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estimation, the role that
in d:trsmmxss empioyment

wriaining 1o 20 indostries and

18 industrislized countrics for 1970, The possible primary impact of post-Kenaedy Round
{1972) tariff reductions on employment by industry and country can be cakulated on the basis
of the tariff glasticities presented.

1. Intreduction

The purpose of this paper is to identify empirically the factors that determine
employment patierns in the manufacturing sector in the major industrialized
mnmwahapudwhrfmonthemkmtmiﬁspky.ayammpﬁon,
the fraction of a couniry’s total employment of labor allocated to a given
m&mmkmmmwsmwmmnﬁum&&mmﬁx
special productive capacities of the country and partly by a set of ‘resistance’
factors, such as tariffs and transportation costs that determine the country’s
sooess to international markets. The importance of the various determinants
of industry employment shares is assessed by pooled regression estimation,
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for 1970,
mpap«pmceedsufoﬂmlnmz,wmﬁﬁwtﬁymw
framework <  how factors of production are allocsted within a country. We
then discuss in section 3 the impact of tariffs on output and employment in 8
given industry for countries with different resource endowments, our choice of
fmfmmmmmwmmwmmm
Ir section 4, we indicate how our results might be used in assessing the possible
effects of tariff reductions on employment by industry for the countrics being
stndned.Wgo&nomecmﬂuﬂumwhinmns

2. The éeterminants of trade and the allocation of fuctors

mmmmammwﬁmmmm
mumfmmmummmmmmnmof
factors among industries is determined in the process, but it is not an issue of
central concern. Here, the allocation of a specific factor - labor - is the object
of our interest, and we recogaize that there are two alternative approaches that
could be used. One possibility is to determine the effects of tariffs on imports and
apomguhmhmdmebymuﬂﬂ,ndto!intﬂmcomp‘ch
factor allocations. Although that approach hss sonse appeal, we have chosen
muﬁmmmmmmmwnwwm
tation at the outset that countries with relatively high tariffs on a particular
Mmymmmwunmwmmmhmmm

Our basic model can be written symbolicallyas

ENE, =1V), i=1...m i__(x)

mx.umwmmmym’ in
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we describe our data and thereafler we report our empirical results based upon
pooled estimation methods,

P FP -

CARAGEERTUS

Given that policy-makers use commercial policy to protect employment, the
observed relationship between tariff levels and employment will then be partly
determined by their actions. Consider the set of three differen® countries illus-
trated in fig. 1. The world price P, and the domestic demand are assumed the
same for all countries. The supply curves are assumed to differ due to compara-
tive cost differences arising from the different relative scarcity of some critical
resource. The resultant responsiveness of ovtput (o aniff levels is depicted for
each country in the right-hand graphs of fig. 1.

Now suppose that policy-makers choose tarifis just high enough to prevent
totally any imports. If we were to graph the resalséﬁg 1ariffl and output levels,
we would obtain the points plotted in fig. 2. A cross-section regression of
outputs on tariffs would then yield a ne@mwiy sloped ‘supply’ curve. In the
very best of circumstances, if tariffs were allocated completely randomly {ie.,
with no simultaneity bias), we would obtain a scatter of points as depicted in
fig. 3.

The sets of points that are counected by the lines in fig. 3 represent countries

+aads icomal masemen [, or o 3 Bonblnnl oo nes mao WWIleh . ol
with identical wppi‘y luxﬁ.‘x‘iunsg inat xs, with identical resousces. Within each

set, the countrics are assumed to have different tariff levels. For the exporting
‘A’ type countries, tariffs have no effect on output, whereas, over some range,
tariffs bave 4 positive offect on output for the *B° and ‘C’ type countries. Practi-
cally speaking, however, if we were to observe a general scatter of points like
fig. 3, the tariff effest would be obscured because a given level of tariffs would be
consistent with many levels of outputs, depending on the availability of re-
sources, If we expert to obiain a reasonable estimate of the tariff effect, it is
essential therefore that our model have the power to ideatify a particular
country as an ‘A’, ‘B’, or ‘C’ couatry. That is, it must fully take iato account
the resources that determine differences in comparative costs and therefore
differences in the supply schedules for given industries in individual countries.

3.2, MN Jm‘ﬂ‘mn

m of output, x is the level of the resource
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The asymptotic value of { as § increases is explu & ;"e,, At 1 = 0, the valae of
Q is exp{x+ fx+y+5x). Depending on the vuluss of £ v and 5, this function
generates two different families of curves indaxed :w X, @Ew;‘natiw ievels of the
nesource variable, The derivative of In & with resgect to x s §44/(1 + 1), which
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Fig. 2. Hypothstical output-tariff scatter with prohibitive tariffs.
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expotters, with empioyment insensitive to tariff rates, These curves hend up at
the origin only in order that they can ‘pick up’ the several countries thst have
very low tariff rates and relatively high output levels.

In the event that 1* > ~1{, M&ﬁé;ﬁ#dﬁwmsm.mshm&w
fmmdwmd@mm&%mmmmamfwmof
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In what follows, we shall assumne that the preced:
to the relationships involving resource levels, wrif
to factor inputs. This is the counterpart of cur «
sumed that the delerminants of trade could, in
minasts of inputs, employment in the present ¢
tion of equation (2) will proceed with g measure of
varinhle.

iy31s which referred
t can be applied
a, which pre-
{50 as the deter-
wur estima-
i+ the dependent

3.3. The data

We designate the level of employment by indusiry in the major industrialized
countries 88 E,. For puiposes of analysis, we bave selected the world’s {8 major
industrialized countries ( = 1, . . ., 1%}, The reason for this choice was the
compilation of detailed information or ad-valorem tari'¥s for 1hese countries,
in both printed and machine-readable form, by the General Agreement on Tariffs
and Trade (GATT) in The Basic Documentation for tke Tarifl Study (1974). The
information was compiled on a line-item basis according to the Brussels Tariff
Nomenclature (BTN), with the post-Kennedy Round {(1972) tariff expressed in
percentage form. The 18 countrics covered, including the mnemonics utilized
in our stady, are as follows:

ALA - Australia IT -laly

ATA - Austria JPN - Japan

BLX - Belgium~Luxembourg NL - Netherlands
CND - Canada NZ -~ New Zealand
DEN ~ Deamark NOR ~ Norway

FIN - Finland SWD ~ Sweden

FR - France SWZ - Switzerland
GFR - West Germany UK -~ United Kingdom
IRE ~Ireland US - United States

Our employment dats were obtained from the United Nations, The Growth
of World Indsstry, which is published annually. The latest data availsble at the
time of writing were for 1970, These data refer to the total number of employees
‘by industry, based on tho 3-digit International Stundard Industriai Classification
(ISIT). Although data were available for 25 3-digit ISIC industries for 1970, we
teduced this number to 20 i order to obtain comparability over time due to

changes in industry definitions.’ In view of differences in national report'ag

: MMa&thﬁm
@l go toth . :
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were 100 aggregative or incomplete.?
The 20 industries (k = §, .. ,MMmhuw&mﬁxmms

32 Textiles

22 Wearing apparel, except footwear

323 Leather and leather and fur products

331 Wood products, except furniture

kx 7} Furniture and fixtures, except metal

341 Paper and paper products

42 Printing, publishing

35A wmmn,m:mmmeﬁ)

35B Petroleum refineries (353); Mm gmm of petrolenm

and coal (354)

353 Rubber producis

36A Pottery, china and ecarthenwars (361); Other non-
metallic mineral products (365)

362 Glass and glass products

37 Iron and steel basic industries

2 Non-ferrous metal basic industries

381 ’ Metal products, except machinery, ¢te.

382 Machinery, except electrical

383 Electrical machinery, apparatus, eic.

384 Transport equipment

38A MMMQﬂ),MMM
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the openness of the countrics under considernticn
allocation of production and labor inpuis acre

In principle, we may divide resources into 1o m
and natural. The chief acoumulatable resource umler consider
manufacturing labor force in each couniury, &, , which we ake as given in
the sense that the allocation between manufactvriag an Zégtfmeicturmg
sectors is not analyzed. The other accumulaiable rescuress comprise the various
forms of capital: physical, human, and knowledge.

The resource varisbles that we have identified ave listed below, together with
thoir moemonics. They refer generally to 1970, The deiails, inchuding the variety
of data sources used, are available upos request.

4 ointly determing the

b iTEe]

205 accumulatable
1 here is the

Accumulatable Resources

E, Total employment in manufacturing

NPTO Y POP Number of professional and technical workers &s percen-
tage of population
GNP/POP Per capita GNP
G DOM FR Gross domestic product in mining and manufacturing
NET INV Gross fixed capital formation less depreciation
WG+SAL Manufacturing wages and salaries
ELEC Electric generating capacity
R&D Expenditures on research and development
Naiural Resources
Forest land
Coniferous roundwood production
Broadieaf roundwood production
Production of cattle hides and skins
Arable land
Number of caitle
Wood production
-Crude oil production
Synthetic robber

production
Price-weighted index of iron aad coal production
v index of pon-ferrous metal production
mwmﬁmmmm)

variabl ’,m‘mwhmwmf«ma-
- ferent f”*ﬁmm&wﬁcmmw&
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capita GNP, gross domestic procduct, net investment, and electric generating
capecity. Human vapital may be measured by the number of professional and
technical workers or by wages and salaries per employee, which may be indica-
Mofmwmmmmmmmywm
by the number of professional an technical workers or by expenditures on
R&D. These divisions into the different kinds of capital ave only suggestive,
however, since there may be a substantial overlag for some of the measures.

The measures cf natursl resources must also be intepreted in ‘he sense of
proxies. There = a further difficulty in that we have used measures of outputs
of’ natural resources as if they were measures of resources themselves. Like
wages and salaries per employee, these output measures are jointly determined
with cur dependent variable E5 and a sirauitaneity problem may affect our resuits.

We may now turn to an examinatiors. of the tariff daia, As already mentioned,
post-Kennedy Round nominal tariffs were available on a line-item basis ac-
cording to the Brussels Tariff Nomenclature (BIN) togetber with 1970 imports
by country of origin for the 18 countries. We had planned originaily to use pre-
Kennedy Round (1967) tariffs as perhaps b<lag more representative of the pat-
terns of protection afforded to employmen: in 1970, especially in view of any
time lags involved. It proved impossibie to compile the pre-Kennedy Round
tariffs, however, because of incomplste documentation and incomparabilities
of the available computer tapes so that the only choice we had was to use the
post-Kennedy Round (1972) dsts.

Our investigation was hampered on two other counts. The first was our
inability to represent the interindustry effects of tariffs on intermediate goods
because of the unavailability of detailcd and systematic data on effective rates
of protection for the countries being studied. This is an important limitation
tecause of the differential employment effects that may result from tariffs thas
are escalated depending upon the stage of processing in the industries iiwolved.
The second difficulty was that we couid mot take nen4ariff barriers (NTB'%)
into account. The widespread existence of NTH's bas been well docunsented,
hstsysmucandcommbkée&ﬁdommﬁmmw . vainu
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In principle, tariff rates on alf commadities in »
ment in every industry. Empirically, it 5 the

affect employ-
s fucing each

do have significently higher tariffs than the ve.!
erroneous 1o conclude that there countries th
protection to il industries, since when protecting «
drawn from snother, A reasonable empirical 2ppronima
industry tariffs {r,) around the employment-weightad country meart

§ w(ukﬁ be
ively high
v must be

[

E mjz Ey. 3

Our tariff measure is thus {7, — 1), so that industrics with tariffs higher than the
cour'ry average will bave relatively higher protection than industries below
the country average.

Distance-to-markets is a factor that plays a role similar to tariffs in impeding
trade and thus affecting the pattern of emplovment specialization. Ideally, data
on transport costs would indicate these effects. In the absence of such data, we
have approximated these costs by compiling a matrix of air distances between
principal cities. The measure used was D,, defined as a GNP-weighted average
of the air distances D,; between major cities of the countries i and J, in statute
miles.

3.4. Estimation results

Estimeation of the model requires the specification of resource variables,
industry by industry. Since we did not know a priori which resource variables
were important for individual industries, we began our empirical procedure by
testing a single resource over all industries. The estimating eguation, based
upon the functional form noted above in eq. (2), was

In (ExfE;) = a+(3/te) +Bxi+(@xdta), 0]
where

Eo/E; = the fraction of country i's employmext sltocated to industry k;
30, one plus the industry tariff deviation from the weiglted
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ordinary least squares (OLS) results, which are not reporied here, were relatively
mfwmtmmrummm&@mdm%m
m{mwmtm&mo&ammmmmm
selected the ‘best’ ones based upon R* maximiration, While some improveme:
were obaamedforpmwa}ar@mnnamtmgmﬂa—m
variable explanations were not adequate for our purpose.

Amdmgly,wpo&wdawdmddmﬂaﬂmmmdmhy
estimating it with N = 2, selecting pasticular resource variables based upon
simple regressions, with the constraint that the second variable measured some-
thing qualitatively different from the first, While still further improvements
were thereby obtained for some industries, multicoliinearity caused estimation
difficulties in several instances. The question then was what to do if we wasted to
mdudea!argmnumbaefmccmmakeﬁymnpw
collinearicy constraints.

mmﬁﬁﬁymwmaﬁw@mawbeeqmmm
On the face of it, this scemed undesirable since we were interested in determining
the ways in which the industries differed from one another in resource use, We
ththmmmobkmbyuﬁ!mgammw&nwedmm
and Smith (1972) which amounts to ‘pooled’ regression estimation. It asserts
oniy that the coefficients are similar (in a probabilistic sense), based upon
Bayesian assumptions of ‘prior knowledge’. The effoct of the technique is to
impose the equality constraint» only ‘loosely’; and the coefiicients, rather than
heing constrained to be identical, will be adjusted only part way toward their
mmmoamn,vmab!ebyvmmmmmaowmm
available upon reguest.

The usefulness of the pooled estimation procedure is that it allows estimation
of the process in situations when the number of obuervations sod the degree
of collinearity preclude the use of the more traditional procedures. We were
thus able to include in our pooled estimation several general resource variables
mhaw&wr‘beﬁ’mnrhbbi&mm In addition, we
introduced exp »'q— m‘mo{mwm D,.
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(1) The iniernational pattern of emplovinen: rusists explanation in the sense
that the R*’s are generally iow. The notable eiceptions are paper and paper
products (R* = 0.91), textiles (R? = 0.81), an 2

(R? = 0.77). We conciude fromn perusal of these R7 ' that
in commodity classes that make heavy use of iien u !
inputs, such as iabor or pulp, can be reascnabiy w plained. The com-
modity classes that most resist explanation iu sumbers and
probably mix many resources in complex manuiaciuring ses, thereby
disguising from us the raison d’etre of their patieims of empl

e wial employment
- non-transportable

~5i3, the signs of the resource
serve for the next

he resource {“;Ci‘l‘e'éiﬁ‘é%ﬁ are

{2) Becauss of the relntively comples functicnal {
and tariff derivatives are not easily read ©
seciion a discussion of the tarifl effe

Ol EyjE, jix, = y+a,/t,. (5

At zero tariff levels, 75 = 1, so that this derivative becomes v+ 4, . Thus, for
textiles, the effect of per capita GNP is seen to be negative: in this case (y+ 4,
+8,+43) = 3.08--345-0.2240.19 = —0.40, since the key resourrs aiso
enters the eqnanen as & separate variable. {If this separate entry is igncrad, the
magnitude is virtually unchasged: (p+4,) = 3.08-345 = 0.3/ ik
figure suggests that countries with high per capita GNP’s tend not to allocate
large portions of their labor force to textile production. Incidentally, this may
mesn that production is less, or it may mean that production is relatively capital
intensive. In general, the signs of the particular key resource derivatives are
consistent with prior information. The effects of the other resources may be
computed in & similar manner as above but are not reported here.

{3y Distance should have the effect of reducing the tariff elasticity. The tariff
elasticity can be computed from eq. (2) as

B Qf(deft) = —t(y+x)(1+17)°. )

The derivative of this elasticity with respect to x is —4&/(1 + 1) which has the
sign of —3. Thus, the impact of distance on the tariff clasticity has the sign of
(wéz)k:mbkl:wﬁwfoedlmodkychmasiﬁobcm.

QMMM“MQW

TanMhammmmmm might Le used to compute

the employment impacts by industry and country of alternative reductions in
post-Kennody Rouad (1972) tariffs. Unfortunately, the restrictions that have
MM&MNMWWR&‘Gmemc@m«
puting tariff effects.
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Mmmmwmmm&ﬂmmknam
of four tariff varisbles: 15, country i's tasiff on comamedity k; §,, country s
tariff average on other commoditics; 1, the rest-of-world’s tariff average on
commodity k; and 7, the rest-of-world’s average tariff on other commodities.
mh&mowmﬁsdmb&amw:;ﬁm&ewﬁ:my%mm
essentislly constant in our sample and cannot be iscluded in our regression
equation. Thus, there is no evidence in our Jath about the domestic effects of
foreign tariff changes. Furthermore, the variable #, is also cssentially a constant,
except for Australia and New Zealand: The use of I, 88 a variable is empirically
equivalent to the use of a dummy variable for these two countries, which in
turn is equivalent io excluding the I, variable and averaging these twe countries
info 3 single compusite observation. An alternative, which is reported above,
is to use the single variable (1, — ¥, which ia effect adjusts the tarifis of Australia
and New Zealand to be comparable with the other countries. It should be roted
that?gmfmhmmamghwdavamwmmrtanﬂ‘wtﬁwe@abmedm
industry employment, as in eq. (3} above, The logic of the {(f,~ I constraint is
that it is impossible to protect all industries since employment gains in one
industry must be at the expense of others. This seems acceptable for import
industries. But it means that the effect of a tariff reduction (¢,) on an export
industry is nil, whereas 2n export industry is in fact likely to expand when tariffs
are lowered on other commodities, Thm,&mmtthatmﬁi‘mkﬁw
negative of the others is not acceptable.

mmmmmmmmmMmmywm
slightly better restlts. The interpretztion that veems warraated, given the lack
of variability of 1;, is that we have learned soswthing about the initial release of
employees from indusiries which experience tariff reductions. We have lesrned
very little about whe:e these releasec: emplovyeen are likely to find jobs. We have
WM;M&M&&WMQMTwﬁm
omre@oadmutothcrﬂmﬂ:mpuumm.iw»he ;

On the basis of the pooled estimates, we alcaloted tariff elasticitics with
‘m to cmlPkYmﬂst shares fatsﬁ M? m our 3, afr



Table 2
Euthenated il slasilcitios from pooled regressions.
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that export industries are likely to have low tariffs and high F,/E, . Our func-
tiosal form can turn up at the origin to capture these conditions in the st “ation
process. For these countries, it is legitimate to set the negative estinates to 2er0.
!nm&rmmmmmmvrmkfﬁmmﬁmmmfmg&
specification.

The elasticities reported in table 2 may be used, with the cavests discussed
above, to compute estimates of the initial ‘release’ of employees from industries
which experience tariff reductions. For instance, the textile elasticity estimate
for the U.S. is .75, implying & 6.75% decline in the U.S. textile employment
share following a 1 J{ decrease in tariffs {or, more properly, in vy = (1 465~
This decline in the employment share must tske into account the iniial share,
E&!El.y

1,113 thousand textile workers

0.06736 = 15334 thousand U, workers

suggesting that 6.736 %, of the U.S. mmmmwdmmuhmlﬁd
A 109 tariff reduction would thmysﬁdfammgimﬁy)aﬂ $% reduction
in the employment share: from 6.7367 to 2.189°%,. If assumptions of a fized
total labor force are m&@&wﬁhmd‘w&m in all but five U.S.
industries, which, as noted above, may be s questionable assemption), this
would represent a change in the textile work foree from 1,113 thousand to 361
thousand workers: a decline of 67.5%. However, as noted earlier, this is only
an initial estimate, relating the magnitude of tariff cuts to the presumed first-
round ‘release’ of employment, and does not involve 2 mechznism for real-
locating ‘refeased’ workers. This comprehensive set of elasticities may be used,
mg,wmmmmmwzmmmmm
with regard to their responsiveness to tariff changes. For this purpose, one needs
dammmemploymtmmmwxm Mdan,whwhare
not reproduced here. are available uwpon reguons.
Gmmgﬁwmmdmwmmﬁmﬁmwm
thepombﬁuyrtmtmm&a}'hm be unresponsive to tariff changes,
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ment patterns in masufacturing indusiriss in mg: maior indusirialized countries,
with partisular focus upon the rele of tariffs. fo tus connection, we placed
great emphasis upon the role of resource endow [ um glatab!c and
nitural, in determining employment patierns. Afier ¢
mating equations based upon a single "best’ resource un ai pair of Tesources, we
resoried to 2 pooled estimation technigue that mude it poss o deal with the
collinearity constraints arising from the inclus: iy ¢ variables.
The empirical results were mixed, with reazsonably pood s being obiained for
some indusiries while others resisted explanstion.

We had hoped initially in undertaking cur rescarch to obtain tariff elasticities
that could be used in assessing the complets impact on employment of alterna-
tive tariff reductions. This was not possible, however, because ihere was aot
enough variation in the tarifls facing the sipor? indastries of the countries
included. We resorted therefore to a formulation in which tartffs were measured
around their couctry average, and export industeies sither had a zero elasticity
o7 one that was negative and sef to zero, Thus, our estimated tariff elasticities
could be used to estimate the primary emplovment efects of cwn-country
12iff reductions. Bui estimation of the expan. onary effects on employment due
to the stimulation of exports requizes further atiention.
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