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Abstract:

INTRA-INDUSTRY TRADE ASAN INDICATOR OF
LABOR MARKET ADJUSTMENT

A growing body of recent empirica research uses measures of change in intra-industry trade as
indicators of labor market adjustment. In this paper, we argue that the theoretical foundations for
thiswork are problematic. To make this argument we develop asmple modd with both inter- and
intrarindustry trade and adjustment. We define measures of 11T and of |abor redlocation and, in the
context of the modd, compare and contrast them. We find that changes in domestic absorption,
which influence trade flows but which are distinct from production changes, make changesin IIT an
unreliable guide to labor market pressure.
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INTRA-INDUSTRY TRADE ASAN INDICATOR OF

LABOR MARKET ADJUSTMENT

The relationship between international trade and labor markets has been a centra concern
of pamphleteers, paliticians, and academicsfor virtudly aslong as “internationd trade’ has been a
coherent concept.t While much of the current concern is motivated by the apparent deterioration in
the returns to unskilled labor (both absolutely and relative to skilled [abor), issues of adjustment cost
have figured prominently in both theoretica and empirica research for sometime. In the 1990s, a
szable body of work developed attempting to use intrarindustry trade (11T) as an indicator of “non-
disruptive trade growth” (Dixon and Menon, 1997, pg. 234). Thiswork extends from Balassa's
(1966) observation that adjustment to [T might involve lower costs than adjustment to inter-
industry trade.

BdasA s observation explains the powerful attraction of the [T gpproach: it promises to
isolate the role of trade changes on labor redlocations. Many factors influence labor markets, and,
as the “trade and wages debate” shows, parceling respongbility for labor market outcomesto
trade, technologica change, labor supply shifts, etc., is fraught with difficulty. The lIT goproach
offersaway around these difficultiesin that it promises reedily avallable information about trade' s
ability to generate disruptive structural change. Itsimportance to trade policymaking is obvious,
predictions about the structure of trade changes flowing from any particular agreement can be

viewed as predictions about the political cogts of the agreement.

Winer (1937, pp. 52-57) discusses the mercantilist’s “ stress on employment” and Irwin
(1996) illugtrates the continuing importance of [abor-related issues in the evauation of international
trade from Graeco-Roman times down to our own.
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Measurement issues are a the heart of the recent literature on 11T and adjustment.
Hamilton and Kneist (1991) argue that using the change in the Grubel-LIoyd index of [T to identify
low-adjustment-cost trade can lead to potentialy serious measurement error. In response, a
growing body of papers examines the agebraic properties of various measures of marginal intra-
industry trade (MIIT), seeking to determine their relative suitability as measures of the low-
adjustment-cost component of increased trade (Azhar, Elliott, and Milner 1998). These measures,
which disaggregate the change in totd trade in various ways, are claimed to be superior to Smply
measuring the change in the Grube-LIoyd index, based on arguments that a particular calculation
better represents the structure of the change in trade flows and, thus, better represents the effects
of innovetionsin trade on labor dlocation. Table 1 summarizes the recent literature and indicates
the data used to calculate the authors preferred |1 T and/or MIIT measures.

Despite the obvious importance of thisempirical work for generd assessment of the
desirability of trade agreements, the theoretical foundations for MI1T measures have been examined
in only arudimentary way.2 The purpose of this paper is to extend the theoretical analysis of MIIT,
and in particular to embed it in an explicitly generd-equilibrium environment. Working within a
generd-equilibrium context is essential because these measures are used to gauge an essentialy
genera-equilibrium phenomenon: how labor isredlocated in response to broad trade agreements.

We posit amode that reflects the literature’ s concern with short-run labor adjustment, and we use

“Much of thiswork focuses on measures of |1 T for agiven sector, without incorporating
adjustments of the overal equilibrium, making adgebraic anadyss of these measures equivadent to a
partid equilibrium analyss. Brilhart's (1999) approach is ostensbly generd equilibrium, but he
makes extreme assumptions that render the trestment of questionable value. One such assumption
isthat the structure of demand remains undtered by changesin trade and domestic production. As
we shdl argue, MIIT measures fail to measure labor adjustment pressures, even under the best of
production circumstances, precisaly because of concomitant demand changes.
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it to derive andytica expressonsfor MIIT and labor realocation. We then compare these
expressons to identify the conditions under which popular measures of (margind) intra-industry
trade are informative with respect to intra- versus inter-industry labor adjustment. Our results
indicate the need to control for trade-induced changesin domestic demands, a feature that is absent
from the exigting literature. Controlling for such changes offer away to improve the current MIIT
program, and the lack of such controls may explain the inability of researchersto find a systematic
relationship between MIIT and direct measures of labor adjustment.

We begin by tracing the development of |IT as a measure of low-adjustment-cost trade and
by describing the measures commonly used in the literature. 1n Section 11 we present our andytica
framework, while section |11 provides a comparative satic andyss of liberdization in that
framework. In section IV we use this andysis to assess MIIT measures as indicators of |abor
redlocation. We conclude in section V by placing our formd andysisin the context of the ongoing

research program.

I. Adjustment Costsunder Inter-Industry versus Intra-Industry Trade
Andyssof [IT has deveoped in close relaionship with both the anadlysis of trade
liberdization and the anadlyss of adjustment to internationd trade. In their now cdlassic anayses of
the trade effects of early European efforts a economic integration, VVerdoorn (1960), Dreze (1960,
1961), and Baassa (1966), dl emphasized the empirical importance of 1IT. Baassa swork, in
particular, laid the foundation for what has become an enormous empiricd literature on the

measurement of IIT.2 It was also Balassa (1966) who suggested that adjustment to [IT might be

3Grubd and Lloyd (1975) is an essentia landmark. See Greenaway and Milner (1986) for
an extremedy useful survey of the state of the art on al aspects of research on 11 T. Greenaway and
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expected to involve lower costs than inter-industry trade:

It would appear that the difficulties of adjustment to freer trade have been generdly

overestimated. It is gpparent that the increased exchange of consumer goods is competible

with unchanged production in every country while changes in product compaosition can be
accomplished rdatively easly in the case of machine building, precison ingruments and
variousintermediate products. These consderations may explain why the fears expressed
in various member countries about the demise of particular industries have not been

redized. (pg. 472)

This theme, which hasfigured prominently in the literature on I1T, is aso centrd to this paper. Thus,
wefirg review the literature on 11T and industrid adjustment, which proceeds under the assumption
that intrarindustry adjustment is less costly than inter-industry adjustment, and then we review some
recent research in labor economics that provides evidence of this assumption.

We need to consgder two key causal connections: the link between liberdization and 11T,
and the relative adjustment costs of intra- versus inter-industry trade.* Following early studies that
appeared to show that |1 T grew rapidly relative to total intra-EEC trade and relative to |1 T growth
outside the EEC, the question of whether there was an association between liberdization, and

especidly preferentid liberdization, and growth in 11T was addressed in alarge proportion of the

research on 11 T.> There seemsto be fairly widespread acceptance of the existence of such an

Torstensson (1997) provides an update.

“Our review of this early literature will be brief. For more detail with a particular focus on
the adjustment implications of |IT in the EC context, see: White (1984); Greenaway and Milner
(1986, chapter 11); Greenaway and Tharakan (1986); Greenaway (1987); and Greenaway and
Hine (1991).

®In addition to the papers by Verdoorn, Dréze, and Baassa that we have dready
mentioned, important early papers by Kojima (1964) and Grubel (1967) aso showed an
gpparently strong connnection between liberdization and I1T. Similar results are recorded by
Menon (1994) for the case of the Austrdia-New Zealand Closer Economic Relations Pact (CER).
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empirical relationship, even though empirical research has provided only mixed support.® The
difficulty with thisresult is that there is no particular reason for there to be such a rdationship based
on economic fundamentas. Even in aworld characterized by [T, there is no particular reason for
generd liberdization, whether preferentia or multilaterd, to generate more | T than would be
present in the generd evolution of trading paterns.’

The peculiarity of the gpparent connection between liberdization and |1 T has led a number
of investigators to conjecture that the causation actudly runsfrom I T (or, rather, potentid for 11T)
to liberdization. The argument proceeds from the clam, dready present in the quotation above
from Baassa (1966), that adjustment to 11 T isless costly than adjustment to inter-industry trade, to
the dlaim that countries negotiating liberdization will be predisposed to agree to liberdize sectors

characterized by sgnificant 11T, viaa sraightforward palitical economy argument. This suggestion

®K ey papers supporting the presence of alink between |1 T and preferentid liberdization
are: Loertscher and Wolter (1980); Havrylyshyn and Civan (1983); Baassa and Bauwens (1987);
and Globerman and Dean (1990). Pagoulatos and Sorenson (1975) and Caves (1981) consider
measures of tariff level and tariff smilarity between countries to test the hypothesis that multilateral
liberdization induces 11 T.e. tariff levels should be negatively associated and tariff amilarity
positively associated with [1T. Pagoulatos and Sorenson interpret their findings as supportive of this
relationship. Caves, for whom levels had the wrong sign, found the relationship unconvincing on a
priori grounds and took his results as insufficiently strong to change his priors. More recent
research on protection levels or openness measures continues to generate mixed results, with
Balassa and Bauwens (1987, 1988), Lee (1989), Clark (1993), and Stone and L ee (1995)
providing support for some relationship, but Toh (1982) agreeing with Caves, and Torstensson
(1996) arguing that protection variables are not robust in sengtivity analyses.

"Thisis particularly true given that the relationship between liberdization and I T seemsto
be present in both south-south (Balassa, 1979; Havrylyshyn and Civan, 1983, 1985) and north-
south (Tharakan, 1984, 1986) trade. As Havrylyshyn and Civan (1983) make clear, while the
trade of LDCs contains significant 11T, it isimportant to note that the volume of intra-industry trade
declines as GNP per capitadeclines for any country, and also declines with the difference in GNP
per capita between trading partners. The existence of substantial north-south 11T hasled to a
gzable literature on vertica 11T (see Hine, Greenaway, and Milner, 1999). An essentia point is that
verticd 11T may be endowment-based and generate adjustment pressure more like that of inter-
industry trade than intra-industry trade.
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wasfirgt sudied in detail by Hufbauer and Chilas (1974), in the context of an analysis of trade
among industria countries, arguing:®

GATT negotiations very much favor intra-industry over inter-industry specidization. ... It is

easer to secure one industry’ s consent for lower trade barriersif that same industry stands

to gain from reciproca concessions. ... Thus, GATT concessons typicdly foster intra-

industry specidization. (pg. 6)

The authors then compare inter-industry speciaization within the European Community to that
between datesin the United States, finding substantialy higher inter-industry speciadization within
the US. That is, in an environment where locd (i.e. nationd in the EC context) governments are
able to resst market redlocation, we observe the same pattern of |1 T-dominated trade that we
observe under GATT liberdization.

The suggestion that political economy forces help account for the prominence of 11T is
widely cited and has received additional systematic study in the U.S. case by Finger and DeRosa
(1979), Marvel and Ray (1987), and Ray (1991). Finger and DeRosa estimate a cross-industry
regression of nomind or effective (post-Kennedy round) tariff rates on capitd, labor, and human
capita inputs as well as measures of intra-indudtry trade, finding a highly significant pogtive effect of
labor use, and highly significant negative effects of human capita use and 11T for the case of nomind

tariffs. That is, independently of the commonly noted tendency of industrid countries to protect

labor, and controlling for factors generating export success, Finger and DeRosa find evidence of an

80ne might note that thisis dso the basis of the common claim that free trade areas/customs
unions are easier to create among countries between which [T might be expected to be intense-i.e.
relatively developed countries with smilar factor endowments. Thus, whether preferentid or
multilaterd, the liberdlization processis expected to be most successful when it begins with partners
and goods that are expected to involve relaively low adjustment costs and builds on that base. This
would seem to be the modd of the EU, NAFTA (which began not just with the US and Canada,
but with autos), and the GATT/WTO. Difficulties developed in dl three casesin extending the logic
of liberdisation to both new products and new members. Thus, it is probably not surprising that
such expangons have led to aboom in research on adjustment.
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independent effect of 11T on protection. Marvel and Ray (1987) regress measures of nomina or
effective tariffs on instruments for import share, export share, and an interaction of the two, finding
support for the clam that “asimportsrise, additiona exports limit significantly the protectionist
impulse that the imports engender” (pg. 1288).° Lundberg and Hansson (1986) examine the
relaionship between protection and 11T for the case of Sweden finding only awesk and inggnificant
correlation (1959) or a pogtive and sgnificant corrdation (1972). However, when Lundberg and
Hansson consder changes, they find a strong positive correlation between the initid leve of 11T in
1959 and the reduction in tariffs from 1959 to 1972.° They take this as evidence in favor of the
clam that adjustment cogs are lower for | T than inter-industry adjustment.

If we accept that 11T redly isintra-industry (i.e. not the result of problems with categoricd
aggregation), we can take advantage of substantia direct evidence from research by labor
economists on the question of the relative codts of inter- versusintra-industry adjustment.
Specificaly, a substantia body of research uniformly finds thet the cost of being unemployed in
terms of lower wagesis higher under inter-industry adjustment (Nedl, 1995; Kletzer, 1996; Kim,
1998; Greenaway, et al., 1999). The moda explanation is quite clear: workers accumulate human
capital which is portable between firms in the same sector, but is not portable between sectors,

when a sector contracts (as the importable sector does under liberdization in the HOS moddl),

*Nelson (1990) and Ray (1991) provide discussions of theimplications of this intersectora
pattern of protection on the prospects for LDC exports.

19T his can be compared with Finger and DeRosawho find no cross-sectiond relationship
between their factor-input and 11T measures and changes. In the Finger-DeRosa case, because
they were looking at effects generated by the Kennedy Round, which, as Jan Tumlir pointsout in a
comment on the paper, was the first round to use alinear cut, thiswasto be expected. Similarly,
since Lundberg and Hansson examine only correlaion and not aregression, their cross-section
results on levels of protection are not strictly comparable with those of Finger and DeRosa
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labor isforced to move to the expanding exportable producing sector. The lIT caseisthought to
be different: firms may go out of business, but liberdization does not generate (high cost) inter-
industry adjustment.

An interesting body of recent research, however, has questioned whether evidence of
increasesin I T, as measured in conventiond ways, provides a sufficient basis for accurate
inferences about adjustment. This research accepts, as do we, the causal connection, based on
findings by labor economists that intra-industry adjustment is associated with lower adjustment cost
than inter-industry adjustment, but suggests dternative measures of the trade forces inducing the
adjustment.

Virtudly dl of the work we have consdered to this point measures | T by the Grubd-Lloyd
index, or one of its variants™ If welet X; and M; denote exports and imports of commodity j, the
Grubd-Lloyd index of 11T in sector j isgiven by:!2

e T _X*M, - X, - |v|1.|01_ X, - M|
oTT X, + M, X, +M,

J

@

G, gives|IT asashare of totd trade in commodity j, TT;, and, thus, takes values between 0 (no
[1T) and 1 (dl tradeis|IT). These indices can be studied directly or aggregated to study broad

sectord or economy-wide trendsin I1T. To do the latter, it is common to use an average of the

UThe variants attempt to correct for problems related to categorical aggregation or
unbaanced trade, neither of which will concern usin our theoretical development, so we will focus
on the Grubedl-Lloyd index. For details on other measures, see Chapter 5 of Greenaway and
Milner (1986).

'“The Grubel-Lloyd index follows straightforwardly from the fact that 1T, := 2min[X;, M;] =
X+ M; - *X - Mj*, and normdlization by TT. Oneinterprets G; by noting that since net trade, NT,
=*X; - Mj*, we can usetheidentity TT / 11T + NT and divide by TT to get an index that takes
vauesin [0,1].
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form:

where J isa subsat of indudtries (often manufacturing), a some leve of aggregation (commonly 3-
digit SITC), and where the w; are aggregation weights such that é w; =1. The research we

i
reviewed above, implicitly or explicitly, takes change in the (sectora or aggregate) Grubd-Lloyd
index to indicate the magnitude of that part of new trade that does not generate high cost

adjusment. That is, for the case of IIT in sector j, this research consders:

DGJ. =G,

j,t+1

- G, @

Starting with a paper by Hamilton and Kniest (1991), however, it has been argued that
eguation (2) cannot provide accurate information on adjustment pressure® Hamilton and Kniest
emphasize, following Caves (1981, pg. 213), that what is relevant is not whether the share of 11T
has increased, but whether the share of 11T in new trade hasincreased. Thét is, if oneisinterested
in the effect of changed trading conditions on adjustment, it is necessary to identify the contributions
of changein IIT and change in net trade (NT) to changein tota trade. Thus, they propose a
measure of marginal 11T (MIIT). Following acritica evauation by Greenaway, Hine, Milner, and
Elliott (1994), which identified some serious shortcomingsin Hamilton and Kniest’ sindices, the bulk

of empirica research on I T and adjustment has focused on two, closdly related, sets of measures

13See Azhar, Elliott, and Milner (1998) for a very useful geometric comparison of the
empirica properties of the various margina 1T indices, and Brilhart (1999) for adetailed review of
measures and empirica results, with particular reference to adjustment issues.
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of MIIT-one s&t due to Jayant Menon and Peter Dixon, the other due to Marius Briilhart.4
Because Menon and Dixon are fundamentaly concerned with measurement of MIIT and its
contribution to change in tota trade, where Brilhart is ultimately interested in issues of adjusment,
we will gart with Menon and Dixon’s anadlyss and then take up Brilhart's,

In auseful series of papers, Menon and Dixon develop the theory of MIIT measurement in
considerable detail.*> Menon and Dixon's basic measure of the contribution of the changein IIT to

the percent change in totd tradeis.

DT, _ -
MDY, := ——- = IiT; G, 3

i

I
5
®

where the “/" denotes a proportional change and G; is the Grubel-LIoyd index for commodiity j.
Menon and Dixon prefer MD1; to ) G; because the latter can lead to quite mideading inferences
about the significance of MIIT in changing trade. Specifically, anincreasein G; is generaly tekento
imply an increase in the Sgnificance of 11T relativeto NT. However, as Menon and Dixon (19964,
pp. 7-8) show andyticaly, it is possible for )G; > 0 to be associated with asmaller margina
increase in intrarindustry trade than in net trade. Perhaps more importantly, they develop extensive
empirica evidence of precisely such animplication. Dixon and Menon (1997) use Audtradian data

a the 3-digit SITC leve to illustrate the empirica sgnificance of the measure one choosesto usein

“wWe follow the literature in this atribution, but it should be noted that Shelburne (1993)
firg presented whet is essentialy Brilhart’s A index, while Greenaway, Hine, Milner, and Elliott
(1999) give the first use of what we will cal Menon and Dixon'sfirg index (MD1).

®Dixon and Menon (1997) lays out the basic theory, Menon and Dixon (1996a) develops
the gpplication to regiond trade arrangements, and Menon and Dixon (1996b) develops a
framework within which the contributions of exports and imports of a commodity are separately
considered.
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andyzing the effect of 1T in changing aggregate trade. Specificdly, they find that, of the 133
manufacturing industries that make up their data set, about 14% in 1981-1986, and 31% in 1986-
1991, were characterized by increasesin G; but larger contributions of margina net trade than
margind I1T.

Dixon and Menon (1997) point out that MD1; may itsdlf lead to faulty inferenceif the goal
of the andysisisto identify that share of trade growth characterized by low adjustment costs. Asan

dternative, they propose:

(4)

2min[DXj , DMJ.]
MD2; := — :
Since 2mingDX;,DM;g* DIIT, itisclear that theindicesin (3) and (4) aredigtinct.’® MD2, is
ameasure of the part of trade change accounted for by matched changes in imports and exports,
which is ameasure of the share of trade change that creates low adjustment costs. Specificdly,
Dixon and Menon (1997, a equations 17-20) show that MD1; will overestimate the “non-
disruptive” part of changein trade (i.e. MD1, $ MD2))."" Asthey argue, snce MD2; is adirect
measure of matched changes in imports and exports, relative to tota trade, it is precisly ameasure
of tha part of the change in trade which has been widdy seen as non-disruptive. With reference to
the same Audtralian data used to evauate the inferentid implications of ) G; relaive to MD1;, Dixon
and Menon find that the gtrict inequdity appliesin 21% and 34% of the 133 industries. Perhaps

more damaging from this perspective, in many of the cases, the signs are even different, with MD2;

taking negative Sgns.

1°It is straightforward to show that DIIT = )X + DM, +*Xi - Mi* - *X; + )X - M; - )M;*

7Specifically, MD1, > MD2, if sgiX; - M;] 6 sgn)X; - M.
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Brilhart is particularly interested in generating a measure with properties like those of the

Grubd-Lloyd index. Specificdly, Brilhart proposes an index of MIIT:

DX - DM|

N ok <fow | :

Like G;, A takesvauesin [0,1], with a0 indicating that the entire change in trade is inter-industry
and alindicating that the entire change is intra-industry. Also, like G;, A, can be aggregated to give
ameasure of broad sectoral or economy-wide MIIT.*® On the other hand, A; seemsto lack aclear
derivation of the sort Dixon and Menon give for MD1 and MD2,.*°

In addition to considerable discussion of the agebraic properties of these indices, recent
years has seen a condderable amount of gpplication to dataaswell, as summarized in Table 1.
There are two distinct types of research usng MIIT measures. Thefirg is primarily interested in
pointing out that )G is a poor measure of “non-disruptive trade growth”. While the research is
aways motivated by an interest in adjustment issues, the empirica work in these papersis generdly
undertaken to illugtrate that ) G and the author’ s preferred measure are not empiricaly related to
one another. This permits a conclusion to the effect that )G is apoor measure of “non-disruptive

trade growth”. These papers can beidentified by the “N.A.” (“Not Applicable’) in the column

BWe note, however, that Oliveras and Terra (1997) show that Brilhart’s A index does not
fully share the aggregation properties of G;. They argue that where G; can be consitently
aggregated across time, and has systematic (and thus known) aggregation bias across sectors, A
does not have these properties. Rather, A, is sengtive to both the tempora and sectord levels of
aggregation, but not in generdly predictable directions.

The problem istht, since [DX;| +[DM | * DX | + DM, with strict inequaity if )X; or
)M, or both are negative, the A index does not follow from an obvious operation on the identity
YTT; =)UT+)INT or )TT =2min) X;, YM;] +*)X; - DM*.
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listing measures of structurd adjustment and method.

The second group of papers, dso summarized in Table 1, are consderably more ambitious.
These papers seek to evaluate the claim that 11T is“non-disruptive’. Most of these papers seek
sample corrdations between some measure of MIIT (usudly ) GL and ether the A index or MD1)
and some measure of adjustment. A few attempt to control for asmal set of other factorsin an
OL S framework. The most sophisticated of these studies creates paralel measures of labor
adjustment from firm level datain apanel method (Brilhart, Murphy and Strobl, 1998). Regardiess
of the measures or the method, the usud result isthat there is little evidence of a systemtic
relationship between MIIT and adjustment.

We argue here, and in Lovely and Nelson (2000), that there is afundamenta problem in the
economics underlying the asserted link between the measures of MIIT inuse and any plausible
measure of labor adjustment. The problem stems from the fact that changesin labor dlocation
reflect changesin production structure while changes in trade patterns reflect changes in production
and demand. Brdlhart, Murphy and Strobl (1998) note that, while the Grube-Lloyd index has been
systematicaly incorporated in theoretica frameworks that generate [T, there has been no smilar
development with respect to MI1T.% Given the importance of MIIT measures for inference on the
link between trade and adjustment, Brilhart et al. argue that this is a serious shortcoming in the
theoreticd literature. We agree and now turn to afirst attempt to fill this gap.

I. A Specific-FactorsModel with [I' T

“For derivation of the Grubel-Lloyd index in well-specified generd equilibrium models, see
Helpman (1981, at egs. 42 and 43) and Helpman and Krugman (1985, Chapter 8) for the case of
trade in differentiated final goods, or Ethier (1982, & eq. 24) for the case of trade in differentiated
intermediate goods. Lovely and Nelson (2000) develop various MII T measures in the context of
Ethier’ s divison-of-labor modd.
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As noted above, we use a generd-equilibrium mode to explore andyticdly the relaionship
between measures of MIIT and measures of labor adjustment. An implicit assumption of the MIIT
literature is that |abor redlocation is postively correlated with production changes -- expanding
industries employ more labor, contracting industries employ less? To assess MIIT asametric for
labor adjustment, we choose to use amodd that has this characteristic —amodel with sector-
soecific capitd.?? The resulting measures of |abor redllocation may be viewed, in this context, as
measures of short-run pressure for labor adjustment.

Labor istreated as amobile factor, moving fredy among subsectors of the economy. Like
the rest of the literature, we do not explicitly mode adjustment costs, relying instead on the assertion
that movement across industriesis more “costly” to labor than movement between subsectors. We
associate movements of |abor between subsectors of a given industry with intra-industry, and thus
low-cost, labor adjustment.

Part of the intuition underlying MIIT andyssisthat expanding subsectors may absorb some
of the labor freed from contracting subsectors in the same industry. To permit such adjustment
patterns, we posit a production structure in which distinct groups of intermediate inputs are used in

production of each of two finad goods. We capture the possbility for subgtitution among inputs by

1This relationship is made explicit in Brilhart's (1999) theoretica trestment, where he
“formdizes the intuition behind the proposed measures of MIIT”. Our god hereisto stay as close
to the spirit of this intuition as possible, while emphasizing the relationships imposed by genera
equilibrium conditions.

2This modd treats intra-industry trade in the Smplest way possible, by positing distinct
intermediates that form an “industry.” Modds that introduce intra-industry trade through increasing
returns and imperfect competition offer amore satisfying basis for such trade, but are unlikely to
add additiona clarity to our understanding of how MIIT measures and labor adjustment are related.
For the present purposes, we chose not to introduce the additiona complexity associated with these
models. For an exploration of the link between MIIT and labor adjustment in a model of
internationd increasing returns, see Lovely and Nelson (2000).
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positing apair of intermediates in each industry. To close the mode, we assume that the economy
issmdl, taking trading prices as given. This smple structure dlows us to highlight the neglected role
of demand in discussions of the theoreticd foundation for MIIT measures while maintaining the
literature’ s focus on short-run labor adjustment.

Find goods are costlesdy assembled from intermediate inputs. Dencting find good output

Yj:Fj(Aii’Azj)’ j={13. (6)

as'Y; andY,, the production functions for final goods are:

where F is assumed to be alinearly homogeneous and twice-differentiable function, and A; is
domestic absorption of intermediateij. Fina goods producers take input and output prices as
given, 0 equilibrium requires zero profitsin find goods assembly.

The economy trades intermediate inputs and places an ad valorem tax on imports of
intermediatesin each industry. We assume that the inputs labeled 21 and 22 are imported while the
inputs labeled 11 and 12 are exported. Thus, within each industry there is an import-competing
subsector as well as an exporting subsector. Because the economy is smdl, a change in home
tariffs resultsin a proportiona change in the price of imported intermediates. To avoid tariff jumping
through final-goods trade, we assume a tariff islevied on find-goods imports a the same rate asis
levied on imported inputs. This tariff implies that there is no trade in find goods. Consequently, the
economy produces dl the finad goods it consumes through assembly from domesticdlly produced
and imported intermediates.

Production of intermediate inputs requires labor and subsector specific capital. Production
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functions for the four intermediate inputs are:

X; = f1(L. K, ), @)

wherei ={1,2} denotestheinput typeandj ={1,2} denotesthe output sector. Totd labor supply

isfixed, fully mobile, and fully employed among the four subsectors of the economy:

L= Ly + Lo + Loy + L. (8

Demand for find goods is assumed to be a function of the domestic relative price, p (p = P,
/P;), and domestic aggregate income, inclusive of tariff revenue, *. That is, domestic demand
functions are:

Z, =D’ (p,G). 9)

J

Because no find goods are traded, equilibrium requires domestic final goods markets to clear:

Y, =2z, j={12. (10)

J

In contrast with find goods, intermediate goods are traded. Net exports of intermediate

good ij are N;; = X;; - Ay;. Baanced trade requires the value of net exportsto sum to zero:

aa q;N; =0, (12)
i

where g;;* isthe world price of intermediate ij. The domestic price of exported intermediatesisthe
same as the world price, i.e. gy = qy;* (forj = 1,2). Imported intermediates may be taxed, so o =

O (1 +Jy).
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I11. Effectsof Liberalization

The liberdization we congder is an equiproportionate reduction in dl tariffs on imported
intermediates (thus, we can drop subscripts on the Jy) . In this section we derive the effects of this
tariff change on labor dlocation and on net exports. In the next section, we use these results to
form MIIT and labor adjustment measures.

Liberdization implies reductions in the price of the imported intermediates.

O =Gy, =t'<0. (12

Because the economy issmdll, g;; and g, remain unchanged. Domestic find goods prices change

to reflect the reduction ininput costs. Using zero-profit conditionsin final goods assembly, we have:

R =00, 00,

. R ) (13)
P =05,01, +02,02,

here the 2;; are didtributive shares (i.e. 2;; = [a; g;]/p;). Given the intermediate input price changes,

p= |52 - Isl = (qzz - q21)t"' (14)

Whether the relative price of good 2 rises or fdls depends on the value shares of imported
intermediates in production. Only if imported intermediates account for the same share of vaduein
each assembly process does the rdlative find goods price remain unchanged.

Domestic demand may respond to this change in relative prices aswell asto the income

change caused by liberdization:

2;‘ =ejpf>+ejGG i={12}, (15)
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where g;, is the price eladticity of demand for fina good | and g;. istheincome eadticity of demand
for find good j. The income change G isitsdf afunction of the tariff change, but for our purposes

it is sufficient to note that such an income effect occurs and that it may influence domestic demand.
To derive measures of MIIT, we need to understand how liberdization affects net exports.
Defining the value of net exports, V;, as net exports valued at domestic prices, total differentiation

yidds

\7”, =d; X, - d A+ 4, (16)

where** = [q; X;]/V; and *;* = [q;; A;]/V;;. Thatis, thechangein V;; depends on the changein
domestic production, X;;, the change in domestic absorption, A;;, and the change in domestic prices,
;. The price changes are given in equation (12). Changesin domestic production depend entirely
on labor reallocation caused by price decreases for import-competing intermediates® With
subsector-specific capitd, this redlocation accords with partia-equilibrium reasoning; the quantity
of labor used in both exporting subsectors rises, while labor used in the import-competing sectorsis

reduced. Consequently, production changes are:

n =) 1nky >0
2 =] 2k, <0
12 =) 1211, >0

2 =] 22E22 <0,

X X

(17)

X5 X

23The gppendix provides the fully differentiated system of equations describing labor
dlocaion.
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where n;; is the elasticity of output in intermediate sector ij with respect to labor input.!
Changes in domestic absorption are a bit more complicated as they involve both fina
demand response and changes in intermediate input usage by fina goods assemblers. Note that A;

= a;Y], where a; isthe quantity of input ij used to produce one unit of fina good j. Totaly

differentiating gives
A =84,+Y, i={12,]={12}. (18)

Changesin input coefficients depend on input price changes and the dadticity of subgtitution. Asin

the Heckscher-Ohlin-Samuel son model (Jones, 1965, pg. 560):

éij :_quZJ(QU_QZj)' i ={12 (19
éZj = Sqy (fhj - QZj)' j={12}.
where F; isthe (positive) dadticity of subgtitution in find good j assembly. Fina goods markets
must dlear, s0 Y, = Z,. Using (15) and (19) in (18), and recdling thet §,, =0 and g, =t", we
have:

Aj = @ dz t€ (Q22' Q21)E|f+eieé‘ (20)
Azj = 35 4y t€, (Q22' qu)EItA-i-eiGé‘

These expressions show how changes in domestic absorption depend on production and demand

eadticities, aswdl as on the pattern of tariff changes.
IV.Measuresof MIIT and Labor Adjustment

To illugtrate the reationship between MIIT measures and labor adjustment, we use the

2*Solutions for the I:ij are given in the gppendix.
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measure referred to above as MDY, defined by equation (3). The heart of this measure, a
disaggregation of the change in total trade into changesin I T and NT, isthe basisfor severd other
measures. Therefore, the issues we identify as problematic for MD1 gpply as well to other
measures based on totd trade disaggregation, regardless of how they are scaled.
When we consider changesin tota trade, we must account for changes in quantity and
price® If welet N, =V, - g, thenwe can use (16) to get the change in real net exports:
N; =dX, - d*A,. (21)

1] 1] [ 1]

Noting that, by assumption, the N,; > 0 and the N < 0, the red value of total trade may be

TT = éI. éj |Nij | (22)

measured as

In this context, MD1 may be expressed as

~

- é.}yljﬂlj +Y 5Ny, (23

J

MD1=§ & N,
i

B o]

wherey ; = N; /ga é | N; |+—the share of totd trade accounted for by net exports in subsector
ei | [}

ij. Wenotethat theR;; > 0 and the R, < 0.

To illugrate the relaionship of this measure to labor redlocation, we now assume that

ZAswith most trade theory, dl of our magnitudes are taken to be red. Following comments
in Greenaway, et al. (1994) empirica applications on MIIT deflate the trade data so that the results
are informative with respect to real changes.
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liberdization causes dl trade volumes to expand, in a manner condgstent with trade baance —every
Nij > 0. We dso assume that net exportsin industry 1 fal (imports rise more than exports) while
net exportsin industry 2 rise?® These assumptions permit us to know the sign of each termin (23)

and alow usto express our MIIT measure as.

MD1:2(y nlqll-yZZNZZ)' (24)

Using the expressonsin (21) for N, , and thefirst and fourth expressons for output changein (17),

ij

we get
MD1= 2§’ 11(dﬁj 11|:11 - dﬁﬁll) -y 11(d2);j 22|:22 - dz/;'&zz)%- (25)
Notethat y ,,d;; = 0“11_>r(11 andy ,d] = 0:_1;_?11 , and smilarly for subsector 22. Using these
expressons, we get
MDl:Fé qllx]_‘lj 11L11 - Oy X22J 22'—22) - (OmAu'Ail' QZzAzzAzz)H- (26)

Thefirgt term of expression (26) reflects changesin domestic production while the second term
reflects changes in domestic absorption of intermediates.

We begin our examination of (26) by consdering only the first term of MD1. We show that
this term represents |abor reallocation, perhaps explaining why MIIT is such atempting measure of

adjustment. Let us define ameasure of labor redlocation that is analogousto MD1 in that it

%These assumptions alow us to illustrate the relationship between MIIT and a measure of
labor redlocation for a particular pattern of trade changes. The lessons we draw from this case do
not depend on the patterns used to illustrate them.
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disaggregates totd labor redlocation into within and between industry shifts and scdes these shares
by total labor.?” Letting | i =Lyl L, the share of total labor in sector ij, this measure of intra-

industry labor shiftsis

=& & L[- ApuLierab (27)
[ J I

which isthe weighted sum of dl proportionate labor movements less inter-industry movements. In

the context of our model, movement between subsectors of the same find goods industry isintra

industry labor redlocation.

Toillugrate, we assume that thereis net redlocation of labor from fina sector 1 to find

sector 2. Using this assumption,

" :2(| J_’LE11- | 22[22)- (28)

We may now compare L" with thefirst term in our expresson for MD1 (26). The weightson
labor movementsin (26) are ¢;1X3n1; and gxXon,. Thedadtidity n;; istheratio of labor’'s
margina product to its average product in subsector ij. Margina product in each sector equasthe

redl wage in that sector. Based on these relations, we have:

== (29)

the output dadticity equas labor’ s share of totd product. Thefirst term of MD1 can now be

expressed as.

'Brulhart (1999) explicitly proposes ameasure of intra-industry labor movement (I1LM)
that isandogousto his A index. In our illugtrative case, this measure is the same disaggregation we
use here, except that Brilhart scales by tota [abor movement rather than by total 1abor.
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2 .o .o 2w ~ ~
F(qllxllj 11L11' q22X22J 22'—22) :F(Lnl-n' Lzz'—zz)- (30)

In contragt, the intra-industry labor redlocation measure is.
N 2 ~ -
L' = t( Lily - Lol ) (31)

Comparing (30) and (31) it can easily be seen that, if absorption changes are absent:

s0 these measures differ by a scaling factor.

While this type of andyss exemplifies the intuition underlying the use of MIIT asametric for
labor redlocation (see Briulhart, 1999, for aformal statement of precisely thislogic), the unfortunate
fact remains that trade changes involve more than production patterns. The second term of (26),
reflecting changes in domestic absorption, smply cannot be ignored. Because trade changes result
from the endogenous response of production and domestic demand, it makes no sense to identify
trade changes with production changeswhile, in ceteris paribus fashion, assuming demand is
undtered. The same liberdization that prompts labor realocation induces changes in input usage
and consumption. They are part and parcd of the same system.

Moreover, changesin domestic absorption do not depend directly on how labor shifts

within the production sector and, thus, make MD1 and smilar measures unrdliable guides to

economy-wide labor redlocation. As shown in equations (20), absorption changes depend on the
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eadticity of subdtitution in production as well as on price and income dadticities of domestic
demands. These absorption terms “disgppear” only under very extreme assumptions. The
assumptions are;

(1) the dadticity of subgtitution in production is zero;

(2) thereis no change in find goods rdlative prices (which in the present mode requires that
25 = 2,); and

(3) demands are quasi-linear or income effects of the liberdization are compensated.

In generd, we would not expect these assumptionsto hold. Consequently, the share of new trade
that is new intrarindustry trade generaly will not indicate the share of labor redlocation thet isintra
industry, even when the production sector works in amanner consistent with partia-equilibrium
reasoning.

The observation that demand changes make MIIT an unreliable measure of labor
redllocation may explain why attemptsto find correlations between MIIT measures and indicators
of production or labor adjustment have been largely unsuccessful. A priori, we would not expect
any paticular relaionship to exist. For example, even if most of |abor redllocation isintra-industry,
most of the change in trade could be accounted for by changein net trade® Such a situation could
occur if final-good demand shifts were large.

Given the attraction of using trade data to gauge the effect of trade alone on labor markets,
it may be possible to adjust trade-based measures to better reflect production shifts by themselves.
Ingpection of (26) suggests that such an empirica srategy requires information on changesin

domestic final-goods demand and changesin input usage. Because MIIT andysisit typicaly

?8_ovely and Nelson (2000) presents amodel in which precisdaly the opposite occurs as a
result of liberaization — the change in totd trade is dl intra-industry while labor redlocation isdl
inter-industry.
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performed a the 3-digit level of aggregation, it may be possible to find suitable dadticity estimates
created for other purposes, such as gpplied generd equilibrium andyss. Such aprocedure dso
would require the andyst to specify the price changesinduced by the liberdization under study.
Because agreements like the EU, ANZCERTA, and NAFTA are such complex undertakings, such
specification is difficult. The need to avoid an exact characterization of liberdization is, after dl, one
of the attraction of usng MIIT measuresdone. Amending MIIT measuresto reflect absorption is
admittedly burdensome, both in the data required and in the legps of faith needed to represent
demand changes. It isdifficult, however, to see how such aburden is less troubling than assuming

that trade liberaization has no effect on domestic absorption.

V. Conclusions

Paul Samuelson famoudly argued that one of the important roles of theory isto serve an
auditing function with respect to empiricd intuition. One of the most prominent gpplications of this
ingght has been the role of generd equilibrium theory in auditing essentidly partiad equilibrium
intuition. Theideathat intra-industry trade induces rdatively lower adjustment cogts than inter-
indugtry trade is prima facie extremdy plausble. Furthermore, for the case of rdatively small
changes in asingle sector, the analyss strikes us as unexceptionable as arule of thumb. However,
asthe literature surveyed in section | indicates, thisis not the purpose for which these measures are
intended, nor for which they have been used. Rather, they have been applied to cases of large-
scae, multi-sector liberdizations like the EU, ANZCERTA, and NAFTA; and their purposeisto
provide guidance with respect to the likely adjustment consequences of future liberdizations. It has

been the essentid claim of this paper that a careful examination of the theoretica foundation for this
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work leads to doubt about the usefulness of MIIT as an indicator of labor market adjustment.
Because there are few generd propositions of generd-equilibrium theory, it is often the case
that assertions of the form, * such-and-such clam cannot be sustained in generd equilibrium,” are
nihilistic with respect to attempts to quantify seemingly plausible economic relaionships. We hope it
is clear that thisis not the purpose of this paper. We have shown that current measures lack solid
economic foundations, and suspect that this may help explain the generaly wesk resultsin empirical
work on the link between 1T and adjustment. We emphasize the essentid difference between
trade structure and production structure and we offer expression (26) as the basis for amendment of

exising measures.
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Appendix
This gppendix provides solutions for the production changes induced by import

liberdization. Equations (12) and profit maximization imply that:

W= h11|:11 + Q11 (AD)
hyly+ oy =hyul,+a, (A2)
hyly+8,=h,L,+d, (A3)
hoLp G, = h L + 6y (A%)

where 0;; isthe eagticity of the margina product of labor with respect to labor input in the subsector

ij (0 <0). Thelabor congraint (13) can be totaly differentiated to give:

| 11L11+| 12'-12 +1 21L21+| 22'-22 = 0. (AS)

where the factor-shares are | . P = LU. /L.

As discussed in the text, we assume that liberaization takes the form of an
equiproportionate reduction in the tariffs on intermediate imports. Because the economy is assumed
to be smal and open, liberdization leads to the intermediate price changes given by (12).

Using these exogenous price changes and equations (A1)-(Ab5), it is straightforward to

derive the following solutions for proportionate changes in labor alocations and the wage:
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R 1
L, = L_{h12h22| p T Nohpl 22}f

N 1 N
Ly, = - r{hnh 22| 1t h12h22| 11}t

A

N 1

Lo = {hushaal % huhad o}
N 1 N
Lo, = - f{hlzh al 12+ hpnh oyl 11}t

.1
W= L_{h11h12h22| nt h11h21h12| 22}f’

where | := hllh21(h12| 2t Nyl 12)"' hph 22(h 2l 1t hyl 21)< 0. Because0; <0

and { <0, Ly, and Ly, both increase as aresult of liberdization while L, and L., both decrease.

In accordance with partid-equilibrium intuition, liberdization reduces production in the import-

competing sectors while raising output in the exporting sectors. We note dso thet the liberaization

reduces the nomina wage.
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Table 1: Summary of Empirica Studies of MIIT#

Author(s) SampleYr SampleCountry MIIT Measure StructAdj Measure Method Result
Hamilton/Kniest 1981/82, 1986/87 ANZCERTA J)GL, HK Nhat, Lhat, Comp. Avgs. by [Weak supporting evidence of a
1991) Yhat, (Y/N)hat Loand Hi lIT [relationship between MIIT and
adjustment
Shelburne 1980-1987 NAFTA JGL, A N.A. N.A. Trade pattern conclusons differ
1993) depending on measure of MIIT
Greenaway, Hine, 1979-1985 UK J)GL, HK, N.A. N.A. Trade pattern conclusions differ
Milner, and Elliott (Chemicals) GHME, MD1 depending on measure of MIIT
1994)
Brulhart 1985-1990 Ireland )GL, HK, GHME, N.A. N.A. Trade pattern conclusions differ
1994) (Chemicals) MD1, A B, C depending on measure of MIIT
Brulhart/McAleese 1985-1990 Ireland JGL,A'B Lhat, Yhat Comp. Avgs. by DGL misleading, MIIT correlated
1995) MIIT Category, |with measures of industrial
and Correlation [performance
Menon/Dixon 1981/86, 1986/91 ANZCERTA )GL, MD1, N.A. N.A. D GL misleading, useful to consider
1996a) MD1iu, MD1eu independent contributions of inter-
union and extra-union MIIT
Menon/Dixon 1981/86, 1986/91 Australia )GL, MD1, N.A. N.A. D GL misleading, useful to consider
1996b) MD1x, MD1m independent contributions of exports
and imports to MIIT
Menon (1996) 1981/86, 1986/91 ASEAN )GL, MD1 N.A. N.A. GL misleading
Menon 1981/86, 1986/91 Japan-US )GL, MD1, N.A. N.A. D GL misleading, useful to consider
1997) MD1x, MD1m independent contributions of exports
and imports to MIIT
Dixon/Menon 1981/86, 1986/91 Australia )GL, MD1, MD2 N.A. N.A. Trade pattern conclusions differ
1997) depending on measure of MIIT
Menon/Dixon 1985-1990 Ireland UMCIT N.A. N.A. Trade pattern conclusions differ

PMIIT measures are as defined in the text, except that MD1iu and MD1eu refer to individua indexes for intra-union trade and
extra-union trade, and MD1x and MD1m refer to individud indexes cdculated on exports and imports. The structurd adjustment
measures are changes in: number of establishments in the sector (N hat), sectoral employment (L hat), sectoral output (Y hat); and output
per establishment ([Y/N] hat).
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1997) (Chemicals) depending on measure of MIIT
Oliveras/Terra 1988/92, 1992/94 Uruguay A N.A. N.A. A index sensitive to temporal and
1997) sectoral aggregation
Brulhart/Elliott 1980-1990 Ireland A L oLS \Weak supporting evidence of a
1998) relationship between MIIT and
adjustment
Brulhart 1961-1990 EU )GL Locational Correlation No evidence of a relationship
1998) Concentration between IIT and specialization
Thom/McDowell 1989-1995 EU-CSFR A N.A. N.A. A index works badly with vertical IT
1999)
Tharakan/Calfat 1980-1990 Belgium GHME, A, B oL oLS No evidence of a relationship
1999) between MIIT and sectoral change,
EU generated inter-sectoral
adjustment
Harfi/Montet 1979-1990 France JGL, A oL Correlation Modest relationship between MIIT
1999) and sectoral adjustment
Smeets 1980-1987 Germany )GL, A B, JN,L, Correlation No evidence of a relationship
1999) GHME DY, )VA between MIIT and sectoral change,
EU generated inter-sectoral
adjustment
Sarris, 1978-1978/7 Greece )GL, A, B, oL oLS Evidence of a significant
Papadimitriu, and GHME relationship between MIIT and
Mavrogiannis. sectoral employment change
1999)
Brulhart, McAleese| 1961/67, 1978/87 Ireland )GL, A B, LY, Comp. Avgs. by |Evidence of a significant
and O'Donnell GHME, C specialization MIIT Category, [relationship between MIIT and
1999) and Correlation [sectoral employment/output change
Rossini/Burrattoni 1978-1987 Italy JGL,A'B LY Correlation  |No evidence of a relationship
1999) between MIIT and sectoral change,
EU generated inter-
sectoral adjustment
Kol/Kuijpers 1972-1990 Netherlands JGL,A'B L, Comp. Avgs. by |Evidence of a significant
1999) specialization MIIT Category, [relationship between MIIT and
and Correlation [sectoral employment.
Porto/Costa 1986-1989 Portugal JGL,A'B LY, Comp. Avgs. by |Evidence of a significant
1999) specialization MIIT Category, [relationship between MIIT and
and Correlation [sectoral employment and output
change.
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Brilhart/Murphy/ 1980-1990 Ireland )GL,AC Intra-Sectoral Panel \Weak supporting evidence of a
Strobl L reallocation relationship between MIIT and
1998) adjustment
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