)*
(.000)
(.110)
(022)*
(418)
(.102)

(.218)
(.000)
(.174)
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Kewness
0.208
0.096
-0.014
0.350
0413

0.361
-0.118
-0.021

0.04
0.063
0.007

-0.019
0.021
0.004

DS
(.164)
(.164)
(.156)

P(S Kurtoss SD(K)

(.102)
(.302)
(.460)

(.1693)* (.020)*

(.223)
(.214)
(.095)
(.136)
(.139)
(272)
(.155)
(.166)
(.087)
(.037)

(.024)*
(.036)*
(112)
(:4406)
(.252)
(-406)
(.490)
(:4898)
(414)
(.429)

3.361
3.247
2.673
3.355
4.166

3.823
2973
3174

2.983
3571
2.959

3.357
2.855
3.018

P(K)

(.1760)* (.0200*

(.164)
(.129)*
(.213)
(.403)*
(.282)*
(.085)
(.135)
(.110)
(.326)
(.116)
(213)

(.035)*
(.036)

(.070)
(.000)*
(.046)*
(.000)*

(.002)*
(.378)
(.102)

(:446)
(.044)
(.356)
(.064)
(.000)*
(.284)



7. Bootstrap Distribution Function Means and Standard Errorsof Residuals: Normal (0,1)

Prob|z|] 0.01 0025 005 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Z 000 0.03 006 012 025 038 052 067 084 1.03
Parameter:
0(Ldo 0.008 0.023 0.043 0.094 0.214 0.296 0.385 0.492 0.614 0.721
(.003) (.006) (.009) (.012) (.018) (.020) (.021) (.021) (.019) (.018)
GMdo 0.011 0.027 0.052 0.096 0.195 0.288 0.391 0.489 0.623 0.726
(.004) (.007) (.009) (.012) (.017) (.019) (.021) (.020) (.019) (.018)
akd 0.022 0.046 0.078 0.147* 0.261* 0.362* 0.453 0.539 0.621 0.691
(.007) (.010) (.013) (.017) (.022) (.024) (.025) (.025) (.023) (.022)
atf 0.006 0.022 0.043 0.095 0.198 0.311 0.412 0.521 0.615 0.717
(.002) (.005) (.008) (.011) (.016) (.020) (.022) (.021) (.020) (.018)
0(N”o 0.008 0.017 0.041 0.099 0.194 0.290 0.385 0.476 0.659* 0.737*
(.003) (.004) (.007) (.012) (.016) (.019) (.020) (.020) (.020) (.017)
GKfo 0.011 0.023 0.058 0.115 0.226 0.349 0.467 0.566 0.650 0.726
(.004) (.006) (.010) (.014) (.018) (.021) (.023) (.023) (.023) (.021)
010 0.007 0.020 0.044 0.093 0.188 0.281 0.381 0.485 0.596 0.708
(.001) (.002) (.004) (.006) (.009) (.011) (.012) (.012) (.012) (.011)
020 0.012 0.035 0.066 0.119 0.197 0.281 0.372 0.474 0.584 0.696
(.003) (.005) (.007) (.011) (.014) (.016) (.017) (.017) (.016) (.015)
Podlo 0.005 0.018 0.045 0.093 0.182 0.283 0.393 0.504 0.609 0.719
(.002) (.004) (.007) (.011) (.014) (.017) (.018) (.018) (.017) (.016)
Podzo 0.015 0.025 0.044 0.086 0.184 0.274 0.380 0.493 0.616 0.720
(.007) (.009) (.011) (.016) (.022) (.026) (.028) (.029) (.028) (.026)
Poflo 0.006 0.020 0.049 0.100 0.187 0.276 0.390 0.496 0.603 0.719
(.003) (.005) (.009) (.013) (.017) (.019) (.020) (.021) (.020) (.018)
Pofzo 0.012 0.028 0.053 0.093 0.183 0.265 0.384 0.503 0.614 0.721
(.005) (.007) (.009) (.012) (.016) (.018) (.019) (.019) (.018) (.017)
Nog 0.011 0.030 0.057 0.112 0.215 0.311 0.406 0.502 0.596 0.690
(.001) (.003) (.004) (.006) (.009) (.010) (.011) (.012) (.011) (.010)
Noy 0.010 0.025 0.049 0.100 0.202 0.301 0.398 0.498 0.600 0.698
(.001) (.001) (.001) (.002) (.003) (.004) (.004) (.004) (.004) (.003)
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0.8
1.28

0.823
(.014)

0.806
(.015)

0.778
(.019)

0.814
(.016)

0.814
(.015)

0.803
(.017)

0.821
(.009)

0.807
(.013)

0.822
(.013)

0.815
(.022)

0.822
(.015)

0.817
(.014)

0.789
(.009)

0.798
(.003)

0.9
1.64

0.907
(.010)

0.895
(.011)

0.867*
(.015)

0.899
(.011)

0.904
(.012)

0.901
(.012)

0.923
(.007)

0.908
(.009)

0.908
(.010)

0.900
(.017)

0.904
(.011)

0.908
(.010)

0.888
(.006)

0.900
(.002)

0.95
1.96

0.945
(.008)

0.950
(.007)

0.920
(.011)

0.939
(.009)

0.937
(.010)

0.941
(.010)

0.966
(.004)

0.951
(.007)

0.950
(.008)

0.944
(.012)

0.948
(.009)

0.953
(.007)

0.940
(.005)

0.950
(.001)

0.975
2.24

0.966
(.006)

0.971
(.005)

0.960
(.007)

0.966
(.006)

0.971
(.006)

0.957
(.008)

0.985
(.003)

0.969
(.006)

0.974
(.005)

0.971
(.009)

0.975
(.006)

0.975
(.005)

0.968
(.003)

0.974
(.001)

0.99
2.58

0.984
(.004)

0.986
(.003)

0.981
(.005)

0.980
(.005)

0.980
(.006)

0.977
(.007)

0.996
(.001)

0.982
(.004)

0.991
(.003)

0.987
(.005)

0.991
(.003)

0.990
(.003)

0.986
(.002)

0.989
(.001)
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